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New Data Acquisition Products

A/D CONVERTERS

(Page 5-52) (Page 5-79)
e CONVERSIONTIME . ... eveeeeenenaannnn.. 10us * CONVERSIONTIME ....vuvnneennneennnnn.. 30pus
O INL e $20LSB @ INL..uonneeneene e e +25LSB
@ DNL .« $20LSB  ® DNL ....oueee e +20LSB
« 5.0V POWER SUPPLY o POWER CONSUMPTION. ... .neeeaen.. 3.3mwW
« LOW COST « LOW COST

* POWERCONSUMPTION..............oovettn 28W ¢ POWERCONSUMPTION...........ccvunnnnn.. 1.4W
® SINAD (100MHZ). . ....coviviiiiiiiiiiiiaen 37dB ¢ SINAD(6OMHZ) ............ccoiiiinnin.., 37dB
¢ ECL LOGIC COMPATIBLE ¢ ECL LOGIC COMPATIBLE

(Page 7-3) (Page 7-12)
e SAMPLINGRATE ............ccivieinann.. 20MSPS e« SAMPLINGRATE..........cccvviiiinnnn. 20MSPS
O INL .o e F13LSB ¢ INL ..ot +1.3LSB
® DNL .ottt e F05LSB  ® DNL....cvvviniiiiiiienisieienanennann, +0.5 LSB
e POWERCONSUMPTION . ................... 60mW ¢ POWERCONSUMPTION. ..............c.... 60mw
e SINAD(385MHz) ...........ciiiiriinennnn. 43dB ¢ SINAD(385MHz)..............ccooviiinn... 43dB
e TTL LOGIC COMPATIBLE e TTL LOGIC COMPATIBLE

* INTERNAL SYNC CLAMP

* THROUGHPUT........cooiiiiinne, 2kHz-10Hz
CINL. .. 0.0007% FSR
* POWERCONSUMPTION. ... .......ovvunnnn. 30mwW

¢ INTERNAL PGIA
* 20 PIN PACKAGES AVAILABLE
» SERIAL BUS INTERFACE




New Data Acquisition Products (continues)

A/D CONVERTERS

(Page 6-72} ]

CNL .

O DNL ...t

¢ SINAD(32MHZ)........ccoiiiiiiiiinnnnnnn, 40dB ¢ SINAD1OMHZ) ............ccoiiiiiiiin... 40dB
* POWERCONSUMPTION . .........coivnnnnn 870mW ¢ POWERCONSUMPTION. .................. 580mwW
e ECL LOGIC COMPATIBLE * ECL LOGIC COMPATIBLE

POWERCONSUMPTION. ............covvuet 1.8W
INTERNAL SAMPLE AND HOLD AND REFERENCE

D/A CONVERTERS

(Page 8-65) (Page 8-65)
e THROUGHPUT ...........coiviiiiinnn... 160MHz e THROUGHPUT..........coviviinnnnnnnnnn 160MHz
L | P F10LSB @ INL.....ooviiiiiie it +1.0LSB
L o 205LSB ¢ DNL......ovvviiiiiiniiiieeeiiennanannns +0.5 LSB
e POWERCONSUMPTION . .........cvuvvuunn. 420mW « POWER CONSUMPTION. .................. 420mW
e ECL COMPATIBLE INPUTS ¢ ECL COMPATIBLE INPUTS

TTL COMPATIBLE INPUTS




New Data Acquisition Products (continueq)

SWITCHES AND MUXs

® ON-RESISTANCE .. .......ccviiiiiininnnnnnnn. 45Q © ON-RESISTANCE.........covvierininnnnnnnn. 35Q
e FAST SWITCHING e FAST SWITCHING
S ON L e 150ns S ON. e e e 175ns
S OFF e e 60ns S OFF e e i 145ns
e ULTRALOWPOWER .........covivinnnnnnn. <354W ¢ ULTRALOWPOWER..........ccvvuvunnnnnn. <35uW
* PDIP AND SOIC PACKAGES ¢ SINGLE SUPPLY CAPABILITY

® ON-RESISTANCE . ........ciiiiiiniiiannannn 85Q o ON-RESISTANCE...........c.cciiiiiiinan.. 85Q
e FAST SWITCHING e FAST SWITCHING
S ON e e e 250ns S ON. e e e e 250ns
- OFF(DG441) . .....oiii ittt iiae s 120ns -OFF(DG444)..........cciiiiiiiiiennnn.. 120ns
e LOWPOWER .........iiiiiiiiii i, <1.6mW ¢ ULTRALOWPOWER............ccvvvnnnnn. <35uW
¢ INTERNAL VOLTAGE REFERENCE ¢ UPGRADE FOR DG211, DG212

UPGRADE FOR DG201A, DG202

MULTIPLEXERS

* ON-RESISTANCE . .........coiiniiiiiinnnn, 100Q * ON-RESISTANCE............cvvvviiinnnnn.. 100Q
* FAST SWITCHING ¢ FAST SWITCHING
= TRANSITION .. ..., 300ns = TRANSITION........coiiiiiiiii ., 250ns
S OFF o 150ns S OFF . 150ns
e LOWPOWER ...........coiiiiiiiinnnns. <0.5mW ¢ LOWPOWER............coiiinnnnnnn.. <2.25mW
* UPGRADE FOR DGS06A, DG507A * UPGRADE FOR DG508A, DG509A

® ANALOGRANGE .........ocovvinininninenennn. 10V
* ON-RESISTANCE..........coiviiininennnn 1.5KQ
* OVERVOLTAGE PROTECTION.......... UP TO 35V

¢ TTL AND CMOS COMPATIBLE INPUTS
PINOUT COMPATIBLE WITH DG508A/DGS509A




New Data Acquisition Products (continueq)

INTERFACE

(Page 11-3)
NO. OF
HARRIS NO. OF NO. OF EXTERNAL NO. OF
PART POWER RS-232 RS-232 1uF PINS/

NUMBER SUPPLY DRIVERS | RECEIVERS | CAPACITORS | SHUTDOWN | TRI-STATE | PACKAGE
HIN230 +5.0V 5 0 4 YES NO 20
HIN231 +5.0Vand 7.5V 2 2 2 NO NO 16

to +13.2V
HIN232 +5.0V 2 2 4 NO NO 16
HIN234 +5.0V 4 0 4 NO NO 16
HIN236 +5.0V 4 3 4 YES YES 24
HIN237 +5.0V 4 3 4 NO NO 24
HIN238 +5.0V 4 4 4 NO NO 24
HIN239 +5.0Vand 7.5V 3 5 2 NO YES 24

to +13.2V
HIN240 +5.0V 5 5 4 YES YES 44
HIN241 +5.0V 4 5 4 YES YES 28
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SEMICONDUCTOR

THE NEW HARRIS SEMICONDUCTOR

In December 1988, Harris Semiconductor acquired the General Electriic
Solid State division, thereby adding former GE, RCA, and Intersil devices
to the Harris Semiconductor line.

This Data Acquisition Databook represents the full line of Harris Semicon-
ductor Data Acquisition products for commercial applications and super-
sedes all previously published Harris Data Acquisition databooks under
the Harris, GE, RCA or Intersil names. For a complete listing of all Harris
Semiconductor products, please refer to the Product Selection Guide
(PSG-201S; ordering information below).

For complete, current and detailed technical specifications on any Harris
devices please contact the nearest Harris sales, representative or distrib-
utor office; or direct literature requests to:

Harris Semiconductor Literature Department
P.O. Box 883, MS CB1-28
Melbourne, FL 32901
TEL: 1-800-442-7747
FAX: (407) 724-3937

See Section 18 for Data Sheets Available on AnswerFAX

See Technical Assistance Listing on Page viii
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TEL: 852-723-6339
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Harris Semiconductor products are sold by description only. All specifications in this product
guide are applicable only to packaged products; specifications for die are available upon
request. Harris reserves the right to make changes in circuit design, specifications and other
information at any time without prior notice. Accordingly, the reader is cautioned to verify that
information in this publication is current before placing orders. Reference to products of other
manufacturers are solely for convenience of comparison and do not imply total equivalency of
design, performance, or otherwise.
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DATA ACQUISITION PRODUCTS

FOR COMMERCIAL AND INDUSTRIAL APPLICATIONS
General Information

A/D Converters - Display n

A/D Converters - Integrating

A/D Converters - Sigma-Delta n

A/D Converters - SAR

A/D Converters - Flash n

A/D Converters - Subranging

D/A Converters n

Switches n

Multiplexers

Communication Interface m

Display Drivers m

Counters With Display Drivers/Timebase Generators

Special Purpose m

Harris Quality And Reliability m

Application Note Abstracts m

Packaging Information

Datasheets By FAX, Harris AnswerFAX m
Sales Offices RE]
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TECHNICAL ASSISTANCE

For technical assistance on the Harris products listed in this databook,
please contact the Field Applications Engineering staff available at one of the follow-
ing Harris Sales Offices:

UNITED STATES

CALIFORNIA CostaMesa .............covvvvuennn 714-433-0600

SanJose ...l 408-985-7322

Woodland Hills . . .................... 818-992-0686
FLORIDA Melbourne ............ ... ..l 407-724-3576
GEORGIA Duluth...... ... 404-476-2035
ILLINOIS Schaumburg.............. .. ... ..., 708-240-3480
MASSACHUSETTS Burlington............ ... .. .. ... 617-221-1850
NEW JERSEY Voorhees .........ccoeveiinennnnnn. 609-751-3425
NEW YORK GreatNeck............cciiivinnnn.. 516-829-9441
TEXAS Dallas.........cooviiiinennnnnn. 214-733-0800

INTERNATIONAL

FRANCE Paris...........coiiiiiiiiial, 33-1-346-54046
GERMANY Munich ..., 49-8-963-8130
HONG KONG Kowloon...........cooiveiieinnnn.. 852-723-6339
ITALY Milano. ....... i 39-2-262-0761
JAPAN TOKYO .o ve it 81-33-345-8911
KOREA Seoul ... ..ot 82-2-551-0931
SINGAPORE Singapore. . .........oeiiiiiiiiiian.. 65-291-0203
UNITED KINGDOM Camberley ................oo.... 44-2-766-86886

For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS)
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ADS590
AD7520
AD7521
AD7523
AD7530
AD7531
AD7533
AD7541
AD7545
ADC0802
ADC0803
ADC0804
CA3161
CA3162
CA3304
CA3306
CA3310
CA3310A
CA3318C
CA3338
CA3338A
DG181
DG182

GENERAL INFORMATION

ALPHA NUMERIC PRODUCT INDEX

2 Wire Current Output Temperature Transducer. . . . ... oo vt iiiiiin i i nennnnnnn
10-Bit, 12-Bit Multiplying D/AConverters .........coiiiiiiiiiineneinnnnnnnnns
10-Bit, 12-Bit Multiplying D/AConverters ............oiiiiiiiiiiiiiinennnannnns
8-Bit Multiplying D/A Converters . .. ....covtin ittt iie ettt
10-Bit, 12-Bit Multiplying D/AConverters . .........c.couiiiiiiiiiiennnnnnnnnnns
10-Bit, 12-Bit Multiplying D/AConverters . .........ccooiiiiiiiiiiiinenennenennnn,
8-Bit Multiplying D/ACONVEMErS . . ... .ov ittt it ittt ittt i
12-Bit Multiplying D/A Convemrter. . . ... ov vttt ittt it ettt i
12-Bit Buffered Multiplying CMOSDAC. .. ..ottt
8-Bit uP Compatible A/D Converters. .. ........ooveiiiiiiieiieenernerneneannnns
8-Bit P Compatible A/D Converters. . .......... it iiiiiiinneiieennennnannns
8-Bit uP Compatible A/D CONVErters. . . ......cvirtiiiiineiineneenneennennnnnns
BCD to Seven Segment Decoder/Driver. . ......coviiii i iiiiiieiennnneneaneas
A/D Converter for 3-Digit Display. . . . . coviie it in it ittt ittt
CMOS Video Speed 4-Bit Flash A/DConverter .........cooiiiiinninenenrenennnnn.
CMOS Video Speed 6-Bit Flash A/DConverter .. ........ovviiiiiniinnneenennn.
CMOS 10-Bit A/D Converter with Internal Trackand Hold . .........................
CMOS 10-Bit A/D Converter with Internal Trackand Hold ..........................
CMOS Video Speed 8-Bit Flash A/DConverter .............. et e e
CMOS Video Speed 8-Bit R2RD/AConverter. . .............c.ciiiiininnennnnnn.
CMOS Video Speed 8-BitR2RD/AConverter. . ..........c.ovitiiineennnnnnnnns
High-Speed Driver with JFET Switch (AnswerFAX Only) Document # 3114 See Section 18
High-Speed Driver with JFET Switch (AnswerFAX Only) Document # 3114 See Section 18
High-Speed Driver with JFET Switch (AnswerFAX Only) Document # 3114 See Section 18
High-Speed Driver with JFET Switch (AnswerFAX Only) Document # 3114 See Section 18
High-Speed Driver with JFET Switch (AnswerFAX Only) Document # 3114 See Section 18

NOTE: Bold Type Designates a New Product from Harris.

1-1

6-16
5-19
5-19
6-31
8-35
8-35

1|

GENERAL
INFORMATION




ALPHA NUMERIC PRODUCT INDEX (continued)

PAGE
High-Speed Driver with JFET Switch (AnswerFAX Only) Document # 3114 See Section 18
High-Speed Driver with JFET Switch (AnswerFAX Only) Document # 3114 See Section 18
High-Speed Driver with JFET Switch (AnswerFAX Only) Document # 3114 See Section 18
CMOS Dual/Quad SPST Analog SWitches . . . . ... ..vvvtttiiiiiiieiieienennnnn 9-13
CMOS Dual/Quad SPST Analog SWItches . . . ......ouvtii it iiiiiiennnn 9-13
Quad SPSTCMOS Analog SWItChes . . ... ovvttiiie it iiiiieeeeeeennnnn. 9-21
Quad SPSTCMOS Analog SWItChes . . ......c.oiiiiiiiie it iiiiieinnennns 9-21
SPST 4 Channel Analog SWItCh . .. ...ttt it einnn 9-25
SPST 4 Channel Analog SWitch . . ...ttt ittt e e, 9-25
TTL Compatible CMOS Analog SWItches . . . ..........oviiiiiiin i 9-30
TTL Compatible CMOS Analog SWItChes . . . ........iiiiiiiie it iiineeenneennn 9-30
TTL Compatible CMOS Analog SWItches . . . . .......covtitiiiiii i 9-30
TTL Compatible CMOS Analog SWItChes . . . . ....cooiiiiit i eiee e eeaaanns 9-30
Quad Monolithic SPST CMOS Analog SWItChes. . . .......ovvtiiiiiiiiinnnnnnnn. 9-37
Quad Monolithic SPST CMOS Analog Switches. . . . ..........oviiiiiieneennnnnn. 9-37
Monolithic CMOS Analog Switches. ..................oiiiiiiiiiinnnnnnnn. 9-42
Monolithic CMOS AnalogSwitches. . ....................cciiiiiiiiiinrnnnn.. 9-42
Monolithic CMOS AnalogSwitches. ...........................oiiiiinn.... 9-42
Single 16-Channel/Differential 8-Channel CMOS Analog Multiplexers ............. 10-15
Single 16-Channel/Differential 8-Channel CMOS Analog Multiplexers ............. 10-15
Single 8-Channel/Differential 4-Channel CMOS Analog Multiplexers .............. 10-17
Single 8-Channel/Differential 4-Channel CMOS Analog Muitiplexers .............. 10-17
Monolithic Quad SPST CMOS AnalogSwitches ............................... 9-44
Monolithic Quad SPST CMOS Analog Switches ............................... 9-44
Monolithic Quad SPST CMOS AnalogSwitches ............................... 9-44
Monolithic Quad SPST CMOS AnalogSwitches ............................... 9-53
Monolithic Quad SPST CMOS Analog Switches ............................... 9-53
Monolithic Quad SPST CMOS Analog Switches ............................... 9-63
Monolithic Quad SPST CMOS Analog Switches ............................... 9-63
Single 8-Channel/Differential 4-Channel Fault Protected Analog Multiplexers. . . . . .. 10-31
Single 8-Channel/Differential 4-Channel Fault Protected Analog Multiplexers. . ... .. 10-31
CMOS Analog MUMIDIEXBIS . . . ..ottt ettt e e e ee e 10-41
CMOS Analog MURIPIOXSIS . . . . ...ttt ittt e et eeieeee e 10-41
CMOS Analog MURIPIEXBIS . . . .. ..o vttt ettt eeaeeaan, 10-41

NOTE: Bold Type Designates a New Product from Harris.



ALPHA NUMERIC PRODUCT INDEX (continued)

PAGE
DGS509A CMOS Analog MUMtIPIBXEIS . . . . oo i ittt ittt ittt iie it ineineaeaeannn 10-41
DG526 Analog CMOS Latchable MURIpIEXers. . ........oviiiieniiiiiieiiinnnennnnennns 10-54
DG527 Analog CMOS Latchable Multiplexers. ...ttt 10-54
DG528 Analog CMOS Latchable MUIIPIEXerS. . .. ..o vvviiini ittt eiiiie e neennns 10-54
DG529 Analog CMOS Latchable Multiplexers. ..., 10-54
HA7210 LowPowerCrystal Osclllator. . ...........coiiiiiiiniiii it iiiiiiineenanen. 13-3
HI-DAC80V- ~12-Bit, Low Cost, MonolithicD/AConverter - - .o c ot e et i i ii i i e 8-50
HI-DAC85V 12-Bit, Low Cost, Monolithic D/ACONVeNer . ......cvuiiitinenenennnennneennannns 8-50 =
HIN230 +5V Powered RS-232 Transmitters/ReCOIVerS. .. .. .. ........................... 113 g’ :::
HIN231 +5V Powered RS-232 Transmitters/Recelvers. . . .............. ..., 11-3 g E
HIN232 +5V Powered RS-232 Transmitters/Receivers. . . ............................... 11-3 g g
HIN233 +5V Powered RS-232 Transmitters/Recelvers. . . .....................cocouen... 11-3 =
HIN234 +5V Powered RS-232 Transmitters/Recelvers. . ................................ 11-3
HIN235 +5V Powered RS-232 Transmitters/Recelvers. . ........................cooaul., 11-3
HIN236 +5V Powered RS-232 Transmitters/Recelvers. . . ....................cooiuiiian. 11-3
HIN237 +5V Powered RS-232 Transmitters/Recelvers. . . ............................... 11-3
HIN238 +5V Powered RS-232 Transmitters/Receivers. . ......................... ... ... 11-3
HIN239 +5V Powered RS-232 Transmitters/Recelvers. . ...................coiiivennnn.. 11-3
HIN240 +5V Powered RS-232 Transmitters/Recelvers. . . .........................ouL... 11-3
HIN241 +5V Powered RS-232 Transmitters/Recelvers. . ................................ 11-3
Hi-200 Dual/Quad SPSTCMOS Analog SWitches . . . ......cvviiiiiiiiiiiiininnnnnean.s 9-73
HI-201 Dual/Quad SPST CMOS Analog SWitches . . . ......ooviiiiiiiiiiene i, 9-73
HI-201HS High Speed Quad SPSTCMOS AnalogSwitch . ...........ovviiiiiiiinnennn.. 9-82
HI-222 High Frequency/Video Switch (AnswerFAX Only) Document # 3124 See Section 18
HI-300 CMOS Analog SWtches . ......ciiiii ittt i it i ittt ittt 9-93
HI-301 CMOS Analog SWItChes . ... cv ittt ittt it ittt ittt et iit et eannenens 9-93
HI-302 CMOS Analog SWItCHES . ... .o viiiiiiiiii ittt ittt inenannen 9-93
HI-303 CMOS ANalog SWICHES . . ..o vittt ittt eeeeernnnnneennnns 9-93
HI-304 CMOS Analog SWItChES .. ... ottt ittt i iet ittt it in et iieeanneenns 9-93
HI-305 CMOS Analog SWItChes . ... ..ottt ittt ittt ittt iiiiinnanaenenns 9-93
HI-306 CMOS Analog SWItCHES . . ..o ovvii ittt iiiiii i iiietieinnenneannns 9-93
HI-307 CMOS Analog SWItCheS . . ....ccviiiiii ittt ittt eie e in e eneans 9-93
HI-381 CMOS ANalog SWItCES . . ..o ottt t ittt ittt iintcineineenenneneanans 9-103
HI-382 CMOS ANalog SWItCHES . . ..o v eiii it iiiiiit e einnieeeeennnnornneanannns 9-103

NOTE: Bold Type Designates a New Product from Harris.



HI-383
HI-384
HI-385
HI-386
HI-387
Hi-388
HI-389
HI-390
HI-506
HI-506A
HI-507
HI-507A
HI-508
HI-508A
HI-509
HI-509A
HI-516
HI-518
HI-524
HI-539
HI-546
HI-547
HI-548
HI-549
HI-562A

HI-565A
HI-574A
HI-674A
HI-774
HI1166
HI171
HI1175
HI1176
HI1276

ALPHA NUMERIC PRODUCT INDEX (continued)

CMOS ANalog SWItChES . . .. oottt ettt et ittt eee e e e ieeaeeeeeeeennnnns
CMOS Analog SWItChES . . ...ttt ittt it it e e it i et i iine e eaeannns
CMOS Analog SWItCheS . ... ...ttt ittt ii e tee e i eenaennn.
CMOS Analog SWItChes . . . .....ctt ittt it ittt e eieeeaaaanns
CMOS ANalog SWItChES . . ..ottt ettt ittt e it e eee e eeeeennnnns
CMOS ANalog SWItCheS .. .. ..ottt ittt ittt e et e iieeeienaannnn
CMOS Analog SWItChes .. ...ttt iie ittt i ittt i i et et i e ean e
CMOS Analog SWItCheS . . .. ..ottt ittt ittt it et i e it
Single 16 Channel CMOS Analog Multiplexer. ..............c.coiiiiiiiiiieennn...
16 Channel CMOS Analog MUX with Active Overvoltage Protection . .................
Differential 8 Channel CMOS Analog Multiplexer . . ............cciiiiieniinnnnnnn.
Differential 8 Channel CMOS Analog MUX with Active Overvoltage Protection ..........
Single 8 Channel CMOS Analog Multiplexer. . ...............cciiiiiinieneennnn..
8 Channel CMOS Analog MUX with Active Overvoltage Protection . ... ...............
Differential 4 Channel CMOS Analog Multiplexer . ..............ccoviiiiiiinnnnnn..
Differential 4 Channel CMOS Analog MUX with Active Overvoltage Protection..........
16 Channel/Differential 8 Channel CMOS High Speed Analog Multiplexer. .............
8 Channel/Differential 4 Channel CMOS High Speed Analog Multiplexer. . .............
4 Channel Wideband and Video Multiplexer . . ...............oitniunrnninnenn.
Monoalithic, 4 Channel, Low Level, Differential Multiplexer. . ... ................c..c....
Single 16 Channel CMOS Analog MUX with Active Overvoltage Protection. .. ..........
Differential 8 CMOS Analog MUX with Active Overvoltage Protection .................
Single 8 Channel CMOS Analog MUX with Active Overvoltage Protection. . ............
Differential 4 Channel CMOS Analog MUX with Active Overvoltage Protection ... .......

12-Bit High Speed Monolithic D/A Converter (AnswerFAX Only) Document # 3580
See Section 18

High Speed Monolithic D/A Converter with Reference . ...............cccoiiinnnn..
Complete 12-Bit A/D Converter with MicroprocessorInterface. . .....................
Complete 12-Bit A/D Converter with Microprocessor Interface. .. ....................
Complete 12-Bit A/D Converter with Microprocessor Interface. . .....................
8-Bit, 250MSPS Flash A/DConverter. ....................ccviiirnnenninnnn...
8-Bit, 4OMSPS High Speed D/AConverter ................ e
8-Bit, 20MSPS Flash A/DConverter. .....................oiiiiiennannnnnn..
8-Bit, 20MSPS Flash A/DConverter. . ....................c0iiiiiiniinnnnnnnn.
8-Bit, S00MSPS Flash A/D Converter. .. .............covutiirtnneenennennnnns

NOTE: Bold Type Designates a New Product from Harris.

8-42
5-34
5-34
5-34
6-43
8-57
7-3

7-12
6-54



ALPHA NUMERIC PRODUCT INDEX (continued)

PAGE
HI1386 8-Bit, 75SMSPS Flash A/D CONVerter. . ... .....c0ititiieiieeneneneanennennnn 6-64
HI1396 8-Bit, 125MSPS Flash A/DConverter. ... ...........c.ccituiiiniennannnennnnennn 6-72
HI-1818A Low Resistance Single 8 Channel CMOS Analog Multiplexer...............cccoevveo... 10-70
HI-1828A Low Resistance Differential 4 Channel CMOS Analog Multiplexer . ....................... 10-70
HI-5040 CMOS Analog SWItChes . ... ....iiiiiiit ittt ittt eee e aneaaaaanaanns 9-110
HI-5041 CMOS Analog SWItCheS . ... ..c.ttiiiiiit ittt iiietiiiiee s iiianeenneennn 9-110 -
HI-5042 CMOS Analog SWItChes . . ... oottt i it i ittt ie et eee e aaaanns 9-116 i
Hi-5043 CMOS ANalog SWItCNES . . ..o ittt ittt ittt enee et anareannneannnannn 9-110 y g
HI-5044 CMOS Analog SWItChes . . ... ittt i it ittt ittt i eenneeeannnnns 9-110 E E
HI-5045 CMOS ANRIOG SWIChBS - . . .« e e e e e e e e e e e e e e e 9-110 "'5" §
HI-5046 CMOS ANaIOg SWItCRES . . ..o\ o ettt it e et et e ee e et et e e aeneenens g-110 | O i
HI-5047 CMOS Analog SWItChes . ... ... i i i i ettt 9-110 L
HI-5048 CMOS Analog SWItChes . . ...ttt ittt e ee e 9-110
HI-5049 CMOS ANnalog SWItChES . ... i ittt ittt ieneiieneeaenannaanannns 9-110
HI-5050 CMOS Analog SWItCheS . . ..ottt ittt ittt ittt tieteiaeeannannnanens 9-110
HI-5051 CMOS Analog SWItChes . . ...t iii ittt i ittt it ittt it i ie i iieeeeeneennn 9-110
HI-5046A CMOS Analog SWItChes . . ... oi ittt i i it et et e 9-110
HI-5047A CMOS Analog SWItChES .. ... v ettt ittt ittt eeseensennnnaas 9-110
HI-5700 8-Bit, 20MSPS Flash A/D Converter. . . .....ovvtie et ine it inerineeenanennnn. 6-81
HI-5701 6-Bit, S0OMSPS Flash A/DConverter. . ..............oiiiiiirnnenennnnnnnnnnnnn 6-93
HI5800 12-Bit, 3MSPS Sampling A/DConverter . ..............cciiiiiirennnenennnnnn. 7-23
HI5810 CMOS 10us 12-Bit Sampling A/D Converter with Internal TrackandHold. . ......... 5-52
HI5812 CMOS 20us 12-Bit Sampling A/D Converter with Internal TrackandHold. . ......... 5-65
HI5813 CMOS 3.3V, 25us 12-Bit Sampling A/D Converter with Internal Trackand Hold . . . . . . 5-79
HI7131 3‘/2 Digit Low Power, High CMRR LCD/LED Display Type A/D Converter........... 2-12
HI7133 3‘/2 Digit Low Power, High CMRR LCD/LED Display Type A/D Converter........... 2-12
HI7151 10-Bit High Speed A/D Converter with Track and Hold (AnswerFAX Only) Document # 3099
See Section 18
HI7152 10-Bit High Speed A/D Converter with Track and Hold (AnswerFAX Only) Document # 3100
See Section 18
HI-7153 8 Channel, 10-Bit High Speed Sampling A/DConverter. . ............cceveeeennnnnn. 7-37
HI-7159A Microprocessor Compatible 5‘/2 Digit A/DConverter . ........coveeiieennnenennnnns 3-3
HI7190 24-Bit High Precision Sigma-Delta A/DConverter.................ccocvveun..... 4-3
HI20201 10/8-Bit, 160MSPS Ultra High Speed D/AConverter ....................cvuuunn. 8-65
HI20203 10/8-Bit, 160MSPS Ultra High Speed D/AConverter .................ccoovvunn... 8-65

NOTE: Bold Type Designates a New Product from Harris.



ICL232

ICL7106
ICL7107
ICL7109
ICL7112

ICL7115

ICL7116
ICL7117
ICL7121

ICL7126

ICL7129
ICL7134

ICL7135

ICL7136

ICL7137

ICL7139

ICL7149
ICL8052/ICL71C03
ICL8068/ICL71C03
ICL8052/ICL7104

ICL8068/ICL7104

ICL8069
ICM7170
ICM7211
ICM7212
ICM7213
ICM7216A
ICM7216B
ICM7216D
ICM7217

ALPHA NUMERIC PRODUCT INDEX (continued)

PAGE
+5V Powered Dual RS-232 Transmitter/Receiver . .. .........covvievreneneennennn. 11-8
3/, Digit LCD/LED Display A/D CONVEIET . . . ...\ oereeeee i enenenenenenanannnsn 2-33
3%/, Digit LCD/LED Display A/D CONVEIEr . . . .. ... evveeeeeneneeneneaneneenenns 2-33
12-Bit Microprocessor Compatible ADConverter. . . ...........ccvviveeeennenennnn. 3-17
12-Bit High-Speed CMOS pP-Compatible A/D Converter (AnswerFAX Only) Document #
3639 See Section 18
14-Bit High Speed CMOS pP-Compatible A/D Converter (AnswerFAX Only) Document #
3101 See Section 18
3/, Digit LCD/LED Display A/D Converter with Display Hold . . . . .................... 2-46
3’/2 Digit LCD/LED Display A/D Converter with DisplayHold. . . ..................... 2-46

16-Bit Multiplying Microprocessor-Compatible D/A Converter (AnswerFAX Only)
Document # 3112 See Section 18

3'/, Digit Low Power Single-Chip A/D Converter (AnswerFAX Only) Document # 3084
See Section 18

4'/, Digit LCD Single-Chip A/D CONVEIEN. . . . ... v e eeeeee e e eneeeenanennnn. 2-58

14-Bit Multiplying pP-Compatible D/A Converter AnswerFAX Only) Document # 3113
See Section 18

4/, Digit BCD OUtPUt A/D CONVEIBI . . .. et ee et e eeeee e e e eeeneennsn 3-40
3'/, Digit LCD/LED Low Power Display A/D Converter with Overrange Recovery . . ...... 2-68
3'/, Digit LCD/LED Low Power Display A/D Converter with Overrange Recovery ........ 2-68
3%/, Digit Autoranging MUIMEEr . .. .. .. ......oueetnee et eeeneneeeanenenss 2-83
3%, Digit Autoranging MUIMEter ... .. ........ouueeeeei e et eeeeeeeenenennss 2-83

Precision 4 '/, Digit A/D Converter (AnswerFAX Only) Document # 3081 See Section 18
Precision 4 '/, Digit A/D Converter (AnswerFAX Only) Document # 3081 See Section 18

14/,6-Bit uP-Compatible, 2-Chip A/D Converter (AnswerFAX Only) Document # 3091
See Section 18

14/, 6-Bit uP-Compatible, 2-Chip A/D Converter (AnswerFAX Only) Document # 3091
See Section 18

Low Voltage Reference . .. .......ouuvniiiiiiiii it ieeiaaeaann 14-13
pP-Compatible Real-Time ClocK . . . .. cvvt ittt it iiiiee e ieinnnnnnaannns 14-17
4-Digit ICM7211 (LCD) and ICM7212 (LED) Display Drive. .. .........ccoveeeeennnn.. 12-6

4-Digit ICM7211 (LCD) and ICM7212 (LED) Display Drive. .. ...........ccovuuuuen... 12-6

One Second/One Minute Timebase Generator. ...............cvviieeennnennen... 13-16
8-Digit Multi-Function Frequency Counter/Timer. . . ............coueriinernnennnnnn. 13-22
8-Digit Multi-Function Frequency Counter/Timer. . . ........couiineeeeernnnnnnennnn. 13-22
8-Digit Multi-Function Frequency Counter/Timer. . .........c.ooutiieeeinennnennnn.. 13-22
4-Digit LED Display Programmable Up/Down Counter. ..............ovuuuunnennn.. 13-39

NOTE: Bold Type Designates a New Product from Harris.



ICM7224
ICM7226A
ICM7226B
ICM7228
ICM7231
ICM7232
ICM7243
iCM7249
IH401A
IH5009
IH5012
IH5014
IH5016
IH5017
IH5018
IH5019
IH5020
IH5022
IH5024
1H5043
IH5052
IH5053
IH5140
IH5141
IH5142
IH5143
IH5144
IH5145
IH5151
IH5341
IH5352
IH6108
1H6201
1H6208

ALPHA NUMERIC PRODUCT INDEX (continued)

PAGE
41/, Digit LCD Display COUMBI . . .. .. eevetit et tteineeanenanenaeaenananen, 13-57
8-Digit Multi-Function Frequency Counter/Timers. . ............coiiiiienneeeneaann. 13-64
8-Digit Multi-Function Frequency Counter/Timers. . ..........oviiiiiennnnnneeeann. 13-64
8-Digit P Compatible LED Display DecoderDriver . ..., 12-19
Numeric/Alphanumeric Triplexed LCD Display Driver . .. ...........c.coiiinaa... 12-37
Numeric/Alphanumeric Triplexed LCD Display Driver . .. .............. ... ... ....... 12-37
8-Character pP-Compatible LED Display Decoder Driver. . ......................... 12-52
5'/, Digit LCD p-Power Event/HOUr Meter. . . . .. ...c.ouvueneneniiiiiianiieenns 13-82
QUAD Varafet Analog Switch (AnswerFAX Only) Document # 3128 See Section 18
Virtual Ground Analog Switch (AnswerFAX Only) Document # 3129 See Section 18
Virtual Ground Analog Switch (AnswerFAX Only) Document # 3129 See Section 18
Virtual Ground Analog Switch (AnswerFAX Only) Document # 3129 See Section 18
Virtual Ground Analog Switch (AnswerFAX Only) Document # 3129 See Section 18
Virtual Ground Analog Switch (AnswerFAX Only) Document # 3129 See Section 18
Virtual Ground Analog Switch (AnswerFAX Only) Document # 3129 See Section 18
Virtual Ground Analog Switch (AnswerFAX Only) Document # 3129 See Section 18
Virtual Ground Analog Switch (AnswerFAX Only) Document # 3129 See Section 18
Virtual Ground Analog Switch (AnswerFAX Only) Document # 3129 See Section 18
Virtual Ground Analog Switch (AnswerFAX Only) Document # 3129 See Section 18
Dual SPDTCMOS Analog Switch. . . .....oi ittt ittt i iieiieann 9-121
Quad CMOS Analog SWItCh . . ..ottt i e ittt i i i 9-128
Quad CMOS Analog SWItCh . . ... oiiit ittt ittt ittt iiiie i 9-128
High-Level CMOS Analog Switch ... ....coiiiiii it i i it i i e 9-134
High-Level CMOS Analog SWItCh . ... ..o viiiiiii i iiiiii ittt iiiesiiineennen 9-134
High-Level CMOS Analog SWItCh . ... .civiiii ittt ittt iiiiinineeeann 9-134
High-Level CMOS Analog SWItCh ... ..o viiiiiii ittt ittt iiiiiiinneeeaenns 9-134
High-Level CMOS Analog SWItCh .. .. ..ovvtiititiii i iiiiiieiinienenenanenns 9-134
High-Level CMOS Analog SWItCh ... ...ovviiiiiiiiii ittt iiiiiiiiain e 9-134
Dual SPDTCMOS Analog Switch. . .....coiiiiii ittt 9-147
Dual SPST, Quad SPST CMOS RF/Video Switches. .............ccovviiiiniivnn.. 9-155
Dual SPST, Quad SPST CMOS RF/Video Switches. .................cooiiiaia.t, 9-155

8-Channel CMOS Analog Multiplexer (AnswerFAX Only) Document # 3156 See Section 18
Dual CMOS Driver/voltage Translator (AnswerFAX Only) Document # 3136 See Section 18

4-Channel Differential CMOS Analog Multiplexer (AnswerFAX Only) Document # 3157
See Section 18

NOTE: Bold Type Designates a New Product from Harris.
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PRODUCT INDEX BY FAMILY

A/D CONVERTERS - DISPLAY

CA3162 A/D Converter for 3-Digit Display. . . . . ..o vvitie ettt ettt i ettt
HI7131, HI7133 3"/, Digit Low Power, High CMRR LCD/LED Display Type A/D Converter ...........
ICL7106, ICL7107  3'/, Digit LCD/LED Display A/lD CONVEIET . . . ..« .« e et e eeeeeeeeeeeneeanannnn,
ICL7116, ICL7117 3‘/2 Digit LCD/LED Display A/D Converter with DisplayHold. . . .....................

ICL7126

ICL7129
ICL7136, ICL7137
ICL7139, ICL7149

3‘/2 Digit Low Power Single-Chip A/D Converter (AnswerFAX Only) Document # 3084
See Section 18

4"/, Digit LCD Single-Chip A/D CONVEIEN. . . . ..o v eeeeeeeeeeeenaennnn..
3'/, Digit LCD/LED Low Power Display A/D Converter with Overrange Recovery ........
3%/, Digit Autoranging MUBIMEOr .. .. ... .. vue et e et e e e ee e,

ICL8052/ICL71C03, Precision 4 '/, Digit A/D Converter (AnswerFAX Only) Document # 3081 See Section 18
ICL8068/1CL71C03

A/D CONVERTERS - FLASH

CA3304 CMOS Video Speed 4-Bit Flash A/DConverter .............c.cvviiireninneennnnnn.
CA3306 CMOS Video Speed 6-Bit Flash A/D CONVeMer . ..........vveeveeeenneenannnnnnn.
CA3318C CMOS Video Speed 8-Bit Flash A/DConverter ..............oviueeininneennnnnn.
HI1166 8-Bit, 250MSPS Flash A/DConverter. . ................cvviiinnininnneeennnnn.
HI1276 8-Bit, 500MSPS Flash A/DConverter. .. ..............ovviinneeinnnnennnnnnn.
HI1386 8-Bit, 7ZSMSPS Flash A/D Converter. . ............c.cviiiiiiininiiniieennnnnn.
HI1396 8-Bit, 125MSPS Flash A/D Converter. ................coviinnnreinneennnnnnen.
HI-5700 8-Bit, 20MSPS Flash A/D ConVeMer. . ... ...outiiitieiiiiiiiiieeiiieeeannnn
HI-5701 6-Bit, 30MSPS Flash A/D Converter. . . ............c.ovuutennnneeinnnneennnnnn.

A/D CONVERTERS - INTEGRATING

HI-7159A
ICL7109
ICL7135

ICL8052/ICL7104,
ICL8068/ICL7104

Microprocessor Compatible 5‘/2 DigitA/DConverter ...........ccovviviinennnnnnnn.
12-Bit Microprocessor Compatible A/D Converter. . . .........vuuinnennnnnnennnnn.
4"/, Digit BCD OUPUt AD CONVBIEN . . . .« .o e e vee e e e e e e e e

14/,¢-Bit pP-Compatible, 2-Chip A/D Converter (AnswerFAX Only) Document # 3091
See Section 18

NOTE: Bold Type Designates a New Product from Harris.
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PRODUCT INDEX BY FAMILY (continued)

PAGE

A/D CONVERTERS - SAR
ADCO0802, ADC0803, 8-Bit uP Compatible A/D CONVEMers. . . .....cunnuiiineennnnnneneceerennannns 5-3
ADCO0804
CA3310, CA3310A  CMOS 10-Bit A/D Converter with Internal Trackand Hold ....................co0ntn 5-19
HI-574A, Complete 12-Bit A/D Converter with Microprocessor Interface. . . .................... 5-34
HI-674A,
HI-774
HI5810 CMOS 10pus 12-Bit Sampling A/D Converter with Internal Track and Hold. . ......... 5-52
Hi5812 CMOS 20us 12-Bit Sampling A/D Converter with Internal Trackand Hold. . . . .. ... .. 5-65
HI5813 CMOS 3.3V, 25us 12-Bit Sampling A/D Converter with Internal Trackand Hold . . . . . . 5-79
HI71562 10-Bit High Speed A/D Converter with Track and Hold (AnswerFAX Only) Document # 3100

See Section 18
HI7151 10-Bit High Speed A/D Converter with Track and Hold (AnswerFAX Only) Document # 3099

See Section 18
ICL7112 12-Bit High-Speed CMOS pP-Compatible A/D Converter (AnswerFAX Only)

Document # 3639 See Section 18
ICL7115 14-Bit High Speed CMOS uP-Compatible A/D Converter (AnswerFAX Only)

Document # 3101 See Section 18
A/D CONVERTERS - SIGMA-DELTA
HI7190 24-Bit High Precision Sigma-Delta AlDConverter........................oont. 4-3
A/D CONVERTERS - SUBRANGING
HI1175 8-Bit, 20MSPS Flash A/DConverter. . .. ..........ccoiirtnninrnanosconeaeennns 7-3
HI1176 8-Bit, 20MSPS Flash A/DCONnVerter. ... ........covvrieinnenennnencnnnenanenns 7-12
HI5800 12-Bit, SMSPS Sampling A/DConverter ..............ccovuiieeencnnacnnnns 7-23
HI-7153 8 Channel, 10-Bit High Speed Sampling ADConverter. ..................cooinnnntn 7-37
COMMUNICATION INTERFACE
HIN230 thru +5V Powered RS-232 Transmitters/Recelvers. . . ...............ccoiieunenennnn. 11-3
HIN241
ICL232 +5V Powered Dual RS-232 Transmitter/Receiver . ............coeiiiieeneenneenns 11-8

NOTE: Bold Type Designates a New Product from Harris.
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PRODUCT INDEX BY FAMILY (continued)

PAGE

COUNTERS WITH DISPLAY DRIVERS/TIMEBASE GENERATORS
HA7210 LowPower CrystalOscillator. . ............... .o iiiiiiiiiiiiiiiiineennnnnn. 13-3
ICM7213 One Second/One Minute Timebase Generator. . .. ..........ceeeeeennnneeennnnnn 13-16
ICM7216A, 8-Digit Multi-Function Frequency Counter/Timer. . . .........ccviiieeeneennnnnnnnnn. 13-22
ICM7216B, ICM7216D
ICM7217 4-Digit LED Display Programmable Up/Down Counter. .. .......cuvvvunnnnnnnnnnss 13-39
ICM7224 41/, Digit LCD DiSPlay COUNMEN . . .. .o v e et e et e e e et e e e e e eeeeeeens 13-57
ICM7226A, ICM7226B8-Digit Multi-Function Frequency Counter/Timers. . ........oveeeeernrrneneeennnnn. 13-64
ICM7249 51/, Digit LCD p-Power EVent/Hour Meter. . . . ..........oeenerenernneenneennnnnn. 13-82
D/A CONVERTERS
AD7520, AD7530, 10-Bit, 12-Bit Multiplying D/AConverters . .............ciiiiiiiiiiiiiinennnn. 8-5
AD7521, AD7531
AD7523, AD7533 8-Bit Multiplying D/A ConVerters . . .. ....oviietitieeneeeeeennnenennnnnnnnnnnnns 8-13
AD7541 12-Bit Multiplying D/ACONVerter. ..ottt iiiiii i e e i ienaeeen, 8-21
AD7545 12-Bit Buffered Multiplying CMOS DAC. . . ... ...ttt ittt i e e 8-28
CA3338, CA3338A CMOS Video Speed 8-Bit R2RD/A CONVerter. ... .........ovvvurnnnnenennennn 8-35
HI-562A 12-Bit High Speed Monolithic D/A Converter (AnswerFAX Only) Document # 3580

See Section 18
HI-565A High Speed Monolithic D/A Converter withReference ...................c.ccovvunn.. 8-42
HI-DAC80V, 12-Bit, Low Cost, Monolithic D/AConverter . ............ouvierrriiinneneennnnnnn 8-50
HI-DAC85V
HI1171 8-Bit, 4OMSPS High Speed D/AConverter ..................c.cciiiieenennnnnn. 8-57
HI20201, HI20203  10/8-Bit, 160MSPS Ultra High Speed D/AConverter .....................ccvounn. 8-65
ICL7121 16-Bit Multiplying Microprocessor-Compatible D/A Converter (AnswerFAX Only)

Document # 3112 See Section 18
ICL7134 14-Bit Multiplying uP-Compatible D/A Converter AnswerFAX Only) Document # 3113

See Section 18
DISPLAY DRIVERS
CA3161 BCD to Seven Segment Decoder/Driver . . .. ...c.veeeeee e et innenennnnnnnnnnnnns 12-3
ICM7211, ICM7212  4-Digit ICM7211 (LCD) and ICM7212 (LED) DisplayDrive. ...........ccovvvuinnnnn... 12-6
ICM7228 8-Digit pP Compatible LED Display Decoder Driver . .. .......c.cuoeveeieeunnnnnnnnn. 12-19
ICM7231, ICM7232  Numeric/Alphanumeric Triplexed LCD Display Driver . . . . .....oovveeeinenneeennnnn. 12-37
ICM7243 8-Character pP-Compatible LED Display Decoder Driver. . .............c.covvunnn... 12-52

NOTE: Bold Type Designates a New Product from Harris.
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PRODUCT INDEX BY FAMILY (continued)

PAGE
MULTIPLEXERS
DGA406, DG407 Single 16-Channel/Differential 8-Channel CMOS Analog Multiplexers ............. 10-15
DG408, DG409 Single 8-Channel/Differential 4-Channel CMOS Analog Multiplexers .............. 10-17
DG458, DG459 Single 8-Channel/Differential 4-Channel Fault Protected Analog Multiplexers. ... . .. 10-31
DGS506A, DG507A, CMOS AnalogMultiplexers .. .......c.cooeiiiinn ittt 10-41
DG508A, DG509A
DG526, DG527, Analog CMOS Latchable Multiplexers. . ..........couiieiiie e 10-54
DG528, DG529
HI-1818A, HI-1828A  Low Resistance, Single 8 Channel and Differential 4 Channel CMOS Analog Multiplexers .... 10-70
HI-506, HI-507, Single 16 and 8/Differential 8 and 4 Channel CMOS Analog Multiplexers . ............. 10-78
HI-508, HI-509
HI-506A, HI-507A, 16 Channel, 8 Channel, Differential 8 and Differential 4 Channel CMOS Analog
HI-508A, HI-509A MUXs with Active Overvoltage Protection. . ... 10-95
HI-516 16 Channel/Differential 8 Channel CMOS High Speed Analog Multiplexer. . ............ 10-109
HI-518 8 Channel/Differential 4 Channel CMOS High Speed Analog Multiplexer. . . ............ 10-116
HI-524 4 Channel Wideband and Video Multiplexer . . .. ......... ... ... i, 10-123
HI-539 Monolithic, 4 Channel, Low Level, Differential Multiplexer. . ......................... 10-129
HI-5486, HI-547, Single 16 and 8, Differential 8 and 4 Channel CMOS Analog MUXs with Active
HI-548, HI-549 Overvoltage Protection . ...ttt ittt ine e 10-140
IH6108 8-Channel CMOS Analog Multiplexer (AnswerFAX Only) Document # 3156 See Section 18
IH6208 4-Channel Differential CMOS Analog Multiplexer (AnswerFAX Only) Document # 3157

See Section 18

SPECIAL PURPOSE
ADS90 2 Wire Current Output Temperature TransducCer . . . . ......covvi i iiennnneenenanan. 14-3
ICL8069 Low Voltage Reference . .. ...oove i iiii ittt iiiiiie e iiiieaa e 14-13
ICM7170 uP-Compatible Real-Time ClOCK . . . o .t v vttt iiiii et eaenneanns 14-17

NOTE: Bold Type Designates a New Product from Harris.
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SWITCHES

DG181 thru DG191

DG200, DG201
DG201A, DG202
DG211, DG212

DG300A, DG301A,
DG302A, DG303A

DG308A, DG309

DG401, DG403,
DG405

DG411, DG412,
DG413

DG441, DG442
DG444, DG445
HI-200, HI-201
HI-201HS
HI-222

HI-300 thru
HI-307

HI-381 thru
HI-390

HI-5040 thru

HI-5051, HI-5046A

and HI-5047A
IH401A

IH5009 thru IH5012,
IH5014, IH5016 thru

IH5020, IH5022,
IH5024

IH5043
IH5052, IH5053

IH5140 thru IH5145

IH5151
IH5341, 1H5352
IH6201

PRODUCT INDEX BY FAMILY (continued)

PAGE
High-Speed Driver with JFET Switch (AnswerFAX Only) Document # 3114 See Section 18
CMOS Dual/Quad SPST Analog SWItCheS . . . . ..o e viiiiiiiieieii i ennnnnnns 9-13
Quad SPSTCMOS Analog SWItChes . . ... otieieeiiiiiiee e eieniannnnn 9-21
SPST4 Channel Analog SWItCh . . ... ...iiieiit ittt iiieiiiiannn 9-25
TTL Compatible CMOS Analog SWitches . .. ...ttt iiiinennnnn. 9-30
Quad Monolithic SPSTCMOS Analog SWitches. . . . ... .iiiiiieiiiiiiiiiiiieeannnn 9-37
Monolithic CMOS AnalogSwitches. . .................cciiviitiiiiiiinnnnnn. 9-42
Monolithic Quad SPST CMOS AnalogSwitches ............................... 9-44
Monolithic Quad SPST CMOS Analog Switches ............................... 9-53
Monolithic Quad SPST CMOS AnalogSwitches ............................... 9-63
Dual/Quad SPST CMOS Analog SWitches . . . ... vv ettt ittt eieeee e eeans 9-73
High Speed Quad SPSTCMOS Analog SWItCh .. .......oviitiiniiiineeneenenn. 9-82
High Frequency/Video Switch (AnswerFAX Only) Document # 3124 See Section 18
CMOS Analog SWItChES . . .. oottt it iiie i ettt ittt 9-93
CMOS ANnalog SWItChES . . . oottt i ettt ettt it ittt iiie et eaanns 9-103
CMOS ANalog SWItChES . ..o v v vttt ittt ettt ittt e e eee et eeenaaaaans 9-110
QUAD Varafet Analog Switch (AnswerFAX Only) Document # 3128 See Section 18
Virtual Ground Analog Switch (AnswerFAX Only) Document # 3129 See Section 18
Dual SPDT CMOS Analog SWItCh. . . . . ..o ottt i eee e 9-121
Quad CMOS Analog SWItCh . . ... v vttt tei it ie e ee e eeeeeeens 9-128
High-Level CMOS Analog SWitch ... .....c.uuiiiiiiiiiiie e e e ieeeaann, 9-134
Dual SPDT CMOS Analog SWItCh. . .. ..ovitei e it e e e 9-147
Dual SPST, Quad SPST CMOS RF/Video SWitches. ... .........covveeeeeennnennn.. 9-155

Dual CMOS Driver/voltage Translator (AnswerFAX Only) Document # 3136 See Section 18

NOTE: Bold Type Designates a New Product from Harris.
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LINEAR AND TELECOM PRODUCTS

COMPARATORS DATA SHEETS

CA139, CA239,
CA339, LM339

CA3098
CA3290

HA-4800, HA-4902,
HA-4905

HFA-0003,
HFA-0003L

DIFFERENTIAL AMPLIFIERS DATA SHEETS

CA3028, CA3053
CA3049, CA3102
CA3054

Quad Voltage Comparators for Industrial, Commercial and Military Applications

Programmable Schmitt Trigger - with Memory Dual Input Precision Level Detectors
BiMOS Dual Voltage Comparator with MOSFET Input, Bipolar Output
Precision Quad Comparator

Ultra High Speed Comparator

Differential/Cascode Ampilifiers for Commercial and Industrial Equipment from DC to 120MHz

GENERAL
INFORMATION

Dual High Frequency Differential Amplifiers For Low Power Applications Up 500MHz

Transistor Array - Dual Independent Differential Amp for Low Power Applications from DC to 120MHz

OPERATIONAL AMPLIFIERS DATA SHEETS

CA124, CA224,
CA324, LM324*,
LM2g902*

CA158, CA258,
CA358, CA2904,
LM358*, LM2904*

CA741, CA1458,
CA1558, LM741*,
LM1458%, LM1558*

CA3020

CA3060
CA3078
CA3080
CA3094
CA3100
CA3130
CA3140
CA3160
CA3193
CA3240
CA3260
CA3280

Quad Operational Amplifiers for Commercial, Industrial, and Military Applications

Dual Operational Ampilifiers for Commercial Industrial, and Military Applications

High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial Applications

Multipurpose Wide-Band Power Amps Military, Industrial and Commercial Equipment at Frequency Up to
8MHz

Operational Transconductance Amplifier Arrays

Micropower Operational Amplifier

Operational Transconductance Amplifier (OTA)

Programmable Power Switch/Amplifier for Control and General Purpose Applications
Wideband Operational Amplifier

BiMOS Operational Amplifier with MOSFET Input/CMOS Output
BiMOS Operational Amplifier with MOSFET Input/Bipolar Output
BiMOS Operational Amplifiers with MOSFET Input/CMOS Output
BiCMOS Precision Operational Amplifiers

Dual BiMOS Operational Amplifier with MOSFET Input/Bipolar Output
BiMOS Operational Amplifier with MOSFET Input/CMOS Output

Dual Variable Operational Amplifier

NOTE: Bold Type Designates a New Product from Harris.



LINEAR AND TELECOM PRODUCTS (continued)

OPERATIONAL AMPLIFIERS DATA SHEETS (Continued)

CA3420
CA3440
CA3450
CA5130
CA5160
CA5260
CA5420
CA5470

HA-2400, HA-2404,
HA-2405

HA-2406
HA-2444

HA-2500, HA-2502,
HA-2505

HA-2510, HA-2512,
HA-2515

HA-2520, HA-2522,
HA-2525

HA-2529
HA-2539
HA-2540
HA-2541
HA-2542
HA-2544
HA-2548

HA-2600, HA-2602,
HA-2605

HA-2620, HA-2622,
HA-2625

HA-2640, HA-2645
HA-2705
HA-2839
HA-2840
HA-2841
HA-2842
HA-2850

Low Supply Voltage, Low Input Current BiMOS Operational Amplifiers

Nanopower BiMOS Operational Amplifier

Video Line Driver, High Speed Operational Amplifier

BiMOS Microprocessor Operational Amplifier with MOSFET Input/CMOS Output

BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output

BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output

Low Supply Voltage, Low Input Current BIMOS Operational Amplifier

Quad Microprocessor BiMOS-E Operational Amplifiers with MOSFET Input/Bipolar Output
PRAM Four Channel Programmable Ampilifiers

Digitally Selectable Four Channel Operational Amplifier
Selectable, Four Channel Video Operational Amplifier

Precision High Siew Rate Operational Amplifiers
High Slew Rate Operational Amplifiers
Uncompensated High Slew Rate Operational Amplifiers

Uncompensated, High Slew Rate High Output Current, Operational Amplifier
Very High Slew Rate Wideband Operational Amplifier

Wideband, Fast Settling Operational Amplifier

Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier
Wideband, High Slew Rate, High Output Current Operational Amplifier
Video Operational Amplifier

Precision, High Slew Rate, Wideband Operational Amplifier

Wideband, High Impedance Operational Amplifiers

Very Wideband, Uncompensated Operational Amplifiers

High Voltage Operational Amplifiers

Low Power, High Performance Operational Amplifier

Very High Slew Rate Wideband Operational Amplifier

Very High Slew Rate Wideband Operational Amplifier

Wideband, Fast Settling, Unity Gain Stable, Video Operational Amplifier
Wideband, High Slew Rate, High Output Current, Video Operational Amplifier
Low Power, High Slew Rate Wideband Operational Amplifier

NOTE: Bold Type Designates a New Product from Harris.



LINEAR AND TELECOM PRODUCTS (continued)

OPERATIONAL AMPLIFIERS DATA SHEETS (Continued)

HA-4741
HA-5002
HA-5004
HA-5020
HAS5022, HA5024
HA5023, HA5025
HA-5033
HA-5101, HA-5111

HA-5102, HA-5104,
HA-5112, HA-5114

HA-5127

HA-5130, HA-5135
HA-5134

HA-5137

HA-5142, HA-5144
HA-5147

HA-5160, HA-5162
HA-5170

HA-5177

HA-5190, HA-5195
HA-5221, HA-5222
HA5232, HA5234
HFA-0001
HFA-0002
HFA-0005
HFA1100, HFA1120

HFA1105, HFA1106,
HFA1135, HFA1145

HFA1110
HFA1112
HFA1113
HFA1130
ICL7611, ICL7612

ICL7621, ICL7641,
ICL7642

ICL7650S

Quad Operational Amplifier

Monolithic, Wideband, High Slew Rate, High Output Current Buffer
100MHz Current Feedback Amplifier

100MHz Current Feedback Video Amplifier

Dual, Quad 100MHz Video Current Feedback Amplifier with Disable
Dual, Quad 100MHz Video Current Feedback Amplifier

Video Buffer

Low Noise, High Performance Operational Amplifiers

Low Noise, High Performance Operational Amplifiers

Ultra-Low Noise Precision Operational Amplifier

Precision Operational Amplifiers

Precision Quad Operational Amplifier

Ultra-Low Noise Precision Wideband Operational Amplifier

Dual/Quad Ultra-Low Power Operational Amplifiers

Ultra-Low Noise Precision High Slew Rate Wideband Operational Amplifier

Wideband, JFET Input High Slew Rate, Uncompensated, Operational Amplifiers

Precision JFET Input Operational Amplifier

Ultra-Low Offset Voltage Operational Amplifier

Wideband, Fast Settling Operational Amplifiers

Low Noise, Wideband Precision Operational Amplifiers

Precision Dual and Quad Operational Amplifiers

Ultra High Slew Rate Operational Amplifier

Low Noise Wideband Operational Amplifier

High Slew Rate Operational Amplifier

Ultra High-Speed Current Feedback Amplifiers

High-Speed, Low Power, Current Feedback Operational Amplifiers

750MHz Low Distortion Unity Gain, Closed Loop Buffer

Ultra High-Speed Closed Loop Buffer Amplifier

High-Speed, Output Clamping Closed Loop Buffer

Output Clamping, Ultra High-Speed Current Feedback Amplifier
ICL76XX Series Low Power CMOS Operational Amplifiers

ICL76XX Series Low Power CMOS Operational Amplifiers

Super Chopper-Stabilized Operational Amplifier

NOTE: Bold Type Designates a New Product from Harris.
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LINEAR AND TELECOM PRODUCTS (continued)

SAMPLE AND HOLD AMPLIFIER DATA SHEETS

HA-2420, Fast Sample and Hold Amplifiers

HA-2425

HA-5320 High Speed Precision Monolithic Sample and Hold Amplifier

HA-5330 Very High Speed Precision Monolithic Sample and Hold Amplifier

HA-5340 High Speed, Low Distortion, Precision Monolithic Sample and Hold Amplifier
HA5350, HA5351 Ultra Fast (50ns) Sample and Hold Amplifiers

HAS5352 Ultra Fast (50ns) Dual Sample and Hold Amplifier

SPECIAL ANALOG CIRCUITS DATA SHEETS

CAS555, LM555 Timers for Timing Delays and Oscillator Applications in Commercial, Industrial and Military Equipment
CA1391, CA1394 TV Horizontal Processors

CA3089 FM IF System

CA3126 TV Chroma Processor

CA3189 FM IF System

CA3194 Single Chip PAL Luminance/Chroma Processor

CA3217 Single Chip TV Chroma/Luminance Processor

CA3256 BiMOS Analog Video Switch and Amplifier

CD22402 Sync Generator for TV Applications and Video Processing Systems
HA-2546 Wideband Two Quadrant Analog Multiplier

HA-2547 Wideband Two Quadrant Analog Multiplier

HA-2556 Wideband Four Quadrant Voltage Output Analog Multiplier
HA-2557 Wideband Four Quadrant Current Output Analog Multiplier
HA7210 Low Power Crystal Oscillator

HFA5250 Ultra High-Speed Monolithic Pin Driver

ICL8013 Four Quadrant Analog Multiplier

ICL8038 Precision Waveform Generator/Voltage Controlled Oscillator
ICL8048, ICL8049  Log/Antilog Amplifiers

ICM7242 Long Range Fixed Timer

ICM7555, ICM7556 General Purpose Timers

TELECOMMUNICATIONS DATA SHEETS

CD22100 CMOS 4 x 4 Crosspoint Switch with Control Memory High-Voltage Type (20V Rating)

CD22101, CD22102 CMOS 4 x 4 x 2 Crosspoint Switch with Control Memory

CD22103A CMOS HDB3 (High Density Bipolar 3) Transcoder for 2.048/8.448 Mb/s Transmission Applications

CD22202, CD22203 5V Low Power DTMF Receiver

NOTE: Bold Type Designates a New Product from Harris.



