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A/D CONVERTERS DISPLAY PAGE 

CA3162/CA3162A 
ICL71C03/ICL8052 
ICL71C03/ICL8068 
ICL7106 
ICL7107 
ICL7116 
ICL7117 
ICL7126 
ICL7129 
ICL7136 
ICL7137 
ICL7139 
ICL7149 
ICL7182 

AID Converter for 31/2-Digit Display . . . . . . . . . . . . . . . . . . . . . . . . 2-2 
Precision 41/2-Digit A/D Converter . . . . . . . . . . . . . . . . . . . . . . . . . 2-9 
Precision 4112-Digit A/D Converter . . . . . . . . . . . . . . . . . . . . . . . . . 2-9 
3112-Digit LCD Single-Chip A/D Converter . . . . . . . . . . . . . . . . . . . 2-30 
31/2-Digit LED Single-Chip AID Converter . . . . . . . . . . . . . . . . . . . 2-30 
3112-Digit with Display Hold Single-Chip AID Converter . . . . . . . . 2-43 
31/2-Digit with Display Hold Single-Chip AID Converter . . . . . . . . 2-43 
31/2-Digit Low Power Single-Chip AID Converter . . . . . . . . . . . . . . 2-55 
41/2-Digit LCD Single-Chip A/D Converter . . . . . . . . . . . . . . . . . . . 2-67 
31/2-Digit LCD Low Power AID Converter . . . . . . . . . . . . . . . . . . . . 2-81 
31/2-Digit LED Low Power Single-Chip AID Converter . . . . . . . . . . 2-93 
33/4-Digit Autoranging Multimeter . . . . . . . . . . . . . . . . . . . . . . . . . . 2-103 
Low Cost 33/4-0igit Autoranging Multimeter . . . . . . . . . . . . . . . . . . 2-117 
101 Segment LCD Bargraph AID Converter . . . . . . . . . . . . . . . . . 2-131 

A/D CONVERTERS INTEGRATING 
Hl-7159 
ICL7104/ICL8052 
ICL7104/ICL8068 
ICL7109 
ICL7135 

Microprocessor-Compatible 5112-Digit A/D Converter . . . . . . . . . . . 3-2 
14/16-Bit µP-Compatible 2-Chip AID Converter . . . . . . . . . . . . . . . 3-3 
14/16-Bit µP-Compatible 2-Chip AID Converter . . . . . . . . . . . . . . . 3-3 
12-Bit µP-Compatible A/D Converter . . . . . . . . . . . . . . . . . . . . . . . 3-24 
41/2-Digit BCD Output A/D Converter . . . . . . . . . . . . . . . . . . . . . . . 3-44 

A/D SUCCESSIVE APPROXIMATION 
ADC0802 
ADC0803 
ADC0804 
CA3310/CA3310A 
Hl-574A 

Hl-674A 

Hl-774 

Hl-7151 
Hl-7152 
Hl-7153 
ICL7112 
ICL7115 

8-Bit µP-Compatible AID Converter . . . . . . . . . . . . . . . . . . . . . . . . 4-2 
8-Bit µP-Compatible AID Converter . . . . . . . . . . . . . . . . . . . . . . . . 4-2 
8-Bit µP-Compatible AID Converter . . . . . . . . . . . . . . . . . . . . . . . . 4-2 
CMOS 10-Bit AID Converter with Internal Track and Hold . . . . . . 4-20 
Fast, Complete 12-Bit AID Converter with Microprocessor 
Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-35 
12µs, Complete 12-Bit AID Converter with Microprocessor 
Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-46 
Bµs, Complete 12-Bit A/D Converter with Microprocessor 
Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-57 
10-Bit High-Speed AID Converter with Track and Hold . . . . . . . . . 4-70 
10-Bit High-Speed AID Converter with Track and Hold . . . . . . . . . 4-87 
8-Channel 10-Bit High-Speed A/D Converter with Track and Hold 4-104 
12-Bit High-Speed CMOS µP-Compatible A/D Converter . . . . . . . 4-105 
14-Bit High-Speed CMOS µP-Compatible AID Converter . . . . . . . 4-118 

A/D CONVERTERS FLASH 
CA3304 
CA3306 
CA3318C 
Hl-5700 

CMOS Video-Speed 4-Bit Flash AID Converter . . . . . . . . . . . . . . 5-2 
CMOS Video-Speed 6-Bit Flash AID Converter . . . . . . . . . . . . . . 5-12 
CMOS Video-Speed 8-Bit Flash AID Converter . . . . . . . . . . . . . . 5-26 
8-Bit, 20MSPS Flash AID Converter . . . . . . . . . . . . . . . . . . . . . . . 5-37 
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AD7520 
AD7521 
AD7523 
AD7530 
AD7531 

AD7533 
AD7541 
AD7545 
CA3338 
Hl-562A 
Hl-565A 
Hl-DAC16B/DAC16C 
Hl-DAC80V 
Hl-DAC85V 
ICL7121 
ICL7134 

10-Bit Multiplying D/A Converter ............................. . 6-3 
12-Bit Multiplying D/A Converter ............................. . 6-3 
8-Bit Multiplying DIA Converter .............................. . 6-10 
10-Bit Multiplying D/A Converter ............................. . 6-3 
12-Bit Multiplying D/A Converter ............................. . 6-3 

10-Bit Multiplying DIA Converter ......................... . 6-16 
12-Bit Multiplying DIA Converter ......................... . 6-22 
12-Bit Buffered Multiplying CMOS DAC .................... . 6-29 
CMOS Video-Speed 8-Bit R-2R DIA Converter .............. . 6-37 
12-Bit High-Speed Monolithic DIA Converter ................ . 6-46 
High-Speed Monolithic DIA Converter with Reference ........ . 6-52 
16-Bit DIA Converter ................................... . 6-59 
12-Bit, Low Cost, Monolithic DIA Converter ................. . 6-66 
12-Bit, Low Cost, Monolithic DIA Converter ................. . 6-72 
16-Bit Multiplying Microprocessor-Compatible DIA Converter .. . 6-78 
14-Bit Multiplying µP-Compatible DIA Converter ............. . 6-85 

ANALOG SWITCHES 
DG180 
DG181 
DG182 
DG183 
DG184 
DG185 
DG186 
DG187 
DG188 
DG189 
DG190 
DG191 
DG200 
DG201 
DG201A 
DG202 
DG211 
DG212 
DG300A 
DG301A 
DG302A 
DG303A 
DG308A 
DG309 

Dual SPST 10 Ohm High-Speed Driver with JFET Switch . . . . . . 7-5 
Dual SPST 30 Ohm High-Speed Driver with JFET Switch . . . . . . 7-5 
Dual SPST 75 Ohm High-Speed Driver with JFET Switch . . . . . . 7-5 
Dual DPST 10 Ohm High-Speed Driver with JFET Switch . . . . . . 7-5 
Dual DPST 30 Ohm High-Speed Driver with JFET Switch . . . . . . 7-5 
Dual DPST 75 Ohm High-Speed Driver with JFET Swtich . . . . . . 7-5 
SPOT 10 Ohm High-Speed Driver with JFET Switch . . . . . . . . . . 7-5 
SPOT 30 Ohm High-Speed Driver with JFET Switch . . . . . . . . . . · 7-5 
SPOT 75 Ohm High-Speed Driver with JFET Switch . . . . . . . . . . 7-5 
Dual SPOT 10 Ohm High-Speed Driver with JFET Switch . . . . . . 7-5 
Dual SPOT 30 Ohm High-Speed Driver with JFET Switch . . . . . . 7-5 
Dual SPOT 75 Ohm High-Speed Driver with JFET Switch . . . . . . 7-5 
Dual SPST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-11 
Quad SPST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-15 
Quad Monolithic SPST CMOS Analog Switch . . . . . . . . . . . . . . . . 7-19 
Quad Monolithic SPST CMOS Analog Switch . . . . . . . . . . . . . . . . 7-19 
Quad Monolithic SPST CMOS Analog Switch . . . . . . . . . . . . . . . . 7-24 
Quad Monolithic SPST CMOS Analog Switch . . . . . . . . . . . . . . . . 7-24 
Dual SPST TTL Compatible CMOS Analog Switch . . . . . . . . . . . . 7-27 
SPOT TTL Compatible CMOS Analog Switch . . . . . . . . . . . . . . . . 7-27 
Dual DPST TTL Compatible CMOS Analog Switch . . . . . . . . . . . 7-27 
Dual SPOT TTL Compatible CMOS Analog Switch . . . . . . . . . . . . 7-27 
Quad Monolithic SPST CMOS Analog Switch . . . . . . . . . . . . . . . . 7-32 
Quad Monolithic SPST CMOS Analog Switch . . . . . . . . . . . . . . . . 7-32 
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Dual SPST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-36 
Quad SPST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-42 
High-Speed Quad SPST CMOS Analog Switch . . . . . . . . . . . . . . 7-48 
High Frequency Video Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-57 
Dual SPST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-65 
SPOT CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-65 
Dual DPST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-65 
Dual SPOT CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-65 
Dual SPST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-65 
SPOT CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-65 
Dual DPST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-65 
Dual SPOT CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-65 
Dual SPST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-70 
Dual DPST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-70 
SPOT CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-70 
Dual SPOT CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-70 
SPST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-76 
Dual SPST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-76 
SPOT CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-76 
Dual SPOT CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-76 
DPST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-76 
Dual DPST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-76 
DPDT CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-76 
DPDT CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-76 
4PST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-76 
4PST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-76 
Dual SPST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-76 
Dual DPST CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-76 
SPOT CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-76 
Dual SPOT CMOS Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . 7-76 
Quad Varafet Analog Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-87 
Quad 100 Ohm Virtual Ground Analog Switch . . . . . . . . . . . . . . . 7-92 
Quad 150 Ohm Virtual Ground Analog Switch . . . . . . . . . . . . . . . 7-92 
Quad 100 Ohm Virtual Ground Analog Switch . . . . . . . . . . . . . . . 7-92 
Quad 150 Ohm Virtual Ground Analog Switch . . . . . . . . . . . . . . . 7-92 
Triple 150 Ohm Virtual Ground Analog Switch . . . . . . . . . . . . . . . 7-92 
Triple 150 Ohm Virtual Ground Analog Switch . . . . . . . . . . . . . . . 7-92 
Dual 100 Ohm Virtual Ground Analog Switch . . . . . . . . . . . . . . . . 7-92 
Dual 150 Ohm Virtual Ground Analog Switch . . . . . . . . . . . . . . . . 7-92 
Dual 100 Ohm Virtual Ground Analog Switch . . . . . . . . . . . . . . . . 7-92 
Dual 150 Ohm Virtual Ground Analog Switch . . . . . . . . . . . . . . . . 7-92 
Single 150 Ohm Virtual Ground Analog Switch . . . . . . . . . . . . . . . 7-92 
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IH5140 
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IH5341 
IH5352 
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MULTIPLEXERS 
DG506A 
DG507A 
DG508A 
DG509A 
DG526 

DG527 
DG528 
DG529 
Hl-1818A/1828A 

Hl-506 
Hl-507 
Hl-506A 

Hl-507A 

Single 150 Ohm Virtual Ground Analog Switch .............. . 
Dual SPOT 75 Ohm High-Level CMOS Analog Switch ........ . 
Quad SPST CMOS Analog Switch ........................ . 
Quad SPST CMOS Analog Switch ........................ . 
SPST High-Level CMOS Analog Switch .................... . 
Dual SPST High-Level CMOS Analog Switch ............... . 
SPOT High-Level CMOS Analog Switch .................... . 
Dual SPDT High-Level CMOS Analog Switch ............... . 
DPST High-Level CMOS Analog Switch ................... . 
Dual DPST High-Level CMOS Analog Switch ............... . 
Dual SPOT High-Level CMOS Analog Switch ............... . 
Dual SPST CMOS RF/Video Switch ...•................... 
Quad SPST CMOS RF/Video Switch ...................... . 
Dual CMOS Driver/Voltage Translator ..................... . 

7-92 
7-99 

7-108 
7-108 
7-114 
7-114 
7-114 
7-114 
7-114 
7-114 
7-125 
7-133 

7-139. 
7-144 

16-Channel CMOS Analog Multiplexer. . . . . . . . . . . . . . . . . . . . . . . . . 8-3 

Dual a-Channel CMOS Analog Multiplexer . . . . . . . . . . . . . . . . . . . . . 8-3 
a-Channel CMOS Analog Multiplexer.......................... 8-13 
Dual 4-Channel CMOS Analog Multiplexer . . . . . . . . . . . . . . . . . . . . . 8-13 

16-Channel CMOS Latchable Multiplexer . . . . . . . . . . . . . . . . . . . . . . 8-21 
Dual a-Channel CMOS Latchable Multiplexer. . . . . . . . . . . . . . . . . . . 8-21 

a-Channel Latchable Multiplexer . ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-31 
Dual 4-Channel Latchable Multiplexer . . . . . . . . . . . . . . . . . . . . . . . . . 8-31 
Low Resistance Single 8/Differential 4-Channel 
CMOS Analog Multiplexers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . a-40 
Single 16-Channel CMOS Analog Multiplexer. . . . . . . . . . . . . . . . . . . 8-46 

Differential a-Channel CMOS Analog Multiplexer................ 8-46 

Single 16-Channel CMOS Analog 
Multiplexer with Active Overvoltage Protection . . . . . . . . . . . . . . . 8-52 
Differential a-Channel CMOS Analog 
Multiplexer with Active Overvoltage Protection . . . . . . . . . . . . . . . 8-52 
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Hl-509 

Hl-508A 

Hl-509A 

Hl-516 

Hl-518 

Hl-524 

Hl-539 

Hl-546 

Hl-547 

Hl-548 

Hl-549 

IH5108 

IH5116 

IH5208 

IH5216 

IH6108 

IH6208 

Single 8-Channel CMOS Analog Multiplexer . . . . . . . . . . . . . . . . . . . . 8-58 

Differential 4-Channel CMOS Analog Multiplexer. . . . . . . . . . . . . . . . 8-58 

Single 8-Channel CMOS Analog Multiplexer 
with Active Overvoltage Protection . . . . . . . . . . . . . . . . . . . . . . . . . 8-65 

Differential 4-Channel CMOS Analog Multiplexer 
with Active Overvoltage Protection . . . . . . . . . . . . . . . . . . . . . . . . . 8-65 

Programmable 16-Channel/Differential 8-'-Channel CMOS 
High-Speed Analog Multiplexer . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-71 

Programmable 8-Channel/Differential 4-Channel CMOS 
High-Speed Analog Mulitplexer . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-76 

4-Channel Wideband and Video Multiplexer . . . . . . . . . . . . . . . . . 8-81 

Monolithic, 4-Channel, Low Level, Differential Multiplexer . . . . . . 8-86 

Single 16-Channel CMOS Analog Multiplexer 
with Active Overvoltage Protection . . . . . . . . . . . . . . . . . . . . . . . . . 8-95 

Differential 8-Channel CMOS Analog Multiplexer 
with Active Overvoltage Protection . . . . . . . . . . . . . . . . . . . . . . . . . 8-95 

Single 8-Channel CMOS Analog Multiplexer 
with Active Overvoltage Protection . . . . . . . . . . . . . . . . . . . . . . . . . 8-101 

Differential 4-Channel CMOS Analog Multiplexer 
with Active Overvoltage Protection . . . . . . . . . . . . . . . . . . . . . . . . . 8-101 

· 8-Channel Fault Protected CMOS Analog Multiplexer . . . . . . . . . . 8-108 

16-Channel Fault Protected CMOS Analog Multiplexer . . . . . . . . . 8-117 

4-Channel Differential Fault Protected CMOS Analog Multiplexer 8-130 

8-Channel Differential Fault Protected CMOS Analog Mulitplexer 8-139 

8-Channel CMOS Analog Multiplexer . . . . . . . . . . . . . . . . . . . . . . . 8-153 

4-Channel Differential CMOS Analog Multiplexer . . . . . . . . . . . . . 8-163 

DISPLAY DRIVERS 
CA3161 

CA3168 

ICM7211 

ICM7212 

ICM7218 

ICM7228 

ICM7231 

ICM7232 

ICM7243 

BCD to Seven Segment Decoder/Driver . . . . . . . . . . . . . . . . . . . . 9-2 

2-Digit BCD to Seven Segment Decoder/Driver . . . . . . . . . . . . . . 9-6 

4-Digit LCD Display Driver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-10 

4-Digit LED Display Driver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-10 

8-Digit LED Multiplexed Display Driver . . . . . . . . . . . . . . . . . . . . . 9-22 

8-Digit LED Multiplexed Display Driver . . . . . . . . . . . . . . . . . . . . . 9-33 

Numeric/Alphanumeric Triplexed LCD Display Driver . . . . . . . . . . 9-54 

Numeric/Alphanumeric Triplexed LCD Display Driver . . . . . . . . . . 9-54 

8-Character µP-Compatible LED Display Driver . . . . . . . . . . . . . . . 9-70 

REAL-TIME CLOCK 
ICM7170 µP-Compatible Real-Time Clock . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-2 
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Timebase Generator ................................... . 

One Second/One Minute. Timebase Generator .............. . 

8-Digit Multi-Function Frequency Counter/Timer ............. . 

4-Digit LED Display Programmable Up/Down Counter ........ . 

4Yz Digit LCD Display Counter ............................... . 

8-Digit Multi-Function Frequency Counter/Timer ............. . 

51/2-Digit LCD µ-Power Event/Hour Meter .................. . 

SPECIAL PURPOSE 
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ICL8069 
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Low Voltage Reference ................................. . 
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ICL232 +5 Volt Powered Dual RS-232 Transmitter/Receiver . . . . . . . . . . 13-2 
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IM6653 

IM6654 

4096-Bit CMOS UV EPROM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-2 

4096-Bit CMOS UV EPROM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-2 
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Harris Semiconductor Data Acquisition 

Obsolete Parts and Not Recommended for New Design Parts 

OBSOLETE SUGGESTED NOT RECOMMENDED SUGGESTED 
PRODUCT REPLACEMENT FOR NEW DESIGN REPLACEMENT 

Hl-DAC87V _[883 AD7545Sq{_883 ICM721 SA,B,C,D. ICM7228A,B,C,D 

ICL7112 ICL7115* 

Hl-7159 Hl-7159A* 

ICM7218E ICM7228A,B,C,D Hl-562A Hl-565A 

ICM7225 Hl-DAC16B_l16C ICL7121 

ICM7233 ICL7107CDL ICL7107CPL * 

IH5040 Hl5040 or IH5140* ICL7107CJL ICL7107CPL* 

IH5041 Hl5041 or IH5141* ICL7126CDL ICL7126CPL* 

IH5042 Hl5042 or IH5142* ICL7135CJI ICL7135CPI* 

IH5044 Hl5044 or IH5144* ICL7136CDL ICL7136CPL* 

IH5045 Hl5045 or IH5145* ICL7136CJL ICL7136CPL* 

IH5046 Hl5046* ICL7137CDL ICL7137CPL * . 

IH5047 Hl5047* ICM7231 BFIJL ICM7231 BFIPL * 

ICM7231 BFIM44 ICM7231BFIPL 

ICM7232BFIJL ICM7231BFIPL* 

IH5148 Hl5048* ICM7232CRIJL ICM7232CRIPL * 

IH5149 Hl5049* ICM7232CRIM44 ICM7232CRIPL 

IH5150 Hl5050* ICM7232BFIM44 ICM7232BFIPL 

IH6116 DG506A* ICM7217AIJI ICM7217AIPI 

IH6216 DG507A* ICM7217CIJI ICM7217CIPI 

IH9108 ICL7139CM44 ICL7139CPL 

ICL7116RCPL ICL7116CPL 

IM4702 HD-4702* ICL7117RCPL ICL7117CPL 

IM6402 HD-6402* ICL7137RCPL ICL7137CPL 

Note: * Pin for Pin Compatible 
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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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AN# 

A001 

A002 

A004 

A016 

A017 

A018 

A019 

A020 

A023 

A028 

A030 

A032 

A042 

A046 

A047 

A048 

A049 

A052 

A054 

Application Note Abstracts 

TITLE 

Glossary of Data 
Conversion Terms 

Principles of Data 
Acquisition and Conversion 

IH5009 Low Cost Analog 
Switch Series 

Selecting AID Converters 

The Integrating AID 
Converter 

Do's and Dont's of Apply
ing AID Converters 

4 V2-Dlglt Panel Meter 
Demonstration/Instrumenta
tion Boards 

A Cookbook Approach to 
High-Speed Data Acquisi
tion and Microprocessor 
Interfacing 

Low Cost Digital Panel 
Meter Designs 

Building an Autoranging 
DMM with the 
ICL71C03A/8052A A/D 
Converter Pair 

ICL7104; a Binary Output 
A/D Converter for 
µProcessors 

Understanding the Auto
zero and Common Mode 
Performance of the 
ICL7106/7107/7109 Family 

Interpretation of Data 
Converter Accuracy 
Specifications 

Building a Battery Operated 
Autoranglng DVM with the 
ICL7106 

Games People Play with 
Harris's A/D Converters 

Know Your Converter 
Codes 

Applying the ICL7109 AID 
Converter 

Tips for Using Single-Chip 
3V2-Digit A/D Converters 

Display Driver Family 
Combines Convenience of 
Use with Microprocessor 
lnterfaceabillty 

ABSTRACTS 

This glossary defines the most often used terms in the field of data conver
sion technology. 

Presents theory, converter coding, topologies, and specifications. 

Compares the members of the IH5009 "virtual ground" analog switches and 
provides suggested applications. 

Describes the differences between integrating converters and successive 
approximation converters. Includes a checklist for decision making, and a 
note on multiplexed data systems. 

Provides an explanation of integrating AID converters, together with a detail
ed error analysis. 

An analysis of proper design techniques using D/A converters. 

Describes two typical PC board layouts using the 8052A/7103A 41/2-Cligit AID 
pair. Includes schematics, parts layout, list of materials, etc. Also see A028. 

Uses the building block approach to design a complete 12 volt system. 
Explains the significance of each component and demonstrates methods for 
microprocessor interfacing, including the use of control signals. 

Provides a detailed explanation of the 7106 and 7107 31/2-digit panel meter 
IC's, and describes two of the evaluation kits available from Harris. 

This companion application note to A019 explains the use of the 8052A/7103A 
converter pair to build a ±41/2-digit autoranging digital multimeter. Included 
are schematics, circuit descriptions, tips and hints, etc. 

Describes in detail the operation of the 7104. Includes in digital interfacing, 
handshake mode, buffer gain, auto-zero, and external zero. Appendix includes 
detailed discussion of auto-zero loop residual errors in dual slope AID 
conversion. 

Explains in detail the operation of the ICL7106/7107/7109 family of AID 
converters. 

Cognizance of accuracy factors involved when interfacing data converters 
into system applications permits designers to meet overall error budget con
straints. Transfer functions; quantization noise; offset, gain, and linearity er
rors; and temperature effects must be interpreted to satisfy specification 
requirements. 

Explains principles of autoranging, problems, and solutions. Includes clock 
circuits, power supply requirements, design hints, schematics, etc. 

Describes 25 different integrating AID converter applications. Input circuits, 
conversion modifications, display and microprocessor interfaces are shown 
in detail. 

When you work with AID and DIA converters, there are many input and out
put codes to choose from. 

The operation and application of the ICL7109 12-bit integrating AID converter 
is presented. 

Answers frequently asked questions regarding the operation of 31/Hligit single
chip AID converters. Included are sections on power supplies, displays, 
timing, and component selection. 

Compares and describes the various display drivers. Includes design 
examples for 7 segment, alphanumeric, and bargraph systems. 
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AN# 

A057 

A059 

KB11 

R009 

R023 

520 

521 

522 

524 

531 

532 

534 

535 

539 

543 

557 

559 

Application Note Abstracts ccontinued> 

TITLE 

Graphs Give Aperture Time 
Required for AID 
Conversion 

Digital Panel Meter 
Experiments for the 
Hobbyist 

3%-Digit Autoranglng 
Multimeter - ICL7139EV/Klt 

Reduce CMOS-Multiplexer 
Troubles through Proper 
Device Solutions 

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

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 AID Data Conversion 
Systems 

Common Questions 
Concerning CMOS Analog 
Switches 

Additional Information on 
the Hl-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 

Hl-222 Video/HF Switch 
Optimizes Key Parameters 

ABSTRACTS 

It is 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 AID 
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.I. 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 Hl-DAC16 D/A Converter, chip photo and schematic, 
plus applications and interface considerations. 

Application enhancement using the Hl-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 Hl-562A 
AD562A Hl-562A 
AD563 Hl-565A 
AD565A Hl-565A 
AD571 CA3310, Hl-7151/52 
AD573 CA3310, Hl-7151/52 
AD574A Hl-574A 
AD589 ICL8069 
AD590 AD590 
AD674A Hl-674A 
AD679 ICL7115 
AD5240 Hl-674A, Hl-774 
AD7501 Hl-508 
AD7506 DG506A 
AD7506 Hl-506 
AD7507 Hl-507 
AD7507 DG507A 
AD7511 Hl-201 
AD7512 Hl-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, Hl-7151/52 
AD7580 CA3310, Hl-7151/52 
ADADCBO Hl-574A, Hl-674A 
ADADC84-85 Hl-674A, Hl-774 
ADC0802 ADC0802 
ADC0803 ADC0803 
ADC0804 ADC0804 
ADC1080/1280 Hl-574A 
ADC1080/1280 Hl-674A 
ADC1210/11 Hl-574A 
ADC550 Hl-574A 
ADC574A Hl-574A 
ADC581 Hl-574A 
ADC674A Hl-674A 
ADC774 Hl-774 
ADCBO Hl-674A 
ADC84/85 Hl-674A 
ADC8412 Hl-674A 
ADC85C12 Hl-674A 
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Competitive Cross Reference Chart (Continued) 

Harris Pin-for-Pin Harris Closest 
Part Number Replacement Replacement 

ADC8712 Hl-674A 
ADC9012 Hl-674A 
ADC910 Hl-7151/52 
ADCHX12B Hl-574A, Hl-674A 
ADCL12B2 Hl-574A 
ADCL12B2 Hl-674A 
ADCM12B2 Hl-674A 
ADCMA12B2B Hl-674A 
ADCMA12B2B Hl-574A 
ADCMAl13B2A Hl-574A 
ADDAC71/72 Hl-DAC16, ICL7121 
ADDAC80V Hl-DAC80V 
ADDAC85V Hl-DAC85V 
ADDAC87V Hl-DAC87V 
ADG201 DG201A 

II ADG201HS Hl-201HS 
ADG202 DG202 
ADG211 DG211 
ADG212 DG212 
ADG506A DG506A 
ADG507A DG507A 
ADG508A DG508A 
ADG509A DG509A 
ADG526 DG526 
ADG527 DG527 
ADG528 DG528 
ADG529 DG529 
AM6012 Hl-562A 
CA3304 CA3304 
CA3306 CA3306 
CA3338 CA3338 
DA700/701 Hl-DAC16, ICL7121 
DA702/703 Hl-DAC16, ICL7121 
DAC1020 AD7520 
DAC1021 AD7520 
DAC1022 AD7520 
DAC1220 AD7521 
DAC1221 AD7521 
DAC1222 AD7521 
DAC1265 Hl-565A 
DAC3281016 Hl-DAC16, ICL7121 
DAC346C Hl-DAC80V 
DAC347LP-12 Hl-DAC87 
DAC372 Hl-DAC80 
DAC562 Hl-562A 
DAC70 Hl-DAC16, ICL7121 
DAC71/72 Hl-DAC16, ICL7121 
DAC7541 AD7541 
DAC7545 AD7545 
DAC80 Hl-DAC80V 
DAC85 Hl-DAC85V 
DAC87 Hl-DAC87V 
DACHR16B Hl-DAC16 
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Competitive Cross Reference Chart (Continued) 

Part Number 

DG180 
DG181 
DG182 
DG183 
DG184 
DG185 
DG186 
DG187 
DG188 
DG189 
DG190 
DG191 
DG200A 
DG201A 
DG202 
DG211 
DG212 
DG271 
DG300A 
DG301A 
DG302A 
DG303A 
DG304A 
DG305A 
DG306A 
DG307A 
DG308A 
DG309 
DG381A 
DG384A 
DG387A 
DG390 
DG5040 
DG5041 
DG5041 
DG5043 
DG5044 
DG5045 
DG506A 
DG507A 
DG508A 
DG509A 
DG5140 
DG5141 
DG5142 
DG5143 
DG5144 
DG5145 

Harris Pin-for-Pin 
Replacement 

DG180 
DG181 
DG182 
DG183 
DG184 
DG185 
DG186 
DG187 
DG188 
DG189 
DG190 
DG191 
DG200 
DG201A 
DG202 
DG211 
DG212 
Hl-201HS 
DG300A 
DG301A 
DG302A 
DG303A 
Hl-304 
Hl-305 
Hl-306 
Hl-307 
DG308A 
DG309 
Hl-381 
Hl-384 
Hl-387 
Hl-390 
Hl-5040 
Hl-5041 
Hl-5042 
I H5043/H 1-5043 
Hl-5044 
Hl-5045 
DG506A 
DG507A 
DG508A 
DG509A 
IH5140 
IH5141 
IH5142 
IH5143 
IH5144 
IH5145 
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Competitive Cross Reference Chart (Continued) 

Part Number 

DG526 
DG527 
DG528 
DG529 
Hl-506A 
Hl-507A 
Hl-508A 
Hl-509A 
HS5200 
HS574 
HS574 
HS7541 
HS7545 
HSDA387 
ICL7106 
ICL7107 
ICL7109 
ICL7112 
ICL7115 
ICL7116 
ICL7117 
ICL7121 
ICL7126 
ICL7129 
ICL7134 
ICL7135 
ICL7136 
ICL7137 
ICL7139 
ICL7149 
ICL7182 
ICL8069 
ICM7170 
ICM7207 
ICM7208 
ICM7209 
ICM7210 
ICM7211 
ICM7212 
ICM7213 
ICM7217 
ICM7218 
ICM7224 
ICM7226 
ICM7228 
ICM7231 
ICM7243 
ICM7249 
LF11201 
LF13201 
LF13508 
LF13509 
LM113 
LT1081 

Harris Pin-for-Pin 
Replacement 

DG526 
DG527 
DG528 
DG529 
Hl-506A 
Hl-507A 
Hl-508A 
Hl-509A 

Hl-574A 
Hl-674A 
AD7541 
AD7545 
Hl-DAC87V 
ICL7106 
ICL7107 
ICL7109 
ICL7112 
ICL7115 
ICL7116 
ICL7117 
ICL7121 
ICL7126 
ICL7129 
ICL7134 
ICL7135 
ICL7136 
ICL7137 
ICL7139 
ICL7149 
ICL7182 
ICL8069 
ICM7170 
ICM7207 
ICM7208 
ICM7209 
ICM7210 
ICM7211 
ICM7212 
ICM7213 
ICM7217 
ICM7218, ICM7228 
ICM7224 
ICM7226 
ICM7228 
ICM7231 
ICM7243 
ICM7249 
DG201 
DG201A 
DG508A 
DG509A 
ICL8069 
ICL232 
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Competitive Cross Reference Chart (Continued) 

Part Number 

MAX130 
MAX131 
MAX136 
MAX173 
MAX177 
MAX232 
MAX358 
MAX359 
MC3412 
MP5010 
MP574A 
MP7520 
MP7521 
MP7523 
MP7533 
MP7541 
MP7545 
MP7621 
MP7682 
MP7684 
MP7684A 
MPC800KG 
MPC801KG 
MPC801SG 
MUX-08 
MUX-16 
MUX-24 
MUX-28 
MUX-88 
MX151 
MX565A 
MX574A 
MX674A 
MX774 
MX7520 
MX7521 
MX7523 
MX7530 
MX7533 
MX7534 
MX7535 
MX7536 
MX7541 
MX7545 
PM562 
PM7533 
PM7541 
PM7545 
TL185 
TL188 
TL191 
TLC7135 
TS8308 
TSC04 
TSC232 

Harris Pin-for-Pin 
Replacement 

ICL7106 
ICL7136 
ICL7116 
Hl-7152 
Hl-7151 
ICL232 
IH5108 
IH5208 
Hl-565A 
ICL8069 
Hl-574, Hl-674A 
AD7520 
AD7521 
AD7523 
AD7533 
AD7541 
AD7545 
AD7541 
CA3306 
Hl-5700 
Hl-5700 
Hl-516-5 
Hl-518-2 
Hl-518-1 
Hl-508 
Hl-506 
Hl-509 
Hl-507 
Hl-508 

Hl-565A 
Hl-574A 
Hl-674A 
Hl-774 
AD7520 
AD7521 
AD7523 
AD7530 
AD7533 

AD7541 
AD7545 
Hl-562A 
AD7533 
AD7541 
AD7545 
Hl-5045 
Hl-5042 
IH5043/Hl-5043 
ICL7135 

ICL8069 
ICL232 
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Hl-7152 

ICL7134 
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Competitive Cross Reference Chart (Continued) 

Part Number 

TSC7106 
TSC7107 
TSC7109 
TSC7116 
TSC7117 
TSC7126 
TSC7129 
TSC7135 
TSC7136 
TSC7137 
TSC7211 
TSC7212 
TSC805 
TSC810 
TSC815 
TSC825 
TSC9491 

Harris Pin-for-Pin 
Replacement 

ICL7106 
ICL7107 
ICL7109 
ICL7116 
ICL7117 
ICL7126 
ICL7129 
ICL7135 
ICL7136 
ICL7137 
ICM7211 
ICM7212 

ICL7116 

ICL8069 
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Harris Closest 
Replacement 

ICL7149 

ICL7149 
ICL7182 





CA31621CA3162A 

ICL71C0311CL8052 

ICL71C0311CL8068 

ICL7106 

ICL7107 

ICL7116 

ICL7117 

ICL7126 

ICL7129 

ICL7136 

ICL7137 

ICL7139 

ICL7149 

ICL7182 

A/D CONVERTERS DISPLAY 

AID Converter for 3112-Digit Display .................................. . 2-2 

Precision 4112-Digit AID Converter . " ................................. . 2-9 

Precision 41/2-Digit AID Converter ................................... . 2-9 

31/2-Digit LCD Single-Chip AID Converter ............................. . 2-30 

3112-Digit LED Single-Chip AID Converter ............................. . 2-30 

31/2-Digit with Display Hold Single-Chip AID Converter ................... . 2-43 

31/2-Digit with Display Hold Single-Chip AID Converter ................... . 

3112-Digit Low Power Single-Chip AID Converter ........................ . 

4112-Digit LCD Single-Chip AID Converter ............................. . 

2-43 

2-55 El 2-67 

3112-Digit LCD Low Power AID Converter .............................. . 2-81 

3112-Digit LED Low Power Single-Chip AID Converter .................... . 2-93 

33/.i-Digit Autoranging Multimeter .................................... . 2-103 

Low Cost 33/.i-Digit Autoranging Multimeter ............................ . 2-117 

101 Segment LCD Bargraph AID Converter ............................ . 2-131 
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Data Conversion Circuits 

~ co CA3162, CA3162A HARRIS 
SEMICONDUCTOR ... 

C') 

'1 AID Converter for 3-Digit Display 
Cli Features: 
co 
M 11 Dual-slope AID conversion 
CS: • Multiplexed BCD display 
() • Ultra-stable internal band-gap 

voltage reference 
11 Capable of reading 99 mV below 

ground with single supply 
• Differential input 
" Internal timing - no external clock 

required 
., Choice of low-speed (4-Hz) or 

high-speed (96-Hz) conversion 
rate 

• "Hold" inhibits conversion but 
maintains delay 

• Overrange indication - "EEE" for 
reading greater than+ 999 m V, "-" 
for reading more negative than 
-99 mV when used with CA3161 E 

BCD-to-Seven Segment Decoder/ 
Driver 

" Extended temperature range 
version available 

The CA3162E and CA3162AE are 12L monolithic A/D 
converters that provide a 3-digit multiplexed BCD output. 
They are used with the CA3161 E BCD-to-Seven-Segment 
Decoder/Driver• and a minimum of external parts to 
implement a complete 3-digit display. The CA3162AE is 
identical to the CA3162E except for an extended operating 
temperature range. 

TERMINAL ASSIGNMENT 
CA3162E 

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. 
1079. 

v+ v+ 

HIGH INPUT II VI I 

LOW INPUT 10 

... 
MSD•MOST SIGNIFICANT DIGIT 
NSO• NEXT SIGNIFICANT OtG1T 
LSD• LEAST SIGNIFICANT DIGIT 

GAi"' 
ADJ 

BCD I 2 1 I 
OUTPUTS, 2 o 2 

DIGIT i NSO 3 
SELECT MSO 4 

oun~urs 
LSD ~ 

BCD OUTPUTS 

~GND 
92CM-~041"4RI 

Fig. 1 - Functional block diagram of the CA3162E. 
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Data Conversion Circuits 

~ co CA3162, CA3162A 
... 

MAXIMUM RATINGS, Absolute-Maximum Values: 

~ DC SUPPLY VOLTAGE (between terminals 7 and 14) .......................................................................... +7 V 
~:v~~~g~TS~~:T\t~~minal 10 or 11 to ground) ............................................................................... ±15 v ~ 

Up to TA= +55°C ....................................................................................................... 750 mW M 
A~~~;~~~;~~5~~AT.UR.E RANC3E:. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ........................ Derate Linearly at 7.9 mW/°C ('.I 

Operating, CA3162E ................................................................................................. o to +75°C 
Operating, CA3162AE ............................................................................................... -40 to +85°C 
Storage .......................................................................................................... -65 to +1so•c 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 seconds max ................................................ +265°C 

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

LIMITS 
CHARACTERISTIC TEST CONDITIONS : UNITS 

Min. Typ. Max. 

Operating Supply Voltage Range V + - 4.5 5 5.5 v 
Supply Current. I+ 100 kO to V+ on terms. 3, 4, 5 - - 17 mA 

Input Impedance, Zr - - 100 - MO 

Input Bias Current, JrB Terms. 10 and 11 - -80 - nA 

Unadjusted Zero Offset V11 -V10 = 0 V, 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 -
Hz 

Fast Mode Term. 6 = 5 V - 96 -
Conversion Control Voltage 

0.8 1.2 1.6 v -
(Hold Mode) at Terminal 6 

Common-Mode Input Voltage 
See Note 3, 4 -0.2 +0.2 v -

Range, VICR 

BCD Sink Current at terms. 1, 2, 15, 16 Veco 2: 0.5 V, 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 Vr = O V, zero pot centered - 10 - µV/0 V 

Gain Temperature Coefficient Vr = 900 mV, gain pot= 2.4 KO - 0.005 - Ofot•c 

Notes: 

1. Apply zero volts across V11 to V10. Adjust zero potentiometer to give 000 mV reading. Apply 900 mV to input and adjust 
gain potentiometer to give 900 mV reading. 

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

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

4. The common-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. 
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Data Conversion Circuits 

~ CA3162, CA3162A co ... 
Circuit Description 

B The functional block diagram of the CA3162E is shown in 
ci Fig. 1. The heart of the system is the VII converter and 
co reference-current generator. The VII converter converts the 
"'" .input voltage applied between terminals 10 and 11 to a 

U
:l· current that charges the integrating capacitor on terminal 

·12 for a predetermined time interval. At the end of the 
charging interval, the VII 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 
restored to its original value is a direct measure of the signal 
induced current. The restoration is sensed by the 
comparator, which in turn latches the counter. The count is 
then multiplexed to the BCD outputs. 

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

HV 

16 

NORMAL 
LOW· SPEED hlODE: 

HOLD: 
"6' l 2 v 

NOTE 1 - THE CAPACITOR USED HERE MUST BE A LOW DIELECTRIC 
ABSORPTION TYPE SUCH AS A POL VESTER OR POLYSTYRENE 

TYPE. 
2 - THIS CAPACITOR SHOULD BE PLACED AS CLOSE AS POSSIBLE 

TO THE POWER AND GROUND TERMINALS OF THE CA3161 E. 

rate (96 Hz), and grounding or floating terminal 6 provides a 
low-speed (4 Hz) sampling rate. When terminal 6 is fixed at+ 
1.2 V (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 
for the high-speed mode. Note that the basic AID 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 po!iitive 
overrange (EEE). 

MSO 

POWER 
2N2907 

OR 
EQUIV 

R2 R3 
1500 1500 

92CL-30416R2 

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

9ZC5·30415RI 

Fig. 3 - High speed mode timing diagram. 
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CA3162E Liquid Cryatal Dlaplay (LCD) Appllcallon 

Fig. 4 shows the CA3162E in a typical LCD application. 
LC D'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 

'HOLD' 

+5V 

e 14 12 4 

3 

9 5 
16 

CA3162E 

10 

GAIN 

IOKll 

13 

15 

I 

6X 
IOK 

MSD 

NSO 

LSD 
2• 

2• 

z1 
20 

+5V 

Gl-G6 oC04049UB 
HEX INVERTER 

67, 68,69 CD4023B 
TRIPLE 3-INPUT NANO 

GATE 

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. 

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

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

+5V 

16 

6 

4C04056B }ro-2 OF LCD 

4 }ro~ 2 CD40568 
OF LCD 

3 

e 

+5V 

}ro~o OF LCD 

TO LCD 
8ACKPLANE 

92CL· 31016RI 

Fig. 4 - Typical LCD application. 
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Data Conversion Circuits 

:S CA3162, CA3162A 
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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 CA3161 E. 
When displaying negative v·oltage, 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 CD4049B is used to operate the decimal points. By 
connecting the inverter input to eitherthe MSD or NSD line 
either DP1 or DP2 will be displayed. Fig. 7 shows the P.C. 
board and component placement. 

1-------vr-----------, 
I 1oo•n I 

2..2 Kn 

I 
I 
I 
I 
L_ 

v+ 

50 Kn 

J/3 CD4049UB 

HP5082-7433 
f-!=--'\IV'v-+--f-c=~--, OR EQUIVALENT 

12 II IO 9 
b ,, 

Fig. 5 - Typical common-cathode LED application. 

