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DATA ACQUISITION PRODUCT TECHNICAL ASSISTANCE

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

UNITED STATES

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

SanJose. . ....viiiiiiiiann 408-922-0977

Woodland Hills ............ 818-992-0686
FLORIDA Melbourne ................ 407-724-3576
GEORGIA NOrcross. . .oovvviuinnnnnn 404-246-9320
ILLINOIS Schaumburg .............. 708-240-3480
MASSACHUSETTS Burlington ................ 617-221-1850
NEW JERSEY Mt.Laurel ....oooovniiian 609-727-1909

Rahway...............o.0 201-381-4210
TEXAS Dallas ........ccovvvnvnnn 214-733-0800

INTERNATIONAL

FRANCE Paris ....oviiiiiiii 33-1-346-54046
GERMANY Munich .....ooiiiiiiint 49-8-963-8130
ITALY Milano........cooviiiann 39-2-262-22141
JAPAN TOKYO voviiviiiiiiieins 81-3-345-8911
KOREA Seoul......ovviiiiiiiinnnn 82-2-551-0931
U.K. Camberley ................ 44-2-766-86886

For literature requests, please contact Harris Telemarketing at 407-724-3739.
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Alphanumeric Product Index
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AD7545 12-Bit Buffered Multiplying CMOS DAC ..................... 6-29
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CA3161 BCD to Seven Segment Decoder/Driver . ................... 9-2
CA3162/CA3162A A/D Converter for 3%2-Digit Display ........................ 2-2
CA3168 2-Digit BCD to Seven Segment Decoder/Driver .............. 9-6
CA3304 CMOS Video-Speed 4-Bit Flash A/D Converter .............. 5-2
CA3306 CMOS Video-Speed 6-Bit Flash A/D Converter .............. 5-12
CA3310/CA3310A CMOS 10-Bit A/D Converter with Internal Track and Hold . ... .. 4-20
CA3318C CMOS Video-Speed 8-Bit Flash A/D Converter .............. 5-26
CA3338 CMOS Video-Speed 8-Bit R-2R D/A Converter ...........~.. 6-37
DG180 Dual SPST 10 Ohm High-Speed Driver with JFET Switch . . .. .. 7-5
DG181 Dual SPST 30 Ohm High-Speed Driver with JFET Switch ...... 7-5
DG182 Dual SPST 75 Ohm High-Speed Driver with JFET Switch ... ... 7-5
DG183 Dual DPST 10 Ohm High-Speed Driver with JFET Switch ... ... 7-5
DG184 Dual DPST 30 Ohm High-Speed Driver with JFET Switch ... ... 7-5
DG185 Dual DPST 75 Ohm High-Speed Driver with JFET Swtich ... ... 7-5
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DG187 SPDT 30 Ohm High-Speed Driver with JFET Switch .......... 7-5
DG188 SPDT 75 Ohm High-Speed Driver with JFET Switch .......... 7-5
DG189 Dual SPDT 10 Ohm High-Speed Driver with JFET Switch ... ... 7-5
DG190 Dual SPDT 30 Ohm High-Speed Driver with JFET Switch ... ... 7-5
DG191 Dual SPDT 75 Ohm High-Speed Driver with JFET Switch . ... .. 7-5
DG200 Dual SPST CMOS Analog Switch ......................... 7-11
DG201 ~ Quad SPST CMOS Analog Switch ......................... 7-15
DG201A Quad Monolithic SPST CMOS Analog Switch ................ 7-19
DG202 Quad Monolithic SPST CMOS Analog Switch . ............... 7-19
DG211 Quad Monolithic SPST CMOS Analog Switch . ............... 7-24
DG212 Quad Monolithic SPST CMOS Analog Switch ................ 7-24
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Alphanumeric Product Index (continued)

DG300A Dual SPST TTL Compatible CMOS Analog Switch ............ 7-27
DG301A SPDT TTL Compatible CMOS Analog Switch . ............... 7-27
DG302A Dual DPST TTL Compatible CMOS Analog Switch ........... 7-27
DG303A Dual SPDT TTL Compatible CMOS Analog Switch . ........... 7-27
DG308A Quad Monolithic SPST CMOS Analog Switch ................
DG309 Quad Monolithic SPST CMOS Analog Switch . ...............
DG506A 16-Channel CMOS Analog Multiplexer ......................
DG507A Dual 8-Channel CMOS Analog Multiplexer .. ................
DGS508A 8-Channel CMOS Analog Multiplexer .. .....................
DG509A Dual 4-Channel CMOS Analog Multiplexer . .................
DG526 16-Channel CMOS Latchable Multiplexer ... .................
DG527 Dual 8-Channel CMOS Latchable Multiplexer . ...............
DG528 8-Channel Latchable Multiplexer ...........................
DG529 Dual 4-Channel Latchable Multiplexer ......................
HI-200 Dual SPST CMOS Analog Switch .........................
HI-201 Quad SPST CMOS Analog Switch . ........................
HI-201HS High-Speed Quad SPST CMOS Analog Switch .............. 7-48
HI-222 High Frequency Video Switch ............ ... ... .. .. ... ... 7-57
HI-300 Dual SPST CMOS Analog Switch .. ....................... 7-65
HI-301 SPDT CMOS Analog Switch . .......... ... ... ... ... ...... 7-65
HI-302 Dual DPST CMOS Analog Switch ......................... 7-65
HI-303 Dual SPDT CMOS Analog Switch ... ................... ... 7-65
HI-304 - Dual SPST CMOS Analog Switch ......................... 7-65
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HI-306 Dual DPST CMOS Analog Switch ......................... 7-65
HI-307 Dual SPDT CMOS Analog Switch ...................... ... 7-65
HI-381 Dual SPST CMOS Analog Switch ......................... 7-70
HI-384 Dual DPST CMOS Analog Switch ......................... 7-70
HI-387 SPDT CMOS Analog Switch . ......... ... ... ... .. .. .... 7-70
HI-390 Dual SPDT CMOS Analog Switch ......................... 7-70
HI-506 Single 16 Channel CMOS Analog Multiplexer ................ 8-46
HI-506A Single 16 Channel CMOS Analog

Multiplexer with Active Overvoltage Protection ............... 8-52
Hi-507 Differential 8-Channel CMOS Analog Multiplexer ............. 8-46
HI-507A Differential 8-Channel CMOS Analog

Multiplexer with Active Overvoltage Protection ............... 8-52
HI-508 Single 8 Channel CMOS Analog Multiplexer ................. 8-58
HI-508A Single 8.Channel CMOS Analog Multiplexer

with Active Overvoltage Protection . ........................ 8-65
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- Alphanumeric Product Index (continued)

Differential 4-Channel CMOS Analog Multiplexer................

Differential 4-Channel CMOS Analog Multiplexer
with Active Overvoltage Protection .........................

Programmable 16-Channel/Differential 8-Channel CMOS
High-Speed Analog Multiplexer ...........................

Programmable 8-Channel/Differential 4-Channel CMOS
High-Speed Analog Mulitplexer ...........................

4-Channel Wideband and Video Multiplexer .................
Monolithic, 4-Channel, Low Level, Differential Multiplexer .. . ...

Single 16-Channel CMOS Analog Multiplexer
with Active Overvoltage Protection .........................

Differential 8-Channel CMOS Analog Multiplexer
with Active Overvoltage Protection .. .......................

Single 8-Channel CMOS Analog Multiplexer
with Active Overvoltage Protection .. .......................

Differential 4-Channel CMOS Analog Multiplexer
with Active Overvoltage Protection .........................

12-Bit High-Speed Mcnolithic D/A Converter . ................
High-Speed Monolithic D/A Converter with Reference . ........

Fast, Complete 12-Bit A/D Converter with Microprocessor
Interface . ...... ... e

12us, Complete 12-Bit A/D Converter with Microprocessor
Interface . ... ... ...

8us, Complete 12-Bit A/D Converter with Microprocessor
Interface . ..... ... ... ... e

Low Resistance Single 8-Channel CMOS Analog Multiplexer . ....

Low Resistance Differential 4-Channel CMOS Analog Multiplexer. .

SPST CMOS Analog Switch .............. .. ... .. ......
Dual SPST. CMOS Analog Switch .........................
SPDT CMOS Analog Switch ..............................
Dual SPDT CMOS Analog Switch . ........................
DPST CMOS Analog Switch . ............ ... ... ... .......
Dual DPST CMOS Analog Switch .........................
DPDT CMOS Analog Switch . .............. .. ... .. ... ....
DPDT CMOS Analog Switch . .............. .. .. .. .......
4PST CMOS Analog Switch . ............. .. .. ... ... ...

4PST CMOS Analog Switch . .......... .. ... .. .. ... ....

Dual SPST CMOS Analog Switch .........................
Dual DPST CMOS Analog Switch . ........................
SPDT CMOS Analog Switch . ............... ... ..
Dual SPDT CMOS Analog Switch .........................
8-Bit, 20MSPS Flash A/D Converter .......................
6-Bit, B0OMSPS FlashA/DConverter...........c.ccoieieeennnnn..
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Alphanumeric Product Index (continued)

HI-7151 10-Bit High-Speed A/D Converter with Track and Hold ......... 4-70
HI-7152 10-Bit High-Speed A/D Converter with Track and Hold . ... ... .. 4-87
HI-7153 8-Channel 10-Bit High Speed Sampling A/D Converter.......... 4-104
HI-7153 8-Channel 10-Bit High Speed Sampling A/D Converter.......... 16-10
HI-7159 Microprocessor Compatible 5%2-Digit A/D Converter .......... 3-2
HI-DAC16B/DAC16C  16-Bit D/A Converter . ...ttt 6-59
HI-DAC80V 12-Bit, Low Cost Monolithic D/A Converter .................. 6-66
HI-DAC85V 12-Bit, Low Cost Monolithic D/A Converter .................. 6-72
ICL232 +5 Volt Powered Dual RS-232 Transmitter/Receiver ........... 13-2

ICL71C03/I1CL8052 Precision 4%2-Digit A/D Converter . ........................
ICL71C03/ICL8068 Precision 412-Digit A/D Converter .........................
ICL7104/1CL8052 14/16-Bit uP-Compatible 2-Chip A/D Converter ...............
ICL7104/1CL8068 14/16-Bit uP-Compatible 2-Chip A/D Converter . ..............

ICL7106 3'2-Digit LCD Single-Chip A/D Converter ...................

ICL7107 3"2-Digit LED Single-Chip A/D Converter ...................

ICL7109 12-Bit uP-Compatible A/D Converter .......................

ICL7112 12-Bit High-Speed CMOS uP-Compatible A/D Converter .. ... .. 4-105
ICL7115 14-Bit High-Speed CMOS uP-Compatible A/D Converter . . ... .. 4-118
ICL7116 3Y2-Digit with Display Hold Single-Chip A/D Converter ... ..... 2-43
ICL7117 3%2-Digit with Display Hold Single-Chip A/D Converter ... ..... 2-43
ICL7121 16-Bit Multiplying Microprocessor-Compatible D/A Converter ... 6-78
ICL7126 3%2-Digit Low Power Single-Chip A/D Converter .............. 2-55
ICL7129 4%»-Digit LCD Single-Chip A/D Converter ................... 2-67
ICL7134 14-Bit Multiplying uP-Compatible D/A Converter .............. 6-85
ICL7135 4Y2-Digit BCD Output A/D Converter . ...................... 3-44
ICL7136 ) 3'2-Digit LCD Low Power A/D Converter . ................... 2-81
ICL7137 3Y2-Digit LED Low Power Single-Chip A/D Converter .......... 2-93
ICL7139 334-Digit Autoranging Multimeter . ....... .. ... .. .. ... ... 2-103
ICL7149 Low Cost 33-Digit Autoranging Multimeter . ................. 2-117
ICL7182 101 Segment LCD Bargraph A/D Converter ................. 2-131
ICL8052 A/D Converter - Low Leakage, LowNoise ...................... 3-3
ICL8068 A/D Converter - Low Leakage, LowNoise ...................... 3-3
ICL8069 Low Voltage Reference ......... ... .. ... .. ... .. . ... .. 1213
ICM7170 uP-Compatible Real-Time Clock ........................... 10-2
ICM7207/A CMOS Timebase Generator . ............................. 11-2
ICM7208 7-Digit LED Display Counter .......... ..., 11-8
ICM7209 Timebase Generator ......... ... ... ..., 11-15
ICM7211 4-Digit LCD Display Driver .......couuiiiiiiiiniin i, 9-10



Alphanumeric Product Index (continued)

ICM7212 4-Digit LED DisplayDriver .......oiiiiin it 9-10
ICM7213 One Second/One Minute Timebase Generator ............... 11-18
ICM7216A/B/D 8-Digit Multi-Function Frequency Counter/Timer .............. 11-23
ICM7217 4-Digit LED Display Programmable Up/Down Counter ......... 11-42
ICM7218 8-Digit LED Multiplexed Display Driver ..................... 9-22
ICM7224 4Y2-Digit LCD/LED Display Counter ........................ 11-59
ICM7226A/B 8-Digit Multi-Function Frequency Counter/Timer .............. 11-67
ICM7228 8-Digit LED Multiplexed Display Driver ..................... 9-33
ICM7231 Numeric/Alphanumeric Triplexed LCD Display Driver .......... 9-54
ICM7232 Numeric/Alphanumeric Triplexed LCD Display Driver .......... 9-54
ICM7243 8-Character uP-Compatible LED Display Driver .......... ee... 970
ICM7249 5%2-Digit LCD u-Power Event/Hour Meter ................... 11-82
IH401A Quad Varafet Analog Switch ....... ... ... ... .. ... .. ... 7-87
IH5009 Quad 100 Ohm Virtual Ground Analog Switch . .............. 7-92
IH5010 Quad 150 Ohm Virtual Ground Analog Switch ............... 7-92
IH5011 Quad 100 Ohm Virtual Ground Analog Switch ............... 7-92
IH5012 Quad 150 Ohm Virtual Ground Analog Switch ............... 7-92
IH5014 Triple 150 Ohm Virtual Ground Analog Switch ............... 7-92
IH5016 Triple 150 Ohm Virtual Ground Analog Switch ............... 7-92
IH5017 Dual 100 Ohm Virtual Ground Analog Switch ................ 7-92
IH5018 Dual 150 Ohm Virtual Ground Analog Switch ................ 7-92
IH5019 Dual 100 Ohm Virtual Ground Analog Switch ................ 7-92
IH5020 Dual 150 Ohm Virtual Ground Analog Switch ................ 7-92
IH5022 Single 150 Ohm Virtual Ground Analog Switch ............... 7-92
1H5024 Single 150 Ohm Virtual Ground Analog Switch ............... 7-92
IH5043 Dual SPDT 75 Ohm High-Level CMOS Analog Switch ......... 7-99
IH5052 Quad SPST CMOS Analog Switch ......................... 7-108
IH5053 Quad SPST CMOS Analog Switch .. ... ... ............... 7-108
IH5108 8-Channel Fault Protected CMOS Analog Multiplexer .......... 8-108
IH5116 16-Channel Fault Protected CMOS Analog Multiplexer ......... 8-117
IH5140 SPST High-Level CMOS Analog Switch ..................... 7-114
IH5141 Dual SPST High-Level CMOS Analog Switch ................ 7-114
IH5142 SPDT High-Level CMOS Analog Switch ..................... 7-114
IH5143 Dual SPDT High-Level CMOS Analog Switch ................ 7-114
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Alphanumeric Product Index (continued)

IH5144 DPST High-Level CMOS Analog Switch . ................... 7-114
IH5145 Dual DPST High-Level CMOS Analog Switch . ............ ... 7-114
IH5151 Dual SPDT High-Level CMOS Analog Switch ................ 7-125
IH5208 4-Channel Differential Fault Protected CMOS Analog Multiplexer 8-130
IH5216 8-Channel Differential Fault Protected CMOS Analog Mulitplexer 8-139
IH5341 Dual SPST CMOS RF/Video Switch ....................... 7-133
IH5352 Quad SPST CMOS RF/Video Switch ....................... 7-139
IH6108 8-Channel CMOS Analog Multiplexer ....................... 8-153
IH6201 Dual CMOS Driver/Voltage Translator . ..................... 7-144
IH6208 4-Channel Differential CMOS Analog Multiplexer ............. 8-163
IM6653 4096-Bit CMOS UV EPROM ............ ..., 14-2
IM6654 4096-Bit CMOS UV EPROM ....... ... .. .. . ... 14-2




Product Index by Family

A/D CONVERTERS DISPLAY PAGE
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ICL71C03/ICL8068 Precision 4'2-Digit A/ID Converter ......................... 29
ICL7106 312-Digit LCD Single-Chip A/D Converter . .................. 2-30
ICL7107 3"2-Digit LED Single-Chip A/D Converter ................... 2-30
ICL7116 312-Digit with Display Hold Single-Chip A/D Converter .. ... ... 2-43
ICL7117 3%2-Digit with Display Hold Single-Chip A/D Converter . ....... 2-43
ICL7126 312-Digit Low Power Single-Chip A/D Converter .............. 2-55
ICL7129 4Y2-Digit LCD Single-Chip A/D Converter ................... 2-67
ICL7136 3"2-Digit LCD Low Power A/D Converter .................... 2-81
ICL7137 3%2-Digit LED Low Power Single-Chip A/D Converter .......... 2-93
ICL7139 33%-Digit Autoranging Multimeter ........... ... .. .. .. .. ..., 2-103
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ICL7104/1CL8052 14/16-Bit uP-Compatible 2-Chip A/D Converter ............... 3-3
ICL7104/ICL8068 14/16-Bit uP-Compatible 2-Chip A/D Converter ............... 3-3
ICL7109 12-Bit uP-Compatible A/D Converter ... .................... 3-24
ICL7135 4'2-Digit BCD Output A/D Converter ....................... 3-44
A/D SUCCESSIVE APPROXIMATION
ADC0802 8-Bit uP-Compatible A/D Converter ........................ 4-2
ADC0803 8-Bit uP-Compatible A/D Converter ........................ 4-2
ADCO0804 8-Bit uP-Compatible A/D Converter ........................ 4-2
CA3310/CA3310A CMOS 10-Bit A/D Converter with Internal Track and Hold . . .. .. 4-20
HI-574A Fast, Complete 12-Bit A/D Converter with Microprocessor

Interface . ... ... . 4-35
HI-674A 12us, Complete 12-Bit A/D Converter with Microprocessor

Interface . ... .. .. . 4-46
HI-774 8us, Complete 12-Bit A/D Converter with Microprocessor

Interface . ... ... .. 4-57
HI-7151 10-Bit High-Speed A/D Converter with Track and Hold .. ... . ... 4-70
HI-7152 10-Bit High-Speed A/D Converter with Track and Hold ... ...... 4-87
HI-7153 8-Channel 10-Bit High-Speed A/D Converter with Track and Hold 4-104
ICL7112 12-Bit High-Speed CMOS uP-Compatible A/D Converter . . ..... 4-105
ICL7115 14-Bit High-Speed CMOS uP-Compatible A/D Converter . . ... .. 4-118
A/D CONVERTERS FLASH
CA3304 CMOS Video-Speed 4-Bit Flash A/D Converter .............. 5-2
CA3306 CMOS Video-Speed 6-Bit Flash A/D Converter .............. 5-12
CA3318C CMOS Video-Speed 8-Bit Flash A/D Converter .............. 5-26
HI-5700 8-Bit, 20MSPS Flash A/D Converter ....................... 5-37
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Product Index by Family (continueq)

D/A CONVERTERS PAGE
AD7520 10-Bit Multiplying D/AConverter. . .......c.ccoviiiiiiiiiinenn.. 6-3
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HI-DAC80V 12-Bit, Low Cost, Monolithic D/A Converter .................. 6-66
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ANALOG SWITCHES
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DG185 Dual DPST 75 Ohm High-Speed Driver with JFET Swtich ... ... 7-5
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DG187 SPDT 30 Ohm High-Speed Driver with JFET Switch .......... 7-5
DG188 SPDT 75 Ohm High-Speed Driver with JFET Switch .......... 7-5
DG189 Dual SPDT 10 Ohm High-Speed Driver with JFET Switch .. .. .. 7-5
DG190 Dual SPDT 30 Ohm High-Speed Driver with JFET Switch . ... .. 7-5
DG191 Dual SPDT 75 Ohm High-Speed Driver with JFET Switch ... ... 7-5
DG200 Dual SPST CMOS Analog Switch ......................... 7-11
DG201 Quad SPST CMOS Analog Switch . ........................ 7-15
DG201A Quad Monolithic SPST CMOS Analog Switch ................ 7-19
DG202 Quad Monolithic SPST CMOS Analog Switch ................ 7-19
DG211 Quad Monolithic SPST CMOS Analog Switch . ............... 7-24
DG212 Quad Monolithic SPST CMOS Analog Switch ................ 7-24
DG300A Dual SPST TTL Compatible CMOS Analog Switch .. .......... 7-27
DG301A SPDT TTL Compatible CMOS Analog Switch ................ 7-27
DG302A Dual DPST TTL Compatible CMOS Analog Switch . .......... 7-27
DG303A Dual SPDT TTL Compatible CMOS Analog Switch .. .......... 7-27
DG308A Quad Monolithic SPST CMOS Analog Switch ................ 7-32
DG309 Quad Monolithic SPST CMOS Analog Switch ................ 7-32
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Product Index by Family (continueq)

ANALOG SWITCHES (continued) PAGE
HI-200 Dual SPST CMOS Analog Switch ......................... 7-36
HI-201 Quad SPST CMOS Analog Switch .. ....................... 7-42
HI-201HS ‘High-Speed Quad SPST CMOS Analog Switch .............. 7-48
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HI-302 Dual DPST CMOS Analog Switch ......................... 7-65
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HI-5047A 4PST CMOS Analog Switch ........ ... ... ... ... ... .... 7-76
HI-5048 Dual SPST CMOS Analog Switch ......................... 7-76
HI-5049 Dual DPST CMOS Analog Switch ......................... 7-76
HI-5050 SPDT CMOS Analog Switch .. ............................ 7-76
HI-5051 Dual SPDT CMOS Analog Switch ......................... 7-76
IH401A Quad Varafet Analog Switch ............ ... ... ... .. ... ... 7-87
IH5009 Quad 100 Ohm Virtual Ground Analog Switch ............... 7-92
IH5010 Quad 150 Ohm Virtual Ground Analog Switch .. ............. 7-92
IH5011 Quad 100 Ohm Virtual Ground Analog Switch .. ............. 7-92
IH5012 Quad 150 Ohm Virtual Ground Analog Switch ............... 7-92
IH5014 Triple 150 Ohm Virtual Ground Analog Switch ............... 7-92
IH5016 Triple 150 Ohm Virtual Ground Analog Switch ............... 7-92
IH5017 Dual 100 Ohm Virtual Ground Analog Switch ................ 7-92
IH5018 Dual 150 Ohm Virtual Ground Analog Switch . ............... 7-92
IH5019 Dual 100 Ohm Virtual Ground Analog Switch ................ 7-92
IH5020 Dual 150 Ohm Virtual Ground Analog Switch ................ 7-92
IH5022 "~ Single 150 Ohm Virtual Ground Analog Switch ............... 7-92
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Product Index by Family (continuedq)

ANALOG SWITCHES (continued) PAGE
IH5024 Single 150 Ohm Virtual Ground Analog Switch . .............. 7-92
IH5043 Dual SPDT 75 Ohm High-Level CMOS Analog Switch ......... 7-99
IH5052 Quad SPST CMOS Analog Switch ...................... ... 7-108
IH5053 Quad SPST CMOS Analog Switch . ........................ 7-108
IH5140 SPST High-Level CMOS Analog Switch ..................... 7-114
IH5141 Dual SPST High-Level CMOS Analog Switch ................ 7-114
IH5142 SPDT High-Level CMOS Analog Switch ..................... 7-114
IH5143 Dual SPDT High-Level CMOS Analog Switch ................ 7114
IH5144 DPST High-Level CMOS Analog Switch . ................... 7-114
IH5145 Dual DPST High-Level CMOS Analog Switch ................ 7-114
IH5151 Dual SPDT High-Level CMOS Analog Switch . ............... 7-125
IH5341 Dual SPST CMOS RF/Video Switch ....................... 7-133
IH5352 Quad SPST CMOS RF/Video Switch ....................... 7-139

1H6201 Dual CMOS Driver/Voltage Translator ...................... 7-144

MULTIPLEXERS
DG506A 16-Channel CMOS Analog Multiplexer...........oooviiinn, 8-3
DG507A Dual 8-Channel CMOS Analog Multiplexer .................o.o.. 8-3
DG508A 8-Channel CMOS Analog Multiplexer .............cocvvviivunn. 8-13
DG509A Dual 4-Channel CMOS Analog Multiplexer ..................... 8-13
DG526 16-Channel CMOS Latchable Multiplexer ...................... 8-21
DG527 Dual 8-Channel CMOS Latchable Multiplexer................... 8-21
DG528 8-Channel Latchable Multiplexer . ..., 8-31
DG529 Dual 4-Channel Latchable Multiplexer ......................... 8-31
HI-1818A/1828A Low Resistance Single 8/Differential 4-Channel

CMOS Analog Multiplexers .......... ..., 8-40
HI-506 Single 16-Channel CMOS Analog Multiplexer................... 8-46
HI-507 Differential 8~-Channel CMOS Analog Multiplexer................ 8-46
HI-506A Single 16-Channel CMOS Analog

Multiplexer with Active Overvoltage Protection ............... 8-52
HI-507A Differential 8-Channel CMOS Analog

Multiplexer with Active Overvoltage Protection ............... 8-52
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Product Index by Family (continueq)

MULTIPLEXERS (Continued) PAGE
HI-508 Single 8-Channel CMOS Analog Multiplexer .................... 8-58
HI-509 Differential 4-Channel CMOS Analog Multiplexer................ 8-58
HI-508A Single 8-Channel CMOS Analog Multiplexer
with Active Overvoltage Protection ......................... 8-65
: HI-509A - Differential 4-Channel CMOS Analog Multiplexer
- with Active Overvoltage Protection ... ...................... 8-65
HI-516 Programmable 16-Channel/Differential 8-Channel CMOS
High-Speed Analog Multiplexer .. ......................... 8-71
HI-518 Programmable 8-Channel/Differential 4-Channel CMOS
High-Speed Analog Mulitplexer .. ......................... 8-76
HI-524 4-Channel Wideband and Video Multiplexer ................. 8-81
HI-5639 "Monolithic, 4-Channel, Low Level, Differential Multiplexer ... ... 8-86
HI-546 Single 16-Channel CMOS Analog Multiplexer
with Active Overvoltage Protection ......................... 8-95
HI-547 Differential 8-Channel CMOS Analog Multiplexer
with Active Overvoltage Protection ......................... 8-95
HI-548 -Single 8-Channel CMOS Analog Multiplexer
‘with Active Overvoltage Protection . ........................ 8-101
HI-549 - Differential 4-Channel CMOS Analog Multiplexer
with Active Overvoltage Protection . ........................ 8-101
IH5108 :8-Channel Fault Protected CMOS Analog Multiplexer .......... 8-108
IH5116 16-Channel Fault Protected CMOS Analog Multiplexer ......... 8-117
IH5208 4-Channel Differential Fault Protected CMOS Analog Multiplexer 8-130
IH5216 8-Channel Differential Fault Protected CMOS Analog Mulitplexer 8-139
IH6108 8-Channel CMOS Analog Multiplexer ....................... 8-153
IH6208 4-Channel Differential CMOS Analog Multiplexer ............. 8-163
DISPLAY DRIVERS
CA3161 BCD to Seven Segment Decoder/Driver .................... 9-2
CA3168 2-Digit BCD to Seven Segment Decoder/Driver .............. 9-6
ICM7211 4-Digit LCD Display Driver . .....cooieeiiieeieerenenannnnnn 9-10
ICM7212 4-Digit LED DisplayDriver .....cooviiiiiiiie i 9-10
ICM7218 8-Digit LED Multiplexed Display Driver . .................... 9-22
ICM7228 8-Digit LED Multiplexed Display Driver ..................... 9-33
ICM7231 Numeric/Alphanumeric Triplexed LCD Display Driver .......... 9-54
ICM7232 Numeric/Alphanumeric Triplexed LCD Display Driver .......... 9-54
ICM7243 8-Character uP-Compatible LED Display Driver ............... 9-70
REALTIME CLOCK
ICM7170 uP-Compatible Real-Time Clock . .......................... 10-2
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Product Index by Family (continueq)

COUNTERS WITH DISPLAY DRIVERS/TIMEBASE GENERATORS PAGE

" ICM7207/A CMOS Timebase Generator . ............. ... ... ... .... 11-2
"ICM7208 7-Digit LED Display Counter . .............. ... ... .. ..... 11-8
ICM7209 Timebase Generator .............. e 11-15
ICM7213 One Second/One Minute Timebase Generator ............... 11-18
ICM7216A/B/D 8-Digit Multi-Function Frequency Counter/Timer .............. 11-23
ICM7217 4-Digit LED Display Programmable Up/Down Counter ......... 11-42
ICM7224 4%, Digit LCD DisplayCounter ..........cciiiiiieiiiinrnnnnnnn 11-59
ICM7226A/B 8-Digit Multi-Function Frequency Counter/Timer .............. 11-67
ICM7249 5%,-Digit LCD p-Power Event/Hour Meter ................... 11-82
SPECIAL PURPOSE
AD590 ~ 2:Wire Current Output Temperature Transducer ..............
ICL8069 Low Voltage Reference ............ ... .. ... ... ...,
‘DATA COMMUNICATIONS
ICL232 +5 Volt Powered Dual RS-232 Transmitter/Receiver .......... 13-2
MEMORY
IM6653 4096-Bit CMOS UV EPROM . ......... ... cciiiiiinnan. 14-2
IM6654 4096-Bit CMOS UV EPROM . ...... ... ... . i, 14-2
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Harris Semiconductor Data Acquisition

Obsolete Parts and Not Recommended for New Design Parts

OBSOLETE SUGGESTED
PRODUCT REPLACEMENT
HI-DAC87V/883 AD7545SQ/883
ICM7218E ICM7228A,B,C,D
ICM7225

ICM7233

IH5040 HI5040 or IH5140*
IH5041 HI5041 or IH5141*
|H5042 HI5042 or IH5142*
IH5044 HI5044 or IH5144*
IH5045 HI5045 or IH5145*
IH5046 HI5046*

IH5047 HI5047*

IH5148 HI5048*

IH5149 HI5049*

IH5150 HI5050*

IH6116 DG506A*

IH6216 DG507A*

IH9108

IM4702 HD-4702*

IM6402 HD-6402*

Note: * Pin for Pin Compatible

NOT RECOMMENDED | SUGGESTED
FOR NEW DESIGN REPLACEMENT
ICM7218A,B,C,D ICM7228A,B,C,.D
ICL7112 ICL7115*
HI-7159 HI-7159A*
HI-562A HI-565A
HI-DAC16B/16C ICL7121
ICL7107CDL ICL7107CPL*
ICL7107CJL ICL7107CPL*
ICL7126CDL ICL7126CPL*
ICL7135CJI ICL7135CPI*
ICL7136CDL ICL7136CPL*
ICL7136CJL ICL7136CPL*
ICL7137CDL ICL7137CPL*
ICM7231BFIJL ICM7231BFIPL*
ICM7231BFIM44 ICM7231BFIPL
ICM7232BFIJL ICM7231BFIPL*
ICM7232CRIJL ICM7232CRIPL*
ICM7232CRIM44 ICM7232CRIPL
ICM7232BFIM44 ICM7232BFIPL
ICM7217AlJI ICM7217AIPI
ICM7217CIJI ICM7217CIPI
ICL7139CM44 ICL7139CPL
ICL7116RCPL ICL7116CPL
ICL7117RCPL ICL7117CPL
ICL7137RCPL ICL7137CPL
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Chip/Wafer/Die Information

Die Availability

Most of the products listed in this catalog
are available in Die or Wafer form.
Please consult your local sales office or
representative for specific information.
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Application Note Abstracts

AN# TITLE ABSTRACTS

AOO1 Glossary of Data This glossary defines the most often used terms in the field of data conver-
Conversion Terms sion technology.

AO02 Principles of Data Presents theory, converter coding, topologies, and specifications.
Acquisition and Conversion

AO04 IH5009 Low Cost Analog Compares the members of the IH5009 ““virtual ground”” analog switches and
Switch Series provides suggested applications.
AO16  Selecting A/D Converters Describes the differences between integrating converters and successive
approximation converters. Includes a checklist for decision making, and a
note on multiplexed data systems.
AO17  The Integrating A/D Provides an explanation of integrating A/D converters, together with a detail-
Converter ed error analysis.

AO18 Do’s and Dont’s of Apply- An analysis of proper design techniques using D/A converters.
ing A/D Converters

AO19  4'2-Digit Panel Meter Describes two typical PC board layouts using the 8052A/7103A 41/2-digit A/D
Demonstration/Instrumenta-  pair. Includes schematics, parts layout, list of materials, etc. Also see AO28.
tion Boards

AO20 A Cookbook Approach to Uses the building block approach to design a complete 12 volt system.

High-Speed Data Acquisi- Explains the significance of each component and demonstrates methods for
tion and Microprocessor microprocessor interfacing, including the use of control signals.
Interfacing

AO23 Low Cost Digital Panel Provides a detailed explanation of the 7106 and 7107 3'2-digit panel meter

Meter Designs IC’s, and describes two of the evaluation kits available from Harris.
AO28  Building an Autoranging This companion application note to AO19 explains the use of the 8052A/7103A
DMM with the converter pair to build a +412-digit autoranging digital multimeter. Included
ICL71C03A/8052A A/D are schematics, circuit descriptions, tips and hints, etc.
Converter Pair
AO30 ICL7104; a Binary Output Describes in detail the operation of the 7104. Includes in digital interfacing,
A/D Converter for handshake mode, buffer gain, auto-zero, and external zero. Appendix includes
uProcessors detailed discussion of auto-zero loop residual errors in dual slope A/D
conversion.

AO32  Understanding the Auto- Explains in detail the operation of the ICL7106/7107/7109 family of A/D

Zero and Common Mode converters.

Performance of the

ICL7106/7107/7109 Family

AO42  Interpretation of Data Cognizance of accuracy factors involved when interfacing data converters

Converter Accuracy into system applications permits designers to meet overall error budget con-

Specifications straints. Transfer functions; quantization noise; offset, gain, and linearity er-
rors; and temperature effects must be interpreted to satisfy specification
requirements.

AO46  Building a Battery Operated  Explains principles of autoranging, problems, and solutions. Includes clock

Autoranging DVM with the circuits, power supply requirements, design hints, schematics, etc.
ICL7106
AO47  Games People Play with Describes 25 different integrating A/D converter applications. Input circuits,
Harris’s A/D Converters conversion modifications, display and microprocessor interfaces are shown
in detail.
AO48  Know Your Converter When you work with A/D and D/A converters, there are many input and out-
Codes put codes to choose from.
AO49  Applying the ICL7109 A/D The operation and application of the ICL7109 12-bit integrating A/D converter
Converter is presented.
AO52 Tips for Using Single-Chip Answers frequently asked questions regarding the operation of 3'2-digit single-
312-Digit A/D Converters chip A/D converters. Included are sections on power supplies, displays,
timing, and component selection.
AO54  Display Driver Family Compares and describes the various display drivers. Includes design

Combines Convenience of
Use with Microprocessor
Interfaceability

examples for 7 segment, alphanumeric, and bargraph systems.
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AN#

Application Note Abstracts coninucq

TITLE

ABSTRACTS

AO57

AO59

KB11

RO09

RO23

520

521

522

524

531

532

534

535

539

543

557

559

Graphs Give Aperture Time
Required for A/D
Conversion

Digital Panel Meter
Experiments for the
Hobbyist

33%-Digit Autoranging
Multimeter — ICL7139EV/Kit

Reduce CMOS-Multiplexer
Troubles through Proper
Device Solutions

Interface a Real-Time Clock
Chip to the IBM PC or
Apple Il

CMOS Analog Multiplexers
and Switches; Application
Considerations

Getting the Most Out of
CMOS Devices for Analog
Switching Jobs

Digital-to-Analog Converter
Terminology

Digital-to-Analog Converter
High-Speed A/D
Applications

Analog Switch Applications
in A/D Data Conversion
Systems

Common Questions
Concerning CMOS Analog
Switches

Additional Information on
the HI-300 Series Switch

Design Considerations for
a Data Acquisition System
(DAS)

A Monolithic 16-Bit D/A
Converter

New High-Speed Switch
Offers Sub-50ns Switching
Times

Recommended Test
Procedures for Analog
Switches

HI-222 Video/HF Switch
Optimizes Key Parameters

Itis important for the designer to know what aperture time is required to keep
the system error to a tolerable value in terms of the resolution of his A/D
converter.

Explains how the ICL7106/7107 can be used to make fundamental
measurements of voltage, current, and resistance.

Detailed description of internal device circuitry and its intended operation,
assembly instructions, block diagrams, current, voltage, resistance
measurements, electrical characteristics. An excellent means of checking the
characteristics and evaluating the performance of the ICL7139.

Addresses the issue of error sources, specifically output leakage and over-
voltage protection circuitry. Discusses multiplexer selection alternatives.

Discusses crystal selection, oscillator circuitry, battery backup scheme and
PC board layout and how these affect the accuracy and stability of the Real-
Time Clock.

Switch selection criteria, datasheet definitions, care and feeding of multiplexers
and switches, digital interface, practical multiplexer applications alternative
to CMOS switches and multiplexers.

CMOS versus bipolar device performances, over voltage and channel interac-
tion conditions, JI technology and latch-up, floating-body JI technology, fool-
proof CMOS analog multiplexer, other DI benefits.

Explains DAC terminology, Resolution Gain Error, Offset Error, Linearity
Error, Differential Linearity Error, Drift, Settling Time, etc.

Use of High-Speed DAC'’s in tracking, servo, and successive approximation
Analog-to-Digital Converters. Design ideas for Data Acquisition Systems.

System configurations, analog switch types, CMOS switch selection guidelines,
alternate uses of CMOS switches.

Power supply considerations, input overvoltage protection, single supply opera-
tion, various questions about Harris D.l. switches.

““ON" resistance, leakage currents, switching speeds, power supply re-
quirements, internal switch operation, charge injection, pcwer supplies
conditions, and protective circuitry.

A collection of guidelines for the design of a Data Acquisition System.
Includes signal conditioning, transducers, single-ended vs. differential signal
paths, low level signals, filters, Programmable Gain Amplifiers, sampling rate,
and computer interfacing.

Detailed description of the HI-DAC16 D/A Converter, chip photo and schematic,
plus applications and interface considerations.

Application enhancement using the HI-201HS, high-speed multiplexers, high-
speed sample and hold, analog switch and op amp circuitry, integrator with
start/reset, low pass filter with select break frequency, amplifier with program-
mable gain, future applications.

Description of analog switch test methods employed at Harris Semiconductor.

Presents video performance characteristics such as differential gain and
phase, off-isolation, crosstalk. Also covers reduced supply operation, charge
injection, and PC board layout techniques.
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Competitive Cross Reference Chart

Harris Pin-for-Pin Harris Closest
Part Number Replacement Replacement
AD562 HI-562A
AD562A HI-562A
AD563 HI-565A
AD565A HI-565A
AD571 CA3310, HI-7151/52
AD573 CA3310, HI-7151/52
AD574A HI-574A
AD589 ICL8069
AD590 AD590
AD674A HI-674A
AD679 ICL7115
AD5240 HI-674A, HI-774
AD7501 HI-508
AD7506 DG506A
AD7506 HI-506
AD7507 HI-507
AD7507 DGS507A
AD7511 HI-201
AD7512 HI-5043
AD7520 AD7520
AD7521 AD7521
AD7523 AD7523
AD7530 AD7530
AD7531 AD7531
AD7533 AD7533
AD7534 ICL7134
AD7535 ICL7134
AD7536 ICL7134
AD7538 ICL7134
AD7541 AD7541
AD7545 AD7545
AD7579 CA3310, HI-7151/52
AD7580 CA3310, HI-7151/52
ADADC80 HI-574A, HI-674A
ADADCB84-85 HI-674A, HI-774
ADC0802 ADC0802
ADC0803 ADC0803
ADC0804 ADC0804
ADC1080/1280 HI-574A
ADC1080/1280 HI-674A
ADC1210/11 HI-574A
ADC550 HI-574A
ADC574A HI-574A
ADC581 HI-574A
ADC674A HI-674A
ADC774 HI-774
ADC80 HI-674A
ADCB84/85 HI-674A
ADC8412 HI-674A

ADCB85C12 HI-674A
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Competitive Cross Reference Chart continueq)

Harris Pin-for-Pin

Harris Closest

Part Number Replacement Replacement
ADC8712 HI-674A

ADC9012 HI-674A

ADC910 HI-7151/52
ADCHX12B HI-574A, HI-674A
ADCL12B2 HI-574A
ADCL12B2 HI-674A
ADCM12B2 HI-674A
ADCMA12B2B HI-674A
ADCMA12B2B HI-574A
ADCMAI13B2A HI-574A
ADDAC71/72 HI-DAC16, ICL7121
ADDAC80V HI-DAC80V

ADDACB85V HI-DAC85V

ADDACS87V HI-DAC87V

ADG201 DG201A

ADG201HS HI-201HS

ADG202 DG202

ADG211 DG211

ADG212 DG212

ADG506A DG506A

ADG507A DG507A

ADG508A DG508A

ADGS509A DG509A

ADG526 DG526

ADG527 DG527

ADG528 DG528

ADG529 DG529

AM6012 HI-562A

CA3304 CA3304

CA3306 CA3306

CA3338 CA3338

DA700/701 HI-DAC16, ICL7121
DA702/703 HI-DAC16, ICL7121
DAC1020 AD7520

DAC1021 AD7520

DAC1022 AD7520

DAC1220 AD7521

DAC1221 AD7521

DAC1222 AD7521

DAC1265 HI-565A

DAC3281016 HI-DAC16, ICL7121
DAC346C HI-DAC80V
DAC347LP-12 HI-DAC87
DAC372 HI-DAC80
DAC562 HI-562A

DAC70 HI-DAC16, ICL7121
DAC71/72 HI-DAC16, ICL7121
DAC7541 AD7541

DAC7545 AD7545

DAC80 HI-DAC80V

DAC85 HI-DAC85V

DAC87 HI-DAC87V

DACHR16B

1-19
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Competitive Cross Reference Chart continueq)

Harris Pin-for-Pin Harris Closest
Part Number Replacement Replacement
DG180 DG180
DG181 DG181
DG182 DG182
DG183 DG183
DG184 DG184
DG185 DG185
DG186 DG186
DG187 DG187
DG188 DG188
DG189 DG189
DG190 DG190
DG191 DG191
DG200A DG200
DG201A DG201A
DG202 DG202
DG211 DG211
DG212 DG212
DG271 HI-201HS
DG300A DG300A
DG301A DG301A
DG302A DG302A
DG303A DG303A
DG304A HI-304
DG305A HI-305
DG306A HI-306
DG307A HI-307
DG308A DG308A
DG309 DG309
DG381A HI-381
DG384A HI-384
DG387A HI-387
DG390 HI-390
DG5040 HI-5040
DG5041 HI-5041
DG5041 HI-5042
DG5043 IH5043/HI-5043
DG5044 HI-5044
DG5045 HI-5045
DG506A DG506A
DGS507A DG507A
DG508A DG508A
DG509A DG509A
DG5140 IH5140
DG5141 IH5141
DG5142 IH5142
DG5143 IH5143
DG5144 IH5144

DG5145 IH5145
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Competitive Cross Reference Chart continueq)

Harris Pin-for-Pin Harris Closest
Part Number Replacement Replacement
DG526 DG526
DG527 DG527
DG528 DG528
DG529 DG529
HI-506A HI-506A
HI-507A HI-507A
HI-508A HI-508A
HI-509A HI-509A
HS5200 HI-674A
HS574 HI-574A
HS574 HI-674A
HS7541 AD7541
HS7545 AD7545
HSDA387 HI-DAC87V
ICL7106 ICL7106
ICL7107 ICL7107
ICL7109 ICL7109
ICL7112 ICL7112
ICL7115 ICL7115
ICL7116 ICL7116
ICL7117 ICL7117
ICL7121 ICL7121
ICL7126 ICL7126
ICL7129 ICL7129
ICL7134 ICL7134
ICL7135 ICL7135
ICL7136 ICL7136
ICL7137 ICL7137
ICL7139 ICL7139
ICL7149 ICL7149
ICL7182 ICL7182
ICL8069 ICL8069
ICM7170 ICM7170
ICM7207 ICM7207
ICM7208 ICM7208
ICM7209 ICM7209
ICM7210 ICM7210
ICM7211 ICM7211
ICM7212 ICM7212
ICM7213 ICM7213
ICM7217 ICM7217
ICM7218 ICM7218, ICM7228
ICM7224 ICM7224
ICM7226 ICM7226
ICM7228 ICM7228
ICM7231 ICM7231
ICM7243 ICM7243
ICM7249 ICM7249
LF11201 DG201
LF13201 DG201A
LF13508 DG508A
LF13509 DG509A
LM113 ICL8069
LT1081 ICL232
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Competitive Cross Reference Chart continued)

Harris Pin-for-Pin Harris Closest
Part Number Replacement Replacement
MAX130 ICL7106
MAX131 ICL7136
MAX136 ICL7116
MAX173 HI-7152
MAX177 HI-7151
MAX232 ICL232
MAX358 IH5108
MAX359 IH5208
MC3412 HI-565A
MP5010 1CL8069
MP574A HI-574, HI-674A
MP7520 AD7520
MP7521 AD7521
MP7523 AD7523
MP7533 AD7533
MP7541 AD7541
MP7545 AD7545
MP7621 AD7541
MP7682 CA3306
MP7684 HI-5700
MP7684A HI-5700
MPC800KG HI-516-5
MPC801KG HI-518-2
MPC801SG HI-518-1
MUX-08 HI-508
MUX-16 HI-506
MUX-24 HI-509
MUX-28 HI-507
MUX-88 HI-508
MX151 HI-7152
MX565A HI-565A
MX574A HI-574A
MX674A HI-674A
MX774 HI-774
MX7520 AD7520
MX7521 AD7521
MX7523 AD7523
MX7530 AD7530
MX7533 AD7533
MX7534 ICL7134
MX7535 ICL7134
MX7536 ICL7134
MX7541 AD7541
MX7545 AD7545
PM562 HI-562A
PM7533 AD7533
PM7541 AD7541
PM7545 AD7545
TL185 HI-5045
TL188 HI-5042
TL191 1H5043/HI-5043
TLC7135 ICL7135
TS8308 CA3318
TSC04 ICL8069

TSC232 ICL232
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Competitive Cross Reference Chart continueq)

Harris Pin-for-Pin

Harris Closest

Part Number Replacement Replacement
TSC7106 ICL7106

TSC7107 ICL7107

TSC7109 ICL7109

TSC7116 ICL7116

TSC7117 ICL7117

TSC7126 ICL7126

TSC7129 ICL7129

TSC7135 ICL7135

TSC7136 ICL7136

TSC7137 ICL7137

TSC7211 ICM7211

TSC7212 ICM7212

TSC805 ICL7149
TSC810 ICL7116

TSC815 ICL7149
TSC825 ICL7182
TSC9491 ICL8069
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DATA AGQUISITION 2

A/D CONVERTERS DISPLAY

CA3162/CA3162A  A/D Converter for 3V2-Digit Display ... ....... ... .. ... i, 2-2
ICL71C03/ICL8052 Precision 4Y%2-Digit A/D Converter .. ............ i 29
ICL71C03/ICL8068 Precision 4%2-Digit A/D Converter ............. ittt 2-9
ICL7106 32-Digit LCD Single-Chip A/D Converter .. ......... .. .. ... 2-30
ICL7107 3"2-Digit LED Single-Chip A/D Converter ........... ... .. ciiviuen .. 2-30
ICL7116 312-Digit with Display Hold Single-Chip A/D Converter .. .................. 2-43
ICL7117 3Y2-Digit with Display Hold Single-Chip A/D Converter . ................... 2-43
ICL7126 3%2-Digit Low Power Single-Chip A/D Converter . ........... .. ... .. .. .... 2-55
ICL7129 4v2-Digit LCD Single-Chip A/D Converter ...................cooviun.... 2-67
ICL7136 312-Digit LCD Low Power A/D Converter ..., 2-81
ICL7137 3"2-Digit LED Low Power Single-Chip A/D Converter ..................... 2-93
ICL7139 334-Digit Autoranging Multimeter . ... ... ... .. . 2-103
ICL7149 Low Cost 33-Digit Autoranging Multimeter . .................... ... .... 2-117
ICL7182 101 Segment LCD Bargraph A/D Converter ...................coiiiun... 2-131
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CA3162, CA3162A

A
4

SEMICONDUCTOR

Features:

® Dual-slope A/D conversion

Multiplexed BCD display

w Ultra-stable internal band-gap
voltage reference

m Capable of reading 99 mV below
ground with single supply

® Differential input

s [nternal timing - no external clock
required

Data Conversion Circuits

CA3162, CA3162A

A/D Converter for 3-Digit Display

“Hold" inhibits conversion but
maintains delay

Overrange indication - “EEE” for
reading greater than + 999 mV, "-”
for reading more negative than
-99 mV when used with CA3161E

BCD-to-Seven Segment Decoder/
Driver

Extended temperature range

a Choice of low-speed (4-Hz) or version available
high-speed (96-Hz) conversion

rate

The CA3162E and CA3162AE are |2 monolithic A/D
converters that provide a 3-digit multiplexed BCD output.
They are used with the CA3161E BCD-to-Seven-Segment
Decoder/Driver* and a minimum of external parts to

TERMINAL ASSIGNMENT
CA3162E

implement a complete 3-digit display. The CA3162AE is ouBTcPDu'rsi z(') ® 2° 0B rs
identical to the CA3162E except for an extended operating C2 ® 2*
temperature range. DIGIT (NSO @ v+

P 9 035";5?; MSD @ @ caIN aDy

2 INTEGRATING CAP
(D HIGH INPUT

(@ Low INPUT

(® zERO ADY

The CA3162 is supplied in a 16-lead dual-in-line plastic
package (E suffix). The CA3162 is also available in chip
form (H suffix).