LINEAR AND TELECOM PRODUCTS (continued)

TELECOMMUNICATIONS DATA SHEETS (Continued)

CD22204
CD22301

CD22354A,
CD22357A

CD22M3493
CD22M3494
CD22859

CD74HC22106,
CD74HCT22106

HC-5502B
HC-5504B
HC-5504DLC
HC-5509A1
HC-5509B
HC-5524
HC-5560
HC-55536
HC-55564

5V Low Power Subscriber DTMF Receiver
Monolithic Pan Repeater
CMOS Single-Chip, Full-Feature PCM CODEC

12 x 8 x 1 BIMOS-E Crosspoint Switch

16 x 8 x 1 BIMOS-E Crosspoint Switch

Monolithic Silicon COS/MOS Dual-Tone Multifrequency Tone Generator
QMOS 8 x 8 x 1 Crosspoint Switch with Memory Control

SLIC Subscriber Line Interface Circuit

SLIC Subscriber Line Interface Circuit

SLIC Subscriber Line Interface Circuit

SLIC Subscriber Line Interface Circuit

SLIC Subscriber Line Interface Circult

SLIC Subscriber Line Interface Circuit

PCM Transcoder

Continuous Variable Slope Delta-Demodulator (CVSD)
Continuously Variable Slope Delta-Modulator (CVSD)

TRANSISTOR ARRAY DATA SHEETS

CA3018
CA3039
CA3045, CA3046
CA3081, CA3082
CA3083
CA3086
CA3096
CA3127
CA3141
CA3146, CA3183
CA3227, CA3246

General Purpose Transistor Arrays

Diode Array

General Purpose N-P-N Transistor Arrays

General Purpose High Current N-P-N Transistor Arrays
General Purpose High Current N-P-N Transistor Array
General Purpose N-P-N Transistor Array

N-P-N/P-N-P Transistor Array

High Frequency N-P-N Transistor Array

High-Voltage Diode Array For Commercial, Industrial & Military Applications

High-Voltage Transistor Arrays

High-Frequency N-P-N Transistor Arrays For Low-Power Applications at Frequencies Up to 1.5GHz

HFA3046, HFA3096, Ultra High Frequency Transistor Array

HFA3127, HFA3128

NOTE: Bold Type Designates a New Product from Harris.
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MULTIPLIERS

HMA510
HMAS510/883
HMU16/HMU17
HMU16/883
HMU17/883

DIGITAL SIGNAL PROCESSING PRODUCTS

16 x 16-Bit CMOS Parallel Multiplier Accumulator
16 x 16-Bit CMOS Parallel Multiplier Accumulator
16 x 16-Bit CMOS Parallel Multipliers

16 x 16-Bit CMOS Parallel Multiplier

16 x 16-Bit CMOS Parallel Multiplier

ONE DIMENSIONAL FILTERS

HSP43168
HSP43168/883
HSP43216
HSP43220
HSP43220/883
HSP43481
HSP43481/883
HSP43881
HSP43881/883
HSP43891
HSP43891/883

Dual FIR Filter

Dual FIR Filter
Halfband Filter
Decimating Digital Filter
Decimating Digital Filter
Digital Filter

Digital Filter

Digital Filter

Digital Filter

Digital Filter

Digital Filter

TWO DIMENSIONAL FILTERS

HSP48901 3 x 3 Image Filter

HSP48908 Two Dimensional Convolver
HSP48908/833 Two Dimensional Convolver

SIGNAL SYNTHESIZERS

HSP45102 12-Bit Numerically Controlled Oscillator
HSP45106 16-Bit Numerically Controlled Oscillator
HSP45106/883 16-Bit Numerically Controlled Oscillator
HSP45116 Numerically Controlled Oscillator/Modulator
HSP45116/883 Numerically Controlled Oscillator/Modulator
HSP50016 Digital Down Converter



DIGITAL SIGNAL PROCESSING PRODUCTS (continued)

SPECIAL FUNCTION

HSP45240 Address Sequencer

HSP45240/883 Address Sequencer

HSP45256 Binary Correlator

HSP45256/833 Binary Correlator

HSP48410 Histogrammer/Accumulating Buffer

HSP9501 Programmable Data Buffer _

HSP9520/9521, Multilevel Pipeline Register =

ISP9520/9521 a0
Eg

DEVELOPMENT TOOLS 2E

DECI « MATE Harris HSP43220 Decimating Digital Filter Development Software o 'g

HSP-EVAL DSP Evaluation Platform

HSP45116-DB HSP46116 Daughter Board

/883 Data Sheet Format -In the interest of conserving space, data sheets for /883 qualified products have been printed without
the Pinouts, Pin Description, Waveforms, AC Test Load Circuit and Design Information sections. The
information sections can be obtained from the corresponding portion of the commercial data sheet.
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A/D CONVERTERS - DISPLAY SELECTION GUIDE
ANALOG TO DIGITAL CONVERTERS WITH DISPLAY OUTPUTS . ... .ciiiiiiiiiiiiinneennennannnnn

A/D CONVERTERS - DISPLAY DATA SHEETS

CA3162 A/D Converter for 3-Digit Display . . ... .ovviiititi ittt ittt ittt
HI7131, 3‘/2 Digit Low Power, High CMRR LCD/LED Display Type A/D Converter. ...............
HI7133

ICL7106, 3/, Digit LCD/LED Display A/D CONVEIOI. . . ..ot ve et eeteeeeeeeeeeneennenenns
ICL7107

ICL7116, 3'/, Digit LCD/LED Display A/D Converter with Display HOld . ... .........covvuvnennnn...
ICL7117

ICL7129 4/, Digit LCD Single-Chip A/D CONVEMET . . ..\ v v ettt eeteteeeeeeeeeeeeeeeenennes
ICL7136, 3'/, Digit LCD/LED Low Power Display A/D Converter with Overrange Recovery. . ...........
ICL7137

ICL7139, 33/4 Digit Autoranging Multimeter
ICL7149

NOTE: Bold Type Designates a New Product from Harris.
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CA3162

A/D Converter for 3-Digit Display

Features Description
¢ Dual Slope A/D Conversion The CA3162E and CA3162AE are I12L monolithic A/D con-
verters that provide a 3 digit multiplexed BCD output. They
* Multiplexed BCD Display are used with the CA3161E BCD-to-Seven-Segment
* Ultra Stable internal Band Gap Voitage Reference Decoder/Driver* and a minimum of external parts to imple-
ment a complete 3 digit display. The CA3162AE is identical
* Capable of Reading 99mV Below Ground with Single 4, 1o CA3162E except for an extended operating tempera-
Supply ture range.
* Differential Input * The CA3161E is described in Display Drivers section of this data
¢ Internal Timing - No External Clock Required book.
e Choice of Low Speed (4Hz) or High Speed (96Hz) N .
Conversion Rate s Ordering Information
* “Hold” Inhibits Conversion but Maintains Delay PART TEMPERATURE
« Overrange Indication NUMBER RANGE PACKAGE
- “EEE” for Reading Greater than +999mV, “-” for CA3162E 0°C to +70°C 16 Lead Plastic DIP
Reading More Negative than -99mV When Used
With CA3161E CA3162AE -40°C to +85°C 16 Lead Plastic DIP
* BCD-to-Seven-Segment Decoder/Driver
* Extended Temperature Range Version Available
Pinout
CA3162 (PDIP)
TOP VIEW
\J
sco J 2 [1] 6] 22 | oo
OUTPUTS | 40 E 15] 22 [ OUTPUTS
nsD 3] 14] v+
DIGIT
SELECT { MsD [4] [13] can ADs
OUTPUTS INTEGRATING
Lso [5] [12] S
HOLD/
BYPASS [11] HiGH INPUT
anp [7] 10] Low inpuT
zeRo ADJ 8] ] zero Ay
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1080.1

Copyright © Harris Corporation 1993
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CA3162, CA3162A

Functional Block Diagram

Vs+ v+

ZERO BCD OUTPUTS

_T.INTEGRATING
ADJ CAP 2! 20 2 2 ve

®
CONTROL LOGIC DIGIT @ DIGIT SELECT
COUNTERS & MULTIPLEX DRIVE OUTPUTS
Ol @
N 4 3 3 = MSD
i  —
" THRESHOLD —/ @ =LsD
HIGH INPUT (11 \7] DET. @ =NSD
Low input (10 CONVERTER r’— +2008 | 96
REFERENCE BAND GAP HoLD/ ) CONVERSION
CURRENT |41  peceReNcE osc BYPASS CONTROL
GENERATOR GATES
13 GND
t MSD = MOST SIGNIFICANT DIGIT
NSD = NEXT SIGNIFICANT DIGIT =

LSD = LEAST SIGNIFICANT DIGIT

a AAA
FD'_U

» 9D
eg




Specifications CA3162, CA3162A

Absolute Maximum Ratings

DC Supply Voltage (Between Pins 7 & 14). . ............... +7V
Input Voltage (Pin 10or11toGround)............covvunnnn 15V
Storage Temperature Range ................. -65°C to +150°C
Lead Temperature (Soldering 10S). . .. ...........cvuun +300°C

Thermal Information

Thermal Resistance 278
PlasticDIPPackage ..........coovveiiennnnnnnn 90°C/wW
Operating Temperature Range
{07 3 1 2 = 0 to +75°C
CA31B62AE. . ... coiiiiiiiiiine s -40°C to +85°C
Maximum Power Dissipation
PlasticDIPPackage ..........cooviiiennnnnnneann. 0.67W
Junction Temperature . .. .....cceeveernerinnneeenenns +150°C

CAUTION: Stresses above those listed in “Absolute Maxtmum Flalmgs may cause psrmanenr damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indi

d in the op

of this specification is not implied.

Electrical Specifications T, = +25°C, V+ = 5V, Zero Pot Centered, Gain Pot = 2.4kQ Unless Otherwise Specified

PARAMETERS TEST CONDITIONS MIN TYP MAX | UNITS

Operating Supply Voltage Range, V+ 4.5 5 5.5 \'
Supply Current, I+ 100kQ to V+ on Pins 3, 4,5 - - 17 mA
Input Impedance, Z, - 100 - MQ
Input Bias Current, lig Pins 10 and 11 - -80 - nA
Unadjusted Zero Offset V44-Vy0 = 0V, Read Decoded Output -12 - +12 mv
Unadjusted Gain V;4-V0 = 900mV, Read Decoded Output 846 - 954 mv
Linearity Notes 1 and 2 -1 - +1 Count
Conversion Rate

Slow Mode Pin 6 = Open or GND - 4 - Hz

Fast Mode Pin 6 = 5V - 96 - Hz
Conversion Control Voltage (Hold Mode) 0.8 1.2 1.6 \"
atPin 6 *
Common Mode Input Voltage Range, V\cg Notes 3, 4 -0.2 - +0.2 v
BCD Sink Current at Ping 1, 2, 15, 16 Vgep 2 0.5V, at Logic Zero State 0.4 1.6 - mA
Digit Select Sink Current at Pins 3, 4, 5 VpigiT Select = 4V at Logic Zero State 1.6 25 - mA
Zero Temperature Coefficient =0V, Zero Pot Centered - 10 - nvrev
Gain Temperature Coefficient V) =900mV, Gain Pot = 2.4kQ - 0.005 - %/°C

NOTES:

1. Apply zero volts across Vy, to V4. Adjust zero potentiometer to give 000mV reading. Apply 900mV to input and adjust gain potentiometer

to give 900mV reading.

2. Linearity is measured as a difference from a straight line drawn through zero and positive full scale. Limits do not include +0.5 count bit

digitizing error.

3. For applications where low input pin 10 is not operated at pin 7 potential, a return path of not more than 100kQ resistance must be provided

for input bias currents.

4. The common mode input voltage above ground cannot exceed +0.2V if the full input signal range of 999mV is required at pin 11. That is,
pin 11 may not operate higher than 1.2V positive with respect to ground or 0.2V negative with respect to ground. If the maximum input
signal is less than 999mV, the common mode input voltage may be raised accordingly.
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CA3162, CA3162A

Timing Diagram
12PN > J—_—QA:‘ } 200mv

e S0 I }soomv
w
m
3 «msp
z Ms0) }soomv
a

3(NsD) I } 500mv

2ms/DIVISION
FIGURE 1. HIGH SPEED MODE

Detailed Description

The Functional Block Diagram of the CA3162E shows the V/1
converter and reference current generator, which is the heart
of the system. The VA converter converts the input voltage
applied between pins 10 and 11 to a current that charges the
integrating capacitor on pin 12 for a predetermined time inter-
val. At the end of the charging interval, the V/I converter is dis-
connected from the integrating capacitor, and a band gap

reference constant current source of opposite polarity is con-
nected. The number of clock counts that elapse before the
charge is restored to its original value is a direct measure of
the signal induced current. The restoration is sensed by the
comparator, which in turn latches the counter. The count is
then multiplexed to the BCD outputs.

The timing for the CA3162E is supplied by a 786Hz ring oscil-
lator, and the input at pin 6 determines the sampling rate. A
5V input provides a high speed sampling rate (96Hz), and
grounding or floating pin 6 provides a low speed (4Hz) sam-
pling rate. When pin 6 is fixed at +1.2V (by placing a 12K
resistor between pin 6 and the +5V supply) a “hold” feature is
available. While the CA3162E is in the hold mode, sampling
continues at 4Hz but the display data are latched to the last
reading prior to the application of the 1.2V. Removal of the
1.2V restores continuous display changes. Note, however,
that the sampling rate remains at 4Hz.

Figure 1 shows the timing of sampling and digit select pulses
for the high speed mode. Note that the basic A/D conversion
process requires approximately 5ms in both modes.

The “EEE” or “---" displays indicate that the range of the sys-
tem has been exceeded in the positive or negative direction,
respectively. Negative voltages to -99mV are displayed with
the minus sign in the MSD. The BCD code is 1010 for a nega-
tive overrange (---) and 1011 for a positive overrange (EEE).

NOoTE4 NOTE2 45V
/oo ) [
0.27uF L4 ‘[0.1 4
1 L KF COMMON POWER
T ANODE LED 2N2907, 2N3906
= OR EQUIV.
NORMAL 16) (16) (16) (16 16
LOW SPEED MODE:
V6 = GROUND OR
OPEN
HOLD: =~ 2\
Vg=i2v S\%) O/
HIGH SPEED MODE:
Vg=5V
DIGIT 13
CA3162E DRIVERS | CA3161E -9
&
BCD
OUTPUTS '@
o--(:)— -.—.— (¢) 10
HIGH _O
-(::H : H 9
INPUTS -(-?
e 1o
0 14
< R1 < R2 R3S
ihson i: 1500 1500
10 CA3162E CA3162E L L
GAIN kQ PINS PINS
ADJ 3,4,5 1,2,15,16
NOTES: - - - T 1kQ 75Q
1. The capacitor used here must be a low dielectric absorption type
such as a polyester or polystyrene type. glFﬁCI’ER gg%gngEN‘r

2. This capacitor should be placed as close as possible to the power
and ground Pins of the CA3161E.

FIGURE 2. BASIC DIGITAL READOUT SYSTEM USING THE CA3162E AND THE CA3161E




CA3162, CA3162A

CA3162E Liquid Crystal Display (LCD) Application

Figure 3 shows the CA3162E in a typical LCD application.
LCDs may be used in favor of LED displays in applications
requiring lower power dissipation, such as battery-operated
equipment, or when visibility in high-ambient-light conditions
is desired.

Multiplexing of LCD digits is not practical, since LCDs must
be driven by an AC signal and the average voltage across
each segment is zero. Three CD4056B liquid-crystal
decoder/drivers are therefore used. Each CD4056B contains
an input latch so that the BCD data for each digit may be
latched into the decoder using the inverted digit-select out-
puts of the CA3162E as strobes.

The capacitors on the outputs of inverters G3 and G4 filter
out the decode spikes on the MSD and NSD signals. The
capacitors and pull-up resistors connected to the MSD, NSD

and LSD outputs are there to shorten the digit drive signal
thereby providing proper timing for the CD4056B latches.

Inverters G1 and G2 are used as an astable multivibrator to
provide the AC drive to the LCD backplane. Inverters G3, G4
and G5 are the digit-select inverters and require pull-up
resistors to interface the open-collector outputs of the
CA3162E to CMOS logic. The BCD outputs of the CA3162E
may be connected directly to the corresponding CD4056B
inputs (using pull-up resistors). In this arrangement, the
CD4056B decodes the negative sign (-) as an “L” and the
positive overload indicator (E) as an “H".

The circuit as shown in Figure 3 using G7, G8 and G9 will
decode the negative sign (-) as a negative sign (-), and the
positive overload indicator (E) as “H".

?4-5V
0.047yF
LB —
< io.omﬁ 6 —
ssv 1 = ;cmossa [ ¢ orten
N |
oxsss| s3 s I
-1 10“);» :» :» ;» ;» ’__’
0.27uF 2
ZERO T +5V
MSD 0.047 1
g 14 12 4 P WF
50k |  NSD le NN 1 % -
3 LsD 0.047uF ¢ 0.047 7= -
9 5 '—25' ¢ F‘FJT_-‘- 6
4 — | ToNsD
CAS162E 2 codoseB | [ OFLCD
“HOLD" O] U 2
115 3 —
Vin+ 0———1 11 2 57 s [
Vin-o—] 1043 7] ax$3$s2 _H
100kQ2 1> T 1» L
can L = ? +5V
10kQ 3
) 1 16 e
* +5V 6 _—
e ‘ —
= C ToLsD
pCouses [ 4 TOLSD
G1-G6: CD4049UB 3 [
HEX INVERTER 5 -
G7, G8, G9: CD4023B LA J
TRIPLE 3 INPUT NAND GATE
H 7O LCD
= BACKPLANE
< 15kQ
AA 1€
\A A4 N
100k 0.63uF

FIGURE 3. TYPICAL LCD APPLICATION
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CA3162, CA3162A

CA3162E Common-Cathode, LED Display Application

Figure 4 shows the CA3162E connected to a CD4511B
decode/driver to operate a common-cathode LED display.
Unlike the CA3161E, the CD4511B remains blank for all
BCD codes greater than nine. After 999mV the display
blanks rather than displaying EEE, as with the CA3161E.
When displaying negative voltage, the first digit remains
blank, instead of (-), and during a negative or positive over-
range the display blanks.

The additional logic shown within the dotted area of Figure 4
restores the negative sign (-), allowing the display of nega-
tive numbers as low as -99mV. Negative overrange is indi-
cated by a negative sign (-) in the MSD position. The rest of
the display is blanked. During a positive overrange, only seg-
ment b of the MSD is displayed. One inverter from the
CD4049B is used to operate the decimal points. By connect-
ing the inverter input to either the MSD or NSD line either
DP1 or DP2 will be displayed.
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DP1 100kQ 22kQ
A""V
. 13
e cpaoagus P2 CD40a9UB
__D.,_I CD40128
13
) CD4045UB
%cmuwa * y
AA A \J Vs
E v+ |16 o Y v
lc "8 | Bl HP5082-7433
e = 1.2kQ OR EQUIVALENT
< < 3T g lsl—pt My
100k 3 1002 3 1.8
4 |BL a E'Av‘vAv 12k0
Veo 5| LE/STROBE b [12} PH——W-
L | 1.8kQ
e 10e3 6|D ci}m— 12| 1] 10| 9] 8] 7]
7]A d E}m— f a g b g
{elano e [ FWA— o oo
Ve L LiaL0.L1
° v = DP1  DP2
cy e d c d,
<1005 100 $ 100 ile CA3162E o el . 222
T sk | —z]a ¢ f— IEREER
[3]nsp v+ [1a}—4—o v+
{fwso  aanis} 7R 027uF rl >4
10k
————5|LsD iNT fiz- % e
o—{6]HoLD  HiGH [T = LD__
- 4 b
_E—IZ GND  Lowfig
= 6 BUFFERS
8|zERO  ZERO[® (1 CD40S0B)
v INPUT
AAA
\AAZ
50kQ

FIGURE 4. TYPICAL COMMON-CATHODE LED APPLICATION
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CA3162, CA3162A

Die Characteristics

DIE DIMENSIONS:
101 x 124 x 20  1mils

METALLIZATION:
Type: Al
Thickness: 17.5kA +2.5kA

GLASSIVATION:
Type: 3% PSG
Thickness: 13kA + 2.5kA

Metallization Mask Layout

CONVERTERS
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HI7131, HI7133

31/, Digit Low Power, High CMRR
LCD/LED Display Type A/D Converter

Features

e 120dB CMRR Equal to 10.01 Count/V of Common
Mode Voltage Error

* Fast Recovery from Input Overrange Results “Correct
First-Reading” After Overload

Guaranteed 0000 Reading for OV Input

True Polarity at Zero for Precise Null Detection
1pA Input Current, Typical

True Differential Input and Reference

L]

Single or Dual Supply Operation Capability
Direct LCD Display Drive - HI7131
Direct LED Display Drive - HI7133

¢ Low Noise, 15uVp-p Without Hysteresis or Overrange
Hangover

¢ Low Power Dissipation, Guaranteed Less Than 1mW,
Results 8000 Hours Typical 9V Battery Life

* No Additional Active Components Required

Applications
¢ Handheld Instruments

e Basic Measurements: Voltage, Current, Resistance
Pressure, Temperature, Fluid Flow and Level, pH,
Weight, Light Intensity

* DMM's and DPM's

Description

The Harris HI7131 and HI7133 are 3'/, digit A/D converters
that have been optimized for superior DC Common Mode
Rejection (CMRR) when used with a split +5V supply or a
single 9V battery. The HI7131 contains all the necessary
active components on a single IC to directly interface an
LCD (Liquid Crystal Display). The supply current is under
100uA and is ideally suited for battery operation. The HI7133
contains all the necessary active components on a single IC
to directly interface an LED (Light Emitting Diode).

The HI7131 and HI7133 feature high accuracy performance
like, 120dB of CMRR, auto-zero to less than 10uV of offset,
fast recovery from over load, zero drift of less than 1uV/°C,
input bias current of 10pA maximum, and rollover error of
less than one count. A true differential signal and reference
inputs are useful features in all systems, but gives the
designer an advantage when measuring load cells, strain
gauges and other bridge-type transducers.

The HI7131 and HI7133 are supplied in a 40 lead plastic DIP
and a 44 lead metric plastic quad flatpack package.

Ordering Information

TEMPERATURE
PART NUMBER RANGE PACKAGE
HI7131CPL 0°C S Tp < +70°C | 40 Lead Plastic DIP
HI7131CM44 0°C ST, <+70°C |44 Lead MQFP
HIi7133CPL 0°C STA<+70°C | 40 Lead Piastic DiP
HI7133CM44 0°C S T,<+70°C |44 Lead MQFP

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.
Copyright © Harris Corporation 1993

File Number 3373.1
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HI7131, HI7133

Pinouts
HI7131CPL, HI7133CPL HI7131CM44, HI7133CM44
(PDIP) (MQFP)
TOP VIEW TOP VIEW
v+ [A > [40] osc1 z
o1 [2] 3] osc2 o E R I
e 3] 38] oscs YUEEE8zzI3E =
B1 [4] 37] TEST
(uNiTs) 9 A1 5] [36] REF HI
F [e] 3] ReFLO Nc:::‘,q“ 4342 41 40 39 38 37 36 3534 |l—ry e
a1 [ 34] Crer* d »
o S e necT—]| 2 2| e
G & REF TESTCIT ]| 3 1| cs
g 2 % :i::m" oscsCT—]| 4 Y | T 5 n
) [T e | 29|—T7aGs3
(Tens) | 2 [i EC osc2CT—| 6 nl—Derant | | @
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EEE]

— Az Vs
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0sC2 WA~
—q N7
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INH L =
S
ANALOG ‘I Crer* 3
INPUT
INLO Crer”
>
— <
REFHI <
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REFLO
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FIGURE 1. TYPICAL APPLICATION CIRCUIT
HIT131, HIT133 5V
DUT
047uF
EXTERNAL —+g— — B c1 Y v —
cLoc ® b1 -2 =
— osc2 c1 :
38 B1
i osc3 Al :
F1
<« 7 TEST b 2
8
- 36 E1
ExTERNAL | ~12 Coner T F REFHI D2 1‘:,
REFERENCE | 15 3| ReFLo g: 11 '&"SD'PLELAe
CREF | 34 12
=4 + A2 AND
otuF CReF F2 2 TEST
E2 14 LOGIC
Crer ps 15
<« 32 | COMMON B3 S
iy 31 :3 :75
AAA 3
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-5 N I QOWF 4 20
INPUT INLO POL
» BP/GND 2
o o [—IFE Az i —
0A47yF, 3
RINT¢—AWA-2- BuFF ca|®
180K G2 -
= ot — - wr v. |2 '__L
Critical Components General Specifications: 0.047uF I 047uF =
1. Ciy1: Low dielectric absorption capacitor, Cin=0.01uF  Cpz=0.47uF
polypropylene or similar 5V Crer=0.1uF  Cypy=ipF

CinT= 0.047uF Ry = 1MQ

2. Caz, Crer, Cin: Low leakage capacitors Rapr=180K0

FIGURE 2. TEST CIRCUIT




Specifications HI7131, HI7133

Absolute Maximum Ratings

Thermal Information

Supply Voltage, V41O V-. . ... oottt +15V  Thermal Resistance 0,4
Signal Inputs, pin# 30,31 (Note 1). .........ccvunnnnn V+to V- HI7131 40 Lead PlasticDIP ...........c.covvvnnnn 50°CW
Reference Inputs, pin# 35,36 ..........cciiviennnnnn V+1to V- HI7133 44 Lead Metric Quad Flatpack .. .......... 80°CW
Clock Input, OSCH, pin# 40 (Note 2) TEST pinto V+ Maximum Power Dissipation (Note 3)
All Other Analog Leads, pin# 27-29,32-34 ............. V+to V- 2 < 0.6W
All Other Digital Leads, HI7133. ... el ettt e 0.8W
pin# 2-25,38,39 (Note2)................... TEST pinto V*  Operating Temperature, Tg .. ...covvveennennnn. 0°C to +70°C
Storage Temperature Range ~ .............. -65°C to +150°C  Maximum Junction Temperature. ...........ooeeeunnn. +150°C
Lead Temperature PDIP (Soldering 10S) ........... +300 °C Max

CAUTION: Stresses above those listed in “Absolute Maximum Ratings® may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications

(Notes 4, 5, 6) T, = 25°C. Device is Tested in the Circuit Shown in Figure 2.

Full Scale Range (FSR) = 200.0mV, Unless Otherwise Specified.

PARAMETER TEST CONDITIONS | MIN I TYP MAX UNITS
ACCURACY
Zero Input Reading Vin=0V -000 +000 +000 Reading
Ratiometric Reading VinHi = VREFHI 999 999/ 1001 Reading
Vinwo = VRerLo = Vcommon 1000
VrerHi - VrerLo = 100.0mV
Rollover Error VN =1199mV - 0.2 + Count
Linearity Error FSR = 200mV or 2V (Note 4, 7) - +0.2 +1 Count
Zero Input Reading Drift ViN=0V - 10.2 +1 uvree
Over Full Temperature Range 10.01 Count°C
(Note 4,7)
Scale Factor Temperature Coefficient | V,y = 199mV, Over Full Temperature Range, - 1 5 ppm/°C
Reference Drift Not Included 10.01 Count°C
(Note 4, 7)
Equivalent Input Noise (PK-PK value | Viy =0V (Note 4,7) - 15 - nv
not exceeded 95% of the times) 0.15 Count
INPUT
Common Mode Voltage Sensitivity Vem =11V, Viy = 0V (Note 4, 5,7, 8) - - 1 uvnv
0.01 CountV
Input Leakage Current VN =0V (Note 4, 7) - 1 10 pA
Overload Recovery Period Vin Changing from 10V to OV - - 1 Conversion
(Note 4, 7) Cycle
COMMON PIN
COMMON Pin Voltage (Withrespectto | V+to V- = 10V 24 2.8 3.2 \")
V+,i.e. V+ - VOOMMON)
COMMON Pin Voltage Temperature V+to V- = 10V (Note 4, 7) - 150 - ppm/°C
Coefficient
COMMON Pin Sink Current +0.1V Change on Vcommon (Note 4) - 3 - mA
COMMON Pin Source Current 0.1V Change on Vgommon (Note 4) - 1 - pA
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Specifications HI7131, HI7133

Electrical Specifications (Notes 4, 5, 6) Ty = 25°C. Device is Tested in the Circuit Shown in Figure 2.
Full Scale Range (FSR) = 200.0mV, Unless Otherwise Specified. (Continued)

PARAMETER TEST CONDITIONS I MIN | TYP l MAX l UNITS
DISPLAY DRIVER (HI7131)
PK-PK Segment Drive Voltage V+to V-= 10V 4 5 6 \'
PK-PK Backplane Drive Voltage 4 5 6 v
POWER SUPPLY (Nominal Supply Voltage; V+ to V- = 10V)
Supply Current (Does not include Vn =0V (Note 9) - 70 100 A
COMMON pin current) Oscillator Frequency = 16kHz
Power Dissipation Capacitance VS Clock Frequency (Note 4, 7) - 40 - pF
DISPLAY DRIVER (HI7133)
Segment Sink Current V+ = +5.0V 5 8.5 - mA
(Except Pins 19 and 20) Driver Pin Voltage = 3.0V
Pin 19 Sink Current 10 16 - mA
Pin 20 Sink Current 4 7 - mA
POWER SUPPLY (Nominal Supply Voltage; V+ = +5V, V- = -5V both respect to GND pin)
V+ Supply Current (Note 9) ViN=0V - 70 100 HA
Oscillator Frequency = 16kHz
V- Supply Current (Note 4, 9) Does not include COMMON pin and display - 40 - A
current
Power Dissipation Capacitance Versus Clock Frequency (Note 4, 7) - 40 - pF
NOTES:
1. Input voltages may exceed the supply voltages provided the input current is limited to +100pA.
2. TEST pin is connected to internally generated digital ground through a 500Q resistor (See text for TEST pin description).
3. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board.
4. All typical values have been characterized but not tested.
5. See “Parameters Definition” section.
6. Count is equal to one number change in the least significant digit of the display.
7. Parameter not tested on a production basis, guaranteed by design and/or characterization.
8. See “Differential Input” section.
9. 48kHz oscillator increases current by 20pA (typ).
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HI7131, HI7133

Design Information Summary Sheet

OSCILLATOR FREQUENCY

Cosc 2 50pF

Rosc > 50kQ

Cosc = 50pF, Rogg = 180kQ; fosc Typ = 48kHz
CLOCK FREQUENCY

foLock = fosc/4

CLOCK PERIOD

tcLock = fcLock

CONVERSION CYCLE

Tcyc = 4000 x tCLOCK = 16000 x tosc
For fogc = 40kHz; Tgyg = 400ms
SIGNAL INTEGRATION PERIOD
Tint = 1000 X tgi ock

60/50Hz REJECTION CRITERIA
TINT / teoHz OF T|NT / tsoHz = Integer

OPTIMUM FULL SCALE ANALOG INPUT RANGE
VINFS =200mV to 2V

INPUTS VOLTAGE RANGE
(V— + 1V) < V|NLO or VINHI < (V+ - 1V)

MAXIMUM INTEGRATION CURRENT

IinTmax = ViNFs / RinT

Maximum integration current should be the maximum
buffer output current with no nonlinearity effect.

Maximum Buffer Output Current = 1pA

INTEGRATOR MAXIMUM OUTPUT VOLTAGE SWING

VinTmax = (TiNT) (lNTmax)/CinT
(V- +0.5) < ViNTmax < (V+- 0.5)
Typical ViNtmax = 2V

INTEGRATING RESISTOR

RiNT = ViNFs / liNTmax
INTEGRATING CAPACITOR

Cint = (TiNT) (INTmax) / ViINTmax
AUTO-ZERO CAPACITOR VALUE
0.01pF < Cpz < 1.0uF

REFERENCE CAPACITOR VALUE
0.1[.1': < CREF < 1.0pF

REFERENCE INPUTS VOLTAGE RANGE
V- < VRerLo OF VRgrH < V+

REFERENCE VOLTAGE
Vrer =Vines/ 2

COMMON PIN VOLTAGE

Vcommon = V+ - 2.8, Typical, Vcommon is regulated and
can be used as a reference. It is biased between V+ and
V- and regulation is lost at (V+ -V-) < 6.8V. Vcommon Pin
does not have sink capability and can be externally pulled
down to lower voltages.

DISPLAY TYPE
LCD, Non-Multiplexed

POWER SUPPLY, V+ TO V"
Single +9V or +5V Nominal, +5V to +12V Functional

* DISPLAY READING

Reading = 1000 x (Vin / VReE)
Maximum Reading = 1999, for Vi = 1.999 x Vpge

Typical Integrator Amplifier Output Waveform (INT Pin)

INTEGRATOR
VOLTAGE SWING

P T

' | TTTTTTTTm s
' '

' '

| AUTO-ZEROPHASE | SIGNAL INTEGRATE

! 100 COUNTSOR . PHASE FIXED

| 990-2990 COUNTS | 1000 COUNTS

H .

: E

DEINTEGRATE PHASE
0-2000 COUNTS

ZERO INTEGRATE PHASE
10 COUNTS OR
900 COUNTS

4000 COUNTS: TOTAL OF EACH CONVERSION CYCLE

NOTE: 1 Count = 1 Clock Cycle = 4 Oscillator Cycle

CONVERTERS
DISPLAY
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HI7131, HI7133

Pin Description

PIN NUMBER
44 PIN
40 PIN DIP | FLATPACK NAME FUNCTION DESCRIPTION
1 8 V+ SUPPLY | Power Supply
2 9 D1 OUTPUT | Driver Pin for Segment “D” of the display units digit
3 10 C1 OUTPUT | Driver Pin for Segment “C” of the display units digit
4 1 B1 OUTPUT | Driver Pin for Segment “B” of the display units digit
5 12 Al OUTPUT | Driver Pin for Segment “A” of the display units digit
6 13 F1 OUTPUT | Driver Pin for Segment “F” of the display units digit
7 14 G1 OUTPUT | Driver Pin for Segment “G” of the display units digit
8 15 E1 OUTPUT | Driver Pin for Segment “E” of the display units digit
9 16 D2 OUTPUT | Driver Pin for Segment “D” of the display tens digit
10 17 c2 OUTPUT | Driver Pin for Segment “C” of the display tens digit
11 18 B2 OUTPUT | Driver Pin for Segment “B” of the display tens digit
12 19 A2 OUTPUT | Driver Pin for Segment “A” of the display tens digit
13 20 F2 OUTPUT | Driver Pin for Segment “F” of the display tens digit
14 21 E2 OUTPUT | Driver Pin for Segment “E” of the display tens digit
15 22 D3 OUTPUT | Driver pin for segment “D” of the display hundreds digit
16 23 B3 OUTPUT | Driver pin for segment “B” of the display hundreds digit
17 24 F3 OUTPUT | Driver pin for segment “F" of the display hundreds digit
18 25 E3 OUTPUT | Driver pin for segment “E” of the display hundreds digit
19 26 AB4 OUTPUT | Driver pin for both “A™ and “B” segments of the display thousands digit
20 27 POL OUTPUT | Driver pin for the negative sign of the display
21 28 BP/GND OUTPUT | Driver pin for the LCD backplane/Power Supply Ground
22 29 G3 OUTPUT | Driver pin for segment “G” of the display hundreds digit
23 30 A3 OUTPUT | Driver pin for segment “A” of the display hundreds digit
24 31 Cc3 QUTPUT 1 Driver pin for segment “C” of the display hundreds digit
25 32 G2 OUTPUT | Driver pin for segment “G” of the display tens digit
26 34 v SUPPLY | Negative power supply
27 35 INT OUTPUT | Integrator amplifier output. To be connected to integrating capacitor
28 36 BUFF OUTPUT | Input buffer amplifier output. To be connected to integrating resistor
29 37 A-Z INPUT Integrator amplifier input.To be connected to auto-zero capacitor
30 38 INLO INPUT Differential inputs. To be connected to input voltage to be measured. LO & HI
31 39 INHI designators are for reference and do not imply that LO should be connected to
lower potential, e.g. for negative inputs IN LO has a higher potential than IN HI.
32 40 COMMON | SUPPLY/ | Internal voltage reference output
OUTPUT
33 41 Crer- Connection pins for reference capacitor
34 42 CreF+
35 43 REF LO INPUT Input pins for reference voltage to the device. REF HI should be positive refer-
36 44 REF HI ence to REF LO.
37 3 TEST INPUT Display test. Turns on all segments when tied to V+.
38 4 0OSC3 OUTPUT | Device clock generator circuit connection pins
39 6 0SsC2 OUTPUT
40 7 0osC1 INPUT
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HI7131,

HI7133

Definition of Specifications
Count

A Count is equal to one number change in the least signifi-
cant digit of the display. The analog size of a count referred
to ADC input is:

Analog Count Size = Full Scale Range

Max Reading + 1

Max reading +1 for a 3/, digit display is 2000 (1999+1).
Zero Input Reading

The reading of the ADC display when input voltage is zero
and there is no common mode voltage, i.e. the inputs are
shorted to COMMON pin.

Ratlometric Reading

The reading of the ADC display when input voltage is equal
to reference voltage, i.e. IN Hi tied to REF Hi and IN LO tied
to REF LO and COMMON pins. The accuracy of reference
voltage is not important for this test.

Rollover Error

Difference in the absolute value reading of ADC display for
equal magnitude but opposite polarity inputs. The input volt-
age should be close to full scale, which is the worst case
condition.

Linearity

Deviation of the ADC transfer function (output reading
versus input voltage transfer plot) from the best straight line
fitted to ADC transfer plot.

Scale Factor Temperature Coefficient

The rate of change of the slope of ADC transfer function due
to the change of temperature.

Equivalent Input Noise

The total random uncertainty of the ADC for converting a
fixed input value to an output reading. This uncertainty is
referred to input as a noise source which produces the
equivalent effect. It is given for zero input and is expressed
as p-p noise value and submultiples of Counts.

Overload Recovery Period

A measure of how fast the ADC will display an accurate
reading when input changes from an overload condition to a
value within the range. This is given as the number of con-
version cycles required after the input goes within the range.

Theory of Operation

The HI7131 and HI7133 are dual-slope integrating type A/D
converters. As the name implies, its output represents the
integral or average of the input signal. A basic block diagram
of a dual-slope integrating converter is shown in Figure 3. A
conventional conversion cycle has two distinct phases:

First, the input signal is integrated for a fixed interval of time.
This is called the signal integration phase. In this phase the
input of the integrator is connected to the input signal
through the switch. During this time, charge builds up on
CnT Which is proportionai to the input voitage.

The next phase is to discharge C\\t. This is called reference
integration or deintegration phase, with the use of a fixed ref-
erence voltage. The time it takes to discharge the Cynr is
directly proportional to the input signal. This time is con-
verted to a digital readout by means of a BCD counter,
driven by a clock oscillator. During this phase, the integrator
input is connected to an opposite polarity reference voltage
through the switch to discharge Cint-

Notice that during the integration phase, the rate of charge
built up on the capacitor is proportional to the level of the
input signal, and there is a fixed period of time to integrate
the input. However, during the discharge cycle the rate of
discharge is fixed and there is a variable time period for com-
plete discharge

A 3'/, digit BCD counter is shown in the block diagram, the
period of integration is determined by 1000 counts of this
counter. Just prior to a measurement, the counter is reset to
zero and Cyyt has no charge. At the beginning of the mea-
surement, the control logic enables the counter and the inte-
grator input is connected to the input node. Charge begins
accumulating on Cyyt and the output of the integrator moves
down or up respectively for positive or negative inputs. This
process continues until the counter reaches 1000 counts.
This will signal the control logic for the start of the deintegrat-
ing cycle. The control logic resets the counter and connects
the integrator input to a reference voltage opposite to that of
the input signal. The charge accumulated on C\\t is now
starting to be removed and the counter starts to count up
again. As soon as all the charge is removed, the output of
the integrator reaches 0 volts. This is detected by the com-
parator and the control logic is signaled for the end of a mea-
surement cycle. At this time the number accumulated in the
counter is the representation of the input signal. This number
will be stored on the latches and displayed until the end of
the next measurement cycle.
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HI7131, HI7133

CiNT H
r— —° 1t :
VN o0t —— RinT N H t
IN +VRer M O O U A N E E
~Vaer 4, : :
}l—o : : E
3 .
INTEGRATOR ' '
SWITCH COMPARATOR ; . :
REFERENCE DRIVE v : : :
VOLTAGE | \sleglé\EBLE : : '
Y” FXED :
TIMING SIGNALS INTEGRATOR | SLOPE :
CONTROL | OUTPUT i : :
Loaic FOR POSITIVE | ' '
RESET v INPUT ’ H '
31/, DIGIT BCD COUNTER  ENABLE : : '
MAXIMUM COUNT: 1999 CLK i H ;
’

[ ol ;
H '
] cLock : : :
GENERATOR : : :
’ . ’

(W (R v PE—— R I $reeooomes R 7o
’
Ao LareH : ; :
DISPLAY DRIVERS 1 ' '

1000 | -----cecomospomaaaaas 7 gl re-

Dy A S ¥ A —— .-
U : :
! f

DISPLAY : iy

0 TiNT t1 t2

FIGURE 3. DUAL SLOPE INTEGRATING A/D CONVERTER

Figure 3 shows a typical waveform of the integrator output
for 2 different positive input values and the associated repre-
sentation of the counter output for those inputs. Tiyt is the
time period of integrating phase. t; and t, are the end of
measurement for 2 different inputs.

The dual slope integrating technique puts the primary
responsibility for accuracy on the reference voltage. The val-
ues of Ryt and C\t and the clock frequency (fc k) are not
important, provided they are stable during each conversion
cycle. This can be expressed mathematically as follows:

TINT ToEINT
1 1
AVINT = =% I ViNdt = g—o— J VRerd!
INTCINT INTCINT
0 )
VINTINT _ VREF'DEINT
AT = R Cum  RC
INTCINT INTCINT

m: _Input Average Value During Integration Time

1
Tyt = 1000 (—)
INT ToLk
toeinT = Accumulated Counts (éﬁ)

\"
1000

Accumulated Counts = v
REF

= Display Reading

It can be seen that the output reading of the ADC is only pro-
portional to the ratio of V}y over Ve The last equation also

demonstrates that for the maximum display reading (i.e.
1999) we will have V\y = 1.999 Vgee This implies that in this
configuration the full scale range of the converter is twice its
reference voltage.

The inherent advantages of integrating A/D converters are;
very small nonlinearity error, no possibility of missing codes
and good high frequency noise rejection.

Furthermore, the integrating converter has extremely high
normal mode rejection of frequencies whose periods are an
intaaral multinle of tha intaaratina narind (T...-) Thie faatura
integral multiple of the integrating period (Tnt). This feature
can be used to reject the line frequency related noises which
are riding on input voltage by appropriate selection of clock

frequency. This is shown in Figure 4.

30
& !
3 o
Z20 V..
5
p
:
o
10 .
/ * Tint = INTEGRATION PERIOD
/ f= INPUT OR NOISE FREQUENCY
AU T
0 — — I
0.1/ TNt 1Mint 10/TinT

FIGURE 4. NOISE REJECTION FOR INTEGRATING TYPE A/D
CONVERTER
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FIGURE 5A. HI7131 AND HI7133 ANALOG SECTION FUNCTIONAL DIAGRAM
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FIGURE 5B. ICL7136 AND ICL7137 ANALOG SECTION FUNCTIONAL DIAGRAM
FIGURE 5. HI7131, HI7133 vs ICL7136, ICL7137 ANALOG SECTIONS
HI7131/33 vs ICL7136/37

Figure 5 shows the analog front end block diagram of both
HI7131/33 and ICL7136/37. The difference is the common
reference voltage generator connection and 2 extra analog
switches in the ICL7136. The HI7131 architecture uses the
INLO as the reference point of the integrator (non-inverting
input of the integrator amplifier) in all the phases of the con-
version cycle. The ICL7136 uses INLO as a reference point
only during integration cycle and COMMON pin is used as
the integrator reference point during auto-zero, deintegrate,
and zero integrate phases.

The circuit configuration of the HI7131 results in a superior
120dB rejection of DC common mode on the inputs. How-
ever, the HI7131 has reduced AC common mode noise
rejection, since the noise on the INLO input can cause errors
during the deintegration phase.

The circuit configuration of the ICL7136 is unaffected by the
AC noise riding on the inputs, but the DC common mode
rejection on the input is only 86dB.
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Analog Section Description

Figure 5-A shows a simplified diagram of the analog section
of the HI7131 and HI7133. The circuit performs basic
phases of dual slope integration. Furthermore, the device
incorporates 2 additional phases called “Auto-Zero” and
“Zero Integrate”. The device accepts differential input signals
and reference voltages. Also, there is a reference voltage
generator which sets the COMMON pin 2.8 volts below the
V+ supply. A ‘complete conversion cycle is divided into the
following four phases:

1. Auto-Zero (A/Z)

2. Signal Integrate (INT)

3. Deintegrate or Reference Integrate (DEt)
4. Zero Integrate (ZI1)

Digitally controlled analog switches direct the appropriate
signals for each phase of the conversion.

Auto-Zero Phase

During auto-zero three things occur. First, IN Hl is discon-
nected from the device internal circuitry and internally
shorted to IN LO. Second, the reference capacitor is
charged to the reference voltage. Third, a feedback loop is
closed around the system to charge the auto-zero capacitor
Caz and integrating capacitor Ci\t to compensate for offset
voltages in the buffer amplifier, integrator, and comparator.
Since the comparator is included in the loop, the A/Z accu-
racy is limited only by the noise of the system. In any case,
the offset referred to the input is less than 10uV.

Signal Integrate Phase

During signal integrate the auto-zero loop is opened and the
internal INPUT HIGH is connected to the external pins. The
converter then integrates the differential voltage between IN
HI and IN LO for a fixed time. This differential voltage can be
within a wide input common mode range: up to one volt from
either supply. At the end of this phase, the polarity of the
integrated signal is determined.

Deintegrate Phase

During this phase the IN LO and the internal INPUT HIGH are
connected across the previously charged reference capacitor.
The bridge type circuitry within the chip ensures that the
capacitor will be connected with the correct polarity to cause
the integrator output to return to zero. The time required for
the output to return to zero is proportional to the input signal.
As specified before, the digital reading displayed is:

Vinri—V
v

DIGITAL READING = 1000(—"“0)
REFHI ~ YREFLO

Zero Integrate Phase

This phase is provided to eliminate overrange hangover and
causes fast recovery from heavy overrange. During this
phase a feedback loop is closed around the system by con-
necting comparator output to internal INPUT HIGH. This will
discharge the integrator capacitor (Ciy1), causing the inte-
grator output return to zero. During this phase the reference
capacitor is also connected to reference input, charging to
the reference voltage.

A typical integrator output voltage during different phases is
shown on the “Design Information Summary Sheet”. This
integrator output is for negative inputs and is referred to
INLO. For positive inputs the integrator output will go
negative.

Digital Section Description

Figure 6 shows the block diagram of the digital section of the
HI7131. The diagram shows the clock generator, control
logic, counters, latches and display decoder drivers. An
internal digital ground is generated from a 6V Zener diode
and a large P channel source follower. This supply is capa-
ble of absorbing the relatively large capacitive currents when
the LCD backplane (BP) and segment drivers are switched.

Display Drivers

A typical segment output driver consists of P and N channel
MOSFETs.

An LCD consists of a backplane (BP) and segments. BP
covers the whole area under the segments. Because of the
nature of the LCD's, they should be driven by square-waves.
The BP frequency is the clock frequency divided by 800. For
three readings/second this is a 60Hz square-wave with a
nominal amplitude of 5V. The segments are driven at the
same frequency and amplitude and are in phase with BP
when OFF, but out of phase when ON. In all cases negligible
DC voltage exists across the segments. The polarity indica-
tion is “ON” for negative analog inputs. If INLO and INHI are
reversed, this indication can be reversed also, if desired.

The HI7131 is a direct display drive (versus multiplexed) and
each segment in each digit has its own segment driver. The
display font and the segment assignment on the display are
also shown in Figure 6.

Figure 6 shows the block diagram of the digital section of the
HI7133. The diagram shows the clock generator, control
logic, counters, latches and display decoder drivers. The
supply rails of the digital circuitry are V+ and GND.

Display Drivers

A typical segment output consists of a P and an N channel
MOSFET. This configuration is designed to drive common
anode LED displays. The nominal sink current for each seg-
ment is 8mA, a typical value for instrument size common
anode LED displays. The driver for the thousand digit is
twice as big as other segments and can sink 16mA since it is
actually driving 2 segments. The sink current for the polarity
driver is 7mA. The polarity driver is on for negative inputs.
The HI7133 is a direct display drive (versus multiplexed) and
each segment in each digit has its own segment driver. The
display font and the segment assignment on the display are
also shown in Figure 7.

Clock Generator

The clock generator circuit basically includes 2 CMOS
inverters and a divide by 4 counter. It is designed to be used
in 2 different basic configurations.
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1. An External Oscillator Driving OSC 1.
2. An RC Oscillator Using All 3 Oscillator Circuit Pins.

These are shown in Figure 7.

CLOCK

sesssssssmssasaay
tesssssscssssnans

1. EXTERNAL SIGNAL

INTERNAL TO PART

>
>
> R c

AAA

T 2. RC OSCILLATOR

FIGURE 7. CLOCK CIRCUITS

The oscillator output frequency is divided by 4 before it
clocks the rest of the digital section. Notice that there are 2
separate frequencies which are referred to as; oscillator fre-
quency (fosc) and clock frequency (fc, k) with the relation of:

. _fosc
CLK = "4

To achieve maximum rejection of 60Hz pickup, the signal inte-
grate cycle should be a multiple of 60Hz. For 60Hz rejection
oscillator frequencies of, 120kHz, 80kHz, 60kHz, 48kHz,
40kHz, 33 1/3kHz, etc. should be selected. For 50Hz rejec-
tion, oscillator frequencies of, 100kHz, 66 2/3kHz, 50kHz,
40kHz, etc. would be suitable. Note that 40kHz (2.5 readings/
second) will reject both 50 and 60Hz (also 400 and 440Hz).

For the RC oscillator configuration the relationship between
oscillator frequency, R and C values are:

(. oa
0SC™ RoscCosc

(R in Ohms and C in Farads)
System Timing

As it has been mentioned, the oscillator output is divided by
4 prior to clocking the digital section and specifically, the
internal decade counters. The control logic looks at the
counter outputs and comparator output (see analog section)
to form the appropriate timing for 4 phases of conversion
cycle.

The total length of a conversion cycle is equal to 4000
counts and is independent of the input signal magnitude or
full scale range. Each phase of the conversion cycle has the
following length:

Auto-Zero Phase

100 counts in case an overrange is detected. 990 to 2990
counts for normal conversion. For those inputs which are less
than full scale, the deintegrate length is less than 2000 counts.
Those extra counts on deintegrate phase are assigned to
auto-zero phase to keep the conversion cycle constant.

Signal Integrate Phase

1000 counts, a fixed period of time. The time of integration
can be calculated as:

= 1000(—1— = 4000(——1———

T f f
CLK osC

INT

Deintegrate Phase

0 to 2000 counts, variable length phase depending on the
input voltage.

Zero Integrate Phase

10 counts in case of normal conversion. 900 counts in case
an overrange is detected.

Functional Considerations of Device Pins
COMMON Pin

The COMMON pin is the device internal reference generator
output.

The COMMON pin sets a voltage that is about 2.8V less
than the V+ supply rail. This voltage (V+ - Vcommon) is the
on-chip reference which can be used for setting converter
reference voltage.

Within the IC, the COMMON pin is tied to an N-channel transis-
tor capable of sinking up to 3mA of current and still keeping
COMMON wvoltage within the range. However, there is only 1pA
of source current capability. The COMMON pin can be used as
a virtual ground in single supply applications when the external
analog signals need a reference point in between the supply
rails. If higher sink and source current capability is needed for
virtual ground a unity gain op-amp can be used as a buffer.

Differential Inputs (IN LO, IN HI)

The input can accept differential voltages anywhere within the
common mode range of the input amplifier, or specifically from
1.0 volts below the positive supply to 1.0 volt above the
negative supply. In this range, the system has a CMRR of
120dB (typical). However, care must be exercised to assure
the integrator output does not saturate. This is illustrated in
Figure 8, which shows how common mode voltage affects
maximum swing on the integrator output. Figure 8 shows the
circuit configuration during conversion. In this figure, common
mode voltage is considered as a voltage on the IN LO pin
referenced to (V+ - V-) / 2, which is usually the GND in a dual
supply system.
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A worst case condition would be a large positive common-
mode voltage with a near full scale negative differential input
voltage. The negative input signal drives the integrator posi-
tive when most of its swing has been used up by the positive
common mode voltage. For these critical applications the
integrator output swing can be reduced to less than the rec-
ommended 2V full scale swing with little loss of accuracy.
The integrator output can swing to within 0.3 volts of either
supply without loss of linearity.

Cint
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L] .
IN HI f ':g +

Vin

L, INLO
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FIGURE 8. COMMON MODE VOLTAGE CONSIDERATION

Differential Reference (REF Hl, REF LO) and Reference
Capacitor Pins (Cgrer*, Crer)-

As was discussed in the analog section (Figure 5), the differ-
ential reference pins are connected across the reference
capacitor (connected to pins Crge* and Cpef) to charge it
during the zero integrate and the auto-zero phase. Then the
reference capacitor is used as either a positive or negative
reference during the deintegrate phase. The reference
capacitor acts as a flying capacitor between the reference
voltage and integrator inputs in the deintegrate phase.

The common mode voltage range for the reference inputs is
V+ to V-. The reference voltage can be generated anywhere
within the power supply range of the converter. The main
source of rollover error is reference common mode voltage
caused by the reference capacitor losing or gaining charge
to or from stray capacitance on its nodes. If there is a large
common mode voltage, the reference capacitor can gain
charge (increase voltage) when called upon to deintegrate a
positive signal but lose charge (decrease voltage) when
called up to deintegrate a negative input signal. This change

in reference for positive or negative input voltage will give a
rollover error. However, by selecting the reference capacitor
such that it is large enough in comparison to the stray capac-
itances, this error can be held to less than 0.5 counts worst
case. See the “Component Value Selection” section for auto-
zero capacitor value.

TEST Pin

The TEST pin serves two functions. It is coupled to the inter-
nally generated digital ground through an effective 500Q
resistor. Thus, it can be used as the digital ground for exter-
nal digital circuits such as segment drivers for decimal points
or any other annunciator the user may want to include on the
LCD display. For these applications the external digital circuit
should be supplied between V+ and TEST pin. Figures S
and 10 show such an application. In Figure 9 a MOSFET
transistor is used to invert the BP signal to drive the decimal
point. The MOSFET can be any general purpose type with a
threshold voltage less than 3.5V and ON resistance less
than 500 Figure 10 uses an CMOS IC XOR gate to gener-
ate controllable decimal point drives. No more than a 1mA
load should be applied to TEST pin by any external digital
circuitry.

v+ 1MQ
TOLCD
DECIMAL
POINT
HI7T131/33
]
8P 1A "_1 |
TEST
37 o TOLCD

BACKPLANE

FIGURE 9. SIMPLE INVERTER FOR FIXED DECIMAL POINT
DRIVE

I lV-o-
V+ NbGindihd

— 0
HI7131/33 oe%lna% H ' EEél(l\:ADAL
’
SELECT _m‘:— OINT
' H
O+
TEST 7 H
’

FIGURE 10. EXCLUSIVE “OR” GATE FOR DECIMAL POINTS
AND ANNUNCIATORS DRIVE

The second function of the TEST pin is the “lamp test”.
When the TEST pin is pulled high (to V+) all segments will
be turned on and the display should read -1888. The test pin
will sink about 10mA under these conditions.

CAUTION: In the lamp test mode, the segments have a constant DC
voltage (no square-wave). This may burn the LCD display if main-
tained for extended periods.
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Component Selection

Integrating resistors and capacitors (R)yt. Cint): A guideline
to achieving the best performance from an integrating A/D
converter is to try to reduce the value of Ry, increase the
value of Cy\t, while having the highest possible voltage
swing at the output of the integrator. This will reduce the sen-
sitivity of the circuit to noise and leakage currents. In addition
to these guidelines the circuit limitations should also be con-
sidered.

To determine Ry, the imposed circuit limitation is the maxi-
mum output drive current of the buffer amplifier (see Figure
5) while maintaining its linearity. This current for the buffer
amplifier is about 1uA. The Ryt resistor can be calculated
from the expression:

_ VIN (Full Scale)

F(INT - 1pA

The standard optimum values for Ryt are 180kQ2 for 200mV
full scale and 1.8MQ for 2V full scale. Type of resistor and its
absolute value is not critical to the accuracy of conversion,
as was discussed previously.

The integrating capacitor should be selected to yield the
maximum allowable voltage range to the integrator output
(INT pin). The maximum allowable range does not saturate
the integrator output. The integrator output can swing up or
down to 0.3V from either supply rail and still maintain its lin-
earity.

A nominal 2V maximum range is optimum. The maximum
range values are selected in order to leave enough room for
all the component and circuit tolerances and for a reason-
able common mode voltage range. The Cyt value can now'
be calculated as:

TINTIINT
VINTMAX

“INT

Where T\t depends on clock frequency and was discussed
before and I\ is expressed as:

~ VIN (Full Scale)

| =
INT RiNT

For 48kHz nominal oscillator frequency (12kHz clock internal
frequency), Ryt equals 180kQ for 1.8MQ for the above
mentioned swing, the optimum value for Ciyt is 0.047uF.

An additional requirement of the integrating capacitor is to
choose low dielectric absorption. This will minimize the con-
verter's rollover, linearity and gain error. Furthermore, the
integrating capacitor should also have low leakage current.
Different types of capacitors are adequate for this applica-
tion; polypropylene capacitors provide undetectable errors at
reasonable cost and size. The absolute value of Cyyt does
not have any effect on accuracy.

Auto-Zero Capacitor (Cpz)

The value of the auto-zero capacitor has some influence on
the noise of the converter. A larger value Cp7 has less sensi-
tivity to noise. For 200mV full scale (resolution of 100uV),
where noise is important, a 0.47uF or greater is recom-
mended. On the 2V full scale, (resolution of 1mV), a 0.047uF
capacitor is adequate for low noise.

The auto-zero capacitor should be a low leakage type to
hold the voltage during conversion cycle. A mylar or polypro-
pylene capacitor is recommended for Caz.

Reference Capacitor (Cref)

As discussed earlier, the input to the integrator during the
deintegrate phase is the voltage at the reference capacitor.
The sources of error related to the reference capacitor are
stray capacitances at the Cger terminals, and the leakage
currents. Where a large common mode voltage exists for
VRer the stray capacitances increase the rollover error by
absorbing or pumping charge onto Crgr When positive or
negative inputs are measured. Leakage of the capacitor
itself or leakages through circuit boards will drop the voltage
across Cpgr and cause gain and rollover errors. The circuit
boards should be designed to minimize stray capacitances
and should be well cleaned to reduce leakage currents.

A 0.1pF capacitor for Crgg shouid work properly for most
applications. When common mode voltage exists or at
higher temperatures (where device leakage currents
increase) a 1.0uF reference capacitor is recommended to
reduce errors. The Cger capacitor can be any low leakage
type, a mylar capacitor is adequate.

Those applications which have variable reference voltage
should also use a low dielectric absorption capacitor such as
polypropylene, for example, a ratiometric measurement of
resistance.

Oscillator Components

When an RC type of oscillator is desired, the oscillator fre-
quency is approximately expressed by:

_ 045
OSC ~ RC

(R in Ohms and C in Farads), where R > 50kQ and C > 50pF.
For 40kHz frequency which gives 2.5 readings per second, use
100k and 100pF or use 180kQ2 and 50pF for lower power loss.

There is a typical variation of about 5% between oscillator fre-
quencies of different parts. The oscillator frequency will decrease
1% for each +25°C rise. For those applications in which normal
mode rejection of 60Hz or 50Hz line frequency is critical, a crys-
tal or a precision external oscillator should be used.

Reference Voltage Selection

For a full scale reading the input signal is required to be
twice the reference voltage. To be more precise, the full
scale reading (£1999) takes place when the input is 1.999
times the Vger. VRer is the potential difference between REF
HI and REF LO inputs. Thus, for the nominal 200mV and 2V
ranges, Vger should be 100mV and 1V respectively.
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In many applications where the A/D is connected to a trans-
ducer, there will exist a scale factor other than unity between
the input voltage and the digital reading. For instance, in a
weighing system, the designer might like to have a full scale
reading when the voltage from the transducer is 0.682V.
Instead of dividing the input down to 200.0mV, the designer
should use the input voltage directly and adjust the Vgeg for
0.341V. Suitable values for integrating resistor and capacitor
would be 620kQ and 0.047pF. This makes the system slightly
quieter and also avoids a divider network on the input.