2-6 



Data Conversion Circuits 

CA3162, CA3162A 

92CS·32G92 

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

92CS-32691 

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

·P.C. board courtesy ETS. Velleman P. V.B.A., St. Amandsberg, Belgium 
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Data Conversion Circuits 

~ CA3162, CA3162A 
co 

70 

10 

I 

I 4-10 
ti"o.102-0.254) 

92CM-.30412 

120 -128 
(3048-3251) 

i.-----------97-10"--5------~ 
~2.464-2.667) 

Dimensions and pad layout tor CA3162H chip. 

ORDERING INFORMATION 

Part Number Temperature Range Package 

CA3162E ooc to + 1ooc 16-Pin Plastic Dip 

CA3162AE -4QOC to + 850C 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 water 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). 



ICL8052/ICL 71C03 s 
() 

ICL8068/ICL71C03 ~ ... 
Precision 4% Digit A/D Converter g 

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 ICL71 C03 is an improved CMOS plug-in replacement 
for the ICL7103 and should be used in all new designs. 

ORDERING INFORMATION 
Part Number 

ICL8052CPD 
ICL8052CDD 
ICL8052CJD 
ICL8052ACPD 
ICL8052ACDD 
ICL8052ACJD 
ICL8068CDD 
ICL8068ACDD 
ICL8068ACJD 
ICL71C03CPI 
ICL71C03ACPI 

COMP OUT 

REF CAP 

REF BYPASS 

GND 

REF OUT 

REF SUPPLY 

Temp. Range 

O'Cto +70'C 
O'Cto +70°C 
O'Cto +70'C 
O'Cto +70°C 
O'Cto +70'C 
O'Cto +70'C 
O'Cto +70'C 
O'Cto +70°C 
O'Cto +70'C 
O'Cto +70'C 
O'Cto +70'C 

ICL8052/ 
ICL8068 

Package 

14-Pin Plastic DIP 
14-Pin Ceramic DIP 
14-Pin CERDIP 
14-Pin Plastic DIP 
14-Pin Ceramic DIP 
14-Pin CERDIP 
14-Pin Ceramic DIP 
14-Pin Ceramic DIP 
14-Pin CERDIP 
28-Pin Plastic DIP 
28-Pin Plastic DIP 

BUFF OUT 

y++ 

0439-1 

Figure 1: ICL8052/ICL8068 Pin Configuration 
and Functional Diagram 

FEATURES 
•Typically Less Than 2 µV 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 Auxiliary Inputs/Outputs Are Available for 

Interfacing to UARTs, Microprocessors or Other 
Complex Circuitry 

• 5 pA Input Current Typical (8052A) 

y+ 28 BUSY 

4~/31 27 D1 (LSD) 

POL 26 D2 

R/H 4 25 D3 

COMP IN 24 D4 

v· 23 ea (MSB) 

REFERENCE ICL71C03(A) 22 84 

REF. CAP. 1 8 21 82 

REF. CAP. 2 20 81 {LSD) 

ANALOG IN 10 D5 (MSD) 

ANALOG GND 11 STROBE 

CLOCK IN 12 A-ZIN 

UNDERRANGE 13 A-Z OUT 

OVERRAN GE 14 DIGITAL GND 

0439-2 

Figure 2: ICL71C03 Pin Configuration 

HAAAJS SEMICONDUCTOR'S SOLE ANO 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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ICL8052/ICL71C03, ICL8068/ICL71C03 

ABSOLUTE MAXIMUM RATINGS 71C03 

Power Dissipation (Note 1) ...................... 500 mW Power Supply Voltage (GND to V +) ................. 6.5V u 
:::::. co Storage Temperature ................. -65"Cto +150"C Negative Supply Voltage (GND to V-) ............. -17V 

Analog Input Voltage (Note 4) ................. v+ to v-8 Lead Temperature (Soldering, 10 Sec.) ............. 300"C 
co 8052,8068 Digital Input Voltage 
.... 
!::? 
c? 
0 
u .... 
"" .... 
u 

Suppiy Voltage .................................. ± 18V 

Differential Input Voltage 
(8068) ....................................... ± 30V 
(8052) ......................................... ±6V 

Input Voltage (Note 2) ............................ ± 15V 

Output Short Circuit Duration, 
All Outputs (Note 3) ......................... Indefinite 

(Note 5) ................ (GND - 0.3V) to (V+ + 0.3V) 

NOTE: Stresses above those listed under ''Absolute Maximum Ratings" 
may cause permanent damage to the device. Tht:se 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 peri
ods may affect device reliability . 

=::, Operating Temperature .................... 0°C to + ?0°C 
ell 
in 
0 
Q) 
..I 
~ 

Symbol Characteristics Test Conditions Min Typ Max Units 

llNL Clock In, Run/Hold, 41/,/31/, V1N = 0 0.2 0.6 mA 

l1NH V1N = +5V 0.1 10 µA 

l1NL Comp. In Current V1N = 0 0.1 10 µA 

l1NH V1N = +5V 0.1 10 µA 

V1NTH Threshold Voltage 2.5 v 

VoL All Outputs loL = 1.6mA 0.25 0.40 v 

VoH B1, B2, B4, Ba loH = -1 mA 
2.4 4.2 v 

D1, D2, D3, D4, D5 

VoH Busy, Strobe, loH = -10µA 
Over-range, Under-range 4.9 4.99 v 
Polarity 

ros(on) Switches 1, 3, 4, 5, 6 400 n 

ros(on) Switch 2 1200 n 

lo(olf) Switch Leakage (All) 2 pA 

v+ + 5V Supply Range +4 +5 +6 v 

v- -15V Supply Range -5 -15 -18 v 

1+ + 5V Supply Current fclk = 0 1.1 3.0 mA 

1- -1 5V Supply Current fclk = o 0.8 3.0 mA 

Cpo 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 l°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 app~ies to + 70°C ambient temperature. 

4: Input voltages may exceed the supply voltages provided the input current is limited to ± 100 µA. 

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

6: This specification relates to the clock frequency range over which the ICL71 C03(A) will correctly perform its various functions. See the "Max Clock 
Frequency" section under COMPONENT VALUE SELECTION for liniitations on the clock frequency range in a system. 

NOTE: All typical values have been characterized but are not tested. 
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ICL8052/ICL 71 C03, ICL8068/ICL 71 C03 

ICL8068 ELECTRICAL CHARACTERISTICS 
(VsuPPL y = ± 15V, TA = 25°C unless otherwise specified) 

Symbol Characteristics Test Conditions 
8068 8068A 

Units 
Min Typ Max Min Typ Max 

EACH OPERATIONAL AMPLIFIER 

Vos Input Offset Voltage VcM = OV 20 65 20 65 mV 

l1N Input Current (either input) (Note 1) VcM = OV 175 250 80 150 pA 

CMRR Common-Mode Rejection Ratio VcM = ±10V 70 90 70 90 dB 

Non-Linear Component of VcM = ±2V 
Common-Mode Rejection 110 110 dB 
Ratio (Note 2) 

Av Large Signal Voltage Gain RL = 50 k!l 20,000 20,000 VIV 

SR Slew Rate 6 6 V/µs 

GBW Unity Gain Bandwidth 2 2 MHz 

lsc Output Short-Circuit Current 5 5 mA 

COMPARATOR AMPLIFIER 

AvoL Small-Signal Voltage Gain RL =30 k!l 4000 VIV 

+Vo Positive Output Voltage Swing +12 +13 +12 +13 v 
-Vo Negative Output Voltage Swing -2.0 -2.6 -2.0 -2.6 v 
VOLTAGE REFERENCE 

Vo Output Voltage 1.5 1.75 2.0 1.60 1.75 1.90 v 

Ro Output Resistance 5 5 !l 

TC Temperature Coefficient 50 40 ppml°C 

VsuPPLY Supply Voltage (V+ + - v-) ±10 ±16 ±10 ±16 v 

lsuPPLY Supply Current Total 14 8 14 mA 

ICL8052 ELECTRICAL CHARACTERISTICS 
(VsuPPLY = ±15V, TA= 25°C unless otherwise specified) 

8052 8052A 
Symbol Characteristics Test Conditions Units 

Min Typ Max Min Typ Max 

EACH OPERATIONAL AMPLIFIER 

Vos Input Offset Voltage VcM = OV 20 75 20 75 mV 

l1N Input Current (either input) (Note 1) VcM = OV 5 50 2 10 pA 

CMRR Common-Mode Rejection Ratio VcM = ±10V 70 90 70 90 dB 

Non-Linear Component of VcM = ±2V 
Common-Mode Rejection 110 110 dB 
Ratio (Note 2) 

Av Large Signal Voltage Gain RL = 50 k!l 20,000 20,000 VIV 

SR Slew Rate 6 6 V/µs 

GBW Unity Gain Bandwidth 1 1 MHz 

lsc Output Short-Circuit Current 20 20 mA 

NOTE All typical values have been characterized but are not tested. 
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~ ICL8052'.:£LECTRICAL CHARACTERISTICS 
(,) (VsuPPLY = ± 15V, TA = 25°C unless otherwise specified) (Continued) :::. co 
IO 
0 co ... 
!::! 
cw) 
0 
(,) ... .... ... 
(,) 
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Symbol Characteristics Test Conditions 
8052 8052A 

Units 
Min Typ Max Min Typ Max 

COMPARATOR AMPLIFIER 

AvoL Small,Signal Voltage Gain RL = 30k!1 4000 VIV 

+Vo Positive Output Voltage Swing +12 +13 +12 +13 v 

-Vo Negative Output Voltage Swing -2.0 -2.6 -2.0 -2.6 v 

VOLTAGE REFERENCE 

Vo Output Voltage 1.5 1.75 2.0 1.60 1.75 1.90 v 

Ro Output Resistance 5 5 11 

TC , Temperature Coefficient 50 40 ppml°C 

VsuPPLY Supply Voltage (V+ + - V-) ±10 ±16 ±10 ±16 v 

lsuPPLY Supply Current Total 6 12 6 12 mA 
NOTES 1 :- ,.Jhe input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T J· 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 J = TA + AeJAPd where AeJA 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 CflUSes error in dual-slope converter. 

SYSTEM ELECTRICAL ,CHARACTERISTICS: 8068/71C03 
(V+ + = + 15V, v+ = + 5V, v- = -15V, TA = 25°C, Clock Frequency Set for 3 Reading/Sec.) 

Characteristics .Conditions 
8068/71C03(1) 8068A/71C03A(2) 

Units 
Min Typ Max Min Typ Max 

Zero Input Reading V1N = O.OV 
-000.0 ±000.0 +000.0 -000.00 ±000.00 +000.00 

Digital 
Full Scale = 200.00 mV Reading 

Ratiometric Reading V1N = VREF +0.999 + 1.000 + 1.001 +0.9999 + 1.0000 + 1.0001 
Digital 

(Note 3) Full Scale = 2.000V Reading 

Linearity Over ± Full Scale -2V,;; V1N,;; +2V 
(Error of Reading from 0.2 1 0.5 1 COUNTS 
Best Straight Line) 

Differential Linearity -2V,;; V1N,;; +2V 
(Difference between Worse 

0.01 0.01 COUNTS 
Case Step of Adjacent 
Counts and Ideal Step) 

Rollover Error (Difference -V1N = +V1N;::; 2V 
in Reading for Equal 

0.2 1 0.5 1 COUNTS 
Positive & Negative 
Voltage Near Full Scale) 

Noise (P-P Value Not V1N = OV 
3 2 µV 

Exceeded 95% of Time) Full Scale = 200.0 mV 

Leakage Current at Input V1N = OV 200 300 100 200 pA 

Zero Reading Drift V1N = OV 
o,;; TA,;; 5o·c 1 5 0.5 2 µVl°C 
(Note4) 

Scale Factor Temperature V1N = +2V 
Coefficient o,;; TA,;; 5o•c 

3 15 2 5 ppml°C 
(Note 4) 
(Ext. Ref. o ppml°C) 

NOTE: All typical values have been characterized but are not tested 
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ICL8052/ICL 71 C03, ICL8068/ICL 71 C03 

SYSTEM ELECTRICAL. CHARACTERISTICS: 8052/71C03 
(V+ + = + 15V, y+ = +5V, v- = -15V, TA = 25°C, Clock Frequency Set for 3 Reading/Sec.) 

·8068/71C03(1) 8068A/71 C03A(2) 
Characteristics Conditions 

Min Typ Max Min Typ 

Zero Input Reading V1N = 0.0V 
-0.000 ±0;000 +0.000 -0.0000 ±0.0000 

Full Scale = 2.000V 

Ratiometric Reading V1N = VREF +0.999 + 1.000 + 1.001 +0.9999 + 1.0000 
(Note 3) Full Scale = 2.000V 

Linearity Over ± Full Scale -2V s V1N s +2V 
(Error of Reading from 0.2 1 0.5 
Best Straight Line) 

Differential Linearity -2V s V1N s +2V 
(Difference between Worse 

0.01 om 
Case Step of Adjacent 
Counts and Ideal Step) 

Rollover Error Difference -V1N"" +V1N::::: 2V 
in Reading for Equal 

0.2 
Positive & Negative 

1 0.5 

Voltage Near Full Scale) 

Noise (P-P Value not V1N = OV 
Exceeded 95% of Time) Full Scale = 200.0 mV 20 

Full Scale = 2.000V 50 30 

Leakage Current at Input V1N = OV 5 30 3 

Zero Reading Drift V1N = OV 
1 5 0.5 

0 s TA s 70'C 

Scale Factor V1N = +2V 
Temperature Coefficient 0 s TA s 70'C 3 15 2 

(Ext. Ref. O 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. 

Max 

+0.0000 

+ 1.0001 

1 

1 

10 

2 

5 

Units 

Digital 
Reading 

Digital 
Reading 

COUNTS 

COUNTS 

COUNTS 

µV 

pA 

µVl°C 

ppm/'C 

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 Jested. 
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0.22µ1 
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11 
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I 
I POLARITY 

3 
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19 
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2-4 25 
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D2 DI 26 ___ 27 I 
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I 

LSD 20 Bl 
21 82 
22 83 
23 84 
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Figure 3: Functional Block Diagram 

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 V +, 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 I (Figure 4A) 

During Auto-Zero, the input of the buffer is connected to 
VREF 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 VREF· 
2. INPUT INTEGRATE PHASE II (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 CREF· 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. 

2-14 

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 V1N 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 V1N· At the end of this phase, the 
sign of the ramp is latched into the polarity F IF. 

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

During the Deintegrate phase, the switch drive logic uses 
the output of the polarity F IF in determining whether to 
close switch 6 or 5. If the input signal is positive, switch 6 is 
closed and a voltage which is VREF more negative. than 
during Auto-Zero is impressed on the BUFFER INPUT. Neg
ative Inputs will cause + 2(VREFl 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 VREF· 



UCl.8052/DCl 71 C03~ OCl!..8068/UCl. 71 C03 

ICAUTOZ[RO 
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Figure 4A: Phase I Auto-Zero 

ICAUTOZ£RO 
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Figure 48: Phase II Integrate Input 

sw• 

ICAUTOZERO 
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Figure 4C: Phase Ill + Deintegrate 

ICAUTOZERO 
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Figure 40: Phase Ill - Deintegrate 

Figure 4: Analog Section of Either ICL8052 or ICL8068 with ICL71C03 

NOTE Alf typical values have been characterized but are not tested. 
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ICL8052/ICL 71 C03, ICL8068/ICL 71 C03 
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COUNTS 

Phase I Phase II Phase Ill 

4'f2Digit 10,001 10,000 20,001 

3'f2Digit 1,001 1,000 2,001 

Figure 5: Conversion Timing 

Zero-Crossing Flip-Flop 
Figure 6 shows the problem that the zero-crossing F /F is 

designed to solve. 

CLOCK 
PULSE 

----FEEDTHROUGH 

I 

0439-9 

Figure 6: Integrator Output Near Zero-Crossing 

NOTE: All typical values have been characterized 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 µ V 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 71 C03 includes several pins which allow it to operate 
conveniently in more sophisticated systems. These include: 
1. 4'h/3Y, (Pin 2). When high (or open) the internal counter 
operates as a full 4 % 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 AID 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 1O1 I 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 
betwee~ changing BCD and digit drives) the first STROBE 
pulse goes negative for % clock pulse width. Similary, after 
Digit 5, Digit 4 goes high (for 200/20 clock pulses) and 100/ 
1 O 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 nol tested. 
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... 
4. BUSY (Pin 28). BUSY goes high at the beginning of sig- !:i 
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., CX) 
loaded) during the first clock pulse after BUSY and are IO 
latched at the end of this clock pulse. The circuit automati- g 
cally reverts to auto-zero when not BUSY so it may also be ..1 
considered an A-Z signal. A very simple means for trans- !::? 
milting the data down a single wire pair from a remote loca-
tion would be to AND BUSY with clock and subtract c?' 
:~·~::t;~~~~ ~~~~~uf~~~~=~e ~~:~:r .?~b~~s0eusn~~c;~~=~ir; ~ 
each Reference Integrate cycle. !:i 
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 :g 
next measurement cycle. CX) 

6. UNDER-RANGE (Pin 13). This pin goes positive when cj 
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 05 (MSD), D4, D3, D2 and D1 
(LSD). All five digits are scanned even when operating in 
the 3% 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 B8 , B4, B2 and B1 are positive logic signals that go on 
simultaneously with the Digit driver. 
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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 µA to 40 µA give good results with a 
nominal of 20 µA. The exact value may be chosen by 

R _ Full Scale Voltage 
INT - 20 µA 

'NOTE: If gain is used in the buffer amplifier then-

R _ (Buffer Gain) (Full Scale Voltage) 
INT - 20 µA 

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 C1NT is given by 

[ 1 ~oiio(~V,'209~?1\1> x Clock Period)] x (20 µA) 

CiNT = 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. 

10-50k 

100kll 

13 

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 co 
enough such that stray capacitance to ground from its O 
nodes is negligible. ~ 

S:! 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 c; 
should be approximately the gain times the value of the 0 
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, ..I 
smaller or cheaper caps can be used here if accurate read- g 
ings are not required for the first few seconds of recovery. Cll 

Reference Voltage 
The analog input required to generate a full scale output 

is V1N = 2 VREF· 
The stability of the reference voltage is a major factor in 

the overall absolute accuracy of the converter. For this rea
son, ii 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. 

INT OUT 

II) 
0 
Q) ... 
S:! 

4 ~i---
~- L ---------+BUF' IN 

TO ICL71C03 
0439-11 

Figure 8: Adding Buffer Gain to the ICLB068 

NOTE All typical values have been characterized but are not tested. 
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ICL8052/ICL71C03, ICL8068/ICL71C03 
... 
!:i ICL8052 vs ICL8068 
U The ICL8052 offers significantly lower input leakage cur
::: rents than the ICL8068, and may be found preferable in :g systems with high input impedances. However, the ICL8068 
O 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. 

6 Max Clock Frequency 
o The maximum conversion rate of most dual-slope A/D 
U converters is limited by the frequency response of the com-

5 fha~~~~·i{i~ee~~i~J:~~o~ i:i!~i~~i~~!~~o~0p e;~~~~~~d~~~~ 
U product of 300 MHz. The comparator output follows the in
::: tegrator ramp with a 3 p.s delay, and at a clock frequency of 
Cll 160 kHz (6 p.s period) half of the first reference integrate :g clock period is lost in delay. This means that the meter 
tO reading will change from O to 1 with a 50 /L V input, 1 to 2 
.I with 150 µV, 2 to 3 at 250 p.V 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 1 O seconds give no mea
surable leakage error. 

To achieve maximum rejection of 60 Hz pickup, the signal 
integrate cycle should be a multiple of 60 Hz. Oscillator fre
quencies of 300 kHz, 200 kHz, 150 kHz, 120 kHz, 100 kHz, 
40 kHz, 331/a kHz, etc. should be selected. For 50 Hz rejec
tion, oscillator frequencies of 250 kHz, 166% 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 V. 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 05 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 71 C03. 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 VREF ( + 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 /L V 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 1 O mV offset, 
the noise performance is reasonable with approximately 
1.5 p.V 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 µF for all scales and the 
reference capacitor should be 1 µF times the gain of the 
buffer amplifier. At this value if the input leakages of the 
8052/8068 are equal, the droop effects will cancel giving 
zero offset. This is especially important at high temperature. 
Some typical component values are shown in the table be
low. For 3% digit conversion use 12 kHz clock. 
v++ = +15V, v+ = 5V, v- = -15V 
Clock Freq. = 120 kHz (4% Digit) or 12 kHz (3% Digit) 

NOTE· All typical values have been characterized but are not tested. 
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Specification Valve Units 

Full Scale V1N 20 200 2000 mV 

Buffer Gain 
100' 10 1 VIV 

(RB1 + RB2) 

RB2 

R1NT 100 100 100 kn 

C1NT 0.22 0.22 0.22 µF 

CAz 1.0 1.0 1.0 µF 

CREF 10 10 1.0 µF 

VREF 10 100 1000 mV 

Resolution (4 V. Digit) 1 10 100 µV 

'Note comment on offset limitations above. Buffer gain 
does not improve ICL8052 noise performance adequately. 
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ICL8052/ICL71C03, ICL8068/ICL71C03 .. !:i A suitable circuit for driving a plasma-type display is 
(,) shown in Figure 10. The high voltage anode driver buffer is 
:::::, made by Dionics. The 3 AND gates and caps driving "Bl" 
CO are needed for interdigit blanking of multiple-digit display 
IO 
0 co ... 
5:! 

elements, and can be omitted if not needed. The 2K and 3K 
resistors set the current levels in the display. A similar ar
rangement can be used with "Nixie"® tubes. 
Nixie® is a registered trademark of Burroughs Corporation. 

a v+ +5 
a 

c? 
0 
(,) 

POL ..!. , ... , .•.•.• 3k DM8880 

10000 .. .... ... 
(,) 
:::::. 
C\I 
II) 
0 co ... 
5:! 

GATES 
ARE 

7409 

8052A/ 
8068A 

' 

POL OS 04 03 02 01 

71C03A 

PROG 

g 
RBO 

RBI 81 D 

881--~~~~~~--' 

84t-~~~~~~~~ 

021--~~~~~~~~_. 

A 

81 t-~~~~~~~~~~ 

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 8052/71 C03A 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 
ICM7211 A as shown in Figure 12. A standard CMOS 4000 
series LCD driver circuit is used for displaying the % 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 4 % digit 
(±2.000V) AID, again using the internal reference of the 
8052A/8068A. 

~ V flLTER 
IN CAP 

DIGITAL 
LOGIC 

1 

8068 PIN 2 
COMPARATOR 

DIGITAL GROUND 
ICL71C03 

PIN 15 

BUFFER 
OUT 

_a_ 
DEVICE PIH 

... 
Figure 13 shows a more complicated circuit for driving ""' 

LCD displays. Here the data is latched into the ICM7211 by ij 
the STROBE signal and "Overrange" is indicated by blank- ::::, 
ing the 4 digits. A clock oscillator circuit using the ICM7555 Cl) 
CMOS timer is shown. Some other suitable clock circuits CO 
are suggested in Figures 14 and 15. The 2-gate circuit g 
should use CMOS gates to maintain good power supply re- ..1 
jection. S:! 

A problem sometimes encountered with the 8052/68/ ri' 
71C03 AID is that of gross over-voltage applied to the in- 0 
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- Cll 
ing. This problem can also show up as large-signal instabili- :g 
ty on overrange conditions. A simple solution to this prob- Cl) 
lem is to use junction FET transistors across the integrator ..I 
capacitor to source (or sink) current into the summing junc- S:! 
lion and prevent the integrator amplifier from saturating, as 
shown in Figure 16. • REFERENCE 

VOLTAGE 

EXTERNAL 
REFERENCE 

VREF (IF USED) 

ANALOG SUPPLY 
BYPASS CAPACITORS 

+isv -1sv 

1 1 
ANALOG 

'-...../.~--""SUPPLY 
RETURN 

I 

BOARD: 
EDGE I 

I 
DIGITAL 

~----.fH.-~-4 SUPPLY 
RETURN 

T T T 
+5V SUPPLY BYPASS CAPACITOR(S) 

0439-14 

Figure 11: Grounding Sequence 

NOTE· All typical values havo been charactorized but are not tested. 
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Figure 12: Driving LCD Displays 

NOTE: All typ;caf valu8S have been characteriz8d but are not tested. 
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Figure 13: 41h Digit LCD DPM with Digit Blanking on Overrange 

NOTE All typical values have been characterized but are not tested 
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Figure 14: CMOS Oscillator 
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Figure 15: LM311 Oscillator 
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Figure 16: Gross Overvoltage Protection Circuit 

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 OOOOXXXX, digit 4 is 1 OOOXXXX, 
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 B2 = B4 = 

Ba =O. 

NOTE· All typical values have been characterized but are no: 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 71 C03(A) directly with three pop
ular microprocessors are shown in Figures 19, 20 and ~1. 
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 A023 "Low Cost Digital Panel Meter Designs," by David ~ 
Fullagar and Michael Dufort u A016 "Selecting AID Converters," by David Fullagar 

A017 "The Integrating A/D Converters," by Lee Evans 
A018 "Do's and Dani's of Applying A/D Converters," by 

A028 "Building an Auto-Ranging DMM Using the 8052A/ 
7103A AID Converter Pair," by Larry Goff 

Peter Bradshaw and Skip Osgood ROOS "Interfacing Data Converters & Microprocessors," 
by Peter Bradshaw et al, Electronics, Dec. 9, 1976 

SERIAL OUTPUT 
TO RECEIVING UART 

.-----i EPE 

TRO 

UART 
IM6402/3 TBRLI---..., 

TBR 

NC STROBE 1----' 

71C03/A 

'----iPOL RUN/HOLD +5V 

EPE 

1 

Figure 17: Simple 71C03/71C03A to UART Interface 

TRO RRI ORR 

IM6402/3 
DR 
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TBR 
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1Y 2Y 3Y 

74C157 I-
1;l _, 
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"' 

71C03/A 

ENABLE 

18 2B 38 

p 0 u 
0 V N 
L E D 

R E 
R 

STROBE I----' 
RUN/HOLD 1------' 

BUSY 

Figure 18: Complex 71C03/7103A to UART Interface 

NOTE· All typical values have been characterized but are not tested 
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80C95 
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BOC95 
15 
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B1 B2 B4 B8 P o 
0 v 
L E 

R 
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STROBE t----1 SENSE 1 

RUN/HOLD ----1 WRITE 1 

Figure 19: IM6100 to 71C03/71C03A Interface 

EN 

CA2 

IY 

2Y 
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PAO 
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8255 
(MODEi) 

PA4 
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PA7 

PBO 

12 

IM6100 

0439-22 

Figure 20: ICL71C03 to MC6800, 
MCS650X Interface 

0439-24 0439-25 

Figure 21: ICL71C03 to MCS-48, -80, -85 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. 

Integrator Output Voltage 

V _ (t1NT) (l1NT) 
Integration Period 

10,000 
t1NT = --(41/z Digit) 

fcLOCK 

1,000 .. 
t1NT = --(31/z D1g1t) 

fcLOCK 
Integration Clock Period 

INT-
CINT 

VINT Typically = 9.0V 
Display Count 

Count = 10,000 X ViN (41/z Digit) 
VREF 

Count= 1,000 X VIN (3% Digit) 
VREF 

C') 
0 
() ... ... ... 
() 
::::. 
Cl) 
0 
0 
Cl) ... 
!::! 
c? 
0 
() ... ... ... 
() 
::::. 
Cll .,, 

tcLOCK = 1/fcLOCK 
60 Hz/50 Hz Rejection Criterion 

t1NT/tso Hz or t1NTltso Hz = Integer 
Optimum Integration Current 

NOTE: The 41/z digit mode's LSD will be output as a zero in 0 
the 3% digit mode. ~ 

l1NT = 20.0 µA 
Full Scale Analog Input Voltage 

V1NFS Typ. = 200 mV to .2.0V = 2 VREF 
Integrate Resistor· 

(Buffer Gain) X V1NFS 
R1NT = -------

l1NT 
Integrate Capacitor 

C _ (t1NT) (l1NT) 
INT- VINT 

Auto Zero 
(Counts} 

30,001-10,001 
3,001-1,001 

Signal 
integrate 

(Fixed Count} 
10,000 
1,000 

Output Type: !::! 
4 Nibbles BCD with Polarity and Overrange 

Power Supply: ± 15.0V, + 5.0V 
v+ + = + 15.0V. 
v- = -15.0V 
v+ = +5.0V 

Auto Zero Capacitor Values 

0.01 µF < CAz < 1.0 µF 

Reference Capacitor Value 

CREF = (Buffer Gain) X CAZ 

Reference 
Integrate 
(Counts} 
1-20,001 
1-2,001 

(4-1/2 Digit} 
(3-1/2 Digit} 

• 

Total Conversion Cycle Time (tcoNvl 

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

(in Continous Mode} 

lcoNv ~ 40,002 'lcLOCK (41/z Digit Mode) 
lcoNv ~ 4,002 • lcLOCK (31/z Digit Mode) 

Integrator Output 

2-29 
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HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION 

ICL7106/ICL7107 
3%-Digit LCD/LED 

Single~Chip A/D Converter 
FEATURES 

!:i The Harris ICL7106 and 7107 are high performance, low 
§:! power 31/.-digit AID converters containing all the necessary 

active devices on a single CMOS l.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. 

• Guaranteed Zero Reading for O Volts Input on All 
Scales 

The 7106 and 7107 bring together an unprecedented 
combination of high accuracy, versatility, and true economy. 
It features auto-zero to less than 10µ.V, zero drift of less 
than 1µ.V/'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 

Temperature 
Part Number Range 

ICL7106CPL ooc10+1ooc 
ICL7106RCPL ooc10+1ooc 
ICL7106CM44 oocto+1ooc 

ICL7107CPL Q0Cto+7ooc 
ICL7107RCPL oocto+1ooc 
ICL7107CM44 ooc10+1ooc 

NOTE 1: "R" indicates device with reversed leads. 

[ 

01 
Cl 

- Bl 
~ A1 
2. n 

GI 
El l 02 
C2 

~ 82 
~ AZ 
- r2 

E2 

{ 
03 

~ B3 
~ F3 
- E3 

(1000) AB4 
POL 

(MINUS) 

OSC I 
OSC2 
OSC3 
TEST 
REf HI 
REF LO 
CREF+ 
c,cr 
COMMON 
IN HI 
IN LO 
A/Z 
BUFF 
INT 
I/" 
G2 (TENS) 

C3} '.F 
A3 g 
G3 .::,. 
BP/GND 

'-----"'(7106)(7107) 

0335-1 

• 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 15µ.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 

Package 

40-Pin Plastic DIP 
40-Pin Plastic DIP (Note 1) 

44-Pin Surface Mount 

40-Pin Plastic DIP 
40-Pin Plastic DIP (Note 1) 

44-Pin Surface Mount 

ICL710BCM44 (LCD) 
ICL7107CM44 (LED) 

Display Type 

Direct Drive LCD 
Direct Drive LCD 
Direct Drive LCD 

Common Anode LED 
Common Anode LED 
Common Anode 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 ANO SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 301650-004 
NOTE: All typical values have been characterized but are not tested 2-30 



ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

ICL7106,V+tov- ............................. 15V 
ICL7107, v+ to GND .......................... +6V 
ICL7107, v- to GND .......................... -9V 

Analog Input Voltage (either input)(Note 1) ..... v+ to v-
Reference Input Voltage (either input) ......... V+ to v-
Clock Input 

ICL7106 ............................... TESTtoV+ 
ICL7107 ................................ GNDtov+ 

ICL 7106/ICL 7107 ..... 
0 ... 
..... 

Power Dissipation (Note 2) cj 
Ceramic Package .......................... 1000mW ::::, 
Plastic Package-DIP ......................... 800mW co 
Plastic Package-SOIC ....................... 600mW 0 

Operating Temperature ................... 0°C to + 70°C p: 
Storage Temperature ................ -65°C to + 150°C ...1 
Lead Temperature (Soldering, 1 Osec) ............. 300°C 2 

NOTE: Stresses above those listed under ''Absolute Maximum Ratings" may cause permanent damagB 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 pedods may affect device reliability. 

NOTES 1: Input voltages may exceed the supply voltages provided the input current is limited to ± 100µA. 

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

ELECTRICAL CHARACTERISTICS (Note 3) 

Character!stics Test Conditions Min 

Zero Input Reading 
V1N=O.OV 

-000.0 
Full Scale=200.0mV 

Typ 

±000.0 

Ratiometric Reading V1N=VREF 
999 999/1000 

VREF=100mV 

Rollover Error (Difference in 
-V1N= +V1N""200.0mV -1 ±.2 

reading for equal positive and 

negative inputs near Full Scale) 

Linearity (Max. deviation from Full scale=200.0mV 
-1 ±.2 

best straight line fit) or full scale= 2.000V (Note 6) 

Common Mode Rejection Ratio VcM= ± 1V, V1N=OV 
50 

(Note 4) Full Scale=200.0mV 

Noise (Pk-Pk value not exceeded V1N=OV 
15 

95% of time) Full Scale=200.0mV 

Leakage Current Input V1N = 0 (Note 6) 1 

Zero Reading Drift 
V1N=O 

0.2 
0° <TA< 70°C (Note 6) 

Scale Factor Temperature V1N = 199.0mV 
1 

Coefficient 0°<TA<70°C 
(Ext. Ref. Oppml°C) (Note 6) 

V + Supply Current (Does not 
V1N=O 0.8 

include LED current for 7107) 

v- Supply Current (7107 only) 0.6 

Analog Common Voltage (With 25k!1 between Common & 
2.4 2.8 

respect to Pos. Supply) Pos. Supply 

Temp. Coeff. of Analog Common 25k!1 between Common & 
80 

(With respect to Pos. Supply) Pos. Supply 

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

+000.0 Digital Reading 

1000 Digital Reading 

+1 Counts 

+1 Counts 

µVIV 

µV 

10 pA 

1 µVl°C 

5 ppml°C 

1.8 mA 

1.8 mA 

3.2 v 

ppml°C 



:; ICL7106/ICL7107 .. 
""' d ELECTRICAL CHARACTERISTICS (Note 3) (Continued) 
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Characteristics Test Conditions Min Typ Max Unit 

71060NLY v+ toV-=9V 4 5 6 v 
Pk-Pk Segment Drive Voltage 
Pk-Pk Backplane Drive Voltage 
(Note5) 

7107 ONLY v+ =5.0V 
5 8.0 mA 

Segment Sinking Current Segment voltage= 3V 
(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 TA =25°C, fclock=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 

.. 
+ -

0335-3 

Figure 2: ICL7106 Test Circuit and Typical 
Application With Liquid Crystal Display 

Components Selected for 200mV Full Scale 

NOTE: All typical values have been characteriz6d but are not tostod. 
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... .. 
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Figure 3: ICL7107 Test Circuit and Typical 
Application With LED Display 

Components Selected for 200mV Full Scale 
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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 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 10µ.V. 
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 displayod is 

1000 ( V1N ). 
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 

""' 0 ... 
""' ... 
() 
::::. co 
0 ... 
""' ... g 
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0 ... ... 
ij large enough in comparison to the stray capacitance, this 
::::, error can be held to less than 0.5 count worst case. (See 
IO 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 ("" 150), 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 µ V to 
BOµ Vp-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 (B 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 71 06, 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. 

COMMON 

y-

(•) (b) 

0335-6 

Figure 5: Using an External Reference 

NOTE: All typical values have been characteriz9d but are not tested. 
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ICL7106/ICL7107 

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 10µA 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 1 mA load should be applied. 

y+ 

7106 
INTERSIL 

IT1750 

1MH 

TO LCD 
DECIMAL POINT 

0335-7 

Figure 6: Simple Inverter for Fixed Decimal Point 

v• BP 

7106 """~ ( POINT 
SELECT 

TEST 

Figure 7: Exclusive 'OR' Gate for 
Decimal Point Drive 
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Figure 9: Digital Section 7107 0335-10 

NOTE· All typical values have been characterized but are not tested. 
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cj The second function is a "lamp test". When TEST is 
::::, pulled high (to v+) all segments will be turned on and the 
co display should read - 1888. The TEST pin will sink about 
0 1 OmA under these conditions. 
P: Caution: on the 7106, in the lamp test mode, the seg
..1 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, 
33'/3kHz, etc. should be selected. For 50Hz rejection, Oscil
lator frequencies of 200kHz, 1 OOkHz, 66% 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 1 OOµA ·of quiescent ·current. They can 
supply 4µA 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, 470k!l is near optimum 
and similarly a 47k!l 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 volt 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 C1NT are 0.22µF and 
0.10µF, 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 0.47µF capacitor is recommend
ed. On the 2 volt scale, a 0.04 7 µF capacitor increases the 
speed of recovery from overload and is adequate for noise 
on this scale. 

Reference Capacitor 
A 0.1 µF 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 1.0µF will hold the roll-over error 
to 0.5 count in this instance. 

Oscillator Components 
For all ranges of frequency a 1 OOk!l. resistor is recom

mended and the capacitor is selected from the equation 
0.45 

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

Reference Voltage 
The analog input required to generate full-scale output 

(2000 counts) is: VrN=2VREF· Thus, for the 200.0mV and 
2.000 volt scale, Vref should equal 1 00.0 mV and 1.000 volt, 
respectively: However, in many applications where the AID 
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 VREF=0.341V. Suitable values for inte
grating resistor and capacitor would be 120k!l. and 0.22µF. 
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 VrN*O. 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 HI 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 negativ.e supply is not available, it can be generat
ed from the clock output with 2 diodes, 2 capacitors, and an 
inexpensive l.C. Figure 11 shows this application. See 
ICL7660 data sheet for an alternative. 

NOTE· All typical values have been characterized but are not tested. 
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Figure 11: Generating Negative Supply 
from +sv 

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 follow show some of the 
possibilities, and serve to illustrate the exceptional versatili
ty of these A/D converters. 

0335-13 

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 ~ither 
COMMON for inputs floating with respect to 

supplies, or GND for single ended inputs. (See 
discussion under Analog COMMON.) 

Set VREF = 100.0mV 
/ 

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. 

NOTE: All typical values have been characterized but are not tested. 
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Figure 15: 7107 with Zener diode reference. 
Since low T.C. zeners have breakdown voltages 

- 6.BV, diode must be placed across the total 
supply (10V). As in the case of Figure 15 IN LO 

may be tied to either COMMON or GND. 

0335-17 

Figure 16: 7106/7107: Recommended 
component values for 2.000V full scale. 
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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. 

0335-19 

Figure 18: 7107 measuring ratiometric values of 
Quad Load Cell. The resistor values within the 

bridge are determined by the desired sensitivity. 

NOTE: A/J typ;cal values have been characterized but are not tested. 
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Figure 19: 7106 used as a digital centigrade 
thermometer. A silicon diode-connected 

transistor has a temperature coefficient of 
about - 2mV l°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. 

Y+ 7100 

°' 74C10 cD40n 
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Figure 20: Circuit for developing Underrange 
and Overrange signals from 7106 outputs. 
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Figure 21: Circuit for developing Underrange 
and Overrange signals from 7107 outputs. The 
LM339 is required to ensure logic compatibility 

with heavy display loading. 

ICL 7106/ICL 7107 

APPLICATION NOTES 
A016 "Selecting AID Converters", by David Fullagar. 
A017 "The Integrating AID Converter", By Lee Evans. 
A018 "Do's and Don'ts of Applying AID 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 
Performance of the ICL7106/7/9 Family", by Peter 
Bradshaw. 

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

A052 "Tips for Using Single-Chip 31/.-Digit AID Convert
ers", by Dan Watson. 

Scale lactor adjust 
(VREF ::< 100mV for AC lo RMS) 

0335-23 

Figure 22: AC to DC Converter with 7106. TEST is used as a common mode reference level to ensure 
compatibility with most op-amps. 

NOTE: Alf typical values have been characterizod but are not tested. 
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0335-24 

Figure 23: Display Buffering for increased drive current. Requires 
four DM7407 Hex Buffers. Each buffer is capable of sinking 40 mA. 

NOTE: AH typlcaJ values have bHn characteriz«J but 1119 not tested. 
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ICL7106/07 
INTEGRATING A/D CONVERTER 

EQUATIONS 

..I Oscillator Frequency 
S:! fosc = 0.45/RC 

Conversion cycle 

Cose > 50pF; Rose > 50Kn 
fosc typ. = 48KHz 

Oscillator Period 
tosc = RC/0.45 

Integration Clock Frequency 
fcLOCK = fosc/4 

Integration Period 
t1NT = 1000 x (4/fosc> 

60/50 Hz Rejection Criterion 
t1NT/ts0Hz or t1NTltsoHz = Integer 

Optimum Integration Current 
l1NT = 4.0µ.A 

Full Scale Analog Input Voltage 
V1NFS Typically = 200mV or 2.0V 

Integrate Resistor 

R1NT = V1NFS 
l1NT 

Integrate Capacitor 

C1NT = (t1NT)!l1NTl 
V1NT 

Integrator Output Voltage Swing 

V1NT Maximum Swing: 
(V- + 0.5V) < V1NT < (V+ - 0.5V) 
V1NT typically = 2.0V 

Display Count 

COUNT = 1000 X ViN 
VREF 

AUTO ZERO 
(COUNTS) 

2999-1000 

tcvc = tcLOCK x 4000 
tcvc = tosc x 16,000 
when fosc = 48KHz; tcvc = 333mS 

Common Mode Input Voltage 
(V- + 1.0V) < V1N < (V+ - 0.5V) 

Auto Zero Capacitor 
0.01µ.F < CAZ < 1.0 µ.F 

Reference Capacitor 
0.1µ.F < CREF < 1.0 µ.F 

VcoM 
Biased between v+ and v-. 
VcoM "' v+ -2.BV 

Regulation lost when v+ to v- < "'6.4V. 
If VcoM is externally pulled down to 
(V+ to v-)/2, the VcoM circuit will 
turn off. 