* The CA3161E is described in RCA data bulletin File No.
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Fig. 1 - Functional block diagram of the CA3162E.
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MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE (between terminals 7 @Nd T4) ... ...uuuuuutus ot teet ettt ettt e et e eeees TV
INPUT VOLTAGE (terminal 10 07 1110 GPOUNA) .. . ...ttt ettt e et et e et e e e e ettt e e e e e e et 15V
DEVICE DISSIPATION:
UptoTa=+55°C
Above Ta = +55°C

750 mW

AMBIENT TEMPERATURE RANGE:

ELECTRICAL CHARACTERISTICS at TA = 25°C, V +.= 5 V, Zero pot centered, gain pot = 2.4 k(2 unless otherwise stated

Operating, CA3162E

Storage

Operating, CA3162AE..

LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 seconds max.

LIMITS
CHARACTERISTIC TEST CONDITIONS © UNITS
Min. - | Typ. Max.
Operating Supply Voltage Range V + — 4.5 5 55 v
Supply Current, |+ 100 kQ to V+on terms. 3,4, 5 — — 17 mA
Input Impedance, Zi —_ — 100 — MQ
Input Bias Current, li8 Terms. 10 and 11 — -80 — nA
Unadjusted Zero Offset V11 -V10 = 0V, read decoded output -12 — +12 mV
Unadjusted Gain V11 -V10 = 900 mV, read decoded
846 —_ 954 mV
output
Linearity See Notes 1 and 2 -1 — +1 Count
Conversion Rate:
Slow Mode Term. 6 = open or gnd — 4 — H
z
Fast Mode Term.6=5V — 96 —
Conversion Control Voltage
—_ 0.8 1.2 1.6 \
(Hold Mode) at Terminal 6
Common-Mode Input Voltage
See Note 3, 4 -0.2 —_ +0.2 \"
Range, VICR
BCD Sink Current at terms. 1, 2, 15, 16 vecD = 0.5V, at logic zero state 0.4 1.6 — mA
Digit Select Sink Current at terms. 3, VDigit Select = 4 V at logic zero
1.6 2.5 — mA
4,5 state
Zero Temperature Coefficient VI =0V, zero pot centered -_ 10 — uv/°v
Gain Temperature Coefficient Vi =900 mV, gain pot = 2.4 KQ —_ 0.005 - %/°C

Notes:

1. Apply zero volts across V11 to V1o. Adjust zero potentiometer to give 000 mV reading. Apply 900 mV to input and adjust
gain potentiometer to give 900 mV reading.

2. Linearity ismeasured as a difference from a straight line drawn through zero and positive full scale. Limits do notinclude
+ 0.5 count bit digitizing error.

3. Forapplications where negative terminal 10 is not operated at terminal 7 potential, a return path of not more than 100 kQ
resistance must be provided for input bias currents.

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

CA3162, CA3162A




CA3162, CA3162A

Data Conversion Circuits

CA3162, CA3162A

Circuit Description

The functional block diagram of the CA3162E is shown in
Fig. 1. The heart of the system is the V/I converter and
reference-current generator. The V/I converter converts the

.input voltage applied between terminals 10 and 11 to a

current that charges the integrating capacitor on terminal

12 for a predetermined time interval. At the end of the

charging interval, the V/I converter is disconnected from
the .integrating capacitor, and a band-gap reference
constant-current source of opposite polarity is connected.
The number of clock counts that elapse before the charge is
restoredtoits 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 countis
then multipiexed to the BCD outputs.

The timing for the CA3162E is supplied by a 786-Hz ring
oscillator, and the input at terminal 6 determines the
sampling rate. A 5-V input provides a high-speed sampling

+5v
NOTE 1 NOTE2Z O

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

Fig. 3 shows the timing of sampling and digit select pulses
forthe high-speed mode. Note that the basic A/D conversion
process requires approximately 5 ms in both modes.

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

0.27,F / -T-°'/
2680 1oox J’ ;E
% 16

NORMAL
LOW-SPEED MODE :
Ve *GROUND
OR OPEN
HOLD:
ver 12V O—(&—
HIGH- SPEED MODE * U
Vg SV
casieze  [OIOITORIVERS | o361
BCO OUTPUTS
INPUTS O O @ e
HIGH @ @
Low : :
@ -0
GAIN ioxa
0.

NOTE 1 — THE CAPACITOR USED HERE MUST BE A LOW DIELECTRIC
ABSORPTION TYPE SUCH ASAPOLYESTER OR POLYSTYRENE
TYPE.
2 —THIS CAPACITOR SHOULD BE PLACED AS CLOSE ASPOSSIBLE
TO THE POWER AND GROUND TERMINALS OF THE CA3161E.

POWER
2N2907
OR
EQuIV.

COMMON-
ANODE LED
NSD DISPI.AYS\ LsD

| (L7
I

l | |

J

|
N

< <
3R1 R2 2R3
glson glsoa g'”“
162E CcA3162E
TERMIALS TERMINALS 92CL-30416R2
3,4,5 1,2, 1516
. 750
8CD
DeTeR SEGMENT

DRIVERS

Fig. 2 - Basic digital readout system using the CA3162E and the CA3161E.

TERM 3

o- | - 3
- 200mv

[ —

3 \// 3]
su - I 1} s00 mv
£ L J|-s00mv
1 [{} soomv

2ms/DIVISION

92CS- 30413R1

Fig. 3 - High speed mode timing diagram.
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CA3162E Liquid Crystal Display (LCD) Application

Fig. 4 shows the CA3162E in a typical LCD application.
LCD’s 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 LCD's
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
outputs 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

Data Conversion Circuits

CA3162, CA3162A

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 CD40568
inputs (using pull-up resistors). In this arrangement, the
CD40568B decodes the negative sign (-) as an “L” and the
positive overload indicator (E) as an “H".

The circuit as shown in Fig. 4, using G7, G8 and G9, will
decode the negative sign (-) as a negative sign (-), and the
positive overload indicator (E) as “H".

+5Vv
0047,F r_?_
. ;16 |
0.0474F —16
4
+5v I CD40568 TO MSD
) L 2 | [T oFLco
3 -
6X -
10K g 5 4 8
02TuF _t_’
B =
ZERO _ +3V
g 14 12 4| MsSD 4| 0047
50K Q, 3 NSD "H { _'> 1 [ _j
° 5 ;iD O.O47,.FK 0.027%: — 6 —
6 [ 4  —
cA3le2e |2 Cb40568 —~TO NSD
“HOLO* O 15 12 2 F— | oF wco
| 2 1 3 —
20
vint O— *7 b__/
-0—jwo 7 > f_l
Vin 13 ax
GAIN 100 = (P+5v ~
10KQ | 16 -
— 6 —
+5v 4 TO LSD
R , 040568 - OF LCD
3 -
G1-G6:CD4049UB s
HEX INVERTER 7 8
67,68,G9 CD40238 J
TRIPLE 3-INPUT NAND _}_—J TO LCD
GATE = BACKPLANE
Gl 2
15K
100KQ  0.634F
92CL- 31016RI

Fig. 4 - Typical LCD application.
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CA3162E Common-Cathode, LED Display Application

Fig. 5 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 999 mV 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
overrange the display blanks.

The additional logic shown within the dotted area of Fig. 5
restores the negative sign (-), allowing the display of
negative numbers as low as -99 mV. Negative overrange is
indicated by a negative sign (-) in the MSD position. The
rest of the display is blanked. During a positive overrange,
only segment b of the MSD is displayed. One inverter from
the CD40498B is used to operate the decimal points. By
connecting the inverter input to either the MSD or NSD line
either DP1 or DP2 will be displayed. Fig. 7 shows the P.C.
board and component placement.

6 BUFFERS

r———-—__.___v.;_.___________j
| 100K |
| op 2.2k
| f
| oP2 1/3 CD4049UB I
| 1/6CD4049VB
I~ €D40128 |
| L ] |
[ 1/3¢D4049UB I
! Yy
L 17604049 |
— 4. 4 Xfwecoagaowe } L 1
A A vt
e v HP5082-7433
1.8k -74
100 2 [ co4suB {13 \— v OR EQUIVALENT
100kQ xn% : cr o H T A
13
L N
N Y e pr L 1
vtO- [— LE/STROBE b = &—go—Pt
Wb
v 100KQS 100K, : 0 Y 1 — nol 9) al k|
-J kN d VaRa e g b c3
GND .
10051005100 i1
KkasSkasSka = l I I I I
o o
L[ ca3ieze e Ry o
2[, cls EBGBERG
3 NS vHHS ov+
4lmso  cainf13 _I_
Sliso N H2_T027kF
o SluoLo  HiGH - FA
7{6nD Low H2 3
8lzero  zemo |2
— uj

(1 €D40508)

92CL- 31018R1

Fig. 5 - Typical common-cathode LED application.
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92CS-32692 92CS- 32693

Fig. 6 - P.C. board" template (actual size + 3%) and component layout
guide for circuit shown in Fig. 2.

92CS-32691

92CS-32694

Fig. 7 - P.C. board template (actual size + 3%) and component layout
guide for circuit shown in Fig. 5.

*P.C. board courtesy ETS. Velleman P.V.B.A., St. Amandsberg, Belgium
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70

60—
50—
40—
30—

20— 13

92CM-30412

4-10
(0.102-0.254)
97-105

120 -128
(3.048-3.251)

I {2464 -2.667)

Dimensions and pad layout for CA3162H chip.

ORDERING INFORMATION

Part Number | Temperature Range Package
CA3162E 0°C to + 700C  |16-Pin Plastic Dip
CA3162AE —-400C to + 85°C  |16-Pin Plastic Dip

2-8

The photographs and dimensions of each Linear
chip represent a chip when it is part of the wafer.
When the wafer is cut into chips, the cleavage
angles are 57° instead of 90° with respect to the
face of the chip. Therefore, the isolated chip is
actually 7 mils (0.17 mm) larger in both
dimensions.

Dimensions in parentheses are in millimeters
and are derived from the basic inch dimensions
as indicated. Grid graduations are in mils (10-3
inch).



Precision 41, Digit A/D Converter

GENERAL DESCRIPTION

The ICL8052 or ICL8068/ICL71C03 chip pairs with their
multiplexed BCD output and digit drivers are ideally suited
for the visual display DVM/DPM market. The outstanding
4/, digit accuracy, 200.00 mV to 2.0000V full scale capabili-
ty, auto-zero and auto-polarity combine with true ratiometric
operation, almost ideal differential linearity and time-proven
dual slope conversion. Use of these chip pairs eliminates
clock feedthrough problems, and avoids the critical board
layout usually required to minimize charge injection.

When only 2000 counts of resolution are required the
71C03 can be wired for 3, digits and give up to 30 read-
ings/second making it ideally suited for a wide variety of
applications.

The ICL71C03 is an improved CMOS plug-in replacement
for the ICL7103 and should be used in all new designs.

ORDERING INFORMATION

Part Number Temp. Range Package

ICL8052CPD 0°Cto +70°C | 14-Pin Plastic DIP
ICL8052CDD 0°Cto +70°C 14-Pin Ceramic DIP
ICL8052CJD 0°Cto +70°C | 14-Pin CERDIP
ICL8052ACPD 0°Cto +70°C | 14-Pin Plastic DIP
ICL8052ACDD | 0°Cto +70°C | 14-Pin Ceramic DIP
ICL8052ACJD 0°Cto +70°C | 14-Pin CERDIP
ICL8068CDD 0°Cto +70°C | 14-Pin Ceramic DIP
ICL806BACDD | 0°Cto +70°C | 14-Pin Ceramic DIP
ICL8068ACJD 0°Cto +70°C | 14-Pin CERDIP
ICL71CO3CPI 0°Cto +70°C | 28-Pin Plastic DIP

ICL71C03ACPI | 0°Cto +70°C | 28-Pin Plastic DIP

ICL8052/ICL71C03
ICL8068/ICL71C03

FEATURES

® Typically Less Than 2 u.V p-p Noise (200.00 mV Full
Scale, ICL8068)

® Accuracy Guaranteed to =1 Count over Entire
20,000 Counts (2.0000V Full Scale)

® Guaranteed Zero Reading for OV Input

® True Polarity at Zero Count for Precise Null
Detection

® Single Reference Voltage Required

® Over-range and Under-Range Signals Available for
Auto-Ranging Capability

© All Outputs TTL Compatible

® Medium Quality Reference (40 ppm typical) on Board

© Blinking Display Gives Visual Indication of
Overrange

® Six Auxillary Inputs/Outputs Are Available for
Interfacing to UARTS, Microprocessors or Other
Complex Circuitry

© 5 pA Input Current Typical (8052A)

H ICL8052/ICL71C03, ICL8068/ICL71C03

\J
v [ z [14]INT out
coMP
comp ouT[2] $ [13] +BUFF IN

REF cAP[3] [12]+INT IN
REF BYPASS[4] —] | I mEal
ono[E] | Vaer [10]-8UFF IN
reF ouT[6] 9 Jeurr our

ICL8052/
REF SUPPLYE ICLB068 Bvﬂ

0439-1
Figure 1: ICL8052/ICL8068 Pin Configuration
and Functional Diagram

v ~ 28 [18USY
437312 27301 (LsD)
poL ] 3 25002
R/ALC] 4 25303
COMP INCJ 5 24304
= [ 23|88 (MSB)
REFERENCE'é 7 eicosny  22PPB4
REF. CAP. 18 211382
REF. CAP. 29 20 [1B1 (LSB)
ANALOG IN[J 10 19[305 (MsD)
ANALOG GND ] 11 18 [ STROBE
CLOCK IN[J 12 173 A-Z IN
UNDERRANGE (13 16 3 A-Z ouT
OVERRANGE (] 14 15 3 DIGITAL GND
0439-2
Figure 2: ICL71C03 Pin Configuration

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.

NOTE- All tuniral valiioe haua haon ~harantarizad kit aea nat sanbadd
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ABSOLUTE MAXIMUM RATINGS

Power Dissipation (Note 1) . ..................... 500 mW
Storage Temperature ................. —65°Cto +150°C
Lead Temperature (Soldering, 10Sec.) ............. 300°C
8052, 8068
SuppiyVoltage . . ... ..oviii +18V
Differential Input Voltage
(BOBB) ..o eeet et +30V
(B052). ..ottt e +6V
Input Voltage (Note 2).................ooinin.e. +15V

Output Short Circuit Duration,

71C03
Power Supply Voltage (GND to V+) ................. 6.5V
Negative Supply Voltage (GNDtoV™) ............. =17V
Analog Input Voltage (Noted) ................. Vitov™

Digital Input Voltage
(Note5) ...........c.unn. (GND — 0.3V) to (V' + 0.3V)

NOTE: Stresses above those listed under “Absolute Maximum Ratings”
may cause permanent damage to the device. These are stress ratings only
and functional operation of the device at these or any other conditions
above those indi d in the op jonal sections of the sp ions is not
implied. Exposure to absolute maximum rating conditions for extended peri-
ods may affect device reliability.

AllOutputs (Note 3) ...t Indefinite
Operating Temperature.................... 0°Cto +70°C
Symbol Characteristics Test Conditions Min Typ Max Units
INL Clock In, Run/Hold, 41,/37, Vin=0 0.2 0.6 mA
INH VIN = +5V 0.1 10 pA
inL Comp. In Current ViN=0 0.1 10 pA
lINH ViN = +5V 0.1 10 RA
VINTH Threshold Voltage 25 \"
VoL All Outputs loL = 1.6 mA 0.25 0.40 \
Vo g:” gi" %‘;” BDi’ b low = —1mA 2.4 42 v
VOH Busy, Strobe, loH = —10 pA
Over-range, Under-range 4.9 4.99 Vv
Polarity
DS(on) Switches 1, 3,4,5,6 400 Q
DS(on) Switch 2 1200 Q
ID(of) Switch Leakage (All) 2 pPA
v+ + 5V Supply Range +4 +5 +6
A —15V Supply Range -5 -15 —18 \
i+ + 5V Supply Current fclk = 0 11 3.0 mA
1~ — 15V Supply Current fclk = 0 0.8 3.0 mA
Cpp Power Dissipation Capacitance vs. Clock Freq 40 pF
Clock Freq. (Note 6) DC 2000 1200 kHz
NOTES 1: Dissipation rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient temperature below + 70°C. For higher

temperatures, derate 10 mW/°C.

For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage.
Short circuit may be to ground or either supply. Rating applies to +70°C ambient temperature.
Input voltages may exceed the supply voltages provided the input current is limited to +100 pA.

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 the power supply to the 71C03 be established before any inputs from sources not on that supply are applied.

[

This specification relates to the clock frequency range over which the ICL71C03(A) will correctly perform its various functions. See the “Max Clock

Frequency"” section under COMPONENT VALUE SELECTION for limitations on the clock frequency range in a system.

NOTE: Al typical values have been characterized but are not tested.
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ICL8068 ELECTRICAL CHARACTERISTICS

(VsuppLy = 15V, Tpo = 25°C unless otherwise specified)

Symbol Characteristics Test Conditions 8068 8068A Units
Min I Typ | Max | Min l Typ I Max

EACH OPERATIONAL AMPLIFIER

Vos Input Offset Voltage Vom = 0V 20 65 20 65 mV

N Input Current (either input) (Note 1) | Vom = OV 175 | 250 80 150 pA

CMRR Common-Mode Rejection Ratio Vom = £10V 70 90 70 90 dB
Non-Linear Component of Vom = £2V
Common-Mode Rejection 110 110 dB
Ratio (Note 2)

Ay Large Signal Voltage Gain R = 50k 20,000 20,000 V/V

SR Slew Rate 6 6 V/us

GBW Unity Gain Bandwidth 2 2 MHz

Isc Output Short-Circuit Current 5 5 mA

COMPARATOR AMPLIFIER

AvoL Small-Signal Voltage Gain R =30 kQ 4000 V/V

+Vo Positive Output Voltage Swing +12 | +13 +12 | +13 Vv

—Vo Negative Output Voltage Swing —20 | —26 —20 | —2.6 \

VOLTAGE REFERENCE

Vo Output Voltage 1.5 175 | 2.0 160 | 1.75 | 1.90 Y

Ro Output Resistance 5 5 1]

TC Temperature Coefficient 50 40 ppm/°C

VsuppLy | Supply Voltage (V* + — V) +10 +16 | £10 +16 Vv

IsuppLy | Supply Current Total 14 8 14 mA

ICL8052 ELECTRICAL CHARACTERISTICS
(VsuppLy = 15V, Ta = 25°C unless otherwise specified)
Symbol Characteristics Test Conditions 8052 8052A Units
Min | Typ | Max Min I Typ J Max

EACH OPERATIONAL AMPLIFIER

Vos Input Offset Voltage Vem = 0V 20 75 20 75 mv

] Input Current (either input) (Note 1) | Vom = OV 5 50 2 10 pA

CMRR Common-Mode Rejection Ratio Vem = £10V 70 90 70 90 dB
Non-Linear Component of Vom = t2v '
Common-Mode Rejection 110 110 dB
Ratio (Note 2)

Ay Large Signal Voltage Gain R = 50kQ 20,000 20,000 VIV

SR Slew Rate 6 6 V/us

GBW Unity Gain Bandwidth 1 1 MHz

Isc Output Short-Circuit Current 20 20 mA

NOTE: All typical values have been characterized but are not tested.

H ICL8052/ICL71C03, ICL8068/ICL71C03
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ICL8052“ELECTRICAL CHARACTERISTICS

(VsuppLy = *15V, Ta = 25°C unless otherwise specified) (Continued)

Symbol . Characteristics Test Conditions 8052 80524 Units
Min l Typ I Max | Min r Typ | Max
COMPARATOR AMPLIFIER
AvoL Small-Signal Voltage Gain R = 30kQ 4000 V/V
+Vp Positive Output Voltage Swing +12 | +13 +12 | +13 \
-Vo Negative Output Voltage Swing —-20 | —26 —20 | —26 \
VOLTAGE REFERENCE
Vo Output Voltage 1.5 175 | 20 | 160 | 1.75 | 1.90 \%
Ro Output Resistance 5 5 Q
TC * Temperature Coefficient 50 40 ppm/°C
VsuppLy | Supply Voltage (V++ — V—) +10 +16 | £10 +16 \'
IsuppLy | Supply Current Total 6 12 6 12 mA

NOTES 1:<The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T,. Due to limited
production test time, the input bias currents are measured with junctions at ambient temperature. In normal operation the junction temperature rises
above the ambient temperature as a result of internal power dissipation, Pd. T) = Ta + RgyaPd where Ry, is the thermal resistance from junction to
ambient. A heat sink can be used to reduce temperature rise.

2: This is the only component that causes error in dual-slope converter.

SYSTEM ELECTRICAL -CHARACTERISTICS: 8068/71C03

VT = +15v, vt = 45V, VT = =15V, Ta = 25°C, Clock Frequency Set for 3 Reading/Sec.)
(1) 8A/71C03A(2)
Characteristics Conditions 8068/71C03 80684/ - Units
Min Typ Max Min Typ Max
Zero Input-Reading Vin = 0.0V —0000| + _ + Digital
Full Scale = 200.00 mV 000:0 | £000.0 | +000.0 { —000.00 | £000.00 | +000.00 Reading
Ratiometric Reading VIN = VREF . Digital
(Note 3) Full Scale = 2.000V +0.999 | +1.000{ +1.001 | +0.9999 { +1.0000 | +1.0001 Reading
Linearity Over + Full Scale | —2V < V|y < +2V
(Error of Reading from 0.2 1 0.5 1 COUNTS
Best Straight Line)
Differential Linearity —2V<V|N< +2V
(Difference between Worse
Case Step of Adjacent 0.01 0.01 COUNTS
Counts and Ideal Step)
Rollover Error (Difference | —ViN = +V|ny = 2V
in Reading for Equal 0.2 1 05 1 |COUNTs
Positive & Negative
Voltage Near Full Scale)
Noise (P-P Value Not ViN = 0V 3 P v
Exceeded 95% of Time) Full Scale = 200.0 mV ®
Leakage Current at Input | Viy = OV 200 300 100 200 pA
Zero Reading Drift Vin = 0V
0 < Tp <50°C 1 5 0.5 2 uVv/°C
(Note 4)
Scale Factor Temperature |Viy = +2V
Coefficient 0 < Tp <50°C o
(Note 4) 3 15 2 5 ppm/°C
(Ext. Ref. 0 ppm/°C)

NOTE: All typical values have been characterized but are not tested.
2-12
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H ICL8052/ICL71C03, ICL8068II¢L7‘ICO3

vVtT = +15V, vt = +5V,V™ = —15V, Tp = 25°C, Clock Frequency Set for 3 Reading/Sec.)
. . ~8068/71C03(1) 8068A/71C03A(2) .
Characteristics Conditions Units
Min Typ Max Min Typ Max
Zero Input Reading ViN = 0.0V _ ‘0. _ . Digital
Full Scale = 2.000V 0.000 | +0:000| +0.000 0.0000 | £0.0000 | + 0.0000 Reading
Ratiometric Reading VIN = VREF Digital
. . +1. +0. +1. +1.0
(Note 3) Full Scale = 2.000V +0.999 | +1.000 1.001 0.9999 1.0000 1.0001 Reading
Linearity Over * Full Scale | —2V < V)y < +2V
(Error of Reading from 0.2 1 0.5 1 COUNTS
Best Straight Line)
Differential Linearity —2V<V|n< +2V
(Difference between Worse
Case Step of Adjacent 0.01 oo COUNTS
Counts and |deal Step)
Rollover Error Difference —VINE +VN = 2V )
in Reading for Equal ol
Positive & Negative 02 1 05 ! COUNTS
Voltage Near Full Scale)
Noise (P-P Value not ViN = 0V
Exceeded 95% of Time) Full Scale = 200.0 mV 20 ny
Full Scale = 2.000V 50 30
Leakage Current at Input | V| = OV 5 30 3 10 PA
Zero Reading Drift ViN = 0V o
0 < Tp < 70°C 1 5 0.5 2 pVv/°C
Scale Factor ViN = +2V
Temperature Coefficient 0<Tp<70C 3 15 2 5 ppm/°C
(Ext. Ref. 0 ppm/°C)

NOTES 1: Tested in 3%, digit (2,000 count) circuit shown in Figure 7, clock frequency 12 kHz. Pin 2 71C03 connected to GND.
2: Tested in 4, digit (20,000 count) circuit shown in Figure 7, clock frequency 120 kHz. Pin 2 71C03A open.

3: Tested with a low dielectric absorption integrating capacitor. See Component Selection Section.

- 4: The temperature range can be extended to +70°C and beyond as long as the auto-zero and reference capacitors are increased to absorb the higher

leakage of the 8068.

NOTE: All typical values have been characterized but are not tesled.
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DETAILED DESCRIPTION

Analog Section

Figure 4 shows the equivalent Circuit of the Analog Sec-
tion of both the ICL71C03/8052 and the ICL71C03/8068 in
the 3 different phases of operation. If the RUN/HOLD pin is
left open or tied to vt the system will perform conversions
at a rate determined by the clock frequency: 40,002 at 4%/,
digit and 4002 at 3, digit clock periods per cycle (see Fig-
ure 5 for details of conversion timing.

1. AUTO-ZERO PHASE | (Figure 4A)

During Auto-Zero, the input of the buffer is connected to
VRer through switch 2, and switch 3 closes a loop around
the integrator and comparator, the purpose of which is to
charge the auto-zero capacitor until the integrator output
does not change with time. Also, switches 1 and 2 recharge
the reference capacitor to VRer.

2. INPUT INTEGRATE PHASE Il (Figure 4B)

During Input Integrate the auto-zero loop is opened and
the ANALOG INPUT is connected to the BUFFER INPUT
through switch 4 and Cggr. If the input signal is zero, the
buffer, integrator and comparator will see the same voltage

NOTE: All typical values have been characterized but are not tested.

that existed in the previous state (Auto-Zero). Thus, the in-
tegrator output will not change but will remain stationary
during the entire Input Integrate cycle. If V| is not equal to
zero, an unbalanced condition exists compared to the. Auto-
Zero phase, and the integrator will generate a ramp whose
slope is proportional.to V. At the end of this phase, the
sign of the ramp is latched into the polarity F/F.

3. DEINTEGRATE PHASE Il (Figures 4C and 4D)

During the Deintegrate phase, the switch drive logic uses
the output of the polarity F/F in determining whether to
close switch 6 or 5. If the input signal is positive, switch 6 is
closed and a voltage which is VgRgr more negative than
during Auto-Zero is impressed on the BUFFER INPUT. Neg-
ative Inputs will cause + 2(VRgf) to be applied to the BUFF-
ER INPUT via switch 5. Thus, the reference capacitor gen-
erates the equivalent of -a (+) or (—) reference from the
single reference voltage with negligible error. The reference
voltage returns the output of the integrator to the zero-
crossing point established in Phase I. The time, or number
of counts, required to do this is proportional to the input
voltage. Since the Deintegrate phase can be twice as long
as the Input Integrate phase, the input voltage required to
give a full scale reading is 2 VRgf.
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Figure 4: Analog Section of Either ICL8052 or ICL8068 with ICL71C03

NOTE: All typical values have been characterized but are not tested.
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Zero-Crossing Flip-Flop

Figure 6 shows the problem that the zero-crossing F/F is

designed to solve.
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Figure 6: Integrator Output Near Zero-Crossing

NOTE: All typical values have been charactenized but are not tested.
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The integrator output is approaching the zero-crossing
point where the count will be latched and the reading dis-
played. For a 20,000 count instrument, the ramp is changing
approximately 0.50 mV per clock pulse (10V max integrator
output divided by 20,000 counts). The clock pulse feed-
through superimposed upon this ramp would have to be
less than 100 pV peak to avoid causing significant errors.

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 one count in every in-
stance, and if a correction were not made, the display would
always be one count too high. Therefore the counter is dis-
abled 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 display. Similarly, a one count delay at the
beginning of phase 1 gives an overload display of 0000 in-
stead of 0001. No delay occurs during phase 2, so that true
ratiometric readings result.
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DETAILED DESCRIPTION
Digital Section

The 71C03 includes several pins which allow it to operate
conveniently in more sophisticated systems. These include:

1. 4Y,/37, (Pin 2). When high (or open) the internal counter
operates as a full 41, decade counter, with a complete
measurement cycle requiring 40,002 counts. When held
low, the least significant decade is cleared and the clock is
fed directly into the next decade. A measurement cycle now
requires only 4,002 clock pulses. All 5 digit drivers are ac-
tive in either case, with each digit lasting 200 counts with
Pin 2 high (4% digit) and 20 counts for Pin 2 low (3, digit).
2. RUN/HOLD) (Pin 4). When high (or open) the A/D will
free-run with equally spaced measurement cycles every
40,002/4,002 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 Pin 4 is held low. A short posi-
tive pulse (greater than 300 ns) will now initiate a new mea-
surement cycle beginning with up to 10,001/1,001 counts of
auto zero. Of course if the pulse occurs before the full mea-
surement cycle (40,002/4,002 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 completed is that the first
STROBE pulse (see below) will occur 101/11 counts after
the end of this cycle. Thus, if RUN/HOLD is low and has
been low for at least 101/11 counts, the converter is hold-
ing and ready to start a new measurement when pulsed
high.

3. STROBE (Pin 18). This is a negative-going output pulse
that aids in transferring the BCD data to external latches,
UARTs or microprocessors. 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 mea-
surement cycle starting 101/11 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 201/21 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 Y, clock pulse width. Similary, after
Digit 5, Digit 4 goes high (for 200/20 clock pulses) and 100/
10 pulses later the STROBE goes negative for the second
time. This continues through Digit 1 (LSD) when the fifth
and last STROBE pulse is sent. The digit drive will continue
to scan (unless the previous signal was over-range) but no
additional STROBE pulses will be sent until a new measure-
ment is available.

NOTE: All typical values have been characterized but are not tested.
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4. BUSY (Pin 28). BUSY goes high at the beginning of sig-
nal integrate and stays high until the first clock pulse after
zero-crossing (or after end of measurement in the case of
an OVER-RANGE). 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 automati-
cally reverts to auto-zero when not BUSY so it may also be
considered an A-Z signal. A very simple means for trans-
mitting the data down a single wire pair from a remote loca-
tion would be to AND BUSY with clock and subtract
10,001/1,001 counts from the number of pulses received—
as mentioned previously there is one “NO-count” pulse in
each Reference Integrate cycle.

5. OVER-RANGE (Pin 4). This pin goes positive when the
input signal exceeds the range (20,000/2,000) of the con-
verter. The output F-F is set at the end of BUSY and is
reset to zero at the beginning of Reference Integrate in the
next measurement cycle.

6. UNDER-RANGE (Pin 13). 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 1800/180 or less)
and is reset at the beginning of Signal Integrate of the next
reading.

7. POLARITY (Pin 3). 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 (+) and (—) readings. The null at this point
should be less than 0.1 LSB. This output becomes valid at
the beginning of Reference Integrate and remains correct
until it is revalidated for the next measurement.

8. Digit Drives (Pins 19, 24, 25, 26 and 27). Each digit
drive is a positive-going signal which lasts for 200/20 clock
pulses. The scan sequence is D5 (MSD), D4, D3, D2 and D4
(LSD). All five digits are scanned even when operating in
the 314 digit mode, and this scan is continuous unless an
OVER-RANGE occurs. Then all Digit drives are blanked
from the end of the STROBE sequence until the beginning
of Reference Integrate, at which time D5 will start the scan
again. This gives a blinking display as a visual indication of
OVER-RANGE.

9. BCD (Pins 20, 21, 22 and 23). The Binary coded decimal
bit Bg, B4, B2 and B4 are positive logic signals that go on
simultaneously with the Digit driver.

H ICL8052/ICL71C03, ICL8068/ICL71C03
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Figure 7: Timing Diagram for Outputs

NOTE: All typical values have been characterized but are not tested.
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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 volt-
age, and conversion rate. These values must be chosen to
suit the particular application.

Integrating Resistor

The integrating resistor is determined by the full scale in-
put voltage and the output current of the buffer used to
charge the integrator capacitor. This current should be
small compared to the output short circuit current such that
thermal effects are kept to a minimum and linearity is not
affected. Values of 5 pA to 40 pA give good results with a
nominal of 20 pA. The exact value may be chosen by

RiNT = Full Scale Voltage

20 pA
*NOTE: If gain is used in the buffer amplifier then—
_ (Buffer Gain) (Full Scale Voltage)
B 20 pA

Integrating Capacitor
The product of integrating resistor and capacitor is select-
ed to give 9V swing for full scale inputs. This is a compro-
mise between possibly saturating the integrator (at +14V)
due to tolerance build-up between the resistor, capacitor
and clock and the errors a lower voltage swing could induce
due to offsets referred to the output of the comparator. In
general, the value of CNT is given by
10,000 (4 Digit)
1000 (3, Digit)
Integrator Output Voltage Swing

A very important characteristic of the integrating capaci-
tor 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 1.0000,
and any deviation is probably due to dielectric absorption.
Polypropylene capacitors give undetectable errors at rea-
sonable cost. Polystyrene and polycarbonate capacitors
may be used in less critical applications.

RiNT

X Clock Period)] X (20 nA)

CinT =

Auto-Zero and Reference Capacitor

The size of the auto-zero capacitor has some influence
on the noise of the system, with a larger value capacitor
giving less noise. The reference capacitor should be large
enough such that stray capacitance to ground from its
nodes is negligible.

When gain is used in the buffer amplifier the reference
capacitor should be substantially larger than the auto-zero
capacitor. As a rule of thumb, the reference capacitor
should be approximately the gain times the value of the
auto-zero capacitor. The dielectric absorption of the refer-
ence 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 read-
ings are not required for the first few seconds of recovery.

Reference Voltage

The analog input required to generate a full scale output
is ViN = 2 VRer-

The stability of the reference voltage is a major factor in
the overall absolute accuracy of the converter. For this rea-
son, it is recommended that an external high quality refer-
ence be used where the ambient temperature is not con-
trolled or where high-accuracy absolute measurements are
being made.

Buffer Gain

At the end of the auto-zero interval, the instantaneous
noise voltage on the auto-zero capacitor is stored and sub-
tracted from the input voltage while adding to the reference
voltage during the next cycle. The result of this is that the
noise voltage is effectively somewhat greater than the input
noise voltage of the buffer itself during integration. By intro-
ducing some voltage gain into the buffer, the effect of the
auto-zero noise (referred to the input) can be reduced to the
level of the inherent buffer noise. This generally occurs with
a buffer gain of between 3 and 10. Further increase in buffer
gain merely increases the total offset to be handled by the
auto-zero loop, and reduces the available buffer and inte-
grator swings, without improving the noise performance of
the system. The circuit recommended for doing this with the
ICL8068/ICL71C03 is shown in Figure 8.

H ICL8052/ICL71C03, ICL8068/ICL71C03
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NOTE: All typical values have been characterized but are not tested.
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ICL8052 vs ICL8068

The ICL8052 offers significantly lower input leakage: cur-
rents than the ICL8068, and may be found preferable in
systems with high input impedances. However, the ICL8068
has substantially lower noise voltage, and is the device of
choice for systems where noise is a limiting factor, particu-
larly in low signal level- conditions.

Max Clock Frequency

The maximum conversion rate of most dual-slope A/D
converters is limited by the frequency response of the com-
parator. The comparator in this circuit is no exception, even
though it is entirely NPN with an open-loop gain-bandwidth
product of 300 MHz. The comparator output follows the in-
tegrator ramp with a 3 s delay, and at a clock frequency of
160 kHz (6 ns 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 50 pV input, 1 to 2
with 150 pV, 2 to 3 at 250 uV etc. This transition at mid-
point is considered desirable by most users. However, if the
clock frequency is increased appreciably above 160 kHz,
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 polarity, the delay of the comparator need not
be a limitation. Since the non-linearity and noise do not in-
crease substantially with frequency, clock rates of up to ap-

proximately 1 MHz may be used. For a fixed clock frequen- .

cy, the extra count or counts caused by comparator delay
will be a constant and can be subtracted out digitally.

The minimum clock frequency is established by leakage

on the auto-zero and reference caps. With most devices, -

measurement cycles as long as 10 seconds give no mea-
surable leakage error.

To achieve maximum rejection of 60 Hz pickup, the signal
integrate cycle should be a muitiple of 60 Hz. Oscillator fre-
quencies of 300 kHz, 200 kHz, 150 kHz, 120 kHz, 100 kHz,
40 kHz, 33/ kHz, etc. should be selected. For 50 Hz rejec-
tion, oscillator frequencies of 250 kHz, 1662/, kHz, 125 kHz,
100 kHz, etc. would be suitable. Note that 100 kHz (2.5
readings/second) will reject both 50 Hz and 60 Hz.

The clock used should be free from significant phase or
frequency jitter. A simple two-gate oscillator and one based
on a CMOS 7555 timer are shown in the Applications sec-
tion. The multiplexed output means that if the display takes
significant current from the logic supply, the clock should
have good PSRR.

NOTE: All typical values have been characterized but are not tested.
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APPLICATIONS

Specific Circuits Using the 8068/71C03
8052/71C03

Figure 9 shows the complete circuit for a +4, digit
(+£200.0 mV full scale) A/D converter with LED readout us-
ing the internal reference of the 8068/52. If an external ref-
erence is used, the reference supply (pin 7) should be con-
nected to ground and the 300 pF reference cap deleted.
The circuit also shows a typical RC input filter. Depending
on the application, the time-constant of this filter can be
made faster, slower, or the filter deleted completely. The .
digit LED is driven from the 7 segment decoder, with a zero
reading blanked by connecting a D5 signal to RBI input of
the decoder.

A voltage translation network is connected between the
comparator output of the 8068/52 and the auto-zero input
of the 71C03. The purpose of this network is to assure that,
during auto-zero, the output of the comparator is at or near
the threshold of the 71C03 logic (+2.5V) while the auto-
zero capacitor is being charged to Vggg (+100.0 mV for a
200.0 mV instrument). Otherwise, even with zero volts in,
some reference integrate period would be required to drive
the comparator output to the threshold level. This would
show up as an equivalent offset error. Once the divider net-
work has been selected, the unit-to-unit variation should
contribute less than a tenth of a count error. A second fea-
ture is the back-to-back diodes, used to lower the noise. In
the normal operating mode they offer a high impedance and
long integrating time constant to any noise pulses charging
the auto-zero cap. At startup or recovery from an overload,
their impedance is low to large signals so that the cap can
be charged up in one auto-zero cycle. The buffer gain does
not have to be set precisely at 10 since the gain is used in
both the integrate and deintegrate phase. For scale factors
other than 200.00 mV the gain of the buffer should be
changed to give a 2V buffer output. For 2.0000V full scale
this means unity gain and for 20,000 mV (1 uV resolution) a
gain of 100 is necessary. Not all 8068As can operate prop-
erly at a gain of 100 since their offset should be less than
10 mV in order to accommodate the auto-zero circuitry.
However, for devices selected with less than 10 mV offset,
the noise performance is reasonable with approximately
1.5 pV near full scale. On all scales less than 200.00 mV,
the voltage translation network should be made adjustable
as an offset trim.
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Figure 9: 8052A (8068A)/71C03A 4/, Digit A~D Converter
The auto-zero cap should be 1 pF for all scales and the ficati Val Unit
reference capacitor should be 1 pF times the gain of the Specification alve nits
buffer amplifier. At this value if the input leakages of the Full Scale Vi 20 200 | 2000 mVv
8052/8068 are equal, the droop effects will cancel giving -
zero offset. This is especially important at high temperature. Buffer Gain 100* 10 1 VIV
Some typical component values are shown in the table be- (RB1 + RB2)
low. For 3%, digit conversion use 12 kHz clock. RB2
vt = 415y, vt =5V, v™ = —15v
Clock Freq. = 120 kHz (4% Digit) or 12 kHz (3% Digit) Rint 100 | 100 | 100 | ko
CinT 022 [ 022 | 022 | uF
Caz 1.0 1.0 1.0 nF
CREF 10 10 1.0 nF
VRErF 10 100 | 1000 mv
Resolution (41 Digit) 1 10 100 nv

*Note comment on offset limitations .above. Buffer gain
does not improve ICL8052 noise performance adequately.

NOTE: All typical values have been characterized but are not tested.
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A suitable circuit for driving a plasma-type display is elements, and can be omitted if not needed. The 2K and 3K
shown in Figure 10. The high voltage anode driver buffer is resistors set the current levels in the display. A similar ar-
made by Dionics. The 3 AND gates and caps driving “BI” rangement can be used with “Nixie”® tubes.
are needed for interdigit blanking of multiple-digit display Nixie® is a registered trademark of Burroughs Corporation.
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Figure 10: ICL8052-8068/71C03A Plasma Display Circuit

NOTE: All typical values have been characterized but are not tested.
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ANALOG AND DIGITAL GROUNDS

Extreme care must be taken to avoid ground loops in the
layout of 8068 or 8052/71C03A circuits, especially in high
sensitivity circuits. It is most important that return currents
from digital loads are not fed into the analog ground line.
Both of the above circuits have considerable current flowing
in the digital ground returns from drivers, etc. A recom-
mended connection sequence for the ground lines is shown
in Figure 11.