The on-chip voltage reference (V+ - Vcommon) is normally
used to provide the converter reference voltage. However,
some applications may desire to use an external reference
generator. Various possible schemes exist for reference volt-
age settings. Figure 11 shows the normal way of using on-
chip reference and also a way of using external reference.
The value of resistors on both circuit depends on the con-
verter input voltage range. Refer to “Typical Applications”
section for various schemes.

Typical Applications

The HI7131 and HI7133 A/D Converters may be used in a
wide variety of configurations. The following application cir-
cuits show some of the possibilities, and serves to illustrate
the exceptional versatility of these devices.

The following application notes contain very useful informa-
tion on understanding and applying these parts and are
available from Harris Semiconductor.

A016
Selecting A/D Converters

A017
The Integrating A/D Converter

A018
Do's and Don'ts of Applying A/D Converters

A032
Understanding the Auto-Zero and Common Mode Perfor-
mance of the ICL7106/7/9 Family

A052
Tips for Using Single-Chip 3'/, Digit A/D Converters

V+ V+
r—-———»—
Vs EE Ve 27K
HI7T131/33 HI7131/33
>
ReFui — 3 REF HI [ ICL806o
1.2V
REFLO REFLO REFERENCE
COMMON See “Typical Applications” section for
M resistance values for different ranges. COMMON

FIGURE 11. HI7131 TYPICAL REFERENCE CIRCUITS
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Typical Applications
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Values shown are for 200mV full-scale, 3 readings/sec., floating IN LO is tied to supply GND establishing the correct common-mode

supply voltage (9V battery).

FIGURE 12. HI7131 AND HI7133 USING THE INTERNAL
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For 1 reading/sec., change Cyy, Rosc to values of Figure 12.

FIGURE 14. RECOMMENDED COMPONENT VALUES FOR
2.000V FULL-SCALE, 3 READINGS PER SEC

voltage. COMMON acts as a pre-regulator for the reference. Values
shown are for 1 reading/sec.

FIGURE 13. HI7131 AND HI7133 WITH AN EXTERNAL BAND-
GAP REFERENCE (1.2V TYPE)
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An external reference must be used in this application, since the
voltage between V+ and V- is insufficient for correct operation of the
internal reference. COMMON holds the IN LO almost at the middle
of the supply, = 2.7V.

FIGURE 15. HI7131 AND HI7133 OPERATED FROM SINGLE +5V
SUPPLY
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Typical Applications (Continued)
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The resistor values within the bridge are determined by the desired
sensitivity.

FIGURE 16A. HI7131 AND HI7133 MEASURING RATIOMETRIC VALUES OF QUAD LOAD CELL
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FIGURE 16B. CIRCUIT FOR DEVELOPING UNDERRANGE AND OVERRANGE SIGNALS FROM HI7133 OUTPUTS
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Typical Applications (continued)
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A silicon diode-connected transistor has a temperature coefficient of about -2mV/°C. Calibration
is achieved by placing the sensing transistor in ice water and adjusting the zeroing potentiome-
ter for a 000.0 reading. The sensor should then be placed in boiling water and the scale-factor
potentiometer adjusted for a 100.0 reading. See AD590 data sheets for alternative circuits.

FIGURE 17A. HI7131 AND HI7133 USED AS A DIGITAL CENTIGRADE THERMOMETER
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FIGURE 17B. AC TO DC CONVERTER AND HI7133 FOR RMS DISPLAY
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Typical Applications (Continued)
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FIGURE 19. CIRCUIT FOR DEVELOPING UNDERRANGE AND OVERRANGE SIGNALS FROM HI7131 OUTPUTS
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Test is used as a common-mode reference level to ensure compatibility with most op amps.
FIGURE 18. AC TO DC CONVERTER WITH HI7131 AND HI7133
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Die Characteristics

DIE DIMENSIONS:
127 x 149 Mils

METALLIZATION:
Type: Al
Thickness: 10kA + 1kA

GLASSIVATION:
Type: PSG Nitride
Thickness: 15kA + 3kKA

WORST CASE CURRENT DENSITY:
9.1 x 10°A/cm?

Metallization Mask Layout
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(14) (13) (12) (1) (100 (o) (8) (7) (6)

HI7131, HI7133
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ICL7106, ICL7107

31/, Digit LCD/LED
Display A/D Converter

Features
* Guaranteed Zero Reading for OV Input on All Scales

True Polarity at Zero for Precise Null Detection
1pA Typical Input Current
True Differential Input and Reference, Direct Display Drive

- LCDICL7106
- LEDICL7I07

Low Noise - Less Than 15uVp-p

On Chip Clock and

Reference

Low Power Dissipation - Typically Less Than 10mW
No Additional Active Circuits Required
New Smali Outline Surface Mount Package Available

Ordering Information
PART TEMPERATURE
NUMBER RANGE PACKAGE

ICL7106CPL 0°C to +70°C

40 Lead Plastic DIP

ICL7106RCPL 0°C to +70°C

40 Lead Plastic DIP (Note 1)

ICL7106CM44 0°C to +70°C

44 Lead Metric Plastic Quad Flatpack

ICL7107CPL 0°C to +70°C

40 Lead Plastic DIP

ICL7107RCPL 0°C to +70°C

40 Lead Plastic DIP (Note 1)

ICL7107CM44 0°C to +70°C

44 Lead Metric Plastic Quad Flatpack

Description

The Harris ICL7106 and ICL7107 are high
performance, low power 3‘/2 digit A/D converters.
Included are seven segment decoders, display drivers,
a reference, and a clock. The ICL7106 is designed to
interface with a liquid crystal display (LCD) and
includes a multiplexed backplane drive; the ICL7107
will directly drive an instrument size light emitting

ectly ar

diode (LED) display.

The ICL7106 and ICL7107 bring together a
combination of high accuracy, versatility, and true
economy. It features auto-zero to less than 10uV, zero
drift of less than 1uV/°C, input bias current of 10pA
max., and rollover error of less than one count. True
differential inputs and reference are useful in all sys-
tems, but give the designer an uncommon advantage
when measuring load cells, strain gauges and other
bridge type transducers. Finally, the true economy of
single power supply operation (ICL7106), enables a
high performance panel meter to be built with the
addition of only 10 passive components and a display.

NOTE: 1. “R”indicates device with reversed leads.
Pinouts
ICL7106, ICL7107 ICL7106, ICL7107
(PDIP) (MQFP)
TOP VIEW TOP VIEW
z
v+ [0 hd [40] osc 1 9, ¢
o1 [2] [35] osc2 we ez 3 E,
a1 3 [38] osc 3 cx 0002 Zqam=Z 3
B1 [3] [37] TEST H H
('s)< A1 [5] [36] REF HI
F1 [€] [35] REF LO NG 744 43 42 41 40 39 38 37 36 %38 I
a1 [7 ¢ ——i'e
E1 % %C:z: NneCI| 2 2|TJa2
: [ — | ] — 1
[ D2 [9] [32] common TESTI [ . 31 ::
c2 @ E INHI 0scC3 fc[1] | —
| ez [ 3] IN Lo Ne (I 5 20|[T]G3
(199)9 .2 & 5] Az osc2(T 6 28|[—TJBP/GND
F2 [13 28] BUFF osc1CI {7 27| oL
e2 [a [Z7] INT v+CITT| 8 26| T aB4
o3 [15 [26] v- D1 ] 9 25|TEs
100y 4 B2 [ 5] G2 (10'9) c1CI—]|10 24T F3
L)
F3 [17] [24] c3 BICT 1" 13 14 15 16 17 18 19 20 21 25 J—13B83
e3 [1g] [23] A3 (100's)
(1000)AB4E EGS JHHHHHHHHHH
mnus)  Po- 2] 21] BPIGND A1 F1 G1 E1 D2 C2 B2 A2 F2 E2 D3
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. :
File Number

Copyright © Harris Corporation 1993
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Specifications ICL7106, ICL7107

Absolute Maximum Ratings

Supply Voltage
ICL7106, V+to V-

ICL7107,V+t0GND. ..........coottte,

ICL7107, V-to GND

Analog Input Voltage (Either Input) (Note 1). ..
Reference Input Voltage (Either Input) . . ... ..

Clock Input
ICL7106
ICL7107

Thermal Information

Thermal Resistance (MAX, See Note 1) Oa
............. 15V 40 Pin Plastic Package .........c.c.ceceeuean... 50°CW
.............. 6V 44 PinMQFP Package ........................ 80°CW
.............. -9V Maximum Power Dissipation
.......... V+to V- ICL7106. . .o oiet i iiiiee i iiiiineinnnnenneaen... 1L.OW
.......... V+to V- 07 iy & o 4 P-4 1)

Operating Temperature Range . ................. 0°C to +70°C
....... TESTto V+  Storage Temperature Range..................-65°C to +150°C
........ GNDto V+ Lead Temperature (Soldering 10sMax) ................+265°C

Junction Temperature ........covieiineinnnneeennnen +150°C

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

Electrical Specifications (Note 3)

PARAMETERS TEST CONDITIONS [ mn | Tve [ max | unir
SYSTEM PERFORMANCE
Zero Input Reading Vin = 0.0V, Full-Scale = 200mV -000.0 | £000.0 | +000.0 Digital
Reading
Ratiometric Reading Vin = Vrer, VRer = 100mV 999 999/ 1000 Digital
1000 Reading
Rollover Error VN = +V)y =200mV - 0.2 1 Counts
Difference in Reading for Equal Positive and Nega-
tive Inputs Near Full-Scale
Linearity ' Full-Scale = 200mV or Full-Scale = 2V Maximum - 0.2 +1 Counts
Deviation from Best Straight Line Fit (Note 5)
Common Mode Rejection Ratio Vewm = 1V, Vi = 0V, Full-Scale = 200mV (Note 5) - 50 - HVNV
Noise Vin = 0V, Full-Scale = 200mV - 15 - nv
(Pk-Pk Value Not Exceeded 95% of Time)
Leakage Current Input Vin = 0 (Note 5) - 1 10 pA
Zero Reading Drift Vin =0, 0° < T, < +70°C (Note 5) - 0.2 1 pv/rec
Scale Factor Temperature Coefficient Vin = 199mV, 0° < T, < +70°C, - 1 5 ppm/°C
(Ext. Ref. Oppmv°C) (Note 5)
End Power Supply Character V+ Supply Cur- | V) = 0 (Does Not Include LED Current for ICL7107) - 0.8 1.8 mA
rent
End Power Supply Character V- Supply Current | ICL7107 Only - 0.6 1.8 mA
COMMON Pin Analog Common Voltage 25kQ2 Between Common and 2.4 28 3.2 \'
Positive Supply (With Respect to + Supply)
Temperature Coefficient of Analog Common | 25kQ2 Between Common and - 80 - ppm/°C
Positive Supply (With Respect to + Supply)
DISPLAY DRIVER ICL7106 ONLY
Pk-Pk Segment Drive Voltage V+=to V- =9V, (Note 4) 4 5 6 v
Pk-Pk Backplane Drive Voltage
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Electrical Specifications (Note 3) (Continued)

PARAMETERS [ TEST CONDITIONS | MIN | TvP i MAX I UNIT
ICL7107 ONLY
Segment Sinking Current V+ = 5V, Segment Voltage = 3V
(Except Pin 19 and 20) 5 8 - mA
Pin 19 Only 10 16 - mA
Pin 20 Only 4 7 - mA

NOTES:

1. Input voltages may exceed the supply voltages provided the input current is limited to +100pA.

2. Dissipation rating assumes device is mounted with ail leads soldered to printed circuit board.

3. Unless otherwise noted, specifications apply to both the ICL7106 and ICL7107 at T, = +25°C, fo| ock = 48kHz. ICL7106 is tested in the
circuit of Figure 1. ICL7107 is tested in the circuit of Figure 2.

4. Back plane drive is in phase with segment drive for ‘off’ segment, 180° out of phase for ‘on’ segment. Frequency is 20 times conversion
rate. Average DC component is less than 50mV.

5. Not tested, guaranteed by design.

Typical Applications and Test Circuits

Cy=0.1pF
IE Cp = 0.47uF
- Cy=0.22,F
§ C4 =100pF
8 Cs = 0.02uF
Ry = 24kQ
ICL7106 . b
355G Tou88BYIeNBBLDER Re=1o0ka
Al Ll == E = E EE 8 Rs = 1MQ
DISPLAY
IR
FIGURE 1. ICL7106 TEST CIRCUIT AND TYPICAL APPLICATION WITH LCD DISPLAY COMPONENTS SELECTED FOR 200mV FULL-
SCALE
+5vV + - -5V
? N
Ry Ry
Ry
R Cs > d @ & DISPLAY
Cy=0.1pF
CEIEIBIEIBIRIBIBIBIBIEIRINEIBINIEIR I Cz = 0.47uF
—«no—:s;_k:goq&g‘-sacsgan = C3 = 0.22F
b 2w w 8 =z 2 <3 3 C4 = 100pF
°§§E&‘EJ‘¥ £ = Cs = 0.02yF
Ry = 24kQ
IcL7107 . e
$5cEiccu888Ic BB YR Aoz
AHNFFFEFEFFEEEEEEEEEER Re = 1MQ
DISPLAY

I
FIGURE 2. ICL7107 TEST CIRCUIT AND TYPICAL APPLICATION WITH LED DISPLAY COMPONENTS SELECTED FOR 200mV FULL-
SCALE
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ICL7106, ICL7107

Design Information Summary Sheet

L]

OSCILLATOR FREQUENCY
fosc = 0.45/ RC

COSC > SODF, Rosc > 50KQ
fosc Typ = 48KHz

OSCILLATOR PERIOD

tosc = RC/°45

INTEGRATION CLOCK FREQUENCY
fcLock = fosc/4

INTEGRATION PERIOD

tinT = 1000 x (4/fosc)

60/50Hz REJECTION CRITERION
tinT/teoHz OF tinT/teoHz = Integer
OPTIMUM INTEGRATION CURRENT
hinT = 4.0pA

FULL-SCALE ANALOG INPUT VOLTAGE
Vines Typically = 200mV or 2.0V

INTEGRATE RESISTOR
Ry = VIINFS
INT
INTEGRATE CAPACITOR
N N

INT = Vit
INTEGRATOR OUTPUT VOLTAGE SWING
VINT = (l‘%m

INT

Vint MAXIMUM SWING:

(V- +0.5V) < V|1 < (V+ - 0.5V), V\t typically = 2.0V

DISPLAY COUNT
VIN
VREF

CONVERSION CYCLE

teve = torock X 4000
tcyc =tosc X 16,000
when fogc = 48KHz; tcyc = 333ms

COMMON MODE INPUT VOLTAGE
(V- +1.0V) < Vi < (V+- 0.5V)

e AUTO-ZERO CAPACITOR
0.01puF < Caz < 1.0pF

e REFERENCE CAPACITOR
0.1'.1F < CREF < 1.0}1F

COUNT = 1000 x

* Vcom
Biased between Viand V-.
e Veou=V+-28V
Regulation lost when V+ to V- < =6.8V.
If Vcowm is externally pulled down to (V +to V -)/2,
the Vcowm circuit will turn off.

ICL7106 POWER SUPPLY: SINGLE 9V
V+-V-=9V

Digital supply is generated internally
VGND =V+-4.5V

ICL7106 DISPLAY: LCD
Type: Direct drive with digital logic supply amplitude.

ICL7107 POWER SUPPLY: DUAL 5.0V
V+=+5.0V to GND

V- =-5.0V to GND

Digital Logic and LED driver supply V+ to GND

ICL7107 DISPLAY: LED
Type: Non-Multiplexed Common Anode

Typical Integrator Amplifier Output Waveform (INT Pin)

-_---_-------_,

AUTO ZERO PHASE SIGNAL INTEGRATE
COUNTS) PHASE FIXED
-1000 1000 COUNTS

DE-INTEGRATE PHASE
0-1999 COUNTS

0
'
'
'
]
'
'
1
'
)
'
'
'
]
'
r
'
]
I
]
'
'
'
]
]
'
]
'
i
'

TOTAL CONVERSION TIME = 4000 X tc ocx = 16,000 X tosc

2-36




ICL7106, ICL7107

Detailed Description
Analog Section

Figure 3 shows the Analog Section for the ICL7106 and
ICL7107. Each measurement cycle is divided into three
phases. They are (1) auto-zero (A-Z), (2) signal integrate
(INT) and (3) de-integrate (DE).

Auto-Zero Phase

During auto-zero three things happen. First, input high and
low are disconnected from the pins and internally shorted to
analog COMMON. Second, the reference capacitor is
charged to the reference voltage. Third, a feedback loop is
closed around the system to charge the auto-zero capacitor
Caz to compensate for offset voltages in the buffer amplifier,
integrator, and comparator. Since the comparator is included
in the loop, the A-Z accuracy is limited only by the noise of
the system. In any case, the offset referred to the input is
less than 10uV.

Signal Integrate Phase

During signal integrate, the auto-zero loop is opened, the
internal short is removed, and the internal input high and low
are connected to the external pins. The converter then
integrates the differential voltage between IN HI and IN LO
for a fixed time. This differential voltage can be within a wide
common mode range: up to 1V from either supply. If, on the
other hand, the input signal has no return with respect to the
converter power supply, IN LO can be tied to analog
COMMON to establish the correct common mode voltage. At
the end of this phase, the polarity of the integrated signal is
determined.

De-integrate Phase

The final phase is de-integrate, or reference integrate. Input
low is internally connected to analog COMMON and input
high is connected across the previously charged reference
capacitor. Circuitry within the chip ensures that the capacitor
will be connected with the correct polarity to cause the
integrator output to return to zero. The time required for the
output to return to zero is proportional to the input signal.
Specifically the digital reading displayed is:

Vin
DISPLAY COUNT = 1000 (v—-) :
REF

Differential input

The input can accept differential voltages anywhere within
the common mode range of the input amplifier, or specifically
from 0.5V below the positive supply to 1.0V above the
negative supply. In this range, the system has a CMRR of
86dB typical. However, care must be exercised to assure the
integrator output does not saturate. A worst case condition
would be a large positive common mode voltage with a near
full-scale negative differential input voltage. The negative
input signal drives the integrator positive when most of its
swing has been used up by the positive common mode
voltage. For these critical applications the integrator output
swing can be reduced to less than the recommended 2V full-
scale swing with little loss of accuracy. The integrator output
can swing to within 0.3V of either supply without loss of
linearity.

"
STRAY i CREr :JESTRAY J-
S Rusr Py el o
— — 3 Ll -~ - ViNT
BUFFER
o Srery RERM L RESLOY Crer D L 1. - INT
oy 34 36 35 33 28 1 2 27
: +
: AZ AZ 51_ INTEGRATOR
'
' T0
: 1044 3 —D—-.—» DIGITAL
'3 - 2.8V SECTION
INHI «r——————<8
: INT DE- DE+ INPUT A s AZ
H HIGH
’
H A-Z
: ® COMPARATOR
N
’
P DE+ DE-
COMMON é—
' INPUT
' i INT é A-Z AND DE(2) Low
INLO 6_—®:

FIGURE 3. ANALOG SECTION OF ICL7106 AND ICL7107
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Differential Reference

The reference voltage can be generated anywhere within the
power supply voltage of the converter. The main source of
common mode error is a roll-over voltage caused by the
reference capacitor losing or gaining charge to stray capacity
on its nodes. If there is a large common mode voltage, the
reference capacitor can gain charge (increase voltage) when
called up to de-integrate a positive signal but lose charge
(decrease voltage) when called up to de-integrate a negative
input signal. This difference in reference for positive or
negative input voltage will give a roll-over error. However, by
selecting the reference capacitor such that it is large enough
in comparison to the stray capacitance, this error can be
held to less than 0.5 count worst case. (See Component
Value Selection.)

Analog COMMON

This pin is included primarily to set the common mode
voltage for battery operation (ICL7106) or for any system
where the input signals are floating with respect to the power
supply. The COMMON pin sets a voltage that is approxi-
mately 2.8V more negative than the positive supply. This is
selected to give a minimum end-of-life battery voltage of
about 6V. However, analog COMMON has some of the
attributes of a reference voltage. When the total supply
voltage is large enough to cause the zener to regulate (>7V),
the COMMON voltage will have a low voltage coefficient
(0.001%/V), low output impedance (=15Q), and a
temperature coefficient typically less than 80ppm/°C.

The limitations of the on chip reference should also be
recognized, however. With the ICL7107, the internal heating
which results from the LED drivers can cause some
degradation in performance. Due to their higher thermal
resistance, plastic parts are poorer in this respect than
ceramic. The combination of reference Temperature
Coefficient (TC), internal chip dissipation, and package ther-
mal resistance can increase noise near full-scale from 25uV
to 80uVp-p. Also the linearity in going from a high dissipation
count such as 1000 (20 segments on) to a low dissipation
count such as 1111(8 segments on) can suffer by a count or
more. Devices with a positive TC reference may require
several counts to pull out of an over-range condition. This is
because over-range is a low dissipation mode, with the three
least significant digits blanked. Similarly, units with a
negative TC may cycle between over-range and a non-over-
range count as the die alternately heats and cools. All these
problems are of course eliminated if an external reference is
used.

The ICL7106, with its negligible dissipation, suffers from
none of these problems. In either case, an external
reference can easily be added, as shown in Figure 4.

Analog COMMON is also used as the input low return during
auto-zero and de-integrate. If IN LO is different from analog
COMMON, a common mode voltage exists in the system
and is taken care of by the excellent CMRR of the converter.
However, in some applications IN LO will be set at a fixed
known voltage (power supply common for instance). In this
application, analog COMMON should be tied to the same
point, thus removing the common mode voltage from the

converter. The same holds true for the reference voltage. If
reference can be conveniently tied to analog COMMON, it
should be since this removes the common mode voltage
from the reference system.

Within the IC, analog COMMON is tied to an N channel FET
that can sink approximately 30mA of current to hold the
voltage 2.8V below the positive supply (when a load is trying
to pull the common line positive). However, there is only
10pA of source current, so COMMON may easily be tied to a
more negative voltage thus overriding the internal reference.

V+
v
REF HI
L, R 6.8V
REFLO SoNER
ICL7106 1 iz
IcL7107
V-
FIGURE 4A.
V+

v 6.8kQ
ICL7106 20kQ
icL7107

REF HI}—3 ICL8069

1.2V
REF LO REFERENCE
COMMON
FIGURE 4B.

FIGURE 4. USING AN EXTERNAL REFERENCE
TEST

The TEST pin serves two functions. On the ICL7106 it is
coupled to the internally generated digital supply through a
500Q resistor. Thus it can be used as the negative supply for
externally generated segment drivers such as decimal points
or any other presentation the user may want to include on
the LCD display. Figures 5 and 6 show such an application.
No more than a 1mA load should be applied.

v+ M

TOLCD
DECIMAL

POINT

ICL7106
]
BP A Il—}_l
TEST
37 o TOLCD
BACKPLANE

FIGURE 5. SIMPLE INVERTER FOR FIXED DECIMAL POINT
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The second function is a “lamp test”. When TEST is pulled
high (to V+) all segments will be turned on and the display
should read “1888”. The TEST pin will sink about 15mA
under these conditions.

CAUTION: In the lamp test mode, the segments have a constant DC
voltage (no square-wave). This may burn the LCD display if main-
tained for extended periods.

| lV«t

Ve ro-b-og

” -
_:D'h TOLCD

[
’
ICL7106 DECIMAL H DECIMAL
POINT + ' POINTS
SELECT | _] V
' '
o
TEST " '
I : CD4030 |
GND

FIGURE 6. EXCLUSIVE ‘OR’ GATE FOR DECIMAL POINT DRIVE

Digital Section

Figures 7 and 8 show the digital section for the ICL7106 and
ICL7107, respectively. In the ICL7106, an internal digital
ground is generated from a 6V Zener diode and a large P-
channel source follower. This supply is made stiff to absorb
the relative large capacitive currents when the back plane
(BP) voltage is switched. The BP frequency is the clock fre-
quency divided by 800. For three readings/second this is a
60Hz square wave with a nominal amplitude of 5V. The seg-
ments are driven at the same frequency and amplitude and
are in phase with BP when OFF, but out of phase when ON.
In all cases negligible DC voltage exists across the seg-
ments.

Figure 8 is the Digita! Section of the ICL7107. It is identica!
to the ICL7106 except that the regulated supply and back
plane drive have been eliminated and the segment drive has
been increased from 2mA to 8maA, typical for instrument size
common anode LED displays. Since the 1000 output (pin 19)
must sink current from two LED segments, it has twice the
drive capability or 16mA.

In both devices, the polarity indication is “on” for negative
analog inputs. If IN LO and IN HI are reversed, this indication
can be reversed also, if desired.

a f b f b f b

BACKPLANE

\
\
\
\
\
A
g
\
\
\
\
‘!

LCD PHASE DRIVER

TYPICAL SEGMENT OUTPUT
—_——

Ve

0.5mA

Ly 1l
7 7
SEGMENT | | SEGMENT
DECODE | | DECODE
[ HEE [ HEN

[T

SEGLENT
DECODE
111

SEGMENT
OUTPUT

LATCH I

2.0mA

INTERNAL DIGITAL GROUND,

ol
COUNTER] |COUNTER COUNTER

ISP ST

TO SWITCH DRIVERS +
FROM COMPARATOR OUTPUT — 1
V+
CLOCK :
h -.I +4 I——»l Loaic conTroL | 6:2v
| Sooe %
1 THREE INVERTERS INTERNAL et TEST
ONE INVERTER SHOWN FOR CUARITY DIGITAL V=1V /
GROUND :
i
26}
40 39 38 1
------------------------------- D CRGRREEEEtts SRt tEtttttty D e e e
0sC1 0sc2S osc3
— }

FIGURE 7. ICL7106 DIGITAL SECTION
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did34567873

27

i
:
L]
:
’
.
:
7 7 7 '
SEGMENT | | SEGMENT | | SEGMENT :
pecopk | | pecope | | becope :
’
TYPICAL SEGMENT OUTPUT INENEENEEE L1l :
Vs I LATCH l‘—‘— '
0.5mA ;
:
T0 1000’s 100's 1's H
SEGMENT coUNTER] LcounTER] |cOUNTER] |COUNTER !
:
8.0mA '
TO SWITCH DRIVERS + '
DIGITAL GROUND FROM COMPARATOR OUTPUT — 1) v
Y +

¥ 1

$ TEST
—»I LOGIC CONTROL I j! 37}
$so00 !
:

+ THREE INVERTERS $ DICITAL

:
:
.

ONE INVERTER SHOWN FOR CLARITY

FIGURE 8. ICL7107 DIGITAL SECTION

System Timing

Figure 9 shows the clocking arrangement used in the
ICL7106 and ICL7107. Two basic clocking arrangements
can be used:

1. An external oscillator connected to pin 40.
2. An R-C oscillator using all three pins.

The oscillator frequency is divided by four before it clocks the
decade counters. It is then further divided to form the three
convert-cycle phases. These are signal integrate (1000
counts), reference de-integrate (0 to 2000 counts) and auto-
zero (1000 to 3000 counts). For signals less than full-scale,
auto-zero gets the unused portion of reference de-integrate.
This makes a complete measure cycle of 4,000 counts
(16,000 clock pulses) independent of input voltage. For three
readings/second, an oscillator frequency of 48kHz would be
used.

To achieve maximum rejection of 60Hz pickup, the signal
integrate cycle should be a multiple of 60Hz. Oscillator
frequencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz,
40kHz, 33'/3kHz, etc. should be selected. For 50Hz rejec-
tion, Oscillator frequencies of 200kHz, 100kHz, 66%/3kHz,
50kHz, 40kHz, etc. would be suitable. Note that 40kHz (2.5
readings/second) will reject both 50Hz and 60Hz (also
400Hz and 440Hz).

GNDICL7107
TESTICL7106

— CLOCK

AAA

>
>
" T

FIGURE 9. CLOCK CIRCUITS

RC OSCILLATOR
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Component Value Selection
Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 100pA of quiescent current. They can
supply 4pA of drive current with negligible nonlinearity. The
integrating resistor should be large enough to remain in this
very linear region over the input voltage range, but small
enough that undue leakage requirements are not placed on
the PC board. For 2V full-scale, 470kQ is near optimum and
similarly a 47kQ for a 200mV scale.

Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voitage swing that ensures toierance buiidup wiii
not saturate the integrator swing (approximately. 0.3V from
either supply). In the ICL7106 or the ICL7107, when the
analog COMMON is used as a reference, a nominal +2V full-
scale integrator swing is fine. For the ICL7107 with +5V
supplies and analog COMMON tied to supply ground, a
3.5V to +4V swing is nominal. For three readings/second
(48kHz clock) nominal values for Cyr are 0.22uF and
0.10pF, respectively. Of course, if different oscillator frequen-
cies are used, these values should be changed in inverse
proportion to maintain the same output swing.

An additional requirement of the integrating capacitor is that
it must have a low dielectric absorption to prevent roll-over
errors. While other types of capacitors are adequate for this
application, polypropylene capacitors give undetectable
errors at reasonable cost.

Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence on
the noise of the system. For 200mV full-scale where noise is
very important, a 0.47puF capacitor is recommended. On the
2V scale, a 0.047uF capacitor increases the speed of recov-
ery from overload and is adequate for noise on this scale.

Reference Capacitor

A 0.1pF capacitor gives good results in most applications.
However, where a large common mode voltage exists (i.e.
the REF LO pin is not at analog COMMON) and a 200mV
scale is used, a larger value is required to prevent roll-over

error. Generally 1.0uF will hold the roll-over error to 0.5
count in this instance.

Oscillator Components

For all ranges of frequency a 100kQ resistor is recom-
mended and the capacitor is selected from the equation
0.45

= Ro For 48kHz Clock (3 Readings/second),

C = 100pF

Reference Voltage

The analog input required to generate full-scale output (2000
counts) is: Vjy = 2VReg. Thus, for the 200mV and 2V scale,
Vger should equal 100mV and 1V, respectively. However, in
many applications where the A/D is connected to a
transducer, there will exist a scale factor other than unity
between the input voltage and the digital reading. For
instance, in a weighing system, the designer might like to
have a full-scale reading when the voltage from the
transducer is 0.662V. Instead of dividing the input down to
200mV, the designer should use the input voltage directly
and select Vggr = 0.341V. Suitable values for integrating
resistor and capacitor would be 1 20kQ and 0.22uF. This
makes the system slightly quieter and also avoids a divider
network on the input. The ICL7107 with £5V suppiies can
accept input signals up to +4V. Another advantage of this
system occurs when a digital reading of zero is desired for
V|n # 0. Temperature and weighing systems with a variable
fare are examples. This offset reading can be conveniently
generated by connecting the voltage transducer between IN
HI and COMMON and the variable (or fixed) offset voltage
between COMMON and IN LO.

ICL7107 Power Supplies

The ICL7107 is designed to work from 15V supplies.
However, if a negative supply is not available, it can be
generated from the clock output with 2 diodes, 2 capacitors,
and an inexpensive I.C. Figure 10 shows this application.
See ICL7660 data sheet for an alternative.

In fact, in selected applications no negative supply is
required. The conditions to use a single +5V supply are:

1. The input signal can be referenced to the center of the
common mode range of the converter.

2. The signal is less than +£1.5V.

3. An external reference is used.

V+© --l ........

V+
osC1

osc2 —WW\
0sC3 1
ICL7107

GND
v- ‘1—
I [ ——.

V-=3.3V

B

PN R ——

v

FIGURE 10. GENERATING NEGATIVE SUPPLY FROM +5V
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ICL7106, ICL7107

Typical Applications

The ICL7106 and ICL7107 may be used in a wide variety of
configurations. The circuits which follow show some of the
possibilities, and serve to illustrate the exceptional versatility
of these A/D converters.

The following application notes contain very useful
information on understanding and applying this part and are
available from Harris semiconductor.

Application Notes

A016 “Selecting A/D Converters”

A017 “The Integrating A/D Converter”

A018 “Do’s and Don’ts of Applying A/D Converters”
A023 “Low Cost Digital Panel Meter Designs”

A032 “Understanding the Auto-Zero and Common Mode
Performance of the ICL7106/7/9 Family”

A046 “Building a Battery-Operated Auto Ranging DVM with
the ICL7106"

A052 “Tips for Using Single Chip 3'/, Digit A/D Converters”

Typical Applications

—_u TO PIN 1 &

0sC 1 [0 —omm—
osc 2 [ss—W———¢
oscs [se————— servgg
TEST |37] 100pF / =100mV
REF HI E—l
REF LO [35} A
CRer E‘—.LM F ke 2Ka
CRer :@J i
COMMON [32}———¢ ma |,
IN Hi [31} -+
Lo 53 = 0.01uF o
0.47pF .
AZ -zsal—ll——“KQ L
BUFF [28———WA——¢ =ov
INT 27— }—— T'
v- = 0.22yF
62 [
c3
. g TO DISPLAY
A3 123
o[z
BP [ZIl——— 70 BACKPLANE

Values shown are for 200mV full-scale, 3 readings/sec., floating
supply voltage (9V battery).

FIGURE 11. ICL7106 USING THE INTERNAL REFERENCE

—_— TOPIN 1 ¢&—
oscC 1 100K

0sC2
0sC3
TEST
REF HI
REFLO
Crer
Crer
COMMON
IN HI
INLO
A-Z
BUFF
INT

V-

G2

c3

A2

i

T

SET VRer

100pF / =100mV

W
b

|

AAA AAA
YVy AAA

1KQ  22KQ

+5V

TTM

I

J|E
H

E

0.47uF

E

i)
T

o
N
I8
"

TO DISPLAY

G3

GND E—_L' """""""" ‘

Values shown are for 200mV full-scale, 3 readings/sec. IN LO may
be tied to either COMMON for inputs floating with respect to
supplies, or GND for single ended inputs. (See discussion under
Analog COMMON.)

BTSRRI

FIGURE 12. ICL7107 USING THE INTERNAL REFERENCE
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Typical Applications (Continued)

—_—
O0sC1

0sc2
osc3
TEST
REF HI
REF LO
CRer

CRer
COMMON

IN HI
INLO
A-Z
BUFF
INT
V-
G2
c3
A3
G3
GND

IN LO is tied to supply COMMON establishing the correct common
mode voltage. If COMMON is not shorted to GND, the input voltage
may float with respect to the power supply and COMMON acts as a

TOPIN 1 +——— —_———

40 To0Ka osc1

39 q osc2

3————— et vper osc3

37| 100pF / =100mV TEST

:}———-—136 REF Hi

35— AM—AA— M V+ REF LO

1KQ 10KQ | 10KQ
[3——_ Crer
0.14F ¢——P——

:]——333 1.2V (ICL8069) CRrer

32—t mMQ + COMMON

31} +——W INHI

= = 0.01pF N

= 0.47uF M ° INLO

o——— : .

47KQ : Az

E——wW——t ' BUFF

BTl | mo— : INT
’

E 0.22uF i ov- V-
:

28] : a2
’

2

24 TO DISPLAY : cs

E H A3

2] : G3

E——_E """""""" -/ GND

pre-regulator for the reference. If COMMON is shorted to GND, the
input is single ended (referred to supply GND) and the pre-regulator

is overridden.

FIGURE 13. ICL7107 WITH AN EXTERNAL BAND-GAP

REFERENCE (1.2V TYPE)

TO PIN 1 &

—_——

I

TO PIN { &——

TO PIN 1 +———
40} 10
=) !
ef————— gy VRer
37 100pF / =100mV
35} AA—ANG—g—0 +5V
1KQ 100KQ

[3a—— N

0.1 6.8V
E__‘r uF y \
S——— imQ
31} ‘ AAA by
311 ’ VVv °
— { = 0.01yF IN
30 0.47,F -
22—

47TKQ B S

——WA——1¢ s
E 0.22uF SV
24 TO DISPLAY
23]

Since low TC zeners have breakdown voltages ~ 6.8V, diode must
be plasced across the total supply (10V). As in the case of Figure
14, IN LO may be tied to either COMMON or GND

FIGURE 14. ICL7107 WITH ZENER DIODE REFERENCE

Ve 0 e
osc1 [ag] 5 osc1 7%
osc2 [39 { osc2 [
0sC 3 |38 SET Vper osc3 [sgh———+—— SET VRer
TEST [37] 100pF / =100mV TEST 37 100pF j = 100mV
REF HI E——-——} REF Wl 38 A
A A AAA— e AAA
REF LO (3] AMA—AM o Ve REFLO E 1;('[; 16;(;) 1v5vm +5V
Crer [32} 25KQ  24KQ Crer [3—— 01
0pF Crer [F— "
Crer [33— F 1.2V (ICL8069)
COMMON [32}————¢ common (53 [ Mol
1MQ + INHI sl AAA
IN HI [31} A o =] = 0.014F IN
31— *- VVv Eﬁ X 9.0 o
Lo [ F 0.014F o N INLO 047uF
0.047F . AZ [P —
AZ E——ilm BUFF E——‘WV‘&—
BUFF 29]"_—— VWA 1 INT
INT 27— —— -
v- [ 0.22,F v b
a2 (2]
cs [z TO DISPLAY
TO DISPLAY
A3 23]
Gs [2]
BP/GND [21] =

An external reference must be used in this application, since the
voltage between V+ and V- is insufficient for correct operation of the

internal reference.

FIGURE 15. ICL7106 AND ICL7107: RECOMMENDED COMPO-

NENT VALUES FOR 2.0V FULL-SCALE

FIGURE 16. ICL7107 OPERATED FROM SINGLE +5V
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Typical Applications (Continued)

TOPIN 1 ¢———2 V4 TO PIN 1 ¢———
osc1
osc2
osc3 —
SCALE
TEST a4
S REF HI ]
1 REFLO AN——1 2 5510
! 3
L Crer E-OT?' 100kQ 1MQ e
: XM 100kQ 220kQ
Crer [B— AMA—AM
commoN [52 S ]
3 & ZERO LICON NPN
3 INH U ToF = ADJUST Mbe 304 OR
INLO [30 AT SIMILAR
AZ 1
BUFF =X
INT T
v T
G2
c3
TO DISPLAY
A3
G3
TO BACKPLANE

= A silicon diode-connected transistor has a temperature coefficient of

The resistor values within the bridge are determined by the desired  about -2mV/°C. Calibration is achieved by placing the sensing

sensitivity. transistor in ice water and adjusting the zeroing potentiometer for a
000.0 reading. The sensor should then be placed in boiling water
and the scale-factor potentiometer adjusted for a 100.0 reading.

FIGURE 17. ICL7107 MEASUREING RATIOMETRIC VALUESOF  FIGURE 18. ICL7106 USED AS A DIGITAL CENTIGRADE

QUAD LOAD CELL THERMOMETER
V4 +5V
7] v+ ™ osc1 [a] osc1 [ag
y 2] o osc 2 [39] 2] o1 osc2 [39]
Toyose  [ger osc3 [3g] 3] &1 osc3 [38]
(2] 1 TEST [37] [4] B1 TEST [37]
] a1 REF HI [38] l 5] At REF HI [36]
[ m REFLO [38] .o 1o LoGIC (6] F1 REF LO [35]
[ & Crer [3] LosIc Vee G1 Crer [3]
[e] &1 Crer [33] L 8] E1 Crer [33]
[5] o2 COMMON [32] 12ke 3 [8] o2 COMMON [22]
o] c2 INHI [31] c2 IN Hi [31]
B2 INLO [30] The LM339 is required to B2 INLo [30]
A2 E ensure logif: compat!bility A2 AZ :a]
F2 Z_'i] with heavy display loading. F2 BUFF [2]
E2 z7] E2 INT [27]
D3 26} v- I“CE'—¢ D3 v- [28hov-
l_CE_¢ 83 E G /RANGE S B3 a2 [
v F3 E <|-G-¢ m F3 c3 E
OIRANGEJ% Es B3| i8] £3 A3 [z
[ —E - H T <Hgw ek
v ' 2 U /RANGE| [20] POL BP E—I
U /RANGE CD4023 OR N,
74C10 S aka
€D4023 OR q 1 _l_
74C10 CD4077 - —
FIGURE 19. CIRCUIT FOR DEVELOPING UNDERRANGE AND  FIGURE 20. CIRCUIT FOR DEVELOPING UNDERRANGE AND
OVERRANGE SIGNAL FROM ICL7106 OUTPUTS OVERRANGE SIGNALS FROM ICL7107 OUTPUT
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Typical Applications (Continued)

—_—u
0SC1

0SC2
0sC3
TEST
REF HI
REFLO
CRer
Crer
COMMON
INHI
iNLO
A-Z
BUFF
INT

V-

G2
c3
A3
G3

TOPIN1
00

:

T

—
100pF

1l

|

AAM‘/

0.1pF

V]

A\AAS AAAS

1KQ

SCALE FACTOR ADJUST
(Vrer = 100mV FOR AC TO RMS)

1N914

470KQ

I?JT

I

1pF

4.3KQ

AAA
\AA2

10KQ
1

'|'1pF IEwm'l'wF
11

"+

100kQ
ACIN
—O0

0.47,F
KQ

i

1

10uF

3

5

il

oV

AAA
o l Wy ]
F

100p|
(FOR OPTIMUM BANDWIDTH)

0.22F

TO DISPLAY

S|B|H 3|63

BP

+—

21— TO BACKPLANE

Test is used as a common-mode reference level to ensure compatibility with most op amps.
FIGURE 21. AC TO DC CONVERTER WITH ICL7106

+5V

4

ICL7107

DM7407

D_

D_

D——‘VW——-K——

LED
SEGMENTS
130Q

130Q
130Q \

A

FIGURE 22. DISPLAY BUFFERING FOR INCREASED DRIVE CURRENT
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ICL7116, ICL7117

31/, Digit LCD/LED
Display A/D Converter with Display Hold

Features ,
* HOLD Reading Input Allows Indefinite Display Hold

¢ Guaranteed Zero Reading for 0V Input
¢ True Polarity at Zero for Precise Null Detection
¢ 1pA Typical Input Current

* Direct Display Drive
- LCDICL7116
- LEDICL7117

* Low Noise - Less Than 15,Vp-p (Typ)

* On Chip Clock and Reference

¢ Low Power Dissipation - Typically Less Than 10mW
¢ No Additional Active Circuits Required

« Small Outline Surface Mount Package Available

Description

The Harris ICL7116 and ICL7117 are high performance,
low power 3'/, digit A/D converters. Included are seven
segment decoders, display drivers, a reference, and a
clock. The ICL7116 is designed to interface with a liquid
crystal display (LCD) and includes a multiplexed back-
plane drive. The ICL7117 will directly drive an instrument
size, light emitting diode (LED) display.

The ICL7116 and ICL7117 have all of the features of
the ICL7106 and ICL7107 with the addition of a HOLD
Reading input. With this input, it is possible to make a
measurement and retain the value on the display
indefinitely. To make room for this feature the refer-
ence low input has been connected to Common inter-
nally rather than being fully differential. These circuits
retain the accuracy, versatility, and true economy of
the ICL7106 and ICL7107. They feature auto-zero to
less than 10pV, zero drift of less than 1uV/°C, input
bias current of 10pA maximum, and roll over error of

Ordering Information

less than one count. The versatility of true differential
input is of particular advantage when measuring load

PART TEMPERATURE cells, strain gauges and other bridge-type transducers.
NUMBER RANGE PACKAGE And finally, the true economy of single power supply
ICL7116CPL 0°C to +70°C | 40 Lead Plastic DIP operation (ICL7116) enables a high performance
ICL71160M44 | 0°C 10 +70°C | 44 Lead Metrc Plastic Quad Flalpack pangl meter to be built with the addition of only eleven
passive components and a display.
ICL7117CPL 0°C to +70°C 40 Lead Plastic DIP
Pinouts
ICL7116, ICL7117 ICL7116
(PDIP) (MQFP)
TOP VIEW TOP VIEW
HLoR [T hd [30] osc 1 - §
o1 [Z] [35] osc2 e s kEx Q9 b
ws+ a0z ZNSE
ct [3 [38] osc3 >0 00ZZZaqamZ >
B1 [4] [37] TEST
(1'8)¢ A1 [ [36] REF HI
F[e [35] v+ (744 43 42 41 40 39 38 37 36 3534
Neld 1@ 33 Linc
a1 [7 34] ¢,
[ 4] Crers neCT—]| 2 (P
e [E] [33] Crer 3 Tcs
p2 [3] [32] common TEST:‘L—I . 3
c2 [ [51] IN H osc3 30 _J._IQ;
| e2 [ [50] IN LO [ Y[ e — | 29|17
(099 . & %] Az osc2CT ][ 6 28{[ TP
r2 [13 28] BUFF osc1CI—Y| 7 27{—TpoL
e2 [a [Z7] INT HLORCT i 26T aBa
os [i5] [26] v- Ll 25[—Tes
(100%) B3 [16 E G2(10's) c1CI—|10 24 TJF3
8
Fs 17 24] cs B1CT (", 15 14 15 16 17_18 19 20 21 25°)—1I83
e3 [1g] 23] A3 p (100s) :
(1000) AB4 [19] 2] 63 JHHHHHH:IHHH
onus) POt (9] 21] epiaND A1 F1 G1 E1 D2 C2 B2 A2 F2 E2 D3

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

File Number 3083
Copyright © Harris Corporation 1993 2.46



Specifications ICL7116, ICL7117

Absolute Maximum Ratings
Supply Voltage

ICL7116,V+to V- . ... ..oeiiinnn
ICL7117,V4+1t0GND. .. ... v vventn
ICL7117,V-toGND ...........vuven
Analog Input Voltage (Either Input) (Note 1)
Reference Input Voltage (Either Input) . . . .

Clock Input
ICL7116

ICL7117

Thermal Information

Thermal Resistance (MAX, See Note 1) (17N
................ 15V 40 Lead Plastic Package . . .............cvoen...  50°C/W
................. 6V 44 Lead MQFP Package..........ccovvveen. .. 80°CW
................. -9V Maximum Power Dissipation (Note 1)
............. V+to V- (0] 4 P 01
............. V+to V- L7117 e e 12W

Operating Temperature Range .. ................ 0°C to +70°C
.......... TESTtoV+ Storage Temperature Range..................-65°C to +150°C
........... GND to V+ Lead Temperature (Soldering 10sMax) ................+300°C

Junction TEMPerature ... .....oveveveneeeennnnnnenns +150°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings® may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications (Notes 2, 3) T, = +25°C, fc ock = 48kHz, Vger = 100mV

A/D CONVERTER

PARAMETERS { TEST CONDITIONS [ mn T 1ve | max | units
SYSTEM PERFORMANCE
Zero Input Reading Vin = 0.0V, Full-Scale = 200mV -000.0 | £000.0 | +000.0 | Digital
Reading
Ratiometric Reading VN = Vrers VRer = 100mV 999 999/ 1000 | Digital
1000 Reading
Rollover Error -Vin = +V)y = 195mV Difference in Reading for Equal - 10.2 1 Counts
Positive and Negative Inputs Near Full-Scale
Linearity Full-Scale = 200mV or Full-Scale = 2V Maximum De- - 10.2 +1 Counts
viation from Best Straight Line Fit (Note 5)
Common Mode Rejection Ratio Vem =11V, Viy = 0V, Full-Scale = 200mV (Note 5) - 50 - uvv
Noise V|n = 0V, Full-Scale = 200mV (Pk-Pk Value Not Ex- - 15 - uv
ceeded 95% of Time) (Note 5)
Leakage Current Input V|n = 0 (Note 5) - 1 10 pA
Zero Reading Drift Viy =0, 0° < T, < +70°C (Note 5) - 0.2 1 [\Y/de
Scale Factor Temperature Coefficient VN = 199mV, 0° < T, < +70°C, - 1 5 ppmv°C
(Note 5)
V+ Supply Current V\n = 0 (Does Not Include LED Current for ICL7117) - 0.8 18 mA
V- Supply Current ICL7117 Only - 0.6 1.8 mA
COMMON Pin Analog Common Voitage 25kQ Between Common and Positive Supply (With 24 2.8 3.2 \")
Respect to + Supply)
Temperature Coefficient of Analog Common | 25kQ Between Common and Positive Supply (With - 80 - ppmv°C
Respect to + Supply) (Note 5)
DISPLAY DRIVER ICL7116 ONLY
Pk-Pk Segment Drive Voltage V+ =to V- =9V, (Note 4) 4 5 6 v
Pk-Pk Backplane Drive Voltage
ICL7117 ONLY
Segment Sinking Current V+ =5V, Segment Voltage = 3V
(Except Pin 19 and 20) 5 8 - mA
Pin 19 Only 10 16 - mA
Pin 20 Only 4 7 - mA
NOTES:

1. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board.
2. Input voltages may exceed the supply voltages provided the input current is limited to +100pA.
3. Unless otherwise noted, specifications apply to both the ICL7116 and ICL7117. ICL7116 is tested in the circuit of Figure 1. ICL7117 is

tested in the circuit of Figure 2.

4. Back plane drive is in phase with segment drive for ‘off’ segment, 180° out of phase for ‘on’ segment. Frequency is 20 times conversion
rate. Average DC component is less than 50mV.

5. Not tested, guaranteed by design.
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ICL7116, ICL7117

Typical Applications and Test Circuits

Cy=0.1pF
Ca = 0.47yF
C3 = 22uF
C4=100pF
Cs = 0.01pF
Ry = 24kQ
Ro = 47kQ
R3 = 100kQ
Re=1kQ
Rs = 1MQ

FIGURE 1. ICL7116 TEST CIRCUIT AND TYPICAL APPLICATION WITH LCD DISPLAY COMPONENTS SELECTED FOR 200mV FULL-
SCALE

Cy=0.1pF

Ca = 0.47yF

W5V v - SV Re Cg= 22)F

’ N —W\— 10 Cq = 100pF

A DECIMAL Cs = 0.01uF

$h : | POINT Ry = 24kQ

TPs TP TP, TPy = Ry = 47kQ

' = Rq = 100kQ

c >

g aEE 225 e i

c, o Re = 1500
Sllati=tintiellell =i i 2N =220l el el =l 2 =
NI ] ]| ] NN NN N NY N N] o
009> Jal 2 z
g8gry s582z"3 s

IcL7117
g o
fs5cszcou8s8ycaggendl
-] o NIRIGIEIRIEIEIEIEIEBIMEBIBIEIEIEIE
DISPLAY
NEEES

FIGURE 2. ICL7117 TEST CIRCUIT AND TYPICAL APPLICATION WITH LED DISPLAY COMPONENTS SELECTED FOR 200mV FULL-
SCALE
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Design Information Summary Sheet

¢ OSCILLATOR FREQUENCY
fosc = 0.45/RC
COSC > SODF; ROSC > 50KQ
fosc Typ. = 48KHz

e OSCILLATOR PERIOD
tosc = RC/0.45
¢ INTEGRATION CLOCK FREQUENCY
fcLock = fosc/4
+ INTEGRATION PERIOCD
tint = 1000 x (4/fosc)
60/50Hz REJECTION CRITERION
tinT/teoHz OF tinT/tsonz = Integer
OPTIMUM INTEGRATION CURRENT
‘INT = 40)J.A
FULL-SCALE ANALOG INPUT VOLTAGE
Vings Typically = 200mV or 2.0V

INTEGRATE RESISTOR

vV
INFS
RINT = 7
INT
¢ INTEGRATE CAPACITOR
c Ny Uiny)
INT VINT
¢ INTEGRATOR OUTPUT VOLTAGE SWING
v ) (i)
INT CinT

Vint MAXIMUM SWING:
(V- +1.0V) < Vin1 < (V+ - 0.5V), V| typically = 2.0V

DISPLAY COUNT

COUNT = 1000 x —™

VREF

CONVERSION CYCLE

teve = toLock X 4000
teye = tosc x 16,000
when fogc = 48KHZ; toyc = 333ms

« COMMON MODE INPUT VOLTAGE
(V- + 1.0V) < Vjy < (V+ - 0.5V)

AUTO-ZERO CAPACITOR
0.01uF < Cpz < 1.04F

* REFERENCE CAPACITOR
0.1uF < CREF < 1.0|J.F

* Veom
Biased between V+ and V-.
L4 Vco” =V+-28V
Regulation lost when V+ to V- < =6.8V.
If Voom is externally pulled down to (V +to V -)/2,
the Vcom circuit will turn off.
ICL7116 POWER SUPPLY: SINGLE 9V
V+-V-=9V
Digital supply is generated internally
VTEST =V+-4.5V

ICL7116 DISPLAY: LCD

Type: Direct drive with digital logic supply amplitude.

¢ ICL7117 POWER SUPPLY: DUAL 15.0V
V+=+5.0V to GND
V-=-5.0V to GND
Digital Logic and LED driver supply V+ to GND

ICL7117 DISPLAY: LED
Type: Non-Multiplexed Common Anode

Typical Integrator Amplifier Output Waveform (INT Pin)

AUTO ZERO PHASE
COUNTS)

SIGNAL INTEGRATE
PHASE FIXED
1000 COUNTS

:

: DE-INTEGRATE PHASE
; 0- 1999 COUNTS
:
)

TOTAL CONVERSION TIME = 4000 x tc ock = 16,000 x tosc
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Pin Description

PIN NUMBER
44 PIN
40 PIN DIP | FLATPACK NAME FUNCTION DESCRIPTION
1 8 HLDR INPUT Display Hold Control
2 9 D1 OUTPUT | Driver Pin for Segment “D” of the display units digit
3 10 C1 OUTPUT | Driver Pin for Segment “C” of the display units digit
4 1 B1 OUTPUT | Driver Pin for Segment “B” of the display units digit
5 12 Al OUTPUT | Driver Pin for Segment “A” of the display units digit
6 13 F1 OUTPUT | Driver Pin for Segment “F” of the display units digit
7 14 G1 OUTPUT | Driver Pin for Segment “G” of the display units digit
8 15 E1 QUTPUT | Driver Pin for Segment “E” of the display units digit
9 16 D2 OUTPUT | Driver Pin for Segment “D” of the display tens digit
10 17 Cc2 OUTPUT | Driver Pin for Segment “C” of the display tens digit
11 18 B2 OUTPUT | Driver Pin for Segment “B” of the display tens digit
12 19 A2 QUTPUT | Driver Pin for Segment “A” of the display tens digit
13 20 F2 OUTPUT | Driver Pin for Segment “F" of the display tens digit
14 21 E2 OUTPUT | Driver Pin for Segment “E” of the display tens digit
15 22 D3 OUTPUT | Driver pin for segment “D” of the display hundreds digit
16 23 B3 OUTPUT | Driver pin for segment “B” of the display hundreds digit
17 24 F3 OUTPUT | Driver pin for segment “F" of the display hundreds digit
18 25 E3 OUTPUT | Driver pin for segment “E” of the display hundreds digit
19 26 AB4 QUTPUT | Driver pin for both “A™ and “B™ segments of the display thousands digit
20 27 POL OUTPUT | Driver pin for the negative sign of the display
21 28 BP/GND QUTPUT | Driver pin for the LCD backplane/Power Supply Ground
22 29 G3 QUTPUT | Driver pin for segment “G” of the display hundreds digit
23 30 A3 OUTPUT | Driver pin for segment “A” of the display hundreds digit
24 31 C3 OUTPUT | Driver pin for segment “C” of the display hundreds digit
25 32 G2 OUTPUT | Driver pin for segment “G” of the display tens digit
26 34 V- SUPPLY | Negative power supply
27 35 INT OUTPUT | Integrator amplifier output. To be connected to integrating capacitor
28 36 BUFF OUTPUT | Input buffer amplifier output. To be connected to intégrating resistor
29 37 A-Z INPUT Integrator amplifier input.To be connected to auto-zero capacitor
30 38 INLO INPUT Differential inputs. To be connected to input voltage to be measured. LO & Hi
31 39 IN HI designators are for reference and do not imply that LO should be connected to
lower potential, e.g. for negative inputs IN LO has a higher potential than IN HI.
32 40 COMMON SUPPLY/ | Internal voltage reference output.
OUTPUT
33 41 Crer- Connection pins for reference capacitor.
34 42 Crer+
35 43 V+ SUPPLY | Power Supply
36 44 REF HI
37 3 TEST INPUT Display test. Turns on all segments when tied to V+.
38 4 0SC3 QUTPUT | Device clock generator circuit connection pins
39 6 0SC2 OUTPUT
40 7 OSC1 INPUT
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Detailed Description
Analog Section

Figure 3 shows the Analog Section for the ICL7116 and
ICL7117. Each measurement cycle is divided into three
phases. They are (1) auto-zero (A-Z), (2) signal integrate
(INT) and (3) de-integrate (DE).

Auto-Zero Phase

During auto-zero three things happen. First, input high and low
are disconnected from the pins and internally shorted to analog
COMMON. Second, the reference capacitor is charged to the
reference voltage. Third, a feedback loop is closed around the
system to charge the auto-zero capacitor C,z to compensate
for offset voltages in the buffer amplifier, integrator, and compar-
ator. Since the comparator is included in the loop, the A-Z accu-
racy is limited only by the noise of the system. In any case, the
offset referred to the input is less than 10uV.

Signal Integrate Phase

During signal integrate, the auto-zero loop is opened, the inter-
nal short is removed, and the internal input high and low are
connected to the extenal pins. The converter then integrates
the differential voltage between IN Hl and IN LO for a fixed time.
This differential voltage can be within a wide common mode
range: up to 1V from either supply. If, on the other hand, the
input signal has no return with respect to the converter power
supply, IN LO can be tied to analog COMMON to establish the
correct common mode voltage. At the end of this phase, the
polarity of the integrated signal is determined.

De-Integrate Phase

The final phase is de-integrate, or reference integrate. Input
low is internally connected to analog COMMON and input
high is connected across the previously charged reference

capacitor. Circuitry within the chip ensures that the capacitor
will be connected with the correct polarity to cause the
integrator output to return to zero. The time required for the
output to return to zero is proportional to the input signal.
Specifically the digital reading displayed is

ViN
DISPLAY COUNT = 1ooo(v-——
REF

Differential Input

The input can accept differential voltages anywhere within the
common mode range of the input amplifier, or specifically from
0.5V below the positive supply to 1.0V above the negative
supply. In this range, the system has a CMRR of 86dB typical.
However, care must be exercised to assure the integrator out-
put does not saturate. A worst case condition would be a large
positive common mode voltage with a near full-scale negative
differential input voltage. The negative input signal drives the
integrator positive when most of its swing has been used up
by the positive common mode voltage. For these critical appli-
cations the integrator output swing can be reduced to less
than the recommended 2V full-scale swing with little loss of
accuracy. The integrator output can swing to within 0.5V of
either supply without loss of linearity.

Differential Reference

The reference voltage can be generated anywhere within the
power supply voltage of the converter. The main source of
common mode error is a roll-over voltage caused by the
reference capacitor losing or gaining charge to stray capacity
on its nodes. If there is a large common mode voltage, the
reference capacitor can gain charge (increase voltage) when
called up to de-integrate a positive signal but lose charge
(decrease voltage) when called up to de-integrate a negative
input signal. This difference in reference for positive or
negative input voltage will give a roll-over error. However, by

STRAY I Crer
= - Caz = Cint
Crer*y REFHI [AZ INT
PSS .- SRR S~ S SNSRI L. SRS Ji..L
’
P u 27
’
: INTEGRATOR
; 70
' 10pA R > DIGITAL
! 31 SECTION
INHI ?——@

H INT AZ
:
’
: AZ
: COMPARATOR
H
)32

COMMON ¢
H INPUT
E LOW

30
&
Lo ¢ X
' INT
tevrccrcocsnsnroronsossmmmmmrssossomanmes F
V-

FIGURE 3. ANALOG SECTION OF ICL7116 AND ICL7117
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selecting the reference capacitor such that it is large enough
in comparison to the stray capacitance, this error can be
held to less than 0.5 count worst case. (See Component
Value Selection.)

Analog COMMON

This pin is included primarily to set the common mode
voltage for battery operation (ICL7116) or for any system
where the input signals are floating with respect to the power
supply. The COMMON pin sets a voltage that is approxi-
‘mately 2.8V less than the positive supply. This is selected to
give a minimum end-of-life battery voltage of about 6.8V.
However, analog COMMON has some of the attributes of a
reference voltage. When the total supply voltage is large
enough to cause the zener to regulate (>6.8V), the COM-
MON voltage will have a low voltage coefficient (0.001%/V),
low output impedance (=15%), and a temperature coefficient
typically less than 80ppm/°C.

The limitations of the on chip reference should also be
recognized, however. With the ICL7117, the internal heating
which results from the LED drivers can cause some
degradation in performance. Due to their higher thermal resis-
tance, plastic parts are poorer in this respect than ceramic.
The combination of reference Temperature Coefficient (TC),
internal chip dissipation, and package thermal resistance can
increase noise near full-scale from 25uV to 80uVp-p. Also the
linearity in going from a high dissipation count such as 1000
(20 segments on) to a low dissipation count such as 1111(8
segments on) can suffer by a count or more. Devices with a
positive TC reference may require several counts to pull out of
an over-range condition. This is because over-range is a low
dissipation mode, with the three least significant digits
blanked. Similarly, units with a negative TC may cycle
between over range and a non-over range count as the die
alternately heats and cools. All these problems are of course
eliminated if an external reference is used.