ICL7106 Power Supply: Slngle 9V 
v+ - v- = 9V 
Digital supply is generated internally 
VGND "' y+ -4.5V 

ICL7106 Display: LCD 
Type: Direct drive with digital 
logic supply amplltude. 

ICL7107 Power Supply: Dual ±5.0V 
v+ = + 5.0V to GND 
v- = -5.0V to GND 
Digital Logic and LED driver supply 
v+ to GND 

ICL7107 Display: LED 
Type: Non-Multiplexed Common Anode 

Total Conversion Time= 4000 • tcLOCK = 16,000 •lose 
0335-26 

Figure24 

NOTE: AU typ;caJ values hal/8 b8en charactwlzed but are not tnffld. 
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·GENERAL DESCRIPTION 
The Harris ICL7116 and 7117 are high performance, low 

power 3-% digit AID converters. All the necessary active 
devices are contained on a single CMOS J.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 Jess than 
10µ.V, zero drift of less than 1µ.V/'C, input bias current of 
10pA maximum, and roll over error of Jess than one count. 
The versatility of true differential input is of particular advan
tage when measuring load cells, strain gauges and other 
bridge-type transducers. And finally, the true economy of 
single power supply operation (7116) enables a high per
formance panel meter to be built with the addition of only 
eleven passive components and a display. 

HLDR osc 1 

r OSC2 
C1 OSC3 

iii" B1 TEST 
!:: A1 REF HI 
§ F1 v+ 
- G1 CREF+ 

E1 CREF-

r COMMON 

- C2 INHI 
!{,! B2 INLO 
I!! A2 A/Z 
- F2 BUFF 

E2 INT 

-r3 

y-
~ 83 G2 (TENS) 
~ F3 C3}'.:: 
- E3 A3 8 

(1000) AB4 G3 :!. 
POL BP/GND 

(MINUS) (7116)/(7117) 
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ICL7116/7117 ; 
3%-Digit LCD/LED t 

Single-Chip A/D Converter ! 
with Display Hold ~ 

2 
FEATURES 
• HoLD Reading Input Allows Indefinite Display Hold 
• Guaranteed Zero Reading for O 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 15µ.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 

Part Temperature Display 
Number Range Package Type 

ICL7116CPL o0cto+7o0c 40 Pin Plasllc DIP LCD 

ICL7116CM44 o0c10+10°c 44 Pin Surface Mount LCD 

ICL7117CPL o0c10+10°c 40 Pin Plastic DIP LED 

= + I 
9 

!!1 ;! 
tt tt. ;; 

$ 
II: 

i 
,.. 

'1 ~ 8 z !! = I 

G2 

TEST C3 

osc 3 A3 

63 

oscz ICL7116CM44 BP 

osc 1 POL 

HLDR AB4 

01 E3 

Cl F3 

11 83 

c :;: & 1U Ii: u = ::t :: ::: s 0338-2 

• 

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: AH typicaJ va/uss have be8n characterizBd but BTB not tested. 2-43 



ICL7116/7117 .... .... .... .... .... 
co ABSOLUTE MAXIMUM RATINGS .... 
..- ICL7116 ICL7117 
!:i Supply Voltage (V+ to v-) ........................ 15V Supply Voltage V + . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . + 6V 
!;! AnaloglnputVoltage(eitherinput)(Note1) ..... v+ tov-

Reference Input Voltage (either input) ......... v+ to v-
v- .............................. -9V 

Analog Input Voltage (either input) (Note 1) ..... v+ to v-
HLDR, Clock Input ......................... Testto V+ Reference Input Voltage (either input) ......... v+ to v-
Power Dissipation (Note 2) HLDR, Clock Input ......................... Gnd to V+ 

Ceramic Package .......................... 1000mW Power Dissipation (Note 2) 
Plastic Package ............................. 800mW Ceramic Package ...........•.............. 1000mW 

Operating Temperature ................... 0°C to + 70°C Plastic Package ............................. 800mW 
Storage Temperature ................ -65°C to+ 150°c Operating Temperature ................... o·c to + 1o·c 
Lead Temperature (Soldering, 10sec) ............. 300°C Storage Temperature ................ -65°Cto +150°C 

Lead Temperature (Soldering, 1 Osec) ............. 300°C 

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

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 (Note 3) 

Parameter Test Conditions Min Typ Max Unit 

Zero Input Reading 
V1N=O.OV 

-000.0 ±000.0 +000.0 Digital Reading 
Full Scale=200.0mV 

Ratiometric Reading V1N=VREF 
999 999/1000 1000 Digital Reading 

VREF=100mV 

Rollover Error (Difference in I V1N I "' 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 ±0.2 +1 Counts 

best straight line fit) or Full·Scale=2.000V (Note 7) 

Common Mode Rejection Ratio VcM= ±1V, V1N=OV, 
50 µVIV 

(Note 4) Full Scale=200.0mV 

Noise (Pk - Pk value not exceeded V1N=OV 
15 µV 

95% of time) Full Scale= 200.0mV 

Leakage Current@ Input V1No=OV (Note 7) 1 10 pA 

Zero Reading Drift 
V1N=O 

0.2 1 µV/°C 
0°C<TA <70°C (Note 7) 

Scale Factor Temperature V1N = 199.0mV 
1 5 ppm/°C 

Coefficient 0°C<TA<1o·c 
(Ext. Ref. Oppm/°C) (Note .7) 

V + Supply Current (Does not 
V1N=O 0.8 1.8 mA 

include LED current for 7117) 

v- Supply Current(7117 only) 0.6 1.8 mA 

Analog Common Voltage (With 25k!l between COMMON 
2.4 2.8 3.2 v 

respect to pas. supply) & pos. Supply 

Temp. Coeff. of Analog Common 25k!l between COMMON 
80 ppm/°C 

(with respect to pas. Supply) & pas. Supply 

Input Resistance, Pin 1 (Note 6) 30 70 k!l 

VIL• Pin 1 (7116 only) TEST+1.5 v 

NOTE: All typical values havs been characterized but are not tested. 
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ICL7116/7117 

ELECTRICAL CHARACTERISTICS (Note 3) (Continued) 

Parameter Test Conditions Min Typ Max Unit 

VIL• Pin 1 (7117 only) GND+1.5 v 

VIH· Pin 1 (Both) v+-1.5 v 

71160NLY 
v+-V-=9V 4 5 6 

v 
Pk-Pk Segment Drive Voltage 4 5 6 
Pk-Pk Backplane Drive Voltage 
(Note5) 

71170NLY 
V+ =5.0V 

Segment Sinking Current 
(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 TA= 25°C, fc1ock = 4BkHz. 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 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. 

"" ... ... 
"" ..... 
co ... ... 
"" ... 
!:! 

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 • 
resistor connected from HLDR, pin 1 to GROUND, pin 21. 

7. Not tested, guaranteed by design. 

TEST CIRCUITS 

'" + -

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



ICL 7116/7117 .... .. .. .... .... 
co DETAILED DESCRIPTION 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 v.olt 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. 

.. 
~ Analog Section 

51 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 10µV. 

Signal Integrate phase 
During signal integrate, the auto-zero loop is opened, the 

internal short is removed, and the internal input high and 

' I 
I 
I ,. 

c ... 

'u 
COllllONOF'+---..... ---<1~.....j>--------' 

I 
I 

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 (:::J 

INPUT 
LOW 

TO DIGITAL SICTtON 

INL0'0.::30<-~!>---.... ---------f--------__J 
I INT 

L------------------------- ~-------------------------------------Y-

0338-5 

Figure 4: Analog Section of 7116/7117 

NOTE: All typical values have been characterized but are not tested. 
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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 ("' 15!1), 
and a temperature coefficient typically less than 80ppml°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 25µ V to 
80µ Vpk-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: AH typlca/ VB1ues ha11t1 bBfNf characlerized but are not tnted. 
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Analog COMMON is also the voltage that input low re- 'CO 

turns to during auto-zero and de-integrate. If IN LO is differ- ;: 
ant from analog COMMON, a common mode voltage exists ,.. 
in the system and is taken care of by the excellent CMRR of ..I 
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. 

.. 

COMMON 

y. 
(•) (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 
10µ.A 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 
500!1 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 1 mA load should be applied. 

v+ 

7116 
INTERSIL 

IT1750 

11111 

TO LCD 
DECIMAL POINT 
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Figure 6: Simple Inverter for Fixed Decimal Point 

• 
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V+ 

DECIMAL [ POINT 
SELECT 

7116 

Figure 7: Exclusive 'OR' Gate for 
Declmal Point Drive 
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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: AH typical values have b6en charscledz8d but 11!6 not t8sted. 
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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 HI. 

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 AID 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!l typical resist
ance to either TEST (7116) or GROUND (7117). 



DISPLAY FONT 

OSCI 08C2 OICS 

Figure 8: Digital Section 7116 

NOTE: All typical vafues hav9 bsen characterized but are not tested. 
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Figure 9: Digital Section 7117 

System Timing 
Figure 1 O 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. 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. 

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, 
33'f3kHz, etc. should be selected. For 50Hz rejection, Oscil
lator frequencies of 200kHz, 1 OOkHz, 66%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: AH typical value.shave btl6n chllTllCltHized but t1rt1 not tested. 
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Figure 10: Clock Circuits 
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COMPONENT VALUE SELECTION 
Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with 100µA of quiescent ·current. They can 
supply 20µA 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 fuU scale, 470k0 is near 
optimum and similarly a 47k0 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 volt 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 C1NT are 0.22µF and 
0.1 OµF, 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 0.47µF capacitor is recommend
ed. On the 2 volt scale, a 0.047µF capacitor increases the 
speed of recovery from overload and is adequate for noise 
on this scale. 

Reference Capacitor 
A 0.1µF capacitor gives good results in most applica

tions. If rollover errors occur a larger value, up to 1.0µF may 
be required. 

Oscillator Components 
For all ranges of frequency a 100k0 resistor is recom

mended and the capacitor is selected from the equation 
0.45 '"""Re .. For 48kHz clock (3 readings/second). C= 100pF. 

Reference Voltage 
The analog input required to generate full-scale output 

(2000 counts) is: V1N=2VREF· Thus, for the 200.0mV and 
2.000 volt scale, VREF should equal 100.0mV and 1.000 
volt, respectively. However, in many applications where the 
AID is connected to a transducer, there will exist a scale 
factor other than unity between the input voltage and the 

NOTE: AH typical va/u8s havs been characlerized but aro not testsd. 
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digital reading. For instance, in a weighing system, the de- co 
:~;~~o~gt~~i~~~~::c-: ~s f~1•1e~~~~ r~:i~~9 ~h~i~i~~~g v~~~ ~ 
input down to 200.0mV, the designer should use the input ..I 
voltage directly and select VREF=0.341V. Suitable values !::! 
for integrating resistor and capacitor would be 120kn and 
0.22µF. 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 V1N7"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 l.C. Figure 11 shows this application. 
See ICL7660 data sheet for an alternative. 

r 

I 
I ____________ J 
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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 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 Al D converters. 

FJI 
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Figure 12: 7116 using the Internal reference. 
Values shown are for 200.0mV full scale, 
3 readings per second, floating supply 

voltage (9V battery). 

7117 .. 
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' 
' ' ' -------------------· 
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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 floating with respect to 

supplies, or GND for single ended inputs. (See 
discussion under Analog Common.) 

NOTE: AH typical values have been characteriz8d but Bll1 not test8d. 
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Figure 14: 7116/7117: Recommended 
component values for 2.000V full scale. 

0338-16 

Figure 15: 7117 operated from single + SV 
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: 7117 measuring ratiometric values of 
Quad Load Cell. The resistor values within the 

bridge are determined by the desired sensitivity. 

APPLICATION NOTES 
A016 "Selecting AID Converters," by David Fullagar. 
A017 "The Integrating AID Converter," by Lee Evans. 
A018 "Do's and Don'ts of Applying AID 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' AID Converters," 
edited by Peter Bradshaw. 

A052 "Tips for Using Single-Chip 3%-Digit AID Convert
ers," by Dan Watson. 

NOTE: AH typical values have be6n 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 

fose = 0.45/RC 
Cose 2 50 pF; Rose > 50 kn 
fose typ. = 48 kHz 

Oscillator Period 

tose = RC/0.45 
Integration Clock Frequency 

feLoeK = fose/4 
Integration Period 

t1NT = 1000 x {4/fose) 
60/50 Hz Rejection Criterion 

t1NTltso Hz or t1NTlt50 Hz = Integer 
Optimum Integration Current 

l1NT = 4.0 µA 
Full Scale Analog Input Voltage 

V1NFS typically = 200 mV or 2.0V 
Integrate Resistor 

RiNT = (VINFS) 
llNT 

Integrate Capacitor 

c (t1NT)(l1NT) 
INT= VINT 

Integrator Output Voltage Swing 

V _ (t1NT)(llNT) 
INT - C1NT 

V1NT Maximum Swing: 
(V- + 0.5V) < VINT < (V+ - 0.5V) 
V1NT typically = 2.0V 

Display Count 

COUNT = 1000 x VIN 
VREF 

AUTO ZERO 
(COUNT) 

2999-1000 

Conversion Cycle 

teve = teLoeK x 4,000 
teve = tose x 16,ooo 
when fose = 48 kHz, teve = 333 ms 

Common Mode Input Voltage 
(V- + 1.0V) < V1N < (V+ - 0.5V) 

Auto Zero Capacitor 

0.01 µF < CAz < 1.0 µF 
Reference Capacitor 

0.1 µF < CREF < 1.0 µF 

VeoM 
Biased between v+ and v-. 

VeoM "" v+ - 2.8V 
Regulation lost when v+ to v- <"" 6.4V. 
If VeoM is externally pulled down to (V+ to v-)/2, 

the VeoM circuit will turn off. 
ICL7116 Power Supply: Single 9V 

v+ - v- = 9V 

Digital supply is generated internally 

VGND "" v+ - 4.5V 
ICL7116 Display: LCD 

Type: Direct drive with digital 
logic supply amplitude. 

ICL7117 Power Supply: Dual ±5.0V 
v+ = +5.0V to GND 
v- = -5.0V to GND 

Digital Logic and LED driver supply: v+ to GND. 
ICL7117 Display: LED 

Type: Non-Multiplexed Common Anode 

INTEGRATE 
(FIXED COUNT) 

DEINTEGRATE 
(COUNT) 

1000 0-1999 
0338-19 

Total Conversion Time = 4000 ' tcLOCK = 16.000 ' tosc 

NOTE: All typical values have been characterized but are not tested. 
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m HARRIS ICL7126 co 
N \i&J SEMICONDUCTOR .... 

31/2-Digit Low-Power ~ 

GENERAL DESCRIPTION 
The Harris ICL7126 is a high performance, very low pow

er 31/z-digit AID 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 
1 OOµA, 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 10µV, zero drift of less than 1µVl°C, 
input bias current of 1 OpA 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 1 O 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. 

Single-Chip A/D Converter S:! 

FEATURES 
• 8,000 Hours Typical 9 Volt Battery Life 

• Guaranteed Zero Reading for O Volts Input On All 
Scales 

• True Polarity at Zero for Precise Null Detection 
• 1 pA 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 15µ Vp·p 
• On-Chip Clock and Reference 
• Low Power Dissipation Guaranteed Less Than 1mW 

• No Additional Active Circuits Required 

ORDERING INFORMATION 

Part Number 
Temperature 

Package 
Range 

ICL7126CPL 0°Cto +70°C 40-Pin Plastic DIP 

ICL7126RCPL 0°C to +70°C 40-Pin Plastic DIP' 

ICL7126CDL 0°Cto +70°C 40-Pin Ceramic DIP 

ICL7126CJL 0°C to + 70°C 40-Pin CERDIP 

* "A" indicates device with reversed leads. 

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 ANO 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 2-55 
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~ ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (V+ to v-) ........................ 15V 
Analog Input Voltage (Either Input) (Note 1) .... v+ to v-
Reference Input Voltage (Either Input) ......... v+ to v-
Clock Input ............................... TESTto V+ 

Power Dissipation (Note 2) 
Ceramic Package ............................ 1 OOOmW 
Plastic Package ............................... 800mW 
Operating Temperature .............•..... O'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 ±100µA. 

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 1116 device at these or any other conditions above those indicated in the operational sections of 1116 specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (Note 3) 

Characteristics Test Conditions Min Typ Max Unit 

Zero Input Reading 
V1N=O.OV 

-000.0 ±000.0 +000.0 Digital Reading 
Full Scale=200.0mV 

Ratiometric Reading V1N=VREF 
999 9.99/1000 1000 Digital Reading 

VREF=100mV 

Rollover Error (Difference in 
l-V1Nl=+V1N"" 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 ±0.2 +1 Counts 

best straight line fit) or full scale= 2.000V 

Common Mode Rejection Ratio VcM= ±1V, V1N=OV 
50 µ.VIV 

(Note4) Full Scale=200.0mV 

Noise (Pk - Pk value not exceeded V1N=OV 
15 µ.V 

95%oftime) Full Scale= 200.0mV 

Leakage Current @ Input V1N=OV 1 10 pA 

Zero Reading Drift 
V1N=O 

0.2 1 µ.V/'C 
0°C<TA<70'C 

Scale Factor Temperature V1N = 199.0mV 
1 5 ppm/'C 

Coefficient 0°C<TA<70'C 
(Ext. Ref. O ppm/'C) 

Supply Current (Does not V1N=O 
70 100 µ.A 

include COMMON current) (Note6) 

Analog COMMON Voltage (With 250k0 between Common & 
2.4 2.8 3.2 v 

respect to pos. supply) pos. Supply 

NOTE: AH typical values hal/6 be6n charactBrized but are not tssted. 
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ELECTRICAL CHARACTERISTICS (Note 3) (Continued) 

CHARACTERISTICS TEST CONDITIONS MIN TYP MAX UNIT 

Temp. Coeff. of Analog COMMON 250k!l between Common & 
150 ppm/'C 

(with respect to pos. Supply) pos. Supply 

Pk-Pk Segment Drive Voltage v+ toV-=9V 4 5 6 v 
(Note5) 

Pk-Pk Backplane Drive Voltage v+ toV-=9V 4 5 6 v 
(Note5) 

Power Dissipation Capacitance vs. Clock Freq. 40 pF 

NOTES: 3. Unless otherwise noted, specifications apply at TA~2s•c, fc1ock~ 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 10-20µA higher. 48kHz oscillator, Figure 5, increases current by BµA (typ). 
7. Extra capacitance of CERDIP package changes oscillator resistor value to 470kfi or 1 SOkfi (1 reading/sec or 3 readings/sec) . 
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Figure 2: Analog Section of 7126 

NOTE: AH typical values have bssn charactBtizsd but are not tssl8d. 
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Figure 3: ICL7126 with Liquid Crystal Display 

IN 

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

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

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

DETAILED DESCRIPTION 
Analog Section 

0339-6 

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-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 then 10µ.V. 

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 ). 
VREF 

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("" 150), 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. 
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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. 

v-

COMMON 

v· 
l•I (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 
1 µA 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 soon. 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 1 mA 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 
1 OmA 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. 