Other Circuits for Display Applications

Popular LCD displays can be interfaced to the Output of
the ICL71C03 with suitable display drivers, such as the
ICM7211A as shown in Figure 12. A standard CMOS 4000
series LCD driver circuit is used for displaying the 1, digit,
the polarity, and the “overrange” flag. A similar circuit can
be used with the ICM7212A LED driver. Of course, another
full driver circuit could be ganged to the one shown if re-
quired. This would be useful if additional annunciators were
needed.

Figure 12 shows the complete circuit for a 41, digit
(£2.000V) A/D, again using the internal reference of the
8052A/8068A.

Figure 13 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 blank-
ing the 4 digits. A clock oscillator circuit using the ICM7555
CMOS timer is shown. Some other suitable clock circuits
are suggested in Figures 14 and 15. The 2-gate circuit
should use CMOS gates to maintain good power supply re-
jection.

A problem sometimes encountered with the 8052/68/
71C03 A/D is that of gross over-voltage applied to the in-
put. Voltage in excess of +2.000V may cause the integrator
output to saturate. When this occurs, the integrator can no
longer source (or sink) the current required to hold the sum-
ming junction (Pin 11) at the voltage stored on the auto zero
capacitor. As a result, the voltage across the integrator ca-
pacitor decreases sufficiently to give a false voltage read-
ing. This problem can also show up as large-signal instabili-
ty on overrange conditions. A simple solution to this prob-
lem is to use junction FET transistors across the integrator
capacitor to source (or sink) current into the summing junc-
tion and prevent the integrator amplifier from saturating, as
shown in Figure 16.

BUFFER
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REFERENCE
VOLTAGE

ANALOG SUPPLY

EXTERNAL BYPASS CAPACTORS

REFERENCE

.
]
]
I
BUFFER .
FR Vegr (FF USED) +15V 15V !
+ INPUT ICL71C03 J_ (I UsED) CL8052/68 _I_ _l_ !
v FILTER == PIN 11 PIN 5 !
N AP ANALOG GND Caz ANALOG GND !
' ANALOG
SUPPLY
H RETURN
8068 PIN 2 v
COMPARATOR 1 '
BOARD | ;
EDGE H
)
1
V DiGTAL
SUPPLY
v V RETURN
v DIGITAL GROUND H
LOGIC
ICL71C03 o = '
PIN 15 DEVICE PIN T T T '

Figure 11: Grounding Sequence

+5V SUPPLY BYPASS CAPACITOR(S)
0439-14

NOTE: All typical values have been characterized but are not tested.
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Figure 12: Driving LCD Displays
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NOTE: All typical values have been characterized but are not tested.
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Figure 13: 41/, Digit LCD DPM with Digit Blanking on Overrange
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NOTE: All typical values have been characterized but are not tested.
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Figure 14: CMOS Oscillator

+5V

<

b4 16kQ :: 1kQ

—>
0.22 uF

A

‘b
:: 30ka

A
Vv

<
< 16k

:I.E 390 pF

77

Figure 15: LM311 Oscillator
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Figure 16: Gross Overvoltage Protection Circuit

TO ICL71C03
0439-19

INTERFACING WITH UARTS
AND MICROPROCESSORS

Figure 17 shows a very simple interface between a free-
running 8068/8052/71C03A 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). It 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 16.
Here the UART can instruct the A/D to begin a measure-
ment 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 multiplexer is used to
superimpose polarity, over-range, and under-range onto the
Ds word since in this instance it is known that B, = B4 =
Bg =0.

NOTE: All typical values have been characterized but are not tested.
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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 71C03(A) directly with three pop-
ular microprocessors are shown in Figures 19, 20 and 21.
The main differences in the circuits are that the IM6100 with
its 12 bit word capability can accept polarity, over-range,
under-range, 4 bits of BCD and 5 digits simultaneously
where the 8080/8048 and the MC6800 groups with 8 bit
words need to have polarity, over-range and under-range
multiplexed onto the Digit 5 word—as in the UART circuits.
In each case the microprocessor can instruct the A/D when
to begin a measurement and when to hold this measure-
ment.
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APPLICATION NOTES
A016 “‘Selecting A/D Converters,” by David Fullagar
A017 “The Integrating A/D Converters,” by Lee Evans

A018 “Do’s and Dont’s of Applying A/D Converters,” by
Peter Bradshaw and Skip Osgood

A023 “Low Cost Digital Panel Meter Designs,” by David

Fullagar and Michael Dufort

“Building an Auto-Ranging DMM Using the 8052A/

7103A A/D Converter Pair,” by Larry Goff

R005 “Interfacing Data Converters & Microprocessors,”
by Peter Bradshaw et al, Electronics, Dec. 9, 1976

A028

SERIAL OUTPUT
TO RECEIVING UART

I

TRO
UART
EPE M6402/3 TBRL
TBR
““ 2 3 4 5 & 7 8
b, Dy D, D, B, B, B, Bg
NC — D5 STROBE
71C03/A
POL RUN/HOLD f—oO +5v
0439-20
Figure 17: Simple 71C03/71C03A to UART Interface
TRO RRI DRR
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B EPE TBRL
TBR
"t 23 456 7 8
1Y 2v 3Y ENABLE
740157 15 —-:-I:
(= —
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0V N
L ED
—] D5 R E
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RUN/HOLD 45V
BUSY —-||-——wv—o
100 pf 1
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Figure 18: Complex 71C03/7103A to UART Interface

0439-21

NOTE: All typical values have been characterized but are not tested.
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Figure 19: IM6100 to 71C03/71C03A Interface
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'Figure 20: ICL71C03 to MC6800, Figure 21: ICL71C03 to MCS-48, -80, -85 Interface
MCS650X Interface

NOTE: All typical values have been characterized but are not tested.
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ICL71C03
with ICL8052/8068
INTEGRATING A/D CONVERTER' EQUATIONS

The ICL71C03 does not have an internal crystal or RC
oscillator. It has a clock input only.

Integration Period .

10,000 .
Nt = P (472 Digit)

CLOCK

1,000 )
tint = i (3%, Digit)

CLOCK

Integration Clock Period
tcLock = 1/fcLock
60 Hz/50 Hz Rejection Criterion
tinT/te0 Hz OF tinT/ts50 Hz = Integer
Optimum Integration Current
IinT = 20.0 pA
Full Scale Analog Input Voltage
Vinrs Typ. = 200 mV to 2.0V = 2 VRep
Integrate Resistor -
_ (Buffer Gain) X ViNFs
INT
Integrate Capacitor
Cinr = (tinT) (hinT)
INT =
. VINT

RinNT

Integrator Output Voltage
Vine = (tin) (hin)
INT =
Cint
VinT Typically = 9.0V
Display Count
Vi

—"F (av4 Digit)

Count = 10,000 X
VRl

Vv
Count = 1,000 X —N- (31, Digit)
VREF

NOTE: The 4, digit mode’s LSD will be output as a zero in
the 3V, digit mode.
Output Type:

4 Nibbles BCD with Polarity and Overrange
Power Supply: +15.0V, + 5.0V

vt = +150v.
V- = —15.0V
vt = +50v

Auto Zero Capacitor Values
0.01 uF < Caz < 1.0 uF

Reference Capacitor Value
Crer = (Buffer Gain) X Caz

Signal
Auto Zero Integrate
(Counts) (Fixed Count)
30,001-10,001 10,000
3,001-1,001 1,000

Reference

Integrate
(Counts)
1=20,001 (4-1/2 Digit)
1-2,001 (3-1/2 Digit)

Total Conversion Cycle Time (tsony)

(in Continous Mode)

0439-23

tcony = 40,002 * tc ock (4Y2 Digit Mode)
tconv = 4,002 * tcp ock (32 Digit Mode)

Integrator Output

NOTE: All typical values have been characterized but are not tested.
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GENERAL DESCRIPTION

The Harris ICL7106 and 7107 are high performance, low
power 3'/-digit A/D converters containing all the necessary
active devices on a single CMOS I.C. Included are seven-
segment decoders, display drivers, a reference, and a
clock. The 7106 is designed to interface with a liquid crystal
display (LCD) and includes a backplane drive; the 7107 will
directly drive an instrument-size light emitting diode (LED)
display.

The 7106 and 7107 bring together an unprecedented
combination of high accuracy, versatility, and true economy.
It features auto-zero to less than 10pV, zero drift of less
than 1uV/°C, input bias current of 10 pA max., and rollover
error of less than one count. True differential inputs and
reference are useful in all systems, 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 (7106), enables
a high performance panel meter to be built with the addition
of only 10 passive components and a display.

ORDERING INFORMATION

ICL7106/ICL7107
31/,-Digit LCD/LED
‘Single-Chip A/D Converter

FEATURES

® Guaranteed Zero Reading for 0 Voits Input on All
Scales

® True Polarity at Zero for Precise Null Detection
® 1pA Typical Input Current
® True Differential Input and Reference

© Direct Display Drive — No External Components
Required — LCD ICL7106
—LED ICL7107

® Low Noise - Less Than 15u.V p-p

® On-Chip Clock and Reference

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

® New Small Outline Surface Mount Package Available

Temperature
Part Number Range Package Display Type
ICL7106CPL QO9C to +70°C 40-Pin Plastic DIP Direct Drive LCD
ICL7106RCPL 09C to +70°C 40-Pin Plastic DIP (Note 1) Direct Drive LCD
ICL7106CM44 0°C to +70°C 44-Pin Surface Mount Direct Drive LCD
ICL7107CPL 0°C to +70°C 40-Pin Plastic DIP Common Anode LED
ICL7107RCPL Q9C to +70°C 40-Pin Plastic DIP (Note 1) Common Anode LED
ICL7107CM44 0°C to +70°C 44-Pin Surface Mount Common Anode LED

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

vt Y whosct
12 39[30sc2
[A]= K] 38f30sc3
) eig4 37 3test
24 ads 36 [IREF HI
2| e 35 [IREF LO
[4]'= 14 34 3 Cpert
[3]= E} 33 3 Cpep~
0249 32 [C1COMMON
_ | c2C§101cL7106 (LcD) 31 [N Hi
2 | 8211 1cL7106 (LED) 30 [N LO
2 afg 29A/7
F2]13 28 [IBUFF
E2C]14 27 FJINT
[ o35 6V
= | 8316 25 7362 (TENS)
2) s p2) m IR
E3C]18 23[A3 } 8
(1000) AB4 19 22363 ) &
POLC] 20 21 [F1BP/GND
(MINUS) (7106)(7107)
0335-1

ICL7106CM44 (LCD)

ICL7107CM44 (LED)

0335-2

Figure 1: Pin Configurations

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.

NOTE: All typical values have been characterized but are not tested.

301650-004
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[=)

-

o

ABSOLUTE MAXIMUM RATINGS Po(\;ver D(ss:gat:(on (Note 2) 1000mW )

eramic Package ..............ooeiiein..s mwW =

S g o 15V Plastic Package-DIP ......................... B0OMW @

ICL71 07’ v+ to GND’ """"""""""""""" ey Plastic Package-SOIC ....................... 600mW ©

IOL7107. V=10 GND ... Zov Operating Temperature ................... 0°Cto +70°C o

Analog Input Voltage (either input)(Note 1) ... VFtov- f;‘:;j?rz;e’:ﬁ;?;”{golaé o 10w “esCo+1ere 3

Reference Input Voltage (eitherinput) ......... V+toVv- per fing, 1086C) ..ovvvvvvvnn -

Clock Input

ICL7106 ..ot TESTtoV+
ICL7107 e GNDtoV+

NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indi 1in the op of the specifications is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

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.

ELECTRICAL CHARACTERISTICS (Note3)
Characteristics Test Conditions Min Typ Max Unit
. ViN=0.0V _ . - .
Zero Input Reading Full Scale=200.0mV 000.0 +000.0 +000.0 | Digital Reading
: . " VIN = VHEF .. .
Ratiometric Reading Vegr = 100mV 999 999/1000 1000 Digital Reading
Follover Error (Difference in ~ViN= +ViN=200.0mV 1 £2 +1 Counts
reading for equal positive and
negative inputs near Full Scale)
Linearity (Max. deviation from Full scale=200.0mV
- ) +
best straight line fit) or full scale = 2.000V (Note 6) 1 2 1 Counts
Common Mode Rejection Ratio Vom= +1V,V|y=0V 50 VIV
(Note 4) Full Scale=200.0mV ’
Noise (Pk-Pk value not exceeded | ViN=0V 15 v
95% of time) Full Scale =200.0mV ®
Leakage Current Input Vin=0 (Note 6) 1 10 pA
" N ViN=0 o
Zero Reading Drift 0°<TA<70°C (Note 6) 0.2 1 prV/°C
Scale Factor Temperature ViN=199.0mV
1 5 /°
Coefficient 0°<Tp<70°C ppm/°C
(Ext. Ref. Oppm/°C) (Note 6)
V+ Supply Current (Does not _
include LED current for 7107) ViN=0 08 18 mA
V= Supply Current (7107 only) 0.6 1.8 mA
Analog Common Voltage (With 25kQ between Common &
2.4 2.8 3.2 \'
respect to Pos. Supply) Pos. Supply
Temp. Coeff. of Analog Common | 25kQ between Common & 80 ppm/°C
(With respect to Pos. Supply) Pos. Supply

NOTE: Al typical values have been characterized but are not tested.
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ELECTRICAL CHARACTERISTICS (Note 3) (Continued)

Characteristics Test Conditions Min Typ Max Unit

7106 ONLY
+ -—=

Pk-Pk Segment Drive Voltage V¥ iovm=ov 4 5 6 v
Pk-Pk Backplane Drive Voltage
(Note 5)
7107 ONLY V+=50V
Segment Sinking Current Segment voltage =3V 5 8.0 mA
(Except Pin 19 & 20)
(Pin 19 only) 10 16 mA
(Pin 20 only) 4 7

NOTES 3: Unless otherwise noted, specifications apply to both the 7106 and 7107 at To=25°C, fock=48kHz. 7106 is tested in the circuit of Figure 2. 7107 is

tested in the circuit of Figure 3.
4: Refer to “Differential Input” discussion.

5: 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.
6: Not tested, guaranteed by design.

TEST CIRCUITS

" RS
20 1MNS
Cs

Figure 2: ICL7106 Test Circuit and

Application With Liquid Crystal Display
Components Selected for 200mV Full Scale

0335-3

Typical

NOTE: All typical values have been characterized but are not tested.
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0335-4

Figure 3: ICL7107 Test Circuit and Typical
Application With LED Display
Components Selected for 200mV Full Scale
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p—> TO DIGITAL SECTION

6.2v

CCOMPARATOR

INPUT
Low

Figure 4: Analog Section of 7106/7107

DETAILED DESCRIPTION

Analog Section

Figure 4 shows the Analog Section for the ICL7106 and
7107. Each measurement cycle is divided into three phas-
es. 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 short-
ed 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 ampilifi-
er, integrator, and comparator. Since the comparator is in-
cluded 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 one volt from either sup-
ply. 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 integrat-
ed signal is determined.

De-integrate phase

The final phase is de-integrate, or reference integrate. In-
put low is internally connected to analog COMMON and in-
put high is connected across the previously charged refer-
ence capacitor. Circuitry within the chip ensures that the

NOTE: All typical values have been characterized but are not tested.
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capacitor will be connected with the correct polarity to
cause the integrator output to return to zero. The time ro-
quired for the output to return to zero is proportional to tho
input signal. Specifically the digital reading displayed is
Vin )
1000 (—— .
VREF

Differential input

The input can accept differential voltages anywhere with-
in the common mode range of the input amplifier, or specifi-
cally from 0.5 volts below the positive supply to 1.0 volt
above the negative supply. In this range, the system has a
CMRR of 86 dB 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 0.3 volts of either supply without
loss of linearity. See Application Note A032 for a discussion
of the effects of stray capacitance.

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 capaci-
ty 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 deintegrate a
negative input signal. This difference in reference for posi-
tive or negative input voltage will give a roll-over error. How-
ever, by selecting the reference capacitor such that it is

ICL7106/ICL7107
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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 (7106) or for any system where
the input signals are floating with respect to the power sup-
ply. The COMMON pin sets a voltage that is approximately
2.8 volts 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 attri-
butes 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 (= 15(2), and a temper-
ature coefficient typically less than 80ppm/°C.

The limitations of the on-chip reference should also be
recognized, however. With the 7107, the internal heating
which results from the LED drivers can cause some degra-
dation in performance. Due to their higher thermal resist-
ance, plastic parts are poorer in this respect than ceramic.
The combination of reference Temperature Coefficient
(TC), internal chip dissipation, and package thermal resist-
ance can increase noise near full scale from 25 pV to
80unVp-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 overrange condition. This is
because overrange is a low dissipation mode, with the three
least significant digits blanked. Similarly, units with a nega-
tive TC may cycle between overrange and a nonoverrange
count as the die alternately heats and cools. All these prob-
lems are of course eliminated if an external reference is
used.

The 7106, with its negligible dissipation, suffers from
none of these problems. In either case, an external refer-
ence can easily be added, as shown in Figure 5.

vt v
Y ReF Wi v 6.8k11
e
REF LO L— 7106/7107
7106/7
o 1‘1 REF HIf—=- ict sose
12v
REF L
——
(®) (v)
0335-6

Figure 5: Using an External Reference

NOTE: All typical values have been characterized but are not tested.
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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 in-
stance). In this application, analog COMMON should be tied
to the same point, thus removing the common mode volt-
age from the converter. The same holds true for the refer-
ence voltage. If reference can be conveniently tied to ana-
log 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 2.8 volts 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 over-riding the internal
reference.

TEST

The TEST pin serves two functions. On the 7106 it is
coupled to the internally generated digital supply through a
5000 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 in-
clude on the LCD display. Figures 6 and 7 show such an
application. No more than a 1mA load should be applied.

TO LCD
INTERSIL DECIMAL POINT

IT750

-

TO LCD
BACK PLANE

0335-7
Figure 6: Simple Inverter for Fixed Decimal Point

r—=%==q
V' oep \ H
L
P—lh—\ H

7106 DECIMAL 7 ' TO LCD

POINT A ]
SELECT )D"‘,'— POINTS
/

TEST

_—1*

0335-8
Figure 7: Exclusive ‘OR’ Gate for
Decimal Point Drive
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NOTE: All typical values have been characterized but are not tested.
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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
10mA under these conditions.

Caution: on the 7106, in the lamp test mode, the seg-
ments. have a constant DC voltage (no square-wave) and
may burn the LCD display if left in this mode for several
minutes.

DIGITAL SECTION

Figures 8 and 9 show the digital section for the 7106 and
7107, respectively. In the 7106, an internal digital ground is
generated from a 6 volt Zener diode and a large P channel
source follower. This supply is made stiff to absorb the rela-
tive large capacitive currents when the back plane (BP) volt-
age is switched. 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 5 volts. 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 9 is the Digital Section of the 7107. It is identical to
the 7106 except that the regulated supply and back plane
drive have been eliminated and the segment drive has been
increased from 2 to 8 mA, typical for instrument size com-
mon 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 nega-
tive analog inputs. If IN LO and IN HI are reversed, this
indication can be reversed also, if desired.

System Timing

Figure 10- shows the .clocking arrangement used in the
7106 and 7107. Three basic clocking arrangements can be
used:

1. An external oscillator connected to pin 40.
2. A crystal between pins 39 and 40.
3.  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
deintegrate. 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 fre-
quencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz, 40kHz,
3314kHz, etc. should be selected. For 50Hz rejection, Oscil-
lator frequencies of 200kHz, 100kHz, 662/ kHz, 50kHz,
40kHz, etc. would be suitable. Note that 40kHz (2.5 read-
ings/second) will reject both 50 and 60Hz (also 400 and
440Hz).

NOTE: All typical values have been characterized but are not tested.
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Figure 10: Clock Circuits

COMPONENT VALUE SELECTION

Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 100p.A -of quiescent ‘current. They can
supply 4pA of drive current with negligible non-linearity. 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 2 volt full scale, 470kQ is near optimum
and similarly a 47kQ for a 200.0 mV scale.

Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance build-up will
not saturate the integrator swing (approx. 0.3 volt from ei-
ther supply). In the 7106 or the 7107, when the analog
COMMON is used as a reference, a nominal =2 voit full
scale integrator swing is fine. For the 7107 with +5 volt
supplies and analog COMMON tied to supply ground, a
+3.5 to +4 volt swing is nominal. For three readings/sec-
ond (48kHz clock) nominal values for CyyT are 0.22uF and
0.10pF, respectively. Of course, if different oscillator fre-
quencies are used, these values should be changed in in-
verse 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 undetect-
able 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 recommend-
ed. On the 2 volt scale, a 0.047uF capacitor increases the
speed of recovery from overload and is adequate for noise
on this scale.

Reference Capacitor

A 0.1uF capacitor gives good results in most applica-
tions. 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 100k resistor is recom-
mended and the capacitor is selected from the equation

0.45
f=R—C. For 48kHz clock (3 readings/second), C=100pF.

Reference Voltage

The analog input required to generate full-scale output
(2000 counts) is: Vi =2VRgr. Thus, for the 200.0mV and
2.000 volt scale, Vref should equal 100.0 mV and 1.000 volt,
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 200.0mV; the designer should use the input voltage di-
rectly and select VRgr=0.341V. Suitable values for inte-
grating resistor and capacitor would be 120k and 0.22uF.
This makes the system slightly quieter and also- avoids a
divider network on the input. The 7107 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 Vjy#0. Temperature and weighing systems with a vari-
able tare are examples. This offset reading can be conve-
niently generated by connecting the voltage transducer be-
tween IN Hl and COMMON and the variable (or fixed) offset
voltage between COMMON and IN LO.

7107 Power Supplies

The 7107 is designed to work from +5V supplies. How-
ever, if a negative supply is not available, it can be generat-
ed from the clock output with 2 diodes, 2 capacitors, and an
inexpensive |.C. Figure 11 shows this application. See
ICL7660 data sheet for an alternative.

NOTE: All typical values have been characterized but are not tested.

2-37

- ICL7106/ICL7107

v
I U 1
Viosc1 | cosos -

' 1
0SCZ-AAAY | ! iIN9 14
0SC 3 : lomr +
7107 ! : 104F
| H iN914 [~
1 ]
] 1
1 1
GND H H
¥ S O J
VT=-33v
0335-12

Figure 11: Generating Negative Supply

from +5V

In fact, in selected applications no negative supply is re-
quired. 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 *+1.5 volts.
3.  An external reference is used.

TYPICAL APPLICATIONS

The 7106 and 7107 may be used in a wide variety of
configurations. The circuits which foliow show some of the
possibilities, and serve to illustrate the exceptional versatili-
ty of these A/D converters.
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Figure 12: 7106 using the internal reference.
Values:shown are for 200.0 mV full scale,
3 readings per second, floating supply
voltage (9V battery).
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Figure 13: 7107 using the internal reference.
Values shown are for 200.0mV full scale, 3
readings per second. 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.)
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0335-16
Figure 15: 7107 with Zener diode reference.
Since low T.C. zeners have breakdown voltages
~ 6.8V, diode must be placed across the total
supply (10V). As in the case of Figure 15, INLO
may be tied to either COMMON or GND.

vt

7107 'ﬂ:"‘ !
osc1 % T00K11
osc 2
osc 31— s"/Vnes = 100.0mV
TEST ] Y o s
REF Wi [ 10K 10KN
Rer Lo [
CREF[TT—a,
crer 3T O™ T2V (ICL8069)
c [ M0
w5
weof———— FTOWF
'z [oOATaE M
surF [ T i
o = 5aar |
M — ) v
G2 [ ] ]
c |
~FB TO DISPLAY !
= ]
Gy E 1
L J.
2

0335-15

Figure 14: 7107 with an external band-gap
reference (1.2V type). IN LO is tied to COMMON,
thus 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 pre-
regulator for the reference. If COMMON is
shorted to GND, the input is single ended
(referred to supply ground) and the pre-

regulator is over-ridden.
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Figure 16: 7106/7107: Recommended
component values for 2.000V full scale.

NOTE: Al typical values have been characterized but are not tested.
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Figure 17: 7107 operated from single +5V
supply. 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.
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Figure 18: 7107 measuring ratiometric values of
Quad Load Cell. The resistor values within the
bridge are determined by the desired sensitivity.

0335-20
Figure 19: 7106 used as a digital centigrade
thermometer. 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 100.0 reading.

NOTE: All typical values have been characterized but are not tested.
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Figure 20: Circuit for developing Underrange
and Overrange signals from 7106 outputs.
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with heavy display loading.
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Figure 21: Circuit for developing Underrange
and Overrange signals from 7107 outputs. The
LM339 is required to ensure logic compatibility

ICL7106/ICL7107

APPLICATION NOTES

A016
A017
A018

A023

A032

A046

A052

“Selecting A/D Converters”, by David Fullagar.
“The Integrating A/D Converter”, By Lee Evans.
“Do’s and Don’ts of Applying A/D Converters”, by
Peter Bradshaw and Skip Osgood.

“Low Cost Digital Panel Meter Designs”, by David
Fullagar and Michael Dufort.

“Understanding the Auto-Zero and Common Mode
Performance of the ICL7106/7/9 Family”, by Peter
Bradshaw.

“Building a Battery-Operated Auto Ranging DVM
with the IGL7106", by Larry Goff.

“Tips for Using Single-Chip 31/,-Digit A/D Convert-
ers”, by Dan Watson.
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Figure 22: AC to DC Converter with 7106. TEST is used as a common mode reference level to ensure
compatibility with most op-amps.
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NOTE: All typical values have been characterized but are not tested.
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Figure 23: Display Buffering for increased drive current. Requires
four DM7407 Hex Buffers. Each buffer is capable of sinking 40 mA.

NOTE: Al typical values have been characterized but are not tested.
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ICL7106/07
INTEGRATING A/D CONVERTER
EQUATIONS
Oscillator Frequency Conversion cycle
fosc = 0.45/RC tcyc = tcLock X 4000
Cosc > 50pF; Rosc > 50KQ tcyc = tosc X 16,000
fosc typ. = 48KHz when fosc = 48KHz; tcyc = 333mS
Oscillator Period Common Mode Input Voltage
tosc = RC/0.45 (V- + 1.0V) < Vjy < (VT — 0.5V)
Integration Clock Frequency Auto Zero Capacitor
fcLock = fosc/4 0.01uF < Caz < 1.0 uF
Integration Period Reference Capacitor
tint = 1000 X (4/fosc) 0.1uF < Cggf < 1.0 uF
60/50 Hz Rejection Criterion Vcom
thT/tSOHZ or tINT/t50HZ = Integer Biased between V+ and V—.
Optimum Integration Current Voom = V*+ —28V
Regulation lost when V+ to V- < =6.4V.

IinT = 4.0pA
Full Scale Analog Input Voltage
VinFs Typically = 200mV or 2.0V

If Vcom is externally pulled down to
(V+ to V—)/2, the Vcom circuit will

Int Resist turn off.
ntegrate V:::: or ICL7106 Power Supply: Single 9V
R|N1'=-—I—- vVt — V- =9V
INT Digital supply is generated internally
Integrate Capacitor Vgnp = VT —4.5V
t Nt ICL7106 Display: LCD
CInT = (tinT)(hinT) Type: Direct drive with digital
ViNT logic supply amplitude.
: +
Integrator Output Voltage Swing IC‘I;110=7 I:_o;v 3{, f:':;% Dual +5.0V
4 ) V- = —5.0V to GND
VinNT = (tin)(int) Digital Logic and LED driver supply
Cint V+ to GND
. ICL7107 Display: LED
Vint Maximum Swing: Type: Non-Multiplexed Common Anode

(V= + 0.5V) < Vit < (VT — 0.5V)
VinT typically = 2.0V
Display Count

COUNT = 1000 X 4N
VREF

AUTOZERO INTEGRATE DEINTEGRATE
(COUNTS) (FIXED COUNT) (COUNTS)
2999-1000 1000 0~-1999

Total Conversion Time = 4000 * t¢; ¢k = 16,000 * togc
0335-26

Figure 24

NOTE: All typical values have been characterized but are not tested.
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GENERAL DESCRIPTION

The Harris ICL7116 and 7117 are high performance, low
power 3-1, digit A/D converters. All the necessary active
devices are contained on a single CMOS |.C,, including sev-
en segment decoders, display drivers, reference, and a
clock. The 7116 is designed to interface with a liquid crystal
display (LCD) and includes a backplane drive; the 7117 will
directly drive an instrument-size common anode light emit-
ting diode (LED) display.

The 7116 and 7117 have almost all of the features of the
7106 and 7107 with the addition of a HoLD Reading input.
With this input, it is possible to make a measurement and
then retain the value on the display indefinitely. To make
room for this feature the reference input has been refer-
enced to Common rather than being fully differential. These
circuits retain the accuracy, versatility, and true economy of
the 7106 and 7107. They feature auto-zero to less than
10wV, zero drift of less than 1uV/°C, input bias current of
10pA maximum, and roll over error of less than one count.

ICL7116 /7117

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

FEATURES

® HoLD Reading Input Allows Indefinite Display Hold
® Guaranteed Zero Reading for 0 Volts Input

® True Polarity at Zero for Precise Null Detection

® 1pA Input Current Typical

® True Differential Input

® Direct Display Drive — No External Components
Required — LCD ICL7116
— LED ICL7117

® Low Noise — Less Than 15,V pk-pk Typical

® On-Chip Clock and Reference

® Low Power Dissipation — Typically Less Than 10mW
© No Additional Active Circuits Required

© New Small Outline Surface Mount Package Available

ORDERING INFORMATION

The versatility of trqe differential input is of particular advan- part Temperature Display
tage when measuring load cells, strain gauges and other

N . Number Range Package Type
bridge-type transducers. And finally, the true economy of
single power supply operation (7116) enables a high per- ICL7116CPL | 0°Cto+70°C | 40 Pin Plastic DIP LCD
formance panel meter to be built with the addition of only ICL7116CM44 | 0°Cto +70°C | 44 Pin Surface Mount LCD
eleven passive components and a display. ICL7117CPL | 09C10+70°C | 40 Pin Plastic DIP LED

~
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ICL7116 (LCD)
ICL7117 (LED)
9 32

(TENS)
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0338-1
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Figure 1: Pin Configurations

HARRIS SEMICONDUCTOR'’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.
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ABSOLUTE MAXIMUM RATINGS

ICL7116

Supply Voltage (Vt toV™) ...oooeiiiiiiiiinnn.. 15V
Analog Input Voltage (either input) (Note 1) ..... V+tioVv-
Reference Input Voltage (eitherinput) ......... Vttov-
HLDR, Clock Input ...........cooiiiinnnn.. TesttoV+
Power Dissipation (Note 2)

Ceramic Package 1000mwW

PlasticPackage .........cccoviiiivnennennnn. 800mwW
Operating Temperature ................... 0°Cto +70°C

Storage Temperature ................ —65°C to +150°C
Lead Temperature (Soldering, 10sec) ............. 300°C

ICL7116/7117

ICL7117

Supply Voltage V+

Vo e
Analog Input Voltage (either input) (Note 1)
Reference Input Voltage (either input)
HLDR, Clock Input
Power Dissipation (Note 2)

CeramicPackage .............cccovviiuennn, 1000mwW
PlasticPackage ...............coviiiiintn 800mwW
Operating Temperature ................... 0°C to +70°C
Storage Temperature ................ —65°C to +150°C

Lead Temperature (Soldering, 10sec) ............. 300°C

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

Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board.

NOTE: Stresses above those listed under *“Absolute Maximum Ratings” may cause pennanent damaga to the device. These are stress ratings only and functional

operation of the device at these or any other conditions above those indi in the op of the specifications is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.
ELECTRICAL CHARACTERISTICS (Note3)
Parameter Test Conditions Min Typ Max Unit
Zero Input Readin Vin=0.0V —000.0 | +0000 | +000.0 | Digital Readin
s 9 Full Scale=200.0mV - ; : @ 9
" . . ViN=VREF - "
Ratiometric Reading Vier=100mV 999 999/1000 1000 Digital Reading
Rollover Error (Difference in |Vin| = 200.0mv -1 +0.2 +1 Counts.
reading for equal positive and
negative reading near Full Scale)
Linearity (Max. deviation from Full Scale=200mV
- +
best straight line fit) or Full-Scale=2.000V (Note 7) 1 £0.2 + Counts
Common Mode Rejection Ratio Vom= 1V, V|N=0V, 50 VIV
(Note 4) Full Scale=200.0mV s
Noise (Pk — Pk value not exceeded | Vy=0V 15 v
95% of time) Full Scale =200.0mV »
Leakage Current @ Input Vin=0V (Note 7) 1 10 PA
" . ViN=0 o
Zero Reading Drift 0°C<TA<70°C (Note 7) 0.2 1 pVv/°C
Scale Factor Temperature ViN=199.0mV o
Coefficient 0°C<Tp<70°C 1 5 ppm/°C
(Ext. Ref. Oppm/°C) (Note 7)
V+ Supply Current (Does not _
include LED current for 7117) Vin=0 08 18 mA
V-~ Supply Current (7117 only) 0.6 1.8 mA
Analog Common Voltage (With 25k between COMMON
24 2.8 3.2 v
respect to pos. supply) & pos. Supply
Temp. Coeff. of Analog Common 25k between COMMON 80 m/°C
(with respect to pos. Supply) & pos. Supply PP
Input Resistance, Pin 1 (Note 6) 30 70 kQ
Vi, Pin 1 (7116 only) TEST+1.5 Vv

NOTE: All typical values have been characterized but are not tested.
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N
ELECTRICAL CHARACTERISTICS (Note 3) (Continued) ®
Parameter Test Conditions Min Typ Max Unit E
Vi, Pin 1 (7117 only) GND+1.5 \" (_)
V|4, Pin 1 (Both) Vt+-15 \'
7116 ONLY 4 5 6
+_\y—=
Pk-Pk Segment Drive Voltage VEovT=ov 4 5 6 v
Pk-Pk Backplane Drive Voitage
(Note 5)
7117 ONLY
+=
Segment Sinking Current vr=50v
(Except Pin 19 and 20) Segment Voltage=3V 5 8.0
(Pin 19 only) 10 16 mA
(Pin 20 only) 4 7

NOTES: 3. Unless otherwise noted, specifications apply to both the 7116 and 7117 at Tp=25°C, f¢jock=48kHz. 7116 is tested in the circuit of Figure 2. 7117 is
tested in the circuit of Figure 3.
4. Refer to “Differential Input” discussion.
5. Back plane drive is in phase with drive for ‘off’
DC component is less than 50mV.
6. The 7116 logic input has an internal pull-down resistor connected from HLDR, pin 1, to TEST, pin 37. The 7117 logic input has an internal pull-down

180° out of phase for ‘on’ segment. Frequency is 20 times conversion rate. Average

resistor connected from HLDR, pin 1 to GROUND, pin 21.
7. Not tested, guaranteed by design.

TEST CIRCUITS

0338-4

Figure 3: ICL7117 Test Circuit and Typical
Application With LED Display

0338-3
Figure 2: ICL7116 Test Circuit and Typical
Application With Liquid Crystal Display

NOTE: All typical values have been characterized but are not tested.
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DETAILED DESCRIPTION

Analog Section

Figure 4 shows the Analog Section for the ICL7116 and
7117. Each measurement cycle is divided into three phas-
es. 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 short-
ed 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 amplifi-
er, integrator, and comparator. Since the comparator is in-
cluded 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 10pV.

Signal Integrate phase

During signal integrate, the auto-zero loop is opened, the
internal short is removed, and the internal input high and

ICL7116/7117

low are connected to the external 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; 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 COMMON to establish the correct common-mode
voltage. At the end of this phase, the polarity of the integrat-
ed signal is determined.

De-integrate phase

The final phase is de-integrate, or reference integrate. In-
put low is internally connected to analog COMMON and in-
put high is connected across the previously charged refer-
ence 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 re-
quired for the output to return to zero is proportional to the
input signal. Specifically the digital reading displayed is

Vin .
1000 (Vref)'

@-——------=1
%
°

p——= TO DIGITAL SECTION

COMPARATOR

INPUT
Low

wz
IN M 3
' INT OE (-) A DE ()|
' az
) arz
v OE () OE ()
P
a4
: %z & 0E(2)
30
N LO:
1 Wt
L —%
b4

Figure 4: Analog Section of 7116/7117

0338-5

NOTE: All typical values have been characterized but are not tested.

2-46



Differential Input

The input can accept differential voltages anywhere with-
in the common mode range of the input amplifier; or specifi-
cally from 0.5 volts below the positive supply to 1.0 volt
above the negative supply. In this range the system has a
CMRR of typically 86dB. However, since the integrator also
swings with the common mode voltage, care must be exer-
cised to assure the integrator output does not saturate. A
worse case condition would be a large positive common-
mode voltage with a near full-scale negative differential in-
put 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 swing can be reduced to less than the
recommended 2V full scale swing with little loss of accura-
cy. The integrator output can swing # within 0.3 volts of
either supply without loss of linearity. See Application Note
A032 for a discussion of the effects of stray capacitance.

Reference

The reference input must be generated as a positive volt-
age with respect to COMMON. Note that current flowing in
the COMMON pins’ internal resistance causes a slight shift
in the effective reference voltage, disturbing ratiometric
readings at low reference inputs. If possible, do not let this
current vary.

Analog COMMON

This pin is included primarily to set the common mode
voltage for battery operation (7116) or for any system where
the input signals are floating with respect to the power sup-
ply. The COMMON pin sets a voltage that is approximately
2.8 volts less than the positive supply. This is selected to
provide proper operation with a minimum end-of-life battery
voltage of about 6V. However, analog COMMON does have
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 volt-
age coefficient (.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 7117, the internal heating
which results from the LED drivers can cause some degra-
dation in performance. Due to their higher thermal resist-
ance, plastic parts are poorer in this respect than ceramic.
The combination of reference Temperature Coefficient
(TC), internal chip dissipation, and package thermal resist-
ance can increase noise near full scale from 25uV to
80nVpk-pk. Also the linearity in going from a high dissipa-
tion count such as 1000 (20 segments on) to a low dissipa-
tion 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 overload condition.
This is because overload is a low dissipation mode, with the
three least significant digits blanked. Similarly, units with a
negative TC may cycle between overload and a nonover-
load count as the die alternately heats and cools. All these
problems are of course eliminated if an external reference is
used.

The 7116, with its negligible dissipation, suffers from
none of these problems. In either case, an external refer-
ence can easily be added, as shown in Figure 5.

NOTE: All typical values have been characterized but are not tested.

2-47

ICL7116/7117

Analog COMMON is also the voltage that input low re-
turns to during auto-zero and de-integrate. If IN LO is differ-
ent 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 in-
stance). In this application, analog COMMON should be tied
to the same point, thus removing the common mode volt-
age from the converter.

Vr

6.8Kk1)

6.8 VOLT
ZENER

REF HI| 7116/71117

ICL 8069
1.2V REFERENCE

COMMON 1'1 REF Hi|—

716/7T117
COMMON

(@) (b)

0338-6
Figure 5: Using an External Reference

Within the IC, analog COMMON is tied to an N channel
FET that can sink 30mA or more of current to hold the volt-
age 2.8 volts below the positive supply (when a load is try-
ing 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 over-riding the internal refer-
ence.

TEST

The TEST pin serves two functions. On the 7116 it is
coupled to the internally generated digital supply through a
5000 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 in-
clude on the LCD display. Figures 6 and 7 show such an
application. No more than a 1mA load should be applied.

TO LCD
DECIMAL POINT

TO LCD
BACK PLANE

0338-7
Figure 6: Simple Inverter for Fixed Decimal Point
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0338-8
Figure 7: Exclusive ‘OR’ Gate for
Decimal Point Drive

The second function is a “lamp test’. When TEST is
pulled to high (to V+) all segments will be turned on and the
display should read — 1888. [Caution: on the 7116, in the
lamp test mode, the segments have a constant DC volt-
age (no square-wave) and will burn the LCD display if
left in this mode for several minutes.]

DIGITAL SECTION

Figures 8 and 9 show the digital section for the 7116 and
7117, respectively. In the 7116, an internal digital ground is
generated from a 6 volt Zener diode and a large P channel
source follower. This supply is made stiff to absorb the rela-
tive large capacitive currents when the back plane (BP) volt-
age is switched. 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 5 volts. 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.

NOTE: All typical values have been characterized but are not tested.
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Figure 9 is the Digital Section of the 7117. It is identical to
that of the 7116 except the regulated supply and back plane
drive have been eliminated and the segment drive has been
increased from 2 to 8mA, typical for instrument size com-
mon 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 indicator is ON for negative
analog inputs. This can be reversed by simply reversing IN
LO and IN HL.

HOLD Reading Input

The HLDR input will prevent the latch from being updated
when this input is at a logic “1”. The chip will continue to
make A/D conversions, however, the results will not be up-
dated to the internal latches until this input goes low. This
input can be left open or connected to TEST (7116) or
GROUND (7117) to continuously update the display. This
input is CMOS compatible, and has a 70k typical resist-
ance to either TEST (7116) or GROUND (7117).
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Figure 8: Digital Section 7116

NOTE: All typical values have been characterized but are not tested.
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Figure 9: Digital Section 7117
System Timing
Figure 10 shows the clocking arrangement used in the
7116 and 7117. Three basic clocking arrangements can be
used:
1. An external oscillator connected to pin 40.
2. A crystal between pins 39 and 40.
3.  AnR-C oscillator using all three pins. GND 7117
The oscillator frequency is divided by four before it clocks OIBSTIIE . 12 EXTERNAL SIGNAL
the decade counters. It is then further divided to form the : INTERNAL TO PART
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 L Q40- === TSS- ---038
deintegrate. This makes a complete measure cycle of 4,000 |]
(16,000 clock pulses) independent of input voltage. For f o oo oo e e e = 2 CRYSTAL OSCILLATOR
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 fre- , ,
quencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz, 40kHz, . .
3314kHz, etc. should be selected. For 50Hz rejection, Oscil-
lator frequencies of 200kHz, 100kHz, 662/3kHz, 50kHz,
40kHz, etc. would be suitable. Note that 40kHz (2.5 read- 3. RC OSCILLATOR
ings/second) will reject both 50 and 60Hz (also 400 and :
440Hz). 0338-11

NOTE: All typical values have been characterized but are not tested.
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COMPONENT VALUE SELECTION

Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 100pnA of quiescent current. They can
supply 20pA of drive current with negligible non-linearity.
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 2 volts full scale, 470k is near
optimum and similarly a 47kQ resistor is optimum for a
200.0mV scale.

Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance build-up will
not saturate the integrator swing (approx. 0.3 volt from ei-
ther supply). In the 7116 or the 7117, when the analog
COMMON is used as a reference, a nominal +2 voit full
scale integrator swing is fine. For the 7117 with =5 volt
supplies and analog common tied to supply ground, a +3.5
to +4 volt swing is nominal. For three readings/second
(48kHz clock), nominal values for Gt are 0.22uF and
0.10uF, respectively. Of course, if different oscillator fre-
quencies are used, these values should be changed in in-
verse proportion to maintain the same output swing.

An additional requirement of the integrating capacitor is it
have low dielectric absorption to prevent roll-over errors.
While other types of capacitors are adequate for this appli-
cation, 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 recommend-
ed. On the 2 volt scale, a 0.047uF capacitor increases the
speed of recovery from overload and is adequate for noise
on this scale.

Reference Capacitor

A 0.1pF capacitor gives good results in most applica-
tions. If rollover errors occur a larger value, up to 1.0uF may
be required.
Oscillator Components

For all ranges of frequency a 100k resistor is recom-

mended and the capacitor is selected from the equation -

0.45
zﬁ. For 48kHz clock (3 readings/second), C=100pF.

Reference Voltage

The analog input required to generate full-scale output
(2000 counts) is: Vin=2VRger. Thus, for the 200.0mV and
2.000 volt scale, Vger should equal 100.0mV and 1.000
volt, 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

NOTE: All typical values have been charactenized but are not tested.
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digital reading. For instance, in a weighing system, the de-
signer might like to have a full scale reading when the volt-
age from the transducer is 0.682V. Instead of dividing the
input down to 200.0mV, the designer should use the input
voltage directly and select Vggr=0.341V. Suitable values
for integrating resistor and capacitor would be 120kQ and
0.22pF. This makes the system slightly quieter and also
avoids a divider network on the input. The 7117 with +5
volts supplies can accept input signals up to +4 volts. An-
other advantage of this system occurs when a digital read-

ing of zero is desired for V|y+0. Temperature and weighing-

systems with a variable tare are examples. This offset read-
ing can be conveniently generated by connecting the volt-
age transducer between IN HI and COMMON and the vari-
able (or fixed) offset voltage between COMMON and IN LO.

7117 Power Supplies

The 7117 is designed to work from *5 volt supplies.
However, if a negative supply is not available, it can be gen-
erated from the clock output with 2 diodes, 2 capacitors,
and an inexpensive |.C. Figure 11 shows this application.
See ICL7660 data sheet for an alternative.

1
v+
0sC1
0SC 2]
osc
™m7
GND
'3
|
0338-12
Figure 11: Generating Negative Supply
i from +5v

In fact, in selected applications no negative supply is re-
quired. 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 *1.5 volts in magnitude.
3.  An external reference is used.