The ICL7116, with its negligible dissipation, suffers from
none of these problems. In either case, an external
reference can easily be added, as shown in Figure 4.

Analog COMMON is also used as the input low return during
auto-zero and de-integrate. If IN LO is different from analog
COMMON, a common mode voltage exists in the system
and is taken care of by the excellent CMRR of the converter.
However, in some applications IN LO will be set at a fixed
known voltage (power supply common for instance). In this
application, analog COMMON should be tied to the same
point, thus removing the common mode voltage from the
converter. The same holds true for the reference voltage. If
reference can be conveniently tied to analog COMMON, it
should be since this removes the common mode voltage
from the reference system.

Within the IC, analog COMMON is tied to an N channel FET
that can sink approximately 30mA of current to hold the
voltage 2.8V below the positive supply (when a load is trying
to pull the common line positive). However, there is only
10pA of source current, so COMMON may easily be tied to a
more negative voltage thus overriding the internal reference.

V+
v
REF HI }—> 6.8V
ZENER
COMMON
l R
ICL7116 >3
IcL7117 9
V-
(A)
V+
v 6.8kQ
ICL7116
ICL7117
REF HI ICL8069
1.2V
REFERENCE
COMMON

(B)
FIGURE 4. USING AN EXTERNAL REFERENCE

TEST

The TEST pin serves two functions. On the ICL7116 it is
coupled to the internally generated digital supply through a
500Q resistor. Thus it can be used as the negative supply for
externally generated segment drivers such as decimal points
or any other annunciator the user may want to include on the
LCD display. Figures 5 and 6 show such an application. No
more than a 1mA load should be applied.

v+ Ma
TOLCD
s
ICL7116
I
® I =
TEST
37

TOLCD
~ BACKPLANE
FIGURE 5. SIMPLE INVERTER FOR FIXED DECIMAL POINT

The second function is a “lamp test”. When TEST is pulled
high (to V+) all segments will be turned on and the display
should read “-1888". The TEST pin will sink about 5mA under
these conditions.

CAUTION: On the ICL7116, in the lamp test mode, the segments
have a constant DC voltage (no square-wave) and may burn the
LCD display if left in this mode for several minutes.

2-52




ICL7116, ICL7117

| 1 Vs
V+ o9

0 LC!
ICL7116 DE%I&#'.. ' Becm?\L
: POINTS

SELECT | _] ¢ 4

H f

] /

TEST 0 '

| :_CD4030 ;

GND

FIGURE 6. EXCLUSIVE ‘OR’ GATE FOR DECIMAL POINT DRIVE
HOLD Reading Input

The HLDR input will prevent the latch from being updated
when this input is at logic “1”. The chip will continue to make
A/D conversions, however, the results will not be updated to
the internal latches until this input goes low. This input can be
left open or connected to TEST (ICL7116) or GROUND
(ICL7117) to continuously update the display. This input is
CMOS compatible, and has a 70kQ (See Figure 7) typical
resistance to either TEST (ICL7116) or GROUND (ICL7117).

Digital Section

Figures 7 and 8 show the digital section for the ICL7116 and
ICL7117, respectively. In the ICL7116, an internal digital
ground is generated from a 6V Zener diode and a large P-
channel source follower. This supply is made stiff to absorb
the relative large capacitive currents when the back plane
(BP) voltage is switched. The BP frequency is the clock fre-
quency divided by 800. For three readings/second this is a
60Hz square wave with a nominal amplitude of 5V. The seg-
ments are driven at the same frequency and amplitude and
are in phase with BP when OFF, but out of phase when ON. In
all cases negligible DC voltage exists across the segments.

Figure 8 is the Digital Section of the ICL7117. It is identical
to the ICL7116 except that the regulated supply and back
plane drive have been eliminated and the segment drive has
been increased from 2mA to 8maA, typical for instrument size
common anode LED displays. Since the 1000 output (pin 19)
must sink current from two LED segments, it has twice the
drive capability or 16mA.

In both devices, the polarity indication is “on” for negative
analog inputs. If IN LO and IN HI are reversed, this indication
can be reversed also, if desired.

a) f b f b, f b,
7123456789
L” — L b e C e C e c
BACKPLANE
21 i
'
'
r LCD PHASE DRIVER '
LOEEEL TRTIIT  TIITTT :
7 7 7 !
TYPICAL SEGMENT OUTPUT SEGMENT | | SEGMENT | | SEGMENT I:o_o] :
—_— DECODE § | DECODE J | DECODE | lwemed  +
’
0.5mA LIl 111l L1 :
[
SEGMENT I LATCH ]| /
OUTPUT !
2.0mA l E
o) ol ] ot | |
COUNTER] | COUNTER :
INTERNAL DIGITAL GROUND, :
’
TO SWITCH DRIVERS '
FROM COMPARATOR OUTPUT — 354
9 V+
CLOCK ) '
+ THREE INVERTERS '
ONE INVERTER SHOWN _.I +4 l—..—.l Loaic controL | 462V
FOR CLARITY T 5000 |
INTERNAL < W TEST
37
DIGITAL 3 70kQ V=1V :
GROUND :
26
40 39 38 1 b v
------------------------------- DorcmrerrceaQrronrersrs oo mrsrrerrsossQerorrrsronerrromrnmnnnd
HLDR
osc1 oscz:é osc3
JL
L1}

FIGURE 7. ICL7116 DIGITAL SECTION
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0ie3456769 |

f b, f f b
g O 8 B e c
oy p—

TYPICAL SEGMENT OUTPUT
V+

7 7 7
SEGMENT | | SEGMENT | | SEGMENT
pECODE | | DECODE | | DECODE
LI 1111 1111
LATCH |-——

0.5mA

TO
SEGMENT

8.0mA

TO SWITCH DRIVERS
FROM COMPARATOR OUTPUT

DIGITAL GROUND

]

— 36

t+ THREE INVERTERS

!

-—»l LOGIC CONTROL l 37

AA

\AAZ
3
o
o}

ONE INVERTER SHOWN
FOR CLARITY

FIGURE 8. ICL7117 DIGITAL SECTION

System Timing

Figure 9 shows the clocking arrangement used in the
ICL7116 and ICL7117. Two basic clocking arrangements
can be used:

1. An external oscillator connected to pin 40.
2. An R-C oscillator using all three pins.

The oscillator frequency is divided by four before it clocks the
decade counters. It is then further divided to form the three
convert-cycle phases. These are signal integrate (1000
counts), reference de-integrate (0 to 2000 counts) and auto-
zero (1000 counts to 3000 counts). For signals less than full-
scale, auto-zero gets the unused portion of reference de-
integrate. This makes a complete measure cycle of 4,000
counts (16,000 clock pulses) independent of input voltage.
For three readings/second, an oscillator frequency of 48kHz
would be used.

To achieve maximum rejection of 60Hz pickup, the signal
integrate cycle should be a multiple of 60Hz. Oscillator
frequencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz,
40kHz, 33'/3kHz, etc. should be selected. For 50Hz rejec-
tion, Oscillator frequencies of 200kHz, 100kHz, 66%/3kHz,
50kHz, 40kHz, etc. would be suitable. Note that 40kHz (2.5
readings/second) will reject both 50Hz and 60Hz (also
400Hz and 440Hz).

—— CLOCK

GNDICL7117
TESTICL7116

—— CLOCK

T

FIGURE 9. CLOCK CIRCUITS

RC OSCILLATOR
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Component Value Selection
Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 100pA of quiescent current. They can
supply 4pA of drive current with negligible nonlinearity. The
integrating resistor should be large enough to remain in this
very linear region over the input voltage range, but small
enough that undue leakage requirements are not placed on
the PC board. For 2V fuli-scale, 470k<2 is near optimum and
similarly a 47kQ for a 200mV scale.

Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance buildup will
not saturate the integrator swing (approximately. 0.5V from
either supply). In the ICL7116 or the ICL7117, when the
analog COMMON is used as a reference, a nominal +2V full-
scale integrator swing is fine. For the ICL7117 with +5V
supplies and analog COMMON tied to supply ground, a
+3.5V to +4V swing is nominal. For three readings/second
(48kHz clock) nominal values for Cyp are 0.22uF and
0.10uF, respectively. Of course, if different oscillator frequen-
cies are used, these values should be changed in inverse
proportion to maintain the same output swing.

An additional requirement of the integrating capacitor is that
it must have a low dielectric absorption to prevent roll-over
errors. While other types of capacitors are adequate for this
application, polypropylene capacitors give undetectable
errors at reasonable cost.

Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence on
the noise of the system. For 200mV full-scale where noise is
very important, a 0.47uF capacitor is recommended. On the
2V scale, a 0.047uF capacitor increases the speed of recov-
ery from overload and is adequate for noise on this scale.

Reference Capacitor

A 0.1uF capacitor gives good results in most applications.
Generally 1.0pF will hold the roll-over error to 0.5 counts in
this instance.

Oscillator Components

For all ranges of frequency a 100kQ resistor is recom-
mended and the capacitor is selected from the equation

f= %%53 For 48kHz Clock (3 Readings/second), C = 100pF
Reference Voltage

The analog input required to generate full-scale output (2000
counts) is: Viy = 2Vgee. Thus, for the 200mV and 2V scale,
Vger should equal 100mV and 1V, respectively. However, in

many applications where the A/D is connected to a
transducer, there will exist a scale factor other than unity
between the input voltage and the digital reading. For
instance, in a weighing system, the designer might like to
have a full-scale reading when the voltage from the
transducer is 0.682V. Instead of dividing the input down to
200mV, the designer should use the input voltage directly
and select Vrer = 0.341V. Suitable values for integrating
resistor and capacitor would be 120kQ and 0.22uF. This
makes the system slightly quieter and also avoids a divider
network on the input. The ICL7117 with £5V supplies can
accept input signals up to £4V. Another advantage of this
system occurs when a digital reading of zero is desired for
Vin # 0. Temperature and weighing systems with a variable
fare are examples. This offset reading can be conveniently
generated by connecting the voltage transducer between IN
HI and COMMON and the variable (or fixed) offset voltage
between COMMON and IN LO.

ICL7117 Power Supplies

3. The ICL7117 is designed to work from 5V supplies.
However, if a negative supply is not available, it can be
generated from the clock output with 2 diodes, 2 capaci-
tors, and an inexpensive I.C. Figure 10 shows this appli-
cation. See ICL7660 data sheet for an alternative.

V+

V+
osC1

0sC 2 Wy
osc3 i
IcL7117

b

B e

y

(SN

V-=3.3V

FIGURE 10. GENERATING NEGATIVE SUPPLY FROM +5V

In fact, in selected applications no negative supply is
required. The conditions to use a single +5V supply are:

1. The input signal can be referenced to the center of the
common mode range of the converter.

2. The signal is less than £1.5V.

3. An external reference is used.
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Typical Applications

The ICL7116 and ICL7117 may be used in a wide variety of
configurations. The circuits which follow show some of the
possibilities, and serve to illustrate the exceptional versatility
of these A/D converters.

The following application notes contain very useful
information on understanding and applying this part and are
available from Harris semiconductor.

Application Notes

A016 “Selecting A/D Converters”

A017 “The Integrating A/D Converter”

A018 “Do’s and Don’ts of Applying A/D Converters”
A023 “Low Cost Digital Panel Meter Designs”

A032 “Understanding the Auto-Zero and Common Mode
Performance of the ICL7116/7/9 Family”

A046 “Building a Battery-Operated Auto Ranging DVM with
the ICL7116"

“Games People Play with Harris' A/D Converters,
edited by Peter Bradshaw

“Tips for Using Single Chip 3'/, Digit A/D Converters”

A047

A052

Typical Applications

~ osc1 [ad} TooKa
osc 2 [39} M
osc3 E i} SET VRer
TEST [77] 100pF / =100mV
REF HI E——}
v+ [35 A—AMW
Crep [l—, | @ 2@
Crer [B— g
COMMON [2}———— me |,
IN Hi [31} W
= = 0.014F IN
INLO |30 0ATaF °
Az o — =
BUFF |28 { =w
wr [———fp—— T
V- E 0.22uF
G2 2§
cs |24 TO DISPLAY
A3 [
Gs 2]
BP [21l———» TO BACKPLANE

Values shown are for 200mV full-scale, 3 readings/sec., floating
supply voltage (9V battery).

FIGURE 11. ICL7116 USING THE INTERNAL REFERENCE

OsC1
osc2
OosC3
TEST
REF HI
V+
Crer 0.1uF
Crer
COMMON [3————+
INHI
INLO
AZ
BUFF
INT
V-

SET VRer
/ =100mV

AAA,

liﬁIJLT_Ilﬂlﬁllﬂlio‘J

o +5V

i

b -
< E
b3

+

Il

0.47,F

E

esescsssnssnadeccccccannd

|
I

8

© -5V

TO DISPLAY

G3
T T —— :

Values shown are for 200mV full-scale, 3 readings/sec. IN LO may
be tied to either COMMON for inputs floating with respect to
supplies, or GND for single ended inputs. (See discussion under
Analog COMMON.)

(R [B]TRIIRITRI

FIGURE 12. ICL7117 USING THE INTERNAL REFERENCE
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Typical Applications (Continued)

—

osc 1 |40] T00K0
osc2 [39 A
osc3 [33] il SET VRer
TEST |37 100pF / =1.000V
REF HI [3¢] 3}
Vs [35 AMA——AWW Ve
Coer [ o 25K 24KQ
Crer [33] s
COMMON ™MQ .
w51 YTV IN
M 0047[,I.FT — ?
Az ko
BUFF [2s——WA———¢
INT [27———re]
V- E 0.22uF v
a2 |4
cs (24 TO DISPLAY
A3 |2
cs (2
GND |21}

FIGURE 13. ICL7116 AND ICL7117: RECOMMENDED
COMPONENT VALUES FOR 2.0V FULL-SCALE

V+

TO DISPLAY

The resistor values within the bridge are determined by the desired
sensitivity.

FIGURE 15. ICL7117 MEASUREING RATIOMETRIC VALUES OF
QUAD LOAD CELL

V" osc1 lag ;
0SC 2 39| gglfn
0sC 3 |33] i} SET Vper
TEST [37] 100pF / =100mV
REF Hi [36] —}
vs [38] AA—MA-PAMA——045V
Crer (3] 1KQ 1om|1sm
Crer |33 1.2V (ICL8069)
COMMON [32) Ma .
NHi 3] A
Lo [l — = 0.01F IN
AZ |2 pOATE B
29 47KQ
BUFF 1
INT [2——roA——
v- o2
a2 [
c3
24 TO DISPLAY
As 23
a3 [22
GND |21}

An external reference must be used in t_his application, since the
voltage between V+ and V- is insufficient for correct operation of the
internal reference.

FIGURE 14. ICL7117 OPERATED FROM SINGLE +5V SUPPLY

Vv

0SsC1
100|
0sC 2 ‘v‘vlfn

0sc3
SCALE

TEST ‘°°PF ¥ FACTOR
REF HI ]

S
S 22KQ [

100k 220kQ -0"")5
N Ve
N S
‘ SILICON NPN
MPS 3704 OR
IMILAR

1)

5
5
—ilifiiit

TO DISPLAY

TO BACKPLANE

A silicon diode-connected transistor has a temperature coefficient of
about -2mV/°C. Calibration is achieved by placing the sensing
transistor in ice water and adjusting the zeroing potentiometer for a
000.0 reading. The sensor should then be placed in boiling water
and the scale-factor potentiometer adjusted for a 100.0 reading.

FIGURE 16. ICL7116 USED AS A DIGITAL CENTIGRADE
THERMOMETER
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ICL7129

41/, Digit LCD Single-Chip

December 1993 A/D Converter
Features Description
* 1+19,999 Count A/D Converter Accurate to +4 Count The Harris ICL7129 is a very high performance 4'/,-digit
¢ 10uV Resolution on 200mV Scale analog-to-digital converter that directly drives a multiplexed
¢ 110dB CMRR liquid crystal display. This single chip CMOS integrated cir-
¢ Direct LCD Display Drive cuit requires only a few passive components and a reference
¢ True Differential Input and Reference to operate. It is ideal for high resolution hand-held digital
¢ Low Power Consumption multimeter applications.
 Decimal Polnt Drive Outputs The performance of the ICL7129 has not been equaled
verrange and Underrange Outputs N 5 ! Y
before in a single chip A/D converter. The successive integra-
¢ Low Battery Detection and Indication . . in the IC .
« 10:1 Range Change Input tion technique used in the ICL7129 r‘esults in accuracy better
than 0.005% of full-scale and resolution down to 10uV/count.
Ordering Information The ICL7129, drawing only 1mA from a 9V battery, is well
suited for battery powered instruments. Provision has been
PART TEMPERATURE CKAG made for the detection and indication of a “LOW/BATTERY”
NUMBER RANGE PACKAGE condition. Autoranging instruments can be made with the
ICL7129CPL 0°C to +70°C ] 40 Lead Plastic DIP ICL7129 which provides overrange and underrange outputs
ICL7129RCPL 0°C to +70°C |40 Lead Plastic DIP (Note 1)| and 10:1 range changing input. The ICL7129 instantly
ICL7129CMa4 0°C to +70°C | 44 Lead Metric Plastic Quad checks for continuity, giving both a visual indication and a
Flatpack logic level output which can enable an external audible
NOTE: transducer. These features and the high performance of the
— o ICL7129 make it an extremely versatile and accurate
1. “R" indicates device with reversed leads. instrument-on-a-chip.
Pinouts
ICL7129 ICL7129
(PDIP) (MQFP)
TOP VIEW TOP VIEW
[40] osc2 ° g
. 3] 0P, ;Eggthﬁgﬁgz
ANNUNCIATOR [ 58] o, fHzzaFFB88EE
iy ililililadilatililili
[36] DGND p
%]:::;:) oanoCT= ’14‘434241403930 3135353433 1.
@ (3] NI rRange CT—]| 2 2|{—TIw
E %] INLo op, | 3 31|—TINC
5 op, CIT—| 4 30[—IONC
g L DUFF osc2CT—]|s »[CDREY
<
3 %gm osc1CT—]| 6 28|[—TJopyur
3 REFs osc3CI—]| 7 27|—IoryoR
a 28] cOMMON
8 [27] cONTINUITY i (D vpse
5] INT ouT NeCITT| 9 25| TBP1
ANNUNCE 1149 24|—Tspr2
[25] INTIN DRIVE 1 2
4] v+ B1» C1, CONTET ™ 43 14 15 16 17 18 10 20 21 23 | E——
23] v-
[22] TATCHHOLD
- = o~ e -
21] opyuR SE5S83985d8
C;9d 588 ssd
digdasdoads
& o
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Functional Block Diagram
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Specifications ICL7129

Absolute Maximum Ratings

SupplyVoltage .. . ..ooevevin e
Reference Voltage (REF Hi or REF LO).........
Input Voltage (Note 1), INHIorINLO .........

Digital Input Pins

1,2,19,20,21,22,27,37,38,39,40 ........
Storage Temperature Range ................
Lead Temperature (Soldering 10s)............

Thermal Information

........... 15V Thermal Resistance

........ V+to V- 2 P
........ V+to V- L0 L

DGND -0.3Vto V+ Maximum Power Dissipation (Note 2)

PlasticPackage...........ccoviiiieiiinnennnns

..... DGNDtoV+ JunctionTemperature ...........c.cceeeeeennecncennn
-65°C to +150°C

........ +300°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the op | sectic

of this specification is not implied.

Electrical Specifications V- to V+ =9V, Vaer = 1.00V. Ty = +25°C, fc « = 120kHz, Unless Otherwise Specified.

PARAMETERS TEST CONDITIONS MIN TYP MAX UNITS
Zero Input Reading Vin = 0V, 200mV Scale -0000 0000 +0000 | Counts
Zero Reading Drift Vin=0V, 0°C < Ty < +70°C - 10.5 - uvreCe
Ratiometric Reading VN = Vger = 1000mV, RANGE = 2V 9996 9999 10000 | Counts
Range Change Accuracy Vin = 0.10000V on Low, Range = 0.9999 1.0000 1.0001 Ratio
VN = 1.0000V on High Range
Rollover Error -ViN = +Vjy = 199mV - 1.5 3.0 Counts
Linearity Error 200mV Scale - 1.0 - Counts
Input Common-Mode Rejection Ratio Veum =1.0V,Vyy = 0V, 200mV Scale - 110 - dB
Input Common-Mode Voltage Range Vin = 0V, 200mV Scale - (V-)+1.5 - v
. (V+)-1.0
Noise (p-p Value not Exceeding 95% of Time) VN = 0V 200mV Scale - 14 - nv
Input Leakage Current Vin =0V, Pin 32, 33 - 10 pA
Scale Factor Tempco Vin =199mV 0°C < T, < +70°C - 2 ppm/°C
External Vggg = Oppmv°C
COMMON Voltage V+to Pin 28 2.8 3.2 3.5 \
COMMON Sink Current ACommon = + 0.1V - 0.6 - mA
COMMON Source Current ACommon =-0.1V - 10 - HA
DGND Voltage V+ to Pin 36, V+ to V- =9V 4.5 5.3 5.8 v
DGND Sink Cuirent ADGND = +0.5V - 1.2 - mA
Supply Voltage Range V+to V- (Note 3) 6 9 12 \
Supply Current Excluding COMMON Current V+to V- =9V - 1.0 1.5 mA
Clock Frequency (Note 3) - 120 360 kHz
Vpisp Resistance Vpisp to V+ - 50 - kQ
Low Battery Flag Activation Voltage V+to V- 6.3 7.2 7.7 v
CONTINUITY Comparator Threshold Voltages Vour Pin 27 = HI 100 200 - mvV
Vour Pin27 =LO - 200 400 mV
Pull-Down Current Pins 37, 38, 39 - 2 10 HA
“Weak Output” Current Sink/Source Pin 20, 21 Sink/Source - 3/3 - pA
Pin 27 Sink/Source - 3/9 - pA
Pin 22 Source Current - 40 - HA
Pin 22 Sink Current - 3 - HA
NOTE:

1. Input voltages may exceed the supply voltages provided that input current is limited to 1400mA. Currents above this value may result in
valid display readings but will not destroy the device if limited to +1mA.

2. Dissipation ratings assume device is mounted with all leads soldered to printed circuit board.
3. Device functionality is guaranteed at the stated Min/Max limits. However, accuracy can degrade under these conditions.
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Specifications ICL7129

Pin Descriptions

reading is held. When pulied LO, the
result counter contents are shown
incrementing during the de-inte-
grate phase of cycle.

OUTPUT: Negative going edge oc-
curs when the data latches are up-
dated. Can be used for converter
status signal.

PIN SYMBOL DESCRIPTION PIN SYMBOL DESCRIPTION
1 OSC, Input to first clock inverter. 23 V- Negative power supply terminal.
2 OSC, Output of second clock inverter. 24 V+ Positive power supply terminal, and
positive rail for display drivers.
3 ANNUNCIATOR | Backplane squarewave output for
DRIVE driving annunciators. 25 INTIN Input to integrator amplifier.
4 B,,Cy, CONT | Output to display segments. 26 INT OUT Output of integrator amplifier.
5 Ay, Gy, Dy Output to display segments. 27 CONTINUITY | INPUT: When LO, continuity flag on
the display is off. When HI, continu-
6 F,, E,, DP, Output to display segments. ity flag is on.
7 B,, C,, LO BATT | Output to display segments. OUTPUT: HI when voltage between
inputs is less than +200mV. LO
8 Ay, Gy, Dy Output to display segments. when voltage between inputs is
more than +200mV.
9 Fa, Ep, DP, Output to display segments.
28 COMMON Sets common-mode voltage of 3.2V
10 Bs, C3, MINUS | Output to display segments. below V+ for DE, 10X, etc. Can be
used as pre-regulator for external
1 As, G3, D3 Output to display segments. reference.
12 Fa, E5 DP3 | Output to display segments. 29 CRers Positive side of external reference
capacitor.
13 By, C4, BCs Output to display segments.
30 Crer- Negative side of external reference
14 A4, Dy, Gy Output to display segments. capacitor.
15 F4, Eq4, DP4 | Output to display segments. 31 BUFFER Output of buffer amplifier.
16 BPy Backplane #3 output to display. 32 INLO Negative input voltage terminal.
17 BP; Backplane #2 output to display. 35 IN HI Positive input voltage terminal.
18 BP, Backplane #1 output to display. 4 REF HI Positive reference voltage input ter-
minal.
19 Voisp Negative rail for display drivers.
X 35 REF LO Negative reference voltage input
20 DP,/OR INPUT: When HI, turns on most sig- terminal.
nificant decimal point.
OUTPUT: Pulled HI when result 36 DGND Ground reference for digital section.
count exceeds £19,999. 37 RANGE  |3pA pull-down for 200mV scale.
21 DPy/UR INPUT: Second most significant Pulled HIGH externally for 2V scale.
decimal point on when Hi. 38 DP, Internal 3pA pull-down. When HI,
QUTPUT: Pulled HI when result decimal point 2 will be on.
count is less than +1,000.
39 DP, Internal 3pA pull-down. When Hi,
22 LATCH/HOLD | INPUT: When floating, A/D convert- decimal point 1 will be on.
er operates in the free-run mode.
When pulled HI, the last displayed 40 0sc2 Output of first clock inverter. Input of

second clock inverter.

2-61

B

A/D CONVERTERS
DISPLAY




ICL7129

Detailed Description

The ICL7129 is a uniquely designed single chip A/D con-
verter. It features a new “successive integration” technique to
achieve 10uV resolution on a 200mV full-scale range. To
achieve this resolution a 10:1 improvement in noise perfor-
mance over previous monolithic CMOS A/D converters was
accomplished. Previous integrating converters used an
external capacitor to store an offset correction voltage. This
technique worked well but greatly increased the equivalent
noise bandwidth of the converter. The ICL7129 removes this
source of error (noise) by not using an auto-zero capacitor.
Offsets are cancelled using digital techniques instead. Sav-
ings in external parts cost are realized as well as improved
noise performance and elimination of a source of electro-
magnetic and electrostatic pick-up.

In the overall Functional Block Diagram of the ICL7129 the
heart of this A/D converter is the sequence counter/decoder
which drives the control logic and keeps track of the many
separate phases required for each conversion cycle. The
sequence counter is constantly running and is a separate
counter from the up/down results counter which is activated
only when the integrator is de-integrating. At the end of a con-
version the data remaining in the results counter is latched,
decoded and multiplexed to the liquid crystal display.

The analog section block diagram shown in Figure 1
includes all of the analog switches used to configure the volt-
age sources and amplifiers in the different phases of the
cycle. The input and reference switching schemes are very
similar to those in other less accurate integrating A/D con-
verters. There are 5 basic configurations used in the full con-
version cycle. Figure 2 illustrates a typical waveform on the
integrator output. INT, INT4, and INT, all refer to the signal
integrate phase where the input voltage is applied to the
integrator amplifier via the buffer amplifier. In this phase, the
integrator ramps over a fixed period of time in a direction
opposite to the polarity of the input voltage.

DE,, DE,, and DEj; are the de-integrate phases where the
reference capacitor is switched in series with the buffer
amplifier and the integrator ramps back down to the level it
started from before integrating. However, since the de-inte-
grate phase can terminate only at a clock pulse transition,
there is always a small overshoot of the integrator past the
starting point. The ICL7129 amplifies this overshoot by 10
and DE; begins. Similarly DE,’s overshoot is amplified by 10
and DEj begins. At the end of DEg the results counter holds
a number with 5 1/2 digits of resolution. This was obtained
by feeding counts into the results counter at the 3 1/2 digit
level during DE;, into the 4 1/2 digit level during DE, and the
5 1/2 digit level for DE;. The effects of offset in the buffer,

Crer Rint Cint
ﬂ%ﬂ ”
BUFFER INT, IN INT OUT
PP Slr-iieiiiiivhnsll vioeb S 15544414 B P ULLILL B P LI

cessssssasey

X10
COMPARATOR 1

|

BUFFER
Z1,X10

IN HI

TO DIGITAL

SECTION
INTEGRATOR 100

COMPARATOR 2

COMMON 8

H DE+ DE-
E INT4, INT, iNT REST, INT,
INLO ¢—

FIGURE 1. ANALOG BLOCK DIAGRAM

ZERO-INTEGRATE
AND LATCH

INT,
INTEGRATE

DE,
, DEINTEGRATE REST X10 DE, REST X10 DE3 ZEROJNTEGRATE

NOTE: Shaded area greatly expanded
in time and amplitude.

1000 CLOCKS | 2000

VOLTAGE

1000 CLOCKS _—')I

10,000 CLOCKS = CLOCKS

FIGURE 2. INTEGRATOR WAVEFORM FOR NEGATIVE INPUT VOLTAGE SHOWING SUCCESSIVE INTEGRATION PHASES AND

RESIDUE VOLTAGE
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integrator, and comparator can now be cancelled by repeat-
ing this entire sequence with the inputs shorted and sub-
tracting the results from the original reading. For this phase
INT, switch is closed to give the same common-mode volt-
age as the measurement cycle. This assures excellent
CMRR. At the end of the cycle the data in the up/down
results counter is accurate to 0.02% of full-scale and is sent
to the display driver for decoding and multiplexing.

COMMON, DGND, and “Low Battery”

The COMMON and DGND (Digital GrouND) outputs of the
ICL7129 are generated from internal zener diodes
(Figure 3). COMMON is included primarily to set the com-
mon-mode voltage for battery operation or for any system
where the input signals float with respect to the power sup-
plies. It also functions as a pre-regulator for an external pre-
cision reference voltage source. The voltage between DGND
and V+ is the supply voltage for the logic section of the
ICL7129 including the display multiplexer and drivers. Both
COMMON and DGND are capable of sinking current from
external loads, but caution should be taken to ensure that
these outputs are not overloaded. Figure 4 shows the con-
nection of external logic circuitry to the ICL7129. This con-
nection will work providing that the supply current
requirements of the logic do not exceed the current sink
capability of the DGND pin. If more supply current is
required, the buffer in Figure 5 can be used to keep the load-
ing on DGND to a minimum. COMMON can source approxi-
mately 12uA while DGND has no source capability.

24
(I) :Av b
X ¥ o
28 COMMON
N x C) LOGIC 8
o SECTION
BATTERY" | %
— P DGND
at
¢ ®
23
V-

FIGURE 3. BIASING STRUCTURE FOR COMMON AND DGND

Ve

T 1

EXTERNAL
LOGIC

L %

—
loaic

ICL7129
DGND

231 v

FIGURE 4. DGND SINK CURRENT

4V+
| 24

EXTERNAL >

LOGIC e
ICL7129
EXTERNAL
LOGIC “
CURRENT 36
4 DGND

[ 23
vV

FIGURE 5. BUFFERED DGND

The “LOW BATTERY” annunciator of the display is turned on
when the voltage between V+ and V- drops below 7.2V typi-
cally. The exact point at which this occurs is determined by
the 6.3V zener diode and the threshold voltage of the
n-channel transistor connected to the V- rail in Figure 3. As
the supply voltage decreases, the n-channel transistor con-
nected to the V-rail eventually turns off and the “LOW BAT-
TERY” input to the logic section is pulled HIGH, turning on
the “LOW BATTERY” annunciator.

VO Ports

Four pins of the ICL7129 can be used as either inputs or out-
puts. The specific pin numbers and functions are described
in the Pin Description table. If the output function of the pin is
not desired in an application it can easily be overridden by
connecting the pin to V+ (HI) or DGND (LO). This connection
will not damage the device because the output impedance of
these pins is quite high. A simplified schematic of these
input/output pins is shown in Figure 6. Since there is approx-
imately 500kQ in series with the output driver, the pin (when
used as an output) can only drive very light loads such as
4000 series, 74CXX type CMOS logic, or other high input
impedance devices. The output drive capability of these four
pins is limited to 3pA, nominally, and the input switching
threshold is typically DGND + 2V.

oo ————as
[}
’
1]
H
’
’
’
’
1 <
5 < =500kQ
DP4/OR PIN 20 ;
DPI/URPIN21 | 4
LATCH/HOLDPIN22 [ ¥
CONTINUITY PIN27 ) ¢
' ICL7129

FIGURE 6. “WEAK OUTPUT”
LATCH/HOLD, Overrange, and Underrange Timing

The LATCH/HOLD output (pin 22) will be pulled low during
the last 100 clock cycles of each full conversion cycle. Dur-
ing this time the final data from the ICL7129 counter is
latched and transferred to the display decoder and multi-
plexer. The conversion cycle and LATCH/HOLD timing are
directly related to the clock frequency. A full conversion cycle
takes 30,000 clock cycles which is equivalent to 60,000
oscillator cycles. OverRange (OR pin 20) and UnderRange
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(UR pin 21) outputs are latched on the falling edge of
LATCH/HOLD and remain in that state until the end of the
next conversion cycle. In addition, digits 1 through 4 are
blanked during overrange. All three of these pins are “weak
outputs” and can be overridden with external drivers or pull-
up resistors to enable their input functions as described in
the Pin Description table.

Instant Continuity

A comparator with a built-in 200mV offset is connected
directly between INPUT HI and INPUT LO of the ICL7129
(Figure 7). The CONTINUITY output (pin 27) will be pulled
high whenever the voltage between the analog inputs is less
than 200mV. This will also turn on the “CONTINUITY”
annunciator on the display. The CONTINUITY output may be
used to enable an external alarm or buzzer, thereby giving
the ICL7129 an audible continuity checking capability.

INHI 64—
’
’
’
’
;
COMMON ¢———

’
’

INLO ?—'—®
i | 200mv 500kQ
PLs
i TO DISPLAY

CONTINUITY - DRIVER
(NOT LATCHED)

FIGURE 7. “INSTANT CONTINUITY” COMPARATOR AND
OUTPUT STRUCTURE

Since the CONTINUITY output is one of the four “weak out-
puts” of the ICL7129, the “continuity” annunciator on the dis-
play can be driven by an external source if desired. The
continuity function can be overridden with a pull-down resistor
connected between CONTINUITY pin and DGND (pin 36).

Display Configuration

The ICL7129 is designed to drive a triplexed liquid crystal
display. This type of display has three backplanes and is
driven in a multiplexed format similar to the ICM7231 display
driver family. The specific display format is shown in
Figure 8. Notice that the polarity sign, decimal points, “LOW
BATTERY”, and “CONTINUITY” annunciators are directly
driven by the ICL7129. The individual segments and annun-
ciators are addressed in a manner similar to row-column
addressing. Each backplane (row) is connected to one-third
of the total number of segments. BP1 has all F, A, and B seg-
ments of the four least significant digits. BP2 has all of the C,
E, and G segments. BP3 has all D segments, decimal
points, and annunciators. The segment lines (columns) are
connected in groups of three bringing all segments of the
display out on just 12 lines.

Annunciator Drive

A special display driver output is provided on the ICL7129
which is intended to drive various kinds of annunciators on
custom multiplexed liquid crystal displays. The ANNUNCIATOR
DRIVE output (pin 3) is a squarewave signal running at the
backplane frequency, approximately 100Hz. This signal
swings from Vpgp to V+ and is in sync with the three back-
plane outputs BP1, BP2, and BP3. Figure 9 shows these
four outputs on the same time and voltage scales.

Any annunciator associated with any of the three backplanes
can be turned on simply by connecting it to the ANUNCIA-
TOR DRIVE pin. To turn an annunciator off connect if to its
backplane. An example of a display and annunciator drive
scheme is shown in Figure 10.

<o

‘P@??@?@‘P@

lf\ %—M—M—@—i\{@—' BP1
y BACKPLANE

CONNECTIONS

BP3
L
.
F4, E4, DP4 B1, C1, CONTINUITY
A4,G4,D4 —— A1,G1,D1
B4, C4, BCS F1, E1, DP1
F3, E3, DP3 B2, C2, LOW BATTERY
A3, G3, D3 A2, G2, D2
B3, C3, MINUS F2, E2, DP2

FIGURE 8. TRIPLEXED LIQUID CRYSTAL DISPLAY LAYOUT FOR ICL7129
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w1 U L
o T

ON SEG.
FIGURES. TYPICAL BACKPLANE AND ANNUNCIATOR DRIVE

WAVEFORMS
ANNUNCIATOR
m
m
K
LOW BATTERY CONTINUITY M BACKPLANE
-{8888 —
AMPS
VOLTS
Q
BACKPLANE
FIGURE 10. MULTIMETER EXAMPLE SHOWING USE OF
ANNUNCIATOR DRIVE OUTPUT

Display Temperature Compensation

For most applications an adequate display can be obtained
by connecting Vpsp (pin 19) to DGND (pin 36). In applica-
tions where a wide temperature range is encountered, the
voltage drive levels for some triplexed liquid crystal displays
may need to vary with temperature in order to maintain good
display contrast and viewing angle. The amount of tempera-

V+
1N4148 33k
A 200K 24
200
vy
Newrst | .
DisP
5K '
ICL7129
{ 36
DGND
75K
23
V-

ture compensation will depend upon the type of liquid crystal
used. Display manufacturers can supply the temperature
compensation requirements for their displays. Figure 11
shows two circuits that can be adjusted to give a tempera-
ture compensation of = + 10mV/°C between V+ and Vpgp
The diode between DGND and Vpgp should have a low
turn-on voltage to assure that no forward current is injected
into the chip if Vpgp is more negative than DGND.

Component Selection

There are only three passive components around the
ICL7129 that need special consideration in selection. They
are the reference capacitor, integrator resistor, and integrator
capacitor. There is no auto-zero capacitor like that found in
earlier integrating A/D converter designs.

The integrating resistor is selected to be high enough to
assure good current linearity from the buffer amplifier and
integrator and low enough that PC board leakage is not a
problem. A value of 150kQ should be optimum for most appli-
cations. The integrator capacitor is selected to give an opti-
mum integrator swing at full-scale. A large integrator swing will
reduce the effect of noise sources in the comparator but will
affect rollover error if the swing gets too close to the positive
rail (=0.7V). This gives an optimum swing of =2.5V at full-
scale. For a 150kQ2 integrating resistor and 2 conversions per
second the value is 0.10pF. For different conversion rates, the
value will change in inverse proportion. A second requirement
for good linearity is that the capacitor have low dielectric
absorption. Polypropylene caps give good performance at a
reasonable price. Finally the foil side of the cap should be
connected to the integrator output to shield against pickup.

The only requirement for the reference cap is that it be low
leakage. In order to reduce the effects of stray capacitance,
a 1.0pF value is recommended.

Clock Oscillator

The ICL7129 achieves its digital range changing by integrat-
ing the input signal for 1000 clock pulses (2,000 oscillator
cycles) on the 2V scale and 10,000 clock pulses on the
200mV scale. To achieve complete rejection of 60Hz on both
scales, an oscillator frequency of 120kHz is required, giving
two conversions per second.

<
:: 39K

‘P
20K ::‘_K 2N2222

+ Voisp
% ICL7129
36
DGND

23
vV

24

<P
18K::

FIGURE 11. TWO METHODS FOR TEMPERATURE COMPENSATING THE LIQUID CRYSTAL DISPLAY
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In low resolution applications, where the converter uses only
3 1/2 digits and 100uV resolution, an R-C type oscillator is
adequate. In this application a C of 51pF is recommended
and the resistor value selected from fogc = 0.45/RC. How-
ever, when the converter is used to its full potential (4 1/2 dig-
its and 10uV resolution) a crystal oscillator is recommended
to prevent the noise from increasing as the input signal is
increased due to frequency jitter of the R-C oscillator. Both R-
C and crystal oscillator circuits are shown in Figure 12.

D>
H ICL7129)
L S B . - 4
1 40 2
L3 -
1L
L1
H 1
’ ’
: D ICL7129/
R T B N P LT ¢
1 40 2
210k S CRYSTAL MODE:
SpF | 120kHz 10pF ;:2‘5'3';5"
Vi 4—[J———F—oV- ¢ <12pF
Co <5pF
FIGURE 12. RC AND CRYSTAL OSCILLATOR CIRCUITS
Powering the ICL7129

The ICL7129 may be operated as a battery powered hand-held
instrument or integrated into larger systems that have more
sophisticated power supplies. Figures 13, 14, and 15 show
various powering modes that may be used with the ICL7129.

The standard supply connection using a 9V battery is shown
in the Typical Application Schematic.

The power connection for systems with +5V and -5V sup-
plies available is shown in Figure 13. Notice that measure-
ments are with respect to ground. COMMON s also tied to
INLO to remove any common-mode voltage swing on the
integrator amplifier inputs.

5 +5V
AAA
vy
I
V+
34 <
== 0.1yF REFHI >3 7&ict 8089
REFLO
0.1uF ICL7129
_L—r—lli DGND COM
= 33
IN HI T+
Vin
o= O.1yF Lo |2 T d
w |1
[= =
b -5V

FIGURE 13. POWERING THE ICL7129 FROM +5V AND -5V

It is important to notice that in Figure 13, digital ground of the
ICL7129 (DGND pin 36) is not directly connected to power
supply ground. DGND is set internally to approximately 5V
less than the V+ terminal and is not intended to be used as a
power input pin. It may be used as the ground reference for
external logic, as shown in Figure 4 and 5. In Figure 4, DGND
is used as the negative supply rail for external logic provided
that the supply current for the external logic does not cause
excessive loading on DGND. The DGND output can be buff-
ered as shown in Figure 5. Here, the logic supply current is
shunted away from the ICL7129 keeping the load on DGND
low. This treatment of the DGND output is necessary to insure
compatibility when the external logic is used to intertace
directly with the logic inputs and outputs of the ICL7129.

When a battery voltage between 3.8V and 6V is desired for
operation, a voltage doubling circuit should be used to bring
the voltage on the ICL7129 up to a level within the power sup-
ply voltage range. This operating mode is shown in Figure 14.

L
I 24 3
3
V+ |
ReFH 342
. REFLO |25
=38VTo icurize |
_'-':5V 354 paGND COM
8 . Ty 1 *.‘.‘v;- +
]+ 2 | T N
3 INLO -
—— icL7e60 | 4 T1ouF V-
5 23
+,, 10pF
"

FIGURE 14. POWERING THE ICL7129 FROM A 3.8V TO 6V BATTERY

Again measurements are made with respect to COMMON
since the entire system is floating. Voltage doubling is
accomplished by using an ICL7660 CMOS voltage converter
and two inexpensive electrolytic capacitors. The same princi-
ple applies in Figure 15 where the ICL7129 is being used in
a system with only a single +5V power supply. Here mea-
surements are made with respect to power supply ground.

+5V

>
| 2 2
V+
M <
= 0.4yF *$ /& icLsoss
35
0.1uF ICL7129
36 28
5 4
2 2 . MAV—o +
1 = | v
IN
3 2 T n
b= icL7eso |4 T10uF V- _L -
S 23 =

+10uF
L1

FIGURE 15. POWERING THE ICL7129 FROM A SINGLE
POLARITY POWER SUPPLY
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A single polarity power supply can be used to power the
ICL7129 in applications where battery operation is not
appropriate or convenient only if the power supply is isolated
from system ground. Measurements must be made with
respect to COMMON or some other voltage within its input
common-mode range

Voltage References

The COMMON output of the ICL7129 has a temperature
coefficient of +80ppm/°C typically. This voitage is only suit-
able as a reference voltage for applications where ambient
temperature variations are expected to be minimal. When
the ICL7129 is used in most environments, other voltage ref-
erences should be considered. The diagram in the Typical
Application Schematic and Figure 15 show the ICL8069
1.2V band-gap voltage source used as the reference for the
ICL7129, and the COMMON output as its pre-regulator. The
reference voltage for the ICL7129 is set to 1.000V for both
2V and 200mV full-scale operation

Multiple Integration A/D Converter Equations

Oscillator Frequency
fOSC = 045/RC
Cosc > 50pF; Rosc > 50kQ
fosc typ. = 120kHz
or
fosc = 120kHz Crystal (Recommended)
Oscillator Period
tosc = ¥fosc
Integration Clock Period
tcLock = 2*tosc
Integration Period

Integrate Resistor

RinT = ViNrs/linT
Rit Typ. = 150kQ

Integrate Capacitor
_ Ny Uiy
INT VINT
Integrator Output Voltage Swing
(inp) i)
INT CINT
VinT Maximum Swing:
Display Count

(V- +0.5V) < VinT < (V4 - 0.7V)
VIN
VREF

VN X 10
COUNT = 10,000 X ———

(200mV Range) REF
Minimum Vggg: 500mV
Common Mode Input Voltage
(V-+1.0V) < V)y < (V+-0.5V)
Auto Zero Capacitor: Cpz not used
Reference Capacitor: 0.1uF < Cgrgg < 1.0uF

COUNT = 10, 000 x
(2.0V Range)

(Range=1)

(Range =0)

Voom
Biased Between V+ and V-.
VCOM =V+-2.9V
Regulation lost when V+ to V- < =6.4V.

If Veowm is externally pulled down to (V+ to V-)/2, the Veom
circuit will turn off.

tint(2v) = 1000*tc ock (Range = 1) Power Supply: Single 9V

tinT(200mv) = 10,000*tc ock (Range = 0) V.+ - V-=9V ‘ .
60/50Hz Rejection Criterion Digital supply is generated internally

tinT/teonz OF tinT/tsonz = Integer Vanp = V+- 4.5V
Optimum Integration Current Display: Triplexed LCD

InT = 130A Continuity Output On if
Full Scale Analog Input Voltage ViNHi to VinLo < 200mV

VinEs Typically = 200mV or 2.0V Conversion Cycle (In Both Ranges)

teyc = tcLock X 30,000
ZERO-INTEGRATE INT, DE,
AND LATCH INTEGRATE _ DEANTEGRATE REST X10  DE, REST X10 & DE; ZERONTEGRATE
-

NOTE: Shaded area greatly expanded
in time and amplitude.

1000 CLOCKS | 2000

1000 CLOCKS ———»l

" 10,000 CLOCKS =~ CLOCKS
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ICL7136, ICL7137

31/, Digit LCD/LED Low Power
Display A/D Converter with Overrange Recovery

Features

* First Reading Overrange Recovery in One Conversion Period
¢ Guaranteed Zero Reading for OV Input on All Scales

* True Polarity at Zero for Precise Null Detection

¢ 1pA Typical Input Current

¢ True Differential Input and Reference, Direct Display Drive
- LCDICL7136
- LEDICL7137

¢ Low Noise - Less Than 15uVp-p

¢ On Chip Clock and Reference

* No Additional Active Circuits Required

* Low Power - Less Than 1mW

Small Outline Surface Mount Package Avalilable

* Drop-In Replacement for ICL7126, No Changes Needed

Ordering Information

NOTE: 1. “R” indicates device with reversed leads.

Description

The Harris ICL7136 and ICL7137 are high performance,
low power 3'/, digit A/D converters. Included are seven
segment decoders, display drivers, a reference, and a
clock. The ICL7136 is designed to interface with a liquid
crystal display (LCD) and includes a multiplexed back-
plane drive; the ICL7137 will directly drive an instrument
size, light emitting diode (LED) display.

The ICL7136 and ICL7137 bring together a
combination of high accuracy, versatility, and true
economy. It features auto-zero to less than 10uV, zero
drift of less than 1uV/°C, input bias current of 10pA
max., and rollover error of less than one count. True
differential inputs and reference are useful in all sys-
tems, but give the designer an uncommon advantage
when measuring load cells, strain gauges and other
bridge type transducers. Finally, the true economy of
single power supply operation (ICL7136), enables a

PART TEMPERATURE . S
NUMBER RANGE PACKAGE hlgl‘! .performance pangl meter to be built wn}h the
OL71300PL 70 10170°C 120 Load Prastio DIP addition of only 10 passive components and a display.
ICL7136RCPL | 0°Ct0+70°C |40 Lead Plastic DIP (Note 1) The ICL7136 and ICL7137 are improved versions of
1CL71360M44 0°C 10 +70°C | 44 Lead Metic Plastic Quad Flalpack the ICL7j26, eliminating the overrange r.\angover' and
TCL71370PL 010 370°C 120 Load Plasic DIF hysteresis effects, and should be used in its place in all
0+ éad rlastic applications. It can also be used as a plug-in replace-
ICL7137RCPL | 0°Cto +70°C | 40 Lead Plastic DIP (Note 1) ment for the ICL7106 in a wide variety of applications,
ICL7137CM44 | 0°C to +70°C | 44 Lead Metric Plastic-Quad Flatpack| ~changing only the passive components.

Pinouts
(PDIP) (MQFP)
TOP VIEW TOP VIEW
v+ 0 ~ [30] osc 1 -0 ]
Tt o= _ o w
o1 [2] [39] osc2 Lk oW wZEE 3k,
a3 58] osc 3 cx OO0 O0Z Zqa@mZ 3
B1 [4] [37] TEST
(1's) e A1 [5] [36] REF HI
/7
F [e 35] REFLO (744 43 42 41 40 39 38 37 36 3534 |
o g = I ==l
e1 [2] 5] Coer NneCI| 2 32|—1Ja2
¢ TesTCI—]| 3 s1|—Idcs3
p2 [3] [32] coMmoN
osc3CIT—]|4 30|[—TJA3
c2 [ig} [31] INHI
82 [ 3] IN Lo NneCIT|s 29|T7G3
(09 o Gz 5] Az osc2CT "l s 28| T BP/GND
r2 [i3 28] BUFF osc1CI |7 27|—TJroL
£2 [13 [Z7] INT v+CI]| & 26|/ T JABs
os 18] 6] v- oy | ) 25([TJes
(1004 B2 [l [25] G2 (10's) c1 |10 24{TF3
1 —1
F3 [17 [24] c3 BICT ("), 13 14 15 16 17 18 19 20 21 25° 83
E3 [1g] 23] A3 9 (100's)
(1°°°)ANE EGS HHHHHHHH
mnusy o 2] 21] BPiGND A1 F1 G1 E1 D2 C2 B2 A2 F2 E2 D3
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3086

Copyright © Harris Corporation 1993 2.68



Specifications ICL7136, ICL7137

Absolute Maximum Ratings
Supply Voltage

ICL7136,V+toV-. . coviiiiiiiininnnns
ICL7137,V+t0GND........oiiennnnns
ICL7137,V-10GND ..........ccinnenen
Analog Input Voltage (Either Input) (Note 1). .
Reference Input Voltage (Either Input) . . ....

Clock Input

ICL7136 ... iiveiiiiiiiiiienne
ICL7137 .

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

Thermal Information

Thermal Resistance CIT
.............. 15V 40LeadPDIP ......ccoiviiiiennnrenannenne.....50°CW
............... 6V 44 Llead MQFP Package ... ......ccveueeennsa....80°CW
............... -9V Maximum Power Dissipation (Note 2)
........... V+to V- 0 T T PR ¢ X 1",
........... V+to V- 107 I < 7 o X 2111

Operating Temperature Range ... ............... 0°C to +70°C
........ TESTtoV+ Storage Temperature Range..................-65°C to +150°C
......... GND to V+ Lead Temperature (Soldering 10sMax) ................+300°C

JunctionTemperature .. ........coveeneeeeennnennnnns +150°C

of the device at these or any other conditions above those indicated in the op | sections of this specification is not implied.
Electrical Specifications (Note 3)
PARAMETERS TEST CONDITIONS ] MIN [ TP | max | unirs

SYSTEM PERFORMANCE

Zero Input Reading Vin = 0.0V, Full-Scale = 200mV -000.0 | +000.0 | +000.0 | Digital
Reading
Ratiometric Reading Vin = VRer, VRer = 100mV 999 999/ 1000 | Digital
1000 Reading
Rollover Error -V|n = +V|y = 200mV Difference in Reading for Equal - 0.2 +1 Counts
Positive and Negative Inputs Near Full-Scale
Linearity Full-Scale = 200mV or Full-Scale = 2V Maximum - 0.2 +1 Counts
Deviation from Best Straight Line Fit (Note 5)
Common Mode Rejection Ratio Vem =11V, Vi = 0V, Full-Scale = 200mV (Note 5) - 50 - uvwv
Noise Vi = 0V, Full-Scale = 200mV (Pk-Pk Value Not - 15 - Y
Exceeded 95% of Time) (Note 5)
Leakage Current Input Vin = 0 (Note 5) - 1 10 pA
Zero Reading Drift Vin =0, 0° < T, < +70°C (Note 5) - 0.2 1 /(]
Scale Factor Temperature Coefficient Vjy = 199mV, 0° < Ty < +70°C, (Ext. Ref. Oppmv°C) - 1 5 ppm/°C
(Note 5)
COMMON Pin Analog Common Voltage 25kQ Between Common and Positive Supply (With 24 2.8 3.2 v
Respect to + Supply)
Temperature Coefficient of Analog Common |25kQ Between Common and Positive Supply (With - 150 - ppm/°C
Respect to + Supply) (Note 5)
ICL7136
V+ Supply Current V\x = 0 (Does Not Include Common Current) 16kHz - 70 100 HA
Oscillator (Note 6)
ICL7137
V+ Supply Current V)n = 0 (Does Not Include Common Current) 16kHz - 70 200 pA
V- Supply Current Oscillator (Note 6) B 40 ~ HA
DISPLAY DRIVER ICL7136 ONLY
Pk-Pk Segment Drive Voltage V+ =to V- =9V, (Note 4) 4 5 6 \"
Pk-Pk Backplane Drive Voltage
ICL7137 ONLY
Segment Sinking Current V+ = 5V, Segment Voltage = 3V
(Except Pin 19 and 20) 5 8 - mA
Pin 19 Only 10 16 - mA
Pin 20 Only 4 7 - mA
NOTES:
1. Input voltages may exceed the supply voltages provided the input current is limited to +100pA.

2. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board.
3. Unless otherwise noted, specifications apply to both the ICL7136 and ICL7137 at T, = +25°C, fo| ock = 48kHz. ICL7136 is tested in the
circuit of Figure 1. ICL7137 is tested in the circuit of Figure 2.
4. Back plane drive is in phase with segment drive for ‘off’ segment, 180° out of phase for ‘on’ segment. Frequency is 20 times conversion
rate. Average DC component is less than 50mV.

5. Not tested, guaranteed by design.

6. 48kHz oscillator increases current by 20uA (TYP).

2-69

B

A/D CONVERTERS
DISPLAY




ICL7136, ICL7137

Typical Applications and Test Circuits

C; =0.1pF
C, =0.47pF
Cs; =0.047pF
C, =50pF
Cs =0.01pF
R; =240KQ
R, =180KQ
R; =180KQ
Ry =10KQ
Rs =1MQ

FIGURE 1. ICL7136 TEST CIRCUIT & TYPICAL APPLICATION WITH LCD DISPLAY COMPONENTS SELECTED FOR 200mV FULL-SCALE

C, =0.1pF

C, =047yF

B BIBIBIBIRIBIRIRIE C§=0.047uF

SSSpIOoLbEIIaNEE>38238 oy~ sopF

8g3FrLEypssc=zz"2a 8 Cs =0.01pF

> R, =240KQ

IcL7137 ) Ry = 180KQ

*Ecacconsd8YraBBendd ga=:g%n

Al AL N =TT EETEETERER Re  MQ
DISPLAY

YEFE 4

FIGURE 2. ICL7137 TEST CIRCUIT & TYPICAL APPLICATION WITH LED DISPLAY COMPONENTS SELECTED FOR 200mV FULL-SCALE
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Design Information Summary Sheet

¢ OSCILLATOR FREQUENCY

foso = 0.45/RC

Cosc > SOpF, ROSC > 50KQ

fosc Typ. = 48KHz

OSCILLATOR PERIOD

tosc = RC/045

INTEGRATION CLOCK FREQUENCY
foLook = fosc/4

INTEGRATION PERIOD

tint = 1000 x (4/fpsc)

60/50Hz REJECTION CRITERION
tinT/teonz OF tinT/tsoHz = Integer
OPTIMUM INTEGRATION CURRENT
InT = 1.00A

FULL-SCALE ANALOG INPUT VOLTAGE
ViNES Typically =200mV or 2.0V

INTEGRATE RESISTOR

. - VINFS
INT =
N INT
« INTEGRATE CAPACITOR
N OINT)
INT VINT
« INTEGRATOR OUTPUT VOLTAGE SWING
N ONT)
INT it

. VINT MAXIMUM SWING:
(V- + 0.5V) < Vin1 < (V+ - 0.5V), V)7 typically = 2.0V

« DISPLAY COUNT
VIN

COUNT = 1000><V
REF

e CONVERSION CYCLE

teve = toLock X 4000
teve = tosc x 16,000
when fosc = 48KHz; 'CYC = 333ms

« COMMON MODE INPUT VOLTAGE
(V- + 1.0V) < Vjy < (V+- 0.5V)

¢ AUTO-ZERO CAPACITOR
0.01pF < Caz < 1.0pF

REFERENCE CAPACITOR
01}1F < CHEF < 10LLF

* Veom
Biased between V+ and V-.

. VCOM =V+-2.8V
Regulation lost when V+ to V- < =6.8V.
If Vcom is externally pulled down to (V +to V -)/2,
the Vcowm circuit will turn off.

ICL7136 POWER SUPPLY: SINGLE 9V
V+-V-=9V

Digital supply is generated internally
VTEST =V+-45V

ICL7136 DISPLAY: LCD
Type: Direct drive with digital logic supply amplitude.

ICL7137 POWER SUPPLY: DUAL 15.0V
V+=+5.0V to GND

V-=-5.0V to GND

Digital Logic and LED driver supply V+ to GND

ICL7137 DISPLAY: LED
Type: Non-Multiplexed Common Anode

.

Typical Integrator Amplifier Output Waveform (INT Pin)

AUTO ZERO PHASE SIGNAL INTEGRATE
COUNTS) PHASE FIXED
9 - 1000 1000 COUNTS

DE-INTEGRATE PHASE
0 - 1999 COUNTS

0
'
'
'
i
'
il
'
'
'
'
'
'
i
'
r
'
'
'
]
'
'
'
]
'
'
i
'
'
'

TOTAL CONVERSION TIME = 4000 x tc ock = 16,000 x tosc
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Pin Description

PIN NUMBER
44 PIN
40 PIN DIP | FLATPACK NAME FUNCTION DESCRIPTION
1 8 V+ SUPPLY | Power Supply
2 9 D1 OUTPUT | Driver Pin for Segment “D” of the display units digit
3 10 C1 OUTPUT | Driver Pin for Segment “C” of the display units digit
4 1 B1 OUTPUT | Driver Pin for Segment “B" of the display units digit
5 12 Al OUTPUT | Driver Pin for Segment “A” of the display units digit
6 13 F1 OUTPUT | Driver Pin for Segment “F~ of the display units digit
7 14 G1 OUTPUT | Driver Pin for Segment “G” of the display units digit
8 15 E1l OUTPUT | Driver Pin for Segment “E” of the display units digit
9 16 D2 OUTPUT | Driver Pin for Segment “D” of the display tens digit
10 17 c2 OUTPUT | Driver Pin for Segment “C” of the display tens digit
1 18 B2 OUTPUT | Driver Pin for Segment “B" of the display tens digit
12 19 A2 OUTPUT | Driver Pin for Segment “A” of the display tens digit
13 20 F2 OUTPUT | Driver Pin for Segment “F~ of the display tens digit
14 21 E2 OUTPUT | Driver Pin for Segment “E” of the display tens digit
15 22 D3 OUTPUT | Driver pin for segment “D” of the display hundreds digit
16 23 B3 OUTPUT | Driver pin for segment “B” of the display hundreds digit
17 24 F3 OUTPUT | Driver pin for segment “F" of the display hundreds digit
18 25 E3 OUTPUT | Driver pin for segment “E” of the display hundreds digit
19 26 AB4 OUTPUT | Driver pin for both “A” and “B” segments of the display thousands digit
20 27 POL OUTPUT | Driver pin for the negative sign of the display
21 28 BP/GND OUTPUT | Driver pin for the LCD backplane/Power Supply Ground
22 29 G3 OUTPUT | Driver pin for segment “G” of the display hundreds digit
23 A3 OUTPUT | Driver pin for segment “A” of the display hundreds digit
24 31 c3 QUTPUT | Driver pin for segment “C” of the display hundreds digit
25 32 G2 OUTPUT | Driver pin for segment “G” of the display tens digit
26 34 v SUPPLY | Negative power supply
27 35 INT OUTPUT | Integrator amplifier output. To be connected to integrating capacitor
28 36 BUFF OUTPUT | Input buffer amplifier output. To be connected to integrating resistor
29 37 A-Z INPUT Integrator amplifier input.To be connected to auto-zero capacitor
30 38 INLO INPUT Differential inputs. To be connected to input voltage to be measured. LO & HI
31 39 IN HI designators are for reference and do not imply that LO should be connected to
lower potential, e.g. for negative inputs IN LO has a higher potential than IN HI.
32 40 COMMON | SUPPLY/ | Internal voltage reference output.
OUTPUT
33 41 CRer- Connection pins for reference capacitor.
34 42 CRer.
35 43 REF LO INPUT Input pins for reference voltage to the device. REF HI should be positive refer-
36 44 REF HI ence to REF LO.
37 3 TEST INPUT Display test. Turns on all segments when tied to V+.
38 4 0OSC3 OUTPUT | Device clock generator circuit connection pins
39 6 0SsC2 OUTPUT
40 7 OSCt INPUT
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Detailed Description
Analog Section

Figure 3 shows the Analog Section for the ICL7136 and
ICL7137. Each measurement cycle is divided into four
phases. They are (1) auto-zero (A-Z), (2) signal integrate
(INT) and (3) de-integrate (DE), (4) zero integrate (ZI).