• 



7126 

BP 21 

TEST 37 

TO LCD 
DECIMAL POINT 

Figure 7: Simple Inverter for Fixed 
Decimal Point 

DISPLAY FONT 

0723'156189 

*Three Inverters. 
One inverter shown tor clarity. 
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Figure 8:-Exclusive 'OR' Gate for 
Decimal Point Drive 
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I 
I 

~~~~--.-~~~~-<Uy-

- - - - - -------------- ---- - ~------ 3!, _______ ~---------------------------_J 

osc1~~~~osc~2-<>---~-1I osc3J 

0339-10 

Figure 9: Digital Section 

NOTE: AU typical values haVB been charactsrized 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 1 O 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. 

CLOCK 

I 
I 

38- - - - - - - - • 
1. EXTERNAL SIGNAL 

• - - - INTERNAL TO- PART - - - - - - - - - - - - • 

CLOCK 

I 
I 

38- - - - - - - - • 
2. CRYSTAL OSCILLATOR 

·---~ff~~"To~ITT------------~ 

CLOCK 

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 (i 
integrate cycle should be a multiple of 60 Hz. Oscillator fre- -
quencies of 60kHz, 48kHz, 40kHz, 33-%kHz, etc. should be 
selected. For 50Hz rejection, oscillator frequencies of 66-
2/,kHz, 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 amplifier and the integrator have a class A 
output stage with 6µA of quiescent current. They can sup
ply - 1 µA 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.Bm!! is near optimum 
and similarly 180k!1 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 CiNT are 0.047µF, for 1/sec (16kHz) 0.15µF. 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 750!! 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 0.32µF capacitor is recommend
ed. On the 2 Volt scale, a 0.033µF capacitor increases the 
speed of recovery from overload and is adequate for noise 
on this scale. 
Reference Capacitor 

A 0.1 µF 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 1.0µF 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. For 48kHz clock (3 readings/second), 
RC 

R= 180k!!. 



fO 
ft ... ... g Reference Voltage 

The analog input required to generate full-scale output 
(2000 counts) is: V1N=2VREF· Thus, for the 200.0mV and 
2.000 Volt scale, VREF should equal 100.0mV and 1.000 
Volt, respectively. However, in many applications where the 
AID 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 VREF=0.341V. A suitable value 
for ii:itegrating resistor would be 330kn. 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 V1N*O.' 
Temperature and weighting systems with a variable~are 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 AID 
converters. 

Figure 11: 7126 using the internal 
reference. 

0339-12 

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

voltage (9V battery). 

NOTE: All typical values haVB been characterized but are not tested. 
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Figure 12: 7126 with an external 
band-gap reference (1.2V type). 

0339-13 

IN LO Is tied to COMMON, thus establlshlng the 
correct common mode voltage. COMMON acts 

as a pre-regulator for the reference. Values 
shown are for 1 reading per second. 

0339-14 

Figure 13: Recommended component 
values for 2.000V full scale, 

3 readings per second. 

For 1 reading per second, delete 7500 resistor, 
change C1NT• Rose to values of Figure 12. 



To pin 1 
40 

OSC1 
0SC2 
OSC3 
TEST 

REFHI 
REF LO •5V 
CREF l.lkO 
CHEF 

COMMON 
INHI 
IN LO 

AJZ 
BUFF 

INT 
v-
.... 
C3 

"' 03 
BP 

Figure 14: 7126 with Zener diode 
reference. 

IN 

·5V 

0339-15 

Since low T.C. zeners have breakdown voltages 
- 6.BV, diode must be placed across the total 

supply (10V). As in the case of Figure 13, IN LO 
may be tied to COMMON. 

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

0339-16 

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: AU typical values have been characterized but are not tested. 
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40 

0339-17 

Figure 16: 7126 measuring ratiometric 
values of Quad Load Cell • 

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

Topln 1 .. 
'7 ~~;1= ~ ] 

osc 3 ., :: Scale IKtOJ edJual 
TEST Oli;;F / h 

REF HI F IMll ~ ~'!A _,;• ~ 100Kll 

Siiicon NPN 
MPS 3704 or .. _, 

REHO!= I •v ' 
c REF Ft=s=o 1 Fl 200Kn 47DKn l A----\,....[:i? 

co;:~= I= . • 'Y~ •vv- rf1 ~ 
l~L~~ .01µFI ""'\nroadJuat ""V-. 

AJZ _;oll.33•F -:::-
BUFF ~HOK :E: IV 

INT .. ~ ~ 

~~ } 
: ~ TO DISPLAY 

..,l=i 
, __ .....,;•::;P,l:z;fr TO BACK PLANE 

Figure 17: 7126 used as a digital 
centigrade thermometer. 

0339-18 

A silicon diode-connected transistor has a 
temperature coefficient of about -2mV l°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. 

co 
~ .. ... ... 
!::! 

• 
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y+ 

or74C10 

Figure 18: Circuit for developing Underrange and Overrange 
signals from 7126 outputs. 

To pint ... 
OIC1 
CIC zD--JIJVli=1 

OICl·~::J!!i!!:=::'...~J/ 

---(VNI • 10DMV tar AC lo RIIS, 

ICL7126 
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0339-20 

Figure 19: AC to DC Converter with 7126. Test Is used as a common mode reference 
level to ensure compatibility with most op-amps. 
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APPLICATION NOTES 
A016 "Selecting AID Converters", by David Fullagar. 
A017 "The Integrating AID Converter", by Lee Evans. 
A018 "De's and Don'ts of Applying AID 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 

Performance of the ICL7106/7/9 Family", by Peter 
Bradshaw. 

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

A052 "Tips for Using Single-Chip 31/.-Digit AID 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 31/.-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. 

• 
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ICL7126 
INTEGRATING A/D CONVERTER 

EQUATIONS 

Oscillator Frequency 

lose = 0.45/RC 
Cose > 50 pF; Rosi: > 50 kO 
lose typ. · = 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 

t1NTltso Hz or t1NTltso Hz = Integer 
Optimum Integration Current 

l1NT = 1.0 µ.A 
Full Scale Analog Input Voltage 

V1NFS Typically = 200 mV or 2.0V 
Integrate Resistor 

R1NT = V1NFS 
l1NT 

Integrate Capacitor 

C1NT = (t1NT)(l1NT) 
V1NT 

Integrator Output Voltage Swing 

VINT = (t1NT)(l1NT) 
C1NT 

V1NT Maximum Swing: 
(V- + 0.5V) < V1NT < (V+ - 0.5V) 
V1NT typically = 2.0V 

AUTO ZERO 
(COUNT) 

2999-1000 

Display Count 

COUNT = 1000 X VVIN 
REF 

Conversion Cycle 

tcvc = tcLOCK x 4000 
tcvc = tose x 16,ooo 
when lose = 48 kHz; tcvc = 333 ms 

Common Mode Input Voltage 
(V- + 1.0V) < V1N < (V+ - 0.5V) 

Auto Zero .Capacitor 
0.01 µ.F < CAz < 1.0 µ.F 

Reference Capacitor 

0.1 µ.F < CREF < 1.0 µ.F 

VcoM 
Biased between v+ and v-. 

VcoM "' v+ - 2.8V 
Regulation lost when V+ to v- <"" 6.4V. 

If VcoM Is externally pulled down to 
(V+ to v-112, the VcoM circuit wlll 
turn off. 

Power Supply: Single 9V 
v+ - v- = 9V 

Digital supply is generated internally 

VGND "' V+ - 4.5V 
Display: LCD 

Type: Direct drive with digital 
logic supply amplitude. 

Total Conversion Time= 4000 'lcLOCK = 16,000 'lose 
0339-21 

NOTE: AU typical values haWJ been characteriz8d but ars not tested. 
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HARRIS ICL7129 
SEMICONDUCTOR .... 

4Y2 Digit LCD Single-Chip !:i 
A/D Converter !:! 

GENERAL DESCRIPTION FEATURES 
The Harris ICL7129 is a very high-performance 4%-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 multimeter applications. 

• ± 19,999 Count A/D Converter Accurate to ± 4 Count 

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

• 10µ,V 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 
Number Range 

Package 

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. 

ICL7129CPL o·c to +70°c 40-Pin Plastic DIP 

OSC1 

OSC2 

OSC3 

I 
I 
I 
I 
I 

u 

ICL7129RCPL o·c to +70°c 40-Pin Plastic DIP* 

ICL7129CM44 o·c to +70°c 44-Pin Surface Mount 

* "R" indicates device with reversed leads. 

LOW IWTERY CONTINUITY 

-18.B.8.8 
SEGMENT DRIVES 

UPfDOWN RESULTS COUNTER 

SEQUENCE COUNTER/DECODER 

CONTROL LOGIC 

-+---

ANALOG SECTION --- l ~ RANGE DH CONT v+ y- DONO OR UR DP2 DP1 
DP4 DP:t 

0340-1 

Figure 1: Functional Diagram 

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. 301663-004 
NOT£: All typical values have been characterized but are not tested. 2-67 
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~ ABSOLUTE MAXIMUM RATINGS 
Supply Voltages (V + to v-) . . . . . . . . . . . . . . . . . . . . . . . 1 5V Power Dissipation (Note 2) 
Reference Voltage (REF HI or REF LO) ........ v+ to v- Plastic package ............................. 800mW 
lnput Voltage (Note 1) Operating Temperature ................... 0°C to + 70°C 

(IN HI or IN LO) ........................... v+ to v- Storage Temperature . . . . . . . . . . . . . . . . -65°C to + 150°C 
VrnsP ............................ DGND -0.3V to v+ Lead Temperature (Soldering, 1 Osec) ............. 300'C 
Digital Input Pins 

1,2, 19,20,21, 22,27, 
37, 38, 39, 40 .......................... DGND to v+ 

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

Note 2: Dissipation ratings assume 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 
v- to v+ =9V, VREF= 1.00V. TA= +25'C, fcLK= 120kHz, unless otherwise noted. 

Characteristics Test Conditions Min Typ Max Unit 

Zero Input Reading 
VrN=OV 

-0000 0000 +0000 Counts 
200mVScale 

Zero Reading Drift 
VrN=OV 

±0.5 µV/'C 
O'C<TA < + 70'C 

Ratiometric Reading 
VrN = VREF = 1000mV 

9996 9999 10000 Counts 
RANGE=2V 

Range Change Accuracy 
VrN = 0.1 OOOOV on Low 

0.9999 1.0000 1.0001 Ratio 
Range"" 
VrN = 1.0000V on High Range 

Rollover Error -VrN= +V1N=199mV 1.5 3.0 
Counts 

Linearity Error 200mVScale 1.0 

Input Common-Mode VcM=1.0V, VrN=OV 
110 dB 

Rejection Ratio 200mVScale 

Input Common-Mode VrN=OV (V-)+1.5 
v 

Voltage Range 200mVScale (V+) -1.0 

Noise (p-p Value not VrN=OV 
14 µV 

Exceeding 95% of Time) 200mVScale 

Input Leakage Current VrN=OV, Pin 32, 33 1 10 pA 

Scale Factor Tempco 
VrN=199mV 

2 7 ppm/'C 
0°C<TA<+70'C 

External v REF= Oppm/°C 

COMMON Voltage v+ to Pin 28 2.8 3.2 3.5 v 

COMMON Sink Current t.Common= +0.1V 0.6 mA 

COMMON Source Current t.Common= -0.1V 10 µA 

DGND Voltage 
v+ to Pin 36 

4.5 5.3 5.8 v 
v+ toV-=9V 

DGND Sink Current t.DGND= +0.5V 1.2 mA 

Supply Voltage Range v+ to v- (Note 1) 6 9 12 v 

NOTE: All typical values have been characterized but are not tested 
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ELECTRICAL CHARACTERISTICS 
v- to v+ =9V, VREF= 1.00V. TA= +25°C, fcLK= 120kHz, unless otherwise noted. (Continued) 

Characteristics Test Conditions Min Typ Max Unit 

Supply Current Excluding 
v+ toV-=9V 1.0 1.5 mA 

COMMON Current 

Clock Frequency (Note 1) 120 360 kHz 

VrnsP Resistance VrnsP to V+ 50 kO 

Low Battery Flag 
v+ tov- 6.3 7.2 7.7 v 

Activation Voltage 

CONTINUITY Comparator Vour Pin 27=HI 100 200 
mV 

Threshold Voltages Vour Pin 27 =LO 200 400 

Pull-Down Current Pins 37, 38, 39 2 10 µ.A 

"Weak Output" Current Pin 20, 21 Sink/Source 3/3 
µ.A 

Sink/Source Pin 27 Sink/Source 3/9 

Pin 22 Source Current 40 
µ.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. • 
DGND V+ 

RANGE v-
DP2 N/C 
DP1 N/C 

OSC2 LATCH/HOLD 
DISPLAY OSCI DP3/UR 
OUTPUT 

OSC3 DP4/0R LINES 

N/C VDISP 
N/C BPI 

ANUNCE DRIVE BP2 
81,Cl,CDNT BP3 

TOP VIEW 

0340-2 
0340-20 

Figure 2: Pin Configurations 

NOTE: All typical values ha vs been characterized but am not tested. 
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LOW BATTERY CONTINUITY 

ennren 
- - -pjpj I.LI.LI.LI.LI 

+ 

0340-3 
Figure 3: Typical Application 

NOTE: AH typical values haVB been chatactsrlzBd but Bl'B not tested. 
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Table 1. Pin Descriptions 

Pin Name Function Pin Name 

1 OSC1 Input to first clock inverter. 23 v-

2 OSC3 Output of second clock inverter. 24 v+ 

3 ANNUNCIATOR Backplane squarewave output for 

DRIVE driving annunciators. 25 INTIN 

4 B1,C1,CONT Output to display segments. 26 INT OUT 

5 A1,G1,D1 Output to display segments. 27 CONTINUITY 

6 F1, E1,DP1 Output to display segments. 

7 B2, C2, LO BATT Output to display segments. 

8 A2,G2, D2 Output to display segments. 

9 F2, E2, DP2 Output to display segments. 

10 B3, C3, MINUS Output to display segments. 
28 COMMON 

11 A3, G3, D3 Output to display segments. 

12 F3, E3, DP3 Output to display segments. 

13 B4,C4, BCs Output to display segments. 29 CREF+ 

14 A4, D4, G4 Output to display segments. 

15 F4, E4, DP4 Output to display segments. 
30 CREF-

16 BP3 Backplane # 3 output to display. 
31 BUFFER 

17 BP2 Backplane # 2 output to display. 
32 INLO 

18 BP1 Backplane # 1 output to display. 
33 INHI 

19 Vo1sP Negative rail for display drivers. 
34 REFHI 

20 DP4/0R INPUT: When HI, turns on most 
significant decimal point. 

35 REF LO 
OUTPUT: Pulled HI when result 

count exceeds ± 19,999. 

21 DP3/UR INPUT: Second most significant 
36 DGND 

decimal point on when HI. 37 RANGE 

OUTPUT: Pulled HI when result 
count is less than ± 1,000. 38 DP2 

22 LATCH/HOLD INPUT: When floating, AID 
converter operates in the free-run 39 DP1 
mode. When pulled HI, the last 
displayed reading is held. When 

pulled LO, the result counter 
40 OSC2 

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. 

NOTE: All typical valuss have btHln characf9rized but Br9 not test6d. 
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Function 

Negative power supply terminal. 

Positive power supply terminal, and 
positive rail for display drivers. 

Input to integrator amplifier. 

Output of integrator amplifier. 

INPUT: When LO, continuity flag on the 
display is off. When HI, continuity flag is 

on. 
OUTPUT: HI when voltage between 

inputs is less than + 200mV. LO when 
voltage between inputs is more than 

+200mV. 

Sets common-mode voltage of 3.2V 
below V + for DE, 1 OX, etc. Can be used 

as pre-regulator for external reference. 

Positive side of external reference 

capacitor. 

Negative side of external reference 
capacitor. 

Output of buffer amplifier. 

Negative input voltage terminal. 

Positive input voltage terminal. 

Positive reference voltage input 
terminal. 

Negative reference voltage input 

terminal. 

Ground reference for digital section. 

3/LA pull-down for 200mV scale. Pulled 

HIGH externally for 2V scale. 

Internal 3µ.A pull-down. When HI, 

decimal point 2 will be on. 

Internal 3/LA pull-down. When HI, 
decimal point 1 will be on. 

Output of first clock inverter. Input of 

second clock inverter. 

GI 

"' ... .... ... 
!:! 

• 
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Clo! .... ... g DETAILED DESCRIPTION 

Harris' ICL7129 is a uniquely designed single-chip AID 
converter. It features a new "successive integration" tech
nique to achieve 10µ.V resolution on a 200mV full-scale 
range. To achieve this resolution a 10:1 improvement in 
noise performance over previous monolithic CMOS AID 
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 AID converter is the sequence 
counter/decoder which drives the control logic and keeps 

REF HI REF LO 

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 AID con
verters. There are 5 basic configurations used in the full 
conversion cycle. Figure 5 illustrates a typical waveform on 
the integrator output. INT, INT1. and INT2 all refer to the 
signal integrate phase where the input voltage is applied to 
the i.ntegrator amplifier via the buffer amplifier. In this phase, 
the integrator ramps over a fixed period of time in a direc
tion opposite to the polarity of the input voltage. 

INT OUT 

----------------------

TO DIGITAL 
SECTION 

0340-4 

Figure 4: ICL7129 Analog Block Diagram 

NOTE: AH typics/ VBlues have b8en charsctetlzsd but am not test9d. 
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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 

DE1, DE2, and DE3 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 1 O 
and DE2 begins. Similarly DE2'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 DE1, into the 4% digit level during DE2 and 
the 5% 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 2 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 12µA 
while DGND has no source capability. 

Bl 
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"" .. ... ... S:! The "LOW BATTERY" annunciator of the display is 
turned on when the voltage 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. 

EXTERNAL 
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23 

Figure 7: DGND Sink Current 
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Figure 8: Buffered DGND 

NOTE: AH typical values have been characterized but BT9 not t9sted. 
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ICL7129 

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 500kn in series with 
the output driver, the pin (when used as an output) can only 
drive very light loads such as 4000 series, 7 4CXX type 
CMOS logic, or other high input impedance devices. The 
outp~t drive capability of these four pins is limited to 3µ.A, 
nominally, and the input switching threshold is typically 
DGND+2v. 

r------

•500k0 

DPc/OR PIN 20) I 
DP3'UR PIN 21 

LATCH/HOLD PIN 22 n---< _ __. 

CONTINUITY PIN 27 
I ICL7129 
L-------

Figure 9: "Weak Output" 

LATCH/HOLD, OVERRANGE, AND 
UNDERRANGE TIMING 

0340-9 

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 multi
plexer. The conversion cycle and LATCH/HOLD timing are 
directly related to the clock frequency. A full conversion cy
cle ~akes 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 
(~igure 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 
~e 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 

B4, C4, BCs ------' 
F3, E3, DP3 -----~ 

A3,G3, D3 ------~ 
83,C3, MINUS ---------' 

BACKPLANE 
CONNECTIONS 

111. C1, CONTINUITY 

~--- A1.G1,0, 
~---- F1, E1, DP1 
~----- El2, C2, LOW BATTERY 

~------A2.G2.~ 

~-------- F2, El, DP:I 

Figure 11: Triplexed Liquid Crystal Display Layout for ICL7129 

NOT£: 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. 
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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 1 OOHz. This signal 
swings from Vo1SP 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
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. 
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Figure 14: Two Methods for Temperature Compensating the Liquid Crystal Display 

DISPLAY TEMPERATURE 
COMPENSATION 

For most applications an adequate display can be ob
tained by connecting Vo1SP (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 ::::: + 1 OmV /'C be
tween v+ and Vo1SP· The diode between DGND and Vo1sp 
should have a low turn-on voltage to assure that no forward 
current is injected into the chip if VrnsP 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 AID 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 150k0 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 full-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 150k!l integrating resistor and 2 
conversions per second the value is 0.1 OµF. 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 1.0µF 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 3% digits and 100µV resolution, an R-C type oscillator 
is adequate. In this application a C of 51 pF is recommended 
and the resistor value selected from fosc=0.45/RC. How
ever, when the converter is used to its full potential (4% 
digits and 10µV resolution) a crystal oscillator is recom-

• 
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c:j 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. 
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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. 

NOT£: Alf typical values have been characterized but are not tested 
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Figure 16: Powering the ICL7129 from + SV and 
- SV 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. 

: 3JIVT06V 

ICL7860 

Figure 17: Powering the ICL7129 
from a 3.SV to 6V Battery 
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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. 

24 

0.1 µF y+ 

35 

0.1 µF 
36 

ICL7129 
28 

33 
+ 

2 32 
VIN 

+ 
3 ICL7660 4 10µF v-

5 23 

10µF 

+ 
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Figure 18: Powering the ICL7129 from a Single Polarity Power Supply 

NOTE: All typical values have been characterized but arB not tested. 
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ICL7129 
MULTIPLE INTEGRATION A/D CONVERTER 

EQUATIONS 

Oscillator Frequency 

fose = 0.45/RC 
Cose > 50 pF; Rose > 50 kn 
fose typ. = 120 kHz 

OR 
fosc = 120 kHz Crystal (Recommended) 

Oscillator Period 

tosc = 1/fosc 
Integration Clock Period 

tcLocK = 2*tose 
Integration Period 

t1NT(2V) = 1000*tcLOeK 
t1NT(200 mV) = 10,000*tcLOeK 

60/50 Hz Rejection Criterion 

t1NTltso Hz or t1NT/t50 Hz = Integer 
Optimum Integration Current 

l1NT = 13 µA 
Full Scale Analog Input Voltage 

V1NFS Typically = 200 mV or 2.0V 
Integrate Resistor 

R1NT = V1NFsll1NT 
R1NT Typ. = 150 k!l 

Integrate Capacitor 

C _ (t1NT)(l1NT) 
INT - V1NT 

Integrator Output Voltage Swing 

V _ (t1NT)(llNT) 
INT-

CINT 
V1NT Maximum Swing: 
(V- + 0.5V) < VINT < (V+ - 0.7V) 

(Range = 1) 
(Range= 0) 

DE1 

Display Count 

COUNT = 10,000 x ViN (Range = 1) 
(2.0V Range) VREF 

V1N X 10 
COUNT = 10,000 X ---(Range = 0) 
(200 mV Range) VREF 

Minimum VREF: 500 mV 
Common Mode Input Voltage 

cv- + 1.0V) < V1N < cv+ - 0.5V) 
Auto Zero Capacitor: CAz not used 
Reference Capacitor: 0.1 µF < CREF < 1.0 µF 

VeoM 
Biased Between V+ and v-. 

VeoM "" v+ - 2.9V 
Regulation lost when V+ to v- <"" 6.4V. 
If VeoM is externally pulled down to 
(V+ to v-i12, the VeoM circuit will 
turn off. 

Power Supply: Single 9V 
v+ - v- = 9V 

Digital supply is generated internally 

VGND "" V+ - 4.5V 
Display: Triplexed LCD 
Continuity Output On If 

V1NHI to V1NLO < 200 mV 
Conversion Cycle (In Both Ranges) 

tcvc = tcLocK x 30,ooo 

ZERO-INTEGRATE 
AND LATCH 

INT1 
INTEGRATE DE-INTEGRATE REST X10 DEz REST X10 DE3 ZERO-INTEGRATE 

Note: Shaded area greatly expanded 
in time and amplitude. 

1000 Clocks 2000 
1+-,1'°0"=,o'='oo=""c1"'oc"'k'""s~-c""10""'0"'ks--l-o------- 1000 Clocks-----

NOTE: All typical values have been characterized but are not tested 
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m HARRIS ICL7136 co 
C? 

\&J SEMICONDUCTOR .... 
3%-Digit LCD Low Power !:i 

A/D Converter !:! 

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 IC, 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 1 OOµA, 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 10µV, zero drift of less than 
1µV/'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. 

v• osc 1 

r OSC2 
C1 OSC3 

~ 81 TEST 
~ A1 REF HI 
2.. F1 REF LO 

G1 CREF+ 
E1 33 CREF-

r 32 COMMON 
C2 

ICL7136 
31 IN HI 

~ 82 30 IN LO 
~ A2 29 A-Z 
- F2 28 BUFF 

E2 27 INT 

{°3 

26 I{" 

~ 83 25 G2 (TENS) 
e t3 24 

C3} ':;;" 
- E3 23 A3 8 

{1000) AB4 22 G3 ~ 
POL 21 BP 

(MINUS) 0343-1 

FEATURES 
• First-Reading Recovery From Overrange Gives 

Immediate "OHMS" Measurement 
o Guaranteed Zero Reading for OV Input 
o True Polarity at Zero for Precise Null Detection 

• 1 pA Typical Input Current 
• True Differential Input and Reference 
• Direct LCD Display Drive - No External Components 

Required 
• Pin Compatible With The ICL7106, ICL7126 
•Low Noise-15µVp-p Without Hysteresis or 

Overrange Hangover 
• On-Chip Clock and Reference 
• Low 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 oocto +7ooc 40 Pin Plastic DIP 

ICL7136RCPL oocto +7ooc 40 Pin Plastic DIP 
(Note 1) 

ICL7136CM44 oocto +7ooc 44 Pin Surface 
Mount (Note 2) 

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

~ 

~ . 

:c 

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

g + ' s ~ lb ~ ~ ~ ~ ~ . " " " ~ ~ ~ 

A3 

fj ~ ~ N N 
~ ~ w ~ w 0343-2 

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 ANO FITNESS FOR A PARTICULAR USE. 301668-004 
NOTE: All typical values have been characterized but are not tested. 2-81 
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ICL7136 

..1 ABSOLUTE MAXIMUM RATINGS 
!::! SupplyVoltage(V+ tov-i ........................ 15V Power Dissipation (Note 2) 

Analog Input Voltage (either input)(Note 1) ..... v+ to v- Ceramic Package .......................... 1000mW 
Reference Input Voltage (either input) ......... v+ to v- Plastic Package ...................•.••....•. 800mW 
Clock Input ............................... TESTto v+ Operating Temperature ................... o•c to + 1o•c 

Storage Temperature ................ -65°C to+ 150°C 
Lead Temperature (Soldering, 1 Osec) ............. 300°C 

NOTES 1: Input voltages may exceed the supply voltages, provided the input current is limited to ± 100µA. 

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

NOTE: StresSBs above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the davice 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 tor extendad periods may affect device reliability. 

""'' 

~~ . 
L----------- ---------------------v-

Figure 2: Functional Diagram 0343-3 

ELECTRICAL CHARACTERISTICS (Notes a, 7) 

Parameter Test Conditions Min Typ Max Units 

Zero Input Reading V1N=O.OV -000.0 ±000.0 +000.0 Digital Reading 
Full-Scale= 200.0mV 

Ratiometric Reading V1N=VREF• VREF=100mV 999 999/1000 1000 Digital Reading 

Roll-Over Error (Difference in 
-V1N= +V1N "'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 VcM= ±1V, V1N=OV 50 µ.VIV 
(Note4) Full-Scale= 200.0mV 

Noise (Pk-Pk value not exceeded 
V1N=OV, Full Scale=200.0mV 15 µ.V 

95% of time) 

Leakage Current @ Input V1N=OV 1 10 pA 

NOTE: AH typical values have been charactsrized but am not tssted. 
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ELECTRICAL CHARACTERISTICS (Notes 3, 7) (Continued) 

Parameter Test Conditions Min Typ Max Unit 

Zero Reading Drift V1N=OV, O'C<TA < +70'C 0.2 1 µV/'C 

Scale Factor Temperature V1N= 199.0mV, O'C<TA < + 70'C 1 5 ppm/'C 
Coefficient (Ext. Ref. Oppm/'C) 

Supply Current (Does not V1N = OV (Note 6) 70 100· µA 
include COMMON current) 

Analog COMMON Voltage (With 250kfi between Common and 2.4 2.8 3.2 v 
respect to positive supply) Positive Supply 

Temp. Coeff. of Analog COMMON 250kfi between Common and 150 ppm/'C 
(With respect to positive supply) Positive Supply 

Pk-Pk Segment Drive Voltage v+ toV-=9V 4 5 6 v 
(Note 5) 

Pk-Pk Backplane Drive Voltage v+ toV-=9V 4 5 6 v 
(Note 5) 

Power Dissipation Capacitance vs Clock Frequency 40 pF 

NOTES: 3. Unless otherwise noted, specifications apply at TA= 25°C, fciock = 16kHz and are tested in the circuit of Figure 4. 
4. Refer to "Differential Input" discussion. 
5. Backplane drive is in phase with segment drive for "off" segment, 100° out of phase for "on" segment. Frequency is 20 times conversion rate. Average 

DC component is less than SOmV. 
6. 48kHz oscillator, Figure 5, increases current by 20µA (typ). 
7. Extra capacitance of CERDIP package changes oscillator resistor value to 470kfl. or 150kfl (1 reading/sec or 3 readings/sec). 

TEST CIRCUITS 

0343-4 

Figure 3: ICL7136 with Liquid Crystal Display 

NOTE: All typical values have been characterized but are not tested. 
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Figure 4: 7136 Clock Frequency 16kHz 
(1 reading/sec) 



.. 

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

DETAILED DESCRIPTION 
(Analog Section) 

0343-6 

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 (INn, 3) de-integrate (DE) and 4) zero integrator 
(ZI). 

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

and low are disconnected from the pins and internally 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· ta 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 10µ.V. 

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. 
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 aro not tosted. 
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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 (V1NIVREf). 
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 
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 
less than 0.5 count for the worst case condition (see Com
ponent Values Selection). 
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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 (""350), and a temperature co
efficient typically less than 150ppm/'C. 



v• 

v-
(a) 

6.8 VOLT 
ZENER 
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v• 

1.2VOLT 
REFERENCE 

REF LO 

(b) 
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Figure 6: Using an External Reference 

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 
1,,.A of source current, so COMMON may easily be tied to a 
more negative voltage, thus overriding the internal refer
ence. 

ICL7136 

BP 21 

TEST 37 

TO LCD 
DECIMAL POINT 

111750 

TO LCD 
BACKPLANE 

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 500!1 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 B show such an application. No more 
than a 1 mA 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 
1 OmA 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. 

DECIMAL 
ICL.7131 POINT 

SElECT 

TEST 

TO LCD 
DECIMAL 
POINTS 

Figure 8: Exclusive "OR" Gate for 
Decimal Point Drive 

DETAILED DESCRIPTION 
(Digital Section) 

0343-10 

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 BOO. 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 

co 
(') ... .... 
-' 
!:! 
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Figure 9: Digital Section 

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. 
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Figure 10: Clock Circuits 
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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 
(91 O 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, 33'f3kHz, etc. 
should be selected. For 50Hz rejection, oscillator frequen
cies of 66%kHz, 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 6µ.A of quiescent current. They can sup
ply -1 µ.A 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.SMO is near optimum, 
and similarly 180k0 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 C1NT are 
0.047µ.F, for 1 reading/second (16kHz) 0.15µ.F. 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 0.47µ.F 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 0.1 µ.F 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, 1.0µ.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 b9en charscJBrized but Br9 not l9Sf9d. 
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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=180k0, for 16kHz, R=560k0. 

Reference Voltage 
The analog input required to generate full-scale output 

(2000 counts) is V1N = 2VREF· Thus, for the 200.0mV and 
2.000V scale, VREF should equal 100.0mV and 1.000V, re
spectively. However, in many applications where the AID 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 VREF=0.341V. A suitable value for the 
integrating resistor would be 330k0. 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 V1N*O. 
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 AID 
converters. 

Figure 11: 7136 Using the Internal 
Reference 

0343-13 

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

(9V battery). 

• 



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

v+ 

IN 

v-

0343-14 

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. 

0343-15 

Figure 13: Recommended Component 
Values for 2.000V Full-Scale, 

3 Readings/Sec 

For 1 reading/sec, change C1NT• Rose to values 
of Figure 12. 

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

NOTE: All typical values have been characterized but are not tested. 
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Figure 14: 7136 with Zener Diode 
Reference 

•5V 

UV 

IN 

-5V 
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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. 

Figure 15: 7136 Operated from 
Single + 5V Supply 

0343-17 

An external reference must be used in this 
application, since the voltage betwe~n 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 

ICL7136 

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

SjHcon NPN 
MPS 3704 or 
limU•r 

Figure 17: 7136 used as a Digital Centigrade Thermometer 
0343-19 

A silicon diode-connected transistor has a temperature coefficient of about - 2mV l°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 ICL807% 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 

Seate IKtOf edjUll 
(Vret =- 100mV tor AC to RMS) 

AC IN 

Figure 19: AC to DC Converter with 7136 

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

NOTE: All typical values have be9f1 characterized but are not tested, 
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APPLICATION NOTES 
AD16 "Selecting AID Converters," by David Fullagar. 
AD17 "The Integrating AID 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. 

AD47 "Games People Play with Harris' AID Converters," 
edited by Peter Bradshaw. 

AD52 "Tips for Using Single-Chip 3%-Digit AID Convert
ers," by Dan Watson. 

NOTE· All typical vafues have been characterized but are not tested 

ICL7136 
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ICL7136 
INTEGRATING A/D CONVERTER 

EQUATIONS 

Oscillator Frequency 
fosc = 0.45/RC 
Cose > 50 pf; Rose > 50 kn 
fosc typically = 48 kHz 

Oscillator Period 
tosc = RC/0.45 

Integration Clock Frequency 

fcLocK = fosc/ 4 
Integration ·Period . 

t1NT = 1000 x (4/fosc) 
60/50 Hz Rejection Criterion " 

t1NTll&o Hz or t1NT/tso Hz· = Integer 
Optimum Integration Current 

l1NT = 1.0 µA 
Full Scale Analog Input Voltage 

V1NFS typically = 200 mV or 2.0V 
Integrate Resistor 

RINT = V1NFS 
l1NT 

Integrate Capacitor 

C (t1NT)(ltNT) 
INT= VINT 

Integrator Output Voltage Swing 

VINT = (t1NT)(l1NT) 
C1NT 

V1NT Maximum Swing: 
(V- + 0.5V) < V1NT < (V+ - 0.5V) 
V1NT typically = 2.0V 

AUTO ZERO 
FIXED COUNT= 

1000 

Display Count 

COUNT = 1000 X ViN 
VREF 

Conversion Cycle 

tcvc = tcLOCK x 4,000 
tcvc = tosc x 16,000 
when fosc = 48 kHz; tcvc = 333 ms 

Common Mode Input Voltage 
(V- + 1.0V) < V1N < (V+ - 0.5V) 

Auto Zero Capacitor 
0.01 µF < CAZ < 1.0 µF 

Reference Capacitor . 
0.1 µf < CREF < 1.0 µf 

VcoM 
Biased between v+ and v-. 

VcoM "" v+ - 2.8V· 
Regulation lost when v+ to v- :s:: "'6,4V. 
If VcoM is externally pulled down to 
(V+ to v-)/2, the VcoM circuit will 
tum off. 

Power Supply: Single 9V 
v+ - v- = 9V 

Digital supply is generated Internally 

VGND "' v+ - 4.5V 
Display: LCD 

Type: Direct drive with digital 
logic supply amplitude. 

DEINTEGRATE 
MAXIMUM COUNT= 

2000 

i------- CONVERSION ------t 
TIME=4000 

0343-22 

NOTE: All typical values have been characterized but are not tested. 
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HARRIS ICL7137 
SEMICONDUCTOR ... 

3%-Digit LED Low Power !:i 
Single-Chip A/D Converter 2 

GENERAL DESCRIPTION 
The Harris ICL7137 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 
7137 is designed to interface with a light emitting diode 
(LED) display. The supply current (exclusive of display) is 
under 200 µ.A, 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 1 O µ. V, zero drift of less than 
1 µ. V /'C, input bias current of 1 OpA 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 1 O 
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 oocto+1ooc 40 Pin Plastic DIP 

- .... 

WADf(z) ""' ... 

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 Nolse-15µ.Vp-p Without Hysteresis or 

Overrange Hangover 
• On-Chip Clock and Reference. 
• Improved Rejection of .. Voltage On COMMON Pin 
• No Additional Active Circuits Required 

0344-2 

Figure 2: Pin 
Configuration 

-~ . L----------- ---------------------v-

0344-1 

Figure 1: Functional Diagram 

HARRIS SEMICONDUCTOR'S SOLE AND EXCWSIVE 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 ANO SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 

WARRANTIES OF MERCHANTABILITY AND FITNESS FCR A PARTICULAR USE. 301669-003 
NOTE: All typical values have been characterized but are not tested. 2-93 
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g ABSOLUTE MAXIMUM RATINGS 
SupplyVoltageV+ .............................. +6V Power Dissipation (Note 2) 

v- .............................. -9V Ceramic Package .......................... 1 OOOmW 
Analog Input Voltage (either input)(Note 1) ..... v+ to v- Plastic Package ............................. 800mW 
Reference Input Voltage (either input) ......... v+ to v- Operating Temperature ................... O'C to + 70'C 
Clock Input ............................... GND to V+ Storage Temperature . . . . . . . . . . . . . . . . -65'C to + 150'C 

Lead Temperature (Soldering, 1 Osec) ............. 300'C 

Note 1: Input voltages may exceed the supply voltages, provided the input current is limited to ± 1 OOµA. 

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 (Note 3) 

Parameter Test Conditions Min Typ Max Unit 

Zero Input Reading V1N=O.OV -000.0 ±000.0 +ooo.o Digital Reading 
Full-Scale=200.0mV 

Ratiometric Reading V1N=VREF• VREF= 100mV 998 999/1000 1000 Digital Reading 

Roll-Over Error (Difference in 
-V1N= +V1N"' 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 VcM= ±1V, V1N=OV 30 µVIV 
(Note 4) Full-Scale= 200.0mV 

Noise (Pk-Pk value not exceeded 
V1N=OV, Full-Scale=200.0mV 15 µV 

95% of time) 

Leakage Current @ Input V1N=OV 1 10 pA 

Zero Reading Drift V1N=OV, O'C<TA < + 70'C 0.2 1 µV/'C 

Scale Factor Temperature V1N= 199.0mV, O'C<TA < +70'C 1 5 ppm/'C 
Coefficient (Ext. Ref. Oppm/'C) 

V +Supply Current (Does not V1N = ov (Note 5) 70 200 µA 
Include LED current) 

v- Supply current 40 

Analog COMMON Voltage (With 250k0. between Common and 2.4 2.8 3.2 v 
respect to positive supply) Positive Supply 

Temp. Coeff. of Analog COMMON 250kn between Common and 150 ppm/'C 

(With respect to positive supply) Positive Supply 

Segment Sinking Current v+ =5.0V 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 TA= 25°C, fciock = 16kHz and are tested in the circuit of Figure 4. 
4. Refer to "Differential Input" discussion. 
5. 4BkHz oscillator, Figure 5, increases current by 35µ.A (typ). 
6. Extra capacitance of CERDIP package changes oscillator resistor value to 470kn or 150kn (1 reading/sec or 3 readings/sec). 

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

TEST CIRCUITS 

'" + -
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Figure 4: 7137 Clock Frequency 16kHz 
(1 reading/sec) 

NOTE: All typical values have been characterized but are not tested. 
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Figure 5: Clock Frequency 48kHz 
(3 readings/sec) 

DETAILED DESCRIPTION 
(Analog Section) 

0344-5 

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·Z), 2) signal 
integrate (INT), 3) de-integrate (DE) and 4) zero-integrator 
(ZI). 

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

and low are disconnected from the pins and internally 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 1 Oµ V. 

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. 

.... 
C') .... .... ... 
!::? 
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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 
1 OOO(V1N/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-i.nte
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· Alf 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("" 3511), and a temperature coef
ficient typically less than 150ppml°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 B'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. 

ICL7137 

(a) 

REF LO 

COMMON 

(b) 

v-

v• 

6.SVOLT 
ZENER 

1.2VOLT 
REFERENCE 

0344-6 

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 1 OOµA 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 
1µA of source current, so COMMON may easily be tied to a 
more negative voltage, thus overriding the internal refer
ence. 

DISPLAY FONT 

,, .? 3 ,_, 
·= 

,- -, ,-, () 
Lo I .J C1 I CJ .J 

I· 
I· 

ICL7137 

TEST 
The TEST pin is coupled to the internal digital supply 

through a 500!1 resistor, and functions as a "lamp test." 
When TEST is pulled high {lo V+) all segments will be 
turned on and the display should read - 1888. The TEST 
pin will sink about 1 OmA under these conditions. 
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21 j DIGITAL L__--j _ _:___... __ -i-:-:---------------~-~GROUND 
J.? _____ --t3! _ ---------------- ----------_ _J 

·Three inverters. osc, osc 3 l 
One inverter shown for clarity. L------+-----l ~ 
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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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Figure 7: Digital Section 

0344-9 
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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 1s ca
pable of sinking 40mA. 

Ell 
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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. 

CLOCK 

I 

38· - - - - - - - • 
1. EXTERNAL SIGNAL 

• - - - INTERNAL TO- PART - - - - - - - - - - - - • 

CLOCK 1 

I 

38· - - - - - - - • 
2. CRYSTAL OSCILLATOR 

CLOCK 

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, 33'fakHz, etc. 
should be selected. For 50Hz rejection, oscillator frequen
cies of 662/akHz, 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 6µA of quiescent current. They can sup
ply - 1 µA 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.BMn is near optimum, 
and similarly 180k!l 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 C1NT are 
0.047µF, for 1 reading/second (16kHz) 0.15µF. 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 0.47 µF 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 0.1 µF 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, 1.0µF 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 = 1 BOkn, while for 16kHz (1 reading/sec), 
R=560k!l. 

Reference Voltage 
The analog input required to generate full-scale output 

(2000 counts) is: V1N=2VREF· Thus, for the 200.0mV and 
2,000V scale, VREF should equal 100.0mV and 1.000V, re
spectively. However, in many applications where the AID 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 VREF=0.341V. A suitable value for the 
integrating resistor would be 330kn. 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 V1N7"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 

Figure 10: 7137 Using the Internal 
Reference. 

0344-11 

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.) 

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 besn characterizsd but ars not t6sted. 
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COMMON and the variable (or fixed) offset voltage between (j 
COMMON and IN LO. -

TYPICAL APPLICATIONS 
The 7137 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 AID 
converters. 

s.1 vm = 1.oaov 
/ 

0344-13 

Figure 12: Recommended Component Values for 
2.000V Full-Scale, 
3 Readings/Sec. 

For 1 reading/sec, change C1NT1 Rose to values 
of Figure 11. 

u---..--v'V'--""°""__......,_. ·•• .... 

0344-14 

Figure 13: 7137 with Zener Diode Reference. 

Since low TC zeners have breakdown voltages 
- 6.BV, diode must be placed across the total 

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

• 



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

0344-15 

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

internal referencei 

ICL7137 

0344-16 

Figure 15: Measuring Ratiometric Values of 
Quad Load Cell. 

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

0344-17 

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 typ;cal values havs been characterized but are not tested. 
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Seal• lactor acllWI 
(Vm "' 100mV lor AC to RMSJ 

TEST 
AEFHI 

REF LO 
CAEF 
CREF 

COMMON 

A.Z 
BUFF 

INT .,.. 
a, 
C3 

"' G3 
GND 

Figure 17: AC to DC Converter with 7137 

APPLICATION NOTES 
A016 "Selecting AID converters," by David Fullagar. 
A017 "The Integrating AID Converter," by Lee Evans. 
A018 "Do's and Dont's of Applying AID 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' AID Converters" 
edited by Peter Bradshaw. 

A052 "Tips for Using Single-Chip 31/2-Digit AID Convert
ers," by Dan Watson. 

NOTE: AH typical values have been characterized but ars not tnted. 

2-101 

ICL7137 

-sv 

0344-18 • 



ICL7137 

ICL7137 
INTEGRATING A/D CONVERTER 

EQUATIONS 

Oscillator Frequency 

fose = 0.45/RC 

Cose > 50 pf; Rose > 50 kn 
fose typ. = 48 kHz 

Oscillator Period 

tose = RC/0.45 
Integration Clock Frequency 

feLoeK = fose/4 
Integration Period 

t1NT = 1000 x (4/fose) 
60/50 Hz Rejection Criterion 

t1NTltso Hz or t1NT/t50 Hz = Integer 
Optimum Integration Current 

l1NT = 1.0 µA 
Full Scale Analog Input Voltage 

V1NFS typically = 200 mV or 2.0V 
Integrate Resistor 

V1NFS 
R1NT=--

l1NT 
Integrate Capacitor 

CINT = (t1NT)(l1NT) 
VINT 

Integrator Output Voltage Swing 

V (t1NT)(llNT) 
INT= C1NT 

V1NT Maximum Swing: 
(V- + 0.5V) < V1NT < (V+ - 0.5V) 
V1NT typically = 2.0V 

AUTO ZERO 
(COUNT) 

2999-1000 

Display Count 

COUNT = 1000 X VIN 
VREF 

Conversion Cycle 

teve = teLoeK x 4000 
teve = tose x 16,000 
when fose = 48 kHz, teve = 333 ms 

Common Mode Input Voltage 
(V- + 1.0V) < V1N < (V+ - 0.5V) 

Auto Zero Capacitor 
0.01 µF < CAz < 1.0 µF 

Reference Capacitor 

0.1 µF < CREF < 1.0 µF 

VeoM 
Biased between v+ and v

VeoM "" v+ - 2.8V 
Regulation lost when v+ to v- <"" 6.4V. 
If VeoM is externally pulled down to 
(V+ .to v-)/2, the VeoM circuit will 
turn off. 

Power Supply: Dual ± 5.0V 
v+ = +5.0V to GND 
v- = -5.0V to GND 

Digital Logic and LED driver supply v+ to GND 
Display: LED 

Type: Non-Multiplexed Common Anode 

DEINTEGRA TE 
(COUNT) 
0-1999 

Total Conversion Time= 4000 • tcLOCK = 16,000 •lose 
0344-19 

Figure 18 

NOTE: All typical values have been characterized but are not tested. 
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HARRIS ICL7139 OI 
C") 

SEMICONDUCTOR ... 
3a14-Digit !:i 

Autoranging Multimeter !:! 

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 oocto+7ooc 40 Pin Plastic DIP 

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 KD., 40 KD., 400 KD., 4 MD. 

• 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 
0 Low Battery Annunciator with On-Chip Detection 
• Guaranteed Zero Reading for 0 Volts Input on All 

Ranges 

0079-1 

Figure 1: Pin Configuration 

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATl.ON 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. 301671-004 
NOTE: All t)'pical values havo been characterized but IJf9 not tested. 2-103 
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~ ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (V+ to v-) ......................... 15V Storage Temperature Range ........... - 65'C to + 130'C 

Reference Input Voltage lVREF to COM) ............... 3V Lead Temperature (Soldering, 1 O sec) .............. 300'C 

Analog Input Current ............................ 100 µ.A 
(IN + Current or IN + Voltage) 

Clock Input Swing ........................ v+ tov+ - 3 

Power Dissipation (Plastic Package) ............. 800 mW 

Operating Temperature Range ............. O'C to + 70'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 operational sections of the specifications is not 
implied. Exposure to absolute maximum reting conditions for extended peri
ods may affect device reliability. 

ELECTRICAL CHARACTERISTICS v+ = + 9.0V, TA= +25'C, VREF adjusted for -3.700 reading on DC 

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

Parameter Test Conditions Min Typ 

Zero Input Reading V1N or l1N or R1N = 0.00 -00.0 

Linearity (Best Straight Line) (Note 6) (Note 1) -1 

Accuracy DC V, 400 Volt Range Only (Note 1) 

~ccuracy DC V, 400 Volt Range Excluded (Note 1) 

~ccuracy Ohms, 4K and 400K Range (Note 1) 

Accuracy Ohms, 40K and 4 Meg Range (Note 1) 

Accuracy DC I, Unadjusted for FS (Note 1) 

!Accuracy DC I, Adjusted for FS (Note 1) ±0.2 

!Accuracy AC V (Note 5) @SO Hz ±2 

Open Circuit Voltage for Ohms Measurements RuNKNOWN = Infinity VREF 

Noise (Note 2, 95% of Time) V1N =. 0, DC Volts 0.1 

Noise (Note 2, 95% of Time) V1N = 0, AC Volts 4 

Supply Current V1N = 0, DC Voltage Range 1.5 

~nalog Common (with Respect to v+) lcoMMON < 10 µ.A 2.7 2.9 

ITemperature Coefficient of Analog Common lcoMMON < 10 µ.A, Temp = 0-70'C -100 

Output Impedance of Analog Common lcoMMON < 100 µ.A 1 

Backplane/Segment Drive Voltage Average DC < 50 mV 2.8 3.0 

Backplane/Segment Display Frequency 75 

Switch Input Current (Note 3) V1N = v+ tov- -50 

Switch Input Levels (High Trip Point) v+ - o.5 

Switch Input Levels (Mid Trip Point) v- + 3 

Switch Input Levels (Low Trip Point) v-

Beeper Output Drive (Rise or Fall Time) CLOAD = 10nF 25 

Beeper Output Frequency 2 

Continuity Detect Range = Low Ohms, VREF = 1.00V 1.5 

Power Supply Functional Operation v+ tov- 7 9 

Low Battery Detect (Note 4) v+ tov- 6.5 7 

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. 

Max Units 

+oo.o V,l,fi 

+1 Counts 

±1 %ofRDG ± 1 

±0.30 %ofRDG ± 1 

±0.75 %ofRDG ± 8 

±1 %ofRDG ± 9 

±0.75 %ofRDG ± 1 

%ofRDG ± 1 

%ofRDG 

v 

LSB 

LSB 

2.4 mA 

3.1 v 

ppm/'C 

10 n 

3.2 v 

Hz 

+50 µ.A 

v+ v 

v+ - 2.5 v 

v- + 0.5 v 

100 µ.s 

kHz 

kn 

11 v 

7.5 v 

4: Analog Common falls out of regulation when the Low Battery Detect is asserted, however the ICL7139 will continue to operate correctly with a supply 

voltage above 7 volts and below 11 volts. 

5: For 50 Hz use a 100 kHz crystal. 

6: Guaranteed by design, not tested. 

ROG ~ Reading 

NOTE: All typical values have b98n chsract9fized but are not testsd. 
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SWITCHES 

r-----
.... ---..... --....... 

I 
B 
I DIGITAL COllllON 

v+ V-COM 

I 
I ANALOG SECTION 

ANALOG SWITCHES, INTEGRATOR, 
AND COMPARATOR I 

_______ J 
EXTERNAL 
RESISTORS 

AND 
CAPACITORS 

Figure 2: Functional Diagram 

3%-Digit Autoranging DMM Using Harris' ICL7139 

LO BAT mAVµ.A 
TO 
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-3999 
AC 

S1A 
ev 
•mA 

BEEPER 16 
OUTPUT t------t 

BEEPER 

INPUTS 
V/.11/µ.A 

µ.A v+1---[l. _ _J 

mAO----..... 

ANALOG 
COMMON COM0-----1-.... --t 

H/c+!!---. -= 
S1B 17 mA/µ.A •1c+:'.--

v+~...,,_.----t 

N/c.e-. 

v++!!---. 
N~ 4 ~ 1...,......,._s1.;.c_.;.1a~.11/V/A 

ICL7139 

S2A ..,.. 

Hill.DC 19 S2B 

L0.11,AC 

..,...e,_ .__R_EF .. 1_. __ H .. O.,,LD,__. 

2D 

~ 
~v+ 
I AUTOI N/C 

Figure 3: ICL7139 Test Circuit 

NOTE: All typical values have been charsct6rized but ars not tested. 
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Table 1: Pin Numbers and Function 

1/0 Pin Number Pin Function 

0 1 Segment Driver POL/ AC 

0 2 Backplane 2 

0 3 Backplane 1 

I 4 v+ 

I 5 v-

I 6 Reference Input 

0 7 Lo Ohms 

0 8 Hi Ohms 

110 9 Deintegrate 

110 10 Analog Common 

I 11 Int I 

I 12 lntV/Ohms 

I 13 Triple Point 

I 14 Auto Zero Capacitor (CAz) 

I 15 Integrate Capacitor (C1NT) 

0 16 Beeper Output 

I 17 mA/µA 

I 18 Ohms/VIA 

I 19 Hi Ohms DC/Lo Ohms AC 

I 20 Hold 

0 21 Oscillator Out 

I 22 Oscillator In 

0 23 Segement DRIVER k/m 

0 24 Segment Driver Ohms/ A 

0 25 Segment Driver M Ohms/ µA 

0 26 Segment Driver Lo Bat/V 

0 27 Segment Driver Bo/Co 

0 28 Segment Driver Ao/Do 

0 29 Segment Driver Go/Eo 

0 30 Segment Driver Fo/DP1 

0 31 Segment Driver B1 /C1 

0 32 Segment Driver A1 /D1 

0 33 Segment Driver G1/E1 

0 34 Segment Driver F1 /DP1 

0 35 Segment Driver B2/C2 

0 36 Segment Driver A2/D2 

0 37 Segment Driver G2/E2 

0 38 Segment Driver F2/DP3 

0 39 Segment Driver B3/C3 

0 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, segment Co is on backplane 2. 

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

General 

ICL7139 

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 CAz-the autozero capacitor. Similarly, the 
offset of the comparator in stored in C1NT· 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 1 O clock cycles, which are gated out over a peri
od of 1 000 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 (C1NT) is checked, 
and either the DEINT+ or DEINT- is asserted. The integra
tor capacitor C1NT is then discharged with a current equal to 
VREF/RoEINT· The comparator monitors the voltage on 
CtNT· When the voltage on CtNT is reduced to zero (actually 
to the Vos of the comparator), the comparator output 
switches, and the current count is latched. If the CtNT 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. 1 O 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. 

Range4 
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-

V1N 
INTVm 

Rnnv r AZ 

-::- -::-

VREF 

OEINT + 

-::-

v+ 

COMMON--~~~~C~DM~M~DH-+--+-+-<" 

ICL7139 OI 
C') ... .... 

surement is transferred to the output latches and displayed cj 
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). 

OIGIT3 2 0 

I \ \ \ a LOW 
BATT , ,-, ,, 

1hfbkD MD 

00 ,, 00 -AC 

6.7V 

•l d Jc mAV µA - 0 -I / / 
DP3 DP2 DP1 

0079-4 

Figure 4: Display Segment Nomenclature 

RoEIHT 

RDEIHT 

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 havo be9n charact8riz9d but are not 19St9d. 
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__fl_ FIRST AUTO.ZERO 

_fl_ FIRST INTEGRATE 

L FIRST DEINTEGRATE 
I 

UNDERRANGE t __j AUTO·ZERO 

_J1_ SECONDAUTO·ZERO 

__Jl.__ SECOND INTEGRATE 

------' L SECOND DEINTEGRATE 
I 

UNDERRANGE t _j AUTO·ZERO 

__J\_ THIRD AUTO.ZERO 

__fL_ THIRDINTEGRATE 

L THIRD DEINTEGRATE 
I 

UNDERRANOE + _j AUTO.ZERO 

_______ _,ft__ FOURTHAUTO·ZERO 

L 

L 

L FOURTH INTEGRATE 

. L FOURTH DEINTEGRATE 

_ri_ AUTO.ZERO 

1111111111111111111111111 
0 1 2 3 . 4 5 • 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

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

Figure &: Timing Diagram for DC Voltage Measurement 
0079-6 

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 R1NT 1 resistor is 
1 megohm, rather than the 10 megohm value used for the 
R1NT v resistor. 

By using the lower value integration resistor, and only the 
2 most sensitive ranges, the voltage drop across the current 
sensing resistor is 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 va!ue of both t~e cur
rent sense resistors and the R1NT 1 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. 

NOTE: AH typical vaJu6s have been characterizsd but anJ not tested. 

2-108 



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 
?onversion circuitry is needed. The AC measurement cycle 
1s 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
e~ itself to the AC input prior to every reading. Because 
~rode D4 is in series with the integrator capacitor, only posi
tive. current fron:i the integrator flows into the integrator ca
pacitor, C1NT· Smee the voltage on C1NT is proportional to 
t~e half-wave rectified average AC input voltage, a conver
sion factor must be applied to convert the reading to RMS. 
This c?nvers!on factor is 1Tl2./2 = 1.1107, and the system 
clock 1s manipulated to perform the RMS conversion. As a 
result the deintegrate and autozero cycle times are reduced 
by 10%. 

Ratiometric Ohms Measurement 
: The r.atiometric ohms measurement is performed by first 
integrating the voltage across an unknown resistor, Rx, then 

R11111 INT I LOWI 

9.911 

HIGH I 

0.10 

T 

':' 

YREF 

TRIPLE 
POINT 

DEINT+ 

-= 

COMMON-+-----'-CD~M_M~D~N..._...,......_-< 

.,..,_ _____ __J 

ICL7139 0 
C') ... .... 

effectively deintegrating the voltage across a known resistor ..I 
(RKNOWN1 or RKNOWN2 of Figure 9) . .The shunting effect of !::! 
R1NTV 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. HI 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 
vo~tage across the unknown resistor Rx, and; 2) During the 
demtegrate phases, the input voltage is the voltage across 
the reference resistor RKNOWN1 or RKNOWN2· 

Continuity Indication 
When the ICL7139 is in the LO ohms measurement 

mode, the continuity circuit of Figure 1 O will be active. When 
the voltage across ~xis 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'. 

6.7Y 

ROEINT 

CDMPARATDR 

T • (INTl(ARl(AZ) 
AR • AUTDRANGE CHOPPER 
AZ • AUTOZERD 
INT= INTEGRlll'E 

DEINT-

0079-7 

Figure 7: Detailed Circuit Diagram for DC Current Measurement 

NOTE: AU typical va/u9s haVB been characterized bu/ ars not tested. 
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g Common Voltage 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. 

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 t efficient of the diode voltage cancels the positive 
temp·. rature coefficient of the zener voltage. This volta~~·is 
then buffered to provide the analog common andihe·d1g1tal 
common voltages. The nominal voltage between v+ and: 
analog common is 3V. The analog commorr 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 

r -- -- -- TiiiPLe POiNr" c., 

R1NTV 

ACIN 

0.7V 

01 

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 33/4 

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 appro~mately 
1 AV 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. 

RoEINT 

CINT 

~-------~ -------, 
ACINT I 
04 

DEINT-

s =lll!··~·Amll' 
T =(INT+ ACS) AZAR 
ACS= AC SYNC 
AR = AUTORANGE CHOPPER 
AZ = AUTO-ZERO 
INT = INTEGRATE 

v-L ___________________ _J 

0079-8 

Figure 8: Detailed Circuit Diagram for AC Voltage Measurement 

NOTE: All typical values have be9n characterized but IU9 not tssted. 
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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 ,_.,A 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 ,_.,A 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 

Pin v+ OPEN v-
Number or COM 

17 mA /LA Test 

18 Ohms Volts Amps 

19 Hi!l/DC Lo!l/AC Test 

20 Hold Auto Test 

COMPONENT SELECTION 
For optimum performance while maintaining the low-cost 

advantages of the ICL7139, care must be taken when se
lecting external components. This section reviews specifi
cations and performance effects of various external compo
nents. 

Integrator Capacitor, C1NT 
As with all dual-slope integrating converters, the integra

tion capacitor must have low dielectric absorption to reduce 
linearity errors. Polypropylene capacitors add undetectable 
errors at a reasonable cost, while polystyrene and polycar
bonate may be used in less critical applications. The 

ICL7139 OI 
C') ... 
"" ICL7139 is designed to use a 3.3 nF (0.0033 ,_.,F) C1NT with g 

an oscillator frequency of 120 kHz and an R1NTV of 10 meg
ohms. With a 100 kHz oscillator frequency (for 50 Hz line 
frequency rejection), C1NT and R1NTV 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 1 V of either V + or v-. 
Integrator voltage swing should be about ± 2V when using 
standard component values. For different R1NTV and oscilla
tor frequencies the value of C1NT can be calculated from: 

(Integrate Time) x (Integrate Current) 
C1NT = (Desired Integrator Swing) 

(10,000 x 2 x Oscillator Period) x 0.4V /R1NTV 

(2V) 

Integrator Resistors 
The normal values of the R1NT v and R1NT 1 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 ,_.,A 
(the sourcing limit is much higher). Because R1NT v drives.a 
virtual ground point, the input impedance of the motor 1s 
equal to R1NT V· 

Deintegration Resistor, RDEINT 
Unlike most dual-slope A/D converters, the ICL7139 uses 

different resistors for integration and deintegration. RoEINT 
should normally be the same value as R1NTV• and have the 
same temperature coefficient. Slight errors in matching may 
be corrected by trimming the reference voltage. 

T = INT+ OEINT 
AZ = AUTOZERO 
INT= INTEGRATE 

0079-9 

• 

Figure 9: Detailed Circuit Diagram for Ratiometric Ohms Measurement 

NOTE: All typical values have been characlsrized but are not tasted. 

2-111 



0 
&"» ... .... 

ICL7139 

g 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 Y, 0 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 µ.F for CAZ but 0.1 µ.F 
is the preferred value. The upper limit on the value of CAZ is 

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 R1NT I· The two resistors must be closely 
matched, and the ratio between R1NT 1 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. 

· set by the time constant of the autozero loop, and the 1 line 
cycle time period allotted to autozero. CAz may be several 
1 Os 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 RKNOWN1 and 
RKNOWN2· These should normally be 10 kilohms and 
1 megohm, with an absolute accuracy of at least 0.5%. 

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. 

LOOHMr- ~- -~ ~- -~ ~- -~ ~- -~ ~- ---, 

L 
Figure 10: Continuity Beeper Drive Circuit 

I 
I 
I 

I 
I 

_J 
0079-10 

NOTE 1: The ICL7139 contains a comparator that is enabled on the lowest ohms range. It trips at approximately 1.5 kO 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 va/U9S have been characterized but Bf9 not tesl8d. 
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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 Rs parameter should be less than 25 kiiohms 
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 µA, 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 
PPMl°C. To improve the tempco, an ICL8069 bandgap ref
erence may be used (see Figure 14). The reference voltage 
source output impedance must be 00:: RoEJNr/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: AH typical values have b8en charact9rized but ars not f6Sted. 
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Meter Protection 
The ICL7139 and its external circuitry should bo 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.BW for short peri
ods of time during accidental application of 11 OV or 220V 
AC line voltages respectively. 

OSCIN OSCOUT 

::popF 
0079-12 

Figure 12: Internal Oscillator Circuit Diagram 
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~ Printed Circuit Board Layout 
Considerations 

The rollover error causes the width of the + O 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 µ V is applied. 

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/fl. and INT I Pins; 2) The 
Triple Point; 3) The RoEINT 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 C1NT during a positive deintegrate cycle. Stray 
capacitance to ground is charged when this occurs, remov
ing some of the charge on C1NT 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. 

~ 
VPEAK 

BACKPLANE VPEAK/2 
0 

SEGMENT ON L__SI_ VPEAK 

0 

SEGMENT OFF 

The rollover error can be minimized by guarding the Triple 
Point and CAz nodes with a trace connected to the C1NT 
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 C1NT 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. 

v· 

Vf DCOM VRMS VPEAK 

VoMS = VI VPEAK 

VPEAK = 3V ± 10% 

ON 

OFF 

RMS ON - 2.37V 
RMSOFF-1.06V 

IL--, I :VPEAK (VOLTAGE ACROSS ON SEGMENT) 

_J LJ--1 -2VPEAK 
VseGMENTON 

VPEAK (VOLTAGE ACROSS OFF SEGMENT) 
0 VseGMENT OFF 

-VPEAK 
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Figure 13: Duplexed LCD Drive Waveforms 

NOTE· All typical values have been characterized but are not tested. 
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Figure 14: External Voltage Reference Connection to ICL7139 
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kD.MD. 

BEEPER 
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_jy+ 
_jv• 

S2 Closed: Hin-DC 

mA Figure 15: Basic Multimeter Application Circuit for ICL7139 
$3 Closed: Hold Reading 

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 3BDBR02H (or equivalent). 
4: Beeper is from muRata, part number PKM24-4AO (or equivalent). 

NOTE: AH typical values hl've been characterized but are not tested. 
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ICL7139 
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0079-16 

Figure 16: PC Board Layout 

NOTE All typicaf values have been characterized but are not tested. 
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m HARRIS- ICL7149 \&JI SEMICONDUCT9R .... 
Low Cost 3%-Digit ~ 

Autoranging Multimeter S:! 

GENERAL DESCRIPTION 
The Harris ICL7149 is a high performance, low power, 

autoranging digital multimeter IC. Unlike other autoranging 
multimeter !Cs, 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 4140 kilohms. High resistance 
ranges are 0.4/ 4 megohms. Resolution on the lowest range 
is 1 ohm. 

ORDERING INFORMATION 
Part Temperature 

Package 
Number Range 

ICL7149CPL 0°C to+ 70°C 40 Pin Plastic DIP 