TYPICAL APPLICATIONS

The 7116 and 7117 may be used in a wide variety of
configurations. The circuits which follow show some of the
possibilities, and serve to illustrate the exceptional versatili-
ty of these A/D converters.

ICL7116/7117
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7116
~ osc1

To0KN
gscaf— VV;::quvnsr-imv

100pF

REF Hi

v+
cReF
c er [} 01F

JUUUUUL

INHI
INLO

[
]

=
BUFF A =
=

C3
TO DISPLAY

BP ' ——= TO BACK PLANE

L JUUUOUUUL

0338-13
Figure 12: 7116 using the internal reference.
Values shown are for 200.0mV full scale,
3 readings per second, floating supply

7116/7117 40
—~——
osc 1]
osc2[3 AAA woxu}
osc 3} 1} Set VREF = 1.000V
TEST [ 100pF J/
REF HI []

v- A L ovs
CREFIF—0  f] 25K 24Kn
CReF[}—T ¥

COMMON [ }—9¢ Mo .
INHI[T] 28— AAA
INLO[T] TOwF N
wz 27 470K11 -
BUFF []

INT L ET

v Tl V-

G: ]

.

a0 } 7O DIsPLAY

63 [ :

BP/GND :]
21
0338-15

Figure 14: 7116/7117: Recommended
component values for 2.000V full scale.

voltage (9V battery).
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Figure 13: 7117 using the internal reference.
Values shown are for 200.0mV full scale, 3
readings per second. IN LO may be tied to either
COMMON for inputs fioating with respect to
supplies, or GND for single ended inputs. (See
discussion under Analog Common.)
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100K11
osc2 }———'\/\/\'q Set VREF = 100.0mV
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C
As } TO DISPLAY
(]
GND

0338-16
Figure 15: 7117 operated from single +5V
supply. 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.

NOTE: All typical values have been characterized but are not tested.
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0338-17
Figure 16: 7117 measuring ratiometric values of
Quad Load Cell. The resistor values within the
bridge are determined by the desired sensitivity.

APPLICATION NOTES

A016
A017
A018

A023

A032

A046

A047

A052

“Selecting A/D Converters,” by David Fullagar.
“The Integrating A/D Converter,” by Lee Evans.
“Do’s and Don’ts of Applying A/D Converters,” by
Peter Bradshaw and Skip Osgood.

“Low Cost Digital Panel Meter Designs,” by David
Fullagar and Michael Dufort.

“Understanding the Auto-Zero and Common-Mode
Behavior of the ICL7106/7/9 Family,” by Peter
Bradshaw.

“Building a Battery-Operated Auto Ranging DVM
with the ICL7106,” by Larry Goff.

“Games People Play with Harris’ A/D Converters,”
edited by Peter Bradshaw.

“Tips for Using Single-Chip 3'/,-Digit A/D Convert-
ers,” by Dan Watson.

NOTE: All typical values have been characterized but are not tested.
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Figure 17: 7116 used as a digital centigrade
thermometer. 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 100.0 reading.
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ICL7116/17
INTEGRATING A/D CONVERTER
EQUATIONS

Oscillator Frequency Conversion Cycle

fosc = 0.45/RC tcyc = tcLock X 4,000

Cosc = 50 pF; Rosc > 50 kQ tcyc = tosc X 16,000

fosc typ. = 48 kHz when fosc = 48 kHz, tcyc = 333 ms
Oscillator Period Common Mode Input Voltage

tosc = RC/0.45 (V- + 1.0V) < Vjy < (V+ — 0.5V)
Integration Clock Frequency Auto Zero Capacitor

fcLock = fosc/4 0.01 uF < Caz < 1.0 uF
Integration Period Reference Capacitor

tint = 1000 X (4/fosc) 0.1 pF < Crgf < 1.0 uF
60/50 Hz Rejection Criterion Vcom

tinT/te0 Hz OF tinT/ts50 Hz = Integer Biased between V" and V™.
Optimum Integration Current. Vcom = V+ — 2.8V

IiNT = 4.0 pA Regulation lost when V+ to V- <= 6.4V.
Full Scale Analog Input Voltage If Vcom is externally pulled down to (V' to V7)/2,

VinFs typically = 200 mV or 2.0V the Vcom circuit will turn off.
Integrate Resistor . ICL7116 Power Supply: Single 9V

_ (Vinrs) vVt — V- =9V
B INT Digital supply is generated internally
Integrate Capacitor Vgnp = VT — 45V
(ttinT)(hNT) ICL7116 Display: LCD

Cint = VinNT Type: Direct drive with digital

Integrator Output Voltage Swing logic supply amplitude.

ICL7117 Power Supply: Dual +5.0V
CINT V+ = +5.0V to GND
ViNT Maximum Swing: V= = —6.0V to GND
(V= + 0.5V) < VT < (V* — 0.5V) Digital Logic and LED driver supply: V+ to GND.
ICL7117 Display: LED
Type: Non-Multiplexed Common Anode

VinT = (tinT)(hin)

VINT typically = 2.0V
Display Count
IN

COUNT = 1000 x Vi
VREF

AUTOZERO INTEGRATE DEINTEGRATE
(COUNT) (FIXED COUNT) (COUNT)
2999-1000 1000 0-1999

0338-19

Total Conversion Time = 4000 * tc_ock = 16,000 * tosc

NOTE: All typical values have been characterized but are not tested.
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SEMICONDUCTOR

GENERAL DESCRIPTION

The Harris ICL7126 is a high performance, very low pow-
er 3%,-digit A/D converter. All the necessary active devices
are contained on a single CMOS IC, including seven seg-
ment decoders, display drivers, reference, and clock. The
7126 is designed to interface with a liquid crystal display
(LCD) and includes a backplane drive. The supply current is
100pA, ideally suited for 9V battery operation.

The 7126 brings together an unprecedented combination
of high accuracy, versatility, and true economy. It features
auto-zero to less than 10pV, zero drift of less than 1uV/°C,
input bias current of 10pA max., and rollover error of less
than one count. The versatility of true differential input and
reference is useful in all systems, but gives the designer an
uncommon advantage when measuring load cells, strain
gauges and other bridge-type transducers. And finally the
true economy of single power supply operation allows a
high performance panel meter to be built with the addition
of only 10 passive components and a display.

The ICL7126 can be used as a plug-in replacement for
the ICL7106 in a wide variety of applications, changing only
the passive components.

ICL7126
314-Digit Low-Power
Single-Chip A/D Converter

FEATURES
® 8,000 Hours Typical 9 Volt Battery Life

© Guaranteed Zero Reading for 0 Volts Input On All
Scales

® True Polarity at Zero for Precise Null Detection

® 1pA Typical Input Current

© True Differential Input and Reference

® Direct LCD Display Drive — No External Components
Required

® Pin Compatible With The ICL7106

® Low Noise — Less Than 15uVp-p

® On-Chip Clock and Reference

® Low Power Dissipation Guaranteed Less Than 1mW

¢ No Additional Active Circuits Required

ORDERING INFORMATION

Part Number Ten:;::;ure Package
ICL7126CPL 0°Cto +70°C | 40-Pin Plastic DIP
ICL7126RCPL | 0°Cto +70°C | 40-Pin Plastic DIP*
ICL7126CDL 0°Cto +70°C | 40-Pin Ceramic DIP

ICL7126CJL 0°Cto +70°C | 40-Pin CERDIP

* “R” indicates device with reversed leads.

(UNITS)

ICL7126

0339-1

Figure 1: Pin Configuration

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.
NOTE: All typical values have been characterized but are not tested.
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage (V*t toV=) ....ooiiiiiianat.. 15V
Analog Input Voltage (Either Input) (Note 1) .... V*+ toV—
Reference Input Voltage (Either Input) ......... Vtitov—
ClockInput .....oooviiiiiiiiiiiiiiii, TESTtoV+

ICL7126

Power Dissipation (Note 2)

CeramicPackage ...............coooiiiininnn 1000mW
PlasticPackage ..................coooiiiia, 800mwW
Operating Temperature ................... 0°Cto +70°C
Storage Temperature ................ —65°Cto +150°C
Lead Temperature (Soldering, 10sec) ............. 300°C

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

NOTE 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board.

NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS (Note3)
Characteristics Test Conditions Min Typ Max Unit
" ViN=0.0V _ 4 - .
Zero Input Reading Full Scale = 200.0mV 000.0 +000.0 +000.0 | Digital Reading
. . . ViIN=VREr - .
Ratiometric Reading VRer = 100mV 999 999/1000 1000 Digital Reading
Rollover Error (Difference in |-Vin|= +Viy = 200.0mV | —1 +0.2 +1 Counts
reading for equal positive and )
negative reading near Full Scale)
Linearity (Max. deviation from Full scale=200mV _
best straight line fit) or full scale=2.000V 1 0.2 + Counts
Common Mode Rejection Ratio Vem= 1V, Viy=0V 50 VIV
(Note 4) Full Scale=200.0mV »
Noise (Pk - Pk value not exceeded | ViN=0V 15 v
95% of time) Full Scale=200.0mV »
Leakage Current @ Input ViN=0V 1 10 pA
) . ViN=0 0
Zero Reading Drift 0°C<TA<70°C 0.2 1 wv/eC
Scale Factor Temperature ViN=199.0mV o
Coefficient 0°C<Ta<70°C ! 5 ppm/°C
(Ext. Ref. 0 ppm/°C)
Supply Current (Does not ViN=0
include COMMON current) (Note 6) 70 100 HA
Analog COMMON Voltage (With 250k between Common &
2.4 28 3.2 \"
respect to pos. supply) pos. Supply

NOTE: All typical values have been characterized but are not tested.
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ELECTRICAL CHARACTERISTICS (Note 3) (Continued) 7]
CHARACTERISTICS TEST CONDITIONS MIN TYP MAX UNIT
Temp. Coeff. of Analog COMMON 250k2 between Common &
" 150 ppm/°C
(with respect to pos. Supply) pos. Supply
Pk-Pk Segment Drive Voltage V+ toV— =9V 4 5 6 v
(Note 5)
Pk-Pk Backplane Drive Voltage V+ to V- =9V 4 5 6 v
(Note 5)
Power Dissipation Capacitance vs. Clock Freq. 40 pF
NOTES: 3. Unless otherwise noted, specifications apply at Ta=25°C, f¢jock = 16kHz and are tested in the circuit of Figure 4.
4. Refer to “Differential Input” discussion.
5. 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.
6. During auto zero phase, current is 10-20p.A higher. 48kHz oscillator, Figure 5, increases current by 8pA (typ).
7. Extra capacitance of CERDIP package changes oscillator resistor value to 470k or 150k (1 reading/sec or 3 readings/sec).
—i} 4
Crer
Cags™ REF HI REFLO  ycacr- BUFFERY W' %2eR0  gWT a
po-o aer .
Vv
i
1
'
| LA
1 Quz az —— TO DIGITAL SECTION
]
'
31 ?
B ?_ INT T OF (-) )]
]
H Az
| DE(-) DE (-)
é:z
: éﬂl & DE(=)
INLO 20
L INT V- l2e e e e e e
0339-3
Figure 2: Analog Section of 7126

NOTE: All typical values have been characterized but are not tested.
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TEST CIRCUITS

DISPLAY

DISPLAY

0339-4

Figure 3: ICL7126 with Liquid Crystal Display

DISPLAY

DISPLAY

0339-5
Figure 4: 7126 Clock Frequency
16kHz. (1 reading/sec)

NOTE: All typical values have been characterized but are not tested.

2-58

ICL7126

0339-6
Figure 5: Clock Frequency 48kHz.
(3 readings/sec)

DETAILED DESCRIPTION

Analog Section

Figure 2 shows the Functional Diagram of the Analog
Section for the ICL7126. Each measurement cycle is divid-
ed into three phases. They are (1) auto-zero (A-2), (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 short-
ed 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 amplifi-
er, integrator, and comparator. Since the comparator is in-
cluded 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 then 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; 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 COMMON to establish the correct common-mode
voltage. At the end of this phase, the polarity of the integrat-
ed signal is determined.

De-integrate phase

The final phase is de-integrate, or reference integrate. In-
put low is internally connected to analog COMMON and in-



put high is connected across the previously charged refer-
ence 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 re-
quired for the output to return to zero is proportional to the
input signal. Specifically the digital reading displayed is

1000 ( Vin

VRer/’

Differential Input

The input can accept differential voltages anywhere with-
in the common mode rante of the input amplifier; or specifi-
cally from 0.5 Volts below the positive supply to 1.0 Volt
above the negative supply. In this range the system has a
CMRR of 86 db typical. However, since the integrator also
swings with the common mode voltage, care must be exer-
cised 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 in- .

put 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 swing can be reduced to less than the
recommended 2V full scale swing with little loss of accura-
cy. The integrator output can swing within 0.3 Volts 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 capaci-
ty 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 deintegrate a
negative input signal. This difference in reference for (+) or
(—) input voltage will give a roll-over error. However, by
selecting the reference capacitor large enough in compari-
son to the stray capacitance, this error can be held to less
than 0.5 count for the worst case condition. (See Compo-
nent Value Selection.)

Analog COMMON

This pin is included primarily to set the common mode
voltage for battery operation or for any system where the
input signals are floating with respect to the power supply.
The COMMON pin sets a voltage that is approximately 2.8
Volts more negative than the positive supply. This is select-
ed 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%/ %), low output impedance (= 15(), and a temper-
ature coefficient typically less than 80ppm/°C.

The limitations of the on-chip reference should also be
recognized, however. The reference temperature coefficient
(TC) can cause some degradation in performance. Temper-

NOTE: All typical values have been characterized but are not tested.

2-59

ICL7126

ature changes of 2 to 8°C, typical for instruments, can give a
scale factor error of a count or more. Also the common
voltage will have a poor voltage coefficient when the total
supply voltage is less than that which will cause the zener to
regulate (<7V). These problems are eliminated if an exter-
nal reference is used, as shown in Figure 6.

r— v
[E—
Vi er i v
REF 6.8 VOLT 27K
ZENER
REF LOp—
ilz ICL 8089
1.2 REFERENCE
REF L
+
(a) (b)
0339-7
Figure 6: Using an External Reference

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 in-
stance). In this application, analog COMMON should be tied
to the same point, thus removing the common mode volt-
age from the converter. The same holds true for the refer-
ence voltage. If reference can be conveniently referenced
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 3mA or more of current to hold the volt-
age 2.8 Volts below the positive supply (when a load is try-
ing to pull the common line positive). However, there is only
1uA of source current, so COMMON may easily be tied to a
more negative voltage thus over-riding the internal refer-
ence.

TEST

The TEST pin serves two functions. It is coupled to the
internally generated digital .supply through a 500 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 7 and 8 show such an application. No more
than a 1mA load should be applied. .

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
10mA under these conditions.
Caution: In the lamp test mode, the segments have a
constant D-C voltage (no square-wave) and may burn
the LCD display if left in this mode for extended peri-
ods.

o
o
o
~
i
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7126 TO LCD

DECIMAL POINT

INTERSIL
1T1750

TO LCD
BACK PLANE

0339-8
Figure 7: Simple Inverter for Fixed
Decimal Point

DECIMAL

7126 ] - ¥ DECIMAL
POINT : ' POINTS
seLecT | _ | '
1 1
D+
:
V* =dp ON H H
= dporFy _COY0 1
| “anp
0339-9

Figure 8: Exclusive ‘OR’ Gate for
Decimal Point Drive
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0339-10

Figure 9: Digital Section

NOTE: All typical values have been characterized but are not tested.
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DIGITAL SECTION

Figure 9 shows the digital section for the 7126. An inter-
nal digital ground is generated from a 6 Volt 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 frequency divided by 800. For three readings/
second this is a 60 Hz square wave with a nominal ampli-
tude of 5 Volts. The segments are driven at the same fre-
quency and amplitude and are in phase with BP when OFF,
but out of phase when ON. In all cases negligible DC volt-
age exists across the segments. 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.

System Timing
Figure 10 shows the clocking arrangement used in the
7126. Three basic clocking arrangements can be used:

1. - An external oscillator connected to pin 40.
2. A crystal between pins 39 and 40.
3.  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
deintegrate. This makes a complete measure cycle of 4,000
(16,000 clock pulses) independent of input voltage. For
three readings/second, an oscillator frequency of 48kHz
would be used.

40- - - - 0Q39--~--038
0 2. CRYSTAL OSCILLATOR

c
T 3. RC OSCILLATOR

0339-11

Figure 10: Clock Circuits

NOTE: All typical values have been characterized but are not tested.
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To achieve maximum rejection of 60 Hz pickup, the signal
integrate cycle should be a multiple of 60 Hz. Oscillator fre-
quencies of 60kHz, 48kHz, 40kHz, 33-14kHz, etc. should be
selected. For 50Hz rejection, oscillator frequencies of 66-
%4kHz, 50kHz, 40kHz, etc. would be suitable. Note that
40kHz (2.5 readings/second) will reject both 50 and 60Hz
(also 400 and 440Hz). '

COMPONENT VALUE SELECTION
Integrating Resistor

Both the buffer ampilifier and the integrator have a class A
output stage with 6uA of quiescent current. They can sup-
ply ~1pA of drive current with negligible non-linearity. 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 2 Volt full scale, 1.8mQ is near optimum
and similarly 180k for a 200.0mV scale.
Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance build-up will
not saturate the integrator swing (approx. 0.3 Volt from ei-
ther supply). When the analog COMMON is.used as a refer-
ence, a nominal +2 Volt full scale integrator swing is fine.

. For three readings/second (48kHz clock) nominal values -

for Ciyt are 0.047uF, for 1/sec (16kHz) 0.15uF. Of course,
if different oscillator frequencies are used, these values
should be changed in inverse proportion to maintain the
same output swing.

The integrating capacitor should have low dielectric ab-
sorption to prevent roll-over errors. While other types may
be adequate for this application, polypropylene capacitors
give undetectable errors at reasonable cost.

At three readings/sec., a 7509 resistor should be placed
in series with the integrating capacitor, to compensate for
comparator delay. See App. Note A017 for a description of
the need and effects of this resistor.

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 0.32uF capacitor is recommend-
ed. On the 2 Volt scale, a 0.033uF capacitor increases the
speed of recovery from overload and is adequate for noise
on this scale.

Reference Capacitor

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

Oscillator Components

For all ranges of frequency a 50pF capacitor is recom-
mended and the resistor is selected from the approximate

0.4
equation f ~ F{_Cf For 48kHz clock (3 readings/second),
R=180kQ.

©
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Reference Voltage

The analog input required to generate full-scale output
(2000 counts) is: Viy=2VRgr. Thus, for the 200.0mV and
2.000 Volt scale, VRgr should equal 100.0mV and 1.000
Volt, 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 de- -

signer might like to have a full scale reading when the volt-
age from the.transducer is 0.682V. Instead of dividing the
input down to 200.0mV, the designer should use the input
voltage directly and select Vggr=0.341V. A suitable value

for integrating resistor would be 330kQ2. This makes the sys- -

tem slightly quieter and also avoids the necessity of a divid-
er network on the input. Anotherradvantage of this system

occurs when a digital reading of. zero is desired for Vjy+O0. -

Temperature and weighting systems with a variable tare are
examples. This offset reading can be conveniently generat-
ed by connecting the voltage transducer between IN HI and
COMMON and the variable (or fixed) offset voltage between
COMMON and IN LO.

TYPICAL APPLICATIONS

The 7126 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.

To pin 1 «————

180K
—— sym = 100.0mV

SOpF

> 0osC1
0sc 2
osc3
TEST

REF HI
REF LO

C REF

C REF

’_—-‘-u.ur 10K} 220K0

-

M0

IN Hi O1F IN

INLO

0.33uF
. .".woxn
A TR A

Lfajilit

TO DISPLAY

S UHOUUUUOUUUUUUUUULILS

= 70 BACK PLANE

0339-12
Figure 11: 7126 using the internal
reference.

Values shown are for 200.0mV full scale,
3 readings per second, floating supply

voltage (9V battery).

NOTE: All typical values have been characterized but are not tested.
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To pin 1
560K/}

18

= osC 1
0sc2
osc3
TEST
REF HI

REF LO
C REF
C REF

Set Vref = 100.0mV

J

S0pF

20K

200K 27K0)

JUUOUUIUULL

INH
INLO

BUFF

}70 DISPLAY

- TO BACK PLANE

= TULOUUCITIONT

0339-13
Figure 12: 7126 with an external
band-gap reference (1.2V type).

IN LO is tied to COMMON, thus establishing the .
correct common mode voltage. COMMON acts
as a pre-regulator for the reference. Values
shown are for 1 reading per second.

Topin1
v— 40
oscip) T8OKIT
osc 2]
oscs ) Set Vret = 1.000V
vest SOpF J/
REF HI [
Rer Lo [ vt
cReFf 11— 250K 240K0)
¢ e T 0
COMMON [} 1M .
=
W OTaF N
wz gy .
BUFF [

INT LM e th.oare _
vB v
Gz2[]

c ]
~B TO DISPLAY
Ga ]
8P | }———=TO BACK PLANE
2
0339-14

Figure 13: Recommended component
values for 2.000V full scale,
3 readings per second.

For 1 reading per second, delete 7501} resistor,
change CinNT, Rosc to values of Figure 12.
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3
]

n 1

Ii | Set an\= 100.0mv

s

= 0osc1
osc2
osca
TEST

REF HI
REF LO

C REF

C REF

JULILS

50pF

W—— -5V
— 10K0 (L

SFO0.1uF|

ALt

%m»s vV IN
0.33uF

A ',;E uoxnl 3
<
.l >

TO DISPLAY

INHI
INLO
NZ
BUFF
INT

G2
C

JTOUOUCIUUUUITLL

L1

BP [ ——= 710 BACK PLANE

3

0339-15
Figure 14: 7126 with Zener diode
reference.

Since low T.C. zeners have breakdown voltages
~ 6.8V, diode must be placed across the total
supply (10V). As in the case of Figure 13, IN LO
may be tied to COMMON.

Topin 1

—_—
osc1 @
*
1 S:I/an = 100.0mV

0sc 2
osc3
TEST
REF HI
REF LO
C REF
C REF

INHI
INLO
Az
BUFF
INT

G2
C3

TO DISPLAY

Gs

GND | }———=TO BACK PLANE

S JUOUUUUUIUOUUDDUUUUUU S

0339-16
Figure 15: 7126 operated from
single + 5V supply.

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.

*Values depend on clock frequency. See Figures 11, 12, 13.

NOTE: Al typical values have been characterized but are not tested.
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0339-17
Figure 16: 7126 measuring ratiometric
values of Quad Load Cell.

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

Sliicon NPN

D
: Ii ; } s;- factor adjust
MPS 3704 or

S0pF
100K11 Jua 100K0 similar
a0, 200Kk0  a70Kn 1 g==--
== 5
x

2010 adjust A

TO DISPLAY

— TO BACK PLANE

0339-18
Figure 17: 7126 used as a digital
centigrade thermometer.

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 100.0 reading.
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cDa023 _——"Gk

v+
1 @
[vs 7 osc1
[]o1 osc2
To . ] osc3
logic L }81 TEST
vee [ REFHI %
- ) REFLO
}61 crer [] rzmlc
[Jer crer [ }
(o2 coMMoN [
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or 74C10 CD4077
0339-19
Figure 18: Circuit for developing Underrange and Overrange
signals from 7126 outputs.
Topin 1 Scale tactor sdjust
7 osc1 i =10 |/ (Vest = 100mV for AC to RMS)

csc2 1cL761 Jooxa
0s3C3 SopF SuF +
TEST ACIN

INLO T ¢ A 1t
0.22,F

= TO BACK PLANE

S T
O— ] L =
surr [ -rwuf =w

":! - VWranitesar, ¥ 100pF (for optimum band width)

(=

(2] =

Y= TO DISPLAY

@ =
7

level to ensure compatibility with most op-amps.

0339-20

Figure 19: AC to DC Converter with 7126. Test is used as a common mode reference

NOTE: All typical values have been charactenized but are not tested.
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APPLICATION NOTES

A016
A017
A018

A023

A032

A046

A052

“Selecting A/D Converters”, by David Fullagar.
“The Integrating A/D Converter”, by Lee Evans.
“Do’s and Don’ts of Applying A/D Converters”, by
Peter Bradshaw and Skip Osgood.

“Low Cost Digital Panel Meter Designs”, by David
Fullagar and Michael Dufort.

“Understanding the Auto-Zero and Common Mode
Performance of the ICL7106/7/9 Family”, by Peter
Bradshaw.

“Building a Battery-Operated Auto Ranging DVM
with the ICL7106", by Larry Goff.

“Tips for Using Single-Chip 3,-Digit A/D Convert-
ers”, by Dan Watson.

NOTE: All typical values have been characterized but are not tested.
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7126 EVALUATION KIT

After purchasing a sample of the 7126, the majority of
users will want to build a simple voltmeter. The parts can
then be evaluated against the data sheet specifications,
and tried out in the intended application.

To facilitate evaluation of this unique circuit, Harris is of-
fering a kit which contains all the necessary components to
build a 3Y-digit panel meter. With the ICL7126EV/KIT and
the small number of additional components required, an en-
gineer or technician can have the system “up and running”
in about half an hour. The kit contains a circuit board, a
display (LCD), passive components, and miscellaneous
hardware.

ICL7126
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ICL7126
INTEGRATING A/D CONVERTER
EQUATIONS

Oscillator Frequency Display Count

fosc = 0.45/RC VIN

Cosc > 50 pF; Rosc > 50 k@ COUNT = 1000 x o~

fosc typ. = 48 kHz Conversion Cycle
Oscillator Period tcyc = tcLock X 4000

tosc = RC/0.45 tcyc = tosc X 16,000
Integration Clock Frequency when fosc = 48 kHz; tcyc = 333 ms

fcLock = fosc/4 Common Mode Input Voltage
Integration Period (V- + 1.0V) < Viy < (V+ — 0.5V)

tint = 1000 X (4/fosc) Auto Zero Capacitor
60/50 Hz Rejection Criterion 0.01 uF < Cpz < 1.0 uF

tinT/te0 Hz or tiNT/ts50 HZ = Integer Reference Capacitor
Optimum Integration Current 0.1 uF < Crgfr < 1.0 uF

InT = 1.0 pA Vcom
Full Scale Analog Input Voltage Biased between V+ and V—.

Vinrs Typically = 200 mV or 2.0V Vcom = V*+ — 2.8V
Integrate Resistor Regulation lost when V+ to V- <= 6.4V.

- Vines If Vcom is externally pulled down to
INT (V+ to V—)/2, the Vgom circuit will

Integrate Capacitor turn off.

Coer = (tinT)(hinT) Power Supply: Single 9V

VINT vVt — V- =9V

Integrator Output Voltage Swing Digital supply is generated internally

VinT = (tinT)(iNT) Vanp = vVt — 45V

CINT Display: LCD

VinT Maximum Swing: Type: Direct drive with digital

(V= + 0.5V) < VinT < (V= 0.5V) logic supply amplitude.

VinT typically = 2.0V

AUTOZERO INTEGRATE DEINTEGRATE
(COUNT) (FIXED COUNT) (COUNT)
2999-1000 1000 0-1999

Total Conversion Time = 4000 * t¢y gc = 16,000 * togc
0339-21

NOTE: All typical values have been characterized but are not tested.
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% SEMICONDUCTOR

GENERAL DESCRIPTION

The Harris ICL7129 is a very high-performance 4V/,-digit
analog-to-digital converter that directly drives a multiplexed
liquid crystal display. This single-chip CMOS integrated cir-
cuit requires only a few passive components and a refer-
ence to operate. It is ideal for high-resolution hand-held digi-
tal muitimeter applications.

The performance of the ICL7129 has not been equaled
before in a single-chip A/D converter. The successive inte-
gration technique used in the ICL7129 results in accuracy
better than 0.005% of full-scale and resolution down to
10pV/count.

The ICL7129, drawing only 1mA from a 9V battery, is well
suited for battery powered instruments. Provision has been
made for the detection and indication of a “LOW/BAT-
TERY” condition. Autoranging instruments can be made
with the ICL7129 which provides overrange and underrange
outputs and 10:1 range changing input. The ICL7129 in-
stantly checks for continuity, giving both a visual indication
and a logic level output which can enable an external audi-
ble transducer. These features and the high performance of
the ICL7129 make it an extremely versatile and accurate
instrument-on-a-chip.

ICL7129
4/, Digit LCD Single-Chip
A/D Converter

FEATURES

® + 19,999 Count A/D Converter Accurate to +4 Count
© 10nV Resolution On 200mV Scale

* 110dB CMRR

® Direct LCD Display Drive

® True Differential Input and Reference
® Low Power Consumption

© Decimal Point Drive Outputs

© Overrange and Underrange Outputs
® Low Battery Detection and Indication
@ 10:1 Range Change Input

ORDERING INFORMATION

Part Temperature Package
Number Range
ICL7129CPL 0°Cto +70°C | 40-Pin Plastic DIP
ICL7129RCPL 0°C to +70°C | 40-Pin Plastic DIP*
ICL7129CM44 0°Cto +70°C | 44-Pin Surface Mount

* “R” indicates device with reversed leads.

LOW BATTERY CONTINUITY
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Figure 1: Functional Diagram
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HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.
NOTE: All typical values have been characterized but are not tested.
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ICL7129

ABSOLUTE MAXIMUM RATINGS

Supply Voltages (VF toV~) ...t 15V Power Dissipation (Note 2)

Reference Voltage (REF Hlor REFLO) ........ V+toV— Plasticpackage .............ccoiiiiiiiit, 800mW

Input Voltage (Note 1) Operating Temperature ................... 0°Cto +70°C
(INHIOrINLO) «oviiiiiiiiiiiiiiaen V+toV- Storage Temperature ................ —65°Cto +150°C

VDISP tvvvvemmeemnanneineeannnns DGND —0.3VtoV+ Lead Temperature (Soldering, 10sec) ............. 300°C

Digital Input Pins
1,2, 19, 20, 21, 22, 27,
37,38,39,40 ...ttt DGNDto V+

Note 1: Input voltages may exceed the supply voltages provided that input current is limited to +400p.A. Currents above this value may result in invalid display
readings but will not destroy the device if limited to + 1mA.

Note 2: Dissipation ratings device is d with all leads soldered to printed circuit board.
NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indic in the op i of the specifications is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

V— to V* =9V, VRgr=1.00V. Tp = +25°C, fg k= 120kHz, unless otherwise noted.

Characteristics Test Conditions Min Typ Max Unit
) ViIN=0V —
Zero Input Reading 200mV Scale 0000 0000 + 0000 Counts
. . ViN=0V + o
Zero Reading Drift 0°C<TA< +70°C +0.5 pv/°C
" N . ViN=VReg= 1000mV
Ratiometric Reading AANGE=2V 9996 9999 10000 Counts
Range Change Accuracy \F/‘.::g:.loooov onLow 0.9999 1.0000 1.0001 Ratio
Vin=1.0000V on High Range
Rollover Error —ViN= +V|N=199mV 1.5 3.0 Counts
Linearity Error 200mV Scale 1.0
Input Common-Mode Vem=1.0V, Viy=0V 110 dB
Rejection Ratio 200mV Scale
Input Common-Mode ViN=0V (V=) +1.5 v
Voltage Range 200mV Scale (V+) —1.0
Noise (p-p Value not ViN=0V 14 v
Exceeding 95% of Time) 200mV Scale »
Input Leakage Current ViN=0V, Pin 32, 33 1 10 pA
ViN=199mV o
Scale Factor Tempco 0°C<TA< +70°C 2 7 ppm/°C
External VReF = 0ppm/°C
COMMON Voltage V+ toPin 28 2.8 3.2 35 \Y
COMMON Sink Current ACommon= +0.1V 0.6 mA
COMMON Source Current ACommon= —0.1V 10 pA
V+ to Pin 36
DGND Voltage V+toV- =9V 4.5 5.3 58 \"%
DGND Sink Current ADGND= +0.5V 1.2 mA
Supply Voltage Range V+ toV— (Note 1) 6 9 12 \"

NOTE: All typical values have been characterized but are not tested.
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ELECTRICAL CHARACTERISTICS
V-~ to V+ =9V, VRer=1.00V. Tp= +25°C, fg| k= 120kHz, unless otherwise noted. (Continued)

ICL7129
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Characteristics Test Conditions Min Typ Max Unit
Supply Current Excluding
V+toV—=9 1.0 1.5 A
COMMON Current © v "
Clock Frequency (Note 1) 120 360 kHz
Vpisp Resistance VpisptoV+ 50 kQ
Low Battery Flag +
- X - 72 7.7 \"
Activation Voltage Vitov 63
CONTINUITY Comparator Vout Pin 27=HI 100 200 mv
Threshold Voltages Vout Pin27=L0 200 400
Pull-Down Current Pins 37, 38, 39 2 10 pA
“Weak Output” Current Pin 20, 21 Sink/Source 3/3
Sink/Source wA
Pin 27 Sink/Source 3/9
Pin 22 Source Current 40 A
Pin 22 Sink Current 3 »
NOTES: 1. Device functionality is guaranteed at the stated Min/Max limits. However, accuracy can degrade under these conditions.
E
SE_g. 4t g % 8=
EEzz285888%2¢%
AANNUNCIATOR DRIVE [ 3] I I I I I |
1 llnlnlninl
34
DGND 3 va
RANGE v-
DP2 N/C
DP1 N/C
0sC2 LATCH/HOLD
DISPLAY 0sC1 DP3/UR
oy 0sc3 DP4/OR
N/C VDISP
N/C T [ BP1
ANUNCE DRIVE [ 8P2
B1,C1, CONT 1 23 [ 6P3
12 22
i
5EZE888883%
o388 433
ToPviEw <89 g82 g
8 2
0340-2 0340-20
Figure 2: Pin Configurations

NOTE: All typical values have been characterized but are not tested.
2-69



ICL7129

ICL7129

LOW BATTERY CONTINUITY
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Figure 3: Typical Application

NOTE: All typical values have been characterized but are not tested.
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Table 1. Pin Descriptions

ICL7129

NOTE: All typical values have been charactenzed but are not tested.
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Pin Name Function Pin Name Function
1 | OSC1 Input to first clock inverter. 23|V~— Negative power supply terminal.
2 | OsC3 Output of second clock inverter. 24 |V+ Positive power supply terminal, and
3 | ANNUNCIATOR | Backplane squarewave output for positive rail for display drivers.
DRIVE driving annunciators. 25 [INT IN Input to integrator amplifier.
4 | By, Cq, CONT Output to display segments. 26 |INT OUT Output of integrator amplifier.
5 [ Ay,Gq, Dy Output to display segments. 27 |CONTINUITY | INPUT: When LO, continuity flag on the
6 | Fq,Eq,DPy Output to display segments. display is off. When Hli, continuity flag is
on.
7 | Bg, Cg, LO BATT | Output to display segments. OUTPUT: HI when voltage between
8 | Ap, Gp, Do Output to display segments. inputs is less than +200mV. LO when
9 | Fp, Ep, DPy Output to display segments. \flztgg;:)/etween inputs is more than
10 | B3, Cg, MINUS _ | Outputto display segments. 28 [COMMON | Sets common-mode voltage of 3.2V
11 | Ag, Gg, D3 Output to display segments. below V+ for DE, 10X, etc. Can be used
12 | Fg, E3, DPg Output to display segments. as pre-regulator for external reference.
13 | B4, C4, BCs Output to display segments. 29 |Crert Positive side of external reference
) capacitor.
14 [ A4, D4, Gy Output to display segments.
N 30 (CreF~ Negative side of external reference
15 | F4, E4, DP4 Output to display segments. capacitor.
16 | BP3 Backplane #3 outputto display. 31|BUFFER  |Output of buffer amplifier.
17 | BP2 Backplane #2 output to display. 32|INLO Negative input voltage terminal.
18 | BP1 Backplane #1 output to display. 33 |INHI Positive input voltage terminal.
19 | Voisp Negative rail for display drivers. 34 |REF HI Positive reference voltage input
20 [ DP4/OR INPUT: When Hl, turns on most terminal.
significant decimal point. 35 |REF LO Negative reference voltage input
OUTPUT: Pulled HI when result terminal
count exceeds *19,999. -
. 36 |DGND Ground reference for digital section.
21 | DP3/UR INPUT: Second most significant
decimal point on when HI. 37 [RANGE 3p.A pull-down for 200mV scale. Pulled
OUTPUT: Pulled HI when result HIGH externally for 2V scale.
countis less than +1,000. 38 |DP, Internal 3pA pull-down. When Hi,
22 | TATCH/HOLD | INPUT: When floating, A/D decimal point 2 will be on.
converter operates in the free-run 39 |DP4 Internal 3pA pull-down. When Hi,
mode. When pulled Hl, the last decimal point 1 will be on.
displayed reading is held. When 40 |OSC2 Output of first clock inverter. Input of
pulled LO, the result counter .
R . second clock inverter.
contents are shown incrementing
during the de-integrate phase of
cycle.
OUTPUT: Negative going edge
occurs when the data latches are
updated. Can be used for
converter status signal.
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DETAILED DESCRIPTION

Harris’ ICL7129 is a uniquely designed single-chip A/D
converter. It features a new “successive integration” tech-
nique to achieve 10pV resolution on a 200mV full-scale
range. To achieve this resolution a 10:1 improvement in
noise performance over previous monolithic CMOS A/D
converters was accomplished. Previous integrating convert-
ers 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. Savings in external parts cost are real-
ized as well as improved noise performance and elimination
of a source of electromagnetic and electrostatic pick-up.

The overall functional diagram of the ICL7129 is shown in

Figure 1. The heart of this A/D converter is the sequence
counter/decoder which drives the control logic and keeps

ICL7129

track of the many separate phases required for each con-
version 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 conversion 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 4 in-
cludes 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
conversion cycle. Figure 5 illustrates a typical waveform on
the integrator output. INT, INT4, and INT2 all refer to the
signal integrate phase where the input voltage is applied to
the integrator amplifier via the buffer ampilifier. In this phase,
the integrator ramps over a fixed period of time in a direc-
tion opposite to the polarity of the input voltage.

Crer

REF HI REF LO

Cinr

INT, IN

Ciny

INTOUT

TO DIGITAL

..!>_

100 SECTION

INTEGRATOR
COMPARATOR 2

)
+INT,, INT,

? RESET
IN LO 9—@ °
]

Figure 4: ICL7129 Analog Block Diagram

0340-4

NOTE: All typical values have been characterized but are not tested.
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AND LATCH
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INTEGRATE

DE

1
IDI-Z-IN'I'F.GRATE REST X10 DE,

REST X10 DE; ZERO-INTEGRATE

y A
Note: Shaded area greatly expanded INTEGRATOR
in time and amplitude. t/ RESIDUE
v VOLTAGE j
' Ao, ]
1000 Clocks 2000
10,000 Clocks ™~ Clocks 1000 Clocks

Figure 5: Integrator Waveform for Negative Input Voltage Showing Successive Integration Phases and
Residue Voltage
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Figure 6: Biasing Structure for COMMON and DGND

0340-6

DE4, DEp, and DEg3 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 DEj begins. Similarly DEy’s overshoot is amplified by
10 and DE3 begins. At the end of DE3 the results counter
holds a number with 5%, digits of resolution. This was ob-
tained by feeding counts into the results counter at the 3,
digit level during DEj, into the 47/, digit level during DE» and
the 51/, digit level for DE3. The effects of offset in the buffer,
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.

NOTE: All typical values have been characterized but are not tested.
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COMMON, DGND, AND “LOW
BATTERY”

The COMMON and DGND (Digital GrouND) outputs of
the ICL7129 are generated from internal zener diodes (Fig-
ure 6). COMMON is included primarily to set the common-
mode voltage for battery operation or for any system where
the input signals float with respect to the power supplies. It
also functions as a pre-regulator for an external precision
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 7 shows the con-
nection of external logic circuitry to the ICL7129. This con-
nection will work providing that the supply current require-
ments of the logic do not exceed the current sink capability
of the DGND pin. If more supply current is required, the
buffer in Figure 8 can be used to keep the loading on DGND
to a minimum. COMMON can source approximately 12uA
while DGND has no source capability.

ICL7129
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The “LOW BATTERY” annunciator of the display is
turned on when the voitage between V+ and V— drops
below 7.2V typically. The exact point at which this occurs is
determined by the 6.3V zener diode and the threshold volt-
age of the n-channel transistor connected to the V— rail in
Figure 6. As the supply voltage decreases, the n-channel
transistor connected to the V-rail eventually turns off and
the “LOW BATTERY” input to the logic section is pulled
HIGH, turning on the “LOW BATTERY” annunciator.

v§
4
l — 24
EXTERNAL >
LOGIC  |e-
I 2| tomas
OGND
JE—
ltogic

vl_zﬁ

0340-7
Figure 7: DGND Sink Current
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EXTERNAL ICL7129
LoGIC -
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+1 251 peno
23
v
v
0340-8

Figure 8: Buffered DGND

NOTE: Al typical values have been characterized but are not tested.
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1/0 PORTS

Four pins of the ICL7129 can be used as either inputs or
outputs. The specific pin numbers and functions are de-
scribed in the Pin Description table (Table 1). 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 9. Since there is approximately 500k 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 3uA,
nominally, and the input switching threshold is typically
DGND+2V.

F—_—————
Iy
| g ~500ka
DP4/OR PIN 20 9
DP3/UR PIN 21
LATCH/HOLD PIN 22
CONTINUITY PIN 27
| ICL7129
0340-9
Figure 9: “Weak Output”

LATCH/HOLD, OVERRANGE, AND
UNDERRANGE TIMING

The LATCH/HOLD output (pin 22) will be pulled low dur-
ing the last 100 clock cycles of each full conversion cycle.
During this time the final data from the ICL7129 counter is
latched and transferred to the display decoder and muilti-
plexer. The conversion cycle and LATCH/HOLD timing are
directly related to the clock frequency. A full conversion cy-
cle takes 30,000 clock cycles which is equivalent to 60,000
oscillator cycles. OverRange (OR pin 20) and UnderRange
(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 10). 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 giv-
ing the ICL7129 an audible continuity checking capability.
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Figure 10: “Instant Continuity” Comparator and Output Structure .
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Figure 11: Triplexed Liquid Crystal Display Layout for ICL7129
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NOTE: All typical values have been characterized but are not tested.
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Figure 12: Typical Backplane and Annunciator Drive Waveforms
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Figure 13: Multimeter Example Showing Use of Annunciator Drive Output

Since the CONTINUITY output is one of the four “weak out-
puts” of the ICL7129, the “continuity” annunciator on the
display can be driven by an external source if desired. The
continuity function can be overridden with a pull-down resis-
tor 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 dis-
play driver family. The specific display format is shown in
Figure 11. Notice that the polarity sign, decimal points,
“LOW BATTERY”, and “CONTINUITY” annunciators are
directly driven by the ICL7129. The individual segments and
annunciators are addressed in a manner similar to row-col-
umn addressing. Each backplane (row) is connected to one-
third of the total number of segments. BP1 has all F, A, and
B segments of the four least significant digits. BP2 has all of

NOTE: All typical values have been characterized but are not tested.

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 ANNUNCIA-
TOR 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 12 shows these
four outputs on the same time and voltage scales.

Any annunciator associated with any of the three back-

" planes can be turned on simply by connecting it to the AN-
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NUNCIATOR DRIVE pin. To turn an annunciator off con-
nect it to its backplane. An example of a display and annun-
ciator drive scheme is shown in Figure 13.



Figure 14: Two Methods for Temperature Compensating the Liquid Crystal Display
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DISPLAY TEMPERATURE
COMPENSATION

For most applications an adequate display can be ob-
tained by connecting Vpisp (pin 19) to DGND ‘(pin 36). In
applications where a wide temperature range is encoun-
tered, the voltage drive levels for some triplexed liquid crys-
tal displays may need to vary with temperature in order to
maintain good display contrast and viewing angle. The
amount of temperature compensation will depend upon the
type of liquid crystal used. Display manufacturers can sup-
ply the temperature compensation requirements for their
displays. Figure 14 shows two circuits that can be adjusted
to give a temperature compensation of = +10mV/°C be-
tween V+ and Vpgp. The diode between DGND and Vp,sp
should have a low turn-on voltage to assure that no forward
current is injected into the chip if Vpigp 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 integra-
tor 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 150k should be optimum for most
applications. The integrator capacitor is selected to give an

NOTE: All typical values have been characterized but are not tested.
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optimum integrator swing at fuli-scale. A large integrator
swing will reduce the effect of noise sources in the compar-
ator 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 150kQ) integrating resistor and 2
conversions per second the value is 0.10uF. For different
conversion rates, the value will change in inverse propor-
tion. A second requirement for good linearity is that the ca-
pacitor 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 pick-up.

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

CLOCK OSCILLATOR

The ICL7129 achieves its digital range changing by inte-
grating the input signal for 1000 clock pulses (2,000 oscilla-
tor 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.

In low resolution applications, where the converter uses
only 3V, digits and 100p.V 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 (415
digits and 10uV resolution) a crystal oscillator is recom-

ICL7129
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mended to prevent the noise from increasing as the input
signal is increased due to frequency jitter of the R-C oscilla-
tor. Both R-C and crystal. oscillator: circuits are shown in

Figure 15.
|
|
|
|
L
|
I
|
|
L
Crystal Mode:
Parallel
SpF 10pF Rs < 50 k2
v+o_.| v+ CL<12pF
Co < 5pF
0340-15
Figure 15: 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 16, 17,
and 18 show various powering modes that may be used
with the ICL7129.

The standard supply connection using a 9V battery is
shown in Figure 3.

The power connection for systems with +5V and —5V
supplies available is shown in Figure 16. Notice that mea-
surements are with respect to ground. COMMON is also
tied to INLO to remove any common-mode voltage swing
on the integrator amplifier inputs.