Auto-Zero Phase

During auto-zero three things happen. First, input high and
low are disconnected from the pins and internally shorted to
analog COMMON. Second, the reference capacitor is
charged to the reference voltage. Third, a feedback loop is
closed around the system to charge the auto-zero capacitor
Caz to compensate for offset voltages in the buffer amplifier,
integrator, and comparator. Since the comparator is included
in the loop, the A-Z accuracy is limited only by the noise of
the system. In any case, the offset referred to the input is
less than 10uV.

Signal Integrate Phase

During signal integrate, the auto-zero loop is opened, the
internal short is removed, and the internal input high and low
are connected to the external pins. The converter then
integrates the differential voltage between IN HI and IN LO
for a fixed time. This differential voltage can be within a wide
common mode range: up to 1V from either supply. If, on the
other hand, the input signal has no return with respect to the
converter power supply, IN LO can be tied to analog
COMMON to establish the correct common mode voltage. At
the end of this phase, the polarity of the integrated signal is
determined.

De-Integrate Phase
The final phase is de-integrate, or reference integrate. Input

low is internally connected to analog COMMON and input
high is connected across the previously charged reference

capacitor. Circuitry within the chip ensures that the capacitor
will be connected with the correct polarity to cause the
integrator output to return to zero. The time required for the
output to return to zero is proportional to the input signal.
Specifically the digital reading displayed is

VIN
DISPLAY READING = 1000 (v_)
REF/

Zero Integrator Phase

The final phase is zero integrator. First, input low is shorted to
analog COMMON. Second, the reference capacitor is charged
to the reference voltage. Finally, a feedback loop is closed
around the system to IN HI to cause the integrator output to
return to zero. Under normai conditions, this phase lasts for
between 11 to 140 clock pulses, but after a “heavy” overrange
conversion, it is extended to 740 clock pulses.

Differential Input

The input can accept differential voltages anywhere within the
common mode range of the input amplifier, or specifically from
0.5V below the positive supply to 1.0V above the negative sup-
ply. In this range, the system has a CMRR of 86dB typical.
However, care must be exercised to assure the integrator out-
put does not saturate. A worst case condition would be a large
positive common mode voltage with a near full-scale negative
differential input voltage. The negative input signal drives the
integrator positive when most of its swing has been used up by
the positive common mode voltage. For these critical applica-
tions the integrator output swing can be reduced to less than
the recommended 2V full-scale swing with little loss of accu-
racy. The integrator output can swing to within 0.3V of either
supply without loss of linearity.

L1}
STRAY == CreF _:IESTRAY
== = 3 Rt = Caz = Cmr
BUFFER
Crer*{ REFHI REFLO} Cpgp- V+ A-Z INT
jreemeemmaaa- - T 0e e eQevemmresnmacDocamonn R B Rl R R
: 4 36 35 33 28 1 29 27
B V+
13
: AZ, AZ,
: z = ® INTEGRATOR o
ek T >—H>— B,
' 31 —1 p— 2.8V
INHI ———) 3

E INT DE- DE+ INPUT ) ’K 6.2v A-Z
: HIGH
’
’
' A-Z >
: ® 2 COMPARATOR
H N 2
‘a2 DE+ DE- —

COMMON &
: INT A-Z AND DE(%) INPUT
130 ANDZI )

wo &

e e eeeeecceereeerenaen 0 R

FIGURE 3. ANALOG SECTION OF ICL7136 AND ICL7137

2-73

%)
0

(=

T %
w
-
5¢
on

l AID



ICL7136, ICL7137

Differential Reference

The reference voltage can be generated anywhere within the
power supply voltage of the converter. The main source of
common mode error is a roll-over voltage caused by the
reference capacitor losing or gaining charge to stray capacity
on its nodes. If there is a large common mode voltage, the
reference capacitor can gain charge (increase voltage) when
called up to de-integrate a positive signal but lose charge
(decrease voltage) when called up to de-integrate a negative
input signal. This difference in reference for positive or
negative input voltage will give a roll-over error. However, by
selecting the reference capacitor such that it is large enough
in comparison to the stray capacitance, this error can be
held to less than 0.5 count worst case. (See Component
Value Selection.)

Analog COMMON

This pin is included primarily to set the common mode
voltage for battery operation (ICL7136) or for any system
where the input signals are floating with respect to the power
supply. The COMMON pin sets a voltage that is approxi-
mately 2.8V more negative than the positive supply. This is
selected to give a minimum end-of-life battery voltage of
about 6.8V. However, analog COMMON has some of the
attributes of a reference voltage. When the total supply
voltage is large enough to cause the zener to regulate (>7V),
the COMMON voltage will have a low voltage coefficient
(0.001%/V), low output impedance (=15Q), and a
temperature coefficient typically less than 150ppm/°C.

The limitations of the on chip reference should also be
recognized, however. With the ICL7137, the internal heating
which results from the LED drivers can cause some
degradation in performance. Due to their higher thermal
resistance, plastic parts are poorer in this respect than
ceramic. The combination of reference Temperature
Coefficient (TC), internal chip dissipation, and package ther-
mal resistance can increase noise near full-scale from 25uV
to 80pVp-p. Aiso the iinearity in going from a high dissipation
count such as 1000 (20 segments on) to a low dissipation
count such as 1111(8 segments on) can suffer by a count or
more. Devices with a positive TC reference may require
several counts to pull out of an over range condition. This is
because over-range is a low dissipation mode, with the three
least significant digits blanked. Similarly, units with a
negative TC may cycle between over range and a non-over
range count as the die alternately heats and cools. All these
problems are of course eliminated if an external reference is
used.

The ICL7136, with its negligible dissipation, suffers from
none of these problems. In either case, an external
reference can easily be added, as shown in Figure 4.

Analog COMMON is also used as the input low return during
auto-zero and de-integrate. If IN LO is different from analog
COMMON, a common mode voltage exists in the system
and is taken care of by the excellent CMRR of the converter.
However, in some applications IN LO will be set at a fixed
known voltage (power supply common for instance). In this
application, analog COMMON should be tied to the same
point, thus removing the common mode voltage from the

converter. The same holds true for the reference voltage. If
reference can be conveniently tied to analog COMMON, it
should be since this removes the common mode voltage
from the reference system.

Within the IC, analog COMMON is tied to an N channel FET
that can sink approximately 3mA of current to hold the
voltage 2.8V below the positive supply (when a load is trying
to pull the common line positive). However, there is only
10pA of source current, so COMMON may easily be tied to a
more negative voltage thus overriding the internal reference.

V+
v
REF HI
. I\ 6.8V
REF LO SeNER
ICL7136 l iz
ICL7137

V-
FIGURE 4A.
V+
v 6.8kQ
ICL7136
ICL7137
REFHI[ ICL8069
1.2v
REF LO REFERENCE
COMMON
FIGURE 4B.
FIGURE 4, USING AN EXTERNAL REFERENCE

TEST

The TEST pin serves two functions. On the ICL7136 it is
coupled to the internally generated digital supply through a
500Q resistor. Thus it can be used as the negative supply for
externally generated segment drivers such as decimal points
or any other presentation the user may want to include on
the LCD display. Figures 5 and 6 show such an application.
No more than a 1mA load should be applied.

v+ 1MQ
TOLCD
DECIMAL
POINT
ICL7136
|
BP 21 "_}_,
TEST
37 TOLCD

BACKPLANE
FIGURE 5. SIMPLE INVERTER FOR FIXED DECIMAL POINT
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The second function is a “lamp test”. When TEST is pulled
high (to V+) all segments will be turned on and the display
should read “-1888”. The TEST pin will sink about 5SmA
under these conditions.

CAUTION: On the ICL7136, in the lamp test mode, the segments have a con-
stant DC voltage (no square-wave) and may burn the LCD display
if left in this mode for several minutes.

r V+

V+ Myl

ICL7136

'
[
DECIMAL | ] © % DECIMAL
oEONT w POINTS
-+ !
’ '
TEST —?iD_?_
1 + CD4g30_;
GND

FIGURE 6. EXCLUSIVE ‘OR’ GATE FOR DECIMAL POINT DRIVE

Digital Section

Figures 7 and 8 show the digital section for the ICL7136 and
ICL7137, respectively. In the ICL7136, an internal digital
ground is generated from a 6V Zener diode and a large P-
channel source follower. This supply is made stiff to absorb
the relative large capacitive currents when the back plane
(BP) voltage is switched. The BP frequency is the clock fre-
quency divided by 800. For three readings/second this is a
60Hz square wave with a nominal amplitude of 5V. The seg-
ments are driven at the same frequency and amplitude and
are in phase with BP when OFF, but out of phase when ON.
In all cases negligible DC voltage exists across the seg-
ments.

Figure 8 is the Digital Section of the ICL7137. It is identicali
to the ICL7136 except that the regulated supply and back
plane drive have been eliminated and the segment drive has
been increased from 2mA to 8maA, typical for instrument size
common anode LED displays. Since the 1000 output (pin 19)
must sink current from two LED segments, it has twice the
drive capability or 16mA.

In both devices, the polarity indication is “on” for negative
analog inputs. If IN LO and IN HI are reversed, this indication
can be reversed also, if desired.

r-' ’ -— a f b, f b f b
di23v4s6788 Sl
b
BACKPLANE
------------------------------------------ rrroman ocmma dd-tbeed-bbti44e-=444+}t P reeaey
21 :
'
'
I LCD PHASE DRIVER i
111E0N I [IRRRNN 2
7 7 7 !
TYPICAL SEGMENT OUTPUT SEGMENT | | SEGMENT | | SEGMENT Eza '
V4 DECODE | | bECODE | | DECODE f
0.5mA Il TIIT  ITT1 i
’
SEGMENT [ LATCH I /
OUTPUT '
2.0mA ;
] et Bt ofied— |
COUNTER] | COUNTER COUNTER '
INTERNAL DIGITAL GROUND, '
’
TO SWITCH DRIVERS :
FROM COMPARATOR OUTPUT — 17
Y Vs
+ THREE INVERTERS cock 'I : 6.2V :
ONLY ONE INVERTER SHOWN _'I 4 I_‘ LOGIC CONTROL I | :
FOR CLARITY T 5000
INTERNAL WA TesT
DIGITAL Viu=1V 7y
GROUND '
'
’
25‘1; V-
40 3 38 ;
------------------------------- 4:'0~-'¢'---o—1V'--'-0-'---0-----’-"‘--'-'---'-"‘-----'--'-'---'--J
osc1 osc2s 0sC3
] |
1]

FIGURE 7. ICL7136 DIGITAL SECTION
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7 7
SEGMENT | | SEGMENT
DECODE | | DECODE
1111

e

SEGMENT
DECODE
1111

1111
LATCH l<———

TYPICAL SEGMENT OUTPUT
V+ l
0.5mA
10 ,
SEGMENT o
8.0mA
TO SWITCH DRIVERS
DIGITAL GROUND FROM COMPARATOR OUTPUT

— 1

t THREE INVERTERS

V+
TEST

]

—ol LOGIC CONTROL |

DIGITAL

ONLY ONE INVERTER SHOWN
FOR CLARITY

277 GROUND

’
’
’
1]
1]
’
[
’
’
.
’
’
L]
1]
1]
’
H
’
1]
’
’
'
‘.
100's 10's '
COUNTER] JCOUNTER H
'
’
’
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’
'
’
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s
.
’
]
'
’
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v
’
]
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FIGURE 8. ICL7137 DIGITAL SECTION

System Timing

Figure 9 shows the clocking arrangement used in the
ICL7136 and ICL7137. Two basic clocking arrangements
can be used:

i. An externai osciiiator connected to pin 40.

2. An R-C oscillator using all three pins.
The oscillator frequency is divided by four before it clocks the
decade counters. It is then further divided to form the three
convert-cycle phases. These are signal integrate (1000
counts), reference de-integrate (0 to 2000 counts) and auto-
zero (1000 to 3000 counts). For signals less than full-scale,
auto-zero gets the unused portion of reference de-integrate.
This makes a complete measure cycle of 4,000 counts
(16,000 clock pulses) independent of input voltage. For three
readings/second, an oscillator frequency of 48kHz would be
used.

To achieve maximum rejection of 60Hz pickup, the signal
integrate cycle should be a multiple of 60Hz. Oscillator
frequencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz,
40kHz, 33'/3kHz, etc. should be selected. For 50Hz rejec-
tion, Oscillator frequencies of 200kHz, 100kHz, 66%/3kHz,
50kHz, 40kHz, etc. would be suitable. Note that 40kHz (2.5
readings/second) will reject both 50Hz and 60Hz (also
400Hz and 440Hz).

GNDICL7137
TESTICL7136

— CLOCK

L

RC OSCILLATOR

FIGURE 9. CLOCK CIRCUITS
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Component Value Selection
Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 100pA of quiescent current. They can
supply 1pA of drive current with negligible nonlinearity. The
integrating resistor should be large enough to remain in this
very linear region over the input voltage range, but small
enough that undue leakage requirements are not placed on
the PC board. For 2V full-scale, 1.8MQ is near optimum and
similarly a 180kQ for a 200mV scale.

integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance buildup will
not saturate the integrator swing (approximately. 0.3V from
either supply). In the ICL7136 or the ICL7137, when the
analog COMMON is used as a referencs, a nominal +2V full-
scale integrator swing is fine. For the ICL7137 with +5V
supplies and analog COMMON tied to supply ground, a
3.5V to +4V swing is nominal. For three readings/second
(48kHz clock) nominal values for Cr are 0.047uF and
0.5pF, respectively. Of course, if different oscillator frequen-
cies are used, these values should be changed in inverse
proportion to maintain the same output swing.

An additional requirement of the integrating capacitor is that
it must have a low dielectric absorption to prevent roll-over
errors. While other types of capacitors are adequate for this
application, polypropylene capacitors give undetectable
errors at reasonable cost.

Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence on
the noise of the system. For 200mV full-scale where noise is
very important, a 0.47uF capacitor is recommended. On the
2V scale, a 0.047uF capacitor increases the speed of recov-
ery from overload and is adequate for noise on this scale.

Reference Capacitor

A 0.1uF capacitor gives good results in most applications.
However, where a large common mode voltage exists (i.e.
the REF LO pin is not at analog COMMON) and a 200mV
scale is used, a larger value is required to prevent roll-over
error. Generally 1.0pF will hold the roll-over error to 0.5
count in this instance.

Oscillator Components

For all ranges of frequency a 180kQ resistor is recom-
mended and the capacitor is selected from the equation
0.45

f= RC For 48kHz Clock (3 Readings/second),

C = 50pF

Reference Voitage

The analog input required to generate full-scale output (2000
counts) is: Viy = 2Vrer Thus, for the 200mV and 2V scale,
Vger should equal 100mV and 1V, respectively. However, in
many applications where the A/D is connected to a
transducer, there will exist a scale factor other than unity
between the input voltage and the digital reading. For
instance, in a weighing system, the designer might like to
have a full-scale reading when the voltage from the
transducer is 0.662V. Instead of dividing the input down to
200mV, the designer should use the input voltage directly
and select Vger = 0.341 V. Suitable values for integrating
resistor and capacitor would be 330kQ and 0.047uF. This
makes the system slightly quieter and also avoids a divider
network on the input. The ICL7137 with £5V supplies can
accept input signals up to +4V. Another advantage of this
system occurs when a digital reading of zero is desired for
Vin # 0. Temperature and weighing systems with a variable
fare are examples. This offset reading can be conveniently
generated by connecting the voltage transducer between IN
HI and COMMON and the variable (or fixed) offset voltage
between COMMON and IN LO.

ICL7137 Power Supplies

The ICL7137 is designed to work from 15V supplies.
However, if a negative supply is not available, it can be
generated from the clock output with 2 diodes, 2 capacitors,
and an inexpensive |.C. Figure 10 shows this application.
See ICL7660 data sheet for an alternative.

In fact, in selected applications no negative supply is
required. The conditions to use a single +5V supply are:

1. The input signal can be referenced to the center of the
common mode range of the converter.

2. The signal is less than £1.5V.

3. An external reference is used.

V+

V+
osC1

osc3 {1
IcL7137

FIGURE 10. GENERATING NEGATIVE SUPPLY FROM +5V

’
’
’
’
’
’
'
’
’
H
osc2 —W ;
’
’
'
’
]
’
’
’
’
’
’

R N ——

V-=3.3V
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Typical Applications

The ICL7136 and ICL7137 may be used in a wide variety of
configurations. The circuits which follow show some of the
possibilities, and serve to illustrate the exceptional versatility
of these A/D converters.

The following application notes contain very useful
information on understanding and applying this part and are
available from Harris semiconductor.

Application Notes

A016 “Selecting A/D Converters”

A017 “The Integrating A/D Converter”

A018 “Do’s and Don'ts of Applying A/D Converters”
A023 “Low Cost Digital Panel Meter Designs”

A032 “Understanding the Auto-Zero and Common Mode
Performance of the ICL7136/7/9 Family”

A046 “Building a Battery-Operated Auto Ranging DVM with
the ICL7136”

A052 “Tips for Using Single Chip 3'/, Digit A'D Converters”

Typical Applications

TO PIN 1 &——

———
0se 1 i —ope
osc 2 [sg——WA—¢
0sc3 [s———— servg,,
TEST [37] SopF / =100mV
REF HI E]—————}
REF LO [35] MA—AMW-
Crer Eﬂomr 20KQ 240KQ
Crer [38—T
COMMON [s——4¢ ma |,
! AAA
IN i [31] 4+——AA—T1—0
= 0.01uF IN
NLo [50 0.47uF -
Az |25 T =
BUFF [28——WW———1 =w
INT [Z——r —— T
v- [ 0.047uF
G2 E]
cs 124 TO DISPLAY
A3 [z
6s [z
BP [21 TO BACKPLANE

Values shown are for 200mV full-scale, 3 readings/sec., floating
supply voltage (9V battery).

FIGURE 11. ICL7136 USING THE INTERNAL REFERENCE

—_— TO PIN 1 +————
ose 1 o]
osc 2 [sg——WA——¢
0sc3 [38 SET Veer
TEST [37] 50pF / =100mV
REF HI g————}
REF LO [35] AM—AW—e—0 +5V
Crer [— o 20KQ  240KQ
Crer E____J'
COMMON [3g}——1 me .
N Hi [31} e ——AW
i FOOWE N
INLO OATHF H °
AZ [B———F—— :
180KQ '
BUFF [28——WA\———4 i
T [———— !
v- [ 0.047uF : o 5V
'
a2 [25) :
2 ;
5 [ TODIsPLAY :
'
63 [ :
GND Ej --------------- :

Values shown are for 200mV full-scale, 3 readings/sec. IN LO may
be tied to either COMMON for inputs floating with respect to
supplies, or GND for single ended inputs. (See discussion under
Analog COMMON.)

FIGURE 12. ICL7137 USING THE INTERNAL REFERENCE

2-78




ICL7136, ICL7137

Typical Applications (Continued)

—_— TO PIN | 4y —_— TO PIN 1 +————
0sc 1[40 osc1 E—-wo—
osc2 [39 { osc 2 [39) 1
0sc3 [BB——F—— servge 0sc3 [BB——F—— geTvger
TEST [37] 50pF / =100mV TEST [37] 50pF / =100mV
REF H [3g}———] REF HI [36}————
REF LO [38] M-S0 vy REF LO [38 AN +5V
20KQ 200KQ
Crer E—lomF ﬂ Crer Eﬂouﬁ 10KQ 1M \R“V
Crer [B—T 1.2V (ICL8069) Crer [BH—
COMMON [32}—————9¢ me COMMON [32}————9 1MQ .
IN Hi [31} -4——"WW—0 INHI [31] - AW
0.01uF IN 0.01F IN
INLO E 0.47uF + pF . INLO z‘)] 0.33uF — 2 -
Az [B——f— : Az [E——F——
180KQ : 180KQ g 8
BUFF [28——W\———¢ ! BUFF [28——W\———1¢ 2
INT [Z——— ——— : INT
]
v- [ 0.047uF H oy- v- (= 0.047,F o5V
G2 [z : G2 [
c3 [2 : c3 2
24 TO DISPLAY : 24 TO DISPLAY
A3 [23] ' a3 23]
63 (2] ' 63 [
GND E——I ------------ 4 GND |21

IN LO is tied to supply COMMON establishing the correct common  Since low TC zeners have breakdown voltages ~ 6.8V, diode must
mode voltage. If COMMON is not shorted to GND, the input voltage  be plasced across the total supply (10V). As in the case of Figure

may float with respect to the power supply and COMMON acts asa 14, IN LO may be tied to either COMMON or GND
pre-regulator for the reference. If COMMON is shorted to GND, the

input is single ended (referred to supply GND) and the pre-regulator

is overridden.
FIGURE 13. ICL7137 WITH AN EXTERNAL BAND-GAP REFER- FIGURE 14. ICL7137 WITH ZENER DIODE REFERENCE
ENCE (1.2V TYPE)
R — TOPIN 1 ¢—— TO PIN 1 —————
0s¢ 1 [40——r— VY osc1 o
osc2 E"—“’?’V—' osc2 [ 1
0sc 3 [ss————— servpe osc3 f————— servge,
TesT [37] 50pF ’/ =100mV Teer I3 50pF ’/ =10emV
REF HI [sgh————) REF HI 3—"‘—}
REF LO [35] AMW—AN—b—0 Vs REF LO [35} ;B Kvﬂ 1‘5‘6"1(;4"'29 © 45V
| 27
Crer [B— 0AuF 250KQ 240K Crer [38—— 0.1pF
Crer [BF—T ¥ Crer [3—T 1.2V (ICL8069)
COMMON [32}———9¢ e, COMMON [32}————¢ Mo,
INHI (31} +——MWA—o IN Hi [31} Al N
— — 0.01uF ° IN INLO E - 0.01u —
IN LO |30} 0.015F ° 0.47uF -
a2z [———— i~ =TT
BUFF [8——W\—1¢
INT [——————
INT [Z—————— 0.047uF
0.047uF V- p—
V- ZI o V- o E
62 25 cs 24
c3 29 TO DISPLAY
TO DISPLAY A3 23]
63 [z GND |21}
BP/GND [21] ‘ 1

An external reference must be used in this application, since the
voltage between V+ and V- is insufficient for correct operation of the
internal reference.
FIGURE 15. ICL7136 AND ICL7137: RECOMMENDED COMPO- FIGURE 16. ICL7137 OPERATED FROM SINGLE +5V
NENT VALUES FOR 2.0V FULL-SCALE
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Typical Applications (Continued)

TOPIN 1 ¢&—¢

V+

The resistor values within the bridge are determined by the desired

sensitivity.

FIGURE 17. ICL7137 MEASUREING RATIOMETRIC VALUES OF

QUAD LOAD CELL
V4
[f{v+ ~ osc1lag
[2] o1 osc 2 [39]
T°",-‘?CG'° 3] c1 osc3 [3g]
[4] B1 TEST %
5] A1 REF HI [36] |
REFLO [38] .o
G1 Crer [33] LOGIC
GND
Crer [33]
[9] D2 commoN [32]
c2 INHI [31]
B2 INLO [30]
[12] A2 Az [29]
BUFF [29]
4| E2 INT [27]
[15] D3 V- [28}o v
I'CE—¢ [16] B3 G2 [
G /RANGE J"CB¢ 8] E3 m [z
.___eq: 19| AB4 G3 [22)
' ”E]
U /RANGE
cosozson 5k
74C10 cbaor7

FIGURE 19. CIRCUIT FOR DEVELOPING UNDERRANGE AND
OVERRANGE SIGNAL FROM ICL7136 OUTPUTS

TO PIN 1 ¢——
osC1

0sc2
0sC3

|
i

m
]
lafls

SCALE
il
REF HI
REFLO

T

AAA
v

AAA e AAA
Vv Vv

0.1uF
Crer

100kQ 1MQ .
200kQ 470kQ -ﬁ
AVAVAV A""V
COMMON % o
IN HI ZERO SILICON NPN
Lo 53 0.01uF = ADJUST| | MPS 3704 OR
E 0.1{;.1’-'
AZ 390KQ
BUFF [28——WA——¢
INT [Z————

g
ETETETE]

T_

—[1filiF

8¥aRFT

26}
25
% TO DISPLAY
2]

BP 21|'_> TO BACKPLANE

A silicon diode-connected transistor has a temperature coefficient of
about -2mV/°C. Calibration is achieved by placing the sensing
transistor in ice water and adjusting the zeroing potentiometer for a
000.0 reading. The sensor should then be placed in boiling water
and the scale-factor potentiometer adjusted for a 100.0 reading.

* Value depends on clock frequency.

FIGURE 18. ICL7136 USED AS A DIGITAL CENTIGRADE THER-

MOMETER
+5V

osc1 [a]

2] D1 osc2 [39]

BE osc3 [3g]

| [a] &1 TEST Z_]

1 5] A1 REF HI [36]

[¢] F1 REF LO [35]

TO LOGIC

Vee G1 Crer E]

| [g] = Crer [33

12ka 2 [s] o2 COMMON |32]

c2 IN Hi 3]

The LM339 is required to 11] B2 INLO zo]
er}sure logig compau:bility A2 AZ E
with heavy display loading. i3 F2 BUFF E
[19] E2 INT [27

E—<H| &= v [

G /RANGE J’C&Q: Tt ol
F3 c3 [24

[18] €3 A3 [

r‘CE—¢ [19] AB4 a3 [2}—
U /RANGE 20] POL BP [21}
CD4023 OR T
74C10 ji_ 33Ka

FIGURE 20. CIRCUIT FOR DEVELOPING UNDERRANGE AND
OVERRANGE SIGNALS FROM ICL7137 OUTPUT
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Typical Applications (Continued)

—_
0osC1

0sC2
OsC3
TEST
REF HI
REFLO
Crer
Crer
COMMON
INHI
INLO
AZ
BUFF
INT

V-

G2
c3
A3
G3

= 10uF SCALE FACTOR ADJUST

(VRer = 100mV FOR AC TO RMS)

TOPIN1 « ®
o J_
WA —+
ag——A——

E SO0pF
36)

J

AA

Bl

T
)

32} 20KkQ | 220Kk 470KQ 2 AAs
o AAA
@—T 0.1uF J- vy J- 2.2MQ
>
—-:E— 1uF 10KQS =1uF S10KQSE 14F
= T 4.3Ka T T it
AAA
3o} 0.47uF

vy - - "
| I 0.22yF

BP

T

180K =

B—— W4 —10F =gy 100pF

F—— = FOR OPTIMUM
:Z] O04T,F T T (B RNoWIDTH)
E]
24
o[ TOPSPLAY
2]

TO BACKPLANE

Test is used as a common-mode refererce level to ensure compatibility with most op amps.

FIGURE 21. AC TO DC CONVERTER WITH ICL7136

CA3140 100kQ
/ 5uFI < +
—o

AAA
VVv Vv 1N914

ACIN
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Die Characteristics

DIE DIMENSIONS:
127 x 149 Mils

METALLIZATION:
Type: Al
Thickness: 10kA + 1kA

GLASSIVATION:
Type: PSG Nitride
Thickness: 15kA + 3|

WORST CASE CURRENT DENSITY:

9.1 x 10*A/cm?

Metallization Mask Layout

Ez

(14) (13) (12 (1) (10) (9 (8)

F2 A

ICL7136, ICL7137
B, ¢ D Ey Gy Fy Aq

(7) () ()

D3 (15)

Bj (16)
F3(17)

E3 (18)

AB,4 (19)
POL (20)
BP/GND (21)
Gj3(22)

A3 (23)

C3(29)

G2 (25)

i Tl \
{r_u r’:f’r

; |
o
V- (26)
@
INT

(29)  (30) (31) (32) (33) (34) (35) (39)
AZ INLO INHI COMM Cger. Crgr, LO  HI
REF REF

(39) OSC 2

(38) 0SC 3

(37) TEST
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@ HARRIS  |CL7139, ICL7149

3%, Digit
December 1993 Autoranging Multimeter
Features Description
¢ 13 Ranges - ICL7139 The Harris ICL7139 and ICL7149 are high performance, low
- 4 DC Voltage 400mV, 4V, 40V, 400V power, auto-ranging digital multimeter ICs. Unlike other
- 1 AC Voltage 400V autoranging multimeter ICs, the ICL7139 and ICL7149
- 4 DC Current 4mA, 40mA, 400mA, 4A always display the result of a conversion on the correct
- 4 Resistance 4kQ, 40kC, 400kQ, 4MQ range. There is no “range hunting” noticeable in the display.
¢ 18 Ranges - ICL7149 The unit will autorange between the four different ranges. A
- 4 DC Voitage 400mV, 4V, 40V, 400V manual switch is used to select the 2 high group ranges. DC n
- 2 AC Voltage with Optional AC Circuit current ranges are 4mA and 40maA in the low current group,
- 4 DC Current 4mA, 40mA, 400mA, 4A and 400mA and 4A in the high current group. Resistance ‘é’
- 4 AC Current with Optional AC Circuit measurements are made on 4 ranges, which are divided into w
- 4 Resistance 4kQ, 40k<, 400kQ, 4MQ two groups. The low resistance ranges are 4/40kQ. The high E :
« Autoranging - First Reading Is Always on Correct Range resistance ranges are 0.4/4MQ. Resolution on the lowest g d
 On-Chip Duplex LCD Display Drive Including Three angeis 12 g 7}
Decimal Points and 11 Annunciators Orderina Inf: . oo
* No Additional Active Components Required rdering Information s
. Lov«{ Power Dissipation - Less than 20mW - 1000 Hour TEMPERATURE
Typical Battery Life PART NUMBER RANGE PACKAGE
* Display Hold Input i
ICL7139CPL ° 70° 40 Lead PI DIP
¢ Continuity Output Drives Piezoelectric Beeper ooc o+ ooc °a as’fc
« Low Battery Annunciator with On-Chip Detection ICL7149CPL 0°Cto +70°C 40 Lead Plastic DIP
¢ Guaranteed Zero Reading for OV Input on All Ranges ICL7149CM44 0°C to +70°C 44 Lead Surface
Mount (MQFP)
Pinouts
ICL7139 AND ICL7149 (PDIP) ICL7149 (MQFP)
TOP VIEW TOP VIEW
pouac [1] N . g
- - - © o
m= = Qeddegdgs 2
g1 [3] DL <D LTS @ Z I
“ld ililalilitililililil
V- 7
Veer [E] I,guauwxs&wxssagazmmu
Loa GoE, LT 2 2|13 oA
Hiq [¢] Fo/DP; CT—] 3 31| wm
DEINT [3] ByC; CT—]| 4 30/—TJosCIN
ADGyE; CT—]| 5 29|—TJ osc out
COMMON [10] pouac CT—1l ¢ 28|—T HoLD
INT 1 [11] NeCT| 7 27T Hio-bcoq-AC
INT VIQ BP2CT ]| 8 26| vivA
TRIPLE POINT [13] BP1 CT]| 9 25T mABA
Caz [14) v+ CT|10 24|17 BEEPER OUT
Cinr [15} 26] Lo BATIV NCET "2 13 14 15 16 17 18 19 20 21 25 J— NE
BEEPER OUT [ig] 25] MasuA )
mA/pA 24| Q/A
VIQ/A [ig] 23] kWim P LUggEZ-SEXNE
< s > [3)
HIQ-DCLOQ-AC [i9] 22] osciN - % 2 £8°°
HOLD |20] 21] osc out 3 ‘é‘
&
=

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

File Number 3088
Copyright © Harris Corporation 1993 2.83
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Functional Block Diagram

SWITCHES
I CONTROL LOGIC
CRYSTAL 3 osc INCLUDING DRIVER :ﬂ
T AUTORANGING LOGIC
PIEZO
ELECTRIC
] BEEPER
DISPLAY
DRIVER
counters|[ "1 "~ AnD :>' DISPLAY
LATCHES
DIGITAL COMMON
POWER ANALOG SECTION
SUPPLY | ANALOG SWITCHES, INTEGRATION
SECTION AND COMPARATOR
3 4
V+ V- COM EXTERNAL
RESISTORS
AND CAPACITORS
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Specifications ICL7139, ICL7149

Absolute Maximum Ratings

Supply Voltage (V+to V=) . .. oii it 15V
Reference Input Voltage (VRgr toCOM). .. ..o vvivveinnn., 3v
Analog Input Current (IN + Current or IN + Voltage) ....... 100pA
Clock InputSwing. . .....coovviiiiiiiniiinnnn, V+toV+-3
Storage Temperature Range ................. -85°C to +150°C
Lead Temperature (Soldering 10s). . ............c.cunt. +300°C

Thermal Information

Thermal Resistance 6,a

L 0 50°C/W

MOFP & tiiiiiiiiiiiiiieiiinieainiiannens 80°C/W
Maximum Power Dissipation

PlasticPackage. ........ovoevenuiiennennnnnnnnns 800mW
Operating Temperature Range .. ................ 0°C to +70°C
Junction Temperature .. ......ccceevunvennnenenenens +150°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indit d in the op

of this specification is not implied.

Electrical Specifications v+ =9V, T, = +25°C, Vger adjusted for -3.700 reading on DC volts, test circuit as shown in Figure 3.

Crystal = 120kHz. (See Figure 14)

PARAMETERS TEST CONDITIONS MIN TYP MAX UNITS
Zero Input Reading V)N of Ly or Ry = 0.00 -00.0 - +00.0 v,,Q
Linearity (Best Straight Line) (Note 6) (Notes 1 and 8) -1 - +1 Counts
Accuracy DC V, 400V Range Only (Notes 1 and 8) - - +1 % of RDG %1
Accuracy DC V, 400V Range Excluded (Notes 1 and 8) - - +0.30 | % of RDG 1
Accuracy Q, 4K and 400K Range (Notes 1 and 8) - - +0.75 | % of RDG 8
Accuracy Q, 4K and 4M Range (Notes 1 and 8) - - +1 % of RDG 19
Accuracy DC 1, Unadjusted for FS (Notes 1 and 8) - - $0.75 | % of RDG 1
Accuracy DC |, Adjusted for FS (Notes 1 and 8) - 02 - % of RDG %1
Accuracy ACV At 60Hz (Notes 5, 7, and 8) - +2 - % of RDG
Open Circuit Voltage for Q Measurements Runknown = Infinity - VRer - Vv
Noise Viy =0, DC V (Note 2, 95% of Time) - 0.1 - LSB
Noise Vin =0, AC V (Note 2, 95% of Time) - 4 - LSB
Supply Current Vin =0, DC Voltage Range - 1.5 24 mA
Analog Common (with Respect to V+) lcommon < 10pA 27 2.9 3.1 v
Temperature Coefficient of Analog Common | Icommon < 10pA, Temp. =0°C to +70°C - -100 - ppm/°C
Output Impedance of Analog Common lcommon < 10pA - 1 10 Q
Backplane/Segment Drive Voltage Average DC < 50mV 2.8 3.0 32 \"
Backplane/Segment Display Frequency - 75 - Hz
Switch Input Current VN = V+to V- (Note 3) -50 - +50 HA
Switch Input Levels (High Trip Point) V+-0.5 - V+ \%
Switch Input Levels (Mid Trip Point) V-+3 - V+-25 v
Switch Input Levels (Low Trip Point) V- - V-+05 Vv
Beeper Output Drive (Rise or Fall Time) Ciroap = 10nF - 25 100 us
Beeper Output Frequency - 2 - kHz
Continuity Detect Range = Low Q, Vger = 1.00V - 1.5 - kQ
Power Supply Functional Operation V+to V- 7 9 1 A
Low Battery Detect V+ to V- (Note 4) 6.5 75 v

NOTE:

. Accuracy is defined as the worst case deviation from ideal input val
. Noise is defined as the width of the uncertainty window (where the
. Applies to pins 17-20.

HOON -

operate correctly with a supply voltage above 7V and below 11V.
. For 50Hz use a 100kHz crystal.
. Guaranteed by design, not tested.
. ICL7139 only.
. RDG = Reading

o~NOO

lue including: offset, linearity, and rollover error.
display will flicker) between two adjacent codes.

. Analog Common falls out of regulation when the Low Battery Detect is asserted, however the ICL7139 and ICL7149 will continue to
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Specifications

ICL7139, ICL7149

Timing Waveform

—J_L— FIRST AUTO ZERO
——n— FIRST INTEGRATE

FIRST DEINTEGRATE
H ——
UNDERRANGE V [ AUTO ZERO —_
e—d L seconp AUTO ZERO
Il SECOND INTEGRATE
] L SECOND DEINTEGRATE
UNDERRANGE ' i | AUTO ZERO | -
I THIRD AUTO ZERO
11 THIRD INTEGRATE
I ] THIRD DEINTEGRATE
UNDERRANGE V I Y 1
FOURTH AUTO ZERO
-y L FOURTH INTEGRATE
I | FOURTH DEINTEGRATE
—Tt L. aurozero
01234567 8 91011121314151617 1819 20 21 2223 24

|
2
Y

FIGURE 1. LINE FREQUENCY CYCLES (1 CYCLE = 1000 INTERNAL CLOCK PULSES = 2000 OSCILLATION CYCLES)

Pin Descriptions

Vo PIN NUMBER DESCRIPTION vo PIN NUMBER DESCRIPTION

(¢} 1 Segment Driver POL/AC | 20 Hold

o 2 Backplane 2 (o] 21 Oscillator Out

(0] 3 Backplane 1 | 22 Oscillator In
| 4 V+ (o] 23 Segment DRIVER k/m
| 5 V- o 24 Segment Driver Q/A
| 6 Reference Input (o] 25 Segment Driver M Q/uA

o 7 loQ (o} 26 Segment Driver Lo Bat/V

(o] 8 Hi Q (o} 27 Segment Driver By/Cq

/o] 9 Deintegrate (¢} 28 Segment Driver Ay/D,

[l[e} 10 Analog Common (o} 29 Segment Driver Go/E,
| 11 Intl (o] 32 Segment Driver A, /D,
| 12 Int V/IQ (o} 33 Segment Driver G,/E
| 13 Triple Point o 34 Segment Driver F,/DP,

1 14 Auto Zero Capacitor (Cpz) o 35 Segment Driver By/C,
| 15 Integrate Capacitor (Cynt) (o} 39 Segment Driver By/C,

o 16 Beeper Output (0] 40 Segment Driver ADGy/E3
| 17 mA/pA NOTE: For segment drivers, segments are listed as (segment for
| 18 QVIA backplane 1)/(segment for backplane 2). Example: pin 27; segment

B, is on backplane 1, segment C, is on backplane 2.
1 19 Hi Q DC/Lo Q AC
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Detailed Description
General

The Functional Block Diagram shows the digital section
which includes all control logic, counters, and display drivers.
The digital section is powered by V+ and Digital Common,
which is about 3V below V+. The oscillator is also in the digi-
tal section. Normally 120kHz for rejection of 60Hz AC inter-
ference and 100kHz for rejection of 50Hz AC should be
used. The oscillator output is divided by two to generate the
internal master clock. The analog section contains the inte-
grator, comparator, reference section, analog buffers, and
several analog switches which are controlled by the digital
logic. The analog section is powered from V+ and V-.

24ty gy
o u; '-'; ;awc mAV A

DP3 DP2 DP1

FIGURE 2. DISPLAY SEGMENT NOMENCLATURE

DC Voitage Measurement
Autozero

Only those portions of the analog section which are used dur-
ing DC voltage measurements are shown in Figure 3. As
shown in the timing diagram (Figure 1), each measurement
starts with an autozero (AZ) phase. During this phase, the
integrator and comparator are configured as unity gain buff-
ers and their non-inverting inputs are connected to Common.
The output of the integrator, which is equal to its offset, is
stored on Cpz - the autozero capacitor. Similarly, the offset of
the comparator is stored in Cjyt. The autozero cycle equals
1000 clock cycles which is one 60Hz line cycle with a 120kHz
oscillator, or one 50Hz line cycle with a 100kHz oscillator.

Range 1 Integrate

The ICL7139 and ICL7149 perform a full autorange search
for each reading, beginning with range 1. During the range 1
integrate period, internal switches connect the INT V/Q ter-
minal to the Triple Point (Pin 13). The input signal is inte-
grated for 10 clock cycles, which are gated out over a period
of 1000 clock cycles to ensure good narmal mode rejection
of AC line interference.

I¢ RpeiNT
cAz c‘\
TRIPLE| A INT
ponTT 167 ¢ et RoemT
ZQ DEINT. (%) DEINT-
v INTVIQ T Az AZ T
IN O—AN— TSH »—®-—< = REF
Rintv P
INTEGRATOR .
Vnss—& :
DEINT+ é e COMPARATOR  TO LOGIC SECTION
V+
67V
ANALOG
COMMON
COMMON o -
T = (INTYAR)(AZ)
AR = AUTORANGE CHOPPER
AZ = AUTOZERO
INT = INTEGRATE
V-

FIGURE 3. DETAILED CIRCUIT DIAGRAM FOR DC VOLTAGE MEASUREMENT
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Range 1 Deintegrate

At the beginning of the deintegrate cycle, the polarity of the
voltage on the integrator capacitor (Ci\y) is checked, and
either the DEINT+ or DEINT- is asserted. The integrator
capacitor Cyt is then discharged with a current equal to
Veee/Rpeint: The comparator monitors the voltage on Cinr,
When the voltage on Cyyy is reduced to zero (actually to the
Vs of the comparator), the comparator output switches, and
the current count is latched. If the Cj\t voltage zero-crossing
does not occur before 4000 counts have elapsed, the over-
load flag is set. “OL” (overload) is then displayed on the LCD. If
the latched result is between 360 and 3999, the count is trans-
ferred to the output latches and is displayed. When the count
is less than 360, an underrange has occurred, and the
ICL7139 and ICL7149 then switch to range 2 - the 40V scale.

Range 2

The range 2 measurement begins with an autozero cycle
similar to the one that preceded range 1 integration. Range 2
cycle length however, is one AC line cycle, minus 360 clock
cycles. When performing the range 2 cycle, the signal is inte-
grated for 100 clock cycles, distributed throughout one line
cycle. This is done to maintain good normal mode rejection.
Range 2 sensitivity is ten times greater than range 1 (100 vs
10 clock cycle integration) and the full scale voltage of
range 2 is 40V. The range 2 deintegrate cycle is identical to
the range 1 deintegrate cycle, with the result being displayed
only for readings greater than 360 counts. If the reading is
below 360 counts, the ICL7139 and ICL7149 again asserts
the internal underrange signal and proceeds to range 3.

Range 3

The range 3V or 4V full scale measurement is identical to the
range 2 measurement, except that the input signal is inte-
grated during the full 1000 clock cycles (one line frequency
cycle). The result is displayed if the reading is greater than
360 counts. Underrange is asserted, and a range 4 measure-
ment is performed if the result is below 360 counts.

Range 4

This measurement is similar to the range 1, 2 and 3 mea-
surements, except that the integration period is 10,000 clock
cycles (10 line cycles) long. The result of this measurement
is transferred to the output latches and displayed even if the
reading is less than 360.

Autozero

After finding the first range for which the reading is above
360 counts, the display is updated and an autozero cycle is
entered. The length of the autozero cycle is variable which
results in a fixed measurement period of 24,000 clock cycles
(24 line cycles).

DC Current

Figure 4 shows a simplified block diagram of the analog
section of the ICL7139 and ICL7149 during DC current
measurement. The DC current measurements are very
similar to DC voltage measurements except: 1) The input
voltage is developed by passing the input current through a
0.1Q (HI current ranges), or 9.9Q (LOW current ranges)

vy
{€ Roent
Caz c
TRIPLE] ¢ INT
POINTY ¥ |Caz Cint Roent
AZ
1 T AZ ® DEINT- DEINT-

o, INTI
Low! W Veer

HEE:

>
Zesa = = (:-_D—
INTEGRATOR
VnEr—® .
GH! DEINT+ ém COMPARATOR YO LOGIC SECTION
V+
3 S 0.1Q % 6.7V
ANALOG b3
COMMON <
COMMON —» -
" L T= (INT)(AR)(AZ)
= & AR = AUTORANGE CHOPPER
s AZ = AUTOZERO
INT = INTEGRATE
9 80uA
v- 4

FIGURE 4. DETAILED CIRCUIT DIAGRAM FOR DC CURRENT MEASUREMENT
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current sensing resistor; 2) Only those ranges with 1000 and
10,000 clock cycles of integration are used; 3) The Rt
resistor is 1TMQ, rather than the 10MQ value used for the
RinT v resistor.

By using the lower value integration resistor, and only the 2
most sensitive ranges, the voltage drop across the current
sensing resistor is 40mV maximum on the 4mA and 400mA
ranges; 400mV maximum on the 40mA and 4A scales. With
some increase in noise, these “burden” voltages can be
reduced by lowering the value of both the current sense
resistors and the R\t | resistor proportionally. The DC cur-
rent measurement timing diagram is similar to the DC volt-
age measurement timing diagram, except in the DC current
timing diagram, the first and second integrate and deinte-
grate phases are skipped.

AC Voltage Measurement for ICL7139

As shown in Figure 5, the AC input voltage is applied directly
to the ICL7139 input resistor. No separate AC to DC conver-
sion circuitry is needed. The AC measurement cycle is
begun by disconnecting the integrator capacitor and using
the integrator as an autozeroed comparator to detect the

positive-going zero crossing. Once synchronized to the AC
input, the autozero loop is closed and a normal integrate/
deintegrate cycle begins. The ICL7139 resynchronizes itself
to the AC input prior to every reading. Because diode D4 is
in series with the integrator capacitor, only positive current
from the integrator flows into the integrator capacitor, Cint-
Since the voltage on Cyt is proportional to the half-wave
rectified average AC input voltage, a conversion factor must
be applied to convert the reading to RMS. This conversion
factor is =/2V2 = 1.1107, and the system clock is manipu-
lated to perform the RMS conversion. As a result the deinte-
grate and autozero cycle times are reduced by 10%.

AC Voltage Measurement for ICL7149

The ICL7149 is designed to be used with an optional AC to
DC voltage converter circuit. It will autorange through two
voltage ranges (400V and 40V), and the AC annunciator is
enabled. A typical averaging AC to DC converter is shown in
Figure 6, while an RMS to DC converter is shown in Figure
7. AC current can also be measured with some simple modi-
fications to either of the two circuits in Figures 6 and 7.

AAA

1} Roewt
Caz Cmr
TRiIPLE PoINT 1 Caz Cint DEINT
3
% ACINT
DEINT
D1 AD4
DEINT-
ACS D2 ?
VRer
ACINT D3
INT V/Q L AZ AZ
o —o—
RiNTv ACS
T 85—
= L 3 ‘
- - P
INTEGRATOR COMPARATOR
ACIN £
V+
* 6.7V
$
2
COMMON / 1 S = AZ » ACS * ACINT
A ] T = (INT + ACS) AZ AR
== | ACS = AC SYNC
- b3 AR = AUTORANGE CHOPPER
T AZ = AUTOZERO
! INT = INTEGRATE
@ 80pA
V- §

FIGURE 5. DETAILED CIRCUIT DIAGRAM FOR AC VOLTAGE MEASUREMENT FOR ICL7139 ONLY
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20MQ I
VN © MW
OVAC - 400VAC INT (Vi)
OHz - 1000Hz 50kQ <
100k 9
i«
ICL7149
20MQ
10
COoM © - COMMON
FIGURE 6. AC VOLTAGE MEASUREMENT USING OPTIONAL AVERAGING CIRCUIT
2-2uF+ \'Ad
1 Pr—
10MQ 2
Vin o —MW AD736 INT (V/Q)
OVAC - 400VAC
50Hz - 1000Hz L y
[
3 a0k
ICL7149
30k
10
COM © : COMMON

FIGURE 7. AC VOLTAGE MEASUREMENT USING OPTIONAL RMS CONVERTER CIRCUIT
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AA
yyy
< 3 Roeir
TRIPLE] A2 Cwr
POINT] '* |Caz CiNT RpeINT
T

INT VIQ
AAA

Rintv

Wy —X—
?

LoQ TO LOGIC SECTION
Ay S - A épe,,m COMPARATOR
5 KNOWN 1
a2 T = INT + DEINT
Rivown 2 owa AZ = AUTOZERO

common| L

INT = INTEGRATE

FIGURE 8. DETAILED CIRCUIT DIAGRAM FOR RATIOMETRIC Q MEASUREMENT

Ratiometric  Measurement

The ratiometric Q measurement is performed by first integrat-
ing the voltage across an unknown resistor, Ry, then effec-
tively deintegrating the voltage across a known resistor
(Rknownt ©f Rknownz ©f Figure 8). The shunting effect of
RinTv does not affect the reading because it cancels exactly
between integration and deintegration. Like the current mea-
surements, the Q measurements are split into two sets of
ranges. LO Q measurements use a 10kQ reference resistor,
and the full scale ranges are 4kQ and 40kQ HI Q measure-
ments use a 1TMQ reference resistor, and the full scale ranges
are 0.4MQ and 4MQ The measurement phases and timing
are the same as the measurement phases and timing for DC
current except: 1) During the integrate phases the input volt-
age is the voltage across the unknown resistor Ry, and; 2)
During the deintegrate phases, the input voltage is the voltage
across the reference resistor Rynownt OF Rknownz:

Continuity Indication

When the ICL7139 and ICL7149 are in the LO Q measure-
ment mode, the continuity circuit of Figure 9 will be active.
When the voltage across Ry is less than approximately
100mV, the beeper output will be on. When Rgnown i 10k,
the beeper output will be on when Ry is less than 1kQ

Loq ¢ .

R 2
KNOWN 2> HIQ LoqQ V+

AA
AAAS

4 BEEPER
OUTPUT

< >
Runknown S Rx 2kHz

Vx Vy = 100mV
com

FIGURE 9. CONTINUITY BEEPER DRIVE CIRCUIT

Common Voitage

The analog and digital common voltages of the ICL7139 and
ICL7149 are generated by an on-chip resistor/zener/diode
combination, shown in Figure 10. The resistor values are
chosen so the coefficient of the diode voltage cancels the
positive temperature coefficient of the zener voltage. This
voltage is then buffered to provide the analog common and
the digital common voltages. The nominal voltage between
V+ and analog common is 3V. The analog common buffer
can sink about 20mA, or source 0.01mA, with an output
impedance of 10Q A pullup resistor to V+ may be used if
more sourcing capability is desired. Analog common may be
used to generate the reference voltage, if desired.

T V+

LOGIC
SECTION

—>

| DIGITAL
COMMON

E (INTERNAL)

LO BAT

FIGURE 10. ANALOG AND DIGITAL COMMON VOLTAGE
GENERATOR CIRCUIT

Oscillator

The ICL7139 and ICL7149 use a parallel resonant-type crys-
tal in a Pierce oscillator configuration, as shown in Figure 11,
and requires no other external components. The crystal
eliminates the need to trim the oscillator frequency. An exter-
nal signal may be capacitively coupled in OSC IN, with a sig-
nal level between 0.5V and 3V pk-pk. Because the OSC
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OUT pin is not designed to drive large external loads, load-

ing on this pin should not exceed a single CMOS input. The

oscillator frequency is internally divided by two to generate

the ICL7139 and ICL7149 clock. The frequency should be

120kHz to reject 60Hz AC signals, and 100kHz to reject
5M

50Hz signals.
I OSC IN I Iosc ou‘rl
AAA
vy
E 330K
AAA
vy

iSPF _-‘Ev 0pF

FIGURE 11. INTERNAL OSCILLATOR CIRCUIT DIAGRAM

Display Drivers

Figure 12 shows typical LCD Drive waveforms, RMS ON, and
RMS OFF voltage calculations. Duplex multiplexing is used to
minimize the number of connections between the ICL7139
and ICL7149 and the LCD. The LCD has two separate back-
planes. Each drive line can drive two individual segments,
one referenced to each backplane. The ICL7139 and
ICL7149 drive 33/4 7-segment digits, 3 decimal points, and 11
annunciators. Annunciators are used to indicate polarity, low
battery condition, and the range in use. Peak drive voltage
across the display is approximately 3V. An LCD with approxi-
mately 1.4V RMS threshold voltage should be used. The
third voltage level needed for duplex drive waveforms is gen-
erated through an on-chip resistor string. The DC component
of the drive waveforms is guaranteed to be less than 50mV.

Ternary Input

The Q/Volts/Amps logic input is a ternary, or 3-level input.
This input is internally tied to the common voltage through a
high-value resistor, and will go to the middle, or “Volts” state,
when not externally connected. When connected to V-,
approximately 5pA of current flows out of the input. In this
case, the logic level is the “Amps”, or low state. When con-
nected to V+, about 5uA of current flows into the input. Here,
the logic level is the “Q", or high state. For other pins, see
Table 2.

TABLE 2. TERNARY INPUTS CONNECTIONS

PIN OPEN

NUMBER V+ OR COM V-
17 mA HA Test
18 Q \ Amps
19 HiQ/DC LoQ/AC Test
20 Hold Auto Test

Component Selection

For optimum performance while maintaining the low-cost
advantages of the ICL7139 and ICL7149, care must be
taken when selecting external components. This section
reviews specifications and performance effects of various
external components.

BACKPLANE _r-j_L—J_r-
o

SEGMENT ON ==

SEGMENT OFF ===

L
LI

VSEGMENT OFF _J_L_'_J._

VSEGMENT ON ned

Veeak  V+ - f
VpEAK? VRms = ygYpeak ON
DCOM
v = Jg v OFF
VpEAK RMS ~ A8 "PEAK
o Vpeak = 3V 10%
v RMS ON — 2.37V
PEAK RMS OFF — 1.06V
o

2Vpeak  (VOLTAGE ACROSS ON SEGMENT)
o
“2VpgaK

VpEAK
o

-VpEAK

(VOLTAGE ACROSS OFF SEGMENT)

FIGURE 12. DUPLEXED LCD DRIVE WAVEFORMS
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Integrator Capacitor, Ci\yt

As with all dual-slope integrating convertors, the integration
capacitor must have low dielectric absorption to reduce
linearity errors. Polypropylene capacitors add undetectable
errors at a reasonable cost, while polystyrene and
polycarbonate may be used in less critical applications. The
ICL7139 and ICL7149 are designed to use a 3.3nF
(0.0033uF) Cyt with an oscillator frequency of 120kHz and
an Rjypy of 10MQ With a 100kHz oscillator frequency (for
50Hz line frequency rejection), Ciyt and Ryty affects the
voltage swing of the integrator. Voltage swing should be as
high as possible without saturating the integrator. Saturation
occurs when the integrator output is within 1V of either V+ or
V-. Integrator voltage swing should be about +2V when using
standard component values. For different Ryry and
oscillator frequencies the value of Cyyt can be calculated
from:

(Integrate Time) x (Integrate Current)

c (Desired Integrator Swing)

INT =

_ (10,000 x 2 x Oscillator Period) x 0.4V/ RINTV
) @v)

Integrator Resistors

The normal values of the Ryt y and Ryt resistors are 10MQ
and 1MQ respectively. Though their absolute values are not
critical, unless the value of the current sensing resistors are
trimmed, their ratio should be 10:1, within 0.05%. Some car-
bon composition resistors have a large voltage coefficient
which will cause linearity errors on the 400V scale. Also,
some carbon composition resistors are very noisy. The class
“A” output of the integrator begins to have nonlinearities if
required to sink more than 70pA (the sourcing limit is much
higher). Because Ryt y drives a virtual ground point, the
input impedance of the meter is equal to Ryt v

Deintegration Resistor, Rpgint

Unlike most dual-slope A/D converters, the ICL7139 and
ICL7149 use different resistors for integration and deintegra-
tion. Rpgnt should normally be the same value as Ryt w
and have the same temperature coefficient. Slight errors in
matching may be corrected by trimming the reference volt-
age.

Autozero Capacitor, Caz

The Cpz is charged to the integrator's offset voltage during
the autozero phases, and subtracts that voltage from the
input signal during the integrate phases. The integrator thus
appears to have zero offset voltage. Minimum Cpz value is
determined by: 1) Circuit leakages; 2) Cpz self-discharge;
3) Charge injection from the internal autozero switches.
To avoid errors, the Cpz voltage change should be less than
1/10 of a count during the 10,000 count clock cycle integra-
tion period for the 400mV range. These requirements set a
lower limit of 0.047uF for Cpz but 0.1uF is the preferred
value. The upper limit on the value of C,z is set by the time
constant of the autozero loop, and the 1 line cycle time
period allotted to autozero. Cpz may be several 10s of puF
before approaching this limit.

The ideal Cpz is a low leakage polypropylene or Teflon
capacitor. Other film capacitors such as polyester, polysty-
rene, and polycarbonate introduce negligible errors. If a few
seconds of settling time upon power-up is acceptable, the
Caz may be a ceramic capacitor, provided it does not have
excessive leakage.

Q Measurement Resistors

Because the ICL7139 and ICL7149 use a ratiometric Q mea-
surement technique, the accuracy of Q reading is primarily
determined by the absolute accuracy of the Rxnownt and
Rinownz- These should normally be 10kQ and 1MQ, with an
absolute accuracy of at least 0.5%.

Current Sensing Resistors

The 0.1Q and 9.9Q current sensing resistors convert the
measured current to a voltage, which is then measured
using RinT - The two resistors must be closely matched, and
the ratio between Ryt and these two resistors must be
accurate - normally 0.5%. The 0.1Q resistor must be capa-
ble of handling the full scale current of 4 amps, which
requires it to dissipate 1.6 watts.

Continuity Beeper

The Continuity Beeper output is designed to drive a piezo-
electric transducer at 2kHz (using a 120kHz crystal), with a
voltage output swing of V+ to V-. The beeper output off state
is at the V+ rail. When crystals with different frequencies are
used, the frequency needed to drive the transducer can be
calculated by dividing the crystal frequency by 60.

Display

The ICL7139 and ICL7149 use a custom, duplexed drive dis-
play with range, polarity, and low battery annunciators. With
a 3V peak display voltage, the RMS ON voltage will be
2.37V minimum; RMS OFF voltage will be 1.06V maximum.
Because the display voltage is not adjustable, the display
should have a 10% ON threshold of about 1.4V. Most display
manufacturers supply a graph that shows contrast versus
RMS drive voltage. This graph can be used to determine
what the contrast ratio will be when driven by the ICL7139
and ICL7149. Most display thresholds decrease with
increasing temperature. The threshold at the maximum
operating temperature should be checked to ensure that the
“off” segments will not be turned “on” at high temperatures.

Crystal

The ICL7139 and ICL7149 are designed to use a parallel
resonant 120kHz or 100kHz crystal with no additional exter-
nal components. The Rg parameter should be less than
25kQ to ensure oscillation. Initial frequency tolerance of the
crystal can be a relatively loose 0.05%.

Switches

Because the logic input draws only about SpA, switches driv-
ing these inputs should be rated for low current, or “dry”
operations. The switches on the external inputs must be able
to reliably switch low currents, and be able to handle volt-
ages in excess of 400V AC.
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Reference Voltage Source

A voltage divider connected to V+ and Common is the sim-
plest source of reference voltage. While minimizing external
component count, this approach will provide the same volt-
age tempco as the ICL7139 and ICL7149 Common - about
100PPM/°C. To improve the tempco, an ICL8069 bandgap
reference may be used (see Figure 13). The reference volt-
age source output impedance must be < Rpgn7/4000.

10M

TRIPLE POINT

EXTERNAL
DEINTEGRATE REFERENCE
INTEGRATE VOLT/Q
INTEGRATE CURRENT

REFERENCE INPUT
ANALOG COMMON

FIGURE 13. EXTERNAL VOLTAGE REFERENCE CONNECTION
TO ICL7139 AND ICL7149

Applications, Examples, and Hints

A complete autoranging 3%, digit multimeter is shown in Fig-
ure 14. The following sections discuss the functions of spe-
cific components and various options.

Meter Protection

The ICL7139 and ICL7149 and their external circuitry should
be protected against accidental application of 110/220V AC
line voltages on the Q and current ranges. Without the nec-
essary precautions, both the ICL7139 and ICL7149 and their
external components could be damaged under such fault
conditions. For the current ranges, fast-blow fuses should be
used between S5A in Figure 14 and the 0.1Q and 9.9Q
shunt resistors. For the Q ranges, no additional protection
circuitry is required. However, the 10kQ resistor connected
to pin 7 must be able to dissipate 1.2W or 4.8W for short
periods of time during accidental application of 110V or
220V AC line voltages respectively.