ICL7149CM44 O'C to+ 70'C 44 Pin Surface Mount 

0094-1 

A2/D2 

G2/E2 

F,/DP3 

e,;c3 

AOG3/E3 

POL/AC 

NC 

BP2 

BPI 

v• 
NC 

FEATURES 
• 18 Ranges: 

4 DC Voltage-400 mV, 4V, 40V, 400V 
2 AC Voltage-with Optional AC Circuit 
4 DC Current-4 mA, 40 mA, 400 mA, 4A 
4 AC Current with Optional AC Circuit 
4 Resistance-4 kn, 40 kn, 400 kn, 4 Mn 

• 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 · 
• Guaranteed Zero Reading for 0 Volts Input on All 

Ranges 

r 44 43 42 41 40 39 38 37 36 35 34 

I 0 33 
2 D 

10 

11 

ICL7149CM44 

'12 13 14 15 16 17 18 19 20 21 22 

\. b " " ~ g i: 

31 

30 

29 

28 

27 

26 

25 

24 

23 

"D./µA 

D./A 

k/m 

OSC JN 

OSC OUT 

HOLD 

Hlll-OC/LO D.·AC 

V/!l/A 

mA/µA 

BEEPER OUT 

NC 

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, 301672-003 
NOTE: All typical values have been characterized but are not tested 2-117 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (V+ to v-) ......................... 15V 

Reference Input Voltage (VREF to COM) ............... 3V 

Analog Input Current. ........................... 100 µA 
(IN+ Current or IN+ Voltage) 

Clock Input Swing ........................ V+ to v+ - 3 

Power Dissipation (Plastic Package) ............. 800 mW 

Operating Temperature Range ............. o•c to + 70°C 

ICL7149 

Storage Temperature Range ........... -65°C to + 130°C 

Lead Temperature (Soldering, 1 o sec) .............. 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 operational sections of the specifications is not 
implied Exposure to absolute maximum rating conditions for extended pefi. 
ods may affect device reliability. 

ELECTRICAL CHARACTERISTICS v+ = + 9.0V, TA = + 25°C, VREF adjusted for -3.700 reading on DC 

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

Parameter Test Conditions Min Typ Max 

Zero Input Reading V1N or l1N or R1N = 0.00 -00.0 +oo.o 

Linearity (Best Straight Line) (Note 5) (Note 1) -1 +1 

Accuracy DC V, 400 Volt Range Only (Note 1) ±1 

Accuracy DC V, 400 Volt Range Excluded (Note 1) ±0.30 

Accuracy Ohms, 4K and 400K Range (Note 1) ±0.75 

Accuracy Ohms, 40K and 4Meg Range (Note 1) ±1 

Accuracy DC I, Unadjusted for FS (Note1) ±0.75 

Accuracy DC I, Adjusted for FS (Note 1) ±0.2 

Open Circuit Voltage for Ohms Measurements RuNKNOWN = Infinity VREF 

Noise (Note 2, 95% of Time) V1N = 0, DC Volts 0.1 

Supply Current V1N = 0, DC Voltage Range 1.5 2.4 

Analog Common (with Respect to v+) lcoMMON < 10 p.A 2.7 2.9 3.1 

Temperature Coefficient of Analog Common lcoMMON < 10 p.A, -100 
Temp= o·c-10°c 

Output Impedance of Analog Common lcoMMON < 100 p.A 1 10 

Backplane/Segment Drive Voltage Average DC < 50 mV 2.8 3.0 3.2 

Backplane/Segment Display Frequency 75 

Switch Input Current (Note 3) V1N = v+ tov- -50 +50 

Switch Input Levels (High Trip Point) v+ - o.5 v+ 

Switch Input Levels (Mid Trip Point) v- + 3 v+ - 2.5 

Switch Input Levels (Low Trip Point) v- v- + 0.5 

Beeper Output Drive (Rise or Fall Time) CLQAD = 10 nF 25 100 

Beeper Output Frequency 2 

Continuity Detect Range = Low Ohms, 1.5 
VREF = 1.00V 

Power Supply Functional Operation v+ tov- 7 9 11 

Low Battery Detect (Note 4) v+ tov- 6.5 7 7.5 

NOTE 1: Accuracy is defined as the worst case deviation from the ideal input value including: offset, linearity and rollover error. 

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

3: Applies to pins 17-20. 

Units 

v,1,n 

Counts 

%ofRDG ± 1 

% of ROG± 1 

%ofRDG ± 8 

%o!RDG ± 9 

% of ROG± 1 

%ofRDG ± 1 

v 

LSB 

mA 

v 

ppml°C 

n 

v 

Hz 

p.A 

v 

v 

v 

p.S 

kHz 

kn 

v 

v 

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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SWITCHES 

I DIGITAL COl.0.CON 

I 

v+v-coM 

ANALOG SECTION 
ANALOG SWITCHES, INTEGRATOR, 

ANO COMPARATOR 

EXTERNAL 
RESISTORS 

AND 
CAPACITORS 

Figure 2: Functional Diagram 

3%-Digit Autoranging DMM Using Harris' ICL7149 

DE!NTEGRATE 
TD 

INTEGRATE(V/Jl) DISPLAY 

LOJl 

SIA HIJl BEEPER 16 

µA 
INTEGRATE (1) 

OUTPUT 

v• 
INPUTS 

V/!J./µA 

mAO------. 
ICL7149 

co" o-----e-+--< 

= 
SIB 17 

N/C+!!---. 
N/c?-
v'~...-,_.--_, 

N/C~ 

v'+!!---. 

ANALOG 
COi.it.iON 

mA/µA 

N~ :. +-<,_._s 1_c __ 1 "-1 Jl/V / A 

S2A 
v· 

Hlfi,DC 19 S2B 

LO.!l,AC 

v-~ .__R_Er,..1_N __ H .. o_Lo _ _, 

20 
~v• 
~N/C 

LO BAT 

-3999 
AC 

BEEPER . 
- 9V 

::=::BATTERY 

rHIJl/DC 
LOJl/AC 

O OFF 

~v• 
~N/C 

OFF -

Figure 3: ICL7149 Test Circuit 

NOT£: 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 

0 1 Segment Driver, POLI AC 

0 2 Backplane2 

0 3 Backplane 1 

I 4 v+ 

I 5 v-

I 6 Reference Input 

0 7 Lo Ohms 

0 8 Hi Ohms 

1/0 9 Deintegrate 

1/0 10 Analog Common 

I 11 Int I 

I 12 lntV/Ohms 

I 13 Triple Point 

I 14 Auto Zero Capacitor (CAzl 

I 15 Integrate Capacitor (C1NTl 

0 16 Beeper Output 

I 17 mA/µA 

I 18 Ohms/VIA 

I 19 Hi Ohms-DC/Lo Ohms-AC 

I 20 Hold 

0 21 Oscillator Out 

I 22 Oscillator In 

0 23 Segment Driver k/m 

0 24 Segment Driver Ohms/ A 

0 25 Segment Driver M Ohms/ µA 

0 26 Segment Driver Lo Bat/V 

0 27 Segment Driver Bo/Co 

0 28 Segment Driver Ao/Do 

0 29 Segment Driver Go/Eo 

0 30 Segment Driver Fo/DP1 

0 31 Segment Driver B1/C1 

0 32 Segment Driver A1/D1 

0 33 Segment Driver G1 /E1 

0 34 Segment Driver F1/DP1 

0 35 Segment Driver B2/C2 

0 36 Segment Driver A2/D2 

0 37 Segment Driver G2/E2 

0 38 Segment Driver F2/DP3 

0 39 Segment Driver B3/C3 

0 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, segment CO is on backplane 2. 

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

ICL7149 

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 C1NT· 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 1 O 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 (C1NTl is checked, 
and either the DEINT+ or DEINT- is asserted. The integra
tor capacitor C1NT is then discharged with a current equal to 
VREF/RoEINT· The comparator monitors the voltage on 
C1NT· When the voltage on C1NT is reduced to zero (actually 
to the Vos of the comparator), the comparator output 
switches, and the current count is latched. If the C1NT 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 1 O 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 (1 o 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 
Alter 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). 

LOW 
BAT 

-
AC 

DIGIT 3 2 1 D 
I I I \ . , ,, ,-, -rf 9 Jb kll Mll 

0. 0. 0. •fw:)c mAV µA -;I ;I ;I 
DP3 DP2 DP1 

0094-4 

Figure 4: Display Segment Nomenclature 

T = (INT)(AR)(AZ) 
AR= AUTORANGE CHOPPER 
AZ= AUTOZERO 
INT= INTEGRATE 

0094-5 

Figure 5: Detailed Circuit Diagram for DC Voltage Measurement 

NOTE: All typical values have been characterized but are not tested. 
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ICL7149 

FIRST AUTO-ZERO 

FIRST INTEGRATE 

L FIRST DEINTEGRATE 

UNDERRANGE : -----' AUTO-ZERO L 
__lt_ SECOND AUTO-ZERO 

SECOND INTEGRATE 

SECOND DEINTEGRATE 

UNDERRANGE : ___ _. AUTO-ZERO L 
___h_ THIRD AUTO-ZERO 

____IL_ THIRD INTEGRATE 

L THIRD DEINTEGRATE 

UNDERRANGE : ___ _. AUTO-ZERO L 
___ h__ 

FOURTH AUTO-ZERO 

L FOURTH INTEGRATE 

FOURTH DEINTEGRATE 

L AUTO-ZERO 

I I I I I I I I I I I I I I I I I I I I I I I I I 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

0094-6 

Line Frequency Cycles 
(1 Cycle ~ 1000 Internal Clock Pulses ~ 2000 Oscillation Cycles) 

Figure 6: Timing Diagram for DC Voltage Measurement 

DC CURRENT 
Fi~ure 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 ran~es), 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 1 resistor is 
1 megohm, rather than the 1 O megohm value used for the 
R1NT v resistor. 

NOTE: All typical values have been characterized but are not tested. 
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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 R1NT 1 resistor proportionally. 
The DC current measurement timing diagram is similar to 
the DC voltage measurement timing diagram, except in the 
DC cur.rent timing diagram, the first and second integrate 
and de1ntegrate 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 (RKNOWN1 or RKNOWN2 of Figure 10). The shunting 
effect of R1NTV 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 
1 O 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 or RKNOWN2· 

Continuity Indication 
When the ICL7149 is in the LO ohms measurement 

mode, the continuity circuit of Figure 1 :1 will be active. When 
the voltage across Rx is less than approximately 100 mV, 
the beeper output will be on. When RKNOWN is 1 O 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 

2-123 

ICL7149 

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 
ICL7t49 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 1-'A 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 1-'A 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 

Pin v+ OPEN v-
Number or COM 

17 mA 1-'A Test 

18 Ohms Volts Amps 

19 Hi!l/DC Lo!l/AC Test 

20 Hold Auto Test 



GI ... .. 
"" g COMPONENT SELECTION 

For optimum performance while maintaining the low-cost 
advantages of the ICL7149, care must be taken when se
lecting· external components. This section reviews specifi
cations and performance effects of various external compo
nents. 

Integrator, Capacitor, C1NT 
As with all dual-slope integrating convertors, the integra

tion capacitor must have low dielectric absorption to reduce 
linearity errors. Polypropylene capacitors add undetectable 
errors at a reasonable cost, while polystyrene and polycar
bonate may be used in less critical applications. The 
ICL7149 is designed to use a 3.3 nF (0.0033 µF) C1NT with 

ICL7149 

an oscillator frequency of 120 kHz and an R1NTV of 10 me
gohms. With a 100 kHz oscillator frequency (for 50 Hz line 
frequency rejection), both C1NT and R1NTV affect the voltage 
swing.of the integrator. Voltage swing should be as high as 
possible without saturating the integrator, which 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 R1NTV and oscilla
tor frequencies the value of C1NT can·be calculated from: 

C _(l_nt_e~g_ra_te_Ti_m_e_)_x_(l_nt_e~g_ra_te_C_ur_re_n_t) 
INT = (Desired Integrator Swing) 

(10,000 x 2 x Oscillator Period) x 0.4V/R1NTV 

(2V) 

T = (INT)(AR)(AZ) 
AR= AUTORANGE CHOPPER 
AZ = AUTOZERO 
INT = INTEGRATE 

0094-7 

Figure 7: Detailed Circuit Diagram for DC Current Measurement 

NOTE· All typical values have been characterized but are not tested. 
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20M.ll 
VIN 0-..--'\N\,.----------..... -<1..-. 

0-400VAC 
0-1000 Hz 

NOTE: Diodes are low-leakage 10100. 

1.0µF 

100k.ll 

Figure 8: AC Voltage Measurement Using Optional Averaging Circuit 

2.2µF y+ 
_cl+ 

VIN 10M.ll 12 
0-400 VAC INT(V/.ll) 

50-1000Hz 

4.99 k.ll y+ ICL7149 

y-

30 k.ll 

COM 
10 

COMMON 

Figure 9: AC Voltage Measurement Using Optional RMS Converter Circuit 

NOTE· All typical values have been characterized but are not tested. 
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INT V/!l 

Rx 

T =INT+ DEINT 
AZ = AUTOZERO 
INT= INTEGRATE 

ICL7149 

0094-10 

Figure 10: Detailed Circuit Diagram for Ratiometric Ohms Measurement 

LO OHM'" - - - - - - - - - - - - - , 

RKNOWN 

RUN KNOWN Rx BEEPER OUTPUT 

I 

COM 
I Vx= 100 mV .. - - - - - - - - .. 

0094-11 

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 kn 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. 
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Integrator Resistors 
The normal values of the R1NT v and R1NT 1 resistors are 

1 O 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 f-LA 
(the sourcing limit is much higher). Because R1NT v drives a 
virtual ground point, the input impedance of the meter is 
equal to R1NT v-

Deintegration Resistor, RoEINT 
Unlike most dual-slope AID converters, the ICL7149 uses 

different resistors for integration and deintegration. RoEINT 
should normally be the same value as R1NTV• and have the 
same temperature coefficient. Slight errors in matching may 
be corrected by trimming the reference voltage. 

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 sell-dis
charge; 3) Charge injection from the internal autozero 
switches. To avoid errors, the CAz voltage change should 
be less than '/10 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 f-LF for CAz but 0.1 f-LF 
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. CAz may be several 
1 Os of microfarads before approaching this limit. 

6.7V 

ICL7149 OI 
~ ... 
""' The ideal CAz 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 RKNOWN1 and 
RKNOWN2· 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 RiNT 1. The two resistors must be closely 
matched, and the ratio between R1NT 1 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 l!'m 
The Continuity Beeper output is designed to drive a piezo- l[8 

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 

+ 
3V 

ANALOG 
COMMON 
(PIN 10) 

+----LOGIC 
SECTION 

3.1v--..--
DIGITAL 
COMMON LO BAT 
(INTERNAL) 

0094-12 

Figure 12: Analog and Digital Common Voltage Generator Circuit 

NOTE: All typical values have been characterized but are not tested. 
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..I display manufacturers supply a graph that shows contrast 
!:! versus RMS drive voltage. This graph can be used to deter-

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. 

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 Rs 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 µA, 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 PPMl°C. To improve the tempco, an ICL8069 bandgap 
reference may be used (see Figure 15). The reference volt
age source output impedance must be s: RoEINr/4000. 

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 t? 
pin 7 must be able to dissipate 1.2W or 4.BW for short peri
ods of time during accidental application of 110V or 220V 
AC line voltages respectively. 

0094-13 

Figure 13: Internal Oscillator Circuit Diagram 

V V+ 

BACKPLANE _____n.__ __r vo::,2 - ----u-- DCOM 
VRMS ~ ~ VPEAK ON 

VRMS ~ ~ VPEAK OFF 

SEGMENT ON L___IL :PEAK 

II rvPEAK 

SEGMENT OFF __J L___j 0 

VPEAK ~ 3V ± 10% RMS ON -+ 2.37V 

RMS OFF -> 1.06V 

VpEAK (VOLTAGE ACROSS ON SEGMENT) 

0 

VsEGMENT ON 
-2VPEAK 

VPEAK (VOLTAGE ACROSS OFF SEGMENT) 

VsEGMEHT OFF _n._ - 0 

- ~-VPEAK 
0094-14 

Figure 14: Duplexed LCD Drive Waveforms 

NOTE: All typical values have been charactsrized but are not tested. 
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""' Printed Circuit Board Layout 

Considerations 
The rollover error causes the width of the + O count to be -' 

larger than normal. The ICL7139 will thus read zero until 5:? 
several hundred microvolts are applied in the positive direc-

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 /fl and INT I Pins; 2) The 
Triple Point; 3) The RoEINT 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 C1NT during a positive deintegrate cycle. Stray 
capacitance to ground is charged when this occurs, remov
ing some of the charge on C1NT 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. 

y+ 

tion. The ICL7139 will read -1 when approximately 
-100 µ V are applied. 

The rollover error can be minimized by guarding the Triple 
Point and CAz nodes with a trace connected to the C1NT 
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 C1NT 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. 

10MEG 

10 MEG OEINTEGRATE TRIPLE POINT 

1 ME"-G-'Vl""--1 INTEGRATE VOLT/OHM 
-""'"-""INTEGRATE CURRENT 

10K 

.._-----tREFERENCE INPUT 
.._---------!ANALOG COMMON 

EXTERNAL 
REFERENCE 

Figure 15: External Voltage Reference Connection to ICL7149 

NOTE- All typical values have been characterized but are not tested. 
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INPUTS 
V/D. 

A 

SSA 

9 

10MD.12 

1 MD. 11 

9.9D. 

0.1D. 
2W 

TRIPLE CAZ. CINT OSC OSC 
POINT OUT IN 

DEINT DISPLAY 

INT(V/D.) DRIVE 
OUTPUTS 

LOD. 

HID. 
BEEPER 

INT(I) y+ 
ICL7149 

LO BAT rnAVµA 

-3999 
AC kD.MD. 

16 

BEEPER 4 
PIN 4 

1µf 

5 10 ICL8069 
COMMON y-

COMMON 

VREF 18 ._jy+ V/D./A 19 52 S4B HID.-DC/LOD.-AC 

17 
rnA/µA S3 ._jy+ 

20 
HOLD 

mA 

52 Closed: Hin-DC 

53 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 38DBR02H or equivalent. 

4: Beeper is from muRate, part number PKM24-4AO or equivalent. 

9 10 

ICL 7149 

Figure 17: PC Board Layout 

NOTE: AU typical values have been characteriz8d but are not tested. 
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HARRIS ICL7182 
SEMICONDUCTOR .... 

101 Segment LCD Bargraph !:i 
A/D Converter !::! 

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. 

TS SEa. ... SEGy 

A' SEa. .. SIGN 

TI SEG7 

osc SEGO 

vcc SEQ5 

VRoul SEG4 

REFHI SEG3 

REFLD SEG2 

INHI SEG1 

INLO SEGO 

COMMON .... 
vss ••• 
VOS ••• 

BP13 ••• 
BP12 ••• 
BP11 .... 
BP10 81'7 ... 21 .... 

0093-1 

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 ppml°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 o·cto +1o·c 40-Pin Plastic DIP 

ICL7182CM44 o•cto +1o·c 44-Pin Surface Mount 

;:~~~!!?~~~~~~ 

SEG5 
osc SEG-4 

Vee SEG3 
VRour SEG2 
REF HI SEGI 

REF LO SEGO 
IN HI 

IN LO 
COMMON 

Vss BPI 
Vos BP2 

..-, N .- Om CO ...... U) It) .... r<') 

ii iii ii~ a; 8i 8i ~ ~ 8i 8i 

0093-26 

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 ANO SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 310675-002 
NOTE: All typical vafuss have bean charactorized but are not tested. 2-131 
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g ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range .......... -25°C to + 85°C Supply Voltage <Vee to Vss) ........................ 1 OV 

Supply Voltage <Vee to Vos) ..............•......... 11V 

Display Drive Pin Voltage ...... (Vee+0.3V) to <Vos-0.3V) 

Analog or Reference Inputs .... (Vee+0.3V) to (Vss-0.3V) 

Com, Osc, Ax, Ay, 
Az, T1, T5 Pins ............. (Vee+0.3V) to (Vss-0.3V) 

Continuous Total Power Dissipation (TA = 25°C) 
40 Pin DIP Plastic Package ................... 500 mW 
44 Pin CM Plastic Package •.................. 375 mW 

NOTE: Stresses above those listed under "Absolute Maximum RaUngs" 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 

Reference Output Current ..........•.............. 8 mA 

Lead Temperature (Soldering, 10 sec) ...•.........• 300"C 

. above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peti· 
ods may affect device reliability. 

Storage Temperature Range ........... -65°C to + 150°C 

ELECTRICAL CHARACTERISTICS Unless otherwise stated: Vee = 5.0V, Vss = Vos = GND, TA = 25°C, 

VREF = 1.000V, VINeM = VREFeM = 2.5V, pin 6 open (Note 1) 

Parameter Test Conditions 
Limits 

Units 
Min Typ Max 

Zero Input Reading V1N = O.OV -0 ±0 +o Segs 
Unadjusted Gain Error V1N = VREF -1 0 +1 Sags 
Linearity Error (Note2) -0.63 ±0.2 +0.63 Segs 
Rollover Error V1N = -VREF(Note3) -0.5 ±0.1 +0.5 Sags 
Conversion Time 400 p.S 
Display Update Rate 25 Hz 
Input Referred Noise (Note'4) 500 µ.V 
DC Power Supply Rejection Vee = 4.5 to 6.0V 0.02 0.3 Segs/V 

ANALOG INPUT 

Common Mode Rejection Ratio VINeM = ov to 5V, V1N "' ov 0.02 0.1 Segs/V 
Differential Mode Input 1.0 1.1 v 
Average Input Current V1N = 1.0V (Note 5) 1.3 nA 

REFERENCE INPUT 

Common Mode Rejection Ratio VREFeM = 0.5V to 4.5V O.Q1 0.1 Segs/V 
Average Input Current (Note6) 6 nA 

REFERENCE OUTPUT 

Output Voltage Vee - VRout, lout =.O µ.A 2.520 2.560 2.590 v 
Temperature Coefficient -25°C <TA < B5°C, lout = o µ.A 50 200 ppml°C 
Output Impedance lout= +10µ.Ato -2mA 1.3 5 0 
Current Into VRout Pin 10 20 µ.A 
Current Out of VRout 8 2 mA 
Output Noise 0.1 Hz to 10 Hz (Note 4) 110 µ.V 

POWER SUPPLY 

SupR)y Current Average (Note6) 350 500 µ.A 
Supply Current Peak (Note6) 1.5 2.0 mA 
Supply Voltage Range Guaranteed by PSRR 4.5 5.0 6.0 v 

OSCILLATOR 

Oscillator Frequency OscPinOpen 26 51 72 kHz 
Backplane Frequency OscPinOpen 25 50 70 Hz 

DISPLAY DRIVE 

Display Output Impedance Vee - Vos= 3Vto7V 70 200 kO 
DC Component of Display Vee - Vos = 3V to 7V -50 ±10 50 mV 
Vos Supply Current Vee - Vos = 3V to 7V (Note 7) 60 120 µ.A 

NOTE: All typlcaJ valu6s have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS (Continued) Unless otherwise stated: Vee = 5.0V, Vss = Vos = GND, 
TA= 25"C, VREF = 1.000V, VINeM = VREFeM = 2.5V, pin 6 open (Note 1) 

Parameter Test Conditions 
Limits 

Units 
Min Typ Max 

ANNUNCIATOR INPUTS 

Input High Voltage Operating Temp Range 2.4 v 
Input Low Voltage Operating Temp Range 0.8 v 
Input Leakage Operating Temp Range -1 0.001 +1 µA 

NOTE 1: The differential mode input voltages are defined as: V1N ~ (IN HI - IN LO) and VREF ~ (REF HI - REF LO). The common mode input voltage, VINcM 
and VREFcM. is defined as the average differential input voltage with respect to Vss. 

2: The linearity error is the deviation from a straight line which passes through negative full scale and postive full scale readings. 

3: The rollover error is defined as the difference in reading for equal positive and negative inputs near full·scale. 

4: Peak to peak value not exceeded 95% of the time ( ± 2 standard deviations). 

5: Defined as the average current flowing into the input with a 1.0 µ.F capacitor across V1N or VREF inputs and the common mode voltage at Yz VCC. 

6! The average supply current is measured with a supply bypass capacitor and annunciator inputs tied to V55. 

7: The supply current for Vos flows from the Vee 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 T1 Test pin # 1, normally left open or tied to V55. 

6 Osc 50 kHz free running oscillator control and clock input pin. The internal oscillator may be 
overdriven by a 30 to BO kHz external clock driving pin 6, or the free running frequency can be 
reduced by adding an external capacitor between pin 6 and Vee-

7 Vee Positive supply voltage. 

B VRout Bandgap reference buffered output, down 2.56V from Vee. 

9 REFHI Positive Reference Input. 

10 REF LO Negative Reference Input. 

11 INHI Positive Analog Input. 

12 INLO Negative Analog Input. 

13 Common Internally generated voltage which is typically within ± 50 mV of % (Vee - Vss) and has 1.4 kn 
output impedance. This pin is normally left open or bypassed with a 0.1 µF capacitor to signal 
ground. 

14 Vss Negative supply voltage, normally ground. 

15 Vos 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: AH typical values have be8n characterized but are not tested. 
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Figure 2: Functional Diagram 

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

SIGN 

OVERRANGE 

100-===-

90 -

20-=-

10-==-

o-==-

Figure 3: ICL7182 using the internal reference. 
Values shown are for 1.000V full-scale, 25 readings 

per second, single SV supply. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

Average Analog Input Current vs. 
Frequency and Common Mode Voltage 
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NOTE: All typical values have been characterized but anJ not tested. 
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Average Reference Input Current vs. 
Frequency and Common Mode Voltage 
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..I g TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 

Oscillator Frequency vs. Pin #6 Capacitor 
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Backplane Output Impedance vs. 
Vos and Temperature 
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Reference Bias Current vs. 
Breakdown Voltage 
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NOTE All typical values have been characterized but are not tested. 
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Oscillator Frequency vs. Temperature 
and Supply Voltage 
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Reference Output vs.Temperature 
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FUNCTIONAL DESCRIPTION 
A functional diagram of the ICL71B2 AID 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 
1 B 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 µA 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 µA to 
1.3mA 

0-47 Converter autozero begins 
48 IN LO is sampled 
49 IN HI is 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 
300µA 

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: AH typical values have besn 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 
Rs (max) = -----

6 (Fosc) (Gin) 

Where: Fosc = Oscillator frequency 

Gin = 40 pF, typical input capacitance 

Rs = Source resistance 

Input Bypass Capacitor 
For source resistances larger than Rs above (typically 

BO k!l) 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 

Cll 
CIO .. .... ... 
g 

analog input and 6 nA for the reference input. The effects of II 
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 Vee and the anode tied to 
VRout. The regulator circuitry maintains a low 1.30. output 
impedance for bias currents through the zener between 
90 µA and 2 mA. At minimum supply voltage the internal 
20 kn resistor will provide 10 µA 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. 
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CD .. .... 
g Display Drive 

The binary output of the AID 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 Vee supply, the Vos supply, and the output of a 
voltage divider which is connected between Vee and Vos. 
The two levels of the segment drive are set by the Vee and 
Vos 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. 

ON 
BACKPLANE 
WAVEFORM 

OFF 
BACKPLANE 
WAVEFORM 

UNIQUE 
BACKPLANE 
WAVEFORM 

ON_J SEGMENT 
WAVEFORM 

OFF 
SEGMENT 

WAVEFORM ------' 

ANNUNCIAT~~ _J 
WAVEFORM 

OFFI ANHUNCIATO~ 
WAVEFORM '"· ____ _. 

Figure 4: Display Drive Waveforms 
0093-12 

The LCD segments appear ON when the RMS voltage 
between the backplane and segment drives is greater than 
the 90%-0N voltage of the LCD fluid, and they appear OFF 
when the RMS voltage is less than 10%-0N 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 Vos 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 Vos is set 
within the range determined by the equation below. 

(1.27)(Vth9o%l,;; (Vee - Vos),;; (2.26)(Vth10%l 

Where: Vthso% = 90% ON Visual Threshold 

Vth10% = 10% ON Visual Threshold 

For example the Hamlin Inc. type 02 LCD fluid has 
Vth90% = 3.05V and Vth10% = 2.2V, therefore the best 
contrast is achieved when Vee - Vos is set between 3.9V 
and 5V. For most applications where Vee is tied to a + 5V 
supply the Vos pin can be tied to ground. 

To accommodate a large range of temperatures and fluid 
types the Vos pin can be driven above or below Vss· The 
voltage difference between Vee and Vos can vary from 
from 3V to 7V. For Vee - Vos less than 3V the output 
impedance of the backplane drivers increase substantially. 
The dependence of display drive output impedance on Vos 
and temperature is ·shown in the typical performance 
curves. 

O+ 

1oor--T.-----,T.----.... - .... -~--,--, 
I 0 = -1!" lJl° = 0 

9ot--T1= 2~°C n~~ A 
80 /I t.L_'f" r 
70 0 = -30° a..j l_ v 
60 I rf.I7 
so I r,.,o = +10° 
40 

VOFF = I ~ 
1.1VRMS :;;:;-+l"t.._.m+---H ... l---<Vol--N-=+2-.-1V-+--t 

201--+-___,f.Tim-+--+--+--+---+--~ 

30 

~ I 
10 1-----11----<1+.1--+--t-+--t 
oi...__.~ ... 11.-...i..-.L.L-'----L--'--~ 

0 2 3 4 

APPLIED VOLTAGE (V RMS) 

0093-13 

Figure 5: Contrast vs. Applied RMS Voltage 



Display Set Voltage (Continued) 

6 

PEAK VOLTAGE 
H FOR 90% CONTRAST -... ..... 

4 (ON) - H ,.....,...._ 
~ ~ 3 

2 

0 
-10 0 

PEAK VOLTAGE i-,.. 
FOR 10% CONTRAST 

(OFF) 

10 20 30 40 

AMBIENT TEMPERATURE (°C) 

Figure 6: Temperature Dependence 
of LC Threshold 

Temperature Effects and 
Temperature Compensation 

50 

0093-14 

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 O'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 l°C. This means that as tern-

NOTE: AH typical values have bs8n charactsrU9d but ars not tsstad. 
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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 coritrast for ON segments at low tem
peratures). 

For applications where the display temperature may vary 
to wider extremes, the display voltage Vo1sp (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 Vss as shown in Figure 7. A potenti
ometer with a maximum value of 100 kO 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 

100Kll ~l-------<o-----'-15"-IVDS 

r10nF 

ICL7182 

Figure 7: Simple Display 
Voltage Adjustment 

7 
vcc 

vss 14 

+5 

0093-15 
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~ Display Set Voltage (Continued) 

200kl> 
POTENTIOMETER 

VDD 

10K<> 

10nF 

T 

VDS vcc +5 

vss 

ICL7182 

0093-16 

Figure BA: Temperature compensation and contrast adjustment for LCD fluid types which have visual 
threshold tempcos of - -10 mV re and operate with 3V to 4.0V. 

Y+ = +SY 

1N914 

+ 

10.F -

1N914 

r--------ITS Yee 

~----ovRout 

2001c 
ICL7192 

10nF 20K 

V- ~ -3.3V 
0093-17 

Figure BB: 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 - - B mV re the collector of Q 1 and 200 k!l resistor should be tied 
to VROUT• for larger threshold tempcos of - -16 mV l°C this point should be tied to Vee· 

+5V 

l GND ¥ Vee 

Vsu 

ICL7&64 

VOUT1 t---------1 ICL7182 

Youn Vos v .. _ 

v .. 

J 
-

0093-18 

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 voltage and temperature compensation independently. 

NOTE: Alf typical values have· been characterized but 81'9 not tested. 
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Display Layout 
Custom displays developed for the ICL7182 need to be 

arranged such that the B 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 

ANN(') 111 
ANN(A,V) 11 

ANN(A) m 

ANN(a, k) ll 
ANN(k) 11 

ANN(m) 13 
SIGN 13 

SEG7 1!1 
SEGS l!I 
SEGS Iii 
SEG 4 0 

SEG3 0 
SEG2 Cl 
SEG 1 Cl 
SEG 0 Cl 

rbA'E 
+ 

VISIBLE 
SEGMENTS 

111 ANN(C,F) 
Ill ANN(F) 
Ill ANN(C) 
Ill ANN (V, C, F) 

II BP 1 

II BP 13 
Ill BP12 

Ill BP11 
El BP10 

Cl BP9 
Cl BPS 

Cl BP7 
Cl BPS 

'"BPS 
a BP4 

Cl BP3 
Cl BP2 

Cl BP 1 

ANN (a, k) 
ANN(k) 

ANN(m) 
SIGN 

SEG7 
SEGS 
SEGS 
SEG4 

SEG3 
SEG2 
SEG 1 
SEGO 

l!ilJll;I BP 1 

lllirilBP13 
E\111111BP12 

=BP11 
BP10 

llilEll BP9 
DI BPS 

Elm BP7 
Iii& BPS 

lli!lllll BPS 
llllllil BP4 

lllDl BP 3 
[3;:lll BP2 

[l!';!l!l BP 1 

SEGMENT 
LAYOUT 

Figure 10: Custom LCD Layout 

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

2-141 

RCL.7182 

• 

BPS 
BP4 

BP3 
BP2 

BP1 
0 

BACKPLANE 
LAYOUT 

0093-19 

"' co .... .... .... 
!:! 

DI 



(II 
CD .. .... 

ICL7182 

g APPLICATIONS 

TO 
DISPLAY 

0093-20 

Figure 11: 7182 using the internal reference. Values shown are for 1.00V full-scale, 1 o/o adjustment 
sensitivity, 24 readings per second, 6V floating supply (four stacked 1.5V dry cells).• 

TO 
DISPLAY 

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, 0.25o/o adjustment sensitivity. 

NOTE: All typical values have been characterized but are not tssted. 
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APPLICATIONS (Continued) 

100kQ V+ 

vcc I 
Ax SEGx 

= +SV ICL7182 CMOS 
LOGIC 

CONTROL 

VSS 
VOS 

Figure 13: Using Exclusive 'OR' Gate for additional annunciator drivers. 

V+ 

GND 

TO 
DISPLAY 

Figure 14: 7182 measuring ratiometric values of Quad Load Cell. 

ICL7182 

0093-22 

0093-23 

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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V+ 
5.0V 

VDD 

R, R2 

100K 2.7MP_..4;.... ___ "I 

c, 
220pF 

Q---1 f--4~--=-t 

ICM 
7555 

U1 

INPUT V-
FROM 
SENSOR C2 

GND 
V-

100pF 

VDD 

Vo= 1/RC 
V1N S + 1 /R3C3 

le= --1-
2"R3C3 

SW1 Momentary 
Switch SPST 

V1N = 264 mV @ 5000 RPM 
4 Stroke VB 

R,, 

1M 

NC 

SW1 

NO 

VDD 

R,, 
400K 

RPM Hz Period 

600 10 100ms 

1000 16.7 60ms 

5000 83 12 ms 

10,000 166.7 6ms 

R, 
100K 

w 
R, 

11M 

VDD 

R, 
12K 

R, 
10K 

R, 
12K 

No.of 

c, 
0.47 F 

ICL7182 

VDD 

11 IN HI 

ICL 
7182 

U3 

12 
IN LO 

8 VROUT 

g REF HI 

10 REF LO 

vss 
14 

0093-24 

Events Strokes 
Cylinders Per Cycle Per Cycle 

1 0.5 4 

4 2 4 

6 3 4 

8 4 4 

Figure 15: Tachometer with Set Point 

NOTE: All typical values havs been characterized but ars not tested. 
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APPLICATIONS (Continued) 

R3 
8.2K 

AD590 
Temp. 

Sensor 

Rf 
4K 

VRf 
fOK Full Scale Adj 
><~------10 Vref-

ICL7f 82 

VR2 
!OK Zero Adjust 

;;:><~-------! f Vin+ 

e--------i 8 Vref out 

-----+--------! 2 Vin-

R2 
7.5K 50k 

VR3 

DISPLAY CONTRAST 
ADJUSTMENT 

15 VOS 

Vss 
14 

Duplexed 
LCD 

Display 

Ot!cals show that A/D can be nl for both oC and 0r 

Decal Decal Decal 

1:~11:~11:~1 
+80 +100 +100 

-o.o 

Decals show hew zero can be offset by zero adjustment 

Figure 16: Basic digital thermometer, Celsius and Fahrenheit scales. 
This Vos pin can be connected as shown in Figure 11. 

NOTE: All typical values have been characterized but are not tesled. 
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mJ HARRIS 

PRELIMINARY 
May 1991 

Features 

• ±200,000 Count AID Converter 

• 2V Full Scale Reading With 1 OµV Resolution 

• 15 Conversions Per Second in 51/2 Digit Mode 

• 60 Conversions Per Second in 41h Digit Mode 

• Serial or Parallel Interface Modes 

• Four Selectable Baud Rates 

• Differential Analog Input 

• Differential Reference Input 

• Digital Autozero 

Applications 

• Weigh Scales 

• Part Counting Scales 

• Laboratory Instruments 

• Process Control/Monitoring 

• Energy Management 

• Seismic Monitoring 

Hl-7159 
Microprocessor Compatible 

51/2 Digit A/D Converter 

Description 

The Harris Hl-7159 is a monolithic ND converter that uses 
a unique dual slope technique which allows it to resolve in
put changes as small as 1 part in 200,000 (1 OµV) without 
the use of critical external components. Its digital 
autozeroing feature virtually eliminates zero drift over 
temperature. The device is fabricated in Harris' proprietary 
low noise BiMOS process, resulting in exceptional linearity 
and noise performance. 

The Hl-7159's resolution can be switched between a high 
resolution 200,000 count (5Y, digit) mode, and a high 
speed 20,000 count (4Y, digit) mode without any hardware 
modifications. In the 4Y, digit uncompensated mode, 
speeds of 60 conversions per second can be achieved. The 
Hl-7159 is designed to be easily interfaced with most 
microprocessors through either of tts two serial and one 
parallel interface modes. In the serial modes, any one of tour 
common.Baud ·rates is available. 

Ordering Information 

PART NUMBER TEMPERATURE RANGE PACKAGE 

Hl3-7159-5 00Cto+750C 28 Pin Plastic DIP 

Pin out Functional Block Diagram 

BUF OUT 4 

CREF-
GUARD 

CREF • 6 

CREF+ 
GUARD 

VREF LO 

AGNO 

VINHI 

28 LEAD PLASTIC DIP 
TOP VIEW 

SEL 

XTAL 

DGND 

P7/BRS1 

P6/BRSO 

P5/SAD3 

P4/SAD2 

P3/SAD1 

P2/SADO 

P1/SMS1 

PO/SMSO 

CS/SAD4 

CfNT 

R1NT 

VREF HI 

VREF LO 

V1N HI 

V1NLO 

CREF 

ANALOG 
STATE 

MACHINE 

UART 

SEL 
VINLO WR/fXD ! ________________ _ 

VEE RDJRXD 

CAUTION: These devices are sensitive to electrostatic discharge. Proper l.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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®HARRIS \II.I SEMICONDUCTOR 

GENERAL DESCRIPTION 
"Cl The ICL7104, combined with the ICL8052 or ICL8068, 
c forms a member of Harris' high performance AID converter 
IV family. The ICL7104-16, performs the analog switching and 
ot- digital function for a 16-bit binary AID converter, with full 
0 three-state output, UART handshake capability, and other 
~ outputs for easy interfacing. The ICL7014-14 is a 14-bit ver
..1 sion. The analog section, as with all Harris' integrating con
() verters, provides fully precise Auto-Zero, Auto-Polarity (in
::::, eluding ± O null indication), single reference operation, very 
~ high input impedance, true input integration over a constant 
o period for maximum EMI rejection, fully ratiometric opera
Cl) lion, 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 

Part Number 

ICL8052CPD 
ICL8052CDD 
ICL8052CJD 
ICL8052ACPD 
ICL8052ACDD 
ICL8052ACJD 

ANALOG 
INPUT I 

Temp. Range Package 

O'Cto +70'C 14-Pin Plastic DIP 
O'Cto +70'C 14-Pin Ceramic DIP 
O'Cto +70'C 14-Pin CERDIP 
O'Cto +70'C 14-Pin Plastic DIP 
O'Cto +70'C 14-Pin Ceramic DIP 
O'Cto +70'C 14-Pin CERDIP 

+1GV -11SY 

,OJ-,, 0 1 

ANALOG. l:o 
GNO - ... ~-- _.,._+--+-...,_~ L------REF 

CA? CAP 
(t) CREF (J) 

ICL8052/ICL 7104 
and 1Cl8068/ICL7104 

14/16-Bit ,uP-Compatible 
2-Chip A/D Converter 

FEATURES 
a 16/14 Bit Binary Three-State Latched Outputs Plus 

Polarity and Overrange 
o Ideally 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 
o Auto-Zero; Auto-Polarity 

• Accuracy Guaranteed to 1 Count 
o All Outputs TTL Compatible 
o ±4V Analog Input Range 

" Status Signal Available for External Sync, A/Z in 
Preamp, etc 

Part Number Temp. Range Package 

ICL8068CDD O'Cto +70'C 14-Pin Ceramic DIP 
ICL8068ACDD O'Cto +70'C 14-Pin Ceramic DIP 
ICL8068ACJD O'Cto +70'C 14-Pin CERDIP 
ICL7104-14CPL O'Cto +70'C 40-Pin Plastic DIP 
ICL7104-16CPL O'Cto +70'C 40-Pin Plastic DIP 

0346-1 

Figure 1: ICL8052A (8068A)/ICL7104 16/14 Bit A/D Converter Functional Diagram 

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 Alf typical values have been cbaracterizod but are not tested. 3-3 



ICL8052/ICL 7104 and ICL8068/ICL 7104 .... 
0 ... .... 

ABSOLUTE MAXIMUM RATINGS cj 
Power Dissipation (1) All Devices ................ 500mW ICL7104 ::::, 
Storage Temperature ................ -65:Cto +150°C v+ Supply(GNDtoV+) .......................... 12V : 
Operating Temperature ................... o·c to + 70°C v + + to v- ..................................... 32V o 
Lead Temperature (Soldering, 10sec) ............. 300°C Positive Supply Voltage (GND to v+ +) ............. 17V CO 

ICL8052, 8068 Negative Supply Voltage (GNDto v-) ............ -17V ..I 
Supply Voltage ................................. ± 18V Analog Input Voltage (Pins 32-39) (4) ....... v+ +to v- §:! 

Differential Input Voltage (Bo~:b52). ". ". ". ". .. ". ". ". ". ". ". ". ".: ". .±;~~ DiI~~;i~~6,0!~~g·e· ......... (GND-O.SV) to (V+ +o.SV) ] 

Input Voltage (2) ............................... ± 15V 'Ill' 
Output Short Circuit Duration, o 

All Outputs (3) ............................. 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 P... 

temperatures, derate 1 OmW /°C. ..I 

~~ ~~~~u~~~~i~c;;::;~~ l~;~;~~~d ~; ~~h~~·.~::~."~a~n~i::.;~~t :~~~6·.~~i~~~lt!~;:,:~:r~~Y voltage. ~ 
4 Input voltages may exceed the supply voltages provided the input current is limited to ± 100µ.A. II) 
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 0 

recommended that no inputs from sources not on the same power supply be applied to the ICL7104 before its power supply is established. CD 

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 impli'ed Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

V" y++ y-
INTEGRATOR DIGGND DIGGND COMP IN 
OUT STTS STTS REFCAP 1 

POL. POL VREF 
COMP BUFFER O.R. 0.R. AZ 

OUT (+lN) BIT 16 BIT 14 ANALOG GND 
BIT 15 BIT 13 REFCAP 2 

REF INTEGRATOR BIT 14 BIT 12 BUF IN 
CAP (+IN) BIT 13 ICL7104 BIT 11 ANALOG llP 

BIT 12 10 -16 BIT 10 V+ 
REF INTEGRATOR BIT 11 BIT9 an 

PASS (-IN) BtT 10 N.C. SEN 
BIT9 N.C. RIH 

BUFFER BIT 8 " BITS MODE 
(-IN) BIT1 .. BIT7 CLOCK 2 

BIT& 11 BIT& CLOCK 1 
REF BUFFER BIT5 " BIT 5 I NOTE OUT OUT BIT4 11 BIT4 

BIT3 .. BIT3 IiiEN 
REF BIT2 BIT2 BtT 1 

SUPPLY 
0346-3 

0346-2 (OUTLINE DWGS DL, JL, PL) 
(OUTLINE DWGS DD, JD, PD) Figure 2: Pin Configurations 

ICL7104 ELECTRICAL CHARACTERISTICS (V+ = +5V, v+ + 

fcLOCK = 200 kHz) 

Symbol Characteristics Test Conditions 

l1N Clock Input CLOCK 1 V;n= +5VtoOV 

l1N Comparator l/P COMP IN (Note 1) V;n=OVto +5V 

l1H Inputs MODE V1N= +5V 

l1L with Pulldown V;n=OV 

l1H Inputs SEN,R/Fi V;n= +5V 

l1L with LBEN, MBEN, } (Note2) 
V;n=OV 

Pullups HBEN, CE/LO 

NOTE: All typ;cal values have been characterized but are not tested. 

3-4 

+15V, v- = -15V, TA= 25°C, 

Min Typ Max Unit 

±2 ±7 ±30 µA 

-10 ±0.001 +10 µA 

+1 +5 +30 µA 

-10 ±0.01 +10 µA 

-10 ±0.01 +10 µA 

-30 -5 -1 µA 

... 
5:! 
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0 ICL8052/ICL 7104 and ICL8068/ICL 7104 .. .... 
~ ICL7104 ELECTRICAL CHARACTERISTICS 
:::::, (V+ = +5V, v++ = +15V, v- = -15V, TA= 25°C, fclOCK = 200 kHz) (Continued) 
Cl) 
co 
0 
Cl) ... 
!:! ,, 
c 
IV 

-.:!' 
0 .. .... ... 
u 
:::::. 
(II .,, 
0 
Cl) ... 
!:! 

Symbol Characteristics 

V1H Input High Voltage All Digital Inputs 

V1l Input Low Voltage All Digital Inputs 

Vol Digital 
IBEN } 

VoH Outputs MBEN (16-only) 
(Note3) 

VoH Three-Stated HBEN 
On CE/LO 

BIT n, POL, OR 

lol 
Digital Outputs 

BIT n, POL, OR 
Three-Stated Off 

Vol Non-Three State STTS 

VoH Digital 

Vol Output CLOCK2 

VoH 

Vol CLOCKS (-140NLY) 

VoH 

Ros( on) Switch 1 

Ros( on) Switches 2,3 

Ros( on) Switch Switches 4,5,6, 7,8,9 

lo(olO Switch Leakage 

fclOCK Clock Clock Freq. (Note 4) 

1+ Supply Currents 
+ 5V Supply Current 
All outputs high impedance 

1++ + 15V Supply Current 

1- -15V Supply Current 

v+ Supply Voltage Logic Supply 

v++ Range Positive Supply 

v- Negative Supply 

NOTES: 1. This spec applies when not in Auto-Zero phase. 

Test Conditions 

lol =1.6mA 

loH= -10µA 

loH= -240µA 

0:5:Vout:;;;v+ 

lol =3.2mA 

loH= -400µA 

lol =320µA 

loH= -320µA 

lol =1.6mA 

loH= -320µA 

Freq.= 200kHz 

Freq.= 200kHz 

Freq.= 200kHz 

Notes 

Min 

2.5 

-

2.4 

-10 

-
2.4 

2.4 

-

-

-
-
DC 

4.0 

+10.0 

-16.0 

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 characterizod but are not tested. 
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Typ Max Unit 

2.0 - v 

1.5 1.0 v 

0.27 .4 v 

4.5 - v 

3.5 - v 

±.001 +10 µA 

0.3 .4 v 

3.3 - v 

0.5 v 

4.5 v 

0.27 .4 v 

3.5 v 

25k n 
4k 20k n 
2k 10k n 
15 pA 

200 400 kHz 

200 600 µA 

.3 1.0 mA 

25 200 µA 

+11.0 v 

+16.0 v 

-10.0 v 
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ICL8052/ICL7104 and ICL8068/ICL7104 

ICL8068 ELECTRICAL CHARACTERISTICS (VsuPPLv= ±15Vunlessotherwisespecified) 

Symbol Characteristics Test Conditions 
8068 8068A 

Unit 
Min Typ Max Min Typ Max 

EACH OPERATIONAL AMPLIFIER 

Vos Input Offset Voltage VcM=OV 20 65 20 65 mV 

l1N Input Current (either input) (Note 1) VcM=OV 175 250 80 150 pA 

CMRR Common-Mode Rejection Ratio VcM= ±10V 70 90 70 90 dB 

Non-Linear Component of Common- VcM= ±2V 110 110 dB 
Mode Rejection Ratio (Note 2) 

Av Large Signal Voltage Gain AL =50k!1 20,000 20,000 VIV 

SR Slew Rate 6 6 V/µs 

GBW Unity Gain Bandwidth 2 2 MHz 

lsc Output Short-Circuit Current 5 5 mA 

COMPARATOR AMPLIFIER 

AvoL Small-signal Voltage Gain AL =30k!1 4000 VIV 

+Vo Positive Output Voltage Swing +12 +13 +12 +13 v 
-Vo Negative Output Voltage Swing -2.0 -2.6 -2.0 -2.6 v 

VOLTAGE REFERENCE 

Vo Output Voltage 1.5 1.75 2.0 1.60 1.75 1.90 v 
Ro Output Resistance 5 5 n 
TC Temperature Coefficient 50 40 ppm/'C 

VsuPPLY Supply Voltage Range ±10 ±16 ±10 ±16 v 
lsuPPLY Supply Current Total 14 8 14 mA 

ICL8052 ELECTRICAL CHARACTERISTICS (VsuPPLv= ± 15V unless otherwise specified) 

Symbol Characteristics Test Conditions 
8052 8052A 

Unit 
Min Typ Max Min Typ Max 

EACH OPERATIONAL AMPLIFIER 

Vos Input Offset Voltage VcM=OV 20 75 20 75 mV 

l1N Input Current (either input) (Note 1) VcM=OV 5 50 2 10 pA 

CMRR Common-Mode Rejection Ratio VcM= ±10V 70 90 70 90 dB 

Non-Linear Component of Common- VcM= ±2V 110 110 dB 
Mode Rejection Ratio (Note 2) 

Av Large Signal Voltage Gain AL =50k!1 20,000 20,000 VIV 

SR Slew Rate 6 6 V/µs 

GBW Unity Gain Bandwidth 1 1 MHz 

lsc Output Short-Circuit Current 20 20 mA 

COMPARATOR AMPLIFIER 

AvoL Small-signal Voltage Gain AL =30k!1 4000 VIV 

+Vo Positive Output Voltage Swing +12 +13 +12 +13 v 
-Vo Negative Output Voltage Swing -2.0 -2.6 -2.0 -2.6 v 

NOTE Alf typical values have been characterized but are not tested 
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d ICL8052 ELECTRICAL CHARACTERISTICS (VsuPPL v= ± 15V unless otherwise specified) (Continued) 
:::::. 
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Symbol 

Vo 

Ro 

TC 

VsuPPLY 

lsuPPLY 

Characteristics 

Output Voltage 

Output Resistance 

Temperature Coefficient 

Supply Voltage Range 

Supply Current Total 

Test Conditions 
8052 

Min Typ 

VOLTAGE REFERENCE 

1.5 1.75 

5 

50 

±10 

6 

8052A 
Unit 

Max Min Typ Max 

2.0 1.60 1.75 1.90 v 

5 n 
40 ppm/'C 

±16 ±10 ±16 v 

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 J· Due to limited 
~ production test time, the input bias currents are measured with junctions at ambient temperature. In normal operation the junction temperature rises 
ID above the ambient temperature as a result of internal power dissipation, Pd. T J =TA+ AoJAPd where RoJA is the thermal resistance from junction to 
0 ambient. A heat sink can be used to reduce temperature rise. 3 2. This is the only component that causes error in dual-slope converter. 

S:! 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 
V;0 =0.0V 

-00000 ±00000 +00000 -00000 ±00000 +00000 Counts 
VREF=2.000V 

Ratiometric Error(1) V;n = VREF = 2.0000V -1 0 +1 -1 0 +1 LSB 

Linearity over ±Full Scale (error 
-4V:O:V;0 :0:+4V 0.5 1 0.5 1 LSB 

of reading from best straight line) 

Differential Linearity (difference 

between worst case step of -4V:O:V;0 :0: +4V .01 .01 LSB 

adjacent counts and ideal step) 

Rollover error (Difference in 

reading for equal positive & neg- -V;0 = +V;n"" 4V 0.5 1 0.5 1 LSB 
alive voltage near full scale) 

Noise (P-P value not exceeded V;0 =0V 
2 2 µV 

95% of time) Full scale= 4.000V 

Leakage Current at Input (2) V;0 =0V 100 165 100 165 pA 

Zero Reading Drift 
V;0 =0V 

0.5 0.5 µV/°C 
O'C:O:TA:0:70'C 

Scale Factor Temperature (3) 
V;0 = +4V 

2 5 2 5 ppm/'C 

Coefficient 
O:o:TA:0:50'C 

ext. ref. Oppm/'C 

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

Min Typ Max Min Typ Max 

Zero Input Reading 
V;n = O.OV 

-00000 ±00000 +00000 -00000 ±00000 +00000 
VREF=2.000V 

Ratiometric Error (3) V;n = VREF = 2.0000V -1 0 +1 -1 0 +1 

Linearity over ±Full Scale (error 
-4VsV;ns +4V 0.5 1 0.5 1 

of reading from best straight line) 

Differential Linearity (difference 
between worst case step of -4VsV;ns +4V .01 .01 
adjacent counts and ideal step) 

Rollover error (Difference in 
reading for equal positive & -V;n= +V;n:::::4V 0.5 1 0.5 1 
negative voltage near full scale) 

Noise (P-P value not exceeded V;n=OV 
95% of time) Full scale=4.000V 30 30 

Leakage Current at Input (2) V;n=OV 20 30 20 30 

Zero Reading Drift 
V;n=OV 

0.5 0.5 
OsTAs70'C 

Scale Factor Temperature 
V;n= +4V 

Coefficient 
OsTAs70'C 2 2 
(ext. ref. Oppm/'C) 

NOTES: 1. Tested with low dielectric absorption integrating capacitor. 

Unit 

Counts 

LSB 

LSB 

LSB 

LSB 

µV 

pA 

µV/'C 

ppm/'C 

2. The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T J· 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 J =TA+ ReJAPd where AoJA 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· Alf typical values have been characterized but are not tested. 
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ICL8052/ICL 7104 and ICL8068/ICL 7104· 

I052A/ 
ll06IA 

MOD! 

COHYERT 
CONTllOL 

.... 

.-~-. 

! ~ or CHIP U:U!:CT 2 
~~--~.__~~~~ 

CHIP SELECT 1 

Figure 3: Full 18 Bit.Three State Output 

COHYERT 

Rill 

CONTllOL 

I052A/ 
8088A 

7104 

I052A/ 
ll06IA 

HHliilmiiLIDI 

CONTROL 

11/H 

7104 

111111 lliDI Li6i 

CONTROL 

Figure 4: Various Combinations of Byte Disables 

NOTE: All typical values have been characterized but are not tested. 
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ICL8052/ICL 7104 and ICL8068/ICL 7104 

AC CHARACTERISTICS (v+ + = + 1sv, v+ = +5V, v- = -15V) 

CE/LO 
AS INPUT 

mim; 
AS INPUT 

lllll!N 
AS INPUT 

aim 
AS INPUT 

HIGH BYTE 
DATA 

:~~~t~ BYTE --------------------------~--------
LOW BYTE 
ENABLE 

------- ""HIGH IMPEDANCE 

Figure 5: Direct Mode Timing Diagram 

Table 1: Direct Mode Timing Requirements (Note: Not tested in production) 

Symbol Description Min Typ Max 

tbea XBEN Min. Pulse Width 300 

ldab Data Access Time from XBEN 300 

tdhb Data Hold Time from XBEN 200 

lcea CE/LD Min. Pulse Width 350 

ldac Data Access Time from CE/LD 350 

tdhc Data Hold Time from CE/LD 280 

tcwh CLOCK 1 High Time 1000 

'Table 2: Handshake Timing Requirements (Note: Not tested in production.) 

Name Description Min Typ Max 

tmw MODE Pulse (minimum) 20 

tsm MODE pin set-up time -150 

tme MODE pin high to low Z CE/LD high delay 200 

lmb MODE pin high to XBEN low Z (high) delay 200 

lcel CLOCK 1 high to CE/LD low delay 700 

1ceh CLOCK 1 high to CE/LD high delay 600 

1cbl CLOCK 1 high to XBEN low delay 900 

tcbh CLOCK 1 high to XBEN high delay 700 

tcdh CLOCK 1 high to data enabled delay 1100 

tcdl CLOCK 1 low to data disabled delay 1100 

tss Send ENable set-up time -350 

tcbz CLOCK 1 high to XBEN disabled delay 2000 

tcez CLOCK 1 high to CE/LD disabled delay 2000 

tcwh CLOCK 1 High Time 1250 1000 

NOTE: All typical values have been characterized but are not tested. 
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ICL8052/ICL 7104 and ICL8068/ICL 7104 

K 

T ( DATAVALID,STAB;p)--------

HAND8HAKEMODETRIGGEREDBY---OR--- THREE-sTATE - THREE-sTATE W PULLUP ~ 
•14 BIT VERSION SHOWN ·18 HAS EXTRA (iiiiiN) PHASE 

0346-7 

Figure 6: Handshake Mode Timing Diagram 

NOTE: A/J typical values haWJ been characterized but 8J'8 not tested. 
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ICL8052/ICL7104 ·and ICL8068/ICL7104 
Table- 3: Pin Descriptions 

Pin Symbol Option Description Pin Symbol: Option Description 

1 v++ Positive Supply Voltage 24 HBEN -16 High Byte ENable. Activates. 

Nominally + 15V POL, OR, see LBEN {pin 22). · 

2 GND Digital Ground .OV, ground return 

3 STTS.. STaTuS output. HI during 

Integrate and Deintegrate until 

CLOCK3 -14 RC oscillator pin. Can be used 

as clock output. 

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 LO, 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 
Blr14 -14 (Most significant bit) 

7 BIT 15 -16 
BIT 13 -14 

8 BIT14 -16 
BIT 12 -14 

handshake mode (see Figure 14). 
If HI, enables CE/LO, HBEN, MBEN, and 
LBEN as outputs. Handshake mode will 

be entered and data output as in Figures 
12 & 13 at conversion completion. 

28 R/H Run/Hold: Input HI-conversions 

9 BIT 13 -16 
BIT 11 -14 Data Bits, Three-state outputs. 

10 BIT 12 -16 See Table 4 for format 

BIT 10 -14 of ENables and bytes. 
HIGH=true 

continously performed every 217(-16) or 
215(-14) clock pulses. Input LO-

conversion in progress completed, 
converter will stop in Auto-Zero 7 counts 

before input integrate. 
11 BIT 11 -16 

BIT9 -14 

12 BIT 10 -16 
nc -14 

29 SEN Send-ENable: Input controls timing of 
byte transmission in handshake mode. HI 

indicates 'send'. 

13 BIT9 -16 
nc -14 

14 BITS 

30 CE/LO Chip-Enable/LoaD. With MODE (pin 27) 

LO, CE/LO serves as a master output 
enable; when HI, the bit outputs and POL, 

OR are disabled. With MODE HI, pin 
15 BIT7 serves as a [oaD strobe (-ve going) 

16 BITS used in handshake mode. See Figures 12 

17 BIT5 &13. 

18 BIT4 31 v+ Positive Logic Supply Voltage. Nominally 

19 BIT3 
+5V. 

20 BIT2 
32 AN l/P ANalog lnPut. High Side. 

21 BIT1 Least significant bit. 
33 BUFIN BUFfer INput to analog chip (ICL8052 or 

ICL8068) 
22 LBEN Low Byte ENable. If not in 

handshake mode (see pin 27) 
when LO (with CE/LO, pin 30) 

activates low-order byte outputs, 

34 REFCAP2 REFerence CAPacitor (negative side) 

35 AN.GND. ANalog GrouND. Input low side and 

reference low side. 

BITS 1-8 36 A-Z Auto-Zero node. 
When in handshake mode (see 37 VREF Voltage REFerence input {positive side). 
pin 27), serves as a low-byte flag 
output. See Figures 12, 13, 14. 

23 MBEN -16 Mid Byte ENable. Activates BITS 
9-16, see LBEN {pin 22) 

HBEN -14 High Byte ENable. 

38 REFCAP1 REFerence CAPacitor (positive side). 

39 COMP-IN COMParator INput from 8052/8068 

40 v- Negative Supply Voltage. Nominally 
-15V. 

Activates BITS 9-14, POL, OR, 
see LBEN (pin 22) 

NOTE: All typical values have been characterized but are not testBd. 
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ICL8052/ICL 7104 and ICL8068/ICL 7104 

Table 4: Three-State Byte Formats and ENable Pins 

CE/LD 

H8EN M8EN L8EN 

POL O/R 816 815 814 813 812 811 810 89 88 87 86 85 84 83 82 81 

H8EN L8EN 

POL O/R 814 813 812 811 810 89 88 87 86 85 84 83 82 81 

~ Figure 1 shows the functional block diagram of the operating system. For a detailed explanation, refer to Figure 7 below. 
0 ... 
""' ... 
(.) 
:::::: 
(II .,, 
0 
Cl) ... 
!::! 

AN 
l/P 

Cil ... 
CnEF 

Figure 7 A: Phase I Auto-Zero 

Figure 78: Phase II Integrate Input 

NOTE: Alf typical values have been characterized but are not tested 
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ICL8052/ICL7104 and ICL8068/ICL7104 ... 
0 

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). 

... .... ... g 
Auto-Zero Phase I Figure 7 A .... 

During Auto-Zero, the input of the buffer is shorted to :g 
analog ground thru switch 2, and switch 1 closes a loop O 
around the integrator and comparator. The purpose of the CD 
loop is to charge the Auto-Zero capacitor until the integrator u _ _. 
output no longer changes with time. Also, switches 4 and 9 
recharge the reference capacitor to VREF· 

POL 

D Q 

ZERO 
CROSSING 

f/F 

CL 

CL 
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Figure 7C: Phase Ill+ Delntegrate 

D Q 

ZERO 
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CL 
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Figure 70: Phase Ill - Deintegrate 

NOTE: AH typical values have been characterized but are not tBsted. 
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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 VREF 
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 

'CS output will not change but will remain stationary during the 
C entire Input Integrate cycle. If V1N is not equal to zero, an 
11 unbalanced condition exists compared to the Auto-Zero 
""' phase, and the integrator will generate a ramp whose slope 
~ is proportional to V1N· At the end of this phase, the sign of 
,.. the ramp is latched into the polarity F/F. 

cj Deintegrate Phase Ill Figure 7C & D 
::::. 
(II .,, 
0 
CIO ... g 

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 
VREF more negative than during Auto-Zero is impressed on 
the buffer input. Negative inputs will cause + VREF 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 I. 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=2VREF· 
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 µV, 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. 

0346-12 

Figure 8: Adding Buffer Gain to ICL8068 

Table 5: Typical Component Values (V+ + = +15V, v+ =5V, v- = -15V, fcLocK=200kHz) 

ICL8052/8068 with ICL7104-16 ICL7104·14 Unit 

Full scale V1N 200 800 4000 100 4000 mV 

Buffer Gain 10 1 1 10 1 VIV 

R1NT 100 43 200 47 180 k!I. 

C1NT .33 .33 .33 0.1 0.1 µF 

CAz 1.0 1.0 1.0 1.0 1.0 µF 

Cref 10 1.0 1.0 10 1.0 µF 

VREF 100 400 2000 50 2000 mV 

Resolution 3.1 12 61 6.1 244 µV 

NOTE: All typical values havB been characterized but aro not test9d. 
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INTEGRATOR 
OUTPUT 

ZERO CROSSING 
OCCURS 

0346-13 

COUNTS 

PHASE I PHASE II PHASE Ill 

-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 eflects are kept to a minimum and linearity is not 
affected. Values of 5 to 40µ.A give good results with a nomi
nal of 20pA The exact value may be chosen by 

full scale voltage• 
R1NT 20µ.A 

*Note: If gain is used in the buffer amplifier then -

(Buffer gain) (full scale voltage) 
R1NT 20µ.A 

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 

NOTE: All typical values have been charaC/9rized but am not tested. 
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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 C1NT is given by 

[ %~79~8f~r _=-1W] x 20µ.A x clock period 

CiNT 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, 
smaller or cheaper caps can be used here if accurate read-· 
ings are not required for the first few seconds of recovery. 
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The analog input required to generate a full scale output 
is V1N=2 VREF· 

The stability of the reference voltage is a major factor in 
the overall absolute accuracy of the converter. The resolu
tion of the ICL7104 at 16 bits is one part in 65536, or 
15.26ppm. Thus, if the reference has a temperature coeffi-

1' cient of 50ppm/°C (on board reference) a temperature 
; change of 1/a°C will introduce a one-bit absolute error. For 
'ii' this reason, it is recommended that an external high quality 
0 reference be used where the ambient temperature is not 
..- controlled or where high-accuracy absolute measurements 
~ are being made. 

u 
::::. 
"' .,, 
0 
Cll) ... 
g 

DETAILED DESCRIPTION 
Digital Section 

The digital section includes the clock oscillator circuit, a 
16 or 14 bit binary counter with output latches and TIL
compatible three-state output driyers, polarity, over-range 
and control logic and UART han'iishake logic, as shown in 
the Block Diagram Figure 1 O (16 bit version shown). 

Throughout this description, logic levels will be referred to 
as "low" or "high". The actual logic levels are defined un
der "ICL7104 Electrical Characteristics". For minimum pow-

er consumption, all inputs should swing from GND (low) to 
v+ (high). Inputs driven from TIL gates should have 3 -
5kn pullup resistors added for maximum noise immunity. 

MODE Input 
The MODE input is used to control the output mode of the 

converter. When the MODE pin is connected to GND or left 
open (this input is provided with a pulldown resistor to en
sure a low level when the pin is left open), the converter is 
in its "Direct" output mode, where the output data is directly 
accessible under the control of the chip and byte enable 
inputs. When the MODE input is pulsed high, the converter 
enters the UART handshake mode and outputs the data in 
three bytes for the 7104-16 or two bytes for the 7104-14 
then returns to "direct" mode. When the MODE input is left 
high, the converter will output data in the handshake mode 
at the end of every conversion cycle. (See section entitled 
"Handshake Mode" for further details). 

STaTuS Output 
During a conversion cycle, the STaTuS output goes high 

at the beginning of Input Integrate (Phase II), and goes low 
one-half clock period after new data from the conversion 
has been stored in the output latches. See Figure 9 for de
tails of this timing. This signal may be used as a "data valid" 
flag (data never changes while STaTuS is low) to drive inter
rupts, or for monitoring the status of the converter . 

7104-16 POL 0/R B16 B1S B14 B13 B12 B11 B10 B9 BB B7 B6 BS B4 B3 B2 B1 

7104-14 . POL O/R B14 B13 B12 B11 B10 B9 BB B7 B6 BS 84 B3 B2 B1 

(

COMP OUT 
TO AZ 

ANALOG INT 
SECTION DEINT(+) 

DEINT(-) 

STaTuS R/H 

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

1B/16 THREE-STATE OUTPUTS 

1B/16 LATCHES 

16/14 BIT COUNTER 

LATCH 

CLOCI< CLOCK CLOCK MODE SEND 
1 2 3 

Figure 10: Digital Section 
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ICL8052/ICL 7104 and ICL8068/ICL 7104 

OPTION -14 -16 
MIN 7161 28665 
MAX 8185 32761 

DEINTTERMINATED I I ._IPHASNT El 
AT ZERO CRDSSING~I I STATIC IN II 

~DETECTION I HOLD STATE 

- ---~ ~........._1'1.! · . I I, 1---
-~ ~· i--7COUNTS------I 

INTERNAL CLOCK "1.f" '1.IUU1., J1IU1IUU1.., JUtn,rtJ1... ..ru---t -mn.rui.n.n..nn 
I I I 

INTERNAL LATCH I I 

STaTuS OUTPUT 

RUN/HoLD INPUT-------..,[.--_-_..,_-_-_-_-_-_"".._ __________ _ 

Figure 11: Run/Hold Operation 

-------!r----1 L,;,,. _____ _J ___ _ 

I 
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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 Ill) 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. 

grate (Phase II) begins seven clock periods after the high !::! 
level is detected. 

If Run/Hold goes low at any time during Deintegrate 
(Phase Ill) 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/Rold. See Figure 11 for details. 

Using the Run/Rold 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/Rold 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/Rold 
input can be provided by connecting it to the CLOCK3 (-14), 
CLOCK2 (-16) Output. In this mode the conversion time is 
dependent on the input value measured. Also refer to Harris 
Application Bulletin A030 for a discussion of the effects this 
will have on Auto-Zero performance. 

If the Run/Rold input goes low and stays low during Auto
Zero (Phase I), the converter will simply stop at the end of 
Auto-Zero and wait for Run/Hold to go high. As above, lnte-

NOTE: All typical values have b99r1 Characterized but are not tested. 
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Direct Mode 
When the MODE pin is left at a low level, the data outputs 

[bits 1 through B 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
ry". 

Handshake Mode 
The handshake output mode is provided as an alternative 

means of interfacing the ICL7104 to digital systems, where 
the AID 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 UARTs, 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. 
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(j Entry into the handshake mode will occur if either of two 
:::::, conditions are fulfilled; first, if new data is latched (i.e. a 
CD conversion is completed) while MODE pin (pin 27) is high, in 
CO which case entry occurs at the end of the latch cycle; or 
0 secondly, if the MODE pin goes from low to high, when 3 entry will occur immediately (if new data is being latched, 
g entry is delayed to the end of the latch cycle). While in the 

handshake mode, data latching is inhibited, and the MODE l pin is ignored. (Note that conversion cycles will continue in 
Ill the normal manner). This allows versatile initiation of hand

'11' shake operation without danger of false data generation; if 
O the MODE pin is held high, every conversion (other than 
.- those completed during handshake operations) will start a !J 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 
O become TTL-compatible outputs which provide the control 
CD signals for the output cycle. The Send ENable pin (SEN) 
d_ (pin 29) is used as an indication of the ability of the external 

device to receive data. The condition of the line is sensed 

INTERNAL 
CLOCK 

INTERNAL 

LATCH ------o1 
STArus--------t 
OUTPUT· 

HIOH:m---------

LOW BYTE 
DATA-----------

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 ·au 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) pullaps. These timing rela
tionships are illustrated in Figure 12, 13, and 1-4, and Table 
2. 

_..._ 

DATA VALID 

LOW :m ------------------------------------ '--=DA;;:r.:.;A;..:11'.;,;;AU=D-.f 

•=DOHTCAAE ---=THREE-STATE HIGH IMPEDANCE -"'--=THREE-STATE WITH PUUUP 
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Figure 12: Handshake with SEN Held Positive 

NOTE: All typical values havs been characterized but are not t9Sted. 
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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/LO, 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/LO 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 1-1/z 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/LO terminal of the ICL7104 

--~ IL_Oc:c:IMs 

I'"=-

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 
t_erminals will go low after SEN is sensed, and the high order 

... ... ... 
Si .... 
CD 
co 
0 
3 
Si 

byte outputs become active. When CE/LO goes high at the "IS 
end of one clock period, the high order byte data is clocked c: 
into the UART Transmitter Buffer Register. The UART Cl 
TBRE output will now go low, which halts the output cycle 'Iii' 
with the HBEN output low, and the high order byte outputs 0 
active. When the UART has transferred the data to the ~ 
Transmitter Register and cleared the Transmitter Buffer :f 
Register, the TBRE returns high. On the next ICL7104 inter- v 
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/LO and MBEN (-16) O 
or LBEN outputs go low, and the corresponding byte out- CD 
puts become active. Similarly, when the CE/LD returns high g 
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). 

-:_r11-i-~,.r ~ra..-nrHL--f""l..,,.r ....rt--r 
~~~~__._r-,_....,. ____ ,.~-+--+---~-~~-+-...... ~--~ .. ~--1--+----