It is important to notice that in Figure 16, digital ground of
the ICL7129 (DGND pin 36) is not directly connected to
power supply ground. DGND is set internally to approxi-
mately 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 7 and 8. In

- Figure 7, DGND is used as the negative supply rail for exter-

nal logic provided that the supply current for the external
logic- does not cause excessive loading on DGND. The
DGND output can be buffered as shown in Figure 8. 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 interface directly with the logic in-
puts and outputs of the ICL7129.

NOTE: All typical values have been characterized but are not tested.
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Figure 16: Powering the ICL7129 from + 5V and
—5V Power Supplies

When a battery voltage between 3.8V and 7V 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 supply voltage range. This operating mode is shown
in Figure 17.
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0340-17
Figure 17: 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 ac-
complished by using an ICL7660 CMOS voltage converter
and two inexpensive electrolytic capacitors. The same prin-
ciple applies in Figure 18 where the ICL7129 is being used
in a system with only a single +5V power supply. Here
measurements are made with respect to power supply
ground.

A single polarity power supply can be used to power the
ICL7129 in applications where battery operation is not ap-
propriate or convenient only if the power supply is isolated
from system ground. Measurements must be made with re-
spect to COMMON or some other voltage within its input
common-mode range.

ICL7129

VOLTAGE REFERENCES

The COMMON output of the ICL7129 has a temperature
coefficient of +80ppm/°C typically. This voltage 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
references should be considered. The diagram in Figures 3
and 18 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.

+5V O *-
J_ 24 >3
0.1 uF vt 1
34 <
> 1CL8089
A
35
0.1 uf 28
— Y oz
8 3 i AN—O +
Vin
2 32
+ —T— O )
3] ic7e60 |4 T ur v =
5 23
10 uF
Il
1 +10
= 0340-18
Figure 18: Powering the ICL7129 from a Single Polarity Power Supply

NOTE: All typical values have been charactenzed but are not tested.
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ICL7129

ICL7129
MULTIPLE INTEGRATION A/D CONVERTER
EQUATIONS
Oscillator Frequency Display Count
fosc = 0.45/RC _YIN_ =
Cosc > 50 pF; Rosc > 50 ka2 :;%%N;a;gg ,000 X VnE (Range = 1)
fosc typ. = 120 kHz Vin X 10

OR
fosc = 120 kHz Crystal (Recommended)
Oscillator Period
tosc = 1/fosc
Integration Clock Period
tcLock = 2*tosc
Integration Period

COUNT = 10,000 X

(200 mV Range)
Minimum Vggg: 500 mV
Common Mode Input Voltage

(V- + 1.0V) < V|y < (VT — 0.5V)
Auto Zero Capacitor: Caz not used

(Range = 0)

Reference Capacitor: 0.1 uF < Crgr < 1.0 pF

tinT(2v) = 1000*tcrock (Range = 1) Vcom

tiNT(200 mv) = 10,000*tci ock (Range = 0) Biased Between V+ and V—.
60/50 Hz Rejection Criterion Veom = V*+ — 29V

tinT/te0 Hz OF tiNT/ts50 Hz = Integer Regulation lost when V+ to V- <= 6.4V.
Optimum Integration Current If Vcom is externally pulled down to

IinT = 13 pA (V+ to V—)/2, the Vgom circuit will
Full Scale Analog Input Voltage turn off.

Vings Typically = 200 mV or 2.0V Power Supply: Single 9V
Integrate Resistor vVt — VT =9V

RiNT = VINFS/IINT Digital supply is generated internally

RiNT Typ. = 150 kQ VgnD = VT — 4.5V
Integrate Capacitor Display: Triplexed LCD

_ (tint)(IinT) Continuity Output On If

Cinr = VINT Vit to ViNLo < 200 mV

Integrator Output Voltage Swing Conversion Cycle (In Both Ranges)
(tinT)(iNT) tcyc = tcLock X 30,000
ViNT = - —
INT
Vint Maximum Swing:
(V= + 0.5V) < VInT < (Vt — 0.7V)
ZERO=INTEGRATE INT DE;
AND LATCH INTEGRATE DE-INTEGRATE REST X10 DE, REST X10 DEz ZERO~INTEGRATE

!

Note: Shaded area greatly expanded

INTEGRATOR
RESIDUE
VOLTAGE

L/l

in time and amplitude. V]
' 97

1000 Clocks 2000

10,000 Clocks ' Clocks

1000 Clocks

0340-5

NOTE: All typical values have been characterized but are not tested.
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SEMICONDUCTOR

GENERAL DESCRIPTION

The Harris ICL7136 is a high performance, very low pow-
er 31/,-digit A/D converter. All the necessary active devices
are contained on a single CMOS [C, including seven-seg-
ment decoders, display drivers, reference, and clock. The
7136 is designed to interface with a liquid crystal display
(LCD) and includes a backplane drive. The supply current is
under 100p.A, ideally suited for 9V battery operation.

The 7136 brings together an unprecedented combination
of high accuracy, versatility, and true economy. High accu-
racy, like auto-zero to less than 10pV, zero drift of less than
1uV/°C, input bias current of 10pA max., and rollover error
of less than one count. The versatility of true differential
input and reference is useful in all systems, but gives the
designer an uncommon advantage when measuring load
cells, strain gauges and other bridge-type transducers. And
finally the true economy of single power supply operation
allows a high performance panel meter to be built with the
addition of only 7 passive components and a display.

The ICL7136 is an improved version of the ICL7126, elim-
inating the overrange hangover and hysteresis effects, and
should be used in its place in all applications. It can also be
used as a plug-in replacement for the ICL7106 in a wide
variety of applications, changing only the passive compo-
nents.

ICL7136
31,-Digit LCD Low Power
A/D Converter

FEATURES

© First-Reading Recovery From Overrange Gives
Immediate “OHMS” Measurement

° Guaranteed Zero Reading for OV Input

© True Polarity at Zero for Precise Null Detection

® 1pA Typical Input Current

© True Differential Input and Reference

® Direct LCD Display Drive — No External Components
Required

© Pin Compatible With The ICL7106, ICL7126

® Low Noise — 15,.Vp-p Without Hysteresis or
Overrange Hangover

© On-Chip Clock and Reference

© | ow Power Dissipation, Guaranteed Less Than
1mW — Gives 8,000 Hours Typical 9V Battery Life

® No Additional Active Circuits Required

ORDERING INFORMATION

Part Temperature
Number Range Package
ICL7136CPL 00C to +70°C |{ 40 Pin Plastic DIP
ICL7136RCPL 0°C to +70°C | 40 Pin Plastic DIP
(Note 1)
ICL7136CM44 09C to +70°C | 44 Pin Surface
Mount (Note 2)

NOTES 1. “R" indicates device with reversed leads.

2. Add “T" to part number to specify tape and reel
packaging.

vt Y sofosct
012 39[0sc2
3= H 38[o0sc3
@ | g4 373 TEST
E4¢ ads 36 [IREF HI
2| F1ids 35 EJREF LO
(= b 34 P cpert
£1C]s 33 cpee-
n2C]9 32 3 COMMON
c2C]10 L =[]
2] e 7% 0w Lo
£ a2 29042
F2C]13 28 [F1BUFF
e20]14 27Nt
o315 26V
=] 8316 25162 (TENS)
2] g 240 &
e30]18 233 A3 } 5
(1000) AB4C]19 22363 ) &
poL ] 20 21 [38P
(MINUS) 0343-1

Figure 1: Pin Configurations

ICL7136CMA4

0343-2

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.
NOTE: All typical values have been characterized but are not tested. 2-81
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ICL7136

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (V¥ toV=) ....ooviiiiiiiiat, 15V Power Dissipation (Note 2)
Analog Input Voltage (either input)(Note 1) ..... V+toV— Ceramic Package
Reference Input Voltage (eitherinput) ......... V+toV— Plastic Package
Clockinput ..., TESTtoV+ Operating Temperature
Storage Temperature

Lead Temperature (Soldering, 10sec)
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.

ICL7136

—65°Cto +150°C

1000mW
800mwW
0°Cto +70°C

300°C

NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indic d in the op 7 i
maximum rating conditions for extended periods may affect device reliability.

of the specifications is not implied. Exposure to absolute

e

SRt
q

—C
AZS EDJ— 7
a ..
3ov

-+

DE(-)

10

DIGITAL
SECTION
POLARITY
FLIPIFLOP

____________ O e e ——————
b
Figure 2: Functional Diagram 0343-3
ELECTRICAL CHARACTERISTICS (Notes3,7)
Parameter Test Conditions Min Typ Max Units
Zero Input Reading ViN=0.0V —000.0 +000.0 +000.0 | Digital Reading
Full-Scale=200.0mV
Ratiometric Reading ViNn=VReF, VRer= 100mV 999 999/1000 1000 Digital Reading
Roll Over Error (Difference in ~ViN=+Vjy = 200.0mV -1 £02 | +1 Counts
reading for equal positive and
negative reading near full-scale)
Linearity (Max. deviation from Full-scale=200mV -1 +0.02 +1 Counts
best straight line fit) or Full-Scale=2.000V
Common-Mode Rejection Ratio Vem= £1V, V|y=0V 50 rVIV
(Note 4) Full-Scale=200.0mV
Noise (Pk-Pk value not exceeded _ _
95% of time) ViN=0V, Full Scale=200.0mV 15 pv
Leakage Current @ Input ViN=0V 1 10 pA

NOTE: All typical values have been characterized but are not tested.
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ELECTRICAL CHARACTERISTICS (Notes 3, 7) (Continued)

Parameter Test Conditions Min Typ Max Unit
Zero Reading Drift VIN=0V, 0°C<Ta<+70°C 0.2 1 pVv/°C
Scale Factor Temperature ViN=199.0mV, 0°C<TA< +70°C 1 5 ppm/°C
Coefficient (Ext. Ref. Oppm/°C)
Supply Current (Does not Vin=0V (Note 6) 70 100~ rA
include COMMON current)
Analog COMMON Voltage (With 250k between Common and 24 28 3.2 \
respect to positive supply) Positive Supply
Temp. Coeff. of Analog COMMON 250k between Common and 150 : ppm/°C
(With respect to positive supply) Positive Supply
Pk-Pk Segment Drive Voltage V+toV-=9V 4 5 6 "
(Note 5)
Pk-Pk Backplane Drive Voltage V+toV—=9V 4 5 6 \
(Note 5)
Power Dissipation Capacitance vs Clock Frequency 40 pF

NOTES: 3.

4. Refer to “Differential Input” discussion.

5. Backplane 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.

Unless otherwise noted, specifications apply at To=25°C, f¢iock = 16kHz and are tested in the circuit of Figure 4.

6. 48kHz oscillator, Figure 5, increases current by 20pA (typ).
7. Extra capacitance of CERDIP package changes oscillator resistor value to 470k or 150k (1 reading/sec or 3 readings/sec).

TEST CIRCUITS

IN
+o =S|

v+ 08C 140 Set Ret = 100.0 mV/
[]os osc2 —
Gle oscs [ |
o) Test [37)
Ea AEF H1 [30] ""“"‘”"::n
O REFLO [35]--AMA——AMW
e CREF [34] ﬂ_}_u .
[e cReF [}——T

DISPLAY [#]o: comm[3] o
D] C2 * 7138 INHI|3Y) M-
= .: o ——o0nF "

- [12] A Az | |0.47,F
Bl o CEw jj UHA AT AR i
[14] &2 INT [27] TA1LF - 2 DISPLAY —L-:
15] 03 v-
18] B3 G2 |28}
7] cs 24
] & a3 0343-5
W] ane {22 Figure 4: 7136 Clock Frequency 16kHz
oL oe 3] (1 reading/sec)
DISPLAY
0343-4
Figure 3: ICL7136 with Liquid Crystal Display

NOTE: All typical values have been characterized but are not tested.
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ICL7136

0343-6

Figure 5: Clock Frequency 48kHz
(3 readings/sec)

DETAILED DESCRIPTION
(Analog Section)

Figure 2 shows the Functional Diagram bf the Analog
Section for the ICL7136. Each measurement cycle is divid-
ed into four phases. They are 1) auto-zero (A-Z), 2) signal
integrate (INT), 3) de-integrate (DE) and 4) zero integrator
(2.

AUTO-ZERO PHASE
During auto-zero three things happen. First, input high

‘and low are disconnected from the pins and internally short-

ed 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 capaci-
tor, 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 Hl and IN LO
for a fixed time. This differential voltage can be within a
wide common-mode range; within 1V 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
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 next phase is de-integrate, or reference integrate. In-
put low is internally connected to analog COMMON and in-
put high is connected across the previously charged refer-
ence capacitor. Circuitry within the chip ensures that the

NOTE: All typical values have been characterized but are not tested.

ICL7136

capacitor will be connected with the correct polarity to
cause the integrator output to return to zero. The time re-
quired for the output to return to zero is proportional to the
input signal. Specifically, the digital reading displayed is
1000 (Vin/VREF)-

ZERO INTEGRATOR PHASE

The final phase is zero integrator. First, input low is short-
ed to analog COMMON. Second, the reference capacitor is
charged to the reference voltage. Finally, a feedback loop is
closed around the system to input high to cause the integra-
tor output to return to zero. Under normal 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 with-
in the common-mode range of the input ampilifier; or specifi-
cally 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, since the integrator also swings with
the common-mode voltage, care must be exercised to as-
sure 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 com-
mon-mode voltage. For these critical applications the inte-
grator swing can be reduced to less than the recommended
2V full-scale swing with little loss of accuracy. The integra-
tor output can swing within 0.3V 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 capacitance losing or gaining charge to stray ca-
pacity on its nodes. If there is a large common-mode volt-
age, the reference capacitor can gain charge (increase volt-
age) when called up to de-integrate a positive signal but
lose charge (decrease voltage) when called up to de-inte-

- grate a negative input signal. This difference in reference for

(+)or (—) input voltage will give a roll-over error. However,
by selecting the reference capacitor large enough in com-

. parison to the stray capacitance, this error can be held to

2-84

less than 0.5 count for the worst case condition (see Com-
ponent Values Selection).

Analog Common

This pin is included primarily to set the common-mode
voltage for battery operation or for any system where the
input signals are floating with respect to the power supply.
The COMMON pin sets a voltage that is approximately 3.0V
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 COM-
MON voltage will have a low voltage coefficient (0.001%/
%), low output impedance (=35%), and a temperature co-
efficient typically less than 150ppm/°C.
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Figure 6: Using an External Reference
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‘The limitations of the on-chip reference should also be
recognized, however. The reference temperature coefficient
(TC) can cause some degradation in performance. Temper-
ature changes of 2°C to 8°C, typical for instruments, can
give a scale factor error of a count or more. Also, the COM-
MON voltage will have a poor voltage coefficient when the
total supply. voltage is less than that which will cause the
zener to regulate (<7V). These problems are eliminated if
an external reference is used, as shown in Figure 6.

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 in-
stance). In this application, analog COMMON should be tied
to the same point, thus removing the common-mode volt-
age from the converter. The same holds true for the refer-
ence voltage. If the reference can be conveniently referred
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 which can sink 3mA or more of current to hold the
voltage 3.0V below the positive'supply (when a load is trying
to pull the common line positive). However, there is only
1pA of source current, so COMMON may easily be tied to a
more negative voltage, thus overriding the internal refer-
ence.

v
v ™R
ICL7136 TOLCD
DECIMAL POINT
8P
2 & 111750
TESTfaT oTOLCD
BACKPLANE

0343-9
Figure 7: Simple Inverter for Fixed
Decimal Point

NOTE: All typical values have been characterized but are not tested.
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TEST

The TEST pin serves two functions. It is coupled to the
internally generated digital supply through a 5009 resistor.
Thus, it can be used as the negative supply for external
segment drivers such as for decimal points or any other
presentation the user may want to include on the LCD dis-
play. Figures 7 and 8 show such an application. No more
than a 1mA load should be applied.

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
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 maintained for extended periods.

—
v+ "-‘ -
[ )] .
T | rowen
— DE(;!O‘IALNT ’—)DL DEC':ITML
D
- ]
ra g
GND
0343-10
Figure 8: Exclusive “OR” Gate for
Decimal Point Drive

DETAILED DESCRIPTION
(Digital Section)

Figure 9 shows the- digital section for the 7136. An inter-
nal digital ground is generated from a 6V Zener diode and a
large P channel source follower. This supply is made stiff to
absorb the relatively large capacitive currents when the
backplane (BP) voltage is switched. The BP frequency is
the clock frequency divided by 800. For three readings/sec-
ond this is a 60Hz square-wave with a nominal amplitude of
5V. The segments are driven at the same frequency and

ICL7136



ICL7136

DISPLAY FONT

ICL7136

BACKPLANE
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Figure 9: Digital Section

0343-11

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 indication is “ON” for
negative analog inputs. If IN LO and IN HI are.reversed, this
indication can be reversed also, if desired.
System Timing

Figure 10 shows the clock oscillator provided in the 7136.
Three basic clocking arrangements can be used:

1. An external oscillator connected to pin 40.

2. A crystal between pins 39 and 40.

3.  An RC 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

NOTE: All typical values have been characterized but are not tested.

3. RC OSCILLATOR

Figure 10: Clock Circuits

0343-12
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four convert-cycle phases. These are signal integrate (1000
counts), reference de-integrate (0 counts to 2000 counts),
zero integrator (11 counts to 140 counts*) and auto-zero
(910 counts to 2900 counts). For signals less than full-
scale, auto-zero gets the unused portion of reference de-in-
tegrate and zero integrator. This makes a complete mea-
sure cycle of 4000 (16,000 clock pulses) independent of
input voltage. For three readings/second, an oscillator fre-
quency of 48kHz would be used.

To achieve maximum rejection of 60Hz pickup, the signal
integrate cycle should be a muitiple of the 60Hz period. Os-
cillator frequencies of 60kHz, 48kHz, 40kHz, 3314kHz, etc.
should be selected. For 50Hz rejection, oscillator frequen-
cies of 662/3kHz, 50kHz, 40kHz, etc. would be suitable. Note
that 40kHz (2.5 readings/second) will reject both 50Hz and
60Hz (also 400Hz and 440Hz). See also A052.

COMPONENT VALUE SELECTION
(See also A052)

Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 6pA of quiescent current. They can sup-
ply ~1pA of drive current with negligible non-linearity. 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 180kQ for a 200.0mV scale.

Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance build-up will
not saturate the integrator swing (approx. 0.3V from either
supply). When the analog COMMON is used as a reference,
a nominal *2V full-scale integrator swing is fine. For three
readings/second (48kHz clock) nominal values for Cyyt are
0.047uF, for 1 reading/second (16kHz) 0.15uF. Of course,
if different oscillator frequencies are used, these values
should be changed in inverse proportion to maintain the
same output swing.

The integrating capacitor should have low dielectric ab-
sorption to prevent roll-over errors. While other types may
be 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 recommend-
ed. The ZI phase allows a large auto-zero capacitor to be
used without causing the hysteresis or overrange hangover
problems that can occur with the ICL7126 or ICL7106 (see
A032).

Reference Capacitor

A 0.1pF capacitor gives good results in most applica-
tions. 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, 1.0.F will hold the roll-over error
to 0.5 count in this instance.

*After an overranged conversion of more than 2060 counts, the zero inte-
grator phase will last 740 counts, and auto-zero will last 260 counts.

NOTE: All typical values have been characterized but are not tested.
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Oscillator Components

For all ranges of frequency a 50pF capacitor is recom-
mended and the resistor is selected from the approximate
equation f~0.45/RC. For 48kHz clock (3 readings/sec-
ond), R= 180k, for 16kHz, R=560kQ.

Reference Voltage

The analog input required to generate full-scale output
(2000 counts) is V|y=2VRgfr. Thus, for the 200.0mV and
2.000V scale, VRer should equal 100.0mV and 1.000V, re-
spectively. 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 200.0mV, the designer should use the input voltage di-
rectly and select VRgr=0.341V. A suitable value for the
integrating resistor would be 330kQ2. This makes the system
slightly quieter and also avoids the necessity of a divider
network on the input. Another advantage of this system oc-
curs when a digital reading of zero is desired for V;y+0.
Temperature and weighing systems with a variable tare are
examples. This offset reading can be conveniently generat-
ed by connecting the voltage transducer between IN HI and
COMMON and the variable (or fixed) offset voltage between
COMMON and IN LO.

TYPICAL APPLICATIONS

The 7136 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.
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0343-13
Figure 11: 7136 Using the Internal
Reference

Values shown are for 200.0mV full-scale,
3 readings/sec, floating supply voltage

(9V battery).
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Figure 12: 7136 with an External
Band-Gap Reference (1.2V Type)

IN LO s tied to COMMON, thus establishing the
correct common-mode voltage. COMMON acts
as a pre-regulator for the reference. Values
shown are for 1 reading/sec.
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Figure 13: Recommended Component
Values for 2.000V Full-Scale,
3 Readings/Sec

For 1 reading/sec, change CinT, Rosc to values
of Figure 12.
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Figure 14: 7136 with Zener Diode
Reference

Since low TC zeners have breakdown voltages
~ 6.8V, diode must be placed across the total
supply (10V). As in the case of Figure 13, IN LO
may be tied to COMMON.

*Values depend on clock frequency. See Figures 11, 42, 13.

NOTE: All typical values have been characterized but are not tested.
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Figure 15: 7136 Operated from
Single + 5V Supply

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.
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Figure 16: 7136 Measuring Ratiometric Values of Quad Load Cell
The resistor values within the bridge are determined by the desired sensitivity.
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Figure 17: 7136 used as a Digital Centigrade Thermometer

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. See ICL8073/, and AD590 data sheets for alternative circuits.

NOTE: All typical values have been characterized but are not tested.
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Figure 18: Circuit for Developing Underrange and Overrange Signals from 7136 Outputs
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Figure 19: AC to DC Converter with 7136
Test is used as a common-mode reference level to ensure compatibility with most op amps.
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NOTE: All typical values have been characterized but are not tested,
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APPLICATION NOTES

A016 “‘Selecting A/D Converters,” by David Fullagar.

A017 “The Integrating A/D Converter,” by Lee Evans.

A018 “Do’s and Dont’s of Applying A/D Converters,” by
Peter Bradshaw and Skip Osgood.

A023 “Low Cost Digital Panel Meter Designs,” by David
Fullagar and Michael Dufort.

A032 “Understanding the Auto-Zero and Common-Mode
Behavior of the ICL7106/7/9 Family,” by Peter
Bradshaw.

A046 ‘‘Building a Battery-Operated Auto Ranging DVM
with the ICL7106,” by Larry Goff.

A047 “Games People Play with Harris’ A/D Converters,”
edited by Peter Bradshaw.

A052 “Tips for Using Single-Chip 315-Digit A/D Convert-
ers,” by Dan Watson.

ICL7136

NOTE: All typical values have been characterized but are not tested.
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ICL7136
INTEGRATING A/D CONVERTER
EQUATIONS

Oscillator Frequency
fosc = 0.45/RC
Cosc > 50 pF; Rosc > 50 k2
fosc typically = 48 kHz
Oscillator Period
tosc = RC/0.45
Integration Clock Frequency
fcLock = fosc/4
Integration Period
tint = 1000 X (4/fosc)
60/50 Hz Rejection Criterion -
tinT/te0 Hz OF tiNT/t50 Hz = Integer
Optimum Integration Current
Iint = 1.0 pA
Full Scale Analog Input Voltage
VinFs typically = 200 mV or 2.0V
Integrate Resistor
VinFs
INT
Integrate Capacitor
CinT = (tinT)(linT)
Vint
Integrator Output Voitage Swing
VinT = (tinT)(hnT)
Cint
VinT Maximum Swing:

RiNT =

(V= + 0.5V) < Vint < (V+ — 0.5V)

VinT typically = 2.0V

Display Count
COUNT = 1000 x VIN_
VREF

Conversion Cycle
teve = tcLock X 4,000
tcyc = tosc X 16,000
when fogc = 48 kHz; tcyc = 333 ms
Common Mode Input Voltage
(V™ +1.0V) < Vjy < (VT - 0.5V)
Auto Zero Capacitor
0.01 pF < Caz < 1.0 uF
Reference Capacitor
0.1 uF < Crgr < 1.0 uF
Vcom
Biased between V' and V™.
Vcom = vt — 238v
Regulation lost when V¥ to V™ < = 6.4V.
If Vcom is externally pulled down to
(V' to VT)/2, the Vgop circuit will
turn off.
Power Supply: Single 9V
vt -y~ =9v
Digital supply is generated internally
Vgnp = VT — 45V
Display: LCD
Type: Direct drive with digital
logic supply amplitude.

AUTOZERO AUTOZERO DEINTEGRATE
FIXED COUNT= | FIXED COUNT= MAXIMUM COUNT =
1000 2000

CONVERSION
TIME = 4000

e ————

0343-22

NOTE: All typical values have been characterized but are not tested.
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GENERAL DESCRIPTION

The Harris ICL7137 is a high performance, very low pow-
er 31/,-digit A/D converter. All the necessary active devices
are contained on a single CMOS IC, including seven-seg-
ment decoders, display drivers, reference, and clock. The
7137 is designed to interface with a light emitting diode
(LED) display. The supply current (exclusive of display) is
under 200pA, ideally suited for battery operation.

The 7137 brings together an unprecedented combination
of high accuracy, versatility, and true economy. The device
features auto-zero to less than 10V, zero drift of less than
1pV/°C, input bias current of 10pA max., and rollover error
of less than one count. The versatility of true differential
input and reference is useful in all systems, but gives the
designer an uncommon advantage when measuring load
cells, strain gauges and other bridge-type transducers. And
finally the true economy of the ICL7137 allows a high per-
formance panel meter to be built with the addition of only 10
passive components and a display.

The ICL7137 is an improved version of the ICL7107, elim-
inating the overrange hangover and hysteresis effects, and
should be used in its place in all applications, changing only
the passive component values.

ORDERING INFORMATION

Part Temperature
Number Range Package
ICL7137CPL 0°Cto +70°C | 40 Pin Plastic DIP

ICL7137
314-Digit LED Low Power
Single-Chip A/D Converter

FEATURES

® First-Reading Recovery From Overrange allows -
Immediate “OHMS” Measurement

© Guaranteed Zero Reading for OV Input

® True Polarity at Zero for Precise Null Detection

© 1pA Typical Input Current

® True Differential Input and Reference

© Direct LED Display Drive — No External Components
Required

® Pin Compatible With The ICL7107

® Low Noise — 15,.Vp-p Without Hysteresis or
Overrange Hangover

® On-Chip Clock and Reference
¢ improved Rejection of Voltage On COMMON Pin
© No Additional Active Circuits Required

v+ Sposc1
o1}2 3sfjosc 2
cidfs sfiosc3
@ | B1Cjs 3T TEST
£{ ags 381 REF HI
3| rgs 35EIREFLO
ey 34F7C* per
e1cfe 1Bc-
o2cs 32§53 coMmoN
— | cacre 3EIINH
2 ) p2dnn 7 oFNo
W\ a2ci2 P =¥
=1 r2gn3 283 BUFF

Figure 1: Functional Diagram
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4 { 1= ) 255362 (TENS)
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POLC] Pioic ano
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0344-2
Figure 2: Pin
Configuration

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.
NOTE: All typical values have been characterized but are not tested.
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage V+ ... ... +6Vv Power Dissipation (Note 2)
Ve )\ Ceramic Package

Analog Input Voltage (either input)(Note 1) ..... Vtitov- Plastic Package

Reference Input Voltage (eitherinput) ......... V+toV-— Operating Temperature

Clockinput .......c.cooviiiiiiiiiiniiae, GNDtoV+ Storage Temperature ........

Lead Temperature (Soldering, 10sec)

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

Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board.

ICL7137

—65°Cto +150°C

1000mwW
800mwW
0°Cto +70°C

300°C

NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional

operation of the device at these or any other conditions above those indicated in the op of the specifications is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.
ELECTRICAL CHARACTERISTICS (Note3)
Parameter Test Conditions Min Typ Max Unit
Zero Input Reading ViN=0.0V —000.0 | %000.0 | +000.0 | Digital Reading
Full-Scale=200.0mV
Ratiometric Reading ViN=VReF, VReg= 100mV 998 999/1000 | 1000 | Digital Reading
Roll-Over Error (Difference in —ViN=+VN = 200.0mV -1 +0.2 +1 Counts
reading for equal positive and
negative reading near full-scale)
Linearity (Max. deviation from Full-scale=200mV -1 +0.02 +1 Counts
best straight line fit) or Full-Scale=2.000V
Common-Mode Rejection Ratio Vom= 1V, Viy=0V 30 JIAZAY
(Note 4) Full-Scale = 200.0mV
Noise (Pk-Pk value not exceeded _ _
95% of time) ViN=0V, Full-Scale=200.0mV 15 nY
Leakage Current @ Input ViN=0V 1 10 pA
Zero Reading Drift VIN=0V, 0°C<Tp<+70°C 0.2 1 pV/°C
Scale Factor Temperature ViN=199.0mV, 0°C<TA< +70°C 1 5 ppm/°C
Coefficient (Ext. Ref. Oppm/°C) -
V+ Supply Current (Does not ViN=0V (Note 5) 70 200 pA
Include LED current)
V-~ Supply current 40
Analog COMMON Voltage (With 250k between Common and 2.4 28 3.2 \
respect to positive supply) Positive Supply
Temp. Coeff. of Analog COMMON 250k between Common and 150 ppm/°C
(With respect to positive supply) Positive Supply
Segment Sinking Current V+=50V 5 8.0
(Except Pins 19 & 20) Segment Voltage=3V mA
(Pin 19 only) 10 16
(Pin 20 only) 4 7
Power Dissipation Capacitance ' vs. Clock Frequency 40 pF

NOTES: 3. Unless otherwise noted, specifications apply at Tp=25°C, fgjock=16kHz and are tested in the circuit of Figure 4. »

4. Refer to “Differential Input” discussion.
5. 48kHz oscillator, Figure 5, increases current by 35pA (typ).
- 6. Extra cay of CERDIP pack hangt

NOTE: All typical values have been characterized but are not tested.
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Figure 3: ICL7137 with LED Display

TEST CIRCUITS

[

0344-4
Figure 4: 7137 Clock Frequency 16kHz
(1 reading/_sec)

NOTE: All typical values have been characlerized but are not tested.
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Figure 5: Clock Frequency 48kHz

(3 readings/sec)

DETAILED DESCRIPTION
(Analog Section)

Figure 1 shows the Functional Diagram of the Analog
Section for the ICL7137. Each measurement cycle is divid-
ed into four phases. They are 1) auto-zero (A-2), 2) signal
integrate (INT), 3) de-integrate (DE) and 4) zero-integrator
2.

AUTO-ZERO PHASE

During auto-zero three things happen. First, input high
and low are disconnected from the pins and internally short-
ed 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 capaci-
tor, Caz, to compensate for offset voitages 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; within 1V 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
COMMON to establish the correct common-mode voltage.
At the end of this phase, the polarity of the integrated signal
is determined.

ICL7137
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DE-INTEGRATE PHASE

The next phase is de-integrate, or reference integrate. In-
put low is internally connected to analog COMMON and in-
put high is connected across the previously charged refer-
ence 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 re-
quired for the output to return to zero is proportional to the
input signal. Specifically; the digital reading displayed is
1000(V|N/VREF)- )

ZERO INTEGRATOR PHASE

The final phase is zero integrator. First, input low is short-
ed to analog COMMON. Second, the reference capacitor is
charged to the reference voltage. Finally, a feedback loop is
closed around the system to input high to cause the integra-
tor output to return to zero. Under normal 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 with-
in the common-mode range of the input amplifier; or specifi-
cally from 0.5V below the positive supply to 1.0V above the
negative supply. In this range the system has a CMRR of
90dB typical. However, since the integrator also swings with
the common-mode voltage, care must be exercised to as-
sure 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 com-
mon-mode voltage. For these critical applications the inte-
grator swing can be reduced to less than the recommended
2V full-scale swing with little loss of accuracy. The integra-
tor output can swing within 0.3V 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 capacitance losing or gaining charge to stray ca-
pacity on its nodes. If there is a large common-mode volt-
age, the reference capacitor can gain charge (increase volt-
age) when called up to de-integrate a positive signal but
lose charge (decrease voltage) when called up to de-inte-
grate a negative input signal. This difference in reference for
(+) or (—) input voltage will give a roll-over error. However,
by selecting the reference capacitor large enough in com-
parison to the stray capacitance, this error can be held to
less than 0.5 count for the worst case condition (see Com-
ponent Value Selection).

Analog Common

This pin is included primarily to set the common-mode
voltage for battery operation or for any system where the
input signals are floating with respect to the power supply.
The COMMON pin sets a voltage that is approximately 3.0V
more negative than the positive supply. This is selected to
give a minimum end-of-life battery voltage of about 6V.

NOTE: All typical values have been characterized but are not tested.
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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 COM-
MON voltage will have a low voltage coefficient (0.001%/
%), low output impedance(=35%), and a temperature coef-
ficient typically less than 150ppm/°C.

The limitations of the on-chip reference should also be
recognized, however. The reference temperature coefficient
(TC) can cause some degradation in performance. Temper-
ature changes of 2°C to 8°C, typical for instruments, can
give a scale factor error of a count or more. Also, the COM-
MON voltage will have a poor voltage coefficient when the
total supply voltage is less than that which will cause the
zener to regulate (<7V). These problems are eliminated if
an external reference is used, as shown in Figure 6.

r__‘i’_
VTRer]__,
HI
6.8 VOLT
REF LO |- ZENER
icLn3r
l.z
v
(a)
0344-6
v-’
vQ
icLnsy
1.2VOLT
REF Hil-> REFERENCE
REF LO
COMMC
(b)
0344-7
Figure 6: Using an External Reference

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 in-
stance). In this application, analog COMMON should be tied
to the same point, thus removing the common-mode volt-
age from the converter. The same holds true for the refer-
ence voltage. If the reference can be conveniently referred
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 which can sink 100pA or more of current to hold the
voltage 3.0V below the positive supply (when a load is trying
to pull the common line positive). However, there is only
1uA of source current, so COMMON may easily be tied to a
more negative voltage, thus overriding the internal refer-
ence.

DISPLAY FONT

ICL7137

TEST

The TEST pin is coupled to the internal digital supply
through a 5009 resistor, and functions as 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 10mA under these conditions.
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Figure 7: Digital Section
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Figure 8: Display Buffering for
Increased Drive Current

NOTE: All typical values have been characterized but are not tested.
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DETAILED DESCRIPTION
(Digital Section)

Figure 7 shows the digital section for the 7137. The seg-
ments are driven at 8mA, suitable for instrument size com-
mon anode LED displays. Since the 1000 output (pin 19)
must sink current from two LED segments, it has twice the
drive capability or 16mA. 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.

Figure 8 shows a method of increasing the output drive
current, using four DM7407 Hex Buffers. Each buffer is ca-
pable of sinking 40mA.

ICL7137
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System Timing

Figure 9 shows the clock oscillator provided in the 7137.
Three basic clocking arrangements can be used:

1. An external oscillator connected to pin 40.

2. A crystal between pins 39 and 40.

3. An RC oscillator using all three pins.

P --——-y

R c

T 3. RC OSCILLATOR
0344-10

Figure 9: Clock Circuits

The oscillator frequency is divided by four before it clocks
the decade counters. It is then further divided to form the
four convert-cycle phases. These are signal integrate (1000
counts), reference de-integrate (0 counts to 2000 counts),
zero integrator (11 counts to 140 counts*) and auto-zero
(910 counts to 2900 counts). For signals less than full-
scale, auto-zero gets the unused portion of reference de-in-
tegrate and zero integrator. This makes a complete mea-
sure cycle of 4000 (16,000 clock pulses) independent of
input voltage. For three readings/second, an oscillator fre-
quency of 48kHz would be used.

To achieve maximum rejection of 60Hz pickup, the signal
integrate cycle should be a multiple of the 60Hz period. Os-
cillator frequencies of 60kHz, 48kHz, 40kHz, 3314kHz, etc.
should be selected. For 50Hz rejection, oscillator frequen-
cies of 662/3kHz, 50kHz, 40kHz, etc. would be suitable. Note
that 40kHz (2.5 readings/second) will reject both 50Hz and
60Hz (also 400Hz and 440Hz.) See also A052.

*After an overranged conversion of more than 2060 counts, the zero inte-
grator phase will last 740 counts, and auto-zero will last 260 counts.

NOTE: All typical values have been characterized but are not tested.
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COMPONENT VALUE SELECTION
(See Application Note A052)

Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 6uA of quiescent current. They can sup-
ply ~1pA of drive current with negligible non-linearity. 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 180kQ for a 200.0mV scale.

Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance build-up will
not saturate the integrator swing (approx. 0.3V from either
supply). When the analog COMMON is used as a reference,
a nominal *2V full-scale integrator swing is fine. For three
readings/second (48kHz clock) nominal values for Cyyt are
0.047uF, for-1 reading/second (16kHz) 0.15uF. Of course,
if different oscillator frequencies are used, these values
should be changed in inverse proportion to maintain the
same output swing.

The integrating capacitor should have low dielectric ab-
sorption to prevent roll-over errors. While other types may
be 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 0.47pF capacitor is recommend-
ed. The ZI phase allows a large auto-zero capacitor to be
used without causing the hysteresis or overrange hangover
problems that can occur with the ICL7107 or ICL7117 (See
Application Note A032).

Reference Capacitor

A 0.1uF capacitor gives good results in most applica-
tions. 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 50pF capacitor is recom-
mended and the resistor is selected from the approximate
equation f = 0.45/RC. For 48kHz clock (3 readings/sec-
ond), R=180kQ, while for 16kHz (1 reading/sec),
R=560k(.

Reference Voltage

The analog input required to generate full-scale output
(2000 counts) is: Vin=2VRgf. Thus, for the 200.0mV and
2,000V scale, VRer should equal 100.0mV and 1.000V, re-
spectively. 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
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to 200.0mV, the designer should use the input voltage di- COMMON and the variable (or fixed) offset voltage between
rectly and select VRgr=0.341V. A suitable value for the COMMON and IN LO.
integrating resistor would be 330kQ2. This makes the system

slightly quieter and also avoids the necessity of a divider - TYPICAL APPLICATIONS

network on the input. Another advantage of this system oc- The 7137 may be used in a wide variety of configurations.
curs when a digital reading of zero is desired for VN+#0. The circuits which follow show some of the possibilities, and
Temperature and weighing systems with a variable tare are . serve to illustrate the exceptional versatility of these A/D
examples. This offset reading can be conveniently generat- - converters.

ed by connecting the voltage transducer between IN HI and

To pin § +———

180k0
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Figure 10: 7137 Using the Internal
Reference.

Values shown are for 200.0mV 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.)

0 Lo Yopin 1
1
osc = 560k0
= ) SetVret  100.0mv
— SopF 220k »
n 200k 27kn
vt
2=0.1,H4 =
—= 2V (1CL8069)
™M .
00T N
- ld
OATAF
" !;5 180k0 I
B s -
G2 f
B
~E }w DISPLAY
G [
GND ;.L ov
0344-12

Figure 11: 7137 with an External Band-Gap
Reference (1.2V Type).

IN LO is tied to COMMON, thus establishing the
correct common-mode voltage. COMMON acts
as a pre-regulator for the reference. Values
shown are for 1 reading/sec.

NOTE: All typical values have been characterized but are not tested.
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0344-13
Figure 12: Recommended Component Values for
2.000V Full-Scale,
3 Readings/Sec.

For 1 reading/sec, change CiNT, Rosc to values
of Figure 11.
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Figure 13: 7137 with Zener Diode Reference.

Since low TC zeners have breakdown voltages

~ 6.8V, diode must be placed across the total

supply (10V). As in the case of Figure 11, IN LO
may be tied to COMMON.
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I

Yo pin 1
e 0
osc 1] <
osc 2[] ;
osc 3 éé; ] Set Vref = 100.0mV
Test [ /
Rer i)
REF LO| ) A b——0 +5V
CREFIT—a, 4 2000 o g 100k0] 270
CREF T 1.2V (1CL8089)
n 1M1 .
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o) T 0OF 7 7 N
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wrE——
v ]
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9= 7O DISPLAY
G3 ]
GND § ] ov
&

Figure 14: 7137 Operated from
Single + 5V Supply.

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.
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Figure 15: Measuring Ratiometric Values of
Quad Load Cell.

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

or 74C10
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Figure 16: Circuit for developing Underrange and
Overrange signals from outputs.

The LM339 is required to ensure logic compatibility with heavy display loading.

*Values depend on clock frequency. See Figures 10, 11, and 12.

NOTE: All typical values have been characterized but are not tested.
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Figure 17: AC to DC Converter with 7137

APPLICATION NOTES

A016 “Selecting A/D converters,” by David Fullagar.

A017 “The Integrating A/D Converter,” by Lee Evans.

A018 “Do’s and Dont’s of Applying A/D Converters,” by
Peter Bradshaw and Skip Osgood.

A023 “Low Cost Digital Panel Meter Designs,” by David
Fullagar and Michael Dufort.

A032 ‘“‘Understanding the Auto-Zero and Common-Mode
Behavior of the ICL7106/7/9 Family,” by Peter
Bradshaw.

A046 ‘“Building a Battery-Operated Auto Ranging DVM
with the ICL7106,” by Larry Goff.

A047 “Games People Play with Harris’ A/D Converters”
edited by Peter Bradshaw.

A052 “Tips for Using Single-Chip 3,-Digit A/D Convert-
ers,” by Dan Watson.

NOTE: All typical values have been characterized but are not tested.
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ICL7137
ICL7137
INTEGRATING A/D CONVERTER
EQUATIONS
Oscillator Frequency . Display Count
fosc = 0.45/RC _ Vin
Cosc > 50 pF; Rosc > 50 kQ COUNT = 1000 x WE;
fosc typ. = 48 kHz Conversion Cycle
Oscillator Period tcyc = tcLock X 4000
tosc = RC/0.45 tcyc = tosc X 16,000
Integration Clock Frequency when fosc = 48 kHz, tcyc = 333 ms
fcLock = fosc/4 Common Mode Input Voitage
Integration Period (V- + 1.0V) < Vly < (V+ — 0.5V)
tint = 1000 X (4/fosc) Auto Zero Capacitor
60/50 Hz Rejection Criterion 0.01 pF < Caz < 1.0 pF
tiNT/ts0 Hz OF tiNT/t50 Hz = Integer Reference Capacitor
Optimum Integration Current 0.1 uF < Cref < 1.0 uF
InT = 1.0 pA Vcom
Full Scale Analog Input Voltage Biased between V+ and V—
VinFs typically = 200 mV or 2.0V Vcom = V+ — 2.8V
Integrate Resistor Regulation lost when V+ to V— <= 6.4V.
_ Vinrs If Vcom is externally pulled down to
"INt (V+ to V—)/2, the Vcom circuit will
Integrate Capacitor turn off.
Cinr = (tinT)(iNT) Power Supply: Dual £5.0V
N T V+ = +5.0V to GND
Integrator Output Voltage Swing V- = —5.0V to GND
_ (tnT)(hinT) Digital Logic and LED driver supply V+ to GND
ViNT = T Display: LED
ViNT Maximum Swing: Type: Non-Multiplexed Common Anode

(V= + 0.5V) < Vit < (V+ — 0.5V)
VinT typically = 2.0V

AUTOZERO INTEGRATE DEINTEGRATE
(COUNT) (FIXED COUNT) (COUNT)
2999-1000 1000 0-1999

Total Conversion Time = 4000 * tg ok = 16,000 togc
0344-19

Figure 18

NOTE: All typical values have been characterized but are not tested.
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GENERAL DESCRIPTION

The Harris ICL7139 is a high performance, low power,
auto-ranging digital multimeter IC. Unlike other autoranging
multimeter ICs, the ICL7139 always displays the result of a
conversion on the correct range. There is no “range hunt-
ing” noticeable in the display. The unit will autorange be-
tween the four different ranges. A manual switch is used to
select the 2 high group ranges. DC current ranges are 4 mA
and 40 mA in the low current group, 400 mA and 4A in the
high current group. Resistance measurements are made on
4 ranges, which are divided into two groups. The low resist-
ance ranges are 4/40 kilohms. High resistance ranges are
0.4/4 megohms. Resolution on the lowest range is 1 ohm.