WA {1
10MQ 33nF|  120kHz
0ApF cnvsm.
o[ ] ] o[ 2]
TRIPLE Gz Car 0SC OSC
9 :;:‘1'_' out LO BAT
INPUTS
N A o -1 L1
INT (Vi) UTPUTS
v 10kQ o
Q 7 KaMQ
Lo
S4A op 1mMQ
8 16
A A o HIQ BEEPER
11
o AA— INT (1) 4 | BEEPER
S5A P, . Ve 1 PIN4
i. 9.90 ICL7139 i
ICL7149 ik gy — 1ok
s
$aok- 348 ON/OFF //s1 474F|,
CoMMON T 5K 1 10 v 31k T ICL8069
COMMON . I TANT o
"! 18 VRer
Vo Lp V40 VIQIA 19 S3 Ve
s4B HIQ-DC/LOQ-AC 19 S0 1
V- 4——j
L 17 mALA 20 S3 V+
Hoo F2—o% $2 CLOSED: HIQ-DC
mA $3 CLOSED: HOLD READING

NOTES:
1. Crystal is a Statek or SaRonix CX-IV type.
2. Multimeter protection components have not been shown.
3. Display is from LXD, part number 38D8R02H (or equivalent).

4. Beeper is from muRata, part number PKM24-4A0 (or equivalent).

FIGURE 14. BASIC MULTIMETER APPLICATION CIRCUIT FOR ICL7139 AND ICL7149
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Printed Circuit Board Layout Considerations

Particular attention must be paid to rollover performance,
leakages, and guarding when designing the PCB for a
ICL7139 and ICL7149 based multimeter.

l 9 10 1 l12| 13
| % |

4"17 {H
FIGURE 15. PC BOARD LAYOUT

Rollover Performance, Leakages, and Guarding

Because the ICL7139 and ICL7149 system measures very
low currents, it is essential that the PCB have low leakage.
Boards should be properly cleaned after soldering. Areas of
particular importance are: 1) The INT V/Q and INT | Pins; 2)
The Triple Point; 3) The Rpgnt and the Cpz pins.

The conversion scheme used by the ICL7139 and ICL7149
changes the common mode voltage on the integrator and
the capacitors Caz and Cyy during a positive deintegrate
cycle. Stray capacitance to ground is charged when this
occurs, removing some of the charge on Ciyy and causing
rollover error. Rollover error increases about 1 count for each

picofarad of capacitance between C,z or the Triple Point and
ground, and is seen as a zero offset for positive voltages.
Rollover error is not seen as gain error.

The rollover error causes the width of the +0 count to be
larger than normal. The ICL7139 and ICL7149 will thus read
zero until several hundred pV are applied in the positive
direction. The ICL7139 and ICL7149 will read -1 when
approximately -100uV is applied.

The rollover error can be minimized by guarding the Triple
Point and Caz nodes with a trace connected to the Cy\t pin,
(see Figure 15) which is driven by the output of the integra-
tor. Guarding these nodes with the output of the integrator
reduces the stray capacitance to ground, which minimizes
the charge error on Cy\t and Cpz. If possibie, the guarding
should be used on both sides of the PC board.

Stray Pickup

While the ICL7139 and ICL7149 have excellent rejection of
line frequency noise and pickup in the DC ranges, any stray
coupling will affect the AC reading. Generally, the analog cir-
cuitry should be as close as possible to the ICL7139 and
ICL7149. The analog circuitry should be removed or
shielded from any 120V AC power inputs, and any AC
sources such as LCD drive waveforms. Keeping the analog
circuit section close to the ICL7139 and ICL7149 will also
help keep the area free of any loops, thus reducing magneti-
cally coupled interference coming from power transformers,
or other sources.
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FOR NEW DESIGN

Features
¢ 200,000 Count A/D Converter

¢ 2V Full Scale Reading With 10uV Resolution

« 15 Conversions Per Second in 5'/, Digit Mode
* 60 Conversions Per Second In 4'/, Digit Mode

Serial or Parallel Interface Modes

.

Four Selectable Baud Rates

Differential Analog Input

Differential Reference Input
¢ Digital Autozero

Applications
* Weigh Scales
¢ Part Counting Scales

Description

The Harris HI-7159A is a monolithic A/D converter that uses
a unique dual slope technique which allows it to resolve
input changes as small as 1 part in 200,000 (10uV) without
the use of critical external components. lts digital autozero-
ing feature virtually eliminates zero drift over temperature.
The device is fabricated in Harris’ proprietary low noise
BiMOS process, resulting in exceptional linearity and noise
performance. The HI-7159A’s resolution can be switched
between a high resolution 200,000 count (5'/, digit) mode,
and a high speed 20,000 count (4‘/12 digit) mode without any
hardware modifications. In the 4'/, digit uncompensated
mode, speeds of 60 conversions per second can be
achieved. The HI-7159A is designed to be easily interfaced
with most microprocessors through either of its three serial
and one parallel interface modes. In the serial modes, any
one of four common baud rates is available.

Ordering Information

* Laboratory Instruments TEMPERATURE
* Process Control/Monitoring PART NUMBER RANGE PACKAGE
¢ Energy Management HI3-7159A-5 0°C to +75°C 28 Lead Plastic DIP
¢ Seismic Monitoring
Pinout Functional Block Diagram
HL7150A
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Specifications HI-7159A

Absolute Maximum Ratings Thermal Information

Supply Voltage Thermal Resistance 1N
Ve 10 GND (AGND/DGND) =« v v v v vevennnnes 0.3V < Ve < +6V Plastic DIPPackage ........ccovveveeenenennnnns 55°C/W
Ve t0 GND (AGND/DGND) -+ <=+ v vvmnrennns +0.3V <Vec <6V Operating Temperature . . .........cooeeennennn.s 0°C to +70°C

Digital Pins, (pins 16-28) ......... Dgnp -0-3V < Vp <V +0.3V  Maximum Power Dissipation (+25°C) .. ........coouenn.. 300mW

Analog Pins, (pins2-13)........... Vgg 0.3V <V, < Ve +0.3V Derate Above +70°C by 10mW/°C

Storage Temperature, Tgrg « -« cceeeeeennenns -65°C t0 +150°C  Junction Temperature ...........coceveveuneennennnns +150°C

Lead Temperature (Soldering 10S). . .......ccvvuvennnn +300°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Test Conditions: Vg = +5V, Vgg = -5V, Dgnp = OV, Agnp = 0V, VRgr i = +1.00000V, Vger 1o = AGND,
fcwcx =2.40MHz, Ryt = 400kQ, C|N1' =0.01pF, TA = +25°C, Vm = AGNDI CREF =1.0pF, 51/2 Digit
Compensated Mode, Unless Otherwise Specified.

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Integral Non-Linearity, INL 0.0V<V|y<+2.0V (Notes 1,2, 3,4) - 0.0015 +0.0035 % FS
-2.0V<Viy< 0.0V (Notes 1,2, 3, 4) - 10.0015 10.0035 % FS

Ratiometric Reading Vin i = VRer v = 1.00000V 99997 100000 100003 Counts
Zero Error, ZE VN 11 = 0.00000V - 0 +1 Counts
Voltage Range of V| o Input 2VSViNHi-ViNo S 2V -1 - 1 \
(pin 13), ViNLo
Voltage Range of V| iy Input 2VSViNui-ViNo S 2V VinLo2V - ViN Lo +2V v
(pin 12), ViN w1
Common Mode Rejection, CMR VinHi = ViN o = -3V to 43V - 3 - Counts
Input Leakage Current, Iy Pins 9, 10, 12, 13, V| = +3V, -3V - - +1 nA
Input Capacitance, Cy Pins 9, 10, 12, 13 - 5 - pF
Noise (Peak-to-Peak value, not - +1 - Counts
exceeded 95% of time), ey
Zero Drift, Teqze) VN i = 0.00000V - 0 - Counts/°C
Full Scale Error Tempco, Te(rsg) VN w1 = $2.00000V - 0.1 - Counts/°C
Supply Range, Vsyppry

Vee +4.75 +5.0 +5.5 v

Vee -4.75 5.0 55 v
Vee Supply Current, Icc - - 10 mA
Vee Supply Current, g - - 45 mA
Digital GND Current, lpgnp - - 5.5 mA
Analog GND Current, Iagnp - +3 - HA
Ve Vee Power Supply Rejection, Vin Hi = VRer v = 1.00000V - 3 - Counts
PSR Ve = #4.75V, Vgg = -4.75V to Ve

= +5.50V, Vgg = -5.50V
Guard Driver Pins 5, 8 Vin (pins 9, 10) = +3V, -3V 110 - - HA
Output Current, logp
NOTES:

1. All typical values have been characterized but are not production tested.
2. Not production tested, guaranteed by design and characterization.

3. Reference adjusted for correct full-scale reading.

4. Viv=Vinu-Vinwo
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Specifications HI-7159A

Digital Performance, DC Characteristics Test Conditions: V¢ = +5V, Vg = -5V, Danp = 0V, Agnp = OV, Vrer 1y = +1.00000V,
Vrer 10 = Aanp forock = 2.40MHZ, Ry = 400k, Ciyy = 0.011F, Ty = +25°C, Viy 10
= Agno» Crer = 1.01F, 5'/, Digit Compensated Mode, Unless Otherwise Specified

SEL = Dgyp (Serial Modes)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Input Low Voltage, V). Pins 15-25, 28 - - 0.8 v
Input High Voltage, Vi, Pins 15-25, 28 2.0 - - \
Output Low Voltage, VoL Pins 16, 18-25, Ig = 1.6mA - - 0.4 \"
Output High Voltage, Vou Pins 16, 18-25, Igy = -400pA 24 - - v
Tri-State Leakage Current, All Digital Drivers In High iImpedance - - 10 HA
Pins 18-25, lg_ State, Parallel Mode. CS = Vg,
Vin =0V, Ve
Leakage, Pins 15-17, 28, Ijy Vin=0V, Vee - - +1 A
Input Capacitance, Ciy Pins 15, 17-25, 28 - 5 - pF
Pin 16 - 10 - pF
Input Pullup Current (Pins 18-25), lpy Pins 18-25 at Dgnp - -5 - HA

AC Characteristics (T,= 0°C to +75°C) Test Conditions: V¢ = +4.75V, Vgg = -5.00V (Note 3), Danp = OV, Agnp = OV, Vin Lo = Aanps
VRer 1 = +1.00000V, Vger 1o = Aanor fcLock = 2.40MHz, Ryt = 400k, Ciyy = 0.01pF, Vi = 0V, V) = 4V, Vg =

Vou = 1.5V, tg = tr < 10ns, 5'/, Digit Compensated Mode, Unless Otherwise Specified

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
CS Setup/Hold of WR, T, 0 - - ns
WR Setup of Data In, T, 50 - - ns
WR Pulse Width, Ty 150 - - ns
Data Hold After WR, T, 20 - - ns
CS Setup/Hold of RD, T (Note 2) 25 - - ns
RD to Data Out, T C_ = 50pF, Vo = 1.5V - - 100 ns
RD to High Z State, T, - - 70 ns
WRto RD, WR to WR, T,, (Note 2) 5fcLock . - s
RDto WR, Tg (Note 2) 200 - - ns
RXD Setup of Data In, T (Note 2) 60 - - ns
Data Hold After EXT CLK, Tp 40 - - ns
EXT CLK to data out, Tg - - 300 ns
CS Setup of TXD, T¢ 100 - - ns

NOTES:

1. All typical values have been characterized but are not production tested.
2. Not production tested, guaranteed by design and characterization.
3. All AC characteristics are guaranteed for Vg = +5V 15%, Vgg = -5V 15%, over T, = 0°C to +75°C.
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HI-7159A

Timing Waveforms
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FIGURE 1. PARALLEL MODE TIMING
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FIGURE 2A. SERIAL MODE 0 TIMING
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FIGURE 2B. SERIAL MODE TIMING
NOTE: All input timing shown is defined at 50% points.




HI-7159A

Pin Description

A/D CONVERTERS
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PIN SYMBOL DESCRIPTION
1 Vee Positive 5V power supply for analog and digital sections.
2 INT OUT Integrator output; external component terminal.
3 INTIN Integrator input; external component terminal.
4 BUF OUT V| w1 Voltage buffer output; external component terminal.
5 Crer- Guard Reference capacitor guard ring terminal (negative).
6 CRer- Reference capacitor negative terminal.
7 Crer+ Reference capacitor positive terminal.
8 Cgres+ Guard Reference capacitor guard ring terminal (positive).
9 VREF HI Positive reference input terminal.
10 VREF LO Negative reference input terminal.
11 AgnD Analog Ground (0V).
12 ViNHI Positive analog input voltage terminal.
13 ViNrLo Negative analog input voitage terminal.
14 Vee Negative 5V power supply for analog section.
15 RD/RXD Parallel read; serial receive (modes 1 and 2), serial clock (mode 0).
16 WR/TXD Parallel write; serial transmit (modes 1 and 2), serial receive/transmit (mode 0).
17 CS/SAD4 Chip select (parallel and serial modes 0 and 1), serial address bit 4 (mode 2).
18 PO/SMS0 Parallel I/O port (P0); serial mode select pin.
19 P1/SMS1 Parallel O port (P1); serial mode select pin.
MODE SMSO0 SMS1
Serial Mode 0 0 0
Serial Mode 1 0 1
Serial Mode 2 1 0
Reserved 1 1
20 P2/SADO Parallel /O port (P2); serial address bit 0.
21 P3/SAD1 Parallel I/O port (P3); serial address bit 1.
22 P4/SAD2 Parallel I/O port (P4); serial address bit 2.
23 P5/SAD3 Parallel /O port (P5); serial address bit 3.
24 P&6/BRSO Parallel I/O port (P6); serial baud rate select.
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HI-7159A

Pin Description (Continued)

PIN SYMBOL DESCRIPTION
25 P7/BRS1 Parallel I/O port (P7); serial baud rate select.
BAUD RATE BRSO BRS1
300 0 0
1200 0 1
9600 1 0
19200 1 1
26 DGND Digital Ground (ov).
27 XyaL Oscillator out; crystal connection pin (other crystal pin connected to V).
28 SEL Select pin for parallel or serial operation.
Parallel SEL=1
Serial Modes SEL=0
Theory of Operation Conversion Types

The HI-7159A attains its 5‘/2 digit resolution through the use
of multiple integrations per conversion, creating an effective
integrator swing greater than the supply rails, and a succes-
sive integration technique used to measure the residue on
the integrator capacitor to 5'/, digit accuracy.

In the 5‘/2 digit mode, the input voltage is integrated and refer-
ence de-integrated four times. This results in a count with the
same effective resolution as a single integration with four times
the integrator swing amplitude. In this manner effective integrator
swings of £12V or greater can be achieved with 15V supplies.
The four integrations are spaced so that common-mode signals
whose frequency is an integer multiple of fcgysta /40,000 are
rejected. In the 4'/, digit mode, only one input integration is per-
formed, thus the minimum frequency for common-mode rejection
becomes fcrysta/10,000.

These first four integrations measure the input voltage to an
resolution of 3"/, digits, or 1mV/count. To achieve 51/, digit
accuracy (10uV/count), the error voltage remaining on the
integrator capacitor (representing the over-shoot of the inte-
grator due to comparator delay and clock quantization) must
be measured and subtracted from the 3'/, digit result. This is
accomplished by multiplying the residue by a factor of 10,
then integrating and reference de-integrating the error. This
error is subtracted from the 3'/, digit result, yielding a 4‘/2
digit accurate result. The error remaining from this step is
then multiplied by 10 and subtracted, and the process is
repeated a third time to achieve an internal accuracy of 6'/,
digits. This result is rounded to 5‘/2 digits and transferred to
the holding register, where it can be accessed by the user
through one of the three communications modes.

The HI-7159A offers the user a choice of three different conver-
sion types. They are: (1) the converter’s internal off-set voltage,
measured by internally connecting Vi 1 and Viy 1o to Agnp
and doing a conversion (Error Only Mode); (2) the input voltage
(VIN 1 minus Viy o) including the converter’s internal offset
(Uncompensated Mode); and (3) the input voltage including
internal offset erors, minus the internal offset errors (Compen-
sated Mode). This last measurement is a digital subtraction of
an Error Only conversion from an Uncompensated conversion,
and is the default conversion type. Since a Compensated con-
version consists of two conversions, it takes twice as long to
perform as the first two types.

Under some conditions, it may be desirable to increase the
conversion rate without loss of resolution or accuracy. Since
the short term drift of the internal offset error is slight when
temperature is controlled, it is not always necessary to convert
the error voltage once for every input voltage conversion. It is
possible for the host processor to do an error conversion peri-
odically, store the result, and subtract the error from a stream
of uncompensated input conversions with its own internal
ALU. In this way the conversion rate can be effectively dou-
bled.
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HI-7159A

Communication Modes

The HI-7158A A/D converter receives instructions from and
transmits data to the user host processor through one of four
communication modes. The modes are: parallel micropro-
cessor (Parallel); synchronous serial (Serial Mode 0); serial
non-addressed (Serial Mode 1); and serial addressed (Serial
Mode 2). The mode is determined by the states of the SEL,
SMSO0, and SMS1 pins as shown in Table 1.

The parallel mode allows the converter to be attached
directly to a microprocessor data bus. Data is read and writ-
ten to the device under control of the microprocessor’s RD,
WR and CS signals. Serial Mode 0 permits high speed serial
data transfer at up to 1 megabits/sec. Serial Mode 1 reads
and writes industry standard seriai data packets consisting
of 1 start bit, 8 data bits, 1 parity bit (EVEN), and 1 stop bit,
at one of 4 hardware selectable baud rates. Serial Mode 2 is
identical to Serial Mode 1 with the addition of addressing
capabilities which allow up to 32 HI-7159As to share the
same serial line, with each assigned a unique address.

TABLE 1. COMMUNICATION MODE SELECTION

Serial Mode 1

Serial Mode 1 is selected by tying SMSO (pin 18) low, SMS1
(pin 19) high, and SEL (pin 28) low (Figure 4B). In this mode
the HI-7159A interface emulates a UART, reading and writ-
ing data in serial data packets of 1 start bit, 8 data bits, 1
parity bit (EVEN), and 1 stop bit. The baud rate is deter-
mined by the state of BRSO and BRS1 (pins 24 and 25) as
shown in Table 2. Pin 15 becomes the serial receiver pin
(RXD) and pin 16 the serial transmitter pin (TXD). CS (pin
17) remains a chip select and must either be tied to Dgnp Or
pulled low (see Figure 2B) to access the device. SADO-
SAD3 (pins 20-23) are unused in this mode and should be
tied high.

TABLE 2. BAUD RATE SELECTION FOR MODES 1 AND 2

SEL SM SO SM S1

COMMUNICATION MODE PIN 28 PIN 18 PIN19
Parallel Vee NA NA
Serial 0 Denp Denp Dano
Serial 1 Dano Danp Vee
Serial 2 Danp Vee Dano

All four modes follow the same interface protocol: a request
or a command is sent from the host to the HI-7159A, and the
converter responds with the requested data and, in the case
of a command, begins a new conversion.

Parallel Mode Operation

The parallel communication mode (Figure 3) is selected
when SEL (pin 28) is high. Pins 18-25 become the eight bi-
directional data bits, PO-P7. Pins 15, 16, and 17 respectively
become read (RD) write (WR) and chip select (CS) Timing
parameters for the parallel mode are shown in Figure 1.

Serial Mode 0

Serial Mode 0 is the high speed synchronous serial interface,
directly compatible with the MCS-51 series of microcontrol-
lers. It is enabled by tying SEL (pin 28), SMSO0 (pin 18) and
SMS1 (pin 19) low (Figure 4A). Pin 16 is the bi-direction serial
data path, and pin 15 is the data clock input. Data sent to the
HI-7159A is latched on the rising edge of the serial clock. See
Figure 2A for detailed timing information.

Only 8 databits are used in this mode-no start, stop, or parity bits
are transmitted or received. CS must either be tied to Dgnp OF
pulled low to access the device. The SADO - SAD3 and BRSO -
BRS1 pins are unused in this mode and should be tied high.

BRSO BRS1 BAUD RATE BAUD RATE
PIN24 | PIN25 | (fyyaL = 2.4576MHz) V8 fxaL
Dano Dano 300 fxraL/8192
Danp Vee 1200 fura/2048
Vee Deanp 9600 fxraL/256
Vee Vee 19200 fyrar/128
v
‘|_VEE |SEL Vee |
WP |RD RD 28 1 = XyaL
W WA 5 _'|'
16 27
ADDRESS
ADDRESS RTS ], 11 7150m

FIGURE 3. PARALLEL MODE CONFIGURATION

Design Hints for Operating in the Parallel
Mode

1. Always read the status byte twice to make sure that it is
cleared.

2. Make sure the status byte is cleared before issuing a
command to change modes.

3. Read each digit pair five times before reading the next
byte to ensure that the output data is correct.

4. Use a watchdog timer to monitor conversion time. If
conversion time is either too long or too short, re-issue
the conversion command.

3-8
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HI-7159A

Serial Mode 2

Serial Mode 2 is selected by tying SEL (pin 28) low, SMSO0 (pin
18) high, and SMS1 (pin 19) low, as shown in Figure 4C. This
mode of operation is identical to Serial Mode 1, except that
each device now has one of 32 unique addresses determined
by the state of pins 20-23 and 17, as shown in Table 3. This
allows multiple HI-7159As to be attached to the same pair of
serial lines.

When the microprocessor sends out an Address Byte (Table
4) that matches one of the HI-7159As’ hardwired addresses,

that particular HI-7159A is selected for all further I/O until
another Address Byte with a different address is transmitted.

TABLE 3. HARDWARE ADDRESS SELECTION FOR MODE 2

SV 45V
IVEE Vee
10 CLK MU CLK 1;4 1 =3 X7AL
RXD/TXD _ RXD/TXD _T
1 > 16 27
XTAL
8051
P HI-T150A W5V
SMo __T
A 20-25
19
= f17 2% 28
& [l
FIGURE 4A. SERIAL MODE 0
sV +5V
VEE Vee
T™XD RXD| 14 1| S xqa
RXD : TxD |15 _I
€ 16 27
X7aAL
20K3 320K
UART/:P % BRSO HIT159A
9ns1 2 i
A i
6—— 18 20-23
‘o,
17 2% 28
$ﬁ é%ND SEL
FIGURE 4B. SERIAL MODE 1
ITO UP TO 31 ADDITIONAL
L 5V +5V
Ve Vee
™ | |. Rxp D = XraL
Rxo |, TXD] o 27 _T
+5V XTAL
20KS 320K
T BRso HI-7159A
UART/uP =201 04
. BRS1 20 1
w1 21 1 ADDRESS
+ SELECT
smo 18 g; —
sm ] o

26 28
$DGND gEL

FIGURE 4C. SERIAL MODE 2
FIGURE 4. SERIAL MODE CONFIGURATIONS

PIN 17 PIN 23 PIN 22 PIN 21 PIN 20
B4 (MSB) B3 B2 B1 BO (LSB)
Reading the HI-7159A

Despite the wide variety of interface options available on the
HI-7159A, the procedure for communicating with it is essen-
tially the same in all four modes. (Serial Mode 2 differs from
the rest in two respects: the chip to be communicated with
must first be sent an address byte to select it, and the digit
bytes are sent one by one, for a total of six bytes, instead of
in pairs.) There are two types of bytes that can be sent to the
converter, commands and requests. A command byte (Table
5) sets the parameters of and initiates a conversion. Those
parameters are: continuity of the conversion (single or con-
tinuous), resolution (5'/, or 4'/, digits), and type of conver-
sion (Compensated, Uncompensated, or Error Only). Bit DO
= 0 indicates that this is a command byte and a new conver-
sion(s) should be started.

A request byte (Table 6) asks for either the status of the con-
verter or the result of a conversion. All bits of a request should
be set to 0 except D3, D2, and DO. D3 and D2 determine the
type of request (status or digit pair), and DO = 1 indicates to the
HI-7159A that this is a request byte. Serial Mode 2 uses a
slightly modified request byte, shown in Table 7, allowing it to
individually select each of the six digit bytes.

Upon receipt of a request, the HI-7159A will respond with
either a status or a digit byte. The status byte (Table 8) returns
the current state of the converter. Bit D6 = 1 indicates that a
new conversion has been completed since the last time the
status byte was read. Bit D6 is cleared after it is read. Bit D4
shows the current continuity (single or continuous). Bit D3
indicates the resolution (5'/, or 4/, digits) of the conversion,
and bits D2 and D1 indicate the type (Compensated, Uncom-
pensated, or Error Only). Bit DO = 0 indicates that there was
no parity error detected in the last request byte.

The three digit bytes (Table 9) each contain two nibbles rep-
resenting two digits of the conversion. The sixth nibble con-
tains the MSD (most significant digit), polarity (1 = positive)
and overrange (1 = overrange) information. In Serial Mode 2
the digits (Table 10) are requested and received individually,
soa total of six requests and six reads is necessary to obtain
all 5'/, digits.
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HI-7159A

TABLE 4. SERIAL MODE 2 ADDRESS BYTE FORMAT (SENT TO HI-7159A)

ADDRESS BIT (RESERVED) (MSB) (LSB)
D7 D6 D5 D4 D3 D2 D1 Do
1 0 0 B4 B3 B2 B1 BO
TABLE 5. COMMAND BYTE FORMAT (SENT TO HI-7159A)
(RESERVED) CONTINUITY RESOLUTION CONVERSION TYPE COMMAND BIT
D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 Singie 0 5%, 1 Comp 1 1 0
Continuous 1 4, 0 Uncomp 1 0
Error Only 0 1
TABLE 6. REQUEST BYTE FORMAT, PARALLEL AND SERIAL MODE 1 (SENT TO HI-7159A)
(RESERVED) BYTE REQUEST (RESERVED) REQUEST BIT
D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 Digit Pair 0, 1 0 0 0 1
Digit Pair 2, 3 0 1
Digit Pair 4, 5 1 0
Converter Status 1 1
TABLE 7. REQUEST BYTE FORMAT, SERIAL MODE 2 (SENT TO HI-7159A)
(RESERVED) BYTE REQUEST REQUEST BIT
D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 Digit 0 0 0 0 1
Digit 1 0 0 1
Digit 2 0 1 0
Digit 3 0 1 1
Digit 4 1 0 0
Digit 5 1 0 1
Converter Status 1 1 0

3-11

A/D CONVERTERS
INTEGRATING



HI-7159A

TABLE 8. STATUS BYTE FORMAT (RECEIVED FROM HI-7159A)

CONVERTER PARITY
" UPDATE STATUS " CONTINUITY RESOLUTION CONVERSION TYPE ERROR
D7 Dé D5 D4 D3 D2 D1 DO
0 No Update 0 0 Single 0 5, 1 Comp 1 1 No 0
Updated 1 Continuous 1 4, 0 | Uncomp 1 0 | Yes 1
Error 0 1
(* = Reserved)
TABLE 9. DIGIT BYTE FORMAT, PARALLEL AND SERIAL MODE 1 (RECEIVED FROM HI-7159A)

DIGIT BYTE D7 D6 D5 D4 D3 D2 D1 DO
Digit Pair 0, 1 MSB1 LSB1 MSBO LSBO
Digit Pair 2, 3 MSB3 LSB3 MSB2 LSB2
Digit Pair 4, 5 Polarity Overrange MSB5 LSB5 MSB4 LSB4

(1=POS) (1=0R)
TABLE 10. DIGIT BYTE FORMAT, SERIAL MODE 2 (RECEIVED FROM HI-7159A)

DIGIT BYTE D7 Dé D5 D4 D3 D2 D1 DO
Digits 0 - 4 0 0 1 1 MSB LSB
Digit 5 0 0 1 1 Polarity Overrange MSB Ls8

(1=POS) (1=0R)

Single Conversion Mode

The suggested algorithm for reading the HI-7159A in its sin-
gle conversion mode of operation is shown in Figure 5.
Essentially it consists of initiating a conversion, waiting until
the conversion is complete, and then reading the results.
Since no further conversions take place, the data may be
read out at any time and at any speed. This is the most
straightforward method of reading the HI-7159A.

Continuous Conversion Mode

Once a command byte is sent to the HI-7159A initiating the
continuous conversion mode, the output data registers will be
updated continuously after every conversion. This makes
obtaining a valid reading more difficult, since the possibility
exists that the current data could be overwritten by a new con-
version before all the digit bytes are read. To prevent this, the
status byte should be read before and after the data is read
from the converter, to ensure that the converter has not
updated during the reads. This is demonstrated in Figure 6.

e

teessessscssessesssasssssssssssssasans

SEND COMMAND BYTE
(INITIATE SINGLE CONVERSION)

3

GET STATUS BYTE

GET DIGIT BYTES

'

CONVERSION RESULT
IS VALID

FIGURE 5. READING THE HI-7159A IN THE SINGLE

CONVERSION MODE
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roe GET STATUS BYTE
:
’
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’
1]
.
13
.
’
H NO
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,
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CONVERSION
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FIGURE 6. READING THE HI-7159A IN THE CONTINUOUS
CONVERSION MODE

Due to the wide range of baud rates available in the serial
modes, some of the lower baud rates will take longer to
transfer the output data than it takes to perform a conver-
sion. In these cases the continuous mode should not be
used. Table 11 shows the percentage of the total conversion
time that it takes to read all the data from the converter for
the two serial modes. These are best case numbers, assum-
ing that the bytes are transmitted and received end-to-end.
An asterisk indicates that it is impossible to get all the data
out within one conversion. Percentages in the 20-50% range
indicate that it is possible to get valid data out with very tight
code. In all cases the status byte should be checked before
and after the reading to ensure data integrity.

TABLE 11. SERIAL MODES '/,

CONVERSION TYPE
BAUD 5, s', 4Y, 4,
RATE COMP | UNCOMP | COMP | UNCOMP
300 o o o o
1200 54%" W Wil W
9600 7%/13% | 14%/25% | 27%/50% | 54%™*
19200 4%/7% | 7%N13% | 14%/25% | 27%/50%

Crystal Oscillator

The HI-7159A uses a single pin crystal oscillator design
(Figure 7). The crystal is connected between pin 27 and
VCC; no load capacitors or other components are neces-
sary. The user has a choice of crystal frequencies:
2.4576MHz or 2.4MHz. An off-the-shelf 2.4576MHz crystal
works well and provides baud rates of exactly 19.2k, 9600,
1200, and 300. However its total integration period will be
16.28ms, or 0.39ms shorter than a 60Hz cycle. This effec-
tively reduces the normal mode AC rejection.

Vee

]' CRYSTAL
1 j (2.0MHz TO 2.5MHz)
HI-7150A o4

XTAL

FIGURE 7. SINGLE-PIN OSCILLATOR

A 2.4MHz crystal results in an integration period of 16.67ms,
exactly the length of one 60Hz AC cycle. Normal mode AC
rejection is greatest at this frequency. At 2.4MHz, however,
the Baud rates will be off by -2.34%. This error is not large
enough to cause any errors with most peripherals, and only
applies to operation in Serial Modes 1 and 2. Communica-
tion in Serial Mode 0 and the Parallel Mode is independent
of the crystal frequency. For this mode a 2.4MHz crystal is
recommended.

While the oscillator was designed to operate at 2.0MHz -
2.5MHz, the HI-7159A itself will operate reliably down to less
than 600kHz when driven with an external clock. Benefits at
lower clock frequencies include reduced rollover error (gain
error for negative input voltages) and lower noise. The baud
rates mentioned throughout this datasheet correspond to a
crystal frequency of 2.4576MHz. At 1.2MHz, the actual baud
rates will be half the speed they were at 2.4MHz, i.e. 9600,
4800, 600 and 150 baud. At 600kHz they will be one-fourth.

It may also be possible to directly program the host’s serial
hardware for operation at nonstandard baud rates, allowing
HI-7159A operation at any arbitrary frequency. For example:
50Hz AC rejection requires a 2.00MHz clock. At this fre-
quency the “9600” baud rate becomes 7812.5 baud. The
host’'s UART must be programmed with the proper divider to
operate at this baud rate. The data clock (see Figure 2) is
defined as 16 times the baud rate, so the data clock of this
configuration would be 125kHz. The data clock can also be
determined by dividing the oscillator (clock) frequency by the
correct divider from Table 12.
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TABLE 12. CRYSTAL DIVIDER RATIOS

BAUD RATE SELECTED CRYSTAL DIVIDER
300" 512
“1200” 128
“9600” 16
“19200” 8

The following equation determines the divider needed to
operate the HI-7159A at any given crystal frequency:

'CLOCK (7159A) _ fCRYSTAL (Host UART)
Divider (7159A) Divider (Host UART)

= Data Clock

Once determined, the new divider must be written directly to
the Host's UART. Most PC compatibles use an 8250 UART
with a 1.8432MHz crystal, so the proper divider for the 2MHz
example given above would be 15. Again, these consider-
ations apply only to Serial Modes 1 and 2. Parallel and Serial
Mode 0 communication rates are independent of crystal fre-
quency.

Conversion Time

The conversion time of the HI-7159A is a function of the
crystal frequency and the type of conversion being made.
The conversion times for fo ock = 2.4MHz are shown in
Table 13. At other clock frequencies the times may be calcu-
lated from the following formula:

Cc

fcLock
where the constant C is determined from Table 13.

tconv =

TABLE 13. CONVERSION TIMES

CONVERSION TYPE
5/, s/, 4, 4,
COMP UNCOMP COMP UNCOMP
f=2.4MHz 133ms 66.7ms 33.3ms 16.7ms
C 320,000 160,000 80,000 40,000
Component Selection

Three external passive components must be chosen for the HI-
7159A: the integrating capacitor (Cyyt), the integrating resistor
(RinT), and the reference capacitor (Crgg). They are chosen
based on the crystal frequency, the reference voltage (Vger),
and the desired integrating current. Figure 8 illustrates the ana-
log components necessary for the HI-7159A to function.

5V
+—il 5V
Vee X:
1 27 1 v,
14
INT QUT CiNt
VREFHI 2
o [ s INTIN
VgerLO A
10 BUF OUT INT
WA
HI-T159A
LT Cprer - GUARD
5
Yo 1, P g
REFERENCE
“/-.f, I Crer/ \clglfﬂrgn
‘g Crere T RINGS
Acnp » et MASRRtS |
8 | Crer, GUARD
Danp ..
= AGND ™= DgND

FIGURE 8. ANALOG COMPONENTS AND INPUTS

TABLE 14. RECOMMENDED COMPONENT VALUES vs CLOCK

FREQUENCY
feLock Riny Cint Crer
2.4MHz 400kQ 0.01pF 1.0pF
1.2MHz 360kQ 0.022uF 2.2uF
600kHz 330k 0.047F 47yF

NOTE: Cyyt MUST be a high quality polypropylene capacitor or per-
formance may be degraded.

The reference capacitor and integrating components can

either be selected from Table 14, or calculated from the fol-
lowing equations.

CRrer acts as a voltage source at different times during a
conversion. Its value is determined by two considerations: it
must be small enough to be fully charged from its dis-
charged state at power-on; yet it also must be large enough
to supply current to the circuit during conversion without sig-
nificantly drooping from its initial value. For 2.4MHz opera-
tion, a 1uF capacitor is recommended. The equation for
other frequencies is:
2.5

fcLock

The values of Ryt and Cynr are selected by choosing the maxi-
mum integration current and the maximum integrator output volt-
age swing. The maximum integration current and voltage swing
occurs when V) = full scale = 2 X Vggg. The recommended inte-
gration current for the HI-7159A is SmA - 10mA. This will help
determine the value of Ry, since

oo _YIN

INT = Rint hNT
where ViN = ViNHi - ViNLo =2 X VRgr-

Crer =

INT
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Therefore values of Ryt should be between 200kQ and
400kQ2 The exact value of Ryt may be altered to get the
exact integrator swing desired after choosing a standard
capacitor value for CyT-

The most critical component in any integrating A/D converter
is the integrating capacitor, Ciy1. For a converter of this reso-
lution, it is imperative that this component perform as closely
to an ideal capacitor as possible. Any amount of leakage or
dielectric absorption will manifest itself as linearity errors.
For this reason Cyyt must be a high quality polypropylene
capacitor. Use of any other type may degrade performance.
The value of Cyyt is determined by the magnitude of the
desired maximum integrator output voltage swing as shown
below:

Vin) (4nT)

Y, L LA
(Rinp) (Cy\p)

SWING ~

Solving for Cyr yields:
Vin) ()

[o] = — 7
INT ™ (RiNm) Vgwing)

where Vgwing is the maximum output voltage swing of the
integrator, V) is the full scale input voltage (Vin i - ViN Lo)
to the converter (equal to 2 X Vrer), and tyyy is the time in
which Vy is integrated. The best results are achieved when
the maximum integrator output voltage is made as large as
possible, yet still less than the nonlinear region in the vicinity
of the power supply limit. A full scale output swing of about
3.0V provides the greatest accuracy and linearity.

NOTE: The integrator is auto-zeroed to the voltage at Viy Lo- f vin Lo
is negative with respect to Agnps the integrator will have | Viy o | less
headroom for positive input voltages (inputs where Viy iy - Viy 1.0 >
0). If Viy Lo is positive with respect to Agnp, the integrator will have |
Vin Lo | less headroom for negative input voltages (inputs where Viy
Hi - Vino < 0). In most applications V| o is at or near Agyp and the
above equations will be adequate. In applications where V)y o may
be more than §.1V away from Agyp, it shouild be inciuded in the inte-
grator swing considerations. The following formula combines all the
above considerations:

(ViN 1~ VIN LO) (10, 000) |

(Riny Oy (ose) |

ViINLO ™ <3.0v

Gain Error Adjustments

While the HI-7159A has a very linear transfer characteristic
in both the positive and negative directions, the slope of the
line is slightly greater for negative inputs than for positive.
This results in the transfer characteristic shown in Figure 9.
One end point of this curve, typically the positive side, can
be adjusted to zero error by trimming the reference voltage.
The other (negative) side will have a fixed gain error. This
error can be removed in software by multiplying all negative
readings by a scale factor, determined by dividing the ideal
full scale reading (-200,000 counts) by the actual full scale
reading when Vjy = -2.00000V.

200,000

100,000

000,000

/ 100,000

OUTPUT COUNT

200,012 /
COUNTS va
\ /
-2.0 -1.0 0.0 1.0 2.0

INPUT (V)

200,000

FIGURE 9. TYPICAL HI-7159A TRANSFER CHARACTERISTIC

CREF Guard Pins

Depending on the polarity of the input signal, either the neg-
ative or the positive terminal of the reference capacitor will
be connected to Agnp to provide the correct polarity for ref-
erence deintegration. In systems where Vgeg o is tied to
analog ground, the reference capacitor is effectively shifted
down by | Vgee | for positive input voltages, and is not shifted
at all for negative input voltages. This shift can cause some
charge on the reference capacitor to be lost due to stray
capacitance between the reference capacitor leads and
ground traces or other fixed potentials on the board. The ref-
erence voltage will now be slightly smaller for positive inputs.
This difference in reference voltages for positive and nega-
tive inputs appears as rollover error.

The HI-7159A provides two guard ring outputs to minimize
this effect. Each guard ring output is a buffered version of the
voltage at its respective Crer pin. If the traces going to the
Crer pins and under Cger itself are surrounded by their cor-
responding guard rings, no charge wili be iost as Crgr is
moved. Figure 10 shows two slightly different patterns.The
first one is for capacitors of symmetrical construction, the
second is for capacitors with outside foils (one end of the
capacitor is the entire outside.

(5) Crgr. GUARD

? ‘d__ (6) CrEF-

(M) CREF+
(8) CRrgFs GUARD

HI -7159A

(5) CRer. GUARD

(") CRrEF+
(8

HI-7159A

=

CReF+ GUARD

FIGURE 10. TYPICAL GUARD RING LAYOUT

3-156

A/D CONVERTERS
INTEGRATING




HI-7159A

Die Characteristics

DIE DIMENSIONS:
5817um x 3988um

METALLIZATION:
Type: SiAl
Thickness: 10kA +1kA

GLASSIVATION:
Type: PSG/Nitride
Thickness: 15kA 1

Metallization Mask Layout

HE7159A
BUF INT INT
ouT IN outr Vec Vec SEL XTAL Dgno
P7/BRS1
P6/BRSO
Crer-
GUARD PS/SAD3
P4/SAD2
P3/SAD1
Crer-
CRer+ P2/SADO
da
f—é P1/SMS1
RH
Ny
)
Crer+
GUARD
VREF
HI
VREF
Lo v | Pusmso
Acnp Vm Vﬂg Vee RDRXD WR/TWD CSISAD4
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@ HARRIS ICL7109

December 1993 12-Bit Microprocessor Compatible A/D Converter
Features Description
* 12 Bit Binary (Plus Polarity and Overrange) Dual Slope The ICL7109 is a high performance, CMOS, low power inte-
Integrating Analog-to-Digital Converter grating A/D converter designed to easily interface with micro-

* Byte-Organized TTL Compatible Tri-State Outputs and pr rs.

UART Handshake Mode for Simple Parallel or Serlal The output data (12 bits, polarity and overrange) may be

Interfacing to Microprocessor Systems directly accessed under control of two byte enable inputs and a

ToTH Y chip select input for a single parallel bus interface. A UART

* ;Lc:nwitl;?:r? dl 'g:;;t;;dci:::’s?ogu;&u:n:an Be Used to handshake mode is provided to allow the ICL7109 to work with

industry-standard UARTs in providing serial data transmission.

* True Differential Input and Differential Reference The RUNHOLD input and STATUS output allow monitoring
and control of conversion timing.

Low Noise - Typically 15uVp_p
The ICL7109 provides the user with the high accuracy, low
noise, low drift versatility and economy of the dual-slope
Operates At Up to 30 Conversions/Sec integrating A/D converter. Features like true differential input
and reference, drift of less than 1uV/°C, maximum input bias
current of 10pA, and typical power consumption of 20mW
make the ICL7109 an attractive per-channel alternative to
analog multiplexing for many data acquisition applications.

1pA Typical Input Current

e On-Chip Oscillator Operates with Inexpensive
3.58MHz TV Crystal Giving 7.5 Conversions/Sec for
60Hz Rejection. May Also Be Used with An RC Net-
work Oscillator for Other Clock Frequencies

Ordering Information Pinout
ICL7109
TEMPERATURE (CDIP, PDIP)
PART NUMBER RANGE PACKAGE TOP VIEW

ICL7109MDL -55°C to +125°C | 40 Lead Side Brazed

Ceramic DIP GNo [T \J E Ve
ICL7109IDL -25°C to +85°C | 40 Lead Side Brazed STATUS [Z] [39] REFIN-

Ceramic DIP poL 3 E REF CAP-
ICL71091JL -25°C to +85°C 40 Lead Ceramic DIP OR E @ REF CAP+
ICL7109CPL 0°Cto +70°C | 40 Lead Plastic DIP B12 S [3%] REFIN+
ICL7109MDL/883B | -55°C to +125°C | 40 Lead Side Brazed 811 [€] % :: :;

Ceramic DIP

33] COMMON

ICL7109IPL -25°C to +85°C | 40 Lead Plastic DIP % INT

31| AZ

[30] BUF

E REF OUT

3 v

[27] SEND

E RUN/HOLD
[25] BUF OSC OUT
E OSC SEL

E 0SC ouT

E OSCIN

E] MODE

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

File Number 3092
Copyright © Harris Corporation 1993 317
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Specifications ICL7109

Absolute Maximum Ratings

Positive Supply Voltage (GNDtoV+) .................... +6.2V  Thermal Resistance

Negative Supply Voltage (GNDtoV-).............ooovvent, -9V CDIPPackage........ooovvveennnns
Analog Input Voltage (Either Input) (Note 1). . ........... V+to V- CDIP Package (ICL71091JL)

Reference Input Voltage (Either Input) (Note 1).......... V+to V- PDIPPackage .........coovunueennn

Digital InputVoltage . . ..., (V+) +0.3V  Operating Temperature Range

Pins2-27 (NOte2) .. .vvuvniiiiiiiiiieeninennnes GND -0.3V MSUMIX sttt iieiii it ieie e

Storage Temperature Range

Lead Temperature (Soldering 10s Max) .
Junction Temperature (PDIP Package). .
(CDIP Package) .

Thermal Information

+300°C C Suffix

........ -65°C to +150°C ISUMiX . oo

O,c
8°C/W
15°C/W

50°C/W -

-55°C to +125°C
-25°C to +85°C

0°C to +75°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indi

d in the op /

of this specification is not implied.

Analog Electrical Specifications V+=+5V, V-= -5V, GND = 0V, Ty = +25°C, fo ¢ = 3.58MHz,

(Note 4)

Unless Otherwise Specified
PARAMETERS TEST CONDITIONS | MIN LTYP | MAX I UNIT

SYSTEM PERFORMANCE

Oscillator Output Current
High, Ogn Vout =2.5V - 1 - mA
Low, Og Vour=2.5V - 1.5 - mA

Buffered Oscillator Output Current
High, BOgy Vour =2.5V - 2 - mA
Low, BOg Vour =2.5V - 5 - mA

Zero Input Reading Vn = 0.0000V, Vgee = 204.8mV -0000 | +0000 { +0000 Counts

Ratiometric Error Vin = VRer: VRer = 204.8mV (Note 7) -3 - 0 Counts

Non-Linearity Full Scale = 409.6mV to 2.048mV -1 10.2 +1 Counts

Maximum Deviation from Best Straight Line Fit, Over
Full Operating Temperature Range (Notes 4 and 6)
Rollover Error Full Scale = 409.6mV to 2.048V -1 0.2 +1 Counts
Difference in Reading for Equal Positive and Negative In-
puts Near Full-Scale (Notes 5 and 6), R, = 0Q
Linearity Full-Scale = 200mV or Full-Scale = 2V Maximum Devi- - 0.2 +1 Counts
ation from Best Straight Line Fit (Note 4)
Common Mode Rejection Ratio, CMRR | Ve = 11V, Vyy = OV, Full-Scale = 409.6mV - 50 - nwv
Input Common Mode Range, VCMR Input Hl, Input LO, Common (Note 4) (v-) - (V+) v
+2.0 2.0
Noise, eN Vin = 0V, Full-Scale = 409.6mV - 15 - uv
(P-P Value Not Exceeded 95% of Time)

Leakage Current Input, I, « Vin = 0V, All Devices at +25°C (Note 4) - 1 10 pA
ICL7109CPL 0°C < TR <+70°C (Note 4) - 20 100 pA
ICL7109IDL -25°C < Tp < +85°C (Note 4) - 100 250 pA
ICL7109MDL -55°C < T < +125°C - 2 100 nA

Zero Reading Drift VN =0V, R; - 0Q (Note 4) - 0.2 1 uvrc

Scale Factor Temperature Coefficient | V)y = 408.9mV = > 77705 Reading Ext. Ref. Oppm/°C - 1 5 ppm/°C
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Specifications ICL7109

Analog Electrical Specifications v+ = +5V, V- = -5V, GND = 0V, T = +25°C, f¢;x = 3.58MHz,

Unless Otherwise Specified (Continued)

PARAMETERS TEST CONDITIONS | MIN l TYP I MAX I UNIT

REFERENCE VOLTAGE

Ref Out Voltage, Vger Referred to V+, 25kQ Between V+ and REF OUT 2.4 -2.8 -3.2 Vv
Ref Out Temperature Coefficient 25kQ Between V+ and REF OUT (Note 4) - 80 - ppm/°C
POWER SUPPLY CHARACTERISTICS

Supply Current V+ to GND, I+ V|n = 0V, Crystal Osc 3.58MHz Test Circuit - 700 1500 HA
Supply Current V+ to V-, Isypp Pins 2 - 21, 25, 26, 27, 29; Open - 700 1500 HA
Digital Electrical Specifications v+ = +5V, V- = -5V, GND = 0V, T, = +25°C, Unless Otherwise Specified.

PARAMETERS TEST CONDITIONS ‘ MIN l TYP l MAX l UNIT

DIGITAL OUTPUTS

Output High Voltage, Voy lout = 100A Pins 2 - 16, 18, 19, 20 35 43 - v
Output Low Voltage, Vo, lout = 1.6MA Pins 2 - 16, 18, 19, 20 - $0.20 | 10.40 v
Output Leakage Current Pins 3 - 16 High Impedance - +0.01 +1 HA
Control /O Pullup Current Pins 18, 19, 20 Voyt = V+ -3V MODE Input at GND - 5 - HA

(Note 4)

Control /O Loading HBEN Pin 19 LBEN Pin 18 (Note 4) - - 50 pF
DIGITAL INPUTS

Input High Voltage, Vi, Pins 18 - 21, 26, 27 Referred to GND 3.0 - - \
Input Low Voltage, V) Pins 18 - 21, 26, 27 Referred to GND - - 1 \
Input Pull-Up Current Pins 26, 27 Voyt = (V+) -3V - 5 - HA
Input Pull-Up Current Pins 17, 24 Vot = (V+) -3V - 25 - A
Input Pull-Down Current Pin 21 Voyr = GND +3V - 5 - A

TIMING CHARACTERISTICS

MODE Input Pulse Width, ty

(Note 4)

NOTES:

1. Input voltages may exceed the supply voltages provided the input current is limited to +100pA.

2. Due to the SCR structure inherent in the process used to fabricate these devices, connecting any digital inputs or outputs to voltages
greater than V+ or less than GND may cause destructive device latchup. For this reason it is recommended that no inputs from sources
other than the same power supply be applied to the ICL7109 before its power supply is established, and that in multiple supply systems
the supply to the ICL7109 be activated first.

N oo s w

. This limit refers to that of the package and will not be obtained during normal operation.
. This parameter is not production tested, but is guaranteed by design.

. Roll-over error for Ty = -55°C to +125°C is +10 counts maximum.

. A full scale voltage of 2.048V is used because a full scale voltage of 4.096V exceeds the devices Common Mode Voltage Range.
. For Cerdip package the Ratiometric error can be -4 (Minimum).
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Pin Description

PIN SYMBOL DESCRIPTION
1 GND Digital Ground, OV. Ground return for all digital logic.
2 STATUS Output High during integrate and deintegrate until data is latched. Output Low when analog section
is in Auto-Zero configuration.
3 POL Polarity - HI for positive input. Tri-State output data bits
4 OR Overrange - Hl if overranged. Tri-State output data bits
5 B12 Bit 12 (Most Significant Bit) Tri-State output data bits
6 Bi1 Bit 11 High = True Tri-State output data bits
7 B10 Bit 10 High = True Tri-State output data bits
8 B9 Bit9 High = True Tri-State output data bits
9 B8 Bit8 High = True Tri-State output data bits
10 B7 Bit7 High = True Tri-State output data bits
11 B6 Bit6 High = True Tri-State output data bits
12 B5 Bit5 High = True Tri-State output data bits
13 B4 Bit4 High = True Tri-State output data bits
14 B3 Bit3 High = True Tri-State output data bits
15 B2 Bit2 High = True Tri-State output data bits
16 B1 Bit 1 (Least Significant Bit) Tri-State output data bits
17 TEST Input High - Normal Operation. Input Low - Forces all bit outputs high. Note: This input is used for
test purposes only. Tie high if not used.
18 LBEN Low Byte Enable - With Mode (Pin 21) low, and CE/LOAD (Pin 20) low, taking this pin low activates
low order byte outputs B1 through B8.
With Mode (Pin 21) high, this pin serves as a low byte flag output used in handshake mode.
See Figures 7, 8, 9.
19 HBEN High Byte Enable - With Mode (Pin 21) low, and CE/LOAD (Pin 20) low, taking this pin low activates
high order byte outputs B9 through B12, POL, OR.
With Mode (Pin 21) high, this pin serves as a high byte flag output used in handshake mode.
See Figures 7, 8, 9.
20 CE/LOAD Chip Enable Load - With Mode (Pin 21) low. CE/LOAD serves as a master output enable. When
high, B1 through B12, POL, OR outputs are disabled.
With Mode (Pin 21) high, this pin serves as a load strobe used in handshake mode.
See Figures 7, 8, 9.
21 MODE Input Low - Direct output mode where CE/LOAD (Pin 20), HBEN (Pin 19) and LBEN (Pin 18) act as
inputs directly controlling byte outputs.
Input Pulsed High - Causes immediate entry into handshake mode and output of data as in Figure 9.
Input High - Enables CE/LOAD (Pin 20), HBEN (Pin 19), and LBEN (Pin 18) as outputs, handshake
mode will be entered and data output as in Figures 7 and 8 at conversion completion.
22 OSC IN Oscillator Input
23 OscC ouT Oscillator Output
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Pin Description (Continued)

PIN SYMBOL DESCRIPTION
24 OSC SEL Oscillator Select - Input high configures OSC IN, OSC OUT, BUF OSC OUT as RC oscillator - clock
will be same phase and duty cycle as BUF OSC OUT.
Input low configures OSC IN, OSC OUT for crystal oscillator - clock frequency will be 1/58 of fre-
quency at BUF OSC OUT.
25 BUF OSC OUT | Buffered Oscillator Output
26 RUN/HOLD Input High - Conversions continuously performed every 8192 clock pulses.
Input Low - Conversion in progress completed, converter will stop in Auto-Zero 7 counts before inte-
grate.
27 SEND Input - Used in hndshake mode to indicate ability of an external device to accept data. Connect to
+5V if not used.
28 V- Analog Negative Supply - Nominally -5V with respect to GND (Pin 1).
29 REF OUT Reference Voltage Output - Nominally 2.8V down from V+ (Pin 40).
30 BUFFER Buffer Amplifier Output.
31 AUTO-ZERO Auto-Zero Node - Inside foil of Cpz.
32 INTEGRATOR | Integrator Output - Outside foil of Cyyr.
33 COMMON Analog Common - System is Auto-Zeroed to COMMON.
34 INPUT LO Differential Input Low Side.
35 INPUT HI Differential Input High Side.
36 REF IN + Differential Reference Input Positive.
37 REF CAP + Reference Capacitor Positive.
38 REF CAP- Reference Capacitor Negative.
39 REF IN- Differential Reference Input Negative.
40 V+ Positive Supply Voltage - Nominally +5V with respect to GND (Pin1).

NOTE: All digital levels are positive true.
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Design Information Summary Sheet

* OSCILLATOR FREQUENCY ¢ Vit MAXIMUM SWING
fosc = 0.45/RC (V-+ 0.5V) < VINT <(V+- O.SV)
Cosc > 50pF, Rosc > 50KQ VINT Typlcally =2.0V
fosc Typ. = 60kHz * DISPLAY COUNT
fosc Typ. = 3.58MHz Crystal COUNT = 2048 X
REF
* OSCILLATOR PERIOD
tosc = RC/0.45 « CONVERSION CYCLE
tosc = 1/3.58MHz (Crystal) teve = toLock x 8192
o INTEGRATION CLOCK FREQUENCY ‘('II: Frefe Run '!IOd?('H Run/HOL? =1)
feLock = fosc (RC Mode) en foLock = 60kHz, teyc = 133ms
foLock = fosc/58 (Crystal) * COMMON MODE INPUT VOLTAGE
tcLock = fcLock (V- +2.0V) < Vjy < (V+-2.0V)
* INTEGRATION PERIOD e AUTO-ZERO CAPACITOR
tinT = 2048 X tciock 0.01uF < Cpz < 1.0uF
e 60/50Hz REJECTION CRITERION o REFERENCE CAPACITOR
tinT/teoHz OF tinT/tsonz = Integer 0.14F < Cggr < 1.04F
o OPTIMUM INTEGRATION CURRENT * Vper
Iint = 20.00A Biased between V+ and V-
V =V+-28V
e FULL-SCALE ANALOG INPUT VOLTAGE REF =
Vines Typically = 200mV or 2.0V Regulation lost when V+ to V- < 6.4V.

If Vrer is not used, float output pin.
* POWER SUPPLY: DUAL 15.0V

L]

INTEGRATE RESISTOR

ANT = S V+ = +5.0 to GND
hNT V-=-5.0to GND
« INTEGRATE CAPACITOR e OUTPUTTYPE ] ]
(N7 ONT Binary Amplitude with Polarity and Overrange Bits
CINT = —_— Tips: Always tie TEST pin HIGH.
INT Don't leave any inputs floating.
¢ INTEGRATOR OUTPUT VOLTAGE SWING
Ny Uiy
YNTS — ¢ =

“iINT

Typical Integrator Amplifier Output Waveform (INT Pin)

AUTO ZERO PHASE INTEGRATE DE-INTEGRATE PHASE
COUNTS) 0 - 4095 COUNTS
143 - 2048 2048 COUNTS

.

: PHASE FIXED

TOTAL CONVERSION TIME = 8192 x tc ock (IN FREE-RUN MODE)
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[13] PE CLR [32]— +sv COMMON [33 = GND
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DRR |18} {1e] TBEN v- [28}— sv
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TBRL [23} %m 0SC SEL 24— GND
T8RE [2] foseno  oscout [zl——
ose = = 3.58MHz
CRYSTAL
25| TRO MR [21}— aND
IM6403 icL7109
CMOS UART CMOS A/D CONVERTER

FOR LOWEST POWER CONSUMPTION
TBR1 - TBR8 INPUTS SHOULD HAVE 100kQ
PULLUP RESISTORS TO +5V

FIGURE 1A. TYPICAL CONNECTION DIAGRAM UART INTERFACE-TO TRANSMIT LATEST RESULT, SEND ANY WORD TO UART

+5V

CATCAIES | Gl

+5V
+5V
+5V
+5V

GND

XTAL1
TO

RESET
ss
INT

0]

XTAL2

21-24
35-38
P20 - P27
31-34
P14-P17

8748/9048

OTHER
} vo

+5V —. Vs ~
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0.33pF
g
28] — sv
27

+5V

Tz’.ﬁ

e

RiNT 20kQ 0.2V REF
200kQ 2V REF

RUN/HOLD
BUFF OSC OUT

DBO - DB7

Il

RD [10]

+5V OR OPEN

GND

3.58MHz
= CRYsTAL

FIGURE 1B. TYPICAL CONNECTION DIAGRAM PARALLEL INTERFACE WITH 8048 MICROCOMPUTER
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Detailed Description
Analog Section

Figure 2 shows the equivalent circuit of the Analog Section
for the ICL7109. When the RUN/HOLD input is left open or
connected to V+, the circuit will perform conversions at a
rate determined by the clock frequency (8192 clock periods
per cycle). Each measurement cycle is divided into three
phases as shown in Figure 3. They are (1) auto-zero (A-Z),
(2) signal integrate (INT) and (3) de-integrate (DE).

Auto-Zero Phase

During auto-zero three things happen. First, input high and
low are disconnected from the pins and internally shorted to
analog COMMON. Second, the reference capacitor is
charged to the reference voltage. Third, a feedback loop is
closed around the system to charge the auto-zero capacitor
Caz to compensate for offset voltages in the buffer amplifier,
integrator, and comparator. Since the comparator is included
in the loop, the A-Z accuracy is limited only by the noise of
the system. In any case, the offset referred to the input is
less than 10uV.

Signal Integrate Phase

During signal integrate, the auto-zero loop is opened, the
internal short is removed, and the internal input high and low
are connected to the external pins. The converter then
integrates the differential voltage between IN HI and IN LO
for a fixed time. This differential voltage can be within a wide
common mode range of the inputs. At the end of this phase,
the polarity of the integrated signal is determined.

De-Integrate Phase

The final phase is de-integrate, or reference integrate. Input
low is internally connected to analog COMMON and input
high is connected across the previously charged (during
auto-zero) reference capacitor. Circuitry within the chip
ensures that the capacitor will be connected with the correct
polarity to cause the integrator output to return to zero cross-
ing (established in Auto-Zero) with a fixed slope. The time
required for the output to return to zero is proportional to the
input signal.

Differential Input

The input can accept differential voltages anywhere within
the common mode range of the input amplifier, or specifically
from 1.0V below the positive supply to 1.5V above the
negative supply. In this range, the system has a CMRR of
86dB typical. However, care must be exercised to assure the
integrator output does not saturate. A worst case condition
would be a large positive common mode voltage with a near
full-scale negative differential input voltage. The negative
input signal drives the integrator positive when most of its
swing has been used up by the positive common mode
voltage. For these critical applications the integrator output
swing can be reduced to less than the recommended 4V full-
scale swing with little loss of accuracy. The integrator output
can swing to within 0.3V of either supply without loss of
linearity.

Cﬁp RiNT
i
.I. Caz _1_ Cint
REF IN- Crer- BUFFER | AZ INT
.............. B L L S L e e 2
» 38 30 31 32
COMPARATOR
- N TO ZERO CROSS
AZ Az R > DETECTOR
BUFFER DIGITAL SECTION
INTEGRATOR
AZ
DE+ - -
Az f—
104A INT ~=—— FROM CONTROL
DE+ < D|GITAL SECTION
DE- ~——
DE+ DE- 6.2V
AZ
DE(#)
29 28 40
------- R e 22 P . N et et e e 2
REF OUT V- V4

FIGURE 2. ANALOG SECTION OF ICL7109

3-24




ICL7109

The ICL7109 has, however, been optimized for operation
with analog common near digital ground. With power sup-
plies of +5V and -5V, this allows a 4V full scale integrator
swing positive or negative thus maximizing the performance
of the analog section.