-:m--------+--·Jr--:DA=TA:":Y::ALl~'D!:--\D-• -------t~---· -------t1o--t--t------· 

MIDDU:m-------t-- ______ ,.,__ - DATA VALID ~-1------.....-1o--f'--r-----· 

IJlllil I\ v 
LOW:m-------- - ______ .,.,,__ -• ------... ~-+-1p._....;;°";.;.~;.;,A..;,VALl~Di--fl)-,.--~l------

• =DON'T CARE --- ""THREl..aTATE HIGH IMPEDANCI! 
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Figure 13: Handshake - Typical UART Interface Timing 

NOTE: AH typical values haVB been characterized but are not t9sted. 

3-20 



... 
0 ... .... 
..I 
() 
::::. 
CD 
co 
0 
CD 
..I 
!::! ,, 
c 
Ill ... 
0 ... .... 
..I 
() 
::::. 
(II 
II) 
0 
CD 
..I 
!::! 

ICL8052/ICL7104 and ICL8068/ICL7104 

- _____ r----+--t.. ~-~-

1 '---- 1 1 I 
HIGH g~!-------- .... ~-,- DATAVALlt:::r1------·0·--t-1------~ ~-- -r----

lllEli -----r--~· -----n--, i ( :--r--11. 

MIDDLE g~: _-_-_-_-_-_-_-_-_-t,n~-------.. -_-_-_-_-_~.,~n ~ ... ~q_ ______ ,, __ 
-:&.-

am; -~-

LOW~~:---------11--- ______ _,._ __ -------1~- ,. ___ _J,.---T 

• =DONTCARE - -- =THREE-STATE HIGH IMPEDANCE -""- =THREE-STATE WITH PULLUP 

0346-18 Figure 14: Handshake Triggered By Mode 

With the MODE input remaining high as in these exam· 
pier, 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 ars not tested. 
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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 - 1 OOk.n 
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. 

~ •CAPACITOR VALUE 
DEPENDS ON CRYSTAL. 
TYP 0-30pF. 

Figure 16: Crystal Oscillator 0346-20 

BUF REF 

POWER SUPPLY SEQUENCING 

.. ... ... 
u 

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 o 
disabling and potentially damaging SCR action can occur. _.CD 
All of these conditions involve the v+ supply (nom. +5V) 
being more positive than the v+ + supply. If there is any S:! 
possibility of this occuring during start-up, shut down, under ,, 
transient conditions during operation, or when inserting a • fi 
PC board into a "hot" .socket, etc., a diode should be placed 
between v+ and v+ + to prevent it. A germanium or 'II' 
Schottky rectifier diode would be best, but in most cases a 5? 
silicon rectifier diode is adequate. !:i 
ANALOG AND DIGITAL GROUNDS 

Extreme care must be taken to avoid ground loops in the 
layout of ICL8068 or ICLB052/7104 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 AID Converters", by Dave Fullagar 

A017 "The Integrating AID Converter", by Lee Evans 
A018 "Do's and Dont's of Applying AID Converters", by 

Peter Bradshaw and Skip Osgood 
A030 "The ICL7104 -A Binary Output AID Converter for 

Microprocessors", by Peter Bradshaw 
ROOS "Interfacing Data Converter & Microprocessors", by 

Peter Bradshaw et al, Electronics, Dec. 9, 1976. 

u 
::::::. 
~ .,, 
0 
CD ... 
g 

OUT VOLTAGE 

DIGITAL 
LOGIC DIGGND 

ICL7104 
PINZ 

80l8 PIN 2 
COMP 

...a... 
DEVICE PIN 

EXTI!RNAL 
REFERENCE . 
(IFUSED) 

+5V SUPPLY BYPASS CAPACITOR(S) 

Figure 17: Grounding Sequence 

NOTE: All typical values have been charactflrizt!ld but 8T6 not t9sl9d. 

3-22 

I 
BOARD I 

EOGEJ 

I 

SUPPLY 
RETURN 

0346-21 



.. 
0 ICL8052/ICL 7104 and ICL8068/ICL 7104 .. .... 
..I 
() ICL7104 
:::::. 
Cll) 
co 
0 
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INTEGRATING A/D CONVERTER EQUATIONS 

CD Oscillator 
..I CRYSTAL or RC (RC on -14 part only) 
!::! fose Typically 200 kHz ,, 
c 
Cl 

fose = 0.45/RC (ICL7104-14 only) 
Cose > 50 pF and Rose > 50k 

., Oscillator Period 
o tose = 1/fose 
.. Integration Clock Frequency 
~ feLoeK = fose 
() Integration Period 

Integrator Output Voltage 
V _ (t1NT) (l1NT) 

INT - C1NT 
V1NT Typ. = 9.0V 

Output Count 

Count = 8192 x ViN 
VREF 

Count = 32768 x ViN 
VREF 

Output Type: 

(7104-14) 

(7104-16) 

:::::. 
Cll .,, t1NT = 8192 x tose (7104-14) 

t1NT = 32768 x tose (7104-16) 
Binary Amplitude with Polarity and Overrange Bits. 

0 
Cll) 
..I 
!::! 

60/50 Hz Rejection Criterion 
t1NT/ts0Hz or t1NT/ts0Hz = Integer 

Optimum Integration Current 
l1NT = 20 µA 

Full Scale Analog Input Voltage 
V1NFS Typ. = 200 mV to 2.0V = 2 VREF 

Integrate Resistor 
(Buffer Gain) x V1NFS 

R1NT = I 
INT 

Integrate Capacitor 
C _ (t1NT) (l1NT) 

INT - VINT) 

AUTOZERO 
(COUNT) 

Power Supply: ± 15.0V, + 5V 
v++ = +15V 
v- = -15V 
v+ = +5V 

VREF"" 1.75V 
If VREF not used, float output pin. 

Auto Zero Capacitor Values 
0.01 µF < CAz < 1.0 µF 

Reference Capacitor Value 

CREF = (Buffer Gain) x CAZ 

INTEGRATE 
(rlXED COUNT) 

DEINTEGRA TE 
(COUNT) 

ICL7104·14 24,576·8,193 8192 
32768 

0 - 16383 
0 - 65535 ICL7104·16 98,304·32,769 

NOTE: All typical valuss haVB been characterized but arB not tested. 

Conversion Time (in Continuous Mode): 

32,768 •lose (7104•14) 
131,072 •lose (7104•16) 

Figure 18 
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HARRIS ICL7109 g 
SEMICONDUCTOR .... 

12-Bit µP-Compatible !:i 
A/D Converter S! 

GENERAL 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 UARTs 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 AID converter. Features like true differen
tial input and reference, drift of less than 1µ.V/'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 

FEATURES 
• 12 Bit Binary (Plus Polarity and Overrange) Dual 

Slope Integrating Analog-to·Dlgltal 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 15µ.V p-p 
• 1pA Typical Input Current 
• Operates At Up to 30 Conversions Per Second 
• On·Chlp Osclllator 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°C to + 125•c 40-Pin Ceramic DIP 
ICL71091DL - 25°C to + B5°C 40-Pin Ceramic DIP 
ICL71091JL - 25•c to + B5°C 40-Pin CERDIP 
ICL7109CPL 0°cto10°c 40-Pin Plastic DIP 

TOP VIEW 

GND 1 GND y+40 
2 STATUS REF IN-39 ... { 3POL REF CAP-38 DIFFERENTIAL 

ORDER 4 OR REF CAP+ 37 REFERENCE 

BYTE 5 B12 REF IN+36 + 
OUTPUTS 6 B11 INHI 35 INPUT HIGH 

7 B10 IN LO 34 INPUT LOW 
8B9 COMMON33 GND 
9 B8 ICL7109 INT 32 
10B7 AZ31 

LOW I 11 B6 BUF 30 
ORDER 12 BS REF OUT 29 REF IN-

BYTE I 13 B4 v-21 
OUTPUTS l 14 B3 SEND 27 

15 B2 RUN/HOLD 26 
16 B1 BUF OSC OUT 25 v+ 

+sv 17 TEST OSC SEL 24 
BYTE r- 18 (8Dj OSC OUT 23 

CONTROLl 19 H8Elil OSC IN 22 
INPUTS ~ 20 Cl7U5XD MODE 21 

"R•NT = 20kll FOR 0.2V REF 
- 200kll FOR 2.0V REF 

0336-1 
(See Figure 2 for typical connection to a UART or Microcomputer) 

Figure 1: Pin Configuration and Test Circuit 

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 ANO SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 

WARRANTIES OF MERCHANTABILITY ANO FITNESS FOR A PARTICULAR USE. 301655-003 
NOTE: All typical values have been characterized but are not tested. 3-24 
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g ABSOLUTE MAXIMUM RATINGS 
Positive Supply Voltage (GND to V +) . . . . . . . . . . . . . + 6.2V Power Dissipation (Note 3) 
Negative Supply Voltage (GND to V-) ............. -9V Ceramic Package ...................... 1 W @ + 85°C 
Analog Input Voltage (Lo orHiHNote 1) ........ v+ to v- Plastic Package .................... 500mW @ + 70°C 
Reference Input Voltage-(Lo or Hi) (Note 1) ...... v+ to v- Operating Temperature 
Digital Input Voltage v+ + 0.3V Ceramic Package (MDL) . . . . . . . . . . . -55°C to + 125°C 
(Pins 2-27) (Note 2) ....................... GND -0.3V Ceramic Package (IDL) .............. -25°C to + 85°C 

Plastic Package (CPL) .................. o•c to + 70°C 
Storage Temperature ................ -65°C to+ 150°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 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 (V+ = +5V, v- = -5V, GND=OV, TA=25'C, fcLK = 3.58 MHz, unless. 

otherwise indicated.) Test circuit as shown on first page of this data sheet. 