ORDERING INFORMATION

Part Temperature
Number Range Package
ICL7139CPL 00C to +70°C | 40 Pin Plastic DIP

ICL7139
33/,-Digit
Autoranging Multimeter

FEATURES

¢ 13 Ranges:
4 DC Voltage—400 mV, 4V, 40V, 400V
1 AC Voltage—400V
4 DC Current—4 mA, 40 mA, 400 mA, 4A
4 Resistance—4 K, 40 K0, 400 K, 4 MQ

® Autoranging—First Reading is Always on Correct
Range

® On-Chip Duplex LCD Display Drive Including Three
Decimal Points and 11 Annunciators

* No Additional Active Components Required

® Low Power Dissipation—Less than 20 mW—1000
Hour Typical Battery Life

® Average Responding Converter for Sinewave Inputs
® Display Hold Input

© Continuity Output Drives Piezoelectric Beeper

© Low Battery Annunciator with On-Chip Detection

© Guaranteed Zero Reading for 0 Volts Iinput on All
Ranges

poL/Ac [T}
8p2[2]
P13}

v
v E]
Vrer [E]
Loa [7}
Hia [E]
DEINT [9]

COMMON
INTI [T}

intv/a[i2)

TRIPLE POINT [i3]

ICL7139CPL

Figure 1: Pin Configuration

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.
NOTE: All typical values have been characterized but are not tested.
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage (V* toV=) oo 15V
Reference Input Voltage (VRgrto COM) ............... 3V
AnaloginputCurrent................c.ooiiiaa.n. 100 pA

(IN + Current or IN + Voltage)
Clock InputSwing...........c.covvuennn... V+tovt —3 2bove those indk
Power Dissipation (Plastic Package) ............. 800 mW implied. Exp to

Operating Temperature Range

ELECTRICAL CHARACTERISTICS v+

Storage Temperature Range
Lead Temperature (Soldering, 10 sec)
NOTE: Stresses above those listed under “Absolute Maximum Ratings”

ICL7139

may cause permanent damage to the device. These are stress ratings only

in the c

volts, test circuit as shown in Figure 3. Crystal = 120 kHz.

ods may affect device reliability.

and functional operation of the device at these or any other conditions
of the specifications is not
rating conditions for extended peri-

+ 9.0V, Tp = +25°C, VReF adjusted for —3.700 reading on DC

Parameter Test Conditions Min Typ Max Units
Zero Input Reading VN or iy or Ry = 0.00 —00.0 +00.0 V,1,Q
Linearity (Best Straight Line) (Note 6) (Note 1) -1 +1 Counts
IAccuracy DC V, 400 Volt Range Only (Note 1) +1 |%of RDG + 1
/Accuracy DC V, 400 Volt Range Excluded (Note 1) +0.30 |% of RDG + 1
|Accuracy Ohms, 4K and 400K Range (Note 1) +0.75 |% of RDG + 8
|Accuracy Ohms, 40K and 4 Meg Range (Note 1) +1 % of RDG + 9
Accuracy DC |, Unadjusted for FS (Note 1) +0.75 |% of RDG + 1
Accuracy DC |, Adjusted for FS (Note 1) +0.2 % of RDG =+ 1
Accuracy AC V (Note 5) @60 Hz +2 % of RDG
Open Circuit Voltage for Ohms Measurements|Rynknown = Infinity VREF \
Noise (Note 2, 95% of Time) VN =.0, DC Volts 0.1 LSB
Noise (Note 2, 95% of Time) Vin = 0, AC Volts 4 LSB
Supply Current Vin = 0, DC Voltage Range 1.5 2.4 mA
lAnalog Common (with Respectto V1) Icommon < 10 pA 2.7 2.9 3.1 \']
ITemperature Coefficient of Analog Common |lcommon < 10 pA, Temp = 0-70°C —100 ppm/°C
Output Impedance of Analog Common lcommon < 100 pA 1 10 Q
Backplane/Segment Drive Voltage Average DC < 50 mV 2.8 3.0 3.2 \')
Backplane/Segment Display Frequency 75 Hz
Switch Input Current (Note 3) Vin=V+ttoV~— —50 +50 pA
Switch Input Levels (High Trip Point) V+ —05 v+ \Y
Switch Input Levels (Mid Trip Point) V- +3 vVt —25 \'4
Switch Input Levels (Low Trip Point) V- V- + 0.5 v
Beeper Output Drive (Rise or Fall Time) CrLoap = 10nF 25 100 ns
Beeper Output Frequency 2 kHz
Continuity Detect Range = Low Ohms, VRgr = 1.00V 1.5 kQ
Power Supply Functional Operation V+itoV— 7 9 11 Vv
Low Battery Detect (Note 4) V+toV— 6.5 7 7.5 \'

NOTE 1:

Accuracy is defined as the worst case deviation from ideal input value including: offset, linearity, and rollover error.

2: Noise is defined as the width of the uncertainty window (where the display will flicker) between two adjacent codes.

3: Applies to pins 17-20.

4:
voltage above 7 volts and below 11 volts.

5: For 50 Hz use a 100 kHz crystal.

6: Guaranteed by design, not tested.

RDG = Reading

NOTE: All typical values have been characterized but are not tested.
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Analog Common falls out of regulation when the Low Battery Detect is asserted, however the ICL7139 will continue to operate correctly with a supply
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Figure 2: Functional Diagram
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Figure 3: ICL7139 Test Circuit

NOTE: Al typical values have been characterized but are not tested.
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Table 1: Pin Numbers and Function

1/0 Pin Number Pin Function
(0] 1 Segment Driver POL/AC
(o) 2 Backplane 2
(0] 3 Backplane 1
| 4 v+
1 5 '
| 6 Reference Input
(o) 7 Lo Ohms
(o) 8 Hi Ohms
1/0 9 Deintegrate
170 10 Analog Common
[ 11 Intl
| 12 Int V/Ohms
| 13 Triple Point
| 14 Auto Zero Capacitor (Caz)
| 15 Integrate Capacitor (CinT)
(0] 16 Beeper Output
| 17 mA/pA
| 18 Ohms/V/A
| 19 Hi Ohms DC/Lo Ohms AC
| 20 Hold
[¢] 21 Oscillator Out
I 22 Oscillator In
(o] 23 Segement DRIVER k/m
o 24 Segment Driver Ohms/A
(0] 25 Segment Driver M Ohms/pA
(0] 26 Segment Driver Lo Bat/V
(0] 27 Segment Driver Bg/Co
(0] 28 Segment Driver Ag/Dg
(0] 29 Segment Driver Go/Eg
(0] 30 Segment Driver Fo/DP4
(0] 31 Segment Driver B1/C4
O 32 Segment Driver A1/D4
(0] 33 Segment Driver G4/E4
(0] 34 Segment Driver F1/DP4
(0] 35 Segment Driver Bo/Co
(0] 36 Segment Driver Ay/Dy
(@) 37 Segment Driver Go/Ep
(0] 38 Segment Driver Fo/DP3
(0] 39 Segment Driver B3/Cg
(0] 40 Segment Driver ADG3/Eg

NOTE: For segment drivers, segments are listed as (segment for backplane
1)/(segment for backplane 2). Example: pin 27; segment By is on
backplane 1, segment Cy is on backplane 2.

NOTE: Al typical values have been characterized but are not tested.
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DETAILED DESCRIPTION

General

Figure 2 is a simplified block diagram of the ICL7139. The
digital section includes all control logic, counters, and dis-
play drivers. The digital section is powered by V+ and Digi-
tal Common, which is about 3V below V+. The oscillator is
also in the digital section. Normally 120 kHz for rejection of
60 Hz AC interference and 100 kHz for rejection of 50 Hz
AC, 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—.

DC VOLTAGE MEASUREMENT

Autozero

Only those portions of the analog section which are used
during DC voltage measurements are shown in Figure 5. As
shown in the timing diagram (Figure 6), 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 Com-
mon. The output of the integrator, which is equal to its off-
set, is stored on Cpz—the autozero capacitor. Similarly, the
offset of the comparator in stored in Ciy1. The autozero
cycle equals 1000 clock cycles which is one 60 Hz line cy-
cle with a 120 kHz oscillator or one 50 Hz line cycle with a
100 kHz crystal.

Range 1 Integrate

The ICL7139 performs a full autorange search for each
reading, beginning with range 1. During the range 1 inte-
grate period, internal switches connect the INT V/Ohm ter-
minal to the Triple Point (Pin 13). The input signal is inte-
grated for 10 clock cycles, which are gated out over a peri-
od of 1000 clock cycles to ensure good normal mode rejec-
tion of AC line interference.

Range 1 Deintegrate

At the beginning of the deintegrate cycle, the polarity of
the voltage on the integrator capacitor (CjNyT) is checked,
and either the DEINT+ or DEINT — is asserted. The integra-
tor capacitor CinT is then discharged with a current equal to
VRer/RpeinT. The comparator monitors the voltage on
CiNT- When the voltage on CinT is reduced to zero (actually
to the Vpg of the comparator), the comparator output
switches, and the current count is latched. If the CiyT volt-
age zero-crossing does not occur before 4000 counts have
elapsed, the overload flag is set. “OL” (overload) is then
displayed on the LCD. If the latched result is between 360
and 3999, the count is transferred to the output latches and
is displayed. When the count is less than 360, an under-
range has occurred, and the ICL7139 then switches 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 integrated 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 volt-
age 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 again asserts
the internal underrange signal and proceeds to range 3.

Range 3

The range 3 or 4V full scale measurement is identical to
the range 2 measurement, except that the input signal is.
integrated during the full 1000 clock cycles (one line fre-

quency cycle). The result is displayed if the reading'is great--

er than 360 counts. Underrange is asserted, and a range 4
measurement 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 mea-

ICL7139

surement 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 cy-
cles (24 line cycles).

DIGIT3 2 1

w L U
ai“ -, ' ' ' ' i
AC '-’ o ’-’ . ,-'/40 ‘,-a'c mAV LA

DP2 DP1

N
I'g’bkn Mo

DP3

0079-4
Figure 4: Display Segment Nomenclature
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VREF

INTEGRATOR

T
ViN e—an—HTVE ®
Ry —
T AZ
Vaer—@
DEINT + —
DEINT +
v+

COMMON

COMMON

TO LOGIC SECTION
COMPARATOR

T = (INT)(AR)(AZ)

AR = AUTORANGE CHOPPER
AZ = AUTOZERO

INT = INTEGRATE

0079-5

Figure 5: Detailed Circuit Diagram for DC Voltage Measurement

NOTE: All typical values have been characterized but are not tested.
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Figure 6: Timing Diagram for DC Voltage Measurement
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DC CURRENT

Figure 7 shows a simplified block diagram of the analog
section of the ICL7139 during DC current measurement.
The DC current-measurements are very similar to DC volt-
age measurements except: 1) The input voltage is devel-
oped by passing the input current through a 0.1 ohm (HI
current ranges), .or 9.9 ohm (LOW current ranges) current
sensing resistor; 2) Only those ranges with 1000 and 10,000
clock cycles of integration are used; 3) The Ryt | resistor is
1 megohm, rather than the 10 megohm value used for the
RINT v resistor.

NOTE: All typical values have been characterized but are not tested.

By using the lower value integration resistor, and only the
2 most sensitive ranges, the voltage drop across the current

- sensing resistor is 40 mV maximum on the 4 mA and

2-108

400 mA ranges; 400 mV maximum on the 40 mA and 4A
scales. With some increase in noise, these “burden” volt-
ages can be reduced by lowering the value of both the cur-
rent sense resistors and the Ryt | resistor proportionally.
The DC current measurement timing diagram is similar to
the DCvoltage measurement timing diagram, except in the
DC current timing diagram, the first and second integrate
and deintegrate phases are skipped.



AC VOLTAGE MEASUREMENT

As shown in Figure 8, the AC input voltage is applied
directly to the ICL7139 input resistor. No separate AC to DC
conversion circuitry is needed. The AC measurement cycle
is begun by disconnecting the integrator capacitor and us-
ing 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 inte-
grate/deintegrate cycle begins. The ICL7139 resynchroniz-
es itself to the AC input prior to every reading. Because
diode D4 is in series with the integrator capacitor, only posi-
tive current from the integrator flows into the integrator ca-
pacitor, CinT. Since the voltage on Ciyt is proportional to
the half-wave rectified average AC input voltage, a conver-
sion factor must be applied to convert the reading to RMS.
This conversion factor is 7/2y2 = 1.1107, and the system
clock is manipulated to perform the RMS conversion. As a
result the deintegrate and autozero cycle times are reduced
by 10%.

Ratiometric Ohms Measurement

The ratiometric ohms measurement is performed by first
- integrating the voltage across an unknown resistor, Rx, then

ICL7139

effectively deintegrating the voltage across a known resistor
(Rknown1 or Rknownz of Figure 9)..The shunting effect of
RinTv does not affect the reading because it cancels exact-
ly between integration and deintegration. Like the current
measurements, the ohm measurements are split into two
sets of ranges. LO ohms measurements use a 10 kil-
ohm reference resistor, and the full scale ranges are 4 and
40 kilohms. Hl ohms measurements use a 1 megohm refer-
ence resistor, and the full scale ranges are 0.4 and 4 me-
gohms. The measurement phases and timing are the same
as the measurement phases and timing for DC current ex-
cept: 1) During the integrate phases the input voltage is the
voltage across the unknown resistor Rx, and; 2) During the
deintegrate phases, the input voltage is the voltage across
the reference resistor RknowNt o RKNOWN2-

Continuity Indication

When the ICL7139 is in the LO ohms measurement
mode, the continuity circuit of Figure 10 will be active. When
the voltage across Rx is less than approximately 100 mV,
the beeper output will be on. When Rknown is 10 kilohms,
the beeper output will be on when Rx is less than 1 kilohm.

It RoEiNt
LAY
Caz Cint
TRIPLE $—](
POINT Caz Cinr RoEINT,
VJD DEIN —i DEINT -
Rum | T A A2
LOW I—e—AN— T 1 1 = Vace
T a®
L 4
<9.90 - = +
INTEGRATOR
Vaer—@
DEINT+ 0 LOGIC SECTION
DEINT + COMPARATOR
HIGH |—
v
S
o1n 6.7V
b3 _
3 T = (INT)(AR)(AZ)
COMMON /
COMMON T n AR = AUTORANGE CHOPPER
= AZ = AUTOZERD
- b INT = INTEGRATE
>
p
80xA
V=4
0079-7
Figure 7: Detailed Circuit Diagram for DC Current Measurement

NOTE: All typical values have been characterized but are not tested.
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Common Voltage

The analog and digital common voltages of the ICL7139
are generated by an on-chip resistor/zener/diode combina-
tion, .hown in Figure 11. The resistor values are chosen so
the ¢ efficient of the diode voltage cancels the positive
temp: rature coefficient of the zener voltage. This voltage is
then puffered 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 20 mA, or source 0.01 mA, with an output impedance .

of 10 ohms. 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.

Oscillator

The ICL7139 uses a parallel resonant-type crystal in a
Pierce oscillator configuration, as shown in Figure 12, and
requires no other external components. The crystal elimi-
nates the need to trim the oscillator frequency. An external
signal may be capacitively coupled in OSC IN, with a signal
level between 0.5 and 3V pk-pk. Because the OSC OUT

ICL7139

pin is not designed to drive large external loads, loading on
this pin should not exceed a single CMOS input. The oscilla-
tor frequency is internally divided by two to generate the
ICL7139 clock. The frequency should be 120 kHz to reject
60 Hz AC signals, and 100 kHz to reject 50 Hz signals.

Display Drivers

Figure 13 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 the LCD. The LCD has two separate back-
planes. Each drive line can drive two individual segments,
one referenced to each backplane. The ICL7139 drives 33
7-segment digits, 3 decimal points, and 11 annunciators.
Annunciators are used to indicate polarity, low battery con-
dition, and the range in use. Peak drive voltage across the
display-is approximately: 3V. An LCD. with approximately
1.4V RMS threshold voltage should be used. The third volt-
age level needed for duplex drive waveforms is generated
through an on-chip resistor string. The DC component of
the drive waveforms is guaranteed to be less than 50 mV.

AA
VVA—

INT = INTEGRATE

Figure 8: Detailed Circuit Diagram for AC Voltage Measurement

] RoeINT
L
- Caz Cint
I CINT DEINT (5
. TRIPLE POINT Caz 1
ACINT
I o |
| . Ea |
| ACS D2 DEINT |
D3 ®acs DEINT -
Rintv | H_‘ I
J ACINT
A% = M—O
INT Vin T AZ AZ AZ VRer
ACS |
Al

C N I INTEGRATOR I
w T _[_ COMPARATOR l
s =AZ. . |

T = (INT + ACS)AZAR
ACS = AC SYNC I

NOTE: All typical values have been characterized but are not tested.
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Ternary |nput ICL7139 is designed to use a 3.3 nF (0.0033 uF) CjnT with
an oscillator frequency of 120 kHz and an RyyTy of 10 meg-
ohms. With a 100 kHz oscillator frequency (for 50 Hz line
frequency rejection), Gyt and Ry 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 RyyTy and oscilla-
tor frequencies the value of Cynt can be calculated from:

_ (Integrate Time) X (Integrate Current)

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

Table 2: Ternary Inputs Connections CinT (Desired Integrator Swing)
P vt OPEN v- (10,000 x 2 x Oscillator Period) X 0.4V/RyTy
Number or COM = @v)
17 mA pA Test

Integrator Resistors
18 Ohms Volts Amps The normal values of the RinT v and Ry | resistors are
10 megohms and 1 megohm respectively. Though their ab-

19 H0/00 LOS/AC Test solute values are not critical, unless the value of the current
20 Hold Auto Test sensing resistors are trimmed, their ratio should be 10:1,
within 0.05%. Some carbon composition resistors have a
COMPONENT SELECTION large voltage coefficient which will cause linearity errors on
. . o the 400V scale. Also, some carbon composition resistors
For optimum performance while maintaining the low-cost are very noisy. The class “A” output of the integrator begins
advgntages of the ICL7139, care must'be tak?" when se- to have nonlinearities if required to sink more than 70 pA
lecgng external components. This section reviews specifi- (the sourcing limit is much higher). Because RynT v drives a
cations and performance effects of various external compo- virtual ground point, the input impedance of the metor is
nents. equal to RiNT v-
Integ'rator Capac;tor, QINT _ Deintegration Resistor, RpgInT
_As with all dual-slope integrating convertors, the integra- Unlike most dual-slope A/D converters, the ICL7139 uses
t]on cgpacnor must have low dlelectn_c absorption to reduce different resistors for integration and deintegration. RpginT
linearity errors. Polypropylene qapacntors add undetectable should normally be the same value as RiyTy, and have the
errors at a reasonable cost, while gqustyrene_ aqd polycar- same temperature coefficient. Slight errors in matching may
bonate may be used in less critical applications. The be corrected by trimming the reference voltage.
1< ROEIT
weie] (7w
POINT b|(_ Caz  Cint Roemt
aZ® =
INT V/Q I AZ AZ
VWA / @ r—®—<
Rintv é‘f AZ
= = E INTEGRATOR
RS 70 LOGIC SECTION
XS " Lo COMPARATOR
RiNown 1
VWA Ho T=INT+ DEINT
Rinown 2 AZ = AUTOZERO
COMMON INT = INTEGRATE

0079-9
Figure 9: Detailed Circuit Diagram for Ratiometric Ohms Measurement

NOTE: All typical values have been characterized but are not tested.
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Autozero Capacitor, Caz

The Caz is charged to the integrator’s offset voltage dur-
ing 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 Caz val-
ue is determined by: 1) Circuit leakages; 2) Caz self-dis-
charge; 3) Charge injection from the internal autozero
switches. To avoid errors, the Caz voltage change should
be less than 4, of a count during the 10,000 count clock
cycle integration period for the 400 mV range. These re-
quirements set a lower limit of 0.047 uF for Caoz but 0.1 pF
is the preferred value. The upper limit on the value of Caz is

" set by the time constant of the autozero loop, and the 1 line

cycle time period allotted to autozero. Caoz may be several
10s of microfarads before approaching this limit.

The ideal Caz is a low leakage polypropylene or Teflon
capacitor. Other film capacitors such as polyester, poly-
styrene, 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.

Ohms Measurement Resistors

Because the ICL7139 uses a ratiometric ohms measure-
ment technique, the accuracy of ohms reading is primarily
determined by the absolute accuracy of the Rknownt and
RknownN2. These should normally be 10 kilohms and
1 megohm, with an absolute accuracy of at least 0.5%.

ICL7139

Current Sensing Resistors

The 0.1 ohm and 9.9 ohm current sensing resistors con-
vert the measured current to a voltage, which is then mea-
sured using RNt . The two resistors must be closely
matched, and the ratio between RynT | and these two resis-
tors must be accurate—normally 0.5%. The 0.1 ohm resis-
tor must be capable 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 2 kHz (using a 120 kHz crystal), with a
voltage output swing of V+ to V—. The beeper output off
state is at the V+ rail. When crystals with different frequen-
cies are used, the frequency needed to drive the transducer
can be calculated by dividing the crystal frequency by 60.

Display

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

Figure 10: Continuity Beeper Drive Circuit

BEEPER OUTPUT

0079-10

NOTE 1: The ICL7139 contains a comparator that is enabled on the lowest ohms range. It trips at approximately 1.5 kQ and enables the beeper driver to oscillate
(between V— and V+) at 2 kHz. The beeper driver is capable of driving a piezo-electric transducer. The beeper output response is independent of the
state of the conversion; therefore appears instantaneous to the user. Some applications may require a 150 pF capacitor between pin 4 and pin 8 to insure

a sharp on/off continuity detection.

NOTE: Al typical values have been characterized but are not tested.
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0079-11

Figure 11: Analog and Digital Common Voltage Generator Circuit

Crystal

The ICL7139 is designed to use a parallel resonant
120 kHz or 100 kHz crystal with no additional external com-
ponents. The Rg parameter should be less than 25 kilohms
to ensure oscillation. Initial frequency tolerance of the crys-
tal can be a relatively loose 0.05%.

Switches

Because the logic input draws only about 5 pA, switches
driving 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
voltages in excess of 400V AC.

Reference Voltage Source

A voltage divider connected to V+ and Common is the
simplest source of reference voltage. While minimizing ex-
ternal component count, this approach will provide the
same voltage tempco as the ICL7139 Common—about 100
PPM/°C. To improve the tempco, an ICL8069 bandgap ref-
erence may be used (see Figure 14). The reference voltage
source output impedance must be < Rpgnt/4000.

Applications, Examples, and Hints

A complete autoranging 3%, digit multimeter is shown in
Figure 15. The following sections discuss the functions of
specific components and various options.

NOTE: All typical values have been characterized but are not tested.
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Meter Protection

The ICL7139 and its external circuitry should be protect-
ed against accidental application of 110/220V AC line volt-
ages on the ohms and current ranges. Without the neces-
sary precautions, both the 7139 and its external compo-
nents could be damaged under such fault conditions. For
the current ranges, fast-blow fuses should be used between
S5A in Figure 15 and the 0.1 ohm and 9.9 ohm shunt resis-
tors. For the ohms ranges, no additional protection circuitry
is required. However, the 10 kilohm resistor connected to
pin 7 must be able to dissipate 1.2W or 4.8W for short peri-
ods of time during accidental application of 110V or 220V
AC line voltages respectively.

OSCIN 0sc ouT

A S MEG

>

<

330K

j'__'spr prF
- - 0079-12

Figure 12: Internal Oscillator Circuit Diagram
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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-based multimeter.

Rollover Performance, Leakages, and
Guarding

Because the ICL7139 system measures very low cur-
rents, it is essential that the PCB have low leakage. Boards
should be properly cleaned after soldering. Areas of particu-
lar importance are: 1) The INT V/Q and INT | Pins; 2) The
Triple Point; 3) The RpgynT and the Caz pins.

The conversion scheme used by the ICL7139 changes
the common mode voltage on the integrator and the capaci-
tors Caz and Cint during a positive deintegrate cycle. Stray
capacitance to ground is charged when this occurs, remov-
ing some of the charge on Cynt and causing rollover error.
Rollover error increases about 1 count for each picofarad of
capacitance between Cpz or the Triple Point and ground,
and is seen as a zero offset for positive voltages. Rollover
error is not seen as gain error.

ICL7139

The rollover error causes the width of the +0 count to be
larger than normal. The ICL7139 will thus read zero until
several hundred microvolts are applied in the positive direc-
tion. The ICL7139 will read —1 when approximately
—100 pV is applied.

The rollover error can be minimized by guarding the Triple
Point and Caz nodes with a trace connected to the CiyT
pin, which is driven by the output of the integrator. Guarding
these nodes with the output of the integrator reduces the
stray capacitance to ground, which minimizes the charge
error on Cyy1 and Caz. If possible, the guarding should be
used on both sides of the PC board.

Stray Pickup

While the ICL7139 has excellent rejection of line frequen-
cy noise and pickup in the DC ranges, any stray coupling
will affect the AC reading. Generally, the analog circuitry
should be as close as possible to the ICL7139. The analog
circuitry should be removed or shielded from any 120V AC
power inputs, and any AC sources such as LCD drive wave-
forms. Keeping the analog circuit section close to the
ICL7139 will also help keep the area free of any loops, thus
reducing magnetically coupled interference. coming from
power transformers, or other sources.

Vp, v
BACKPLANE _I__I_‘_J_J_ véﬁﬁn 5
o DCOM Vams = {8 Vpeak ON
SEGMENT ON VPEAK \’ 1
Vams = ¥ 8 Vpeak OFF
]
= 3V=10% RMS ON —» 237V
Veeax g RMS OFF — 1.06V
I_' VeEAK
SEGMENT OFF sed ! o
'—I_ 2Vpeak (VOLTAGE ACROSS ON SEGMENT)
(o]
VSEGMENT ON  coeal
- 2Vpgak
w Vpeak  (VOLTAGE ACROSS OFF SEGMENT)
T OFF )
- VpEAK
0079-13
Figure 13: Duplexed LCD Drive Waveforms

NOTE: All typical values have been characterized but are not tested.
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DEINTEGRATE TRIPLE POINT REE)::TEERNAL
INTEGRATE VOLT/OHM RENCE
INTEGRATE CURRENT
ICLB06Y
REFERENCE INPUT
ANALOG COMMON
0079-14
Figure 14: External Voltage Reference Connection to ICL7139
3.3nF
VWA IS 1202
10M2 o4 uF CRYSTAL
tH |
13) 14] 15] 21f 22
TRIPLE Cp; Cpyp OSC 0SC
o POINT ouT IN T —_—
INPUTS DEINT DISPLAY mAV
v/a 10MQ2 orve] 13 _3999
v INT(V/2) ouTPUTS | 23740
a 10kQ 7 AC kQMQ
Loq
S4A 1A 1M g "
A MO 14 Ho BEEPER
A = AMN—] INT (1) 4 BEEPER
v 0 _L PIN 4
SSA S +
mA £990 ICL7139 J_
<Eo.m
<
> 2W
COMMON 10 5
[ COMMON v
v Vrer
Q 18
vt A V' e— s v/a/A
1 HIQ=DC/LOQ~AC
v - 17 g vt
mA/uA HOLD 2 s o—T S2 Closed: Hi2-DC
mA S3 Closed: Hold Reading
Figure 15: Basic Multimeter Application Circuit for ICL7139 0079-15

NOTE 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).

NOTE: All typical values have been characterized but are not tested.
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0079-16

Figure 16: PC Board Layout

NOTE: Al typical values have been characterized but are.not tested.
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SEMICONDUCTOR

GENERAL DESCRIPTION

The Harris ICL7149 is a high performance, low power,
autoranging digital multimeter IC. Unlike other autoranging
muitimeter ICs, the ICL7149 always displays the result of a
conversion on the correct range. There is no “range hunt-.
ing” noticeable in the display. The unit will autorange be-
tween the four different ranges in the DC voltage, DC cur-
rent and resistance measurement modes. A manual switch
is used to select the 2 high group ranges. DC current ranges
are 4 mA and 40 mA in the low current group, 400 mA and
4A in the high current group. Resistance measurements are.
made on 4 ranges, which are divided into two groups. The
low resistance ranges are 4/40 kilohms. High resistance
ranges are 0.4/4 megohms. Resolution on the lowest range
is 1 ohm.

ORDERING INFORMATION

ICL7149
Low Cost 33/,-Digit
Autoranging Multimeter

FEATURES
¢ 18 Ranges:
4 DC Voltage—400 mV, 4V, 40V, 400V
2 AC Voitage—with Optional AC Circuit
4 DC Current—4 mA, 40 mA, 400 mA, 4A
4 AC Current with Optional AC Circuit
4 Resistance—4 kQ, 40 k{2, 400 k2, 4 MQ
® Autoranging—First Reading is Always on Correct
Range
© On-Chip Duplex LCD Display Drive Including Three
Decimal Points and 11 Annunciators
® Low Power Dissipation—Less than 20 mW—1000
Hour Typical Battery Life
© Display Hold Input
® Continuity Output Drives Piezoelectric Beeper
® Low Battery Annunciator with On-Chip Detection-

Part Temperature ® Guaranteed Zero Reading for 0 Volts Input on All
Package
Number Range Ranges
ICL7149CPL | 0°Cto +70°C | 40 Pin Plastic DIP
ICL7149CM44 | 0°C to +70°C | 44 Pin Surface Mount
o - 2
s B - e cfegggege 3
8p1[3] [38] F,/0P5 I l I I I I
VI ey, Ininlninininlulnlal
v 361 4,/0, ( 44 43 42 41 40 39 38 37 36 35 34 \
Vrer [E] 3518,/C, Ay, 1 33 —IM0/uA
Loa [7] 321 Fy /0P, 6,/E 2 2| oo/
Hio 2] (3316, /¢, Fo/OP3 1B 3 —Ik/m
DEINT [9] 57]4, /0y B3/C3 | |+ 30 [J0SC IN
common [10]} - 3118, /¢, ADG3/Ex 5 29 3 0sC ouT
i L7149 1301 Fo /0P, PoL/AC 3 6 ICL7149CM44 28| F=T—IHowo
NTv/o 2] 58] 6o/E e |7 27 [CIHIR-DC/LO 2-AC
TRIPLE POINT [T3] [78] Aq/0p 82 8 2 —1v/ ‘/’/ A
8P1C] 9 25 ma/uA
¢
a2 202/ o e 10 24 3 BEEPER OUT
cr 3] 78] L0 BAT/V
NC T 1 23 [ INC
BEEPER OUT iG] 25} M0 /uA \_ 12 13 14 15 19 20 21 22
mA/pA ] 73 a/a N\ /
v/a/A[i8] 23]k /m
HIa~DC/L0-Ac [T9] [73) 0sc 1N I I I I l I I I | I
HoLD [20] [21] osc out . hqng:s;g;
o & g = > s 3
0094-1 s =4
5
0094-18
Figure 1: Pin Configurations

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.
NOTE: All typical values have been characterized but are not tested.
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VY tOoV=) ..ooveiiiiniinenn, 15V
Reference Input Voltage (VRgrto COM) ............... 3v
Analog InputCurrent. ...................oooa.. 100 pA

(IN+ Current or IN+ Voltage)

ICL7149

Storage Temperature Range............ —-65°C to +130°C
Lead Temperature (Soldering, 10sec).............. 300°C

NOTE: Stresses above those listed under “Absolute Maximum Ratings”
may cause permanent damage to the device. These are stress ratings only
and functional operation of the device at these or any other conditions

Clock InputSwing.................oooee
" Power Dissipation (Plastic Package)
Operating Temperature Range .............

.ELECTRICAL CHARACTERISTICS v+ = +9.0v, Tp = +25°C, VRer adjusted for —3.700 reading on DC

V+toVvt -3

0°Cto +70°C

....800 mW

volts, test circuit as shown in Figure 3. Crystal Frequency = 120 kHz.

above those ind

d in the

P

implied. Exp to
ods may affect device reliability.

of the specifications is not
rating conditions for extended peri-

Parameter Test Conditions Min Typ Max Units
Zero Input Reading Vin or ly or Ry = 0.00 —00.0 +00.0 v, Q
Linearity (Best Straight Line) (Note 5) (Note 1) -1 +1 Counts
Accuracy DC V, 400 Voit Range Only (Note 1) +1 % of RDG =+ 1
Accuracy DC V, 400 Volt Range Excluded (Note 1) +0.30 % of RDG + 1
Accuracy Ohms, 4K and 400K Range (Note 1) +0.75 % of RDG + 8
Accuracy Ohms, 40K and 4Meg Range (Note 1) +1 % of RDG * 9
Accuracy DC |, Unadjusted for FS (Note 1) +0.75 % of RDG * 1
Accuracy DC |, Adjusted for FS (Note 1) +0.2 % of RDG + 1
Open Circuit Voltage for Ohms Measurements RunkNown = Infinity VREF \
Noise (Note 2, 95% of Time) Vin = 0, DC Volts 0.1 LSB
Supply Current Vin = 0, DC Voltage Range 1.5 2.4 mA
Analog Common (with Respect to V+) IcoMMON < 10 pA 2.7 29 3.1 "
Temperature Coefficient of Analog Common Icommon < 10 pA, -100 ppm/°C
Temp = 0°C-70°C
Output Impedance of Analog Common IcomMmon < 100 pA 1 10 1)
Backplane/Segment Drive Voltage Average DC < 50 mV 28 3.0 3.2 \
Backplane/Segment Display Frequency 75 Hz
Switch Input Current (Note 3) VIN=V+ttoV— —50 +50 pA
Switch Input Levels (High Trip Point) vt —-05 v+ v
Switch Input Levels (Mid Trip Point) V- +3 v+ —25 v
Switch Input Levels (Low Trip Point) A V- +05 v
Beeper Output Drive (Rise or Fall Time) CrLoap = 10nF 25 100 pus
Beeper Output Frequency 2 kHz
Continuity Detect Range = Low Ohms, 1.5 kQ
Vger = 1.00V
Power Supply Functional Operation V+tov- 7 11 v
Low Battery Detect (Note 4) VttoVv-— 6.5 75 \"

NOTE 1: Accuracy is defined as the worst case deviation from the ideal input value including: offset, linearity and rollover error.

2: Noise is defined as the width of the uncertainty window (where the display will flicker) between two adjacent codes.

3: Applies to pins 17-20.

4: Analog Common falls out of regulation when the Low Battery Detect is asserted, however the ICL7149 will continue to operate correctly with a supply

voltage above 7 volts and below 11 volts.
5: Guaranteed by design, not tested.
RDG = Reading

NOTE: All typical values have been characterized but are not tested.
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Figure 3: ICL7149 Test Circuit

NOTE: All typical values have been characterized but are not tested.
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Table 1: Pin Numbers and Functions

1/0 Pin Number Pin Function
o 1 Segment Driver, POL/AC
(o} 2 Backplane 2
(o] 3 Backplane 1
| 4 v+
| 5 '
| 6 Reference Input
0 7 Lo Ohms
(0] 8 Hi Ohms
1/0 9 Deintegrate
1/0 10 Analog Common
| 11 Intl
[ 12 Int V/Ohms
| 13 Triple Point
| 14 Auto Zero Capacitor (Caz)
I 15 Integrate Capacitor (CinT)
(o] 16 Beeper Output
| 17 mA/pA
| 18 Ohms/V/A
| 19 Hi Ohms-DC/Lo Ohms-AC
| 20 Hold
O 21 Oscillator Out
| 22 Oscillator In
(o) 23 Segment Driver k/m
(0] 24 Segment Driver Ohms/A
O 25 Segment Driver M Ohms/pA
(o] 26 Segment Driver Lo Bat/V
(0] 27 Segment Driver By/Cqg
(o] 28 Segment Driver Ag/Dg
0 29 Segment Driver Go/Eq
O 30 Segment Driver F/DP4
o] 31 Segment Driver B1/C4
(0] 32 Segment Driver A1/D4
o 33 Segment Driver G¢/E4
(0] 34 Segment Driver F1/DP4
O 35 Segment Driver Bo/C»p
0 36 Segment Driver Ay/Dgp
0 37 Segment Driver Go/Ep
(0] 38 Segment Driver F»2/DP3
(o] 39 Segment Driver B3/Cg3
¢} 40 Segment Driver ADG3/E3

NOTE: For segment drivers, segments are listed as (segment for backplane
1)/(segment for backplane 2). Example: pin 27; segment BO is on
backplane 1, CO is on backplane 2.

NOTE: All typical values have been characterized but are not tested.
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DETAILED DESCRIPTION

General

Figure 2 is a simplified block diagram of the ICL7149. The
digital section includes all control logic, counters, and dis-
play drivers. The digital section is powered by V+ and Digi-
tal Common, which is about 3V below V+. The oscillator is
also in the digital section. Normally 120 kHz for rejection of
60 Hz AC interference and 100 kHz for rejection of 50 Hz
AC, 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—.

DC VOLTAGE MEASUREMENT

Autozero

Only those portions of the analog section which are used
during DC voltage measurements are shown in Figure 5. As
shown in the timing diagram (Figure 6), 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 Com-
mon. The output of the integrator, which is equal to its off-
set, is stored on Caz, the autozero capacitor. Similarly, the
offset of the comparator is stored in Cjyt. The autozero
cycle equals 1000 clock cycles, which is one 60 Hz line
cycle with a 120 kHz crystal, or one 50 Hz line cycle with a
100 kHz crystal.

Range 1 Integrate

The ICL7149 performs a full autorange search for each
reading, beginning with range 1. During the range 1 inte-
grate period, internal switches connect the INT V/Ohm ter-
minal to the Triple Point (Pin 13). The input signal is inte-
grated for 10 clock cycles, which are gated out over a peri-
od of 1000 clock cycles to ensure good normal mode rejec-
tion of AC line interference.

Range 1 Deintegrate

At the beginning of the deintegrate cycle, the polarity of
the voltage on the integrator capacitor (CinT) is checked,
and either the DEINT+ or DEINT — is asserted. The integra-
tor capacitor CyN is then discharged with a current equal to
VRer/RpeiNT.- The comparator monitors the voltage on
CinT- When the voltage on Cjy is reduced to zero (actually
to the Vpg of the comparator), the comparator output
switches, and the current count is latched. If the CiyT volt-
age zero-crossing does not occur before 4000 counts have
elapsed, the overload flag is set. “OL” (overload) is then
displayed on the LCD. if the latched result is between 360
and 3999, the count is transferred to the output latches and
is displayed. When the count is less than 360, an under-
range has occurred, and the ICL7149 then switches 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
integrated for 100 clock cycles, distributed throughout one
line cycle. This is done to maintain good normal mode rejec-
tion. 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 dis-
played only for readings greater than 360 counts. If the
reading is below 360 counts, the ICL7149 again asserts the
internal underrange signal and proceeds to range 3.

Range 3

The range 3 or 4V full scale measurement is identical to
the range 2 measurement, except that the input signal is
integrated during the full 1000 clock cycles (one line fre-
quency cycle). The result is displayed if the reading is great-
er than 360 counts. Underrange is asserted, and a range 4
measurement is performed if the result is below 360 counts.

ICL7149

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 mea-
surement 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 cy-
cles (24 line cycles).
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Figure 4: Display Segment Nomenclature
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Figure 5: Detailed Circuit Diagram for DC Voltage Measurement

NOTE: All typical values have been characterized but are not tested.
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DC CURRENT

Figure 7 shows a simplified block diagram of the analog
section of the ICL7149 during DC current measurement.
The DC current measurements are very similar to DC volt-
age measurements except: 1) The input voltage is devel-
oped by passing the input current through a 0.1 ohm (HI
current ranges), or 9.9 ohm (LOW current ranges) current
sensing resistor; 2) Only those ranges with 1000 and 10,000
clock cycles of integration are used; 3) The RinT | resistor is
1 megohm, rather than the 10 megohm value used for the
RINT Vv resistor.

NOTE: All typical values have been characterized but are not tested.

2-122

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



AC VOLTAGE MEASUREMENT

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 as with the ICL7139. A typical averaging AC to DC
converter is shown in Figure 8, while an RMS to DC con-
verter is shown in Figure 9. AC current can also be mea-
sured with some simple modifications to either.of the two
circuits in Figures 8 and 9.

Ratiometric Ohms Measurement

The ratiometric ohms measurement is performed by first
integrating the voltage across an unknown resistor, Rx, then
effectively deintegrating the voltage across a known resis-
tors (Rknownt or Rknownz of Figure 10). The shunting
effect of RjnTy does not affect the reading because it can-
cels exactly between integration and deintegration. Like the
current measurements, the ohm measurements are split
into two sets of two ranges. LO ohms measurements use a
10 kilohm reference resistor, and the full scale ranges are 4
and 40 kilohms. HI ohms measurements use a 1 megohm
reference resistor, and the full scale ranges are 0.4 and 4
megohms. The measurement phases and timing are the
same as the measurement phases and timing for DC cur-
rent except: 1) During the integrate phases the input voltage
is the voltage across the unknown resistor Rx, and; 2) Dur-
ing the deintegrate phases, the input voltage is the voltage
across the reference resistor Rknown1 o RkNOwN2-

Continuity Indication

When the ICL7149 is in the LO ohms measurement
mode, the continuity circuit of Figure 11 will be active. When
the voltage across Rx is less than approximately 100 mV,
the beeper output will be on. When Rgnown is 10 kilohms,
the beeper output will be on when Rx is less than 1 kilohm.

Common Voltage

The analog and digital common voltages of the ICL7149
are generated by an on-chip resistor/zener/diode combina-
tion, shown in Figure 12. 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 20 mA, or source 0.01 mA, with an output impedance
of 10 ohms. 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.

NOTE: All typical values have been characterized but are not tested.
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Oscillator

The ICL7149 uses a parallel resonant-type crystal in a
Pierce oscillator configuration, as shown in Figure 13, and
requires no other external components. The crystal elimi-
nates the need to trim the oscillator frequency. An external
signal may be capacitively coupled to OSC IN, with a signal
level between 0.5V and 3V pk-pk. Because the OSC OUT
pin is not designed to drive large external loads, loading on
this pin should not exceed a single CMOS input. The oscilla-
tor frequency is internally divided by two to generate-the
ICL7149 clock. The frequency should be 120 kHz to reject
60 Hz AC signals, and 100 kHz to reject 50 Hz signals.

Display Drivers
Figure 14 shows typical LCD Drive waveforms, RMS ON,

and RMS OFF voltage calculations. Duplex multiplexing is -
used to minimize the number of connections between the :

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 ICL7149 drives 3%,
7-segment digits, 3 decimal points, and 11 annunciators.
Annunciators are used to indicate polarity, low battery con-
dition, and the range in use. Peak drive voltage across the
display is approximately 3V. An LCD with approximately
1.4V RMS threshold voltage should be used. The third volt-
age level needed for duplex drive waveforms is generated
through an on-chip resistor string and the DC component of
the drive waveforms is guaranteed to be less than 50 mV.

Ternary Input

The Ohms/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 con-
nected to V—, approximately 5 npA of current flows out of
the input. In this case, the logic level is the “Amps”, or low
state. When connected to V+, about 5 pA of current flows
into the input. Here, the logic level is the “Ohms”, or high
state. For other pins, see Table 2.

Table 2: Ternary Inputs Connections

Nuf::)er v o?r(,:)':\ll Ve
17 mA nA Test
18 Ohms Volts Amps
19 Hi/DC LoQ/AC Test
20 Hold Auto Test
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advanta%es of tFr,\e ICL71499, ‘ga:e muslt t?lemtr;?(en w‘r)t‘gncge- frequency rejection), both Gyt and Rinty affect the voltage
lecting- external components. This section reviews specifi- swing of the integrator. Voltage swing should be as high as

" . ’ possible without saturating the integrator, which occurs
:::tr:?:s and performance effects of various extemal compo when theintegrator output is within 1V of either V+ or V—.

Integrator. voltage swing should be about +2V when using
Integrator. Capacitor, C standard component values. For different RyyTy and oscilla-
p » VINT ’ .
As with all dual-slope integrating convertors, the integra- tor frequencies the value of Gyt can'be calculated from:

tion capacitor must have low dielectric absorption to reduce c . (Integrate Time) X (Integrate Current)
- linearity errors. Polypropylene capacitors add undetectable INT = - -
errors at a reasonable cost, while polystyrene and polycar- (Desired Integ.rator Sw".]g)
bonate may be used in less critical applications. The _ (10,000 X 2 X Oscillator Period) X 0.4V/RinTv
ICL7149 is designed to use a 3.3 nF (0.0033 uF) Cyn1 with 2v)
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Figure 7: Detailed Circuit Diagram for DC Current Measurement

NOTE: All typical values have been characterized but are not tested.
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Figure 9: AC Voltage Measurement Using Optional RMS Converter Circuit

20MQ
Vin O— WA s2ka
0-400 VAC 124 \nrv/e)
0~1000 Hz
FULL
SCALE
ADJUST
20M0 ICL7149
\A A
CcoMO 104 common
0094-8
NOTE: Diodes are low-leakage 1D100.
Figure 8: AC Voltage Measurement Using Optional Averaging Circuit .
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NOTE: All typical values have been characterized but are not tested,
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Figure 10: Detailed Circuit Diagram for Ratiometric Ohms Measurement
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Figure 11: Continuity Beeper Drive Circuit

NOTE: The ICL7139 contains a comparator that is enabled on the lowest ohms range. It trips at approximately 1.5 kQ and enables the beeper driver to oscillate
(between V— and V+) at 2 kHz. The beeper driver is capable of driving a piezo-electric transducer. The beeper output response is independent of the state

of the conversion; therefore appears instantaneous to the user. Some applications may require a 150 pF capacitor between pin 4 and pin 8 to insure a
sharp on/off continuity detection.

NOTE: All typical values have been characterized but are not tested.

2-126



Integrator Resistors

The normal values of the Ryt v and RNt | resistors are
10 megohms and 1 megohm respectively. Though their ab-
solute values are not critical, unless the value of the current
sensing resistors are trimmed, their ratio should be 10:1,
within 0.05%. Some carbon 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 70 nA
(the sourcing limit is much higher). Because Ryt v drives a
virtual ground point, the input impedance of the meter is
equal to RiNT v-

Deintegration Resistor, Rpg|NT

Unlike most dual-slope A/D converters, the ICL7149 uses
different resistors for integration and deintegration. Rpg|nT
should normally be the same value as Ryyy, and have the
same temperature coefficient. Slight errors in matching may
be corrected by trimming the reference voltage.

Autozero Capacitor, Cpz

The Caz is charged to the integrator’s offset voltage dur-
ing 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 val-
ue is determined by: 1) Circuit leakages; 2) Caz self-dis-
charge; 3) Charge injection from the internal autozero
switches. To avoid errors, the Caz voltage change should
be less than 4, of a count during the 10,000 count clock
cycle integration period for the 400 mV range. These re-
quirements set a lower limit of 0.047 uF for Caz but 0.1 uF
is the preferred value. The upper limit on the value of Caz is
set by the time constant of the autozero loop, and the line
cycle time period allotted to autozero. Coz may be several
10s of microfarads before approaching this limit.