Differential Reference

The reference voltage can be generated anywhere within the
power supply voltage of the converter. The main source of
common mode error is a roll-over voltage caused by the
reference capacitor losing or gaining charge to stray capacity
on its nodes. If there is a large common mode voltage, the ref-
erence capacitor can gain charge (increase voltage) when
called up to deintegrate a positive signal but lose charge
(decrease voitage) when cailed up to deintegrate a negative
input signal. This difference in reference for positive or
negative input voltage will give a roll-over error. However, by
selecting the reference capacitor large enough in comparison
to the stray capacitance, this error can be held to less than 0.5
count worst case. (See Component Value Selection.)

The roll-over error from these sources is minimized by having
the reference common mode voltage near or at analog COM-
MON.

Component Value Selection

For optimum performance of the analog section, care must
be taken in the selection of values for the integrator capacitor
and resistor, auto-zero capacitor, reference voltage, and
conversion rate. These values must be chosen to suit the
particular application.

The most important consideration is that the integrator out-
put swing (for full-scale input) be as large as possible. For
example, with £5V supplies and COMMON connected to
GND, the normal integrator output swing at full scale is £4V.
Since the integrator output can go to 0.3V from either supply
without significantly affecting linearity, a 4V integrator output
swing allows 0.7V for variations in output swing due to com-
ponent value and oscillator tolerances. With 15V supplies
and a common mode range of 1V required, the component
values should be selected to provide +3V integrator output
swing. Noise and roll-over will be slightly worse than in the
+4V case. For larger common mode voltage ranges, the inte-
grator output swing must be reduced further. This will
increase both noise and roll-over errors. To improve the per-
formance, supplies of +6V may be used.

Integrating Resistor

Both the buffer amplifier and the integrator have a class A output
stage with 100pA of quiescent current. They supply 20pA of drive
current with negligible nonlinearity. The integrating resistor
should be large enough to remain in this very linear region over
the input voltage range, but small enough that undue leakage
requirements are not placed on the PC board. For 409.6mV full-
scale, 200kQ is near optimum and similarly a 20kQ for a
409.6mV scale. For other values of full scale woltage, Rint
should be chosen by the relation A full scale voltage -

INT © 20pA

Integrating Capacitor

The integrating capacitor Cyt should be selected to give the
maximum voltage swing that ensures tolerance build-up will
not saturate the integrator swing (approximately. 0.3V from
either supply). For the ICL7109 with £5V supplies and analog
common connected to GND, a £3.5V to 14V integrator output
swing is nominal. For 7/, conversions per second (61.72kHz
clock frequency) as provided by the crystal oscillator, nominal
values for Cyyt and Cpz are 0.15uF and 0.33uF, respectively.
If different clock frequencies are used, these values should be
changed to maintain the integrator output swing. In general,
the value Ci\ is given by
(2048 x clock period) (20uA)

INT = Tntegrator output voltage swing

An additional requirement of the integrating capacitor is that
it have low dielectric absorption to prevent roll-over errors.
While other types of capacitors are adequate for this applica-
tion, polypropylene capacitors give undetectable errors at
The integrating capacitor should have a low dielectric
absorption to prevent roll-over errors. While other types may
be adequate for this application, polypropylene capacitors
give undetectable errors at reasonable cost up to +85°C.
Teflon® capacitors are recommended for the military tem-
perature range. While their dielectric absorption characteris-
tics vary somewhat from unit to unit, selected devices should
give less than 0.5 count of error due to dielectric absorption.

Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence on
the noise of the system: a smaller physical size and a larger
capacitance value lower the overall system noise. However,
Caz cannot be increased without limits since it, in parallel
with the integrating capacitor forms an R-C time constant
that determines the speed of recovery from overloads and
the error that exists at the end of an auto-zero cycle. For
409.6mV full scale where noise is very important and the
integrating resistor small, a value of C,z twice C\t is opti-
mum. Similarly for 4.096V full scale where recovery is more
important than noise, a value of C,z equal to half of Cyy is
recommended.

For optimal rejection of stray pickup, the outer foil of Caz
should be connected to the R-C summing junction and the
inner foil to pin 31. Similarly the outer foil of Ci\7 should be
connected to pin 32 and the inner foil to the R-C summing
junction. Teflon, or equivalent, capacitors are recommended
above +85°C for their low leakage characteristics.

Reference Capacitor

A 1uF capacitor gives good results in most applications.
However, where a large reference common mode voltage
exists (i.e., the reference low is not at analog common) and a
409.6mV scale is used, a large value is required to prevent
roll-over error. Generally 10uF will hold the roll-over error to
0.5 count in this instance. Again, Teflon, or equivalent capac-
itors should be used for temperatures above +85°C for their
low leakage characteristics.
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Reference Voltage

The analog input required to generate a full scale output of
4096 counts is V|y = 2Vggr . For normalized scale, a refer-
ence of 2.048V should be used for a 4.096V full scale, and
204.8mV should be used for a 0.4096V full scale. However,
in many applications where the A/D is sensing the output of
a transducer, there will exist a scale factor other than unity
between the absolute output voltage to be measured and a
desired digital output. For instance, in a weighing system,
the designer might like to have a full scale reading when the
voltage from the transducer is 0.682V. Instead of driving the
input down to 409.6mV, the input voltage should be mea-
sured directly and a reference voltage of 0.341V should be
used. Suitable values for integrating resistor and capacitor
are 33kQ and 0.15uF. This avoids a divider on the input.
Another advantage of this system occurs when a zero read-
ing is desired for non-zero input. Temperature and weight
measurements with an offset or tare are examples. The off-
set may be introduced by connecting the voltage output of
the transducer between common and analog high, and the
offset voltage between common and analog low, observing
polarities carefully. However, in processor-based systems
using the ICL7109, it may be more efficient to perform this
type of scaling or tare subtraction digitally using software.

Reference Sources

The stability of the reference voltage is a major factor in the
overall absolute accuracy of the converter. The resolution of
the ICL7109 at 12 bits is one part in 4096, or 244ppm. Thus
if the reference has a temperature coefficient of 80ppm/°C
(onboard reference) a temperature difference of 3°C will
introduce a one-bit absolute error.

For this reason, it is recommended that an external high-
quality reference be used where the ambient temperature is
not controlled or where high-accuracy absolute measure-
ments are being made.

The ICL7109 provides a REFerence OUTput (pin 29) which
may be used with a resistive divider to generate a suitable
reference voltage. This output will sink up to about 20mA
without significant variation in output voltage, and is provided
with a pullup bias device which sources about 10pA. The
output voltage is nominally 2.8V below V+, and has a tem-
perature coefficient of +80ppm/°C typ. When using the
onboard reference, REF OUT (pin 29) should be connected
to REF- (pin 39), and REF+ should be connected to the
wiper of a precision potentiometer between REF OUT and
V+. The circuit for a 204.8mV reference is shown in the test
circuit. For a 2.048mV reference, the fixed resistor should be
removed, and a 25kQ precision potentiometer between REF
OUT and V+ should be used.

Note that if pins 29 and 39 are tied together and pins 39 and
40 accidentally shorted (e.g., during testing), the reference
supply will sink enough current to destroy the device. This can
be avoided by placing a 1kQ resistor in series with pin 39.

Detailed Description
Digital Section

The digital section includes the clock oscillator and scaling cir-
cuit, a 12-bit binary counter with output latches and TTL-com-
patible tri-state output drivers, polarity, overrange and control
logic, and UART handshake logic, as shown in Figure 4.

Throughout this description, logic levels will be referred to as
“low” or “high”. The actual logic levels are defined in the Elec-
trical Specifications Table. For minimum power consumption,
all inputs should swing from GND (low) to V+ (high). Inputs
driven from TTL gates should have 3-5kQ pullup resistors
added for maximum noise immunity.

ZERO CROSSING
BETECIED OCCURS
NTESUTPUT | ; a)'\ ZEROCROSSING
1 1}
.I 2 : :
I AZ PHASE| —>=<—INT PHASE 1= DEINT PHASE lll — < AZ >
wrernacctock L LI LU L, LIl
i : ' ' '
1) 1]
H 1 ‘ n '
INTERNAL LATCH  * . . : ’
v v Y H v
1] T na
STATUS OUTPUT ‘-—-—-—'l E 5 L S
1 [
[ 1 1] 1] H
| 2048COUNTS _!_ FIXED2048 ! : 4096 COUNTS, :
<—"MINIMUM —>T<— COUNTS —> 3 MAX
[ ' ‘
' L} 1 1] H
AFTER ZERO CROSSING
ANALOG SECTION WILL
NUMBER OF COUNTS TO ZERO CROSSING BE IN AUTOZERO
PROPORTIONAL TO Viy CONFIGURATION

FIGURE 3. CONVERSION TIMING (RUN/HOLD PIN HIGH)
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MODE Input

The MODE input is used to control the output mode of the
converter. When the MODE pin is low or left open (this input is
provided with a pulldown resistor to ensure a low level when
the pin is left open), the converter is in its “Direct” output
mode, where the output data is directly accessible under the
control of the chip and byte enable inputs. When the MODE
input is pulsed high, the converter enters the UART hand-
shake mode and outputs the data in two bytes, then returns to
“direct” mode. When the MODE input is left high, the con-
verter will output data in the handshake mode at the end of
every conversion cycle. (See section entitied “Handshake
Mode” for further details).

STATUS Output

During a conversion cycle, the STATUS output goes high at
the beginning of Signal Integrate (Phase Il), and goes low
one-half clock period after new data from the conversion has
been stored in the output latches. See Figure 3 for of this tim-
ing. This signal may be used as a “data valid” flag (data never
changes while STATUS is low) to drive interrupts, or for moni-
toring the status of the converter.

RUNHOLD Input

When the RUN/HOLD input is high, or left open, the circuit will
continuously perform conversion cycles, updating the output
latches after zero crossing during the Deintegrate (Phase lI)

HIGH ORDER < LOWORDER |
BYTE OUTPUTS BYTE OUTPUTS
BB BEB|BBBBBIBSB B
TEST 'POL OR 1211 10 9'8 7 6 5 4 3 2 1
.......................... S-S < AT SD-S-S -
17 3T 4T 5T5T1T0T9T1q11T1§T13 ;Ts 15T :
’
1’
1249 [BE
14 TRI-STATE OUTPUTS HBEN
20,9 CELOAD
HEERREREEN '
'
'
’
< ’
—_:l 14 LATCHES l :
HEREE :
’
[
’
I '
4 12 BIT COUNTER :
LATCH
COMP OUT
To | AZ OSCILLATOR —
CONVERSION HANDSHAKE
ANALOG 4 INT — AND CLOCK
SECTION | DEINT (+) +— CONTROL LOGIC CIRCUITRY LOGIC :
DEINT() <+
rreeeeee————————— ?l ........... 26)...22 ."’.".l-?!l.?% .2 --,--.?ZI.-- -‘l
STATUS RUN/ OSC OSC OSC BUF MODE  SEND GND
HOLD IN OUT SEL OSC
out
FIGURE 4. DIGITAL SECTION
DEINT TERMINATED AUTOZERO
AT ZERO CROSSING PHASE |
DETECTION MIN1790 COUNTS  STATIC IN
MAX 2041 COUNTS  HOLD STATE INT
/\ ' v i PHASE Il
INTEGRATOR . 2 \:' 2 —
ouTPUT = e s s 2 ;
INTERNAL o : | 7counTs —>-
clock I lm;.rmn.n.ﬂn.z I ’
{ 1 !
'
[ 1
INTERNAL I I :
LATCH ¢ !
1
STATUS I 1 o |
OUTPUT ' i
— 1
RUN/OLD y *
INPUT Y, 1 | l—ez—l . -",-

FIGURE 5. RUN/HOLD OPERATION
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portion of the conversion cycle (See Figure 3). In this mode of
operation, the conversion cycle will be performed in 8192
clock periods, regardless of the resulting value.

If RUN/HOLD goes low at any time during Deintegrate (Phase
1II) after the zero crossing has occurred, the circuit will imme-
diately terminate Deintegrate and jump to Auto-Zero. This fea-
ture can be used to eliminate the time spent in Deintegrate
after the zero-crossing. If RUN/HOLD stays or goes low, the
converter will ensure minimum Auto-Zero time, and then wait
in Auto-Zero until the RUN/HOLD input goes high. The con-
verter will begin the Integrate (Phase Il) portion of the next

conversion (and the STATUS output will go high) seven clock
periods after the high level is detected at RUN/HOLD. See
Figure 5 for details.

Using the RUN/HOLD input in this manner allows an easy
“convert on demand” interface to be used. The converter may
be held at idle in auto-zero with RUN/HOLD low. When RUN/
HOLD goes high the conversion is started, and when the
STATUS output goes low the new data is valid (or transferred
to the UART; see Handshake Mode). RUN/HOLD may now be
taken low which terminates deintegrate and ensures a mini-
mum Auto-Zero time before the next conversion.

Alternately, RUN/HOLD can be used to minimize conversion
time by ensuring that it goes low during Deintegrate, after zero
crossing, and goes high after the hold point is reached. The
required activity on the RUN/HOLD input can be provided by
connecting it to the Buffered Oscillator Output. In this mode
the conversion time is dependent on the input value mea-
sured. Also refer to Harris Application Note AN032 for a dis-
cussion of the effects this will have on Auto-Zero performancs.

If the RUN/HOLD input goes low and stays low during Auto-
Zero (Phase ), the converter will simply stop at the end of
Auto-Zero and wait for RUN/HOLD to go high. As abovs, Inte-
grate (Phase Il) begins seven clock periods after the high level
is detected.

When the MODE pin is left at a low level, the data outputs
(bits 1 through 8 low order byte, bits 9 through 12, polarity and
over-range high order byte) are accessible under control of
the byte and chip enable terminals as inputs. These three
inputs are all active low, and are provided with pullup resistors
to ensure an inactive high level when left open. When the chip
enable input is low, taking a byte enable input low will allow
the outputs of that byte to become active (tri-stated on). This
allows a variety of parallel data accessing techniques to be
used, as shown in the section entitled “Interfacing” The timing
requirements for these outputs are shown in Figure 6 and
Table 1.

It should be noted that these control inputs are asynchronous
with respect to the converter clock - the data may be
accessed at any time. Thus it is possible to access the latches
while they are being updated, which could lead to erroneous
data. Synchronizing the access of the latches with the conver-
sion cycle by monitoring the STATUS output will prevent this.
Data is never updated while STATUS is low.

TABLE 1. DIRECT MODE TIMING REQUIREMENTS
(See Note 4 of Electrical Specifications)

DESCRIPTION | SYMBOL | MIN | TYP | MAX | UNITS
Byte Enable taea 350 | 220 - ns
Width
Data Access toas - 210 | 350 ns
Time from Byte
Enable
Data Hold Time tons - 150 | 300 ns
from Byte
Enable
Chip Enable tcea 400 | 260 - ns
Width
Data Access toac - 260 | 400 ns
Time from Chip
Enable
Data Hold Time toHe - 240 | 400 ns
from Chip
Enable
tcea
CEMLOAD |
i A N A U
tBEA

HBEN

Ny aum \ I e

- 2 ?‘Ba-

tpAB > oL
HIGH BYTE
- — &AT .z;<
T’ 1
S tpac >
LOW BYTE »,
DATA S

sunenn = HIGH IMPEDANCE

FIGURE 6. DIRECT MODE OUTPUT TIMING

Handshake Mode

The handshake output mode is provided as an alternative
means of interfacing the ICL7109 to digital systems where the
A/D converter becomes active in controlling the flow of data
instead of passively responding to chip and byte enable
inputs. This mode is specifically designed to allow a direct
interface between the ICL7109 and industry-standard UARTs
(such as the Harris IM6402/3) with no external logic required.
When triggered into the handshake mode, the ICL7109 pro-
vides all the control and flag signals necessary to sequentially
transfer two bytes of data into the UART and initiate their
transmission in serial form. This greatly eases the task and
reduces the cost of designing remote data acquisition stations
using serial data transmission.
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Entry into the handshake mode is controlied by the MODE
pin. When the MODE terminal is held high, the ICL7109 will
enter the handshake mode after new data has been stored in
the output latches at the end of a conversion (See Figures 7
and 8). The MODE terminal may also be used to trigger entry
into the handshake mode on demand. At any time during the
conversion cycle, the low to high transition of a short pulse at
the MODE input will cause immediate entry into the hand-
shake mode. If this pulse occurs while new data is being
stored, the entry into handshake mode is delayed until the
data is stable. While the converter is in the handshake mode,
the MODE input is ignored, and although conversions will still
be performed, data updating will be inhibited (See Figure 9)
until the converter completes the output cycle and clears the
handshake mode.

When the converter enters the handshake mode, or when the
MODE input is high, the chip and byte enable terminals
become TTL-compatible outputs which provide the control
signals for the output cycle (See Figures 7, 8, and 9).

In handshake mode, the SEND input is used by the converter
as an indication of the ability of the receiving device (such as
a UART) to accept data.

Figure 7 shows the sequence of the output cycle with SEND
held high. The handshake mode (Internal MODE high) is
entered after the data latch pulse, and since MODE remains
high the CENLOAD, LBEN and HBEN terminals are active as
outputs. The high level at the SEND input is sensed on the
same high to low internal clock edge that terminates the data
latch pulse. On the next low to high internal clock edge the CE/
LOAD and the HBEN outputs assume a low level, and the high-
order byte (bits 9 through 12, POL, and OR) outputs are
enabled. The CELOAD output remains low for one full internal
clock period only, the data outputs remain active for 1/, inter-
nal clock periods, and the high byte enable remains low for two
clock periods. Thus the CE/LOAD output low level or low to
high edge may be used as a synchronizing signal to ensure
valid data, and the byte enable as an output may be used as a
byte identification flag. With SEND remalmng high the con-
verter completes the output cycle using CE/LOAD and LBEN
while the low order byte outputs (bits 1 through 8) are activated.
The handshake mode is terminated when both bytes are sent.

ZERO CROSSING
OC ZERO CROSSING
INTEGRATOR DETECTED
OUTPUT
INTERNAL
cLOCK M1 | | | | L
INTERNAL 1
LATCH
STATUS
OUTPUT
..... | I R S S E—
MmuuvE
INPUT UART MODE HIGH ACTIVATES TERNATES
‘CE/LOAD, HBEN, LBEN
INTERNAL NORM { SEND SEND UART MODE
MODE I~ SENSED — SENSED !
SEND \ 000
INPUT
E-E_IL—O-EE x\ ,'ia 4’:4,;.
HBEN 'MODE LOW, NOT "i' "L-
IN HANDSHAKE MODE
DISABLES OUTPUTS CE/LOAD, HBEN, m
HIGH BYTE . DATAVALID __ )
DATA X 4 /
LOW BYTE
DATA DATA VALID

V////A =DON'T CARE

essssss. = TRESTATE HIGH IMPEDANCE

"i"}" = TRI-STATE WITH PULLUP

FIGURE 7. HANDSHAKE WITH SEND HELD HIGH
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Figure 8 shows an output sequence where the SEND input is
used to delay portions of the sequence, or handshake to
ensure correct data transfer. This timing diagram shows the
relationships that occur using an industry-standard IM6402/3
CMOS UART to interface to serial data channels. In this inter-
face, the SEND input to the ICL7109 is driven by the TBRE
(Transmitter Buffer Register Empty) output of the UART, and
the CE/LOAD terminal of the ICL7109 drives the TBRL
(Transmitter Buffer Register Load) input to the UART. The
data outputs are paralleled into the eight Transmitter Buffer
Register inputs.

Assuming the UART Transmitter Buffer Register is empty, the
SEND input will be high when the handshake mode is entered
after new data is stored. The CE/LOAD and HBEN terminals
will go low after SEND is sensed, and the high order byte out-
puts become active. When CE/LOAD goes high at the end of
one clock period, the high order byte data is clocked into the
UART Transmitter Buffer Register. The UART TBRE output
will now go low, which halts the output cycle with the HBEN
output low, and the high order byte outputs active. When the
UART has transferred that data to the Transmitter Register
and cleared the Transmitter Buffer Register, the TBRE returns
high. On the next ICL7109 internal clock high to low edge, the
high order byte outputs are disabled, and one-half internal
clock later, the HBEN output returns high. At the same time,

ZERO CROSSING
OCCURS
ZERO CROSSING
DETECTED

INTEGRATOR
OUTPUT

INTERNAL _r--l_ _I_I_I.q

—i

the CE/LOAD and LBEN outputs go low, and the low order
byte outputs become active. Similarly, when the CE/LOAD
returns high at the end of one clock period, the low order data
is clocked into the UART Transmitter Buffer Register, and
TBRE again goes low. When TBRE returns to a high it will be
sensed on the next ICL7109 internal clock high to low edge,
disabling the data outputs. One-half internal clock later, the
handshake mode will be cleared, and the CE/LOAD, HBEN
and LBEN terminals return high and stay inactive (as long as
MODE stays high).

With the MODE input remaining high as in these examples,
the converter will output the results of every conversion except
those completed during a handshake operation. By triggering
the converter into handshake mode with a low to high edge on
the MODE input, handshake output sequences may be per-
formed on demand. Figure 9 shows a handshake output
sequence triggered by such an edge. In addition, the SEND
input is shown as being low when the converter enters hand-
shake mode. In this case, the whole output sequence for the
first (high order) byte is similar to the sequence for the second
byte. This diagram also shows the output sequence taking
longer than a conversion cycle. Note that the converter still
makes conversions, with the STATUS output and RUN/HOLD
input functioning normally. The only difference is that new
data will not be latched when in handshake mode, and is
therefore lost.
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Oscillator

The ICL7109 is provided with a versatile three terminal oscil-
lator to generate the internal clock. The oscillator may be
overdriven, or may be operated with an RC network or crystal.
The OSCILLATOR SELECT input changes the internal config-
uration of the oscillator to optimize it for RC or crystal opera-
tion.

When the OSCILLATOR SELECT input is high or left open
(the input is provided with a pullup resistor), the oscillator is
configured for RC operation, and the internal clock will be of
the same frequency and phase as the signal at the BUFF-
ERED OSCILLATOR OUTPUT. The resistor and capacitor
should be connected as in Figure 10. The circuit will oscillate
at a frequency given by {=0.45/RC. A 100kQ resistor is recom-
mended for useful ranges of frequency. For optimum 60Hz
line rejection, the capacitor value should be chosen such that
2048 clock periods is close to an integral multiple of the 60Hz
period (but should not be less than 50pF).

When the OSCILLATOR SELECT input is low a feedback
device and output and input capacitors are added to the oscil-
lator. In this configuration, as shown in Figure 11, the oscillator
will operate with most crystals in the 1MHz to 5MHz range
with no external components. Taking the OSCILLATOR
SELECT input low also inserts a fixed +58 divider circuit
between the BUFFERED OSCILLATOR OUTPUT and the
internal clock. Using an inexpensive 3.58MHz TV crystal, this
division ratio provides an integration time given by:

TnT = (2048 clock periods) x (ToLock) = 33.18ms where

T _ 58
CLOCK ™ 358MHZ

This time is very close to two 60Hz periods or 33ms. The
error is less than one percent, which will give better than
40dB 60Hz rejection. The converter will operate reliably at
conversion rates of up to 30 per second, which corresponds
to a clock frequency of 245.8kHz.

If at any time the oscillator is to be overdriven, the overdriv-
ing signal should be applied at the OSCILLATOR INPUT,
and the OSCILLATOR OUTPUT should be left open. The
internal clock will be of the same frequency, duty cycle, and
phase as the input signal when OSCILLATOR SELECT is
left open. When OSCILLATOR SELECT is at GND, the clock
will be a factor of 58 below the input frequency.

When using the ICL7109 with the IM6403 UART, it is possi-
ble to use one 3.58MHz crystal for both devices. The BUFF-
ERED OSCILLATOR OUTPUT of the ICL7109 may be used
to drive the OSCILLATOR INPUT of the UART, saving the
need for a second crystal. However, the BUFFERED OSCIL-
LATOR OUTPUT does not have a great deal of drive capa-
bility, and when driving more than one slave device external
buffering should be used.

Test Input

When the TEST input is taken to a level halfway between V+
and GND, the counter output latches are enabled, allowing
the counter contents to be examined anytime.

When the RUN/HOLD is low and the TEST input is con-
nected to GND, the counter outputs are all forced into the
high state, and the internal clock is disabled. When the RUN/
HOLD returns high and the TEST input returns to the '/, (V+
- GND) voltage (or to V+) and one clock is applied, all the
counter outputs will be clocked to the low state. This allows
easy testing of the counter and its outputs.

ZERO CROSSING
POSITVE TRANSITION CAUSES Zeno cROSSING
UART MODE
INTERNAL 1 =t M~ ~< ™ ™~ < bF—
CLOCK hd L Led | L—-1 | —
INTERNAL - L“fncu PULSE INHIBI ;p,!'a'l
LATCH 33 4oIN UART MODE —> 7 5y —_—
o Ny | " ——1—1 STATUS OUTPUT
STatus v N UNCHANGED IN
PHASE Il L UABLMODE
MODE
INPUT
INTERNAL UART e 2 23 TERMINATES
MODE NORM SEND SEND SEND UART MODE
SENSED'\ SENSED SENSED
SEND INPUT e w4
—_ } i f, 2 2 p—" i i
CE/LOAD OUTPUT +-d-rrdoss 22 A
5%
HBEN .J"J".b % N - ¢ j".t"
HIGH BYTE R DATA VALID ) @ . *
59
TBeN .J,,.LJ/ <¢ — N i..,.-
U—
LOW BYTE 0% & DATA VALID _, >"f"""'

V///1 = DON'T CARE  »--- = TRI-STATE HIGH IMPEDANCE ,,t,, = TRI-STATE WITH PULLUP
FIGURE 9. HANDSHAKE TRIGGERED BY MODE
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FIGURE 11. CRYSTAL OSCILLATOR
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CONVERTER CONVERTER CONVERTER
SELECT SELECT SELECT
< 8-BIT BUS <
GND _l GND —I GND —‘
MODE CE/LOAD MODE CELOAD MODE CE/LOAD
B9-B12 [0 B9-B12 [ 5 B9-B12 [ ¢
POL, OR POL, OR POL, OR
IcL7109 | IcL7109 I IcL7109 l
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FIGURE 13. TRISTATE SEVERAL ICL7109’S TO A SMALL BUS
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ADDRESS BUS
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FIGURE 14. FULL-TIME PARALLEL INTERFACE TO 8040/80/85 MICROPROCESSORS
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Test Circuit
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Typical Applications
Direct Mode Interfacing

Figure 12 shows some of the combinations of chip enable
and byte enable control signals which may be used when
interfacing the ICL7109 to parallel data lines. The CE/LOAD
input may be tied low, allowing either byte to be controlled by
its own enable as in Figure 12A. Figure 12B shows a config-
uration where the two byte enables are connected together.
In this configuration, the CE/LOAD serves as a chip enable,
and the HBEN and LBEN may be connected to GND or
serve as a second chip enable. The 14 data outputs will all
be enabled simultaneously. Figure 12C shows the HBEN
and LBEN as flag inputs, and CE/LOAD as a master enable,
which couid be the READ strobe available from most micro-
processors.

Figure 13 shows an approach_to interfacing several
ICL7109s to a bus, connecting the HBEN and LBEN signals
of several converters together, and using the CE/LOAD
inputs (perhaps decode from an address) to select the
desired converter.

Some practical circuits utilizing the parallel tri-state output
capabilities of the ICL7109 are shown in Figures 14 through
19. Figure 14 shows a straightforward application to the Intel
8048/80/85 microprocessors via an 8255PPl, where the
ICL7109 data outputs are active at all times. The 1/O ports of
an 8155 may be used in the same way. This interface can be
used in a read-anytime mode, although a read performed
while the data latches are being updated will lead to scram-
bled data. This will occur very rarely, in the proportion of set-
up skew times to conversion time. One way to overcome this
is to read the STATUS output as well, and if it is high, read
the data again after a delay of more than '/, converter clock
period. If STATUS is now low, the second reading is correct,
and if it is still high, the first reading is correct. Alternatively,
this timing problem is completely avoided by using a read-
after-update sequence, as shown in Figure 15. Here the high

QTATIIC Auvibrneid Arivs n intarsint $a

15 low: drnnaitinn of th
to 10w transition of the STATUS Oulput Grives an intefiupt 1o

GND —|

the microprocessor causing it to access the data latches.
This application also shows the RUN/HOLD input being
used to initiate conversions under software control.

A similar interface to Motorola MC6800 or Rockwell R650X
systems is shown in Figure 16. The high to low transition of
the STATUS output generates an interrupt via the Control
Register B CB1 line. Note that CB2 controls the RUN/HOLD
pin through Control Register B, allowing software-controlled
initiation of conversions in this system as well.

The tri-state output capability of the ICL7109 allows direct
interfacing to most microprocessor busses. Examples of this
are shown in Figures 17 and 18. it is necessary to carefully
consider the system in this type of interface, to be sure that
requirements for setup and hold times, and minimum pulse
widths are met. Note also the drive limitations on long buses.
Generally this type of interface is only favored if the memory
peripheral address density is low so that simple address
decoding can be used. Interrupt handling can also require
many additional components, and using an interface device
will usually simplify the system in this case.

Handshake Mode Interfacing

The handshake mode allows ready interface with a wide
variety of external devices. For instance, external latches
may be clocked by the rising edge of CE/LOAD, and the byte
enables may be used as byte identification flags or as load
enables.

Figure 19 shows a handshake interface to Intel microproces-
sors again using an 8255PPI. The handshake operation with
the 8255 is controlled by inverting its Input Buffer Full (IBF)
flag to drive the SEND input to the ICL7109, and using the
CE/LOAD to drive the 8255 strobe. The internal control reg-
ister of the PPI should be sent in MODE 1 for the port used.
If the ICL7109 is in handshake mode and the 8255 IBF flag
is low, the next word will be strobed into the port. The strobe
will cause IBF to go high (SEND goes low), which will keep
the enable byte outputs active. The PPl will generate an
interrupt which when executed wiii resuit in the data being

MODE
B9 -B12 PAO-5
6
] o G -
ICL7109 MCOSOOX
B1-B8 8 M PBO-7 MCS650X
. MC6820
ANALOG
IN STATUS CB1
RUN/HOLD cB2
CE/
LOAD HBEN LBEN

GND —l—L—-—I

—) q
ADDRESS DATA CONTROL
BUS BUS BUS

FIGURE 16. FULL-TIME PARALLEL INTERFACE TO MC680X OR MCS650X MICROPROCESSORS
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read. When the byte is read, the IBF will be reset low, which
causes the ICL7109 to sequence into the next byte. This fig-
ure shows the MODE input to the ICL7109 connected to a
control line on the PPL. If this output is left high, or tied high
separately, the data from every conversion (provided the
data access takes less time than a conversion) will be
sequenced in two bytes into the system.

If this output is made to go from low to high, the output
sequence can be obtained on demand, and the interrupt
may be used to reset the MODE bit. Note that the RUN/
HOLD input to the ICL7109 may also be obtained on com-
mand under software control. Note that one port of the 8255
is not used, and can service another peripheral device. the
same arrangement can also be used with the 8155.

Figure 20 shows a similar arrangement with the MC6800 or
MCS650X microprocessors, except that both MODE and
RUN/HOLD are tied high to save port outputs.

The handshake mode is particularly convenient for directly
interfacing to industry standard UARTS (such as the Harris
IM6402 or Western Digital TR1602) providing a minimum
component count means of serially transmitting converted
data. A typical UART connection is shown in Figure 1A. In
this circuit, any word received by the UART causes the
UART DR (Data Ready) output to go high. This drives the
MODE input to the ICL7109 high, triggering the ICL7109 into
handshake mode. The high order byte is output to the UART
first, and when the UART has transferred the data to the
Transmitter Register, TBRE (SEND) goes high again, LBEN
will go high, driving the UART DRR (Data Ready Reset)
which will signal the end of the transfer of data from the
ICL7109 to the UART.

Figure 21 shows an extension of the one converter one
UART scheme to several ICL7109s with one UART. In this
circuit, the word received by the UART (available at the RBR
outputs when DR is high) is used to select which converter
will handshake with the UART. With no external components,
this scheme will allow up to eight ICL7109s to interface with
one UART. Using a few more components to decode the
received word will allow up to 256 converters to be accessed
on one serial line.

The applications of the ICL7109 are not limited to those
shown here. The purposes of these examples are to provide
a starting point for users to develop useful systems and to
show some of the variety of interfaces and uses of the com-
bination. In particular the uses of the STATUS, RUN/HOLD,
and MODE signals may be mixed.

The following application notes contain very useful
information on understanding and applying this part and are
available from Harris Semiconductor.

Application Notes

A016 “Selecting A/D Converters”

A017 “The Integrating A/D Converter”

A018 “Do’s and Don’ts of Applying A/D Converters”

A030 “The ICL7104 - A Binary Output A/D Converter for
Microprocessors”

A032 “Understanding the Auto-Zero and Common Mode
Performance of the ICL7106/7/9 Family”
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FIGURE 17. DIRECT INTERFACE - ICL7109 TO 8080/8085
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Die Characteristics

DIE DIMENSIONS:
(122 x 135)mils x 525um + 25um Thick

METALLIZATION:
Type: Alum
Thickness: 10kA +1kA

GLASSIVATION:
Type: Nitride/Sjlox Sandwich
Thickness: 8kA Nitride over 7kA Silox

Metallization Mask Layout

ICL7109

B1 B2 B3 B4 BS B6 B7 B8 B9 B10 Bi11 B12

OSC SEL

BUF OSC OUT

OR

POL

STATUS

REF IN+

RUN/HOLD SEND V-  REFOUT BUF AZ INT COMMON INLO IN HI

REF CAP-

REF CAP+
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ICL7135

4'/, Digit BCD
Output A/D Converter

Features

e Accuracy Guaranteed to +1 Count Over Entire £20000
Counts (2.0000V Full Scale)

Guaranteed Zero Reading for OV Input

* 1pA Typical Input Leakage Current
True Differential Input

True Polarity at Zero Count for Precise Null Detection
Single Reference Voltage Required

e Overrange and Underrange Signals Available for
Auto-Range Capability

All Outputs TTL Compatible
Blinking Outputs Gives Visual Indication of Overrange

Six Auxiliary Inputs/Outputs are Avalilable for Interfac-
Ing to UARTSs, Microprocessors, or Other Circuitry

Multiplexed BCD Outputs

Ordering Information

Description

The Harris ICL7135 precision A/D converter, with its multi-
plexed BCD output and digit drivers, combines dual-slope
conversion reliability with +1 in 20,000 count accuracy and is
ideally suited for the visual display DVM/DPM market. The
2.0000V full scale capability, auto-zero, and auto-polarity are
combined with true ratiometric operation, almost ideal differ-
ential linearity and true differential input. All necessary active
devices are contained on a single CMOS IC, with the excep-
tion of display drivers, reference, and a clock.

The ICL7135 brings together an unprecedented combination
of high accuracy, versatility, and true economy. It features
auto-zero to less than 10uV, zero drift of less than 1uV/°C,
input bias current of 10pA max., and rollover error of less
than one count. The versatility of multiplexed BCD outputs is
increased by the addition of several pins which allow it to
operate in more sophisticated systems. These include
STROBE, OVERRANGE, UNDERRANGE, RUN/HOLD and
BUSY lines, making it possible to interface the circuit to a
microprocessor or UART.

PART TEMPERATURE
NUMBER RANGE PACKAGE
ICL7135CPI 0°C to +70°C 28 Lead Plastic DIP
Pinout
ICL7135
(PDIP)
TOP VIEW
v-[1] 28] UNDERRANGE
REFERENCE [2] [27] OVERRANGE
ANALOG COMMON [3] [26] STROBE
INT OUT [4] 25] RH
AZIN [5] 24] DIGITAL GND
BUFF ouT [€] POL
REF CAP - [7] CLOCKIN
REF CAP + [3] 21] BUSY
INLO [§] [20] (LSD) D1
IN Hi [10] [19] D2
V+ 18] D3
(MsD) D5 [12] D4
(LsB) B1 [i3] (6] (MsB) B8
B2 [14] 15] B4

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
Copyright © Harris Corporation 1993 3-40

File Number 3093



ICL7135

Typical Application Schematic

SET Vggg = 1.000V.
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Specifications ICL7135

Absolute Maximum Ratings

SupplyVoltage V4 .. .. coviitiii it i +6V

e -9V
Analog Input Voltage (Either Input) (Note 1). ............ V+to V-
Reference Input Voltage (Either Input)................. V+to V-

Clock InputVoltage. . . .........oiiiiiiniiiiinenns GND to V+
Lead Temperature (Soldering 10sMax) . ...............

Thermal Information

Thermal Resistance
28 Lead Plastic Package

Maximum Power Dissipation (Note 2)
Operating Temperature Range

Junction Temperature

Storage Temperature Range

+150°C

-65°C to +150°C

CAUTION: Stresses above those listed in “Absolute Max:mum Rtmngs may cause pormanon! damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those i d in the op

of this specification is not implied.

Electrical Specifications v+ = +5V, V- = -5V, T, = +25°C, fc « Set for 3 Readings/s, Unless Otherwise Specified

PARAMETERS TEST CONDITIONS MIN TYP MAX UNITS
ANALOG (Notes 3, 4)
Zero Input Reading Vin =0V, Vgee = 1.000V -00000 | +00000 | +00000| Counts
Ratiometric Error (Note 4) Vin = VRger = 1.000V 3 -1 0 Counts
Linearity Over + Full Scale (Error of Reading from Best Straight Line) | -2V < V|y < +2V - 0.5 1 LSB
Differential Linearity (Difference Between Worse Case Step of 2VS Vs +2V - 0.01 - LsB
Adjacent Counts and Ideal Step)3
Rollover Error (Difference in Reading for Equal Positive and ViN=+V)y=2V - 0.5 1 LSB
Negative Voltage Near Full Scale)
Noise (P-P Value Not Exceeded 95% of Time), eN VN = 0V, Full scale = 2.000V - 15 - uv
Input Leakage Current, I ViN=0V - 1 10 pA
Zero Reading Drift (Note 7) Vin =0V, 0° < T, < +70°C - 0.5 2 uvrCe
Scale Factor Temperature Coefficient, TC Viy =42V, 0° < T, < +70°C - 2 5 ppm/°C
(Notes 5 and 7) Ext. Ref. Oppm/°C
DIGITAL INPUTS
Clock In, RurvHold (See Figure 2)
ViNH 2.8 22 - \
VinL - 1.6 0.8 \
INL VN =0V - 0.02 0.1 mA
I ViN=+5V - 0.1 10 HA
DIGITAL OUTPUTS
All Outputs, Vo, lop = 1.6mA - 025 | 0.40 v
By, By, By, Bg, Dy, Dy, D3, Dy, Ds, Vou loy =-1mA 24 4.2 - v
BUSY, STROBE, OVERRANGE, UNDERRANGE, POLARITY, Vgy |loy = -10pA 4.9 4.99 - v
SUPPLY
+5V Supply Range, V+ +4 +5 +6 \4
-5V Supply Range, V- -3 -5 -8 \"
+5V Supply Current, I+ fc=0 - 1.1 3.0 mA
-5V Supply Current, |- fc=0 - 0.8 3.0 mA
Power Dissipation Capacitance, Cpp vs Clock Frequency - 40 - pF
CLOCK
Clock Frequency (Note 6) | | Dbc | 2000 | 1200 | kHz
NOTES:

1. Input voltages may exceed the supply voltages provided the input current is limited to +100pA.

. Dissipation rating assumes device is mounted with all leads sold,

ered to printed circuit board.

2
3. Tested in 4"/, digit (20.000 count) circuit shown in Figure 3. (Clock frequency 120kHz.)
4. Tested with a low dielectric absorption integrating capacitor, the 27W INT. OUT resistor shorted, and RINT = 0. See Component Value Selection

Discussion.

(4

the higher leakage of the ICL7135.

. The temperature range can be extended to +70°C and beyond as long as the auto-zero and reference capacitors are increased to absorb

6. This specification relates to the clock frequency range over which the ICL7135 will correctly perform its various functions See “Max Clock
Frequency” section for limitations on the clock frequency range in a system.

7. Parameter guaranteed by design or characterization. Not production tested.
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Detailed Description
Analog Section

Figure 3 shows the Block Diagram of the Analog Section for
the ICL7135. Each measurement cycle is divided into four
phases. They are (1) auto-zero (AZ), (2) signal-integrate
(INT), (3) de-integrate (DE) and (4) zero-integrator (ZI).

Auto-Zero Phase

During auto-zero three things happen. First, input high and low
are disconnected from the pins and internally shorted to analog
COMMON. Second, the reference capacitor is charged to the
reference voltage. Third, a feedback loop is closed around the
system to charge the auto-zero capacitor Cpz to compensate
for offset voltages in the buffer amplifier, integrator, and compar-
ator. Since the comparator is included in the loop, the AZ accu-
racy is limited only by the noise of the system. In any cass, the
offset referred to the input is less than 10uV.

Signal Integrate Phase

During signal integrate, the auto-zero loop is opened, the
internal short is removed, and the internal input high and low
are connected to the external pins. The converter then inte-
grates the differential voltage between IN Hi and IN LO for a
fixed time. This differential voltage can be within a wide com-
mon mode range; within one volt of either supply. if, on the
other hand, the input signal has no return with respect to the
converter power supply, IN LO can be tied to analog COM-
MON to establish the correct common-mode voltage. At the
end of this phase, the polarity of the integrated signal is
latched into the polarity F/F.

De-Integrate Phase

The third phase is de-integrate or reference integrate. Input
low is internally connected to analog COMMON and input
high is connected across the previously charged reference
capacitor. Circuitry within the chip ensures that the capacitor
will be connected with the correct polarity to cause the inte-
grator output to retumn to zero. The time required for the out-
put to return to zero is proportional to the input signal.
Specifically the digital reading displayed is:

VIN
OUTPUT COUNT = 10,000 (v——)

REF
Zero Integrator Phase

The final phase is zero integrator. First, input low is shorted
to analog COMMON. Second, a feedback loop is closed
around the system to input high to cause the integrator out-
put to return to zero. Under normal condition, this phase
lasts from 100 to 200 clock pulses, but after an overrange
conversion, it is extended to 6200 clock pulses.

Differential Input

The input can accept differential voltages anywhere within the
common mode range of the input amplifier; or specifically
from 0.5V below the positive supply to 1V above the negative
supply. In this range the system has a CMRR of 86dB typical.
However, since the integrator also swings with the common
mode voltage, care must be exercised to assure the integrator
output does not saturate. A worst case condition would be a

large positive common-mode voltage with a near full-scale
negative differential input voltage. The negative input signal
drives the integrator positive when most of its swing has been
used up by the positive common mode voltage. For these crit-
ical applications the integrator swing can be reduced to less
than the recommended 4V full scale swing with some loss of
accuracy. The integrator output can swing within 0.3V of either
supply without loss of linearity.

Analog COMMON

Analog COMMON is used as the input low retum during auto-
zero and de-integrate. If IN LO is different from analog COM-
MON, a common mode voltage exists in the system and is
taken care of by the excellent CMRR of the converter. How-
ever, in most applications IN LO will be set at a fixed known
voltage (power supply common for instance). In this applica-
tion, analog COMMON should be tied to the same point, thus
removing the common mode voltage from the converter. The
reference voltage is referenced to analog COMMON.

Reference

The reference input must be generated as a positive voltage
with respect to COMMON, as shown in Figure 4.

Digital Section

Figure 5 shows the Digital Section of the ICL7135. The
ICL7135 includes several pins which allow it to operate con-
veniently in more sophisticated systems. These include:

Run/HOLD (Pin 25)

When high (or open) the A/D will free-run with equally
spaced measurement cycles every 40,002 clock pulses. If
taken low, the converter will continue the full measurement
cycle that it is doing and then hold this reading as long as
R/H is held low. A short positive pulse (greater than 300ns)
will now initiate a new measurement cycle, beginning with
between 1 and 10,001 counts of auto zero. If the pulse
occurs before the full measurement cycle (40,002 counts)
is completed, it will not be recognized and the converter will
simply complete the measurement it is doing. An external
indication that a full measurement cycle has been com-
pleted is that the first strobe pulse (see below) will occur
101 counts after the end of this cycle. Thus, if Run/HOLD is
low and has been low for at least 101 counts, the converter
is holding and ready to start a new measurement when
pulsed high.

STROBE (Pin 26)

This is a negative going output pulse that aids in transferring
the BCD data to external latches, UARTs, or microproces-
sors. There are 5 negative going STROBE pulses that occur
in the center of each of the digit drive pulses and occur once
and only once for each measurement cycle starting 101
clock pulses after the end of the full measurement cycle.
Digit 5 (MSD) goes high at the end of the measurement
cycle and stays on for 201 counts. In the center of this digit
pulse (to avoid race conditions between changing BCD and
digit drives) the first STROBE pulse goes negative for 1/2
clock pulse width. Similarly, after digit 5, digit 4 goes high (for
200 clock pulses) and 100 pulses later the STROBE goes
negative for the second time. This continues through digit 1
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(LSD) when the fifth and last STROBE puise is sent. The
digit drive will continue to scan (unless the previous signal
was overrange) but no additional STROBE pulses will be
sent until a new measurement is available.

BUSY (Pin 21)

BUSY goes high at the beginning of signal integrate and
stays high until the first clock pulse after zerocrossing (or
after end of measurement in the case of an overrange). The
internal latches are enabled (i.e., loaded) during the first
clock pulse after busy and are latched at the end of this clock
pulse. The circuit automatically reverts to_auto-zero when
not BUSY, so it may also be considered a (ZI + AZ) signal. A
very simple means for transmitting the data down a single
wire pair from a remote location would be to AND BUSY with
clock and subtract 10,001 counts from the number of pulses
received - as mentioned previously there is one “NO-count”
puise in each reference integrate cycle.

OVERRANGE (Pin 27)

This pin goes positive when the input signal exceeds the
range (20,000) of the converter. The output F/F is set at the
end of BUSY and is reset to zero at the beginning of refer-
ence integrate in the next measurement cycle.

UNDERRANGE (Pin 28)

This pin goes positive when the reading is 9% of range or
less. The output F/F is set at the end of BUSY (if the new
reading is 1800 or less) and is reset at the beginning of sig-
nal integrate of the next reading.

POLARITY (Pin 23)

This pin is positive for a positive input signal. It is valid even
for a zero reading. In other words, +0000 means the signal is
positive but less than the least significant bit. The converter
can be used as a null detector by forcing equal frequency of
(+) and (-) readings. The null at this point should be less than
0.1 LSB. This output becomes valid at the beginning of refer-
ence integrate and remains correct until it is revalidated for
the next measurement.

Diglt Drives (Pins 12,17,18,19 and 20)

Each digit drive is a positive going signal that lasts for 200 clock
pulses. The scan sequence is Dg (MSD), D4, D3, Dy, and Dy
(LSD). All five digits are scanned and this scan is continuous
unless an overrange occurs. Then all digit drives are blanked
from the end of the strobe sequence until the beginning of Ref-
erence Integrate when D will start the scan again. This can
give a blinking display as a visual indication of overrange.

BCD (Pins 13, 14, 15 and 16)

The Binary coded Decimal bits B, B,, B,,and B, are positive
logic signals that go on simultaneously with the digit driver signal.

V+

REF HI |+
ICL7135

COMMON

FIGURE 4A.

V+

V+

ICL8069

REF HI 12V
|oL7135 REFERENCE
COMMON

FIGURE 4B.
FIGURE 4. USING AN EXTERNAL REFERENCE

v+ POLARITY D5 >4 D3 D2 D1

B e R . S N 3

" 2 T12 17 T‘IB 19 20 '
113 3 B1
14 2
ANALOG us8 Lss i s 22
SECTION MULTIPLEXER [15__B4
] 16 & B8

DIGITAL
GND

CLOCK RUN/ OVER
IN HOLD RANGE

UNDER STRO BUSY
R TROBE

FIGURE 5. DIGITAL SECTION OF THE ICL7135
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Component Value Selection

For optimum performance of the analog section, care must
be taken in the selection of values for the integrator capacitor
and resistor, auto-zero capacitor, reference voltage, and
conversion rate. These values must be chosen to suit the
particular application.

Integrating Resistor

The integrating resistor is determined by the full scale input
voltage and the output current of the buffer used to charge
the integrator capacitor. Both the buffer amplifier and the
integrator have a class A output stage with 100uA of quies-
cent current. They can supply 20pA of drive current with
negligible non-linearity. Values of 5pA to 40pA give good
results, with a nominal of 20pA, and the exact value of inte-
grating resistor may be chosen by

R _ full scale voltage
INT ~ 20 pA

Integrating Capacitor

The product of integrating resistor and capacitor should be
selected to give the maximum voltage swing which ensures
that the tolerance built-up will not saturate the integrator
swing (approx. 0.3V from either supply). For +5V supplies
and analog COMMON tied to supply ground, a 3.5V to +4V
full scale integrator swing is fine, and 0.47pF is nominal. In
general, the value of Cyyr is given by

([10,000 x clock period] X 'INT)
INT = \integrator output voltage swing

_ (10,000) (clock period) (20pA)
" integrator output voltage swing

A very important characteristic of the integrating capacitor is
that it has low dielectric absorption to prevent roll-over or
ratiometric errors. A good test for dielectric absorption is to
use the capacitor with the input tied to the reference.

This ratiometric condition should read half scale 0.9999, and
any deviation is probably due to dislectric absorption.
Polypropylene capacitors give undetectable errors at reason-
able cost. Polystyrene and polycarbonate capacitors may
also be used in less critical applications.

Auto-Zero and Reference Capacitor

The physical size of the auto-zero capacitor has an influence
on the noise of the system. A larger capacitor value reduces
system noise. A larger physical size increases system noise.
The reference capacitor should be large enough such that
stray capacitance to ground from its nodes is negligible.

The dielectric absorption of the reference cap and auto-zero
cap are only important at power-on or when the circuit is
recovering from an overload. Thus, smaller or cheaper caps
can be used here if accurate readings are not required for
the first few seconds of recovery.

Reference Voitage

The analog input required to generate a full-scale output is
Vin=2Vpger -

The stability of the reference voltage is a major factor in the
overall absolute accuracy of the converter. For this reason, it
is recommended that a high quality reference be used where
high-accuracy absolute measurements are being made.

Rollover Resistor and Diode

A small rollover error occurs in the ICL7135, but this can be
easily corrected by adding a diode and resistor in series
between the INTegrator OUTput and analog COMMON or
ground. The value shown in the schematics is optimum for
the recommended conditions, but if integrator swing or clock
frequency is modified, adjustment may be needed. The
diode can be any silicon diode such as 1N914. These com-
ponents can be eliminated if rollover error is not important
and may be altered in value to correct other (small) sources
of rollover as needed.

Max Clock Frequency

The maximum conversion rate of most dual-slope A/D con-
verters is limited by the frequency response of the compara-
tor. The comparator in this circuit follows the integrator ramp
with a 3us delay, and at a clock frequency of 160kHz (6us
period) half of the first reference integrate clock period is lost
in delay. This means that the meter reading will change from
0 to 1 with a 50uV input, 1 to 2 with a 150uV input, 2 to 3
with a 250uV input, etc. This transition at mid-point is consid-
ered desirable by most users; however, if the clock fre-
quency is increased appreciably above 160kHz, the
instrument will flash “1” on noise peaks even when the input
is shorted.

For many dedicated applications where the input signal is
always of one polarily, the delay of the comparator need not
be a limitation. Since the non-linearity and noise do not
increase substantially with frequency, clock rates of up to
~1MHz may be used. For a fixed clock frequency, the extra
count or counts caused by comparator delay will be constant
and can be subtracted out digitally.

The clock frequency may be extended above 160kHz with-
out this error, however, by using a low value resistor in series
with the integrating capacitor. The effect of the resistor is to
introduce a small pedestal voltage on to the integrator output
at the beginning of the reference integrate phase. By careful
selection of the ratio between this resistor and the integrat-
ing resistor (a few tens of ohms in the recommended circuit),
the comparator delay can be compensated and the maxi-
mum clock frequency extended by approximately a factor of
3. At higher frequencies, ringing and second order breaks
will cause significant non-linearities in the first few counts of
the instrument. See Application Note ANO17.

The minimum clock frequency is established by leakage on
the auto-zero and reference caps. With most devices, mea-
surement cycles as long as 10sec give no measurable leak-
age error.
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To achieve maximum rejection of 60Hz pickup, the signal
integrate cycle should be a multiple of 60Hz. Oscillator fre-
quencies of 300kHz, 200kHz, 150kHz, 120kHz, 100kHz,
40kHz, 33-1/3kHz, etc. should be selected. For 50Hz rejec-
tion, oscillator frequencies of 250kHz, 166-2/3kHz, 125kHz,
100kHz, etc. would be suitable. Note that 100kHz (2.5 read-
ings/second) will reject both 50Hz and 60Hz.

The clock used should be free from significant phase or fre-
quency jitter. Several suitable low-cost oscillators are shown
in the Typical Applications section. The multiplexed output
means that if the display takes significant current from the
logic supply, the clock should have good PSRR.

Zero-Crossing Flip-Flop

The flip-flop interrogates the data once every clock pulse
after the transients of the previous clock pulse and half-clock
pulse have died down. False zero-crossings caused by clock
pulses are not recognized. Of course, the flip-flop delays the
true zero-crossing by up to one count in every instance, and
if a correction were not made, the display would always be
one count too high. Therefore, the counter is disabled for
one clock pulse at the beginning of phase 3. This one-count
delay compensates for the delay of the zero-crossing flip-
flop, and allows the correct number to be latched into the dis-
play. Similarly, a one-count delay at the beginning of phase 1
gives an overload display of 0000 instead of 0001. No delay
occurs during phase 2, so that true ratiometric readings
result.

INTEGRATOR

OUTPUT
AUTO | SIGNAL | REFERENCE
ZERO INT. INTEGRATE
10,001/ | 10,000/ 20,001/
ICOUNTS|COUNTS | COUNTS MAX.
FULL MEASUREMENT
CYCLE 40,002 COUNTS
BUSY
Lo il (] —
WHEN APPLICABLE  {XXX%3XXRXXXM

2000202002020 %2022

UNDER-RANGE

WHEN APPLICABLE
P, LE|

DIGIT SCAN BELOW
FOR OVER-RANGE Tleeed L—tL__D;s

NI g NS, E—
1000*/ *FIRST D5 OF AZ AND
- |COUNTS " REF INT ONE COUNT LONGER

STROBE TTTTT
-<—AUTO ZERO REFERENCE
DIGIT SCAN ‘ DS SIGNAL INTEGRATE —={<— INTEGRATE
FOR OVER-RANGE 22 N
By 2 Nl
—n= 2 n_n.
—t102 22 | g N
— | D1 ‘\: Il r

FIGURE 6. TIMING DIAGRAM FOR OUTPUTS

Evaluating The Error Sources
Errors from the “ideal” cycle are caused by:
1. Capacitor droop due to leakage.

2. Capacitor voltage change due to charge “suck-out” (the
reverse of charge injection) when the switches turn off.

3. Non-linearity of buffer and integrator.

4. High-frequency limitations of buffer, integrator, and com-
parator.

5. Integrating capacitor non-linearity (dielectric absorption).
6. Charge lost by Crer in charging Cstray-
7. Charge lost by Cpz and Cjyy to charge CsTRAY-

Each error is analyzed for its error contribution to the con-
verter in application notes listed on the back page, specifi-
cally Application Note ANO17 and Application Note AN032.

Noise

The peak-to-peak noise around zero is approximately 15uV
(pk-to-pk value not exceeded 95% of the time). Near full
scale, this value increases to approximately 30uV. Much of
the noise originates in the auto-zero loop, and is proporticnal
to the ratio of the input signal to the reference.

Analog And Digital Grounds

Extreme care must be taken to avoid ground loops in the lay-
out of ICL7135 circuits, especially in high-sensitivity circuits.
It is most important that return currents from digital loads are
not fed into the analog ground line.

Power Supplies
The ICL7135 is designed to work from 5V supplies. How-

ever, in selected applications no negative supply is required.
The conditions to use a single + 5V supply are:

1. The input signal can be referenced to the center of the
common mode range of the converter.

2. The signal is less than +£1.5V.

See “differential input” for a discussion of the effects this will
have on the integrator swing without loss of linearity.

Typical Applications

The circuits which follow show some of the wide variety of
possibilities and serve to illustrate the exceptional versatility
of this A/D converter.

Figure 7 shows the complete circuit for a 4'/, digit (+2.000V)
full scale) A/D with LED readout using the ICL8069 as a
1.2V temperature compensated voltage reference. It uses
the band-gap principal to achieve excellent stability and low
noise at reverse currents down to 50pA. The circuit also
shows a typical R-C input filter. Depending on the applica-
tion, the time-constant of this filter can be made faster,
slower, or the filter deleted completely. The 1/2 digit LED is
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driven from the 7 segment decoder, with a zero reading
blanked by connecting a Ds signal to RBI input of the
decoder. The 2-gate clock circuit should use CMOS gates to
maintain good power supply rejection.

A suitable circuit for driving a plasma-type display is shown
in Figure 8. The high voltage anode driver buffer is made by
Dionics. The 3 AND gales and caps driving “Bl” are needed
for interdigit blanking of multiple-digit display elements, and
can be omitted if not needed. The 2.5kQ & 3kQ resistors set
the current levels in the display. A similar arrangement can
be used with Nixie® tubes.

The popular LCD displays can be interfaced to the outputs of
the ICL7135 with suitable display drivers, such as the
ICM7211A as shown in Figure 9. A standard CMOS 4030
QUAD XOR gate is used for displaying the 1/2 digit, the
polarity, and an “overrange” flag. A similar circuit can be
used with the ICL7212A LED driver and the ICM7235A vac-
uum fluorescent driver with appropriate arrangements made
for the “extra” outputs. Of course, another full driver circuit
could be ganged to the one shown if required. This would be
useful if additional annunciators were needed. The Figure
shows the complete circuit for a 41/, digit (+2.000V) A/D.

Figure 10 shows a more complicated circuit for driving LCD
displays. Here the data is latched into the ICM7211 by the
STROBE signal and “Overrange” is indicated by blanking the
4 full digits.

A problem sometimes encountered with both LED and
plasma-type display driving is that of clock source supply
line variations. Since the supply is shared with the display,
any variation in voltage due to the display reading may
cause clock supply voltage modulation. When in overrange
the display alternates between a blank display and the 0000
overrange indication. This shift occurs during the reference
integrate phase of conversion causing a low display reading
just after overrange recovery. Both of the above circuits have
considerable current flowing in the digital supply from driv-
ers, etc. A clock source using an LM311 voltage comparator
with positive feedback (Figure 11) could minimize any clock
frequency shift problem.

The ICL7135 is designed to work from +5V supplies. How-
ever, if a negative supply is not available, it can be generated
with an ICL7660 and two capacitors (Figure 12).

Interfacing with UARTs and
Microprocessors

Figure 13 shows a very simple interface between a free- run-
ning ICL7135 and a UART. The five STROBE pulses start
the transmission of the five data words. The digit 5 word is
0000XXXX, digit 4 is 1000XXXX, digit 3 is 0100XXXX, etc.
Also the polarity is transmitted indirectly by using it to drive
the Even Parity Enable Pin (EPE). If EPE of the receiver is
held low, a parity flag at the receiver can be decoded as a
positive signal, no flag as negative. A complex arrangement
is shown in Figure 14. Here the UART can instruct the A/D to
begin a measurement sequence by a word on RRI. The
BUSY signal resets the Data Ready Reset (DRR). Again
STROBE starts the transmit sequence. A quad 2 input multi-
plexer is used to superimpose polarity, over-range, and
under-range onto the Dg word since in this instance it is
known that B, = B4 =Bg = 0.

For correct operation it is important that the UART clock be
fast enough that each word is transmitted before the next
STROBE pulse arrives. Parity is locked into the UART at
load time but does not change in this connection during an
output stream.

Circuits to interface the ICL7135 directly with three popular
microprocessors are shown in Figure 15 and Figure 16. The
8080/8048 and the MC6800 groups with 8 bit buses need to
have polarity, over-range and under-range multiplexed onto
the Digit 5 Sword - as in the UART circuit. In each case the
microprocessor can instruct the A/D when to begin a mea-
surement and when to hold this measurement.