ANALOG SECTION 

Symbol Parameter Test Conditions Min Typ Max Unit 

Zero Input Reading 
V1N = O.OOOOV 

-0000 ±0000 +0000 Counts 
VREF = 204.8 mV 

Ratiometric Error(4) V1N = VREF = 204.8 mV -3 0 Counts 

Non-Linearity (Max deviation Full Scale= 409.6mV to 2.048V 
-1 ±.2 +1 Counts 

from best straight line fit) Over full operating temperature 
range. (Note 4), (Note 6) 

Roll-over Error (difference Full Scale= 409.6mV to 2.048V 
-1 ±.2. +1 Counts 

in reading for equal pos. and (Note 5), (Note 6) 
neg. inputs near full scale) 

CMRR Common Mode Rejection Ratio 
VcM ±1V, V1N=OV 

50 µVIV 
Full Scale=409.6mV 

VCMR Input Common Mode Range Input Hi, Input Lo, Common (Note 4) v-+1.5 v+-1.0 v 

en 
Noise (p-p value not V1N=OV 

15 ,,.v 
exceeded 95% of time) Full Scale=409.6mV 

l1LK Leakage current at Input 
V1N=O All devices at 25°C 1 10 pA 

ICL7109CPL O'CS:TAs: +70'C (Note4) 20 100 pA 

ICL71091DL -25'CS:TAS: +85'C (Note 4) 100 250 pA 

ICL7109MDL -55'CS:TAS: + 125'C 2 5 nA 

Zero Reading Drift V1N=OV R1 =Oil (Note 4) 0.2 1 p.V/'C 

Scale Factor Temperature V1N=408.9mV= >7770e 
1 5 ppm/'C 

Coefficient reading 
Ext. Ref. O ppm/'C (Note 4) 

1+ 
Supply Current v+ to V1N = O, Crystal Osc 

700 1500 µA 
GND 3.58MHz test circuit 

lsuPP Supply Current v+ to v- Pins 2-21, 25, 26, 27, 29; open 700 1500 p.A 

VREF Ref Out Voltage 
Referred to v+, 25kll 

-2.4 -2.8 -3.2 v 
between V + and REF OUT 

Ref Out Temp. Coefficient 25kll between v+ and REF OUT 80 ppm/'C 

NOTE: All typical values have been charactsrized but am not tested. 
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ELECTRICAL CHARACTERISTICS cv+ = + 5V, v- = -5V, GND=OV, TA= 25°C, unless otherwise 
·indicated.) Test circuit as shown on first page of this data sheet. (Continued) 

DIGITAL SECTION 

Symbol Parameter ·Test Conditions Min Typ Max 

VoH Output High Voltage 
lour=100µA 

3.5 4.3 
Pins2-16, 18, 19, 20 

VoL Output Low Voltage lour=1.6mA 0.2 0.4 

Output Leakage Current Pins 3-16 high impedance ±.01 ±1 

Control 1/0 Pullup Pins18, 19,20Vour=V+-3V 
5 

Current MODE input at GND 

Control 1/0 Loading HBEN Pin 19 LBEN Pin 18 (Note 4) 50 

V1H Input High Voltage 
Pins 18-21, 26, 27 

3.0 
referred to GND 

V1L Input Low Voltage 
Pins 18-21, 26, 27 

1 
referred to GND 

Input Pull-up Current Pins 26, 27 Vour=V+ -3V 5 

Input Pull-up Current Pins 17, 24 Vour=V+-3v 25 

Input Pull-down Current Pin21Vour=GND +3V 5 

OoH Oscillator Output High Vour=2.5V 1 

OoL Current Low Vour=2.5V 1.5 

BOoH Buffered Oscillator High Vour=2.5V 2 

BOoL Output Current Low Vour=2.5V 5 

tw MODE Input Pulse Width (Note4) 50 

NOTES: 1. Input voltages may exceed the supply .voHages provided the input current is limited to ± 1 OOµA 

Unit 

v 

v 

p.A 

p.A 

pF 

v 

v 

µA 

p.A 

p.A 

mA 

mA 

mA 

mA 

ns 

2. Due to the SCA structure inherent in the process used to fabricate these devices, connecting any digital inputs or outputs to voltages greater than v+ 
or less than GND may cause destructive device latchup. For this reason it is recommended that no Inputs from sources other than the same power 
supply be applied to the ICL7109 before its power.supply is established, and that in multiple supply systems the supply to the ICL7109 be activated first 

3. This limit refers to that of the package. and will not be obtained during normal operation. 
4. This parameter is not production tested, but is guaranteed by design. 
s; Roll-over error for TA= -55'C to + 125'C is ± 3 counts maximum. 
6. A full.scale voltage of 2.048V is used. because a lull scale voltage of 4.096V exceeds the devices Common Mode Voltage Range. 
7. For Cerdip package the Ratiometric error can be -4 (Min.). 

NOTE: AH typlcaJ values have been charm:terized but are.not t9Sled. 
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TABLE 1: Pin Assignment and Function Description 

Pin Symbol Description Pin Symbol Description 

1 GND Digital Ground, OV. Ground return for all digital 21 MODE Input Low - Direct output mode where 

logic. CE/LOAD (Pin 20), HBEN (Pin 19) and LBEN 

2 STATUS Output High during integrate and deintegrate 
until data is latched. 

(Pin 18) act as inputs directly controlling byte 
outputs. 

Output Low when analog section is in Auto-
Zero configuration. 

3 POL Polarity- HI for Positive input. 

Input Pulsed High - Causes immediate entry 
into handshake mode and output of data as in 
Figure 10. 
Input High - Enables CE/LOAD (Pin 20), 

4 OR Overrange - HI if Overranged. HBEN (Pin 19), and LBEN (Pin 18) as 

5 B12 Bit 12 (Most Significant Bit) 
outputs, handshake mode will be entered and 
data output as in Figures 8 and 9 at 

6 B11 Bit11 conversion completion. 

7 B10 Bit 10 All 22 OSCIN Oscillator Input 

8 B9 Bit9 three 23 OSCOUT Oscillator Output 

9 B8 Bit8 state 24 OSCSEL Oscillator Select- Input high configures 

10 B7 Bit? Hl~true output OSC IN, OSC OUT, BUF OSC OUT as RC 

11 B6 Bit6 data 
oscillator - clock will be same phase and 
duty cycle as BUF OSC OUT. 

12 BS BitS bits - Input low configures OSC IN, OSC OUT for 

13 B4 Bit4 crystal oscillator - clock frequency will be 

14 B3 
1 /58 of frequency at BUF OSC OUT. 

Bit3 

15 B2 Bit2 
25 BUFOSCOUT Buffered Oscillator Output 

16 B1 Bit 1 (Least Significant Bit) 
26 RUN/HOLD Input High -Conversions continuously 

performed every 8192 clock pulses. 

17 TEST Input High - Normal Operation. Input Low - Conversion in progress 
Input Low - Forces all bit outputs high. completed, converter will stop in Auto-Zero 7 

Note: This input is used for test purposes only. counts before integrate. 

Tie high if not used. 27 SEND Input - Used in handshake mode to indicate 

18 LBEN Low Byte Enable - With Mode (Pin 21) low, ability of an external device to accept data. 

and CE/LOAD (Pin 20) low, taking this pin low Connect to + SV if not used. 

activates low order byte outputs B1 - B8. 28 v- Analog Negative Supply- Nominally -SV 
with respect to GND (Pin 1 ). 

- With Mode (Pin 21) high, this pin serves as a 
low byte flag output used in handshake mode. 
See Figures 8, 9, 1 O. 

29 REF OUT Reference Voltage Output - Nominally 2.8V 
down from V' (Pin 40). 

19 HBEN High Byte Enable - With Mode (Pin 21) low, 30 BUFFER Buller Amplifier Output 

and CE/LOAD (Pin 20) low, 1aking this pin low 31 AUTO-ZERO Auto-Zero Node - Inside foil of CAZ 
activates high order byte outputs B9 - B12, 
POL, OR. 

32 INTEGRATOR Integrator Output - Outside foil of C1NT 

33 COMMON Analog Common - System is Auto-Zeroed to 

- With Mode (Pin 21) high, this pin serves as a COMMON 

high byte flag output used in handshake mode. 34 INPUT LO Differential Input Low Side 
See Figures 8, 9, 10. 

35 INPUT HI Differential Input High Side 
20 CE/LOAD Chip Enable Load-With Mode (Pin 21) low. 

CE/LOAD serves as a master output enable. 
36 REF IN+ Differential Reference Input Positive 

When high, B1 - B12, POL, OR outputs are 37 REF CAP+ Reference Capacitor Positive 

disabled. 38 REF CAP Reference Capacitor Negative 

-With Mode (Pin 21) high, this pin serves as a 39 REFIN Differential Reference Input Negative 

load strobe used in handshake mode. See 40 v+ Positive Supply Voltage - Nominally + SV 
Figures 8, 9, 10. with respect to GND (Pin 1). 

Note: All digital levels are positive true. 

NOTE All typical values have been characterized but are not tested. 
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Figure 2A: Typical Connection Diagram UART Interface - To transmit latest result, send any word to UART 
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Figure 28: Typical Connection Diagram Parallel Interface With 8048 Microcomputer 

DETAILED DESCRIPTION 
Analog Section 

Figure 3 shows the equivalent circuit of the Analog Sec
tion of the ICL7109. When the RUN/HOLD input is left open 
or connected to v+, the circuit will perform conversions at a 
rate determined by the clock frequency (8192 clock periods 
per cycle). Each measurement cycle is divided into three 
phases as shown in Figure 4. They are (1) Auto-Zero (AZ), 
(2) Signal Integrate (INT) and (3) Deintegrate (DE). 

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

3-28 

Auto-Zero Phase 
During auto-zero three things happen. First, input high 

and low are disconnected from their pins and internally 
shorted to analog COMMON. Second, the reference capaci
tor 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 buff
er amplifier, integrator, and comparator. Since the compara
tor is included in the loop, the AZ accuracy is limited only by 
the noise of the system. In any case, the offset referred to 
the input is less than 10µV. 

0 
0 ... ... ... 
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INTAZ- FROM CONTROL 
l.2Y - LOGIC 

DEINT (+)- DIGITAL SECTION 
DEINT(-)-

INPUT LOG--Oc)---4----------------' 
134 
I 
I 
I ~ 40 
~---------~------------

INTEGRATOt< 
OUTPUT 

REF OUT y- v+ 

Figure 3: Analog Section 

POLARITY ZERO CROSSING 
DE~TECTED OCCURS 

I I 1/ ZERO CROSSING I 
L.., I I __.. I ~ /DETECTED I 

1--AZ PHASE 1--l-1NT PHASE 11 •I ~;z DEINT PHASE 111__;__...j_AZ_ 

INTERNALCLOCKh.r ~ ~ ~ ~ 
I I I I 

INTERNAL LATCH 1 • I I I 
I I I I 

STATUS OUTPUT I 1 I 

Signal Integrate Phase 

I 2048 I FIXED I I I 
1--coUNTS,----j--. 2048 4096 COUNTS----! 
I MIN. I COUNTS L . -"- MAX I 

~ "'AFTER ZERO CROSSING, 
NUMBER OF COUNTS TO ZERO CROSSING ANALOG SECTION WILL 

PROPORTIONAL TO V1N BE IN AUTOZERO 
CONFIGURATION 

Figure 4: Conversion Timing (RUN/HOLD Pin High) 

De-Integrate Phase 

0336-4 

0336-5 

During signal integrate the auto-zero loop is opened, the 
internal short is removed and the internal high and low in
puts are connected to the external pins. The converter then 
integrates the differential voltage between IN HI and IN LO 
for a fixed time of 2048 clock periods. Note that this differ
ential voltage must be within the common mode range of 
the inputs. At the end of this phase, the polarity of the inte
grated signal is determined. 

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 (during 
auto-zero) reference capacitor. Circuitry within the chip en
sures that the capacitor will be connected with the correct 
polarity to cause the integrator output to return to zero 
crossing (established in Auto Zero) with a fixed slope. Thus 
the time for the output to return to zero (represented by the 
number of clock periods counted) is proportional to the in
put signal. 

NOTE: Alf typical values have been characterized but are not tested. 
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Differential Input 
The input can accept differential voltages anywhere with

in the common mode range of the input amplifier; or specifi
cally from 1.0 volts below the positive supply to 1.5 volts 
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 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 4V full scale with some loss of accuracy. The 
integrator output can swing within 0.3 volts of either supply 
without loss of linearity. 

The ICL7109 has, however, been optimized for operation 
with analog common near digital ground. With power sup
plies of + 5V and -5V, this allows a 4V full scale integrator 
swing positive or negative thus maximizing the performance 
of the analog section. 

Differential Reference 
The reference voltage can be generated anywhere within 

the power supply voltage of the converter. The main source 
of common mode error is a roll-over voltage caused by the 
reference capacitor losing or gaining charge to stray 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 deintegrate 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 Component 
Values Selection below). 

The roll-over error from these sources is minimized by 
having the reference common mode voltage near or at ana
log COMMON. 

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. 

The most important consideration is that the integrator 
output swing (for full-scale input) be as large as possible. 
For example, with ± 5V supplies and COMMON connected 
to GND, the nominal integrator output swing at full scale is 
± 4V. Since the integrator output can go to 0.3V from either 
supply without significantly affecting linearity, a 4V integra
tor output swing allows 0.7V for variations in output swing 
due to component value and oscillator tolerances. With 
± 5V supplies and a common mode range of ± 1 V required, 
the component values should be selected to provide ± 3V 
integrator output swing. Noise and rollover errors will be 
slightly worse than in the ±4V case. For larger common 
mode voltage ranges, the integrator output swing must be 

NOTE: All typical values have been charscl8rized but sm not tested. 
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reduced further. This will increase both noise and rollover ..I 
errors. To improve the performance, supplies of ± 6V may S:! 
be used. 

Integrating Resistor 
Both the buffer amplifier and the integrator have a class A 

output stage with 100µA of quiescent current. They supply 
20µA of drive current with negligible non-linearity. The inte
grating 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 4.096 volt full scale, 200k!l is near opti
mum and similarly a 20k!l for a 409.6mV scale. For other 
values of full scale voltage, R1NT should be chosen by the 
relation 

R _full scale voltage 
INT- 20µA 

Integrating Capacitor 
The integrating capacitor C1NT should be selected to give 

the maximum integrator output voltage swing without satu
rating the integrator (approximately 0.3 volt from either sup
ply). For the ICL7109 with ± 5 volt supplies and analog 
common connected to GND, a ± 3.5 to ± 4 volt integrator 
output swing is nominal. For 7-Y. conversions per second 
(61.72kHz clock frequency) as provided by the crystal oscil
lator, nominal values for C1NT and CAz are 0.15µF and 
0.33µF, respectively. If different clock frequencies are used, 
these values should be changed to maintain the integrator 
output voltage swing. In general, the value of C1NT is given 
by 

(2048 x clock period)(20µA) 
C1NT µF 

integrator output voltage swing 

An additional requirement of the integrating capacitor is 
that it have low dielectric absorption to prevent roll-over er
rors. While other types of capacitors are adequate for this 
application, polypropylene capacitors give undetectable er
rors at reasonable cost up to 85'C. For the military tempera
ture range, Teflon® capacitors are recommended. While 
their dielectric absorption characteristics vary somewhat 
from unit to unit, selected devices should give less than 0.5 
count of error due to dielectric absorption. 

Auto-Zero Capacitor 
The size of the auto-zero capacitor has some influence 

on the noise of the system: a smaller physical size and a 
larger capacitance value lower the overall system noise. 
However, CAZ cannot be increased without limits since it, in 
parallel with the integrating capacitor forms an R-C time 
constant that determines the speed of recovery from over
loads and more important the error that exists at the end of 
an auto-zero cycle. For 409.6mV full scale where noise is 
very important and the integrating resistor small, a value of 
CAz twice C1NT is optimum. Similarly for 4.096V full scale 
where recovery is more important than noise, a value of 
CAz equal to half of C1NT is recommended. 

For optimal rejection of stray pickup, the outer foil of CAz 
should be connected to the R-C summing junction and the 
inner foil to pin 31. Similarly the outer foil of C1NT should be 
connected to pin 32 and the inner foil to the R-C summing 
junction. Teflon®, or equivalent, capacitors are recommend
ed above 85'C for their low leakage characteristics. 
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A 1 µ.F capacitor gives good results in most applications. 
However, where a large reference common mode voltage 
exists (i.e. the reference low is not at analog common) and 
a 409.6mV scale is used, a larger value is required to pre
vent roll-over error. Generally 10µ.F will hold the roll-over 
error to 0.5 count in this instance. Again, Teflon®, or equiva
lent capacitors should be used for temperatures above 85'C 
for their low leakage characteristics. 

Reference Voltage 
The analog input required to generate a full scale output 

of 4096 counts is V1N = 2VREF· Thus for a normalized scale, 
a reference of 2.048V should be used for a 4.096V full 
scale, and 204.BmV should be used for a 0.4096V full scale. 
However, in many applications where the A/D is sensing 
the output of a transducer, there will exist a scale factor 
other than unity between the absolute output voltage to be 
measured and a desired digital output. For instance, in a 
weighing system, the designer might like to have a full scale 
reading when the voltage from the transducer is 0.682V. 
Instead of dividing the input down to 409.6mV, the input 
voltage should be measured directly and a reference volt
age of 0.341 V should be used. Suitable values for integrat
ing resistor and capacitor are 33k!l and 0.15µ.F. This avoids 
a divider on the input. Another advantage of this system 
occurs when a zero reading is desired for non-zero input. 
Temperature and weight measurements with an offset or 
tare are examples. The offset may be introduced by con
necting the voltage output of the transducer between com
mon and analog high, and the offset voltage between com
mon and analog low, observing polarities carefully. Howev
er, in processor-based systems using the ICL7109, it may 
be more efficient to perform this type of scaling or tare sub
traction digitally using software. 

Reference Sources 
The stability of the reference voltage is a major factor in 

the overall absolute accuracy of the converter. The resolu
tion of the ICL7109 at 12 bits is one part in 4096, or 
244ppm. Thus if the reference has a temperature coefficient 
of 80ppm/'C (onboard reference) a temperature difference 
of 3'C will introduce a one-bit absolute error. 

For this reason, it is recommended that an external high
quality reference be used where the ambient temperature is 
not controlled or where high-accuracy absolute measure
ments are being made. 

The ICL7109 provides a REFerence OUTput (pin 29) 
which may be used with a resistive divider to generate a 
suitable reference voltage. This output will sink up to about 
20mA without significant variation in output voltage, and is 
provided with a pullup bias device which sources about 
10µ.A. The output voltage is nominally 2.BV below v+, and 
has a temperature coefficient of ± BOppm/'C typ. When us
ing the onboard reference, REF OUT (Pin 29) should be 
connected to REF- (pin 39), and REF+ should be con
nected to the wiper of a precision potentiometer between 
REF OUT and v+. The circuit for a 204.BmV reference is 
shown in the test circuit. For a 2.048mV reference, the fixed 
resistor should be removed, and a 25k!l precision potenti
ometer between REF OUT and v+ should be used. 

NOTE: All typical values have been characterized but are not tested. 
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Note that if pins 29 and 39 are tied together and pins 39 
and 40 accidentally shorted (e.g., during testing), the refer
ence supply will sink enough current to destroy the device. 
This can be avoided by placing a 1 kn resistor in series with 
pin 39. 

DETAILED DESCRIPTION 
Digital Section 

The digital section includes the clock oscillator and scal
ing circuit, a 12-bit binary counter with output latches and 
TTL-compatible three-state output drivers, polarity, over
range and control logic, and UART handshake logic, as 
shown in Figure 5. 

Throughout this description, logic levels will be referred to 
as "low" or "high". The actual logic levels are defined in the 
Electrical Characteristics Table. For minimum power con
sumption, all inputs should swing from GND (low) to v+ 
(high). Inputs driven from TTL gates should have 3-5k!l 
pullup resistors added for maximum noise immunity. 

MODE Input 
The MODE input is used to control the output mode of the 

converter. When the MODE pin is low or left open (this input 
is provided with a pulldown resistor to ensure a low level 
when the pin is left open), the converter is in its "Direct" 
output mode, where the output data is directly accessible II 
under the control of the chip and byte enable inputs. When 
the MODE input is pulsed high, the converter enters the 
UART handshake mode and outputs the data in two bytes, 
then returns to "direct" mode. When the MODE input is left 
high, the converter will output data in the handshake mode 
at the end of every conversion cycle. (See section entitled 
"Handshake Mode" for further details). 

STATUS Output 
During a conversion cycle, the STATUS output goes high 

at the beginning of Signal Integrate (Phase II), and goes low 
one-half clock period after new data from the conversion 
has been stored in the output latches. See Figure 4 for de
tails of this timing. This signal may be used as.a "data valid" 
flag (data never changes while STATUS is low) to drive in
terrupts, or for monitoring the status of the converter. 

RUN/HOLD Input 
When the RUN/HOLD input is high, or left open, the cir

cuit will continuously perform conversion cycles, updating 
the output latches after zero crossing during the Deinte
grate (Phase 111) portion of the conversion cycle (See Figure 
4). In this mode of operation, the conversion cycle will be 
performed in 8192 clock periods, regardless of the resulting 
value. 

If RUN/HOLD goes low at any time during Deintegrate 
(Phase Ill) 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 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 6 for details. 
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Figure 5: Digital Section 
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Figure 6: Run/Hold Operation 

Using the RUN/HOLD input in this manner allows an 
easy "convert on demand" interface to be used. The con
verter may be held at idle in auto-zero with RUN/HOLD low. 
When RUN/HOLD goes high the conversion is started, and 
when the STATUS output goes low the new data is valid (or 
transferred to the UART - see Handshake Mode). RUN/ 
HOLD may now be taken low which terminates deintegrate 
and ensures a minimum Auto-Zero time before the next 
conversion. 

Alternately, RUN/HOLD can be used to minimize conver
sion time by ensuring that it goes low during Deintegrate, 
after zero crossing, and goes high after the hold point is 
reached. The required activity on the RUN/HOLD input can 
be provided by connecting it to the Buffered Oscillator Out
put. In this mode the conversion time is dependent on the 
input value measured. Also refer to Harris Application Bulle
tin A032 for a discussion of the effects this will have on 
Auto-Zero performance. 

NOTE· All typical values have been characterized but are not tested. 
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If the RUN/HOLD input goes low and stays low during 
Auto-Zero (Phase I), the converter will simply stop at the 
end of Auto-Zero and wait for RUN/HOLD to go high. As 
above, Integrate (Phase II) 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, bits 9 through 12, polarity 
and over-range high order byte) are accessible under con
trol of the byte and chip enable terminals as inputs. These 
three inputs are all active low, and are provided with pullup 
resistors to ensure an inactive high level when left open. 
When the chip enable input is low, taking a byte enable 
input low will allow the outputs of that byte to become active 
(three-stated on). This allows a variety of parallel data ac
cessing techniques to be used, as shown in the section enti
tled "Interfacing." The timing requirements for these out
puts are shown in Figure 7 and Table 2. 



OI 
0 .. 
""' ... g Table 2 - Direct Mode Timing 

Requirements 
(See Note 4 of Electrical Characteristics) 

SYMBOL 

ts EA 

to AB 

toHB 

tcEA 

to AC 

toHC 

[IEJil 
AS INPUT 

DESCRIPTION 

Byte Enable Width 

Data Access Time 
from Byte Enable 

Data Hold Time 
from Byte Enable 

Chip Enable Width 

Data Access Time 
from Chip Enable 

Data Hold Time 
from Chip Enable·. 

MIN TYP 

350 220 

210 

150 

400 260 

260 

240 

Low:!~:---------------1 ~-

----=HIGH IMPEDANCE 

MAX 

350 

300 

400 

400 

Figure 7: Direct Mode Output Timing 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 
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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 
latches while they are being updated, which could lead ta 
erroneous data. Synchronizing the access of the latches , 
with the conversion cycle by monitoring the STATUS output 
will prevent this. Data is never updated while STATUS is 
low. 

Handshake Mode 
The handshake output mode is provided as an alternative 

means of interfacing the ICL7109 to digital systems, where 
the AID converter becomes active in controlling the flow of 
data instead of passively responding to chip and byte en
able inputs. This mode is specifically designed to allow a 
direct interface between the ICL7109 and industry-standard 
UARTs (such as the Harris IM6402/3)with no external logic 
required. When triggered into the handshake mode, the 

NOTE: All typical values have been characterized but are not tsstecl 
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ICL7109 

ICL7109 provides all the control and flag signals necessary 
to sequentially transfer two bytes of data into the UART and 
initiate their transmission in serial form. This greatly eases 
the task and reduces the cost of designing remote data ac
quisition stations using serial data transmission. 

Entry into the handshake mode is controlled by the 
MODE pin. When the MODE terminal is held high, the 
ICL7109 will enter the handshake mode after new data has 
been stored in the output latches at the end of a conversion 
(See Figures 8 and 9). The MODE terminal may also be 
used to trigger entry into the handshake mode on demand. 
At any time during the conversion cycle, the low to high 
transition of a short pulse at the MODE input will cause 
immediate entry into the handshake mode. If this pulse oc
curs while new data is being stored, the entry into hand
shake mode is delayed until the data is stable. While the 
converter is in the handshake mode, the MODE input is 
ignored, and although conversions will still be performed, 
data updating will be inhibited (See Figure 10) until the con
verter completes the output cycle and clears the handshake 
mode. 

When the converter enters the handshake mode, or when 
the MODE input is high, the chip and byte enable terminals 
become TTL-compatible outputs which provide the control 
signals for the output cycle (See Figures 8, 9, and 10). 

In handshake mode, the SEND input is used by the con- II 
verter as an indication of the ability of the receiving device 
(such as a UART) to accept data. 

Figure 8 shows the sequence of the output cycle with 
SEND held high. The handshake mode (Internal MODE 
high) is entered after the data latch pulse, and since MODE 
remains high the CE/LOAD, LBEN and HBEN terminals are 
active· as outputs. The· high level at the SEND input is 
sensed on the same high to low internal clock edge that 
terminates the data latch pulse. On the next low to high 
internal clock edge the CE/LOAD and ·the.• HBEN outputs 
assume a low level, and the high-order byte (bits-9 through 
12, POL, and OR) outputs are enabled. The CE/LOAD out
put remains low for one full internal clock period only, the 
data outputs remain active for 1-'h internal clock periods, 
and the high byte enable remains low for two clock periods. 
Thus the CE/LOAD output low level or low to high edge 
may be used as a synchronizing signal to ensure valid data, 
and the byte enable as an output may be used as a byte 
identification"flag;· With SEND remaining high the converter 
completes the output· cycle using GE/LOAD and LBEN 
while the low order byte outputs-(bits. 1 through 8) are acti
vated. The handshake mode is terminated when both bytes 
are sent. 

Figure 9 shows·an output sequence where the SEND in
put is used to delay portions of the sequence, or handshake 
to ensure ·correct data transfer. This,timing diagram shows 
the relationships that occur using an .industry-standard 
IM6402/3 CMOS UART to interface to serial data channels. 
In this interface, the SEND input to the IGL7109 is driven by 
the TBRE (Transmitter Buffer Register Empty) output of the 
UART, and the GE/LOAD terminal of the IGL7109 drives 
the TBRL (Transmitter Buffer Register Load) input to the 
UART. The data outputs are paralleled into the eight Trans
mitter Buffer Register inputs. 
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Figure 10: Handshake Triggered By Mode 

Assuming the UART Transmitter Buffer Register is empty, 
the SEND. input will be high when the handshake mode is 
entered,after new data is stored. The CE/LOAD and HBEN 
terminals will go low after SEND is sensed,· and the high 
order .byte outputs become active. When CE/LOAD goes 
hign 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 ICL7109 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/LOAD and LBEN 
outputs go low, and the low order byte outputs become ac
tive. Similarly, when the CE/LOAD returns high at the end of 
one clock period, the low order data is clocked into the 
UART Transmitter Buffer Register, and TBRE again goes 
low. When TBRE returns to a high it will be sensed on the 
next ICL7109 internal clock high to low edge, disabling the 
data outputs. One-half internal clock later, the handshake 
mode will be cleared, and the CE/LOAD, HBEN, and LBEN 
terminals return high and stay active (as long as MODE 
stays high). 

NOTE: AH typlcaJ values have bBsn chsractorizBd but are not tested. 
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With the MODE input remaining high as in these exam
ples, 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 10 shows a 
handshake output sequence triggered by such an edge. In 
addition, the SEND input is shown as being low when the 
converter enters handshake mode. In this case, the· whole 
output sequence is·controlled by the SEND input, and the 
sequence for the first (high order) byte is similar to the se
quence for the second byte. This diagram also shows the 
output sequence taking longer than a conversion cycle. 
Note that the converter still makes conversions, with the 
STATUS output and RUN/HOLD input functioning normally. 
The only difference is that new data will not be latched 
when in handshake mode, and is therefore lost. 

Oscillator 
The ICL7109 is provided with a versatile three terminal 

oscillator to generate the internal clock. The oscillator may 
be overdriven, or may be operated with an RC network or 
crystal. The OSCILLATOR SELECT input changes the inter
nal configuration of the oscillator to optimize it for RC or 
crystal operation. 



When the OSCILLATOR SELECT input is high or left 
open (the input is provided with a pullup resistor), the oscil
lator is configured for RC operation, and the internal clock 
will be of the same frequency and phase as the signal at the 
BUFFERED OSCILLATOR OUTPUT. The resistor and ca
pacitor should be connected as in Figure 11. The circuit will 
oscillate at aJrequency given by f=0.45/RC. A 100k0 re
sistor is recommended for useful ranges of .frequency. For 
optimum 60Hz line rejection, the capacitor value should be 
chosen such -that 2048 clock periods is close to an integral 
multiple of the- 60Hz period (but should not be less ·than 
50pF). 

24 22 23 25-

-r~ 
----

osc osc BUFFERED 
IN OUT osc 

R 
OUT 

c 
v+ OR OPEN 

lose= .45/RC 
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Figure 11: RC Oscillator 

When the OSCILLATOR SELECT input is low a feedback 
device and output and input capacitors are added to the 
oscillator. In this configuration, as shown in Figure 12, the 
oscillator will operate with most crystals in the 1 to 5MHz 
range with no external components. Taking the OSCILLA
TOR SELECT input low also inserts a fixed + 58 divider 
circuit between the BUFFERED OSCILLATOR OUTPUT 
and the internal clock. Using an inexpensive 3.58MHz TV 
crystal, this division ratio provides an integration lime given 
by: 

T1NT = (2048 clock periods) x CTcLOCKl = 33.18 ms 
58 

where TcLOCK = 3.58 MHz 

This time is very close to two 60Hz periods or 33.33ms. The 
error is less than one percent, which will give better than 
40dB 60Hz rejection. The converter will operate reliably at 
conversion rates of up to 30 per second, which corresponds 
to a clock frequency of 245.8kHz. 

24 

-ro;; 
lsEL 

GND 

22 

osc 
IN D 

CRYSTAL 

23 

osc 
OUT 

25 

BUFFEREO 
osc 
OUT 

Figure 12: Crystal Oscillator 

NOTE: All typical values have been characterized but af9 not t9Sted. 
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If at any time the oscillator is to be overdriven, the over- cj_ 
driving signal should be applied at the OSCILLATOR IN
PUT, and the OSCILLATOR OUTPUT should be left·open. 
The internal clock will be of the same frequency, duty cycle, 
and phase as the input signal when OSCILLATOR SELECT 
is left open. When OSCILLATOR SELECT is at GND, the 
clock will be a factor of 58 below the input frequency. 

When'JJSing the ICL7109 with the IM6403 UART, it is pos
sible to use one 3.58MHz crystal for both devices. The 
BUFFERED OSCILLATOR OUTPUT of the ICL7109 may be 
used to drive the OSCILLATOR INPUT of the UART, saving 
the need for a second crystal. However, the BUFFERED 
OSCILLATOR OUTPUT does not have a great deal of drive 
capability, and when driving more than one slave device, 
external buffering should be used. 

Test Input 
When the TEST input is taken to a level halfway between 

v+- and GND, ,the counter output latches are enabled, al
lowing the counter contents to be examined anytime. 

When the TEST input is cor-meGlted to GND, the counter 
outputs are all forced into the high state, and the internal 
clock is disabled. When the input returns to the 1h (V+ 
-GND) voltage (or to V+) and one clock is applied, all the 
counter outputs will be clocked to the low state. This allows 
easy testing of the counter and its outputs. 

INTERFACING 
Direct Mode 

Figure 13 shows some of the combinations of chip enable 
and byte enable control signals which may be used when 
interfacing the ICL7109 to parallel data lines. The CE/LOAD 
input may be tied low, allowing either byte to be controlled 
by its own enable as in Figure 13A. Figure 13B shows a 
configuration where the two byte enables are connected 
together. In this configuration, the CE/LOAD serves as a 
chip enable, and the HBEN and LBEN may be connected to 
GND or serve as a second chip enable. The 14 data outputs 
will all be enabled simultaneously. Figure 13C shows the 
HBEN and LBEN as flag inputs, and CE/LOAD as a master 
enable, which could be the READ strobe available from 
most microprocessors. 

Figure 14 shows an approach to interfacing several 
ICL7109s to a bus, ganging the HBEN and 03EN signals to 
several converters together, and using the CE/l.:OAD inputs 
(perhaps decoded from an address) to select the desired 
converter. 
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Figure 13: Direct Mode Chip and Byte Enable Combinations 
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Figure 14: Tri-stating Several 7109's to a Small Bus 

Some practical circuits utilizing the parallel three-state 
output capabilities of the ICL7109 are shown in Figures 15 
through 20. Figure 15 shows a straightforward application to 
the Intel 8048/80/85 microprocessors via an 8255PPI, 
where the ICL7109 data outputs are active at all times. The 
1/0 ports of an 8155 may be used in the same way. This 
interface can be used in a read-anytime mode, although a 
read performed while the data latches are being updated 
will lead to scrambled data. This will occur very rarely, in the 
proportion of setup-skew times to conversion time. One way 
to overcome this is to read the STATUS output as well, and 
if it is high, read the data again after a delay of more than % 

NOTE: All typical va/uos have boon characterized but are not tested. 
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converter clock period. If STATUS is now low, the second 
reading is correct, and if it is still high, the first reading is 
correct. Alternatively, this timing problem is completely 
avoided by using a read-after-update sequence, as shown 
in Figure 16. Here the high to low transition of the STATUS 
output drives an interrupt to the microprocessor causing it 
to access the data latches. This application also shows the 
RUN/HOLD input being used to initiate conversions under 
software control. 

A similar interface to Motorola MC6800 or Rockwell 
R650X systems is shown in Figure 17. The high to low tran
sition of the STATUS output generates an interrupt via the 

• 
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Figure 15: Full-time Parallel Interface to 8048/80/85 Microprocessors 
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Figure 16: Full-time Parallel Interface to 8048/80/85 Microprocessors With Interrupt 

Control Register B CB1 line. Note that CB2 controls the 
RUN/HOLD pin through Control Register B, allowing soft
ware-controlled initiation of conversions in this system as 
well. 

The three-state output capability of the ICL7109 allows 
direct interfacing to most microprocessor busses. Examples 
of this are shown in Figures 18 and 19. It is necessary to 
carefully consider the system timing in this type of interface, 

NOTE: All typical values have been characterized but a/'9 not tested. 
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to be sure that requirements for setup and hold times, and 
minimum pulse widths are met. Note also the drive limita
tions on long buses. Generally this type of interface is only 
favored if the memory peripheral address density is low so 
that simple address decoding can be used. Interrupt han
dling can also require many additional components, and us
ing an interface device will usually simplify the system in this 
case. 
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Figure 17: Full-time Parallel Interface to MC680X or MCS650X Microprocessors 
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Figure 19: Direct ICL7109- MC680X Bus Interface 

Handshake Mode 
The handshake mode allows ready interface with a wide 

variety of external devices. For instance, external latches 
may be clocked by the rising edge of CE/LOAD, and the 
byte enables may be used as byte identification flags or as 
load enables. 

Figure 20 shows a handshake interface to Intel micro
processors again using an 8255PPI. The handshake opera
tion with the 8255 is controlled by inverting its Input Buffer 
Full (IBF) flag to drive the SEND input to the ICL7109 and 
using the CE/LOAD to drive the 8255 strobe. The int~rnal 
control register of the PPI should be set in MODE 1 for the 
port used. If the 7109 is in handshake mode and the 8255 
IBF flag is low, the next word will be strobed into the port. 
Th~ str~be will cause IBF to go high (SEND goes low), 
which will keep the enabled byte outputs active. The PPI will 
generate an interrupt which when executed will result in the 
data being read. When the byte is read, the IBF will be reset 
low, which causes the ICL7109 to sequence into the next 
byte. This figure shows the MODE input to the ICL7109 con
ne~ted t? a control line on the PPI. If this output is left high, 
O! tied high separately, the data from every conversion (pro
vided the data access takes less time than a conversion) 
will be sequenced in two bytes into the system. 

If this output is made to go from low to high, the output 
sequence can be obtained on demand, and the interrupt 
may be used to reset the MODE bit. Note that the RUN/ 
HOLD input to the ICL7109 may also be driven by a bit of 
the 8255 so that conversions may be obtained on command 

NOTE: AH typical valuss have been chsracterizad but art1 not test9d. 
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under software control. Note that one port of the 8255 is not 
used, and can service another peripheral device. The same 
arrangement can also be used with the 8155. 

Figure 21 shows a similar arrangement with the MC6800 
or MCS650X microprocessors, except that both MODE and 
RUN/HOLD are tied high to save port outputs. 

The handshake mode is particularly convenient for direct
ly interfacing to industry standard UARTs (such as the Har
ri~ ~M6402/6403 or Western Digital TR1602) providing a 
minimum component count means of serially transmitting 
converted data. A typical UART connection is shown in Fig
ure 2A. In this circuit, any word received by the UART caus
es the UART DR (Data Ready) output to go high. This drives 
~he MODE input to the ICL7109 high, triggering the ICL7109. 
into handshake mode. The high order byte is output to the 
UART first, and when the UART has transferred the data to 
the Transmitter Register, TBRE (SEND) goes high and the 
second byte is output. When TBRE (SEND) goes high 
again, LBEN will go high, driving the UART DRR (Data 
Ready Reset) which will signal the end of the transfer of 
data from the ICL7109 to the UART. 

Figure 22 shows an extension of the one converter -
one UART scheme to several ICL7109s with one UART. In 
this circuit, the word received by the UART (available at the 
RBR outputs when DR is high) is used to select which con
verter will handshake with the UART. With no external com
ponents, this scheme will allow up to eight ICL7109s to in
terface with one UART. Using a few more components to 
decode the received word will allow up to 256 converters to 
be accessed on one serial line. 
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NOTE: All typical values havo been characterized but are not tested. 
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Figure 22: Multiplexing Converters with Mode Input: 

The applications of the ICL7109 are not limited to those 
shown here. The purpose of these examples is to provide a 
starting point for users to develop useful systems, and to 
show some of the variety of interfaces and uses of the 
ICL7109. Many of the ideas suggested here may be used in 
combination; in particular the uses of the STATUS, RUN/ 
HOLD, and MODE signals may be mixed. 

APPLICATION NOTES 
A016 · "Selecting AID Converters," by David Fullagar 
A017 "The Integrating AID Converters," by Lee Evans 
A018 "Do's and Don'ts of Applying A/D Converters," by 

Peter Bradshaw and Skip Osgood 
A030 "The ICL7104 -A Binary Output AID Converter for 

Microprocessors," by Peter Bradshaw 
A032 "Understanding the Auto-Zero and Common Mode 

Performance of the ICL7106 Family," by Peter 
Bradshaw 

ROOS "Interfacing Data Converters & Microprocessors," 
by Peter Bradshaw et al, Electronics, Dec. 9, 1976. 

NOTE: All typieat values havo beon characterized but are not tested. 
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ICL7109 

ICL7109 
INTEGRATING A/D CONVERTER 

EQUATIONS 
Oscillator Frequency 

fose = 0.45/RC 
Cose > 50 pF; Rose > 50 kn 
fose typ. = 60 kHz 

or 
fose = 3.58 MHz Crystal 

Oscillator Period 
tose = RC/0.45 
tose = 1/3.58 MHz (Crystal) 

Integration Clock Frequency 
feLOeK = fose (RC Mode) 
feLoeK = fose/58 (Crystal) 
teLOeK = 1/feLOeK 

Integration Period 
t1NT = 2048 X teLOeK 

60/50 Hz Rejection Criterion 
t1NT/tao Hz or t1NT/t50 Hz = Integer 

Optimum Integration Current 
l1NT = 20.0 p.A 

Full Scale Analog Input Voltage 
V1NFS Typically = 200 mV or 2.0V 

Integrate Resistor 
V1NFS 

R1NT=--
l1NT 

Integrate Capacitor 
C _ (t1NT) (l1NT) 

INT- VINT 

Integrator Output Voltage Swing 
V _ (t1NT) (l1NT) 

INT - C1NT 
V1NT Maximum Swing: 

(V- + 0.5V) < V1NT < (V+ - 0.5V) 
V1NT Typically = 2.0V 

AUTOZERO 
(COUNT) 

6143-2048 

Display Count 

COUNT = 2048 X VVIN 
REF 

Conversion Cycle 
teve = teLoeK x 8192 __ 
(In Free-Run Mode, Run/HOLD = 1) 
when feLoeK = 60 kHz, teve = 133 ms 

Common Mode Input Volta~e~ 
(V- + 1.0V) < V1N < (V - 0.5V) 

Auto Zero Capacitor 
0.01 p.F < CAz < 1.0 p.F 

Reference Capacitor 
0.1 p.F < CREF < 1.0 p.F 

VREF 
Biased between v+ and v-
VREF "' v+ - 2.8V 
Regulation lost when v+ to v- s; 6.4V 
If VREF is not used, float output pin. 

Power Supply: Dual ± 5.0V 
y+ = +5.0 to GND 
v- = -5.0 to GND 

Output Type: 
Binary Amplitude with Polarity and Overrange Bits 
Tips: Always tie TEST pin HIGH. 
Don't leave·any inputs floating. 

INTEGRATE 
(FIXED COUNT) 

2048 

DEINTEGRATE 
(COUNT) 
0-4095 

TOTAL CONVERSION Tlt.tE=8192 • lcLOCK (IN FREE-RUN t.tODE) 
0336-26 

NOTE: All typical values have been characterized but are not tested. 
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HARRIS ICL7135: 
SEMICONDUCTOR ... 

4%-Digit BCD Output .... 
A/D Converter ii 

GENERAL DESCRIPTION 
The Harris ICL7135 precision AID converter, with its mul

tiplexed BCD output and digit drivers, combines dual-slope 
conversion reliability with ± 1 in 20,000 count accuracy and 
is ideally suited for the visual display DVM/DPM market. 
The 2.0000V full scale capability, auto-zero and auto-polari
ty are combined with true ratiometric operation, almost ideal 
differential linearity and true differential input. All necessary 
active devices are contained on a single CMOS l.C., with 
the exception of display drivers; reference, and a clock. 

The intersil ICL7135 brings together an unprecedented 
combination of high accuracy, versatility, and true economy. 
It features auto-zero to less than 10µ.V, zero drift of less 
than 1 µ. V /'C, input bias current of 10 pA max., and rollover 
error of less than one count. The versatility of multiplexed 
BCD outputs is increased by the addition of several pins 
which allow it to operate in more sophisticated systems. 
These include STROBE, OVERRANGE, UNDER-RANGE, 
RUN/HOLD and BUSY lines, making it possible to interface 
the circuit to a microprocessor or UART. 