ICL7149

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.

Ohms Measurement Resistors

Because the ICL7149 uses a ratiometric ohms measure-
ment technique, the accuracy of ohms reading is primarily
determined by the absolute accuracy of the Rknownt and
Rknownz- These should normally be 10 kilohms and 1 me-
gohm, with an absolute accuracy of at least 0.5%.

Current Sensing Resistors

The 0.1 ohm and 9.9 ohm current sensing resistors con-
vert the measured current to a voltage, which is then mea-
sured using RiyT | The two resistors must be closely
matched, and the ratio between Ryt | and these two resis-
tors must be accurate—normally 0.5%. The 0.1 ohm resis-
tor must be capable 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 2 kHz (using a 120 kHz crystal), with a
voltage output swing of V+ to V—. The beeper output off
state is at the V* rail. When crystals with different frequen-
cies are used, the frequency needed to drive the transducer
can be calculated by dividing the crystal frequency by 60.

Display

The ICL7149 uses a custom, duplexed drive display with
range, polarity, and low battery annunciators. With a 3 volt
peak display voltage, the RMS ON voltage will be 2.37V
minimum; RMS OFF voltage will be 1.06V maximum. Be-
cause the display voltage is not adjustable, the display
should have a 10% ON threshold of about 1.4V. Most

ICL7149
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Figure 12: Analog and Digital Common Voltage Generator Circuit

NOTE: All typical values have been characterized but are not tested.
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display manufacturers supply a graph that shows contrast
versus RMS drive voltage. This graph can be used to deter-
mine what the contrast ratio will be when driven by the
ICL7149. Most display thresholds decrease with increasing
temperature, and 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 ICL7149 is designed to use a parallel resonant
120 kHz or 100 kHz crystal with no additional external com-
ponents. The Rg parameter should be less than 25 kilohms
to ensure oscillation. Initial frequency tolerance of the crys-
tal can be a relatively loose 0.05%

Switches

Because the logic input draws only about 5 pA, switches
driving 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
voltages in excess of 400V AC.

Reference Voltage Source

A voltage divider connected to V+ and Common is the
simplest source of reference voltage. While minimizing ex-
ternal component count, this approach will provide the
same voltage tempco as the ICL7149 Common—about
100 PPM/°C. To improve the tempco, an ICL8069 bandgap
reference may be used (see Figure 15). The reference volt-
age source output impedance must be < RpgynT/4000.

ICL7149

Applications, Examples, and Hints

A complete autoranging 3%, digit multimeter is shown in
Figure 16. The following sections discuss the functions of
specific components and various options.

Meter Protection

The ICL7149 and its external circuitry should be protect-
ed against accidental application of 110/220V AC line volt-
ages on the ohms and current ranges. Without the neces-
sary precautions, both the 7149 and its external compo-
nents could be damaged under such fault conditions. For
the current ranges, fast-blow fuses should be used between
S5A in Figure 16 and the 0.1 ohm and 9.9 ohm shunt resis-
tors. For the ohms ranges, no additional protection circuitry
is required. However, the 10 kilohm resistor connected to
pin 7 must be able to dissipate 1.2W or 4.8W for short peri-
ods of time during accidental application of 110V or 220V
AC line voltages respectively.

0SC IN 0SC out

330K
AA

A\ A4

jiS pF jil 0pF

0094-13
Figure 13: Internal Oscillator Circuit Diagram
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NOTE: All typical values have been characterized but are not tested.
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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
ICL7149-based multimeter.

Rollover Performance, Leakages,
and Guarding

Because the ICL7139 system measures very low cur-
rents, it is essential that the PCB have low leakage. Boards
should be properly cleaned after soldering. Areas of particu-
lar importance are: 1) The INT V/Q and INT | Pins; 2) The
Triple Point; 3) The RpgnT and the Caz pins.

The conversion scheme used by the ICL7139 changes
the common mode voltage on the integrator and the capaci-
tors Caz and Cyyt during a positive deintegrate cycle. Stray
capacitance to ground is charged when this occurs, remov-
ing some of the charge on Cnt and causing rollover error.
Rollover error increases about 1 count for each picofarad of
capacitance between Caz or the Triple Point and ground,
and is seen as a zero offset for positive voltages. Rollover
error is not seen as gain error.

ICL7149

The rollover error causes the width of the +0 count to be
larger than normal. The ICL7139 will thus read zero until
several hundred microvolts are applied in the positive direc-
tion. The ICL7139 will read —1 when approximately
—100 pV are applied.

The rollover error can be minimized by guarding the Triple
Point and Caz nodes with a trace connected to the CnT
pin, which is driven by the output of the integrator. Guarding
these nodes with the output of the integrator reduces the
stray capacitance to ground, which minimizes the charge
error on CyyT and Caz. If possible, the guarding should be
used on both sides of the PC board.

Stray Pickup

While the ICL7149 has excellent rejection of line frequen-
cy noise and pickup in the DC ranges, any stray coupling
will affect the AC reading. Generally, the analog circuitry
should be as close as possible to the ICL7149. The analog
circuitry should be removed or shielded from any 120V AC
power inputs, and any AC sources such as LCD drive wave-
forms. Keeping the analog circuit section close to the
ICL7149 will also help keep the area free of any loops, thus
reducing magnetically coupled interference coming from
power transformers, or other sources.

ICLB069 I,N—I

vt 10 MEG
10K
10 MEG DEINTEGRATE TRIPLE POINT
1 MEG—VVAV—] INTEGRATE VOLT/OHM
=—AAA—] INTEGRATE CURRENT
10K EXTERNAL
REFERENCE

REFERENCE INPUT
ANALOG COMMON

Figure 15: External Voltage Reference Connection to ICL7149
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NOTE: All typical values have been characterized but are not tested.
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S2 Closed: Hi-DC
S3 Closed: Hold Reading
Figure 16: Basic Multimeter Application Circuit for ICL7149

NOTE 1: Crystal is a Statek CX-1V 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.
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Figure 17: PC Board Layout
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NOTE: All typical values have been characterized but are not tested.

2-130




GENERAL DESCRIPTION

The Harris ICL7182 is a complete analog-to-digital con-
verter (ADC) that directly drives a multiplexed liquid crystal
display (LCD). Included are a charge-balanced ADC, a
2.56V bandgap reference, display decode and driver, and a
50 kHz oscillator. Only a display and three passive compo-
nents are required for a complete analog bargraph.

The fully differential analog and reference inputs may be
operated anywhere between and including the supply rails.
This allows sensing either ground-referenced signals or
bridge configurations. Linearity and zero offset errors are
guaranteed to be less than 0.5% for a 1V full-scale input.
The full-scale differential input range is 200 mV to 1.1V.

The low drift 50 ppm/°C reference is trimmed to 1.5%
accuracy and, when used with a simple resistor divider, can
set the full-scale input voltage. The reference, when used
with an Harris ICL7660, extends the operating supply range
from 3V to 40V and allows sensing input signals below
ground.

The backplane and segment drivers supply the LCD with
the proper waveforms to create a discrete series of seg-
ments forming a 101 segment bar which is proportional to
the input voltage, with a plus or minus annunciator to indi-
cate the polarity. In addition, three independent TTL control-
lable annunciators are provided for limit or unit indication.
The bargraph multiplexing scheme provides duplex contrast
ratio and allows the complete system to be placed in a stan-
dard 40 pin DIP. The LCD operating voltage is externally set
to adjust contrast for a range of fluid types and temperature.

The internal oscillator requires no external components
and establishes the conversion rate and backplane clock
frequency. The nominal conversion rate of 25 per second
can be easily changed between 15 to 40 conversions per
second by adding a single capacitor or overdriving the oscil-
lator.

ICL7182
101 Segment LCD Bargraph
A/D Converter

FEATURES

® 1% Resolution ... 100 Data Segments Plus Zero
© No Missing Segments Guaranteed .

® Single 5V Supply Operation

® Only Three Passive Components Required

© True Differential Input and Reference -

© Direct LCD Display Drive Provides -Duplex Contrast
Ratio

© Overrange and Polarity Indication

© Three User Defined Annunciators—Easily
Expandable

® Precision On-Chip Reference ... 50 ppm/°C

© Low Average Power Consumption ... 1.8 mW
© 40 Pin DIP or 44 Pin Surface Mount Package
© Extended Temperature Range Operation

ORDERING INFORMATION

Part Temperature Package
Number Range Description
ICL7182CPL 0°C to +70°C|40-Pin Plastic DIP

ICL7182CM44 0°C to +70°C|44-Pin Surface Mount|
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a[]s 38| | SEGz
az[ |4 ar| ] siGn
n[]s 36| ] sec7
osc[ |6 35| ] sece
vee[ |7 34" ] seas
vhout [_] 8 33| sec4
= K 32[ ] seas
HEFI.O: 10 3] sec2
N1 30[ ] sec1
W[ 20[ ] seao
common [ |1 28[8P1
vss[|1 27| ]ep2
vos[ |15 26[]8P3
P13 |16 25[ ]sPa
spi2[ |17 24 ePs
sp [ |18 23] Jere
sPio[ |19 22| ]8P7
8P [ J20 2t ]ers
0093-1

Figure 1: Pin Configurations

0093-26

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.
NOTE: All typical values have been characterized but are not tested.

310675-002
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ABSOLUTE MAXIMUM RATINGS
Supply Voltage (VcctoVsg) - vvvvvvveivnnenniinann. 10V
Supply Voltage (VcctoVpg) -« oot 1V
Display Drive Pin Voltage... ... (Vcc+0.3V) to (Vps—0.3V)
Analog or Reference Inputs. . . . (Vg +0.3V) to (Vgg—0.3V)
Com, Osc, Ax, Ay,

Az, T1, T5Pins....... e (Vcc +0.3V) to (Vgg—0.3V)
Reference OutputCurrent ............... ... ..ot
Lead Temperature (Soldering, 10 sec)

. above those indic

ICL7182

Operating Temperature Range .......... —~25°Cto +85°C
Continuous Total Power Dissipation (Ta = 25°C)
-40 Pin DIP Plastic Package

44 Pin CM Plastic Package

NOTE: Stresses above those listed under “Absolute Maximum Ratings”
may cause permanent damage to the device. These are stress ratings only
and functional operation of the device at these or any other conditions
d in the operati jons of the specifications is not

bsolt rating conditions for extended peri-

implied. Exp to
ods may affect device reliability.

Storage Temperature Range . ..........

ELECTRICAL CHARACTERISTICS unless otherwise stated: Vgg = 5.0V, Vss = Vps = GND, Ta = 25°C,
VREr = 1.000V, VINgy = VREFcym = 2.5V, pin 6 open (Note 1)

Parameter Test Conditions Limits Units
Min Typ Max
Zero Input Reading Vin = 0.0V -0 +0 +0 Segs
Unadjusted Gain Error VIN = VREF -1 0 +1 Segs
. Linearity Error (Note 2) —0.63 +0.2 +0.63 Segs
Rollover Error ViNn = —VRer (Note 3) —0.5 +0.1 +0.5 Segs
Conversion Time 400 s
Display Update Rate 25 Hz
Input Referred Noise (Note'4) 500 nv
DC Power Supply Rejection Vcc = 4510 6.0V 0.02 0.3 Segs/V
ANALOG INPUT
Common Mode Rejection Ratio VINgm = OVto 5V, Viy = 0V 0.02 0.1 Segs/V
Differential Mode Input 1.0 1.1 \"
Average Input Current Vin = 1.0V (Note 5) 13 nA
REFERENCE INPUT
Common Mode Rejection Ratio VREFcp = 0.5V to 4.5V 0.01 0.1 Segs/V
Average Input Current (Note 6) 6 nA
REFERENCE OUTPUT
Output Voltage Ve — VRout, lout =.0 pA 2.520 2.560 2.590 \"
Temperature Coefficient —25°C < Tp < 85°C, lout = 0 pA 50 200 ppm/°C
Output Impedance lout = +10 pAto —2mA 1.3 5 Q
Current Into VRout Pin 10 20 MA
Current Out of VRout 8 2 mA
Output Noise 0.1 Hz to 10 Hz (Note 4) 110 nY
POWER SUPPLY
Supply Current Average (Note 6) 350 500 pA
Supply Current Peak (Note 6) 15 20 mA
Supply Voltage Range Guaranteed by PSRR 4.5 5.0 6.0 \
OSCILLATOR
Oscillator Frequency Osc Pin Open 26 51 72 kHz
Backplane Frequency Osc Pin Open 25 50 70 Hz
DISPLAY DRIVE
Display Output Impedance Vce — Vps = 3Vto 7V 70 200 kQ
DC Component of Display Vec — Vps = 3Vito 7V —-50 +10 50 mV
Vps Supply Current Vce — Vps = 3V to 7V (Note 7) 60 120 pA

NOTE: All typical values have been characterized but are not tested.
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ELECTRICAL CHARACTERISTICS (Continued) Unless otherwise stated: Vog = 5.0V, Vgs = Vpg = GND,
Ta = 25°C, VRgr = 1.000V, VINgy = VREFgm = 2.5V, pin 6 open (Note 1)

Parameter Test Conditions Limits Units
Min Typ Max
ANNUNCIATOR INPUTS
Input High Voltage Operating Temp Range 24 Vv
Input Low Voltage Operating Temp Range 0.8 \
Input Leakage Operating Temp Range -1 0.001 +1 pA

NOTE 1: The differential mode input voltages are defined as: Vjy = (IN HI — IN LO) and VREF = (REF HI — REF LO). The common mode input voltage, VINcum
and VREFcy, is defined as the average differential input voltage with respect to Vgs.

: The linearity error is the deviation from a straight line which passes through negative full scale and postive full scale readings.
: The rollover error is defined as the difference in reading for equal positive and negative inputs near full-scale.
Peak to peak value not exceeded 95% of the time (+2 standard deviations).

2;
3;
4
5: Defined as the average current flowing into the input with a 1.0 uF capacitor across Vy or Vggr inputs and the common mode voltage at 1, VCC.
6: The average supply current is measured with a supply bypass capacitor and annunciator inputs tied to Vgg.

rd

The supply current for Vpg flows from the Vg pin.

PIN DESCRIPTION AND FUNCTION

Pin No. Symbol Description
1 T5 Test pin #5, buffered oscillator frequency divided by two that can typically source and sink 2 mA.
2 Ax - Annunciator Segx select, low turns on Segx, high turns off Segx.
3 Ay Annunciator Segy select, low turns on Segy, high turns off Segy.
4 Az Annunciator Segz select, low turns on Segz, high turns off Segz.
5 T Test pin #1, normally left open or tied to Vgs.
6 Osc 50 kHz free running oscillator control and clock input pin. The internal oscillator may be

overdriven by a 30 to 80 kHz external clock driving pin 6, or the free running frequency can be
reduced by adding an external capacitor between pin 6 and Vgg.

7 Ve Positive supply voltage.
VRout Bandgap reference buffered output, down 2.56V from V.
REF HI Positive Reference Input.

10 REFLO Negative Reference Input.

1 INHI Positive Analog Input.

12 INLO Negative Analog Input.

13 Common Internally generated voltage which is typically within =50 mV of ¥, (Vcc — Vsg) and has 1.4 k2
output impedance. This pin is normally left open or bypassed with a 0.1 uF capacitor to signal
ground.

14 Vgs Negative supply voltage, normally ground.

15 Vps Display negative voltage, establishes the pk-pk display drive.

16-28 BP13-BP1 LCD backplane drivers.
29-36 Seg0-Seg7 | LCD segment drivers.

37 Sign Positive sign segment driver.

38 Segz Annunciator driver selected by Az.
39 Segy Annunciator driver selected by Ay.
40 Segx Annunciator driver selected by Ax.

NOTE: Al typical values have been characterized but are not tested.
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Figure 2: Functional Diagram
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NOTE: All typical values have been characterized but are not tested.
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Qe
. |\
K1 IS SEGx[40] ANNUNCIATORS
2 |Ax SEGy|39] SIGN
3]|AY SEGz[3g] OVERRANGE
2 |Az SIGN z] 100
Csm SeG7[36] —
[e]osc SEG6[35] e —
+5V0—— 7]vce SEGS5[34 —
200K 150K 54] 90 ——
»—ovv\.—fvv\,—E Vrout SEG4 E —
. . [T9]|reFHI SEG332] e—
T 1 [Ao|ReFLo SEG2[31] N
L]
IN Hlo————————————[ 11| INHI SEG 1[30] .
12|INLO SEGO[29] —_—
[13]common BP1[28] Pe—
GND 14|vss BP2[27] 20
15 |vDS BP3[26] —
[36]BP13 BP4[25] Pee—
[a7]sP12 BP5[24] 0 —
BACKpLANEs <, [12]8P11 8P 6 (23] —
[Ge]sP10 BP7[22] —
[20]BPo BP8[21] —
(]
0093-3
Figure 3: ICL7182 using the internal reference.
Values shown are for 1.000V full-scale, 25 readings
per second, single 5V supply.
TYPICAL PERFORMANCE CHARACTERISTICS
Average Analog Input Current vs. Average Reference Input Current vs.
Frequency and Common Mode Voltage Frequency and Common Mode Voltage
AVIN =05V l - “TviN = 0.050v P
a L VREF = 1.00V < 16} VREF = 1.00V
‘é 3 - c ,
<, Vou = OV L—] S >
3 c
—T : A
5 B 3 "” Vew = v I A
3 Vem = 2.5V o cw = &V _A A
5 0 R 5 10 7
a l | 2 Vem = OV
£ £ 3 v
;‘3 2 ~Yeu = 5V I s
g - ~J &
g, \\ g, /IV
-4 2
20 30 40 50 60 70 80 90 20 30 40 50 60 70 80 90
Oscillator Frequency (kHz) Oscillator Frequency (kHz)
0093-4 0093-5

NOTE: Al typical values have been characterized but are not tested.
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Oscillator Frequency vs. Pin #6 Capacitor
24

N 23
b =
< 2
g \\
§ 20 <
T ™.
g 18 N
w
5 \‘
g ™
3
o 12
10
0 5 10 15 20 25 30 35
Pin #6 Capacitance (pF)
0093-6
Backplane Output Impedance vs.
Vps and Temperature
‘a 1o
= 1
10
a9V \‘
1 ‘Q\\\
R N T, -85
S\ VL
° N N Ta = 25°
50 ~ n )
40T, =—25° -
30 |
2 3 4 5 6 7 8
Display Voltage (VCC-VDS) (Volts)
0093-8
Reference Bias Current vs.
Breakdown Voltage
30mA
-
. 10mA
o
£ 3ama
3
g 1mA
@ 300uA
[
§ 100uA
£ 30uA ,"
« 7
10uA /
3uA
0 05 10 15 20 25 30
Reference Output Voitage WRT VCC (Voits)
0093-10

NOTE: All typical values have been characterized but are not tested.
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Oscillator Frequency (kHz)

Id (Volts)

b

Input Th

Reference Output Voltage WRT VCC (V)

Oscillator Frequency vs. Temperature

and Supply Voltage
25 | I
24
VCC = 5.5V3
23 - -
22 P ,/ /
7 75 vee = asv
21 7
20 y‘
9
kVCC = 5.0V
18
0 20 o 20 40 60 80 100
Temperature (°C)
0093-7
Annunciator Input Threshold vs.
Power Supply Voltage
1.7
16
Pad
15 %
1.4 / /
13
45 5.0 55 6.0
Power Supply Voltage (Volts)
0093-9
Reference Output vs.Temperature
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2.570
2.565 —_—
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FUNCTIONAL DESCRIPTION

A functional diagram of the ICL7182 A/D converter is
shown in Figure 2. The device operates on the cyclic con-
verter principle implemented with switched capacitor ampli-
fiers. Analog switches are closed sequentially by state ma-
chine control logic to sample the input and perform a multi-
ply-by-two and delay function. The sampled input charge is
recirculated and compared to the reference to determine
the weight of each bit. The sign is determined first and after
18 cycles a 9-bit binary code is latched and the display is
updated.

Under normal operation the conversion requires 32 clock
cycles and the display updates once every 2048 clock cy-
cles. Before and during the conversion the supply current
for the analog section increases from typically 300 nA to
1.3 mA and remains high for a total of 96 clock cycles. The
operation proceeds as follows:

Clock Cycle Operation

0-96 Supply current increases from 300 pA to
1.3 mA

0-47 Converter autozero begins

48 IN LO is sampled

49 IN Hlis sampled

50-70 REF LO and REF HI are sampled once
per clock cycle

71-77 Converter output is latched and display is
updated

78-2047 Supply current decreases from 1.3 mA to
300 pA

2048 New conversion begins

The changing supply current may result in a noisy reading
if the supply dynamic impedance is high. This can be re-
solved by using a supply bypass capacitor.

Analog Inputs

The analog and reference inputs are guaranteed to cor-
rectly operate within the supply voltage. Both inputs will
continue to function 200 mV to 400 mV outside of the sup-
plies but the converter specifications degrade as the input
protection diodes become forward biased.

As the reference and analog inputs are sampled, tran-
sient currents flow from the inputs to charge small internal
capacitors.

NOTE: All typical values have been characterized but are not tested.
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These transient currents occur at the leading edge of the
internal clock and decay at a rate determined by the input
capacitance of the converter and the source resistance.
Source resistances larger than Rs given in the equation be-
low will cause conversion errors.

1
6 (Fosc) (Cin)

Where: Fosc = Oscillator frequency
Cin = 40 pF, typical input capacitance
Rs = Source resistance

Input Bypass Capacitor

For source resistances larger than Rs above (typically
80 k) bypass capacitors across the inputs will average
these charging currents and cause a small DC current to
flow through the output resistance of the analog and refer-
ence source signals. The average input current is a function
of the common mode voltage and the oscillator frequency
(see typical graphs). This current is typically 2 nA for the
analog input and 6 nA for the reference input. The effects of
the voltage drops across source resistances, due to the av-
erage value of input current, can be compensated by full-
scale adjustment while the given source resistor and input
bypass capacitor are in place.

Reference Output

The internal bandgap reference behaves like a 2.56V
zener with the cathode tied to Vgg and the anode tied to
VRout. The regulator circuitry maintains a low 1.3Q output
impedance for bias currents through the zener between
90 pA and 2 mA. At minimum supply voltage the internal
20 kQ resistor will provide 10 pA of current sink into VRout.
The minimum sink current may be increased by adding an
external resistor from VRout to Vgg.

The reference is internally trimmed to within 1.5% of
2.56V. The reference output can be externally divided (see
Figure 3) to establish the full-scale input. Two fixed value
resistors with 1% tolerance will relate to a system accuracy
of 2% RMS.

Rs (max) =

o
)
e
~
pr
Q
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Display Drive

The binary output of the A/D converter is encoded to
drive 8 segments that serpentine across thirteen back-
planes of an LCD display. The backplanes are driven with
three level signals and the segment lines are driven with
two level signals. The three levels of the backplane are set
by the Vg supply, the Vpg supply, and the output of a
voltage divider which is connected between Vg and Vps.
The two levels of the segment drive are set by the V¢ and
Vps supplies.

The bargraph takes advantage of the fact that above a
particular segment all segments will be off and below that
segment all segments will be on, also that only one back-
plane will have segments which are both on and off. The
backplanes with all segments off are driven with an “off
backplane” waveform, the backplanes with all segments on
are driven with an “on backplane” waveform, and the one
backplane with both on and off segments is driven with a
*“‘unique backplane” waveform. The off segments are driven
with an off segment waveform and the on segments are
driven with an on segment waveform with respect to the
unique backplane. The sign segment and annunciator seg-
ment drives are designed for use with respect to BP1. The
phasing between display waveforms is shown in Figure 4.

o 1
ey L1 L
ar 1 —
e L
UNIQUE
wif— — b

ON
SEGMENT
WAVEFORM

OFF
SEGMENT
WAVEFORM

ON
ANNUNCIATOR
WAVEFORM

B I
J S I

0093-12

OFF
ANNUNCIATOR
WAVEFORM

Figure 4: Display Drive Waveforms

The LCD segments appear ON when the RMS voltage
between the backplane and segment drives is greater than
the 90%-ON voltage of the LCD fluid, and they appear OFF
when the RMS voltage is less than 10%-ON voltage of the
LCD fluid. For the ., multiplexed (duplex) waveforms used
on the ICL7182 a 2.25:1 contrast ratio is achieved.

NOTE: All typical values have been characterized but are not tested.
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Display Set Voltage

The Vpg pin sets the peak-to-peak amplitude of the dis-
play drive waveforms. This voltage should be selected to
give maximum contrast for a particular LCD fluid type and
temperature. Good contrast ratio is obtained if Vpg is set
within the range determined by the equation below.

(1.27)(Vthgo%) < (Vcc — Vps) < (2.26)(Vthipe)
Where: Vthgge, = 90% ON Visual Threshold
Vthyge, = 10% ON Visual Threshold

For example the Hamlin Inc. type 02 LCD fluid has
Vthgge, = 3.05V and Vthige, = 2.2V, therefore the best
contrast is achieved when Vgc — Vpg is set between 3.9V
and 5V. For most applications where V¢ is tied to a +5V
supply the Vpg pin can be tied to ground.

To accommodate a large range of temperatures and fluid
types the Vpg pin can be driven above or below Vgg. The
voltage difference between Vg and Vpg can vary from
from 3V to 7V. For Vgc — Vps less than 3V the output
impedance of the backplane drivers increase substantially.
The dependence of display drive output impedance on Vpg
and temperature is shown in the typical performance
curves.

g
=
2]
<
[:4
(=
F4
<]
(3] v = 1
30 f 13V, .
Maus L e Von = 2V
20 T N
10 t
0 |
) 1 2 3 4

APPLIED VOLTAGE (V,,,s)

0093-13

Figure 5: Contrast vs. Applied RMS Voltage




Display Set Voltage (Continued)

PEAK VOLTAGE
FOR 90% CONTRAST — ||

H T~

w
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5 3 [ ——
g 4
b4
b o
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(OFF)
1
[
-10 0 10 20 30 40 50
AMBIENT TEMPERATURE (°C)
0093-14
Figure 6: Temperature Dependence

of LC Threshold

Temperature Effects and
Temperature Compensation

The performance of the IC material is affected by temper-
ature in two ways. The response time of the display to
changes in applied RMS voltage gets longer as the display
temperature drops. At very low temperatures (—20°C) some

: displays may take several seconds to change a new char-

-acter after the new information appears at the outputs.
However, for most applications above 0°C this will not be a
problem with available multiplexed LCD materials, and for
low-temperature applications, high-speed liquid crystal ma-
terials are available. One high temperature effect to consid-
er deals with plastic materials used to make the polarizer.
Some polarizers become soft at high temperatures and per-
manently lose their polarizing ability, thereby seriously de-
grading display contrast. Some displays also use sealing
materials unsuitable for high temperature use. Thus, when
specifying displays the following must be kept in mind: liquid
crystal material, polarizer, and seal materials.

A more important effect of temperature is the variation of
threshold voltage. For typical liquid crystal materials suit-
able for multiplexing, the peak voltage has a temperature
coefficient of —7 to —14 mV/°C. This means that as tem-

NOTE: All typical values have been characterized but are not tested.
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perature rises, the threshold voltage goes down. Assuming
a fixed value for Vp, when the threshold voltage drops be-
low Vp/3 OFF segments begin to be visible. Figure 6 shows
the temperature dependence of peak voltage for the same
liquid crystal material of Figure 5.

For applications where the display temperature does not
vary widely, Vp may be set at a fixed voltage chosen to
make the RMS OFF voltage, Vp/3, just below the threshold
voltage at the highest temperature expected. This will pre-
vent OFF segments turning ON at high temperature (this at
the cost of reduced contrast for ON segments at low tem-
peratures).

For applications where the display temperature may vary
to wider extremes, the display voltage Vp,sp (and thus Vp)
may require temperature compensation to maintain suffi-
cient contrast without OFF segments becoming visible.

Display Voltage and Temperature
Compensation

These circuits allow control of the display peak voltage by
bringing the bottom of the voltage divider resistor string out
at pin 15. The simplest means for generating a display volt-
age suitable to a particular display is to connect a potenti-
ometer from pin 15 to Vgg as shown in Figure 7. A potenti-
ometer with a maximum value of 100 kQ should give suffi-
cient range of adjustment to suit most displays. This method
for generating display voltage should be used only in appli-
cations where the temperature of the chip and display won’t
vary more than +£5°C (£9°F), as the resistors on the chip
have a positive temperature coefficient, which will tend to
increase the display peak voltage with an increase in tem-
perature. The display voltage also depends on the power
supply voltage, leading to tighter tolerances for wider tem-
perature ranges.

OPEN
100KQ 183 vos vec +5
10nF vss 14—_|_
= 1: ICL7182 =
0093-15
Figure 7: Simple Display
Voltage Adjustment
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Display Set Voltage (Continued)
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10nF]

10KQ '[
0093-16

Figure 8A: Temperature compensation and contrast adjustment for LCD fluid types which have visual
threshold tempcos of ~ — 10 mV/°C and operate with 3V to 4.0V.
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V- = -33V

VRout

IcL7182

L

0093-17
Figure 8B: Generating a negative supply from + 5V to drive the display voltage pin below ground. This
allows use of wide temperature LCD fluids which require peak-peak display drives of 3.5V to 7V. For LCD
fluids which have threshold tempcos of ~ —8 mV/°C the collector of Q1 and 200 k2 resistor should be tied
to VRour: for larger threshold tempcos of ~ —16 mV/°C this point should be tied to Vcc.
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Figure 9: Conceptually a flexible LCD contrast and temperature compensation
using an ICL7664 can be designed in this manner. This technique allows adjusting

the display volitage and temperature compensation independently.

NOTE: All typical values have been characterized but are not tested.
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Display Layout

Custom displays developed for the ICL7182 need to be
arranged such that the 8 segment lines serpentine across
13 backplanes. The annunciators and first eight data seg-
ments share a common backplane (BP1). An example lay-
out is shown in Figure 10. This 1.3” by 4.5” display is avail-
able from Hamlin Inc. (part # 4464-363-921) for prototyping
and evaluation.

Custom Display

ICL7182

@ ANN (C, F) ANN (C, F)
ANN(9) B & ANN (F) ANN () ANN (F)
ANN (A, V) @ ANN (C) ANN (A, V) ANN (C)
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ANN (a, k) O 2 BP1 ANN (a, k) BP 1
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Figure 10: Custom LCD Layout
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NOTE: All typical values have been characterized but are not tested.
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APPLICATIONS
*1.5Vx4
DRY CELLS °
i} LI SEGx[40]
—{2|Ax SEGy[39]
{3y SEGz[35]
—{ a]Az SIGN[37]
Ire E:s . ::7 [35]
6
wok 2o [T L8 [35]
[ 7]vee SEGS5[34]
1 8 | Vrout SEG4 E
b7 9 |REF HI SEG3[32]
74l
L 10 |REFLO SEG2[31
100k [51] > TO
IN HI — WA —p——[TT|INHI SEG1[30] DISPLAY
INLO 12[INLO SEGO[29]
0.47,F
13| coMMON BP1[28]
1 {1a]vss BP2[27]
15|vDS BP3[26]
100k [i6]sPi13 BP4[25]
[7]er12 BP5[24]
sacxpLanes < 8]oP 5P o [23]
[is]spP10 BP7[22]
[20]BPe BP8[21 |-

0093-20
Figure 11: 7182 using the internal reference. Values shown are for 1.00V full-scale, 1% adjustment
sensitivity, 24 readings per second, 6V floating supply (four stacked 1.5V dry cells).*
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0093-21
Figure 12: 7182 using the internal reference and ICL7660 as a supply regulator.
This allows sensing ground reference bipolar inputs with a single + 5V supply.
Values shown for 1.00V full-scale, 0.25% adjustment sensitivity.

NOTE: Al typical values have been characterized but are not tested.
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APPLICATIONS (Continued) T}
Looksz L +
L, *° N
Ax SEGx
1 —o —o ST
=45V ——0 +—) TO LCD
T IcL162 cmos LT | peomwa
LOGIC POINTS
CONTROL *,—\D_l_ ANNUNCIATORS,
7 ETC.
| o~ D
vss VDS |_CD4030 |
L “Teno
0093-22
Figure 13: Using Exclusive ‘OR’ Gate for additional annunciator drivers.
L]
s SEGx —‘—ih
2 |Ax SEGy @
3|AY SEGz[38]
7|Az SIGN[37]
s SEG7[36]
E osc SEG 6 @
v L [7]vcc SEG5[34)
E Vrout SEG4[33]
|REF HI SEG3[32]
REFLO SEG2[31] T0
INHI SEG1[30] DISPLAY
___._]E INLO SEG0[29]
[33]common BP1]28]
14|vss BP2f27]
—
O— 15 |VDS BP 3|26
GND | L= 26]
= [Ge]er13 BP4[25]
[17]eP12 BP5[24]
TO DISPLAY
packpLanes < [18]BP1t BP6[23]
[39]BP10 BP7[22]
[20]BPo Bpg|21 |-
0093-23
Figure 14: 7182 measuring ratiometric values of Quad Load Cell.
The resistor values within bridge are determined by the desired sensitivity.

NOTE: All typical values have been characterized but are not tested.
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APPLICATIONS (Continued)

ICL7182

vDD
O
V+
5.0V 7
VDD
4 8
HS
100K
\ IN HI
1
Ic™
7555 Ry
ut 3 150K
220pF L ICL
R, - C,
c sw1 w ™ T oire 7182
INPUT vo s o= u3
FROM - 1F ?
SENSOR NO
—|IN Lo
VoD VDD
VDD
R, v
R, 12K 8| ¥rovr
A" 400K
LED1
OPTIONAL 5
IcL R ‘Ro;( ) REF HI
R, 7 7621 100K
S 4K
OPTIONAL A vz N s
b v REF LO
IGNITION Ra; ™M 10
CUT OFF zi';z A vSS
12K - e
O +
GND
V-
0093-24
V, 1/RC
V_O = m RPM Hz Period No. of Events Strokes
IN 33 600 10 100 ms Cylinders | Per Cycle | Per Cycle
1
c = 1000 16.7 60 ms 1 05 4
2;R3C3
5000 83 12ms 4 2 4
SW1 Momentary 5 3 4
Switch SPST 10,000 166.7 6ms
ViN = 264 mV @ 5000 RPM 8 4 4
4 Stroke V8

Figure 15: Tachometer with Set Point

NOTE: Al typical values have been characterized but are not tested.
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APPLICATIONS (Continued) 7]
Duplexed
LCD Decals show that A/D can be set for both °C and °F
Display Decal Decal Decal
T o I—o _I I_o _I I_o _I
C (] " " (]
' +80 ! +100 !! +100 !
R1 ::
K 9 Vref+
] " o L
L} " " L]
VR1 S ¢ -
Rse  10KS Full Scale Adj 10 Vref
82K L ICL7182
VR2 S ¢ in® [] " (N} (]
10K & Zero Adjust 11 Vin ] " " ]
8 Vref out
12 Vin=
) " " (]
AD590 R2< ' " ‘e ' n
Temp. 7.5k <3 15 VDS
Sensor 9 50k -0.0
VR3 .
VYV Vss
14 ' " " '
J (] (] " ]
DISPLAY CONTRAST 6 -20 -0.0 -0.0
ADJUSTMENT — - -
Decals show how zero can be offset by zero adjustment
0093-25
Figure 16: Basic digital thermometer, Celsius and Fahrenheit scales.
This Vpg pin can be connected as shown in Figure 11.

NOTE: All typical values have been characterized but are not tested.
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B HARRIS HI-7159

PRELIMINARY Microprocessor Compatible
May 1991 512 Digit A/D Converter
Features Description
e +200,000 Count A/D Converter The Harris HI-7159 is a monolithic A/D converter that uses

a unique dual slope technique which allows it to resolve in-
put changes as small as 1 part in 200,000 (10uV) without
e 15 Conversions Per Second in 5%z Digit Mode the use of critical external components. Its digital
autozeroing feature virtually eliminates zero drift over
temperature. The device is fabricated in Harris’ proprietary
¢ Serial or Parallel Interface Modes low noise BIMOS process, resulting in exceptional linearity
and noise performance.

® 2V Full Scale Reading With 10uV Resolution

* 60 Conversions Per Second in 42 Digit Mode

® Four Selectable Baud Rates
The HI-7159’s resolution can be switched between a high

* Differential Analog Input resolution 200,000 count (5% digit) mode, and a high
« Differential Reference Input spee_c! 20,000 count (4% digit) mode without any hardware
o modifications. In the 4% digit uncompensated mode,
* Digital Autozero speeds of 60 conversions per second can be achieved. The
HI-7159 is designed to be easily interfaced with most
Applications microprocessors through either of its two serial and one
PP parallel interface modes. In the serial modes, any one of four

e Weigh Scales common.Baud rates is available.

* Part Counting Scales Ordering Information

e Laboratory Instruments

I PART NUMBER | TEMPERATURE RANGE PACKAGE
e Process Control/Monitoring

HI3-7159-5 09C to +75°C 28 Pin Plastic DIP
* Energy Management
® Seismic Monitoring
Pinout Functional Block Diagram
28 LEAD PLASTIC DIP
TOP VIEW
\
vee [3] 28] set AGND§ VEE Vee XTAL DGND
INT ouT [Z] 27] XTAL S U DD___ o
INT N [3] 26] PGND oo |
conTROL fo—ol
BuUF out [4] [25] P7/BRS1 CINT 5 GOMPARATOR | 'SEcTiON Tor
CREF - AND BUS BUS
GUARD L2 24] Pomrso $ LATCHES INTERFACE
CreF - [6] 23] Ps/saDs RINT S UNIT |
cs
CreF+ [7] [22] PassaD2 21
CREF+ ]
ohers [8 [21] ParsaD1 v 9 K
REF HI —9 e
Vaer i [9] parsapo |\ 0 ] 3
vrer Lo [19] [19] P1ssmst ViNH —p— UART [
A 11 18| PO/SMSO v ANALOG
VGND ] | pors INLo ANALOG SWITCHES | ] \STATE |
il
wra [iZ [17] CS0s | cpep £ [ s
Vinwo [13] [16] WRmxD e
Vee [14] [15] A mxD

CAUTION: These devices are itive 1o el tic disch . Proper |.C. handling procedures should be followed. File Number 2471
Copyright © Harris Corporation 1991
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ICL8052/ICL7104 and i{CL8068/ICL7104

&

SEMICONDUCTOR

GENERAL DESCRIPTION

The ICL7104, combined with the ICL8052 or ICL8068,
forms a member of Harris’ high performance A/D converter
family. The ICL7104-16, performs the analog switching and
digital function for a 16-bit binary A/D converter, with full
three-state output, UART handshake capability, and other
outputs for easy interfacing. The ICL7014-14 is a 14-bit ver-
sion. The analog section, as with all Harris’ integrating con-
verters, provides fully precise Auto-Zero, Auto-Polarity (in-
cluding 0 null indication), single reference operation, very
high input impedance, true input integration over a constant
period for maximum EMI rejection, fully ratiometric-opera-
tion, over-range indication, and a medium quality built-in ref-
erence. The chip pair also offers optional input buffer gain
for high sensitivity applications, a built-in clock oscillator,
and output signals for providing an external Auto-Zero capa-
bility in preconditioning circuitry, synchronizing external mul-
tiplexers, etc.

ORDERING INFORMATION

ICL8052/ICL7104

and ICL8068/ICL7104

14/16-Bit uP-Compatible
2-Chip A/D Converter

FEATURES

© 16/14 Bit Binary Three-State Latched Outputs Plus
Polarity and Overrange

© |deally Suited for Interface to UARTs and
Microprocessors

© Conversion On Demand or Continuously
© Guaranteed Zero Reading for Zero Volts Input

© True Polarity at Zero Count for Precise Null
Detection

© Single Reference Voltage for True Ratiometric
Operation

@ Onboard Clock and Reference

© Auto-Zero; Auto-Polarity

® Accuracy Guaranteed to 1 Count
© All Outputs TTL Compatible

© +4V Analog input Range

© Status Signal Available for External Sync, A/Z in
Preamp, etc

Part Number Temp. Range Package

Part Number Temp. Range Package
ICL8052CPD 0°Cto +70°C 14-Pin Plastic DIP
ICL8052CDD 0°Cto +70°C 14-Pin Ceramic DIP
ICL8052CJD 0°Cto +70°C 14-Pin CERDIP
ICL8052ACPD | 0°Cto +70°C 14-Pin Plastic DIP
ICL8052ACDD | 0°Cto +70°C 14-Pin Ceramic DIP
ICL8052ACJD 0°Cto +70°C 14-Pin CERDIP

ICL8068CDD 0°Cto +70°C | 14-Pin Ceramic DIP
ICLB068ACDD 0°Cto +70°C | 14-Pin Ceramic DIP
ICLB068ACJD 0°Cto +70°C | 14-Pin CERDIP

40-Pin Plastic DIP
40-Pin Plastic DIP

ICL7104-14CPL
ICL7104-16CPL

0°Cto +70°C
0°Cto +70°C

oW EEE R RRRRRRA 24

. BITS
ORPO!.FGIS"“MII!O 910 7654321

5 4-[0 |7 [8 o Jof111f1sfianisio 73 [15]

THREE STATE QUTFUTS

LTI T oo

1 LATCHZS 23

counTen !
‘l 7Y g
ol

sw?
[}
I l 1 swe
AMALOG o 4S8
hd

GND

o chte @

CONTROL LOGIC

Figure 1: ICL8052A (8068A)/ICL7104 16/14 Bit A/D Converter Functional Diagram

2 _Jo ls da ds |

-15V  CLOCK CLOCK STTS
(L) (&)

&g~

+18v +5V

0346-1

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.

NOTE: All typical values have been characterized but are not tested.




ICL8052/ICL7104 and ICL8068/ICL7104

ABSOLUTE MAXIMUM RATINGS

Power Dissipation (1) All Devices ................ 500mW ICL7104
Storage Temperature ................ —65:C to +150°C VT Supply (GNDtoV*)
Operating Temperature ................... 0°Cto +70°C VI oV
Lead Temperature (Soldering, 10sec) ............. 300°C Positive Supply Voltage (GND to vihy 17v
ICL8052, 8068 Negative Supply Voltage (GNDtoV™) ............ —17Vv
SUPPlY VORAGE ... veeeeeeeeee e +18V Analog Input Voltage (Pins 32-39) (4) ....... vitiov
Differential Input Voltage (8068) .................. +30V Digital Input Voltage N
(8052) ..., +6V (Pins2-30)(5) ........... (GND—0.3V) to (V" +0.3V)
InputVoltage (2) ...........cooiiiiiiiiiit, +15V
Output Short Circuit Duration,
AllOuUtputs (3) ...ovvvnviiiii i Indefinite

NOTE 1 Dissipation rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient temperature below + 70°C. For higher
temperatures, derate 10mW/°C.
2: For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage.
3: Short circuit may be to ground or either supply. Rating applies to +70°C ambient temperature.
- 4 Input voltages may exceed the supply voltages provided the input current is limited to +100pA.
5: 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 not on the same power supply be applied to the ICL7104 before its power supply is established.

NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indit d in the op jonal sections of the specifications is not implied. Exposure to absolute
‘maximum rating conditions for extended periods may affect device reliability.

v vedn \J b v-
v-1 A INTEGRATOR DIG GND 01G GND =1 comp IN
V] ourt STTS sTTs (3 %[ REFCAP 1
OMP) POL. poL O« s B VREF
COMP & E| BUFFER OR. oR. (s »0 Az
out (HN) 8IT 16 BiT1a e %] ANALOG GND
BIT 15 sm13 g’ 1 [0 REFCAP 2
REF = @ INTEGRATOR BIT 14 BIT12[* » ] BUF IN
CAP (+IN) BIT 13 ICL7104 giT11 Qs ICL7104 2|3 ANALOG /P
BIT 12 -16 BIT10 (o -14 a0 v+
REF o 77} INTEGRATOR BIT 11 BIT9n » ) CEAD
PASS q :' (-iN) BIT 10 NC. On 2] SEN
BITY NC. O 20 R/H
BUFFER BITS BIT8 [ = [] MODE
ano [} E e BIT? 87 [l cLock 2
BIT 6 BIT6 e 2 f] CLOCK 1
REF BUFFER BITS BITS Qv Ey 0} [ | - |
out L& 9 our BIT 4 BITan N g —
ICL8052-8068 BIT3 BIT3[]n 2 [] TBEN |25 |WSER| ABEW |
REF E: + BIT 2 BIT2 2 a[1BIT1
SUPPLY 8]v
0346-3
0346-2 (OUTLINE DWGS DL, JL, PL)
(OUTLINE DWGS DD, JD, PD) Figure 2: Pin Configurations

ICL7104 ELECTRICAL CHARACTERISTICS (vt = +5v,v** = +15V,v™ = —15V, Ty = 25°C,
fcLock = 200 kHz)

Symbol Characteristics Test Conditions Min Typ Max | Unit
Y] Clock Input CLOCK 1 Vin=+5Vto 0V +2 +7 +30 pA
N Comparator I/P | COMP IN (Note 1) Vin=0Vto +5V -10 +0.001 +10 pA
Iy Inputs MODE ViN= +5V +1 +5 +30 pA
I with Pulldown Vin=0V -10 +0.01 +10 pA
K Inputs SEN, R/H Vin=+5V -10 | *0.01 +10 | pA

NOTE: All typical values have been characterized but are not tested.