Application Notes

A016  “Selecting A/D Converters”

A017  “The Integrating A/D Converters”

A018  “Do's and Don'ts of Applying A/D Converters”

A023  “Low Cost Digital Panel Meter Designs”

A028  “Building an Auto-Ranging DMM Using the 8052A/
7103A A/D Converter Pair”

A030 “The ICL7104 - A Binary Output A/D Converter for
Microprocessors”

A032  “Understanding the Auto-Zero and Common Mode
Performance of the ICL7106 Family”

R0O05 “Interfacing Data Converters & Microprocessors”
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Design Information Summary Sheet

¢ CLOCKINPUT

The ICL7135 does not have an internal oscillator. It
requires an external clock.

fCLOCK typ = 120KHz

CLOCK PERIOD

terock = WicLock

INTEGRATION PERIOD

tint = 10,000 x tcy ock

60/50Hz REJECTION CRITERION
tinT/teoHz OF tinT/tsoHz = Interger

e OPTIMUM INTEGRATION CURRENT

e FULL-SCALE ANALOG INPUT VOLTAGE
Vinrs Typically = 200mV or 2.0V

L]

INTEGRATE RESISTOR
Vv,
R|NT - lINFS
INT

¢ INTEGRATE CAPACITOR

_ (inp) Gy
INT ™ VT
INTEGRATOR OUTPUT VOLTAGE SWING
Viur = “lN'é) ()
INT
VINT MAXIMUM SWING:

(V-+ 05) < VINT < (V+- °5V)
leT Typlcally =27V

L]

DISPLAY COUNT

VIN

VREF

CONVERSION CYCLE

teve = teLock X 40002

when fo ock = 120kHz, toyc = 333ms
COMMON MODE INPUT VOLTAGE
(V- +1.0V) < Vjy < (V+-0.5V)
AUTO-ZERO CAPACITOR

0.01pF < Cpz < 1.0pF

REFERENCE CAPACITOR
0.1p.F < CREF < 1.0ﬂF

POWER SUPPLY: DUAL 5.0V
V+=45.0to GND
V- =-5.0 to GND

OUTPUT TYPE
4 BCD Nibbles with Polarity and Overrange Bits

There is no intemal reference available on the ICL7135. An
extemal reference is required due to the ICL7135's 4'/,
digit resolution.

COUNT = 10, 000 x

Typical Integrator Amplifier Output Waveform (INT Pin)

AUTO ZERO PHASE INTEGRATE
PHASE FIXED
30001 - 10001 10000 COUNTS

(COUNTS) '

A ~meeeeeemeemee

DE-INTEGRATE PHASE
1-20001 COUNTS

"
'
]
]
'
'
'
'
'
1]
]
'
]
'
]

4
'
]
]
'
'
’
'
'
'
'
h
'
'
'
'

TOTAL CONVERSION TIME = 40002 X tcy ocK
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ICL7135

Die Characteristics

DIE DIMENSIONS:
(120 x 130mils) x 525 + 25um

METALLIZATION:
Type: Al
Thickness: 10kA + 1kA

GLASSIVATION:
Type: Nitride/Silox Sandwich
Thickness: 8k Nitride over 7k Silox

Metallization Mask Layout

REF
V+ IN HI A

IIIJ@ 5L

(MsD) D5

(LsSB) B1

B2

B4

(MSB) B8

INLO CAP+

L el L
| Q]F

-

ICL7135

REF BUFF AZ
CAP+ OUT IN

INT OUT

ANALOG COMMON

|

REFERENCE

V-

UNDERRANGE

OVERRANGE

STROBE

(LSD)D1 BUSY

CLOCKIN POL DIGITAL RH
GND
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HARRIS

SEMICONDUCTOR

ADVANCE INFORMATION

December 1993

HI7190

24-Bit High Precision
Sigma-Delta A/D Converter

Features

¢ 24-Bit Resolution with No Missing Code

¢ 0.0007% Integral Non-Linearity

e 20mV to +2.5V Full Scale Input Ranges

¢ Dual 15V, Single +5V, or Battery Operation
Internal PGIA with Gains of 1X-128X
Serial Data VO Interface

Differential Analog and Reference Input
¢ Internal or System Auto-Calibration
-120dB Rejection of 60Hz

Applications

¢ Weigh Scales

¢ Maedical Patient Monitoring
¢ Seismic Monitoring

¢ Part Counting Scales

* Motion Control

Magnetic Field Monitoring
Intruder Detection

¢ Laboratory Instrumentation

¢ Process Control and Measurement

Description

The Harris HI7190 is a monolithic instrumentation A/D con-
verter that uses a Sigma-Delta modulation technique. Both
the signal and reference inputs are fully differential for maxi-
mum flexibility and performance. An internal Programmable
Gain Instrumentation Amplifier (PGIA) provides input gains
up to 128X, eliminating the need for external pre-amplifiers.
The on-demand converter auto-calibrate function is capable
of removing offset and gain errors existing in external and
internal circuitry. The device can operate from 5V supplies
and from a single +5V supply and can operate from a bat-
tery. The on-board, user programmable digital filter provides
over 120dB of 60Hz noise rejection and allows fine tuning of
resolution and conversion speed.

The HI7190 contains a serial I/O port, and is compatible with
most synchronous transfer formats, including both the
Motorola/Harris 6805/11 series SPI and Intel 8051 series
SSR protocols. A sophisticated set of commands gives the
user control over calibration, PGIA gain, device selection,
sleep mode, and other options.

Ordering Information

PART
NUMBER

TEMPERATURE

RANGE PACKAGE

HI7190IP -40°C to +85°C 20 Lead Plastic CIP

HI71901J -40°C to +85°C | 20 Lead Ceramic DIP

HI7190IB -40°C to +85°C 20 Lead Small Outline

Package (SOIC)

Pinout

HI7190
(PDIP, CDIP, SOIC)
TOP VIEW

120l MODE

J SYNC
RESET
OSC iy
el 0SC our
DVpp
14 AGND
13 AVpp
2 v,y HI
11 vinLO

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

Copyright © Harris Corporation 1993
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A/D CONVERTERS - SAR DATA SHEETS

ADC0802, 8-Bit uP Compatible A/D Converters
ADC0803,

A/D CONVERTERS - SAR

ADC0804

CA3310, CMOS 10-Bit A/D Converter with Internal TrackandHold . . . . ......... ... .ciiiiieenn...
CA3310A

HI-574A, Complete 12-Bit A/D Converter with Microprocessorinterface ..................ccocvun...
HI-674A,

HI-774

HI5810 CMOS 10us 12-Bit Sampling A/D Converter with Internal TrackandHold . ..............
HI5812 CMOS 20us 12-Bit Sampling A/D Converter with Iinternal TrackandHold ...............
HI5813 CMOS 3.3V, 25us 12-Bit Sampling A/D Converter with Internal TrackandHold. ..........

NOTE: Bold Type Designates a New Product from Harris.
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ADC0802, ADC0803

ADCO0804

8-Bit pP Compatible

A/D Converters

Features

* 80C48 and 80C80/85 Bus Compatible - No Interfacing

Description

The ADC0802 family are CMOS 8-Bit successive approxi-

Logic Required
e Conversion Time < 100us

Easy Interface to Most Microprocessors

* Will Operate in a “Stand Alone” Mode

Differential Analog Voltage Inputs

* TTL Compatible Inputs and Outputs
On-Chip Clock Generator

No Zero-Adjust Required

Works with Bandgap Voltage References

0V to 5V Analog Voltage Iinput Range (Single + 5V Supply)

mation A/D converters which use a modified potentiometric
ladder and are designed to operate with the 8080A control
bus via three-state outputs. These converters appear to the
processor as memory locations or I/O ports, and hence no

interfacing logic is required.

The differential analog voltage input has good common-
mode-rejection and permits offsetting the analog zero-input-
voltage value. In addition, the voltage reference input can be
adjusted to allow encoding any smaller analog voltage span

to the full 8-Bits of resolution.

Ordering Information

)
oc
w
&
PART NUMBER | ERROR EXTERNAL CONDITIONS TEMPERATURE RANGE PACKAGE e
ADC0802LCN £, LSB | VReg/2 = 2.500 Vpc (No Adjustments) 0°C to +70°C 20 Lead Plastic DIP 5°
ADC0802LCD +%/,LSB -40°C to +85°C 20 Lead Ceramic DIP é
ADC0802LD +1LSB -55°C to +125°C 20 Lead Ceramic DIP ‘
ADC0803LCN +'/, LSB | VRer/2 Adjusted for Correct Full-Scale 0°C to +70°C 20 Lead Plastic DIP
A
ADCO0803LCD P, Lsp | Heading -40°C to +85°C 20 Lead Ceramic DIP
ADC0802LCWM | +1LSB -40°C to +85°C 20 Lead SOIC (W)
ADC0803LD +1LSB -56°C to +125°C 20 Lead Ceramic DIP
ADC0804LCN +1LSB | Vpee/2 = 2.500 Vpc (No Adjustments) 0°C to +70°C 20 Lead Plastic DIP
ADC0804LCD +1188B -40°C to +85°C 20 Lead Ceramic DIP
Pinout Typical Application Schematic
ADC0802, ADC0803, ADC0804
—'—__\}"‘_—‘
(PDIP, CDIP) N\ Jdcs Vs 120 545V 150pF
TOP VIEW 2l75 cLkRL®
_ . 3] v 4
cs [ [20] v+ OR Vier 34 WR_ cLKiN 10K I ; )
— INTR
5 [2] 19 cLk R 11] pg
— < 7
WR 3] 18] DBo (s8) ANY 2 12| pg,
CLKIN ﬂ EDB4| wPROCESSOR @ ; ¢ 13 DBs 8-BIT RESOLUTION
iNTR [5] 6] 0B, 4ip, V) |® o1 DiEr ) OVERANY
15108, VNG L2 } inpuTs | DESIRED
vin +) [6] [15] DB, =105 VnOie—o ANALOG INPUT
Vi ) 7 o, " = g:, :G:z 1 VOLTAGE RANGE
AGND [ 8] 13] D85 %l o5, panol10 =
o DGND
Vrer/2 [ 9] 12] DB,
DGND [19 [11] 0B7 (use)

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.
Copyright © Harris Corporation 1993
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Functional Diagram

START

S|
[~ QONVER ION

IF RESET = “0”
l/ =

READ
“1” = RESET SHIFT REGISTER
“0” = BUSY AND RESET STATE RESET
INPUT PROTECTION
FOR ALL LOGIC INPUTS
INPUT CLK
TO INTERNAL
CIRCUITS
BV = 30V DFHD
2
T CLK OSC CLks START F/F Q
e :):‘.ND -
'7177 cxe—] \
ikt v
MSB
Ve 20 0
v .
(Vrer) 3 LADDER SUCCESSIVE 8-BIT
>3 AND APPROX. SHIFT
DECODER REGISTER REGISTER
9 . AND LATCH
VRer2 - R
* RESET
DAC LSB a
AGND 8 Vour l
il
e Ve CLKA _l
D
COMP DFF2
6 + O 1 g
V|N (4-) ©- > 2 A y
I TRI-STATE XFER (-, SET
7 OUTPUT LATCHES
ViNG) © . . m
MSB LSB |
CONV. COMPL.
111213141516 1718
—_— —> |=—sgxut
DIGITAL OUTPUTS
TRI-STATE CONTROL
“1” = OUTPUT ENABLE

[+}

3
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Specifications ADC0802, ADC0803, ADC0804

Absolute Maximum Ratings Thermal Information

SupplyVoltage . . . ... ciiiii ittt 6.5V  Thermal Resistance :17Y 6,c
Voltage atAny Input...............covnnnn -0.3V to (V* +0.3V) Plastic DIP Package ................ 125°CwW -
Storage Temperature Range ................. -65°C to +150°C Ceramic DIP Package . .............. 70°C/W  20°CW
Lead Temperature (Soldering, 10S) . .........ccovunann +300°C SOICPackage.......ocoveveennnnns 120°C/W -
Operating Temperature Range
ADCOB02/03LD . ...cvvvevrreenennnnnnnns -65°C to +125°C
ADCO802/0/04LCD .. ..coevvvvvnvnnnnnnnnn -40°C to +85°C
ADCO802/03/04LCN . ....oovvviiiiiinnnnns 0°C to +70°C
ADCOBO3LCWM . .....viiiiiiiinnnnnnnnn -40°C to +85°C
Junction Temperature
CoeramicPackage ..........coveeveennnnnnnnnnnns +175°C
PlasticPackage...................c..oue. e +150°C
CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the op of this specification Is not implied.
Electrical Specifications (Notes 1,7)
PARAMETERS | TEsTconDmons | wmiNn | tvv | max | unms
CONVERTER SPECIFICATIONS V+ =5V, T, = +25°C and fg « = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
ADC0802 Vger/2 = 2.500V - - 1, LSB n
ADCO0803 Vger2 Adjusted for Correct Full- - - EYA LSB
Scale Reading 2
ADC0804 VRee/2 = 2.500V - - + LSB w
VRger2 Input Resistance Input Resistance at Pin 9 1.0 1.3 - kQ E «
Analog Input Voltage Range (Note 2) GND-0.05 - (V+) +0.05 v ; %
DC Common-Mode Rejection Over Analog Input Voltage Range - t'.¢ YA LSB 8
Power Supply Sensitivity V+ =5V £10% Over Allowed Input - +'1e YA LSB s
Voitage Range
CONVERTER SPECIFICATIONS V+ = 5V, 0°C < T, < +70°C and fg; « = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
ADC0802 Vaee/2 = 2.500V - - 1, LSB
ADC0803 Vgrer/2 Adjusted for Correct Full- - - 1, LSB
Scale Reading
ADC0804 VRer/2 = 2.500V - - +1 LSB
Vger/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 - kQ
Analog Input Voltage Range (Note 2) GND-0.05 - (V+) +0.05 \Y
DC Common-Mode Rejection Over Analog Input Voltage Range - +'g £, LsB
Power Supply Sensitivity V+= 5V £10% Over Allowed Input - e 1 LSB
Voltage Range
CONVERTER SPECIFICATIONS V+ =5V, -25°C < T, < +85°C and fo « = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
ADC0802 Vger/2 = 2.500V - - 1%, LSB
ADCO0803 VRer/2 Adjusted for Correct Full- - - £, LSB
Scale Reading
ADC0804 VRer/2 = 2.500V - - +1 LsB
Vger/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 - kQ
Analog Input Voltage Range (Note 2) GND-0.05 - (V+) +0.05 \"
DC Common-Mode Rejection Over Analog Input Voltage Range - 1y £, LSB
Power Supply Sensitivity V+ =5V £10% Over Allowed Input - 6 EYA LSB
Voltage Range




Specifications ADC0802, ADC0803, ADC0804

Electrical Specifications

(Notes 1, 7) (Continued)

Current), I+

=Hi

PARAMETERS | TEST CONDITIONS | mn | v | wmax UNITS
CONVERTER SPECIFICATIONS V+ =5V, -55°C < T, < +125°C and fg x = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
ADC0802 Vgee/2 = 2.500V - - +1 LSB
ADC0803 Vger/2 Adjusted for Correct Full- - - 11 LsB

Scale Reading

VRger/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 - kQ

Analog Input Voltage Range (Note 2) GND-0.05 - (V+) +0.05 \")

DC Common-Mode Rejection Over Analog Input Voltage Range - +'g £, LSB

Power Supply Sensitivity V+ =5V £10% Over Allowed Input - +Vg £, LSB
Voltage Range

AC TIMING SPECIFICATIONS V+ = 5V, and T, = +25°C, Unless Otherwise Specified

Clock Frequency, foix V+ =6V (Note3) 100 640 1280 kHz
V+ =5V 100 640 800 kHz

Clock Periods per Conversion 62 - 73 clocks/conv

(NO‘Q 4), ‘CONV

Conversion Rate In Free-Running | INTR tied to WR with CS = 0V, - - 8888 conv/s

Mode, CR foLk = 640kHz

Width of WR Input (Start Pulse | TS = 0V (Note 5) 100 - - ns

Wld'h), tW(WR)| _

Access Time (Delay from Falling | C = I00pF (Use Bus Driver IC for - 135 200 ns

Edge of RD to Output Data Valid), | larger Cy,

tacc

Tri-State Control (Delay from Ris- | C,_ = I0pF, R = 10k - 125 250 ns

ing Edge of RD to HI-Z State), t;, | (See Tri-State Test Circuits)

toH

Delay from Falling Edge of WR to - 300 450 ns

Reset of INTR, tw;, tr

Input Capacitance of Logic - 5 - pF

Control Inputs, C\y

Tri-State Output Capacitance - 5 - pF

(Data Buffers), Coyr

DC DIGITAL LEVELS AND DC SPECIFICATIONS V+ =5V, and Ty < Ta < Tuax, Unless Otherwise Specified

CONTROL INPUTS (Note 6)

Logic “1“ input Voltage (Except V+ =525V 2.0 - V+ v

Pin 4 CLK IN), Vin4

Logic “0“ Input Voltage (Except V+=4.75V - - 0.8 \'

Pin 4 CLK IN), Vinu

CLK IN (Pin 4) Positive Going 27 3.1 35 \

Threshold Voltage, V+¢

CLK IN (Pin 4) Negative Going 15 1.8 21 v

Threshold.Voltage, V-¢

CLK IN (Pin 4) Hysteresis, V4 0.6 13 2.0 v

Logic “1” Input Current Vin=5V - 0.005 1 HA

(All Inputs), linpy

Logic “0” Input Current Vin=0V -1 -0.005 - A

(All Inputs), Iinio

Supply Current (Includes Ladder | o« =640kHz,T, = +25°C and CS - 1.3 25 mA
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Specifications ADC0802, ADC0803, ADC0804

Electrical Specifications (Notes 1,7) (Continued)

PARAMETERS | TEST CONDITIONS | wmNn ] vy | wmax | unms

DC DIGITAL LEVELS AND DC SPECIFICATIONS V+ = 5V, and Ty < Ta < Tiax, Unless Otherwise Specified (Continued)

DATA OUTPUTS AND INTR

Logic “0” Output Voltage, Vo, lo=1.6mA - - 0.4 Vv
V+=4.75V

Logic “1” Output Voltage, Voy lo = -360pA 24 - - \%
V+=4.75V

Tri-State Disabled Output Leak- | Voyr = 0V -3 - - HA

age (All Data Buffers), I o Vour = 5V N N 3 HA

Output Short Circuit Current, Vourt Short to Gnd Ty, = +25°C 45 6 - mA

Isource

Output Short Circuit Current, Vout Shortto V + T, = +25°C 9.0 16 - mA

Isink

NOTES:

1. All voltages are measured with respect to GND, unless otherwise specified. The separate AGND point should always be wired to the
DGND, being careful to avoid ground loops.

2. For Viy(y 2 V4 the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which
will forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the V+ supply. Be careful,
during testing at low V+ levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated tem-
peratures, and cause errors for analog inputs near full-scale. As long as the analog V)y does not exceed the supply voltage by more than
50mV, the output code will be correct. To achieve an absolute OV to 5V input voltage range will therefore require a minimum supply volt-
age of 4.950V over temperature variations, initial tolerance and loading.

3. With V+ = 6V, the digital logic interfaces are no longer TTL compatible.

4. With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion
process.

5. The CS input is assumed to bracket the WR strobe input so that timing is dependent on the WR pulse width. An arbitrarily wide pulse
width will hold the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see
Timing Diagrams).

6. CLKIN (pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately.

7. None of these A/Ds requires a zero-adjust. However, if an all zero code is desired for an analog input other than 0.0V, or if a narrow full-scale
span exists (for example: 0.5V to 4.0V full-scale) the V., input can be adjusted to achieve this. See Zero Error on page 13 of this data sheet.

Timing Waveforms

tg = 20ns
tp
V+ 24V — 90%
_ i RD 50%
RD o] DATA 0.8V 10%
= OUTPUT ‘i
_L cL 310k Vou 90%
I oama
= 2 = == OUTPUTS
= = = = GND
FIGURE 1A. ty FIGURE 1B. t,, C, = 10pF
tr = 20ns
V+ Vs tr
24V — 90%
10K RD 50%
0.8V 10%
RD o— DATA
— -
= . OuTPUT Ve toH
_|_ _T_ ’ ow%% /
e 3 _ Vo Z 10%
FIGURE 1C. toy FIGURE 1D. toy, C, = 10pF

FIGURE 1. TRI-STATE CIRCUITS AND WAVEFORMS

A/D CONVERTERS
SAR
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Typical Performance Curves
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FIGURE 2. LOGIC INPUT THRESHOLD VOLTAGE vs SUPPLY
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FIGURE 7. EFFECT OF UNADJUSTED OFFSET ERROR
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Typical Performance Curves (Continued)
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3 "‘L dsink \
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FIGURE 8. OUTPUT CURRENT vs TEMPERATURE
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FIGURE 9. POWER SUPPLY CURRENT vs TEMPERATURE

Timing Diagrams

[

WR

ACTUAL INTERNAL
STATUS OF THE
CONVERTER

INTR

INTR

DATA
OUTPUTS

DATA IS VALID IN
OUTPUT LATCHES

INTR
J $ ASSERTED
tvi ——— 1/z ok

|
twi J:e—
- tw iR BUSY’
. “NOT BUSY”
i<— 1TO 8 x1Mc x —>1=— INTERNAL T¢
(LAST DATA READ) -
(LAST DATA NOT READ ;;
vrsrrsssssssssss
FIGURE 10A. START CONVERSION
INTR RESET
|-~ . 777

/

tacc

TRI-STATE VALID
E DATA A (H1-2) ‘< DATA ’l’ll’l’lllll

= tiHo ton

FIGURE 10B. OUTPUT ENABLE AND RESET INTR
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SAR




ADC0802, ADC0803, ADC0804

+1LSB
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FIGURE 11A. ACCURACY = 10 LSB; PERFECT A/D

4
&
o —
'é D+1 5'6
5 H
—— ’
9 ° E
é ’ ’
e H H
IoT W
P
A-1 A A+1
ANALOG INPUT (Vi)
TRANSFER FUNCTION
4
w
Q
3 5
:é D+1 E s
) 3 '
o D T ’
a 4 |
2 1 :
G - -1
a D1 ' ’ 2 :
M ' ’
: ' f
A-1 A A+1
ANALOG INPUT (Vj)
TRANSFER FUNCTION

+1LSB
[+ 4
g
E o
’
’
v
’
L]
’
L]
-1LSB L
A-1 A A+1
ANALOG INPUT (Vi)
ERROR PLOT

FIGURE 11B. ACCURACY =1/, LSB
FIGURE 11. CLARIFYING THE ERROR SPECS OF AN A/D CONVERTER

Understanding A/D Error Specs

A periect A/D transfer characteristic (staircase wave-form) is
shown in Figure 11A. The horizontal scale is analog input volt-
age and the particular points labeled are in steps of 1 LSB
(19.53mV with 2.5V tied to the Vgg/2 pin). The digital output
codes which correspond to these inputs are shown as D-1, D,
and D+1. For the perfect A/D, not only will center-value (A - 1,
A, A +1,...)analog inputs produce the correct output digital
codes, but also each riser (the transitions between adjacent
output codes) will be located :t:‘/2 LSB away from each center-
value. As shown, the risers are ideal and have no width. Cor-
rect digital output codes will be provided for a range of analog
input voltages which extend t'/z LSB from the ideal center-
values. Each tread (the range of analog input voltage which
provides the same digital output code) is therefore 1 LSB
wide.

The error curve of Figure 11B shows the worst case transfer
function for the ADC0802. Here the specification guarantees
that if we apply an analog input equal to the LSB analog volt-
age center-value, the A/D will produce the correct digital code.

Next to each transfer function is shown the corresponding error
plot. Notice that the error includes the quantization uncertainty of
the A/D. For example, the error at point 1 of Figure 11A is +'/,

LSB because the digital code appeared '/, LSB in advance of
the center-value of the tread. The error plots always have a con-
stant negative slope and the abrupt upside steps are always 1
LSB in magnitude, unless the device has missing codes.

Detailed Description

The functional diagram of the ADC0802 series of A/D con-
verters operates on the successive approximation principle
(see Application Notes ANO16 and ANO20 for a more
detailed description of this principle). Analog switches are
closed sequentially by successive-approximation logic until
the analog differential input voltage [Vin(,) - Vin(,] matches a
voltage derived from a tapped resistor string across the ref-
erence voltage. The most significant bit is tested first and
after 8 comparisons (64 clock cycles), an 8-bit binary code
(1111 1111 =full-scale) is transferred to an output latch.

The normal operation proceeds as follows. On the high-to-
low transition of the WR input, the internal SAR latches and
the shift-register stages are reset, and the INTR output will
be set high. As long as the CS input and WR input remain
low, the A/D will remain in a reset state. Conversion will start
from 1 to 8 clock periods after at least one of these inputs
makes a low-to-high transition. After the requisite number of
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clock pulses to complete the conversion, the INTR pin will
make a high-to-low transition. This can be used to interrupt a
processor, or otherwise signal the availability of a new_con-
version. A RD operation (with CS low) will clear the INTR
line high again. The device may be operated in the free-run-
ning mode by connecting INTR to the WR input with CS=o.
To ensure start-up under all possible conditions, an external
WR pulse is required during the first power-up cycle. A con-
version-in-process can be interrupted by issuing a second
start command.

Digital Operation

The converter is started by having CS and WR simulta-
neously low. This sets the start flip-flop (F/F) and the result-
ing “1” level resets the 8-bit shift register, resets the Interrupt
(INTR) F/F and inputs a “1” to the D flip-flop, DFF1, which is
at the input end of the 8-bit shift register. Internal clock sig-
nals then transfer this “1” to the Q output of DFF1. The AND
gate, G1, combines this “1” output with a clock signal to pro-
vide a reset signal to the start F/F. If the set signal is no
longer present (either WR or CS is a “1”), the start F/F is
reset and the 8-bit shift register then can have the “1”
clocked in, which starts the conversion process. If the set
signal were to still be present, this reset pulse would have no
effect (both outputs of the start F/F would be at a “1” level)
and the 8-bit shift register would continue to be held in the
reset mode. This allows for asynchronous or wide CS and
WR signals.

After the “1” is clocked through the 8-bit shift register (which
completes the SAR operation) it appears as the input to
DFF2. As soon as this “1” is output from the shift register, the
AND gate, G2, causes the new digital word to transier to the
Tri-State output latches. When DFF2 is subsequently
clocked, the Q output makes a high-to-low transition which
causes the INTR F/F to set. An inverting buffer then supplies
the INTR output signal.

When data is to be read, the combination of both CS and RD
being low will cause the INTR F/F to be reset and the tri-state
output latches will be enabled to provide the 8-bit digital out-
puts.

Digital Control Inputs

The digital control inputs (CS, RD, and WR) meet standard
TTL logic voltage levels. These signals are essentially equiva-
lent to the standard A/D Start and Output Enable control sig-
nals, and are active low to allow an easy interface to
microprocessor control _busses. For non-microprocessor
based applications, the [ input (pin 1) can be grounded and
the standard A/D Start function obtained by an active low
pulse at the WR input (pin 3). The Output Enable function is
achieved by an active low pulse at the RD input (pin 2).

Analog Operation

The analog comparisons are performed by a capacitive
charge summing circuit. Three capacitors (with precise
ratioed values) share a common node with the input to an
auto-zeroed comparator. The input capacitor is switched
between V)y(,) and Viy,), while two ratioed reference capac-
itors are switched between taps on the reference voltage

divider string. The net charge corresponds to the weighted
difference between the input and the current total value set
by the successive approximation register. A correction is
made to offset the comparison by '/, LSB (see Figure 11A).

Analog Differential Voltage Inputs and Common-Mode
Rejection

This A/D gains considerable applications flexibility from the ana-
log differential voltage input. The Vi) input (pin 7) can be used
to automatically subtract a fixed voltage value from the input
reading (tare correction). This is also useful in 4mA - 20mA cur-
rent loop conversion. In addition, common-mode noise can be
reduced by use of the differential input.

The time interval between sampling Vin(,) and Vi is 4 '/
clock periods. The maximum error voitage due to this siight
time difference between the input voltage samples is given by:

A Vg (MAX) = (Vp) (2xfgy) [’Lﬁﬂ
CL
where:
AV is the error voltage due to sampling delay
Vp is the peak value of the common-mode voltage
foum is the common-mode frequency

For example, with a 60Hz common-mode frequency, foum,
and a 640kHz A/D clock, fc . keeping this error to '/, LSB
(~5mV) would allow a common-mode voltage, Vp, given by:

[AVE (MAX) "CLK)]

VP = T migy (45)

or

v o 6x109) (s0x10%
P~ 7(628) (60) (45)

The allowed range of analog input voltage usually places
more severe restrictions on input common-mode voltage lev-
els than this.

An analog input voltage with a reduced span and a relatively
large zero offset can be easily handled by making use of the
differential input (see Reference Voltage Span Adjust).

Analog Input Current

The internal switching action causes displacement currents
to flow at the analog inputs. The voltage on the on-chip
capacitance to ground is switched through the analog differ-
ential input voltage, resulting in proportional currents enter-
ing the V|, input and leaving the V. input. These current
transients occur at the leading edge of the internal clocks.
They rapidly decay and do not inherently cause errors as the
on-chip comparator is strobed at the end of the clock perlod.

Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output resistances
of the analog signal sources. This charge pumping action is
worse for continuous conversions with the Vyy, input voltage
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at full-scale. For a 640kHz clock frequency with the Viy(,
input at 5V, this DC current is at a maximum of approximately
SuA. Therefore, bypass capacitors should not be used at
the analog inputs or the Vggg/2 pin for high resistance
sources (>1kQ). If input bypass capacitors are necessary for
noise filtering and high source resistance is desirable to mini-
mize capacitor size, the effects of the voltage drop across this
input resistance, due to the average value of the input current,
can be compensated by a full-scale adjustment while the
given source resistor and input bypass capacitor are both in
place. This is possible because the average value of the input
current is a precise linear function of the differential input volt-
age at a constant conversion rate.

Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used will not cause errors since the input
currents settle out prior to the comparison time. If a low-
pass filter is required in the system, use a low-value series
resistor (< 1kQ) for a passive RC section or add an op amp
RC active low-pass filter. For low-source-resistance applica-
tions (< 1kQ), a 0.1uF bypass capacitor at the inputs will
minimize EMI due to the series lead inductance of a long
wire. A 100Q series resistor can be used to isolate this
capacitor (both the R and C are placed outside the feedback
loop) from the output of an op amp, if used.

Stray Pickup

The leads to the analog inputs (pins 6 and 7) should be kept
as short as possible to minimize stray signal pickup (EMI).
Both EMI and undesired digital-clock coupling to these inputs
can cause system errors. The source resistance for these
inputs should, in general, be kept below 5kQ. Larger values of
source resistance can cause undesired signal pickup. Input
bypass capacitors, placed from the analog inputs to ground,
will eliminate this pickup but can create analog scale errors as
these capacitors will average the transient input switching cur-
rents of the A/D (see Analog Input Current). This scale error
depends on both a large source resistance and the use of an
input bypass capacitor. This error can be compensated by a
full-scale adjustment of the A/D (see Full-Scale Adjustment)
with the source resistance and input bypass capacitor in
place, and the desired conversion rate.

Reference Voltage Span Adjust

For maximum application flexibility, these A/Ds have been
designed to accommodate a 5V, 2.5V or an adjusted voltage
reference. This has been achieved in the design of the IC as
shown in Figure 12.

Notice that the reference voltage for the IC is either '/, of the
voltage which is applied to the V+ supply pin, or is equal to
the voltage which is externally forced at the Vpeg/2 pin. This
allows for a pseudo-ratiometric voltage reference using, for
the V+ supply, a 5V reference voltage. Alternatively, a volt-
age less than 2.5V can be applied to the Vgee/2 input. The
internal gain to the Vee/2 input is 2 to allow this factor of 2
reduction in the reference voltage.

Such an adjusted reference voltage can accommodate a
reduced span or dynamic voltage range of the analog input
voltage. If the analog input voltage were to range from 0.5V to

3.5V, instead of OV to 5V, the span would be 3V. With 0.5V
applied to the V|y,) pin to absorb the offset, the reference volt-
age can be made equal to ‘/2 of the 3V span or 1.5V. The AD
now will encode the Vi, signal from 0.5V to 3.5V with the
0.5V input corresponding to zero and the 3.5V input corre-
sponding to full-scale. The full 8 bits of resolution are therefore
applied over this reduced analog input voltage range. The req-
uisite connections are shown in Figure 13. For expanded
scale inputs, the circuits of Figures 14 and 15 can be used.

V+ r
(VReF) | 59
S
R b3
9
VRer2
DIGITAL
[ L } CIRCUITS
< >
< >
s }
:»
ANALOG
RS DECODE CIRCUITS
<P
7
s
b2
AGNE:l_' DGND | 10
—— mn

ICL7611 | gy

b
<
1 300
S Fs <L"swuwz _AM_.I_.-,O VRee?2
JADLS o.mFl

ZERO SHIFT VOLTAGE

TO Ving)

VYV

AA e AAA
A
\A4

A\AAL

FIGURE 13. OFFSETTING THE ZERO OF THE ADC0802 AND
PERFORMING AN INPUT RANGE (SPAN) ADJUST-
MENT
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o 5V
(VRer)
-
2R
ViN £ 10V AWy & Vingg  V+ —<+
ADC0802- T10F
$2r | ADCoso4 L
iy

FIGURE 14. HANDLING +10V ANALOG INPUT RANGE

5V
(VRer)
,
T
R

VN5V oW\~ & Ving) Ve .
ADC0802- T 10WF
ADC0804 _L

7

Vine)

FIGURE 15. HANDLING 15V ANALOG INPUT RANGE

Reference Accuracy Requirements

The converter can be operated in a pseudo-ratiometric
mode or an absolute mode. In ratiometric converter applica-
tions, the magnitude of the reference voltage is a factor in
both the output of the source transducer and the output of
the A/D converter and therefore cancels out in the final digi-
tai output code. in absoiute conversion appiications, both the
initial value and the temperature stability of the reference
voltage are important accuracy factors in the operation of the
A/D converter. For Vgge/2 voltages of 2.5V nominal value,
initial errors of +10mV will cause conversion errors of +1
LSB due to the gain of 2 of the Vgee/2 input. In reduced span
applications, the initial value and the stability of the Vgeg/2
input voltage become even more important. For example, if
the span is reduced to 2.5V, the analog input LSB voltage
value is correspondingly reduced from 20mV (5V span) to
10mV and 1 LSB at the Vgep/2 input becomes 5mV. As can
be seen, this reduces the allowed initial tolerance of the ref-
erence voltage and requires correspondingly less absolute
change with temperature variations. Note that spans smaller
than 2.5V place even tighter requirements on the initial accu-
racy and stability of the reference source.

In general, the reference voltage will require an initial adjust-
ment. Errors due to an improper value of reference voltage
appear as full-scale errors in the A/D transfer function. IC
voltage regulators may be used for references if the ambient
temperature changes are not excessive.

Zero Error

The zero of the A/D does not require adjustment. If the mini-
mum analog input voltage value, Viygui), is not ground, a
zero offset can be done. The converter can be made to out-
put 0000 0000 digital code for this minimum input voltage by
biasing the A/D VlN(-) input at this VIN(MIN) value (see Appli-
cations section). This utilizes the differential mode operation
of the A/D.

The zero error of the A/D converter relates to the location of the
first riser of the transfer function and can be measured by
grounding the Vi input and applying a small magnitude posi-
tive voltage to the V() input. Zero error is the difference
between the actual DC input voltage which is necessary to just
cause an output digital code transition from 0000 0000 to 0000
0001 and the ideal '/, LSB value (*/, LSB = 9.8mV for Vpge/2 =
2.500V).

Full-Scale Adjust

The full-scale adjustment can be made by applying a differ-
ential input voltage which is 1/, LSB down from the desired
analog full-scale voltage range and then adjusting the mag-
nitude of the VReg/2 input (pin 9) for a digital output code
which is just changing from 1111 1110 to 1111 1111. When
offsetting the zero and using a span-adjusted Vggg/2 volt-
age, the full-scale adjustment is made by inputting Vyy to
the Vi, input of the A/D and applying a voltage to the Vi,
input which is given by:

v g Vet 5|:(VMAX_VMIN)]

IN(+) SADJ ~— "MAX 256 4

where:
Vmax = the high end of the analog input range
and

Vmin = the low end (the offset zero) of the analog range.
(Both are ground referenced.)

The clock for the A/D can be derived from an external source
such as the CPU clock or an external RC network can be
added to provide self-clocking. The CLK IN (pin 4) makes
use of a Schmitt trigger as shown in Figure 16.

A4
CLKR
19
< ADC0802-| |fck = '1'1—1,';3

R g ADC0804 .
R=10KQ

CLKIN »&o-»

1 4 CLK

FIGURE 16. SELF-CLOCKING THE A/D
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Heavy capacitive or DC loading of the CLK R pin should be
avoided as this will disturb normal converter operation.
Loads less than 50pF, such as driving up to 7 A/D converter
clock inputs from a single CLK R pin of 1 converter, are
allowed. For larger clock line loading, a CMOS or low power
TTL buffer or PNP input logic should be used to minimize the
loading on the CLK R pin (do not use a standard TTL buffer).

Restart During a Conversion

If the A/D is restarted (CS and WR go low and return high)
during a conversion, the converter is reset and a new con-
version is started. The output data latch is not updated if the
conversion in progress is not completed. The data from the
previous conversion remain in this latch.

Continuous Conversions

In this application, the C CS input is grounded and the WR
input is tied to the INTR output. This WR and INTR node
should be momentarily forced to logic low following a power-
up cycle to insure circuit operation. See Figure 17 for details.

10K 5V (OR Vgep)*
-L aAAL
150pF ADCO0802 - ADC0804
1cs - V+
2|RD  CLKR[1g F10uF
[ {3|WR DBofi—o LsB
NO. o—{a]cLKIN DB, i =
smn;i' L_o—[5|iINTR  DB,f1
anaLog ©—o—{€|Vin()  DBsfi—o [ pata
INPUTS o—o0—{7] Vin()  DB,[1a}—o [ OUTPUTS
o—{8]AeND  DB;[i3—o
o—{5|Vrer2  DBg[iF—o
= 1d DGND DB, [1}—o / MSB

FIGURE 17. FREE-RUNNING CONNECTION
Driving the Data Bus

This CMOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circultry, which is tied to the data
bus, will add to the total capacitive loading, even in tri-state
(high-impedance mode). Back plane bussing also greatly
adds to the stray capacitance of the data bus.

There are some alternatives available to the designer to han-
dle this problem. Basically, the capacitive loading of the data
bus slows down the response time, even though DC specifi-
cations are still met. For systems operating with a relatively
slow CPU clock frequency, more time is available in which to
establish proper logic levels on the bus and therefore higher
capacitive loads can be driven (see Typical Performance
Curves).

At higher CPU clock frequencies time can be extended for I/
0 reads (and/or writes) by inserting wait states (8080) or
using clock-extending circuits (6800).

Finally, if time is short and capacitive loading is high, exter-
nal bus drivers must be used. These can be tri-state buffers
(low power Schottky is recommended, such as the 74LS240
series) or special higher-drive-current products which are
designed as bus drivers. High-current bipolar bus drivers
with PNP inputs are recommended.

Power Supplies

Noise spikes on the V+ supply line can cause conversion
errors as the comparator will respond to this noise. A low-
inductance tantalum filter capacitor should be used close to
the converter V+ pin, and values of 1uF or greater are rec-
ommended. If an unregulated voltage is available in the sys-
tem, a separate 5V voltage regulator for the converter (and
other analog circuitry) will greatly reduce digital noise on the
V+ supply. An ICL7663 can be used to regulate such a sup-
ply from an input as low as 5.2V.

Wiring and Hook-Up Precautions

Standard digital wire-wrap sockets are not satisfactory for
breadboarding with this A/D converter. Sockets on PC
boards can be used. All logic signal wires and leads should
be grouped and kept as far away as possible from the ana-
log signal leads. Exposed leads to the analog inputs can
cause undesired digital noise and hum pickup; therefore,
shielded leads may be necessary in many applications.

A single-point analog ground should be used which is sepa-
rate from the logic ground points. The power supply bypass
capacitor and the self-clocking capacitor (if used) should
both be returned to digital ground. Any Vggg/2 bypass
capacitors, analog input filter capacitors, or input signal
shielding should be returned to the analog ground point. A
test for proper grounding is to measure the zero error of the
A/D converter. Zero errors in excess of '/, LSB can usually
be traced to improper board layout and wiring (see Zero
Error for measurement). Further information can be found in
Application Note ANO18.

Testing the A/D Converter

There are many degrees of complexity associated with testing
an A/D converter. One of the simplest tests is to apply a
known analog input voltage to the converter and use LEDs to
display the resulting digital output code as shown in Figure 18.

For ease of testing, the Vgge/2 (pin 9) should be supplied
with 2.560V and a V+ supply voltage of 5.12V should be
used. This provides an LSB value of 20mV.

If a full-scale adjustment is to be made, an analog input volt-
age of 5.090V (5.120 - 17/, LSB) should be applied to the
V,NM pin with the V) pin grounded. The value of the Vgeg/2
input voltage should be adjusted until the digital output code is
justchangingfrom 1111 1110to 1111 1111, This value of Vge/
2 should then be used for all the tests.

The digital-output LED display can be decoded by dividing the 8
bits into 2 hex characters, one with the 4 most-significant bits
(MS) and one with the 4 least-significant bits (LS). The output is
then interpreted as a sum of fractions times the full-scale voltage:

MS LS) (5.12) V.

Vout = (55 * 358
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FIGURE 18. BASIC TESTER FOR THE A/D

For example, for an output LED display of 1011 0110, the
MS character is hex B (decimal 11) and the LS character is
hex (and decimal) 6, so

11
VouT = (16 256) (5.12) = 3.64V

Figures 19 and 20 show more sophisticated test circuits.

ANALOG
INPUTS

- 100X ANALOG
A2 ERROR VOLTAGE

100R
Aa A I

FIGURE 19. A/D TESTER WITH ANALOG ERROR OUTPUT.
THIS CIRCUIT CAN BE USED TO GENERATE
“ERROR PLOTS” OF FIGURE 11.

DIGITAL DIGITAL
INPUTS OUTPUTS

VANALOG
10-BIT | AD UNDER
DAC TEST

FIGURE 20. BASIC “DIGITAL” A/D TESTER

Typical Applications

Interfacing 8080/85 or Z-80
Microprocessors

This converter has been designed to directly interface with
8080/85 or Z-80 Microprocessors. The tri-state output capa-
bility of the A/D eliminates the need for a peripheral interface
device, although address decoding is still required to gener-
ate the appropriate CS for the converter. The A/D can be
mapped into memory space (using_standard memory-
address decoding for CS and the MEMR and MEMW
strobes) or it can be controlled as an I/O device by using the
{7OR and 1/OW strobes and decoding the address bits A0 —
A7 (or address bits A8 — A15, since they will contain the
same 8-bit address information) to obtain the CS input.
Using the 1/O space provides 256 additional addresses and
may allow a simpler 8-bit address decoder, but the data can
only be input to the accumulator. To make use of the addi-
tional memory reference instructions, the A/D should be
mapped into memory space. See AN020 for more discus-
sion of memory-mapped vs |/O-mapped interfaces. An
example of an A/D in I/O space is shown in Figure 21.

The standard control-bus signals of the 8080 (CS, RD and
WR) can be directly wired to the digital control inputs of the
A/D, since the bus timing requirements, to allow both starting
the converter, and outputting the data onto the data bus, are
met. A bus driver should be used for larger microprocessor
systems where the data bus leaves the PC board and/or
must drive capacitive loads larger than 100pF.

It is useful to note that in systems where the A/D converter is
1 of 8 or fewer I/O-mapped devices, no address-decoding
circuitry is necessary. Each of the 8 address bits (AO to A7)
can be directly used as CS inputs, one for each I/O device.

Interfacing the Z-80 and 8085

The Z-80 and 8085 control buses are slightly different from
that of the 8080. General RD and WR strobes are provided
and separate memory request, MREQ, and 1/O request,
IORQ, signals have to be combined with the generalized
strobes to provide the appropriate signals. An advantage of
operating the A/D in I/O space with the Z-80 is that the CPU
will automatically insert one wait state (the RD and WR
strobes are extended one clock period) to allow more time
for the 1/O devices to respond. Logic to map the A/D in I/O
space is shown in Figure 22. By using MREQ in place of
IORQ, a memory-mapped configuration results.

Additional /O advantages exist as software DMA routines
are available and use can be made of the output data trans-
fer which exists on the upper 8 address lines (A8 to A15)
during /O input instructions. For example, MUX channel
selection for the A/D can be accomplished with this operat-
ing mode.

The 8085 also provides a generalized RD and WR strobe,
with an IO/M line to distinguish I/O and memory requests.
The circuit of Figure 22 can again be used, with IO/M in
place of IORQ for a memory-mapped interface, and an extra
inverter (or the logic equivalent) to provide I0/M for an 1/O-
mapped connection.
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Interfacing 6800 Microprocessor Derivatives
(6502, etc.)

The control bus for the 6800 microprocessor derivatives does
not use the RD and WR strobe signals. Instead it employs a
single RW line and additional timing, if needed, can be
derived from the ¢2 clock. All I/O devices are memory-
mapped in the 6800 system, and a special signal, VMA, indi-
cates that the current address is valid. Figure 23 shows an
interface schematic where the A/D is memory-mapped in the
6800 system. For simplicity, the CS decoding is shown using
A DM8092. Note that in many 6800 systems, an already
decoded 4/5 line is brought out to the common bus at pin 21.
This can be tied directly to the CS pin of the A/D, provided that
no other devices are addressed at HEX ADDR: 4XXX or
5XXX.

In Figure 24 the ADCO0802 series is interfaced to the MC6800
microprocessor through (the arbitrarily chosen) Port B of the
MC6820 or MC6821 Peripheral Interface Adapter (PIA). Here
the CS pin of the A/D is grounded since the PIA is already
memory-mapped in the MC6800 system and no CS decoding
is necessary. Also notice that the A/D output data lines are con-
nected to the microprocessor bus _under program control
through the PIA and therefore the A/D RD pin can be grounded.

Application Notes

Some applications bulletins that may be found useful are listed
here:

ANO16 “Selecting A/D Converters”
ANO018 “Do's and Don’ts of Applying A/D Converters”

AN020 “A Cookbook Approach to High Speed Data Acqui-
sition and Microprocessor Interfacing”

“The ICL7104 - A Binary Output A/D Converter for
Microprocessors”

ANO030
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FIGURE 21. ADC0802 TO 8080A CPU INTERFACE
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FIGURE 23. ADC0802 TO MC6800 CPU INTERFACE
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CA3310, CA3310A

CMOS 10-Bit A/D
Converter with Internal Track and Hold

Features

¢ CMOS Low Power (15mW Typ.)
¢ Single Supply Voltage (3V to 6V)
e 13us Conversion Time

Built-in Track and Hold
Rail-to-Rail Input Range
Latched Tri-state Output Drivers

Internal or External Clock

Applications

* Fast, No-Droop, Sample and Hold
¢ Voice Grade Digital Audio

¢ DSP Modems

¢ puP Controlled Systems

Microprocessor-Compatible Control Lines

* Remote Low Power Data Acquisition Systems

Description

The Harris CA3310 is a fast, low power, 10-bit successive approxima-
tion analog-to-digital converter, with microprocessor-compatible out-
puts. It uses only a single 3V to 6V supply and typically draws just 3mA
when operating at 5V. It can accept full rail-to-rail input signals, and fea-
tures a built-in track and hold. The track and hold will follow high band-
width input signals, as it has only a 100ns (typical) input time constant.

The ten data outputs feature full high-speed CMOS tri-state bus driver
capability, and are latched and held through a full conversion cycle.
Separate 8 MSB and 2 LSB enables, a data ready flag, and conversion
start and ready reset inputs complete the microprocessor interface.

An internal, adjustable clock is provided and is available as an output.
The clock may also be driven from an external source.

Ordering Information

[72]
t
PART LINEARITY | TEMPERATURE E
NUMBER (INL, DNL) RANGE PACKAGE weo
CA3310E +0.75 LSB -40°C to +85°C | 24 Lead Plastic DIP % (7)
CAB310AE +0.5 LSB -40°C to +85°C | 24 Lead Plastic DIP o
CA3310M 10.75 LSB -40°C to +85°C | 24 Lead Plastic SOIC s
CA3310AM 0.5 LSB -40°C to +85°C | 24 Lead Plastic SOIC
CA3310D +0.75 LSB -55°C to +125°C | 24 Lead Ceramic DIP
CA3310AD 10.5 LSB -55°C to +125°C | 24 Lead Ceramic DIP

Pinout

DO (LSB)

83 88rBRET

D9 (MSB)
DRDY
Vss (GND)

CA3310, CA3310A
(PDIP, CERAMIC DIP, SOIC)
TOP VIEW

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

Copyright © Harris Corporation 1993
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CA3310, CA3310A

Functional Block Diagram

STRT
— | ¢————— R
Vpp— ¢t EXT
ALL CLOCK
} LoGic 4> CLK
Vgs—T1—>
CONTROL DRDY
in TIMING a
L['_— CLK _ CLR DRST
V, +—_j 16C 3 < }— OEM
REF ___4;____9%527“ ) . 1
—] —tl ;—-—> D9 (MSB)
| 500 - |°——°T°-‘ 1
$ SUBSTRATE L ———— Ds
3 RESISTANCE s
-r—-4P59-47¥34 -¢[:E;:
N > Ds
Vaa+ :,i7 c o
Vaa- T8 1 10BIT —» ar —-5——» Ds
16c 9 SUCCESSIVE
+— |_°T°" APPROXIMATION TRIGEERED
REGISTER — LareH ———— D4
— p—— D3
'—Il-‘c—ofw ES:
— m
i I’—ofo«
—| |£-—0To—<
—] DO (LSB)
[+] > 1
i IH OEL

VREF-
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CA3310, CA3310A

Typical Application Schematics

j. ¢ $—< +5V SUPPLY
4.7uF *,
TAN _T_ J\_ 0.1uF CER
8 =A Vaa+ Voo = D
3 100210% a5v
M - ' Vier+ STRT p————< START CONVERSATION
ICL7663S 1 I V| anF oL
TAN DRST RESETFLAG
R 2o ; A p—— wEseTriAG
ADJUST T OEM p———<  HIGH BYTE ENABLE
GAIN :tzs.n( Veep-
- - 3 REF OEL p———< ([OWBYIE ENABLE
f—-‘ == a CA3310/A
p— = Do -D9 :> OUTPUT DATA
Q'A'A' A'A'A' VM'
-L R2 R3 100 48V proy ——  DATAREADY FLAG
T0 4
= 01 sV =A
A ] OPTIONAL CLK < 2MHz CLOCK
CLAMP
R1 7 = A
W TG PP Rext N
ViN *CcA 6 o Vin
-S> 2] 310 Vss
R4 - s RS 78 47pF UNLESS NOTED,
i LK ALL RESISTORS =
4 \ D= 1% METAL FILM,
\ I | = POTS = 10 TURN, CERMET
I
1t ADJUST
0.1 == = D = DIGITAL GROUND
_l_ OFF SET A o A = ANALOG GROUND
av AT 100
T0 >—MA—
sV
INPUT RANGE R1 R2 R3 R4 RS
0V TO 25V 4.99K 9.09K OPEN 4.99K 9.09K
0V TO 5V 4.99K 453K OPEN 4.99K 453K
oV TO 10V 10K 453K OPEN 10K 453K
2.5V TO +2.5V 4.99K 9.09K 9.09K 4.99K 453K
-5V TO +5V 10K 9.09K 9.09K 10K 4.53K

A/D CONVERTERS
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Specifications CA3310, CA3310A

Absolute Maximum Ratings

Thermal Information

Digital Supply Voltage Vpp . .+« oo vvvvvnntn Vgs -0.5V to Vgg +7V  Thermal Resistance 27N 6,¢c
Analog Supply Voltage (Vaa+) - - v ooovviiiiiiiennnn Vpp 0.5V Plastic Package.................... 75°C/W -
AnyOtherTerminal. ........covvvenn Vsg -0.5V to Vpp + 0.5V Ceramic DIP Package............... 58°C/W  11ICW
DC Input Current or Output (Protection Diode) SOICPackage..........ovvvnnnnnns 75°C/W -
{07111 (-T2 +20mA  Junction Temperature
DC Output Drain Current, per Output..............evnun.. 135mA Plastic PACKAQE. . . o« vvieenerreererennnnncannns +150°C
Total DC Supply or Ground Current ...........ccoouvennnnn 170mA Sidebrazed Package . ...........cciiiinenininenns +175°C
Operating Temperature Range (T,)
Package Type D .......covviniiiinnnnn. -55°C to +125°C
Package Type E,M.......coovvviiinnnnnnn, -40°C to +85°C
Storage Temperature (Tgrg). -« ccvveevreennnn. -65°C to +150°C

Lead Temperature (Soldering 10s)

.............. +265°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational

tions of this specification is not implied.

Electrical Specifications T, = +25°C, Vpp = Vaa+ = 5V, Vpgr+ = 4.608V, Vgg = Vaa- = Vgeg- = GND, CLK = External 1MHz

(Unless Otherwise Specified.)
LIMITS
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
ACCURACY: SEE TEXT FOR DEFINITIONS
Resolution 10 - - Bits
Differential Linearity Error CA3310 - 0.5 +0.75 LsB
CA3310A - 10.25 10.5 LSB
Integral Linearity Error CA3310 - 10.5 10.75 LsSB
CA3310A - +0.25 +0.5 LSB
Gain Error CA3310 - 10.25 10.5 LsB
CA3310A - - 10.25 LSB
Offset Error CA3310 - 10.25 10.5 LsB
CA3310A - - 10.25 LSB
ANALOG OUTPUT
Input Resistance In Series with Input Sample - 330 - Q
Capacitors
Input Capacitance During Sample State - 300 - pF
Input Capacitance During Hold State - 20 - pF
Input Current AtVy = Vgge+ =5V - - +300 HA
AtV = Vgeg- = OV - - -100 HA
Static Input Current STRT =V+,CLK=V+ - - 1 HA
AtViy = Vggp+ =5V
AtV = Vggp- =0V - - -1 pA
Input + Full-Scale Range (Note 2) Vggg- +1 - Vpp +0.3 v
Input - Full-Scale Range (Note 2) Vgs-0.3 - Vges+ -1 v
Input Bandwidth From Input RC Time Constant - 1.5 - MHz
DIGITAL INPUTS: DRST, OEL, OEM, STRT, CLK
High-Level Input Voltage Over Vpp = 3V to 6V (Note 2) 70 - - % of
Voo
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Specifications CA3310, CA3310A

Electrical Specifications T, = +25°C, Vpp = Vau+ = 5V, Vgge+ = 4.608V, Vg = Vaa- = Ve~ = GND, CLK = External 1MHz
(Unless Otherwise Specified.) (Continued)

A/D CONVERTERS
SAR

LIMITS
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Low-Level Input Voltage Over Vpp = 3V to 6V (Note 2) - - 30 % of
Voo
Input Leakage Current Except CLK - - +1 HA
Input Capacitance (Note 2) - - 10 pF
input Current CLK Only (Note 2) - - 1400 HA
DIGITAL OUTPUTS: DO - D9, DRDY
High-Level Output Voitage Isource = -4MmA 4.6 - -
Low-Level Output Voitage Iging = 6mA - - 0.4 \'
Tri-state Leakage Except DRDY - - +1 pA
Output Capacitance Except DRDY (Note 2) - - 20 pF
CLKOUTPUT
High-Level Output Voltage Isource = 100pA (Note 2) 4 - -
Low-Level Output Voltage Igink = 100pA (Note 2) - - 1
TIMING
Clock Frequency Internal, CLK and Rgxy Open 200 300 400 kHz
Internal, CLK Shorted to Rexr 600 800 1000 kHz
External, Applied to CLK: Max. - 4 2 MHz
(Note 2)
Min. 100 10 - kHz
Clock Pulse Width, T ow, ThigH External, Applied to CLK: 100 - - ns
See figure 1 (Note 2)
Conversion Time 13 - - Hs
Aperture Delay, Tp APR See Figure 1 - 100 - ns
Clock to Data Ready Delay, Tpy DRDY See Figure 1 - 150 - ns
Clock to Data Ready Delay, Tp, DRDY See Figure 1 - 250 - ns
Clock to Data Delay, T, Data See Figure 1 - 200 - ns
Start Removal Time, Tg STRT See Figures 3 and 4 (Note 1) - <120 - ns
Start Setup Time, Tgy STRT See Figure 4 - 160 - ns
Start Pulse Width, Ty, STRT See Figures 3 and 4 - 10 - ns
Start to Data Ready Delay, Tpz DRDY See Figures 3 and 4 - 170 - ns
Clock Delay from Start, Tp CLK See Figure 3 - 200 - ns
Ready Reset Removal Time, Ty DRST See Figure 50 (Note 1) - -80 - ns
Ready Reset Pulse Width, T\y DRST See Figure 5 - 10 - ns
Ready Reset to Data Ready Delay, See Figure 5 - 35 - ns
Tps DRDY
Output Enable Delay, Tgy See Figure 2 - 40 - ns
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Specifications CA3310, CA3310A

Electrical Specifications T, = +25°C, Vpp = Vau+ = 5V, Vgge+ = 4.608V, Vgg = Vs~ = Vger- = GND, CLK = External 1MHz
(Unless Otherwise Specified.) (Continued)

LIMITS
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Output Disable Delay, Tp;g See Figure 2 - 50 - ns
SUPPLIES
Supply Operating Range, Vpp of Vaa (Note 2) 3 - 6 v
Supply Current, Ipp + laa See Figures 14, 15 - 3 8 mA
Supply Standby Current Clock Stopped During Cycle 1 - 3.5 - mA
Analog Supply Rejection At 120Hz, See Figure 13 - 25 - mv/V
Reference Input Current See Figure 10 - 160 - HA
TEMPERATURE DEPENDENCY
Oftset Drift At 0 to 1 Code Transition - -4 - pv/°c
Gain Drift At 1022 to 1023 Code Transition - -6 - uv/°c
Internal Clock Speed See Figure 7 - -0.5 - %/°C
NOTE:
1. A (-) removal time means the signal can be removed after the reference signal.
2. Parameter not tested, but guaranteed by design or characterization.
Timing Diagrams
l1lz|3!4|s-12'13|1lzl3|
CLK
f THiGH
Tpy DRDY !
' ~<— TLow
—3| |<— Tpp DRDY | | |
DRDY ’ \
: &
|=<— ToDaTA :
U Py
" L
D0 -D9 x DATA N-1 ' DATAN
1 5%
: "
4 HOLD
INPUT —( TRACK N ! )\ 2 { TRACK N+1 )—
) / \
]
]
]

— Tp APR
'
1

FIGURE 1. FREE RUNNING, STRT TIED LOW, DRST TIED HIGH

5-24




CA3310, CA3310A

Timing Diagrams (Continued)

tpis l<__
Do-D10OR : 90%
D2-D9 0% Z 2Z, = 50pF TO GND
OFF TO HIGH 1KQ TO GND
H TO OUTPUT PIN

OFF TO LOW 2, =50pF TO GND
50% 0% 1KQTOVop

FIGURE 2. OUTPUT ENABLE/DISABLE TIMING DIAGRAM

3%

CLK A
(INTERNAL)

|<—— TR STRT
2
W
STRT

5%

DRDY

HOLD ? HOLD
INPUT TRACK
3%

143

R

FIGURE 3. STRT PULSED LOW, DRST TIED HIGH, INTERNAL CLOCK

CLK
(EXTERNAL)

Tsy STRT
Tw STRT

—] T STRT

DRDY ’ - \

HOLD had HOL|
INPUT _< TRACK \/ D
5%

¢

FIGURE 4. STRT PULSED LOW, DRST TIED HIGH, EXTERNAL CLOCK
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CA3310, CA3310A

Timing Diagrams (Continued)
|

CLl

(INTERNAL

OR

EXTERNAL)

CNREE
\ g

Tw DRST

DRST /// 7

S |

FIGURE 5. DRST PULSED LOW, STRT TIED HIGH

Typical Performances Curves
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FIGURE 6. INTERNAL CLOCK FREQUENCY vs EXTERNAL
RESISTANCE
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FIGURE 8. PEAK INPUT CURRENT vs INPUT VOLTAGE
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> DD = INTERNAL CLOCK MAY NOT
2 er WORK AT Vpp < 4V FOR
2 vl T TEMPERATURE < -40°C
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FIGURE 7. INTERNAL CLOCK FREQUENCY vs
TERMPERATURE AND SUPPLY VOLTAGE

+60 T T v r
Vaa+=3-6V
+50 Vaa+ = Vpp = VRep+
_ CLOCK = INTERNAL,
H +40 FREE RUNNING
E .30 b
w
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+.
3
5 +10
o
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[ | 2 3 4 5§ 6 7 8 9
INPUT VOLTAGE (V)

FIGURE 9. AVERAGE INPUT CURRENT vs INPUT VOLTAGE
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CA3310, CA3310A

Typical Performances Curves (Continued)
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FIGURE 10