ICL8052/ICL7104 and ICL8068/ICL7104



ICL8052/ICL7104 and ICL8068/ICL7104

ICL7104 ELECTRICAL CHARACTERISTICS

ICL8052/ICL7104 and ICL8068/ICL7104

(vt = +5v,vtT = +15V,V™ = —15V, Tp = 25°C, foLock = 200 kHz) (Continued)

Symbol Characteristics Test Conditions Min Typ Max Unit
ViH Input High Voltage | All Digital Inputs 2.5 20 - \'
ViL Input Low Voltage | Ali Digital Inputs 1.5 1.0 \"
VoL Digital LBEN loL=1.6mA — 0.27 v
VoH Outputs MBEN (16-only) (Note 3) loH= —10pA 45 — \%
VoH Three-Stated _Iﬂ loy= —240pA 2.4 35 — \

On CE/LD
BIT n, POL, OR
oL ?EZ:'_;‘;Z?Z“ BIT n, POL, OR 0<Vou<V+ —10 | £.001 | +10 | pA
VoL Non-Three State STTS loL=38.2mA — 0.3 4 Vv
VoH Digital loy= —400pA 2.4 3.3 — \Y
VoL Output CLOCK 2 loL=320nA 0.5 '
VoH lon= —320pA 45 \
VoL CLOCK 3 (—14 ONLY) loL=1.6mA 0.27 4 \"
VoH loH= —320pA 2.4 35 %
Rps(on) Switch 1 — 25k ¥
Rps(on) Switches 2,3 — 4k 20k Q
Rps(on) Switch Switches 4,5,6,7,8,9 — 2k 10k Q
ID(off) Switch Leakage — 15 PA
fcLock Clock Clock Freg. (Note 4) DC 200 400 kHz
1t Supply Currents ;Isglmspﬁglzig: I’::S; dance 7 Freq.=200kHz 200 600 RA
It + 15V Supply Current Freq.=200kHz 3 1.0 mA
1~ —15V Supply Current Freq.=200kHz 25 200 BA
vt Supply Voltage Logic Supply Note 5 4.0 +110 | Vv
vt+ Range Positive Supply +10.0 +16.0 | V
" Negative Supply —16.0 —-10.0 Vv

NOTES: 1. This spec applies when not in Auto-Zero phase.

2. Apply only when these pins are inputs, i.e., the mode pin is low, and the 7104 is not in handshake mode.

3. Apply only when these pins are outputs, i.e., the mode pin is high or the 7104 is in handshake mode.

4. Clock circuit shown in Figs. 15 and 16.
5. V+ must not be more positive than V + +

NOTE: All typical values have been characterized but are not tested.
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ICL8052/ICL7104 and ICL8068/ICL7104

ICL8068 ELECTRICAL CHARACTERISTICS (VsuppLy= * 15V unless otherwise specified)

Symbol Characteristics Test Conditions 8068 8068A Unit
Min | Typ I Max | Min | Typ I Max
EACH OPERATIONAL AMPLIFIER
Vos Input Offset Voltage Vem=0Vv 20 65 20 65 mV
Y] Input Current (either input) (Note 1) | Vom=0V 175 | 250 80 150 pA
CMRR Common-Mode Rejection Ratio Vom= £10V 70 90 70 90 dB
Non-Linear Component of Common- | Vom= +2V 110 110 dB
Mode Rejection Ratio (Note 2)
Ay Large Signal Voltage Gain RL=50kQ 20,000 20,000 V/V
SR Slew Rate V/us
GBW Unity Gain Bandwidth MHz
Isc Output Short-Circuit Current mA
COMPARATOR AMPLIFIER
AvoL Small-signal Voltage Gain RL=30kQ 4000 VIV
+Vo Positive Output Voltage Swing +12 | +13 +12 | +13 \"
—Vo Negative Output Voltage Swing —-20 | —26 —-20 | —26 v
VOLTAGE REFERENCE
Vo Output Voltage 15 175 | 20 1.60 1.75 | 1.90 Vv
Ro Output Resistance 5 5 Q
TC Temperature Coefficient 50 40 ppm/°C
VsuppLy | Supply Voltage Range +10 +16| +10 +16 \
IsuppLy | Supply Current Total 14 8 14 mA
ICL8052 ELECTRICAL CHARACTERISTICS (vsyppLy= + 15V unless otherwise specified)
Symbol Characteristics Test Conditions 8052 8052A Unit
Min I Typ —,T\Ilax Min LTyp [ Max
EACH OPERATIONAL AMPLIFIER
Vos Input Offset Voltage Vem=0V 20 75 20 75 mV
N Input Current (either input) (Note 1) | Vom=0V ) 5 50 2 10 pA
CMRR Common-Mode Rejection Ratio Vom= £10V 70 90 70 90 dB
Non-Linear Component of Common- | Vgm= +2V 110 110 dB
Mode Rejection Ratio (Note 2)
Ay Large Signal Voltage Gain R =50k 20,000 20,000 VIV
SR Slew Rate 6 6 V/us
GBW Unity Gain Bandwidth 1 MHz
Isc Output Short-Circuit Current 20 20 mA
COMPARATOR AMPLIFIER
AvoL Small-signal Voltage Gain R =30k 4000 v/V
+Vo Positive Output Voltage Swing +12 | +13 +12 | +13 \
—Vo Negative Output Voltage Swing —-20 | —26 —20 | —26 \

NOTE: All typical values have been characterized but are not tested.

ICL8052/ICL7104 and ICL8068/ICL7104



ICL8052/ICL7104 and ICL8068/ICL7104

ICL8052/ICL7104 and ICL8068/ICL7104

ICL8052 ELECTRICAL CHARACTERISTICS (VsyppLy= * 15V unless otherwise specified) (Continued)

Symbol Characteristics Test Conditions 8052 8052A Unit
Min LTyp I Max Min I Typ | Max
VOLTAGE REFERENCE

Vo Output Voltage 1.5 1.75 20 160 | 1.75 | 1.90 Vv
Ro Output Resistance 5 5 Q
TC Temperature Coefficient 50 40 ppm/°C
VsuppLY Supply Voltage Range +10 +16 | £10 +16 '
IsuppLY Supply Current Total 6 12 6 12 mA

NOTES: 1. The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T . Due to limited
production test time, the input bias currents are measured with junctions at ambient temperature. In normal operation the junction temperature rises
above the ambient temperature as a result of internal power dissipation, Pd. Tj=Ta +RgyaPd where Rgjp is the thermal resistance from junction to
ambient. A heat sink can be used to reduce temperature rise.

2. This is the only component that causes error in dual-slope converter.

SYSTEM ELECTRICAL CHARACTERISTICS: ICL8068/7104 (v++=+15V,V+=+5V,
V== —15V, fcLock = 200kHz) (Note 4)

Characteristics Test Conditions 8068A/7104-14 8068A/7104-16 Unit

Min Typ Max Min Typ Max

Zero Input Reading Vin=0.0V —00000 | +00000 | +00000 | —00000 | 00000 | +00000 | Counts
VRer=2.000V
Ratiometric Error(1) Vin=VRer=2.0000V -1 0 +1 -1 0 +1 LSB
i i +
Linearity over +Full Scale (error | AVSVins +4V 0.5 j 05 1 LSB

of reading from best straight line)

Differential Linearity (difference
between worst case step of —4V<Vih< +4V .01 .01 LSB
adjacent counts and ideal step)

Rollover error (Difference in
reading for equal positive & neg- | —Vin= +Vjp = 4V 0.5 1 0.5 1 LSB
ative voltage near full scale)

Noise (P-P value not exceeded | Vj,=0V

95% of time) Full scale=4.000V 2 2 w
Leakage Current at Input (2) Vin=0V 100 165 100 165 |pA

" X Vin=0V o
Zero Reading Drift 0°C<TA<70C 0.5 0.5 wVv/°C
Scale Factor Temperature (3) Vin=+4V 2 5 2 5 ppm/°C

0<TA<50°C

Coefficient ext. ref. Oppm/°C

NOTE: All typical values have been characterized but are not tested.



ICL8052/ICL7104 and ICL8068/ICL7104

SYSTEM ELECTRICAL CHARACTERISTICS: ICL8052/7104 (v**=+15v,v*=+5V,
V™ = ~15V, fcLock = 200kHz) (Note 4)

Characteristics Test Conditions 8052A/7104-14 8052A/7104-16 Unit
Min Typ Max Min Typ Max
" Vin = 0.0V
Zero Input Reading —00000| +00000| + 00000 | —00000 | +00000| + 00000 | Counts
VReg=2.000V
Ratiometric Error (3) Vin = VRer = 2.0000V| -1 0 +1 -1 0 +1 |LSB
: - .

Linearity over *Full Scale (error | AV<Vip< +aV 05 1 05 1 LSB

of reading from best straight line)

Differential Linearity (difference
between worst case step of —4V<Vip< +4V .01 .01 LSB
adjacent counts and ideal step)

Rollover error (Difference in
reading for equal positive & —Vin=*+Vin=4V 0.5 1 0.5 1 LSB
negative voltage near full scale)

Noise (P-P value not exceeded | Vjy=0V

95% of time) Full scale=4.000V 30 30 w
Leakage Current at Input (2) Vin=0V 20 30 20 30 pA
. . Vin=0V o
Zero Reading Drift 0<TA<70°C 0.5 0.5 pV/°C
Vin= +4V
Scale Factor Temperature 0<TA<70°C 2 2 ppm/°C

Coefficient

(ext. ref. Oppm/°C)

NOTES: 1. Tested with low dielectric absorption integrating capacitor.

2. The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T;. Due to limited
production test time, the input bias currents are measured with junctions at ambient temperature. In normal operation the junction temperature rises
above the ambient temperature as a result of internal power dissipation, Pd. Tj=Ta+ RgjaPd where Rgya is the thermal resistance from junction to
ambient. A heat sink can be used to reduce temperature rise.

3. The temperature range can be extended to 70°C and beyond if the Auto-Zero and Reference capacitors are increased to absorb the high temperature
leakage of the 8068. See note 2 above.

4. SYSTEM ELECTRICAL CHARACTERISTICS are not tested; for reference only.

NOTE: All typical values have been characterized but are not tested.
3-8
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ICL8052/ICL7104 and ICL8068/ICL7104
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Figure 4: Various Combinations of Byte Disables

NOTE: All typical values have been characterized but are not tested.



ICL8052/ICL7104 and ICL8068/ICL7104

AC CHARACTERISTICS (vt++=+15V,V+=+5V,V-=—15V)

Fer T\ /S /)
e thea—]
HBEN X, \
AS INPUT W\\—' /_/ //////////////////////////// \\\\\\\\\\\\\
MBER
- I////4 1N\
CBER
o 7000007 \ ,
tdab - —1 tonb
HIGHBYTE  _ __ _ | DATA DATA
DATA vaLiol /7~ VALID _)" """
tdac | o ] e tonc
opEee Ry ~=—====~1 B -
LOW BYTE DATA [N _
- ENABLE \L_vaup )'
o o e e = = HIGH IMPEDANCE
0346-6
Figure 5: Direct Mode Timing Diagram
Table 1: Direct Mode Timing Requirements  (Note: Not tested in production)
Symbol Description Min Typ Max Unit
thea XBEN Min. Pulse Width 300
tdab Data Access Time from XBEN 300
tanb Data Hold Time from XBEN 200 ns
tcea CE/LD Min. Pulse Width 350
tdac Data Access Time from CE/LD 350
tdhe Data Hold Time from CE/LD 280
tewh CLOCK 1 High Time 1000
+Table 2: Handshake Timing Requirements (Note: Not tested in production.)
Name Description Min Typ Max Unit
tmw MODE Pulse (minimum) 20
tsm MODE pin set-up time —150
tme MODE pin high to low Z CE/LD high delay 200
tmb MODE pin high to XBEN low Z (high) delay 200
teel GCLOCK 1 high to CE/LD low delay : 700 ns
tceh CLOCK 1 high to CE/LD high delay 600
tebl CLOCK 1 high to XBEN low delay 900
L tebh CLOCK 1 high to XBEN high delay 700
tedh CLOCK 1 high to data enabled delay 1100
tedl CLOCK 1 low to data disabled delay 1100
tss Send ENable set-up time —350
tebz CLOCK 1 high to XBEN disabled delay 2000
teez CLOCK.1 high to CE/LD disabled delay 2000
tewh CLOCK 1 High Time 1250 1000

NOTE: All typical values have been characterized but are not tested.

052/ICL7104 and ICL8068/ICL7104
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Figure 6: Handshake Mode Timing Diagram

NOTE: All typical values have been characterized but are not tested.
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Table- 3: Pin Descriptions

NOTE: All typical values have been characterized but are not tested.

Pin | Symbol | Option Description Pin| Symbol -| Option Description
1 vttt Positive Supply Voltage 24 |HBEN —16 | High Byte ENable. Activates
Nominally + 15V POL, OR, see LBEN (pin 22).
2 | GND Dig“a' Ground .0V, gl'OUnd return CLOCK3 —14 | RC oscillator pin. Can be used
3 | STTS STaTu$ output. Hi during - as clook output
Integrate and Deintegrate until Pin| Symbol Description
data is latched. LO when analog 25 | CLOCK1 | Clock input. External clock or ocsillator.
section is in Auto-Zero 26 | CLOCK2 | Clock output. Crystal or RC oscillator.
configuration. 27 {MODE | Input LO; Direct output mode where CE/
4 | POL POLarity. Three-state output. HI LD, HBEN, MBEN and LBEN act as
for positive input. inputs directly controlling byte outputs. If
5 |OR OverRange. Three-state output. pulsed HI causes immediate entry into
6 |BIT16 —16 handshake mode (see Figure 14).
BIT 14 —14 | (Most significant bit) If HI, enables CE/LD, HBEN, MBEN, and
7 |BiT15 16 LBEN as outputs. Handshake mode will
BIT 13 14 be entered and data output as in Figures
s |BIT 14 16 12 & 13 at conversion completion.
BIT 12 —14 28 |R/H Run/Hold: Input HI-conversions
9 |BIT13 16 continously performed every 217(—16) or
15(— -
BIT 11 —14 | Data Bits, Three-state outputs. 21 1‘,‘) CI_OCK pulses. Input LO

0 BT 12 16 | See Table 4 for format conversion in progress completed,

BIT 10 14 |of ENables and bytes. converter will stop in Auto-Zero 7 counts

1 BT 11 o HIGH =true before input integrate.

BIT9 14 29 | SEN Send-ENable: Input controls timing of
byte transmission in handshake mode. Hi

12 S“:T 10 B :3 indicates ‘send’.

3 [BTs 16 30 |CE/LD | Chip-Enable/LoaD. With MODE (pin 27)

nc 14 LO, CE/LD serves as a master output
enable; when HI, the bit outputs and POL,
141BIT8 OR are disabled. With MODE HI, pin

15 |BIT7 serves as a LoaD strobe (—ve going)

16 | BIT6 used in handshake mode. See Figures 12

17 | BIT5 &13.

18 | BIT4 31 |v* Positive Logic Supply Voltage. Nominally

19 |BIT3 +SV.

20 | BIT 2 32 |ANI/P ANalog InPut. High Side.

P - 33 |BUFIN | BUFfer INput to analog chip (ICL8052 or

21 [BIT1 Eeast_ sngnilcant bit. : ICLB06S)

22 | LBEN tg‘: di::::iaobc;: (E;O:"i: 27) 34 | REFCAP2 | REFerence CAPacitor (negative side)
when LO (with CE/LD, pin 30) 35 | AN.GND. | ANalog GrouND. Input low side and
activates low-order byte outputs, reference low side.

BITS 1-8 36 |A-Z Auto-Zero node.

V\(hen in handshake mode (see 37 | VREF Voltage REFerence input (positive side).

';'u"t pz:t)' ;2:;393;2 '1":":’;“: ;'ag 38 | REFCAP1 | REFerence CAPacitor (positive side).
— ————— —— - Nput from 8052/8068

23 [MBEN | —16 |Mid Byte ENable. Activates BITS 39 | COMPIN | COMParator INput from 8052/%

9-16, see [BEN (pin 22) 40 |V Negative Supply Voltage. Nominally
HBEN | -—14 | HighByte ENable. —15v.

Activates BITS 9-14, POL, OR,

see LBEN (pin 22)

ICL8052/ICL7104 and ICL8068/ICL7104
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7104-16

7104-14

ICL8052/ICL7104 and ICL8068/ICL7104

Table 4: Three-State Byte Formats and ENable Pins

CE/LD

HBEN

LBEN

POL|O/R

B16 | B15 | B14|B13|B12|B11]B10]BY

B8 |B7|B6 | B5[B4|B3[ B2[B1

HBEN

LBEN

poL|o/R|B14]B13|B12[B11]B10 BO

88| 87| 86| B5 | B4| B3| B2| B1

Figure 1 shows the functional block diagram of the operating system. For a detailed explanation, refer to Figure 7 below.
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NOTE: All typical values have been characterized but are not tested.
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DETAILED DESCRIPTION

Analog Section

Figure 7 shows the equivalent Circuit of the Analog Sec-
tion of both the ICL7104/8052 and the ICL7104/8068 in the
3 different phases of operation. If the Run/Hold pin is left
open or tied to V+, the system will perform conversions at
a rate determined by the clock frequency: 131,072 for — 16
and 32,368 for — 14 clock periods per cycle (see Figure 9
conversion timing).

Auto-Zero Phase | Figure 7A

During Auto-Zero, the input of the buffer is shorted to
analog ground thru switch 2, and switch 1 closes a loop
around the integrator and comparator. The purpose of the
loop is to charge the Auto-Zero capacitor until the integrator
output no longer changes with time. Also, switches 4 and 9
recharge the reference capacitor to VRgr.

BUFFER INTEGRATOR
ZERO
CROSS. (4] a}l—
DET. ZERO
CROSSING
FIF
CL
POL cL
0346-10
Figure 7C: Phase Ill + Deintegrate
- AN CinT
o AAA——JFERL
BUFFER RINT | INTEGRATOR COMP.
~ ZERO
A3 CROSS. D af—
[+
DET. ZERO
CROSSING
F/F
ICAz CL
! POL CcL
0346-11

Figure 7D: Phase Il —Deintegrate

NOTE: Al typical values have been characterized but are not tested.
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Input Integrate Phase Il Figure 7B

During input integrate the Auto-Zero loop is opened and
the analog input is connected to the buffer input thru switch
3. (The reference capacitor is still being charged to VRer
during this time.) If the input signal is zero, the buffer, inte-
grator and comparator will see the same voltage that exist-
ed in the previous state (Auto-Zero). Thus the integrator
output will not change but will remain stationary during the
entire Input Integrate cycle. If Vy is not equal to zero, an
unbalanced condition exists compared to the Auto-Zero
phase, and the integrator will generate a ramp whose slope
is proportional to V|n. At the end of this phase, the sign of
the ramp is latched into the polarity F/F.

Deintegrate Phase Ill Figure 7C & D

During the Deintegrate phase, the switch drive logic uses
the output of the polarity F/F in determining whether to
close switches 6 and 9 or 7 and 8. If the input signal was
positive, switches 7 and 8 are closed and a voltage which is
VRer more negative than during Auto-Zero is impressed on
the buffer input. Negative inputs will cause +VRgfr to be
applied to the buffer input via switches 6 and 9. Thus, the
reference capacitor generates the equivalent of a (+) refer-
ence or a (—) reference from the single reference voltage
with negligible error. The reference voltage returns the out-
put of the integrator to the zero-crossing point established
in Phase |. The time, or number of counts, required to do
this is proportional to the input voltage. Since the Deinte-
grate phase can be twice as long as the Input integrate

phase, the input voltage required to give a full scale

reading=_2VRgf.

NOTE: Once a zero crossing is detected, the system automatically reverts
to Auto-Zero phase for the leftover Deintegrate time (unless Run/
Hold is manipulated, see Run/Hold Input in detailed description,
digital section).

Buffer Gain

At the end of the auto-zero interval, the instantaneous
noise voltage on the auto-zero capacitor is stored, and sub-
tracts from the input voltage while adding to the reference
voltage during the next cycle. The result is that this noise
voltage effectively is somewhat greater than the input noise
voltage of the buffer itself during integration. By introducing
some voltage gain into the buffer, the effect of the auto-zero
noise (referred to the input) can be reduced to the level of
the inherent buffer noise. This generally occurs with a buffer
gain of between 3 and 10. Further increase in buffer gain
merely increases the total offset to be handled by the auto-
zero loop, and reduces the available buffer and integrator
swings, without improving the noise performance of the sys-
tem. The circuit recommended for doing this with the
ICL8068/ICL7104 is shown in Figure 8. With careful layout,
the circuit shown can achieve effective input noise voltages
on the order of 1 to 2 pV, allowing full 16-bit use with full
scale inputs of as low as 150mV. Note that at this level,
thermoelectric EMFs between PC boards, IC pins, etc., due
to local temperature changes can be very troublesome. For
further discussion, see App. Note A030.

+15V -15v

REF
ouT

T¢
300pF

I's
Li- _:rB_UiI_N€>

\

rSs 97 o7
6

INT.

5kQ REF.

10kQ

-

= > TO ICL7104
Figure 8: Adding Buffer Gain to ICL8068

0346-12

Table 5: Typical Component Values (vt =+15v, v =5V, V—=—15V, fc ook =200kHz)

ICL8052/8068 with ICL7104-16 ICL7104-14 Unit
Full scale Vi 200 800 4000 100 4000 mV
Buffer Gain 10 1 1 10 1 V/IV
RINT 100 43 200 47 180 kQ
CINT .33 .33 .33 0.1 0.1 pF
Caz 1.0 1.0 1.0 1.0 1.0 pF
Cref 10 1.0 1.0 10 1.0 nF
VREF 100 400 2000 50 2000 mV
Resolution 3.1 12 61 6.1 244 nY

NOTE: All typical values have been characterized but are not tested.
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POLARITY

INTEGRATOR | |
OUTPUT | |

DETECTED
;)‘\

I-—Az PHASE a——l-—mr PHASE ||——|-———

DEINT PHASE lll_’l<—AZ—>
s soex L LML P JUALALALE ALALLALILE

ZERO CROSSING
OCCURS

ZERO CROSSING |
DETECTED i

INTERNAL LATCH . :
| |
STATUS OUTPUT | 'L |
| 1 |
NUMBER OF COUNTS TO ZERO cnossmc./ \AFTER ZERO CROSSING,
PROPORTIONAL TO Vi ANALOG SECTION WILL
BE IN AUTOZERO
CONFIGURATION
0346-13
COUNTS
PHASE | PHASE 1l PHASE Il
—-16 32768 32768 65536
—14 8192 8192 16384

Figure 9: Conversion Timing

ICL8052 vs ICL8068

The ICL8052 offers significantly lower input leakage cur-
rents than the ICL8068, and may be found preferable in
systems with high input impedances. However, the ICL8068
has substantially lower noise voltage, and for systems
where system noise is a limiting factor, particularly in low
signal level conditions, will give better performance.

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 volt-
age, and conversion rate. These values must be chosen to
suit the particular application.

Integrating Resistor
The integrating resistor is determined by the full scale in-
put voltage and the output current of the buffer used to
charge the integrator capacitor. This current should be
small compared to the output short circuit current such that
thermal effects are kept to a minimum and linearity is not
affected. Values of 5 to 40uA give good results with a nomi-
nal of 20uA. The exact value may be chosen by
full scale voltage*
20pA
*Note: If gain is used in the buffer amplifier then —
(Buffer gain) (full scale voltage)
20pA

Integrating Capacitor

The product of integrating resistor and capacitor is select-
ed to give 9 volt swing for full scale inputs. This is a compro-
mise between possibly saturating the integrator (at +14

RinT=

RinT=

NOTE: All typical values have been characterized but are not tested.

volts) due to tolerance build-up between the resistor, capac-
itor and clock and the errors a lower voltage swing could
induce due to offsets referred to the output of the compara-
tor. In general, the value of CiyT is given by

(32768 for —16)
(8192 for —14)

Integrator Output Voltage Swing

A very important characteristic of the integrating capacitor is
that it have 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
(100 .. .. 000) and any deviation is probably due to dielectric
absorption. Polypropylene capacitors give undetectable er-
rors at reasonable cost. Polystyrene and polycarbonate ca-
pacitors may also be used in less critical applications.

Auto-Zero and Reference Capacitor

The size of the auto-zero capacitor has some influence
on the noise of the system, a large capacitor giving less
noise. The reference capacitor should be large enough
such that stray capacitance to ground from its nodes is neg-
ligible.

Note: When gain is used in the buffer amplifier the refer-
ence capacitor should be substantially larger than the auto-
zero capacitor. As a rule of thumb, the reference capacitor
should be approximately the gain times the value of the
auto-zero capacitor. The dielectric absorption of the refer-
ence cap and auto-zero cap are only important at power-on
or when the circuit is recovering from an overload. Thus,

] X 20puA X clock period

CinT=

smaller or cheaper caps can be used here if accurate read--

ings are not required for the first few seconds of recovery.

3-16
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Reference Voita er consumption, all inputs should swing from GND (low) to
ge V+ (high). Inputs driven from TTL gates should have 3 -

The analog input required to generate a full scale output 5k pullup resistors added for maximum noise immunity.

is VIN=2 VReF.
The stability of the reference voltage is a major factor in MODE Input
the overall absolute accuracy of the converter. The resolu- The MODE input is used to control the output mode of the
tion of the ICL7104 at 16 bits is one part in 65536, or converter. When the MODE pin is connected to GND or left
15.26ppm. Thus, if the reference has a temperature coeffi- open (this input is provided with a pulldown resistor to en-
cient of 50ppm/°C (on board reference) a temperature sure a low level when the pin is left open), the converter is
change of 14°C will introduce a one-bit absolute error. For in its “Direct” output mode, where the output data is directly
this reason, it is recommended that an external high quality accessible under the control of the chip and byte enable
reference be used where the ambient temperature is not inputs. When the MODE input is pulsed high, the converter
controlled or where high-accuracy absolute measurements enters the UART handshake mode and outputs the data in
are being made. three bytes for the 7104-16 or two bytes for the 7104-14
then returns to “direct” mode. When the MODE input is left
DETAILED DESCRIPTION high, the converter will output data in the handshake mode
iai H at the end of every conversion cycle. (See section entitled
Dlglta.l .Sec“c.m . . - “Handshake Mode” for further details).
The digital section includes the clock oscillator circuit, a
16 or 14 bit binary counter with output latches and TTL- STaTu$S Output
compatible three-state output drivers, polarity, over-range During a conversion cycle, the STaTuS output goes high
and control logic and UART handshake logic, as shown in at the beginning of Input Integrate (Phase 1), and goes low
the Block Diagram Figure 10 (16 bit version shown). one-half clock period after new data from the conversion
Throughout this description, logic levels will be referred to has been stored in the output latches. See Figure 9 for de-
as “low” or “high”. The actual logic levels are defined un- tails of this timing. This signal may be used as a “data valid”
der “ICL7104 Electrical Characteristics”. For minimum pow- flag (data never changes while STaTuS is low) to drive inter-

rupts, or for monitoring the status of the converter.

CE/LD

HBEN | MBEN [ TBEN
7104-16 [POL| O/R|B16]815 [B14]B13] B12|B11]B10] B9 | B8 | B7[B6[B5[B4[B3[B2] B1

t_ HBEN I LBEN i
710414 {poL[o/R[B14][B13]B12[B11[B10[ B9 [B8 [ B7 [B6[BS[B4a[B3 [ B2 B1 |

“““““““““ IASAASAAASASAGENN NI

18/16 THREE-STATE OUTPUTS & FEER
"] |
A A . }

~ 18/16 LATCHES | | o WEEn

R N N N N N N O O | C16ont)

INITIAL 16/14 BIT COUNTER |
CLEAR !__[ |

LATCH b LBEN
l cLock ] ;
COMP OUT : ! i |

T0 | Az CONVERSION OSCILLATOR HANDSHAKE [ - CETLD
ANALOG§ INT =] CONTROL LOGIC AND CLOCK LOGIC |
SECTION | DENT(H) - CIRCUITRY i
DEINT(-) |
__________ 2 __ b daaldmbas _ ba  law

STaTus R/H CLOCK CLOCK CLOCK MODE SEND
102 3
0346-14

Figure 10: Digital Section

NOTE: All typical values have been characlerized but are not tested.
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Run/Hold Input

When the Run/Hold input is connected to V+ or left open
(this input has a pullup resistor to ensure a high level when
the pin is left-open), the circuit will continuously perform
conversion cycles, updating the output latches at the end of
every Deintegrate (Phase lll) portion of the conversion cycle
(See Figure 9). (See under “Handshake Mode” for excep-
tion.) In this mode of operation, the conversion cycle will be
performed in 131,072 for 7104-16 and 32768 for 7104-14
clock periods, regardless of the resulting value.

If Run/Hold goes low at any time during Deintegrate
(Phase lil) after the zero crossing has occurred, the circuit
will immediately terminate Deintegrate and jump to Auto-
Zero. This feature 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 a minimum Auto-Zero
time, and then wait in Auto-Zero until the Run/Hold input
goes high. The converter will begin the Integrate (Phase II)
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 11 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 trans-
ferred) to the UART — see Handshake Mode). Run/Hold
may now go low terminating Deintegrate and ensuring a
minimum Auto-Zero time before stopping to wait for the
next conversion. Alternately, Run/Hold can be used to mini-
mize 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 CLOCKS (-14),

CLOCK?2 (-16) Output. In this mode the conversion time is
dependent on the input value measured. Also refer to Harris
Application Bulletin A0O30 for a discussion of the effects this
will have on Auto-Zero performance.

If the Run/Hold input goes low and stays low during Auto-
Zero (Phase 1), the converter will simply stop at the end of
Auto-Zero and wait for Run/Hold to go high. As above, Inte-

NOTE: All typical values have been characterized but are not tested.

grate (Phase ll) begins seven clock periods after the high
level is detected.

Direct Mode

When the MODE pin is left at a low level, the data outputs
[bits 1 through 8 low order byte, see Table 4 for format of
middle (-16) and high order bytes] are accessible under
control of the byte and chip ENable terminals as inputs.
These ENable 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 be-
come active (three-stated on). This allows a variety of paral-
lel data accessing techniques to be used. The timing re-
quirements for these outputs are shown under AC Charac-
teristics and Table 1.

It should be noted that these control inputs are asynchro-
nous with respect to the converter clock — the data may be
accessed at any time. Thus it is possible to access the data
while it is being updated, which could lead to scrambled
data. Synchronizing the access of data with the conversion
cycle by monitoring the STaTuS output will prevent this.
Data is never updated while STaTuS is low. Also note the
potential bus conflict described under “Initial Clear Circuit-
y”.

Handshake Mode

The handshake output mode is provided as an alternative
means of interfacing the ICL7104 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 ICL7104 and industry-standard
UARTS (such as the Harris CMOS UARTSs, IM6402/3) with
no external logic required. When triggered into the hand-
shake mode, the ICL7104 provides all the control and flag
signals necessary to sequence the three (ICL7106-16) or
two (ICL7104-14) 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 to minimize the num-
ber of lines to the central controlling processor.

ICL8052/ICL7104 and ICL8068/ICL7104
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Entry into the handshake mode will occur if either of two
conditions are fulfilled; first, if new data is latched (i.e. a
conversion is completed) while MODE pin (pin 27) is high, in
which case entry occurs at the end of the latch cycle; or
secondly, if the MODE pin goes from low to high, when
entry will occur immediately (if new data is being latched,
entry is delayed to the end of the latch cycle). While in the
handshake mode, data latching is inhibited, and the MODE
pin is ignored. (Note that conversion cycles will continue in
the normal manner). This allows versatile initiation of hand-
shake operation without danger of false data generation; if
the MODE pin is held high, every conversion (other than
those completed during handshake operations) will start a
new handshake operation, while if the MODE pin is pulsed..
high, handshake operations can be obtained “on demand.”

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. The Send ENable pin (SEN)
(pin 29) is used as an indication of the ability of the external
device to receive data. The condition of the line is sensed

once every clock pulse, and if it is high, the next (or first)
byte is enabled on the next rising CLOCK 1 (pin 25) clock
edge, the corresponding byte ENable line goes low, and the
Chip ENable/LoaD pin (pin 30) (CE/LD) goes low for one
full clock pulse only, returning high.

On the next falling CLOCK 1 clock pulse edge, if SEN
remains high, or after it goes high again, the byte output
lines will be put in the high impedance state (or three-stated
off). One half pulse later, the byte ENable pin will be cleared
high, and (unless finished) the CE/LD and the next byte
ENable pin will go low. This will continue until all three (2 in
the case of the 14 bit device) bytes have been sent. The
bytes are individually put into the low impedance state i.e.:
three-stated on during most of the time that their byte
ENable pin is (active) low. When receipt of the last byte has
been acknowledged by a high SEN, the handshake mode
will be cleared, re-enabling data latching from conversions,
and recognizing the condition of the MODE pin again. The
byte and chip ENable will be three-stated off, if MODE is -
low, but held high by their (weak) pullups. These timing rela-
tionships are illustrated in Figure 12, 13, and 14, and Table
2.
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Figure 12: Handshake with SEN Held Positive

NOTE: All typical values have been characterized but are not tested.
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Figure 12 shows the sequence of the output cycle with
SEN held high. The handshake mode (Internal MODE high)
is entered after the data latch pulse (since MODE remains
high the CE/LD, LBEN, MBEN and HBEN terminals are ac-
tive as outputs). The high level at the SEN input is sensed
on the same high to low internal clock edge. On the next to
. high internal clock edge, the CE/LD and the HBEN outputs
assume a low level and the high-order byte (POL and OR,
and except for -16, Bits 9—14) outputs are enabled. The
CE/LD output remains low for one full internal clock period
only, the data outputs remain active for 1-14 internal clock
periods, and the high byte ENable remains low for two clock
periods. Thus the CE/LD 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 SEN remaining high the con-
verter completes the output cycle using CE/LD, MBEN and
LBEN while the remaining byte outputs (see Table 4) are
activated. The handshake mode is terminated when all
bytes are sent (3 for -16, 2 for -14).

Figure 13 shows an output sequence where the SEN in-
put is used to delay portions of the sequence, or hand-
shake, to ensure correct data transfer. This timing diagram
shows the relationships that occur using an industry-stan-
dard IM6402/3 CMOS UART to interface to serial data
channels. In this interface, the SEN input to the ICL7104 is
driven by the TBRE (Transmitter Buffer Register Empty)
output of the UART, and the CE/LD terminal of the ICL7104

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 SEN input will be high when the handshake mode is
entered after new data is stored. The CE/LD and HBEN
terminals will go low after SEN is sensed, and the high order
byte outputs become active. When CE/LD goes hngh 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 the data to the
Transmitter Register and cleared the Transmitter Buffer
Register, the TBRE returns high. On the next ICL7104 inter-
nal 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, the CE/LD and MBEN (-16)
or LBEN outputs go low, and the corresponding byte out-
puts become active. Similarly, when the CE/LD returns high
at the end of one clock period, the enabled 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 ICL7104 internal clock high to low edge, disabling
the data outputs. For the 16 bit device, the sequence is
repeated for LBEN. One-half internal clock later, the hand-
shake mode will be cleared, and the chip and byte ENable
terminals return high and stay active (as long as MODE
stays high). .
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Figure 13: Handshake — Typical UART Interface Timing
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NOTE: All typical values have been characterized but are not tested.

ICL8052/ICL7104 and ICL8068/ICL7104



ICL8052/iCL7104 and ICL8068/ICL7104

ICL8052/ICL7104 and ICL8068/ICL7104

INTERNAL
cLock
INTERNAL
LATCH

LATCH PULSE

INHIBITED IN -
UART MODE oe\r 1

ZERO CROSSING
OCCURS

N ZERO CROSSING DETECTED

1,

STATUS
ouTPUT

POSITIVE TRANSITION CAUSES| -
MODE ENTRY INTO
INPUT UART MODE

DEINY
PHASE i

m = DON'T CARE

e
INTERNAL UART
MODE | I—
SEN
INPUT X2 st st
CENLD £
CE/LD ————— n
AS OUTPUT o > —-
FADEN = = o oo o V4 - d-d.
e oaTa (oxauagp )
________ JEV P S P DATA VALID ——— ok ———— —_—
DATA -1 o -
7775 T —— J ! . -t
|
]
”IDDLE:X;: - f e o e oo DATA VALID )--«-....---4;- dde
LBEN y -4-
LOW BYTE __ —_ B - .
DATA fad - o - DATA VALID >

= == w= = THREE-STATE HIGH IMPEDANCE

Figure 14: Handshake Triggered By Mode

=& = = THREE-STATE WITH PULLUP
0346-18

With the MODE input remaining high as in these exam-
plec. the converter will output the results of every conver-
sion 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 se-
quences may be performed on demand. Figure 14 shows a
handshake output sequence triggered by such an edge. In
addition, the SEN input is shown as being low when the
converter enters handshake mode. In this case, the whole
output sequence is controlled by the SEN input, and the
sequence for the first (high order) byte is similar to the se-
quence for the other bytes. 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.

Initial Clear Circuitry

The internal logic of the 7104 is supplied by an internal
regulator between V and Digital Ground. The regulator
includes a low-voltage detector that will clear various regis-
ters. This is intended to ensure that on initial power-up, the
control logic comes up in Auto-Zero, with the 2nd, 3rd, and
4th MSB bits cleared, and the “mode” F/F cleared (i.e. in
“direct” mode). This, however, will also clear these regis-

NOTE: All typical values have been characterized but are not tested.

ters if the supply voltage “glitches” to a low enough value.
Additionally, if the supply voltage comes up too fast, this
clear pulse may be too narrow for reliable clearing. In gener-
al, this is not a problem, but if the UART internal “MODE”
F/F should come up set, the byte and chip ENable lines will
become active outputs. In many systems this could lead to
bus conflicts, especially in non-handshake systems. In any
case, SEN should be high (held high for non-handshake
systems) to ensure that the MODE F/F will be cleared as
fast as possible (see Figure 12 for timing). For these and
other reasons, adequate supply bypass is recommended.

Oscillator

The ICL7104-14 is provided with a versatile three terminal
oscillator to generate the internal clock. The oscillator may
be overdriven, or may be operated as an RC or crystal oscil-
lator.

Figure 15 shows the oscillator configured for RC opera-
tion. The internal clock will be of the same frequency and
phase as the voltage on the CLOCK 3 pin. The resistor and
capacitor should be connected as shown. The circuit will
oscillate at a frequency given by f=_.45/RC. A 50 — 100k
resistor is recommended for useful ranges of frequency. For
optimum 60Hz line rejection, the capacitor value should be
chosen such that 32768 (-16), 8192 (-14) clock periods is
close to an integral multiple of the 60Hz period.
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Figure 15: RC Oscillator (ICL7104-14 Only)

Note that CLOCK 3 has the same output drive as the bit outputs.

As a result of pin count limitations, the ICL7104-16 has
only CLOCK 1 and CLOCK 2 available, and cannot be used
as an RC oscillator. The internal clock will correspond to the
inverse of the signal on CLOCK 2. Figure 16 shows a crystal
oscillator circuit, which can be used with both 7104 ver-
sions. If an external clock is to be used, it should be applied
to CLOCK 1. The internal clock will correspond to the signal
applied to this pin.

v+I I

*CAPACITOR VALUE
DEPENDS ON CRYSTAL.

57 TYP 0-30pF.

Figure 16: Crystal Oscillator

CRYSTAL
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POWER SUPPLY SEQUENCING

Because of the nature of the CMOS process used to fab-
ricate the ICL7104, and the multiple power supplies used,
there are certain conditions of these supplies under which a
disabling and potentially damaging SCR action can occur.
All of these conditions involve the V™ supply (nom. +5V)
being more positive than the V supply. If there is any
possibility of this occuring during start-up, shut down, under
transient conditions during operation, or when inserting a
PC board into a “hot”” socket, etc., a diode should be placed
between V' and V' to prevent it. A germanium or
Schottky rectifier diode would be best, but in most cases a
silicon rectifier diode is adequate.

ANALOG AND DIGITAL GROUNDS

Extreme care must be taken to avoid ground loops in the
layout of ICL8068 or ICL8052/7104 circuits, especially in
16-bit and high sensitivity circuits. It is most important that
return currents from digital loads are not fed into the analog
ground line. A recommended connection sequence for the
ground lines is shown in Figure 17.

APPLICATIONS INFORMATION

Some applications bulletins that may be found useful are
listed here:
A016 “Selecting A/D Converters”, by Dave Fullagar
A017 “The Integrating A/D Converter”, by Lee Evans
A018 “Do’s and Dont’s of Applying A/D Converters”, by
Peter Bradshaw and Skip Osgood
“The ICL7104 — A Binary Output A/D Converter for
Microprocessors”, by Peter Bradshaw
“Interfacing Data Converter & Microprocessors”, by
Peter Bradshaw et al, Electronics, Dec. 9, 1976.
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NOTE: All typical values have been characterized but are not tested.
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ICL7104
with ICL8052/8068

INTEGRATING A/D CONVERTER EQUATIONS

Oscillator
CRYSTAL or RC (RC on -14 part only)
fosc Typically 200 kHz
fosc = 0.45/RC (ICL7104-14 only)
Cosc > 50 pF and Rgsc > 50k
Oscillator Period
tosc = 1/fosc
Integration Clock Frequency
fcLock = fosc
Integration Period
tinT = 8192 X togc (7104-14)
tiNT = 32768 X togc (7104-16)
60/50 Hz Rejection Criterion
tinT/te0Hz OF tinT/tsoHz = Integer
Optimum Integration Current
IINT = 20 pA
Full Scale Analog Input Voltage
Vinrs Typ. = 200 mV to 2.0V = 2 VRer
Integrate Resistor
_ (Buffer Gain) X V|Ngs

IINT
Integrate Capacitor
Ciny = (inNT) (In)
VinT)

RiNT

Integrator Output Voltage
Vine = (tinT) (hinT)
INT =
INT
VinT Typ. = 9.0V
Output Count

v
Count = 8192 x — (7104-14)
vF‘,EF
IN (7104-16)

Count = 32768 X ——
VREF

Output Type:
Binary Amplitude with Polarity and Overrange Bits.

Power Supply: +15.0V, +5V

vtt = +145v
V™ = —15V
vt = +5v
VRer = 1.75V

If VRer not used, float output pin.

Auto Zero Capacitor Values
0.01 uF < Caz < 1.0 uF

Reference Capacitor Value
CRrer = (Buffer Gain) X Caz

ICL7104-14
ICL7104-16

AUTOZERO

(COUNT)

24,576 - 8,193
98,304 - 32,769

INTEGRATE
(FIXED COUNT)

8192
32768

DEINTEGRATE
(COUNT)

0 - 16383
0 - 65535

Conversion Time (in Continuous Mode) :
32,768 * t_ . (7104-14)

'0sC
131,072 * to, (7104=16)
0346-22

Figure 18

NOTE: All typical values have been characterized but are not tested.
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GENERALI. DESCRIPTION

The ICL7109 is a high performance, CMOS, low power
integrating A/D converter designed to easily interface with
MiCroprocessors.

The output data (12 bits, polarity and overrange) may be
directly accessed under control of two byte enable inputs
and a chip select input for a simple parallel bus interface. A
UART handshake mode is provided to allow the ICL7109 to
work with industry-standard UARTSs in providing serial data
transmission, ideal for remote data logging applications.
The RUN/HOLD input and STATUS output allow monitoring
and control of conversion timing.

The ICL7109 provides the user with the high accuracy,
low noise, low drift, versatility and economy of the dual-
slope integrating A/D converter. Features like true differen-
tial 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 alter-
native to analog multiplexing for many data acquisition ap-
plications.

ORDERING INFORMATION

ICL7109
12-Bit uP-Compatible
A/D Converter

FEATURES

® 12 Bit Binary (Plus Polarity and Overrange) Dual
Slope Integrating Analog-to-Digital Converter

® Byte-Organized TTL-Compatible Three-State Outputs
and UART Handshake Mode for Simple Parallel or
Serial Interfacing to Microprocessor Systems

® RUN/HOLD Input and STATUS Output Can Be Used
to Monitor and Control Conversion Timing

® True Differential input and Differential Reference

® Low Noise — Typically 15,V p-p

© 1pA Typical Input Current

® Operates At Up to 30 Conversions Per Second

© On-Chip Oscillator Operates With Inexpensive
3.58MHz TV Crystal Giving 7.5 Conversions Per
Second for 60Hz Rejection May Also Be Used With
An RC Network Oscillator for Other Clock
Frequencies

Part Number Temp. Range Package
ICL7109MDL —55°Cto +125°C 40-Pin Ceramic DIP
ICL7109IDL —25°Cto +85°C 40-Pin Ceramic DIP
ICL71091JL —25°Cto +85°C 40-Pin CERDIP
ICL7109CPL 0°C to 70°C 40-Pin Plastic DIP
TOP VIEW
GND B vt 40! +5v
REF IN-39] =
HIGH 3 PoL REF CAP—38 02, ¢ DIFFERENTIAL
ORDER 4 OR REF CAP + 37 44' REFERENCE
BYTE 5812 REF IN+ 36— —a7°+
ouTPUTS sen IN H1 35 ] OILF INPUT HIGH
7810 INLO 34 —= INPUT LOW
L - COMMON 33 E T GND
INT 320————"H
1087 ICL7109 Az 31 EH Caz 154
Low 186 8UF 30—+
ORDER 1285 REF OUT 290 N REF IN —
BYTE 1384 v—28[}—o-sv
outputs | J1a 83 SEND 27 :,_ ki) O =———0 REF IN +
L 15 82 RUN/HOLD 26 [}
16