ORDERING INFORMATION 

Part Number Temp.Range Package 

ICL7135CJI o•cto +1o·c 28-Pin CERDIP 

ICL7135CPI o•cto +1o·c 28-Pin Plastic DIP 

ICL7135 

FEATURES 
• Accuracy Guaranteed to ± 1 Count Over Entire 

± 20,000 Counts (2.0000 Volts Full Scale) 
• Guaranteed Zero Reading for O Volts Input 
• 1pA Typical Input Current 
• True Differential Input 
• True Polarity at Zero Count for Precise Null 

Detection 
• Single Reference Voltage Required 
• Over-Range and Under-Range Signals Available for 

Auto-Range Capability 
• All Outputs TTL Compatible 
• Blinking Outputs Gives Visual Indication of Over

range 
• Six Auxiliary Inputs/Outputs Are Available for 

Interfacing to UARTs, Microprocessors or Other 
Circuitry 

• Multiplexed BCD Outputs 

ANODE 
DRIVER 

TRANSISTORS 

SEVEN 
SEG. 

DECODE 

0342-1 
Figure 1: ICL7135 Connection Diagram 

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 characterizfJd but ars not tested. 3-44 
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g ABSOLUTE MAXIMUM RATINGS 
Supply Voltage V + .............................. + 6V Power Dissipation (Note 2) 

v- .............................. -9V Ceramic Package .......................... 1000mW 
Analog Input Voltage (either input) (Note 1) ..... v+ to v- Plastic Package ............................. 800mW 
Reference Input Voltage (either input) ......... v+ to v- Operating Temperature ................... 0°C to + 70°C 
Clock Input ................................ Gnd to v+ Storage Temperature ................ -65°Cto +150°C 

Lead Temperature (Soldering, 1 Osec) ............. 300°C 

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

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 canddions for extended periods may affect device reliability. 

UNDERRANGE 

REFERENCE OVERRANGE 

ANALOG COMMON STROBE 

INT OUT RJii 
AZIN 24 DIGITAL GND 

BUFF OUT POL 

REF. cii.P-:= 7 

REF. CAP.+ 8 21 BUSY 

INLO 9 (LSD) D1 

INHI 

v+ 
(MSD)D5 D4 

(LSB) B1 (MSB)B8 

B2 B4 

Figure 2: Pin Configuration 
Outline dwgs JI, Pl) 

ELECTRICAL CHARACTERISTICS (Note 1) 

(V+ = +5V, v- = -5V, TA =25°C, Clock Frequency Set for 3 Reading/Sec) 

Symbol Characteristics Test Conditions Min 

ANALOG (Note 1) (Note 2) 

Zero Input Reading V1N=O.OV -00000 

VREF = 1.000V 

Ratiometric Error (2) V1N=VREF= 1.000V -3 

Linearity over ± Full Scale 
-2V<::V1N<:: +2V 

(error of reading from 
best straight line) 

Differential Linearity 
-2V<::V1N<:: +2V 

(difference between worse 
case step of adjacent counts 
and ideal step) 

Rollover error (Difference in 
-V1N = +V1N"' 2V reading for equal positive & 

negative voltage near full scale) 

NOTE: All typical values have been characterized but are not tested 
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Typ Max Unit 

±00000 +00000 Counts 

-1 0 Counts 

0.5 1 LSB 

.01 LSB 

0.5 1 LSB 



ICL7135 

ELECTRICAL CHARACTERISTICS (Note 1) 

(V+ = + 5V, v- = -5V, TA= 25"C, Clock Frequency Set for 3 Reading/Sec) (Continued) 

Symbol Characteristics Test Conditions Min Typ Max Unit 

en Noise (P-P value not V1N=OV 
exceeded 95% of time) Full scale=2.000V 15 µV 

l1LK Leakage Current at Input V1N=OV 1 10 pA 

Zero Reading Drift V1N=OV 0.5 2 µVl°C 
O"sTAs70"C 

TC Scale Factor Temperature V1N= +2V 
Coefficient (3) OsTA:S:70"C 2 5 ppml°C 

(ext. ref. 0 ppml°C) 

DIGITAL 

INPUTS 

V1NH 2.8 2.2 v 

V1NL 1.6 0.8 

l1NL Clock in, Run/Hold, See Figure 4 V1N=O 0.02 0.1 mA 

l1NH v 1N= +5V 0.1 10 µA 

OUTPUTS 

VoL All Outputs loL =1.6mA 0.25 0.40 v 

VoH B1, B2, B4, Ba loH= -1mA 2.4 4.2 v 
D1, D2, Ds, D4, D5 

VoH BUSY, STROBE, loH= -10µA 4.9 4.99 v 
OVER-RANGE, UNDER-RANGE 
POLARITY 

SUPPLY 

v+ + 5V Supply Range +4 +5 +6 v 

v- -5V Supply Range -3 -5 -8 v 

1+ + 5V Supply Current fc=O 1.1 3.0 mA 

1- - 5V Supply Current fc=O 0.8 3.0 

Cpo Power Dissipation Capacitance vs. Clock Freq 40 pF 

CLOCK 

Clock Freq. (Note 4) DC 2000 1200 kHz 

NOTES: 1. Tested in 4-Y, digit (20,000 count) circuit shown in Figure 3, clock frequency 120kHz. 
2. Tested with a low dielectric absorption integrating capacitor, the 270 INT. OUT resistor shorted, and R1NT = 0. See Component Selection Section. 
3. The temperature range can be extended to + 700C and beyond as long as the auto-zero and reference capacitors are increased to absorb the higher 

leakage of the 1CL7135. 
4. This specification relates to the clock frequency range over which the ICL7135 will correctly perform its various functions. See "Max 

Clock Frequency" section for limitations on the clock frequency range in a system. 

NOTE· All typical valuos have boen characterized but are not testod. 
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ANALOG 
COMMON 

Figure 3: 7135 Test Circuit 

CAEF 

CReF+ REF HI r--- a 2--------
1 
I 
I 
I 
I 
I 
I 
I 
I 

CLOCK 
IN 
120kHz 

0342-3 

CREF 
v+ 

s'1!1-

ICL7135 

'-----4---DIG GND 

0342-4 

Figure 4: 7135 Digital Logic Input 

AUTO 
ZERO, -----
5 

INPUT 
LOW 

L-----------------~L----------------------------
0342-5 

Figure 5: Analog Section of ICL7135 

NOTE: Alf typical values have been characton'zod but are not tested. 
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DETAILED DESCRIPTION 
Analog Section 

Figure 5 shows the Block Diagram of the Analog Section 
for the ICL7135. Each measurement cycle is divided into 
four phases. They are (1) auto-zero (A-Z), (2) signal-inte
grate (INT), (3) deintegrate (DE) and (4) zero-integrator (ZI). 

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

and low are disconnected from the pins and internally 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 1 Oµ V. 

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 tho 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 tho ot11or 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 latched into the polarity F/F. 

y+ 

7135 

COMMON 

(a) 

6.8 VOLT 
ZENER 

0342-6 

ICL7135 

DE-INTEGRATE PHASE 
The Third phase is de-integrate, or reference integrate. 

Input LOW is internally connected to analog COMMON and 
input high is connected across the previously charged 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: 

OUTPUT COUNT= 10,000 ( VIN ). 
VREF 

ZERO INTEGRATOR PHASE 
The final phase is zero integrator. First, input low is short

ed to analog COMMON. Second, a feedback loop is closed 
around the system to input high to cause the integrator out
put to return to zero. Under normal condition, this phase 
lasts from 100 to 200 clock pulses, but after an overrange 
conversion, it is extended to 6200 clock pulses. 

Differential Input 
The input can accept differential voltages anywhere 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, 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 4 V full scale swing with some loss of accura
cy. The integrator output can swing within 0.3 volts of either 
supply without loss of linearity. 

y+ 

REF HI 

7135 

y+ 

ICL8069 

1.2V 
REFERENCE 

COMMONl-~-A-~~ 

(b) 
0342-7 

Figure 6: Using an External Reference 

NOTE: All typical values have been characten"zed but are not tested. 
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~ Analog Common 

Analog COMMON is 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 convert
er. However, in most applications IN LO will be set at a fixed 
known voltage (power supply common for instance). In this 
application, analog COMMON should be tied to the same 
point, thus removing the common mode voltage from the 
converter. The reference voltage is referenced to analog 
COMMON. 

Reference 
The reference input must be generated as a positive volt

age with respect to COMMON, as shown in Figure 6. 

DETAILED DESCRIPTION 
Digital Section 

Figure 7 shows the Digital Section of the 7135. The 7135 
includes several pins which allow it to operate conveniently 
in more sophisticated systems. These include: 

Run/HOLD (Pin 25). When high (or open) the AID will free
run with equally spaced measurement cycles every 40,002 
clock pulses. If taken low, the converter will continue the full 
measurement cycle that it is doing and !_hen hold this read
ing as long as R/H is held low. A short positive pulse (great
er than 300ns) will now initiate a new measurement cycle, 
beginning with between 1 and 10,001 counts of auto zero. If 
the pulse occurs before the full measurement cycle (40,002 
counts) is completed, it will not be recognized and the con
verter 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 oc
cur 101 counts after the end of. this cycle. Thus, ii Run/ 
HOLD is low and has been low for at least 101 counts, the 
converter is holding and ready to start a new measurement 
when pulsed high. 
STROBE (Pin 26). This is a negative going output pulse that 
aids in transferring the BCD data to external latches, 
UARTs or 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 niea
surementcycle starting 101 pulses after the end of the full 
measurement cycle. Digit 5 (MSD) goes high at the end of 
the measurement cycle and stays on for 201 counts. In the 
center of this digit pulse (to avoid race conditions between 
changing BCD -and digit drives) the first STROBE pulse 
goes negative for Y. clock pulse width. Similarly, after digit 
5, digit 4 goes high (for 200 clock pulses) and 100 pulses 
later the STROBE goes negative for the second time. This 
continues through digit 1 (LSD) when the fifth and last 
STROBE pulse is sent. The digit drive will continue to scan 
(unless the previous signal was overrange) but no additional 
STROBE pulses will be sent until a .new measurement is 
available. 
BUSY (Pin 21). BUSY goes high at the beginning of signal 
integrate and stays high until the first clock pulse after zero
crossing (or after end of measurement in the case of an 
overrange). The internal latches are enabled (i.e., loaded) 
during the first clock pulse after busy and are latched at the 
end of this clock pulse. The circuit automatically reverts to 

NOTE: All typical values have been characterized but are not tested. 
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auto-zero when not BUSY, so it may also be considered a 
(ZI +AZ) signal. A very simple means for transmitting the 
data down a single wire pair from a remote location would 
be to AND BUSY with clock and subtract 10,001 counts 
from the number of pulses received - as mentioned previ
ously there is one "NO-count" pulse in each reference inte~ 
grate cycle; 

y+ POLARITY D5 
--a~- --~- ----

11 23 12 

DIGITAL CLOCK AUN/ OVER UNDER BUSY 
QND IN Ram RANGE RANGE 

0342-B 

Figure 7: Digital Section of the 7135 

OVER-RANGE (Pin 27). This pin goes positive when tho 
input signal exceeds the range (20,000) of the converter. 
The output F /F is set at the end of BUSY and is reset to 
zero at the beginning of Reference integrate in the next 
meas_urement cycle, 
UNDER-RANGE (Pin 28). This pin goes positive when the 
reading is 9% of range or less. The output F/F is set at the 
end of BUSY (if the new reading is 1800 or less) and is 
reset at the beginning of signal integrate of the next read
ing. 
POLARITY (Pin 23). This pin is positive for a positive input 
signal. It is valid even for a zero reading. In other words, 
+ 0000 means the signal is positive but less than the least 
significant bit. The converter can be used as a null detector 
by forcing equal frequency of ( +) and ( - ) readings. The 
null at this point should be less than 0.1 LSB. This output 
becomes valid at .the beginning of reference integrate and 
remains correct until it is re-validated for the next measure
ment. 
Digit Drives (Pins 12, 17, 18, 19 and 20). Each digit drive is 
a positive going signal that lasts for 200 clock pulses. The 
scan sequence is Ds (MSD), D4, Da. D2 and D1 (LSD). All 
five digits are scanned 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 Refer
ence Integrate when Ds will start the scan again. This can 
give a blinking display as a visual indication of over-range. 

BCD (Pins 13, 14, 15 and 16). The Binary coded Decimal 
bits Be, B4, B2 and B1 are positive logic signals that go on 
simultaneously with the digit driver signal. 

II 



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 mustbe chosen to 
suit thEr particular application. 

Jntegrating Resistor 
The integrating resistor is determined by the full scale in

put vottage and the output current: of the. buffer used to 
charge the integrator capacitor. Both the buffer. amplifier 
and the·integrator have a class A output stage·with 100µA 
of quiescent current They can supply 20µA of drive current 
with negligible non-linearity. Values of 5 to 401£A give good 
results, with a nominal of 201£A, and the exact value of inte
grating resistor may be chosen by 

full scale voltage 
R1NT 201£A 

Integrating Capacitor 
The product of integrating resistor and capacitor should 

. be selected to give the maximum voltage swing which en
sures that the tolerance built-up will not saturate the integra

- torswing (approx. 0.3 volt from either supply), For ± 5 volt 
. supplies· and analog COMMON tied to supply ground, a 

±3.5 to ±4 volt full scale integrator swing is 'fine, and 
0.47µF.is nominal. In general, the value of C1NT is given by 

c = [10,000Xclockperiod)Xl1NT_) 
INT (integrator output voltage swin!f 

(10,000) (clock period) (20µA) 

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 0.9999, 
and· any delliation is probably due to dielectric absorption. 

., Polypropylene capacitors give undetectable errors at rea
sonable .cost Polystyrene and polycarbonate capacitors 
may also be used in less critical applications. 
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INll!GRATOll. 
OUTPUT 

!1r1·-~ . ~:::=..:. 
FULL-CY . -COUNTS 

FOR~n..__n_JL_Ds 
Jl...___J'\___;.,. 
___n___J't___fl,,, 
___n___n__ro. 
----11--.JL__ °' 
!cm 
r-- AUTO DllO 

.DIGIT SCANI. . SIGNAL tHnGRATE 
•FOROVl...,._nDs I 

J"l~°'~~~~ .... ·~~-t"' 

__J'l_Ds~~~~·-~~,.-

0342-9 

Figure 8: Timing Diagram for Outputs 

Auto-Zero and Reference Capacitor 
The physical size of the auto-zero capacitor has an influ

ence on the noise of the system. A larger .capacitor value 
reduces system noise. A larger physical size increases sys
tem noise. The reference·capacitor should be large enough 
such that stray capacitance to ground from its nodes is neg
ligible. 
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cj The dielectric absorption of the reference cap and auto
- zero cap are only important at power-on or when the circuit 

is recovering from an overload. Thus, smaller or cheaper 
caps can be used here if accurate readings are not required 
for the first few seconds of recovery. 

Reference Voltage 
The analog input required to generate a full-scale output 

is V1N=2 VREF· 
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 a high quality reference be 
used where high-accuracy absolute measurements are be
ing made. 

Rollover Resistor and Diode 
A small rollover error occurs in the 7135, but this can be 

easily corrected by adding a diode and resistor in series. 
between the INTegrator OUTput and analog COMMON or 
ground. The value shown in the schematics is optimum for 
the recommended conditions, but if integrator swing or 
clock frequency is modified, adjustment may be needed. 
The diode can be any silicon diode, such as 1 N914. These 
components can be eliminated if rollover error is not impor
tant, and may be altered in value to correct other (small) 
sources of rollover as needed. 

Max Clock Frequency 
The maximum conversion rate of most dual-slope AID 

converters is limited by the frequency response of the com
parator. The comparator in this circuit follows the integrator 
ramp with a 3µs delay, and at a clock frequency of 160kHz 
(6µs 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 50µV input, 1 to 2 with 150µV, 2 
to 3 at 250µV, etc. This transition at mid-point is considered 
desirable by most users; however, if the clock frequency is 
increased appreciably above 160kHz, the instrument will 
flash "1" on noise peaks even when the input is shorted. 

For many-dedicated applications where the input signal is 
always of one 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 
-1 MHz may be used. For a fixed clock frequency, the extra 
count or counts caused by comparator delay will be con
stant and can be subtracted out digitally. 

The clock frequency may be extended above 160kHz 
without this error, however, by using a low value resistor in 
series with the integrating capacitor. The effect of the resis
tor is to introduce a small pedestal voltage on to the integra
tor output at the beginning of the reference integrate phase. 
By careful selection of the ratio between this resistor and 
the integrating resistor (a few tens of ohms in the recom
mended circuit), the comparator delay can be compensated 
and the maximum clock frequency extended by approxi
mately a factor of 3. At higher frequencies, ringing and sec
ond order breaks will cause significant nonlinearities in the 
first few counts of the instrument - see Application Note 
A017. 

The minimum clock frequency is established by leakage 
on the auto-zero and reference caps. With most devices, 
measurement cycles as long as 1 O seconds give no mea
surable leakage error. 

NOTE: All typical vaf1J9S have been characterized but are not tested. 
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To achieve maximum rejection of 60Hz pickup, the signal 
integrate cycle should be a multiple of 60Hz. Oscillator fre
quencies of 300kHz, 200kHz, 150kHz, 120kHz, 1 OOkHz, 
40kHz, 331/akHz, etc. should be selected. For 50Hz rejec
tion, oscillator frequencies of 250kHz, 1662/akHz, 125kHz, 
100kHz, etc. would be suitable. Note that 100kHz (2.5 read
ings/second) will reject both 50 and 60Hz. 

The clock used should be free from significant phase or 
frequency jitter. Several suitable low-cost oscillators are 
shown in the Applications section. The multiplexed output · 
means that if the display takes significant current from the 
logic supply, the clock should have good PSRR. 

Zero-Crossing Flip-Flop 
The flip-flop interrogates the data once every clock pulse 

after the transients of the previous clock pulse and half
clock pulse have died down. False zero-crossings caused 
by clock pulses are not recognized. Of course, the flip-flop 
delays the true zero-crossing by· up to one count in every 
instance, and if a correction were not made, the display 
would always be one count too high. Therefore, the counter 
is disabled for one clock pulse at the beginning of phase 3. 
This one-count delay compensates for the delay of the 
zero-crossing flip-flop, and allows the correct number to be 
latched into the 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. 

EVALUATING THE ERROR SOURCES 
Errors from the "ideal" cycle are caused by: 
1. Capacitor droop due to leakage. 

2. Capacitor voltage change due. to charge "suck-out" 
(the reverse of charge injection) when the switches 
turn off. 

3. Non-linearity of buffer and integrator. 
4. High-frequency limitations of buffer, integrator and 

comparator. 
5. Integrating capacitor non-linearity (dielectric absorp-

tion.) 

6. Charge lost by CREF in charging Cstray. 

7. Charge lost by CAz and C1NT to charge Cstray. 
Each of these errors is analyzed for its error contribution 

to the converter in application notes listed on the back 
page, specifically A017 and A032. 

NOISE 
The peak-to-peak noise around zero is approximately 

15µV (pk-to-pk value not exceeded 95% of the time). Near 
full scale, this value increases to approximately 30µV. Much 
of the noise originates in the auto-zero loop, and is propor
tional to the ratio of the input signal to the reference. 

ANALOG AND DIGITAL GROUNDS 
Extreme care must be taken to avoid ground loops in the 

layout of ICL7135 circuits, especially in high-sensitivity cir
cuits. It is most important that return currents from digital 
loads are not fed into the analog ground line. 

• 



POWER SUPPLIES 
The 7135 is designed to work from ±5V supplies. How

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

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

2. The signal is Jess than ± 1.5 volts. 

See "differential input" for a discussion of the effects this 
will have on the integrator swing without loss of linearity. 

TYPICAL APPLICATIONS 
The circuits which follow show some of the wide variety of 

possibilities, and serve to illustrate the exceptional versatili
ty of this A/D converter. 

Figure 9 shows the complete circuit for a 4-'lz digit 
( ± 2.000V) full scale) AID with LED readout using the 
JCL8069 as a 1.2V temperature compensated voltage refer
ence. It uses the band-gap principal to achieve excellent 
stability and low noise at reverse currents down to 50µA. 
The circuit also shows a typical R-C input filter. Depending 
on the application, the time-constant of this filter can be 
made faster, slower, or the filter deleted completely. The '/2 

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. The 2-gate clock circuit should use CMOS 
gates to maintain good power supply rejection. 

ICL7135 .,, 
"' ... .... 

A suitable circuit for driving a plasma-type display is cj 
shown in Figure 10. The high voltage anode driver buffer is -
made by Dionics. The 3 AND gates and caps driving 'Bl' are 
needed for interdigit blanking of multiple-digit display ele
ments, and can be omitted if not needed. The 2.5k!l & 3k!l 
resistors set the current levels in the display. A similar ar
rangement can be used with Nixie® tubes. 

The popular LCD displays can be interfaced to the O/P of 
the ICL7135 with suitable display drivers, such as the 
JCM7211 A as shown in Figure 11. A standard CMOS 4030 
QUAD XOR gate is used for displaying the 'lz digit, the po
larity, and an 'overrange' flag. A similar circuit can be used 
with the ICL7212A LED driver and the JCM7235A vacuum 
fluorescent driver with appropriate arrangements made for 
the 'extra' outputs. Of course, another full driver circuit 
could be ganged to the one shown if required. This would 
be useful if additional annunciators were needed. The Fig
ure shows the complete circuit for a 4-'lz digit ( ± 2,000V) 
AID. 

Figure 12 shows a more complicated circuit for driving 
LCD displays. Here the data is latched into the ICM7211 by 
the STROBE signal and 'Overrange' is indicated by blanking 
the 4 full digits. 

• 
b 

L---~· 
'-----~d 

7447 

1--.--.----10 • 
.____,,.,,...---11 

'------~, 

•for flnlr reeolullon on IC8le fKlor Mlult. uH a 10 tum pot or• small pot In Mries wilh• 
Rud-. 

0342-10 

Figure 9: 4· % Digit A/D Converter with a Multiplexed Common Anode LED Display 

NOTE: AH typical values have been characterizsd but are not 16stsd. 
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0342-12 

Figure 10: ICL7135 Plasma Display Circuit 

ICL7135 

23 POL 

20 DI l:=t:fj...l<l~!11----=-==+--I 

16BBj-j-::~~.-J<!~ZJt--------J--J 

••••t11=t:===::r>-+-------l--l 
14B2j-j1:t:][")....---+-------J--J 
1381tli=::=:==::r>-.:.:,.------l--l 
1205t-t-+----~"'i 

26 STROBE 

27 OR 

ICL7135 

0342-13 

Figure 11: LCD Display with Digit Blanking 
on Overrange 

4~ DIGIT LCD DISl'IAY ZB SEGMEITS Dl-04 

8888 
-----.ACKPWE 

58P ICM7211A 

31 01 

3202 

3303 2.3,4 

1·21 
31-40 

DPnDIW. 
29 82 CAPACITOR 

2181 DSC 36 ---!~--+5V 
2180 22-IOGpf 

35V v•1 

DY +SV 

0342-14 

Figure 12: Driving LCD Displays 

NOTE: Al/ typical values havs bean characlerimd but are not tesf9d. 
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A problem sometimes encountered with both LED & plas
ma-type display driving is that of clock source supply line 
variations. Since the supply is shared with the display, any 
variation in voltage due to the display reading may cause 
clock supply voltage modulation. When in overrange the 
display alternates between a blank display and the 0000 
overrange indication. This shift occurs during the reference 
integrate phase of conversion causing a low display reading 
just after overrange recovery. Both of the above circuits 
have considerable current flowing in the digital supply from 
drivers, etc. A clock source using an LM311 voltage com
parator with positive feedback (Figure 13) could minimize 
any clock frequency shift problem. 

The 7135 is designed to work from ±5 volt supplies. 
However, if a negative supply is not available, it can be gen
erated with an ICL7660 and two capacitors (Figure 14). 

+SV 

0342-15 

Figure 13: LM311 Clock Source 

10p.F 

ICL7135 

+5V 

0342-16 

Figure 14: Generating a Negative Supply 
from +sv 

INTERFACING WITH UARTS AND 
MICROPROCESSORS 

Figure 15 shows a very simple interface between a free
running ICL7135 and a UART. The five STROBE pulses 
start the transmission of the five data words. The digit 5 
word is OOOOXXXX, digit 4 is 1000XXXX, digit 3 is 
01 OOXXXX, etc. Also the polarity is transmitted indirectly by 
using it to drive the Even Parity Enable Pin (EPE). If EPE of 
the receiver is held low, a parity flag at the receiver can be 
decoded as a positive signal, no flag as negative. A com
plex arrangement is shown in Figure 16. Here the UART 
can instruct the A/D to begin a measurement sequence by 
a word on ARI. The BUSY signal resets the Data Ready 
Reset (ORR). Again STROBE starts the transmit sequence. 
A quad 2 input multiplexer is used to superimpose polarity, 
over-range, and under-range onto the 05 word since in this 
instance it is known that B2 = B4 =Be= 0. 

SERIAL OUTPUT 
TO RECEIVING UART 

TAO 

EPE 
UART 

IM8402/3 TBRLI---~ 

TBA 

5 7 

D4 DJ D2 D1 B1 B2 B4 Ba 

NC Do STROBE--~ 

ICL7135 

POL RUN/HOLD +SY 

Figure 15: ICL7135 to UART Interface 

NOTE: All typical valuss haVB been chatactsrizsd but am not tested. 
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ICL7135 

l. J_ 
TAO ARI DAR 

DR 
llM402/3 

r-i EPE TBRL 

TBA 

1 2 3 4 5 6 7 8 

1Y 2Y 3Y 
ENABLE R.-74C157 ~ ... 

1A 2A 3A lll 1B 2B 3B 

_LIITJJI 
D4 Da D2 D1 Bt B2 B4 Ba p 0 u 

0 Y N 
L E D ......, Ds A E 

ICL7135 A 

RU~ I I .A.!5V 
BUSY -ir,oopt 10Kv-

0342-18 

Figure 16: Complex ICL7135 to UART Interface • 
1Y PAO 

PA1 

PA2 MC880X 
OR 

MCS&SOX 

Mc6820 

CA1 CA2 

0342-19 

Figure 17: ICL7135 to MC6800, MCS650X Interface 

NOTE: AH typical values have b68n charactorized but B/'8 not testsd. 
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ICL7135 

1Y PAO 

PA1 INTERSIL 
IMIOC4I 

INTEL 
8080 

PA3 8085, 
8255 ETC. 

(MODE 1) 

PA7 

STB PBO 

0342-20 

Figure 18: ICL7135 to MCS-48, -80, 85 Interface 

For correct operation it is important that the UART clock 
be fast enough that each word is transmitted before the 
next STROBE pulse arrives. Parity is locked into the UART 
at load time but does not change in this connection during 
an output stream. 

Circuits to interface the ICL7135 directly with three popu
lar microprocessors are shown in Figures 17 and 18. The 
8080/8048 and the MC6800 groups with 8 bit buses need 
to have polarity, over-range and under-range multiplexed 
onto the Digit 5 word - as in the UART circuit. In each case 
the microprocessor can instruct the AID when to begin a 
measurement and when to hold this measurement. 

APPLICATION NOTES 
A016 "Selecting AID Converters," by David Fullagar 

A017 "The Integrating AID Converters," by Lee Evans 

NOTE: All typical values have been charactsnz8d but af9 not tested. 
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A018 "Do's and Don'ts of Applying AID Converters," by 
Peter Bradshaw and Skip Osgood 

A023 "Low Cost Digital Panel Meter Designs," by David 
Fullagar and Michael Dufort 

A028 "Building an Auto-Ranging DMM Using the 8052AI 
7103A AID Converter Pair," by Larry Goff 

A030 "The ICL7104 - A Binary Output AID Converter for 
Microprocessors", by Peter Bradshaw 

A032 "Understanding the Auto-Zero and Common Mode 
Performance of the ICL7106 Family", by Peter 
Bradshaw 

ROOS "Interfacing Data Converters & Microprocessors," 
by Peter Bradshaw et al, Electronics, Dec. 9, 1976 



Clock Input 

ICL7135 
INTEGRATING A/D CONVERTER 

EQUATIONS 

Display Count 

ICL7135 

The ICL7135 does not have an internal oscillator. It re· 
quires an external clock COUNT = 10000 X VIN 

VREF 
Conversion Cycle fcLOCK typ = 120 KHz 

Clock Period 

tcLOCK = 1/fcLOCK 
Integration Period 

t1NT = 10000 X tcLOCK 
60/50 Hz Rejection Criterion 

t1NT/ts0Hz or t1NT/ts0Hz = Integer 
Optimum Integration Current 

l1NT = 20.0 µ,A 
Full Scale Analog Input Voltage 

V1NFS Typically = 200 mV or 2.0V 
Integrate Resistor 

R (V1NFS) 
INT= (llNT) 

Integrate Capacitor 

C _ (t1NT) (l1NT) 
INT - (VINT) 

Integrator Output Voltage Swing 

V _ (t1NT) (l1NT) 
INT - (C1NT) 

VINT Maximum Swing: 
(V- +0.5) <VINT< (V+ -0.5V) 

VINT typically = 2.7V 

AUTOZERO 
(COUNT) 

30001-10001 

tcvc = tcLOCK x 40002 
when fcLOCK = 120 KHz, tcvc = 333 ms 

Common Mode Input Voltage 
(V- + 1.0V) < V1N < cv+ -0.5V) 

Auto Zero Capacitor 

0.01 µ,F < CAz < 1.0 µ,F 
Reference Capacitor 

0.1 µ,F < CREF < 1.0 µ,F 
Power Supply: Dual ± 5.0V 

v+ = +5.0 to GND 
v+ = -5.0 to GND 

Output Type: 
4 BCD Nibbles With 
Polarity and Overrange Bits 
There is no internal reference available on the ICL7135. 
An external reference is required due to the 7135's 4% 
digit resolution. 

Total Conversion Time = 40002 • tcLOCK 
0342-21 

Figure 19 

NOTE· All typical values have been characterized but are not tested 
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ADC0802 

·ADC0803 
. ADC0804 

CA3310/CA3310A 
Hl-574A 

Hl-674A 
Hl-774 

Hl-7151 
Hl-7152 

Hl-7153 
ICL7112 
ICL7115 

.A/D SUCCESSIVE APPROXIMATION 

8-Bit µP-Compatible A/D Converter .................................. . 4-2 
8-Bit µP-Compatible AID Converter .................................. . 4-2 
8-Bit µP-Compatible AID Converter .................................. . 4-2 
CMOS 10-Bit A/D Converter with Internal Track· and Hold ................. . 4-20 
Fast, Complete 12-Bit A/D Converter with Microprocessor Interface ......... . 4-35 
12µs, Complete 12-Bit A/D Converter with Microprocessor Interface ........ . 4-46 
8µs, Complete 12-Bit A/D Converter with Microprocessor Interface ......... . 4-57 
10-Bit High-Speed A/D Converter with Track and Hold ................... . 4-70 
.10-Bit High-Speed A/D Converter with Track and Hold ................... . 4-87 
a-Channel 10-Bit High-Speed A/D Converter with Track and Hold .......... . 4-104 
12-Bit High-Speed CMOS µP-Compatible AID Converter ................. . 4-105 
14-Bit High-Speed CMOS µP-Compatible A/D Converter ................. . 4-118 

• 
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GENERAL DESCRIPTION 
The ADC0802 family are CMOS 8-bit successive approxi

mation AID converters which use a modified potentiometric 
ladder,. and are designed to operate with the 8080A control 
bus via three-state outputs. These converters appear to the 
processor as memory locations or 1/0 ports;and hence,no 
interfacing logic is required. 

The differential analog voltage input has good common
mode-rejection, and permits offsetting the analog zero-in
put-voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog volt-· 
age span- to the full 8 bits of resolution. 

ORDERING INFORMATION 

Part 
Error 

External 
Number Conditions 

ADC0802~ADC0804 
8-Bit µP-Compatible 

A/D Converters 
FEATURES 
• 80C48 and 80C80/85 Bus Compatible - No 

Interfacing Logic Required 
• Conversion Time< 100µ.s 
• Easy Interface to Most Microprocessors 
• Wiii Operate In a "Stand Alone" Mode 
• Differential Analog Voltage Inputs '-
• Works With Bandgap VOitage References 
• TTL Compatible·~nputs and Outputs . 
• On-Chip Clock Generator. 
• OV to 5V Analog.,Voltage·lnput Range (Single +5V 

Supply) 
• No Zero-Adjust Required 

Temperature 
Package 

Range 

ADC0802LCN ±Y.bit VREF/2 = 2.500 Voe o•cto +10-c 20 pin Plastic DIP 
ADC0802LCD 
ADC0802LD 
ADC0802LD/HR 

ADC0803LCN 
ADC0803LCD 
ADC0803LD 

ADC0804LCN 
ADC0804LCD 

ANY 
,PROCESSOR 

±%bit 
±1 bit 
±1 bit 

±V. bit 
±%bit 
±1 bit 

±1 bit 
±1 bit 

Ci 
iiD 
WR 
INTR 

11 DBr 
12 

Diie 
AID 

13 
Diis 

14 
15 

Diie 

18 
Dllo 

17 
Dllz 

18 
DB1 
DBo 

(No Adjustments) -40°cto +e5•c 20 pin CERDIP 
-55°C to + 125•c 20 pin CERDIP 
-55°C to + 125•c .. 20 pin CERDIP. 

VREF/2 Adjusted for o•cto +70-C 20 pin Plastic DIP· 
Correct.Full-Scale -40°cto +e5•c 20 pin CERDIP. 
Reading -55°C to + 125·c 20 pin CERDIP 

VREF/2 = 2.500 Voe o•cto +70°c 20 pin Plastic DIP 
(No Adjustments) -40"C to + e5•c 20 pin CERDIP 

v+ 

CLKR 

CLKIN 

8 r·BIT RESOLUTION "NC+l J DIFF OVER ANY DESIRED 
~-) INPUTS ANALOG INPUT 

VOLTAGE RANGE . 
AGND 

v .. ,12 VREFl2 

DGND 
10 '=" 

0334-1 

Figure 1: Typical Application 
TOP VIEW 

0334-2 

(Outline dwg. CD, CN) 
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 valuss have bsen chsractMzsd but are not f8stsd. 4-2 



ADC0802-ADC0804 

y+ 20 
IVREF) 

"1" =RESET SHIFT REGISTER 
"0" =BUSY AND RESET STATE 

INPUT PROTECTION 
FOR ALL LOGIC INPUTS 

INPUT F TOINTERNAL 
CIRCUITS 

30V 

CLK 

VREF/2 0-9-------+I LA:,!>~R 14---+--+-+-+-----I su;~p~sg~vE 

8-BIT 
SHIFT 

REGISTER 

DECODER REGISTER 
14---+--+-+-+-+-<t----I AND LATCH 

DAC Q 
AGND 8 Your 

'::" v+ 

3-STATE CONTROL 

READ 

RESET 

RESET 

"1"=0UTPUT ENABLE'--------------' 

Figure 3: Functional Diagram of ADC0802-ADC0804 

NO~: All typical values havs be6n chsracterized but are not tested. 
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0 
GI» 
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ADC0802-ADC0804 

8 ABSOLUTE MAXIMUM RATINGS OPERATING RATINGS 
c 
I 

(II 
0 
GI» 

§ 
c 

Supply Voltage .................................. 6.5V Temperature Range 
Voltage at Any Input . . . . . . . . . . . . . . -0.3V to (V + + 0.3V) ADC0802/03LD ................... - 55°C to + 125°C 
Storage Temperature Range .......... -65°C to+ 150°C ADC0802/03/04LCD ............... -40°C to + 85°C 
Package Dissipation at TA= + 25°C ............. 875mW ADC0802/03/04LCN .................. o·c to + 70°C 
Lead Temperature (Soldering, 1 Osec) ............. 300°C Supply Voltage Range ..................... 4.5V to 6.3V 
NOTE: Stresses above those lislBd 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 (Notes 1 and 7) 

Converter Specifications: v + = 5V, TA= + 25•c and fcLK = 640kHz unless otherwise stated. 

Parameter Test Conditions Min Typ Max Unit 

ADC0802: VREF/2 = 2.500V 
±'lz LSB 

Total Unadjusted Error 

ADC0803: VReF/2 Adjusted for Correct 
±1/z LSB 

Total Adjusted Error Full-Scale Reading 

ADC0804: VREF/2 = 2.500V 
±1 LSB 

Total Unadjusted Error 

VReF/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 kn 

Analog Input Voltage Range (Note2) GND-0.05 v++o.05 v 

DC Common-Mode Rejection Over Analog Input Voltage Range ±Yts ±'la LSB 

Power Supply Sensitivity 
v+ = 5V ± 10% Over Allowed 

± Yta ± 'la LSB 
Input Voltage Range 

Converter Specifications: v+ = 5V, o·c s;: TA s;: + 70°C and fcLK = 640 kHz unless otherwise stated. 

Parameter Test Conditions Min Typ Max Unit 

ADC0802: VREF/2 = 2.500V 
±1/z LSB 

Total Unadjusted Error 

ADC0803: VREF/2 Adjusted for Correct 
±1/z LSB 

Total Adjusted Error Full-Scale Reading 

ADC0804: VREF/2 = 2.500V 
±1 LSB 

Total Unadjusted Error 

VReF/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 kn 

Analog Input Voltage Range (Note2) GND-0.05 v++o.05 v 

DC Common-Mode Rejection Over Analog Input Voltage Range ±'la ±1/.i LSB 

Power Supply Sensitivity 
V+ =5V ±10% Over Allowed 

±Yta ±'la LSB 
Input Voltage Range 

NOTE: AH typical valuBs hsvs been characlfJrizsd but BM not testsd. 
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ADC0802-ADC0804 

Converter Specifications: v+ = 5V, -25'C,;;; TA,;;; +85'CandfcLK = 640 kHz unless otherwise stated. 

Parameter Test Conditions Min Typ Max Unit 

ADC0802: VREF/2 = 2.500V 
±% LSB 

Total Unadjusted Error 

ADC0803: VREF/2 Adjusted for Correct 
±% LSB 

Total Adjusted Error Full-Scale Reading 

ADC0804: VREF/2 = 2.500V 
±1 LSB 

Total Unadjusted Error 

VREF/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 kO 

Analog Input Voltage Range (Note2) GND-0.05 v+ +0.05 v 

DC Common-Mode Rejection Over Analog Input Voltage Range ±Ye ±% LSB 

Power Supply Sensitivity 
V+ =5V ±10% Over Allowed 

±'As ±'/e LSB 
Input Voltage Range 

Converter Specifications: v+ = 5V, -55'C,;;; TA,,;; +125'CandfcLK = 640 kHz unless otherwise stated. 

Parameter fest Conditions Min Typ Max Unit 

ADC0802: VREF/2 = 2.500V 
±1 LSB 

Total Unadjusted Error 

ADC0803: VREF/2 Adjusted for Correct 
:t 1 LSB 

Total Adjusted Error Full-Scale Reading 

ADC0804: VREF/2 = 2.500V 
±1% LSB 

Total Unadjusted Error 

VREF/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 kO 

Analog Input Voltage Range (Note 2) GND-0.05 v+ +0.05 v 

DC Common-Mode Rejection Over Analog Input Voltage Range ±'/e ±% LSB 

Power Supply Sensitivity 
v+ =5V ±10% Over Allowed 

±'/e ±% LSB 
Input Voltage Range 

NOTE: AH typical valu9S haVB bHn characlBrizsd but ars not tssted. 
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ADC0802-ADC0804 

DC ELECTRICAL CHARACTERISTICS 
Digital Levels and DC Specifications: 

Symbol Parameter 

CONTROL INPUTS (Note 6) 

V1NH 
Logical "1" Input Voltage 
(Except Pin 4 CLK IN) 

V1NL 
Logical "O" Input Voltage 
(Except Pin 4 CLK IN) 

v+ CLK 
CLK IN (Pin 4) Positive Going 
Threshold Voltage 

v- CLK 
CLK IN (Pin 4) Negative Going 
Threshold Voltage 

VH 
CLK IN (Pin 4) Hysteresis 

(VcLK+)-(VcLK-) 

l1NHI 
Logical "1" Input Current 
(All Inputs) 

l1NLO 
Logical "O" Input Current 
(All Inputs) 

11 Supply Current (Includes 

v+ =5Vand TM1N:S:TA:S:TMAX• unless otherwise noted. 

Test Conditions Min Typ Max 

V+ =5.25V 2.0 v+ 

V+ =4.75V 0.8 

2.7 3.1 3.5 

1.5 1.8 2.1 

0.6 1.3 2.0 

V1N=5V 0.005 1 

V1N=OV -1 -0.005 

fcLK = 640kHz, 1.3 2.5 
Ladder Current) TA= +25°Cand CS=HI 

DC ELECTRICAL CHARACTERISTICS 

Unit 

v 

v 

v 

v 

v 

µA 

µA 

mA 

Digital. Levels and DC Specifications: v + = 5V and T MIN :s: TA :s:T MAX· unless otherwise noted. (Continued) 

Symbol Parameter Test Conditions Min Typ Max Unit 

DATA OUTPUTS AND INTR 

Vol Logical "O" Output Voltage 
10 =1.6mA 

0.4 v 
V+=4.75V 

VoH Logical "1" Output Voltage 
10 = -360µA 

2.4 v 
v+=4.75V 

ILQ 3-State Disabled Output Vour=OV -3 µA 
Leakage (All Data Buffers) Vour=5V 3 µA 

lsoURCE Output Short Circuit Current Vour Short to Gnd TA= + 25°C 4.5 6 mA 

lslNK Output Short Circuit Current Your Short to v+ TA=+ 25°C 9.0 16 mA 

NOTES: 1. All voltages are measured with respect to GND, unless otherwise specified. The separate AGND point should always be wired to the DGND, being 
careful to avoid ground loops. 

2. For V1N(-) :<: V1N( +) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the V + supply. Be careful, during testing at low V + 

· levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors for analog 
inputs near full·scale. As long as the analog V1N does not exceed the supply voltage by more than 50mV, the output code will be correct. To achieve an 
absolute OV to 5V input voltage range will therefore require a minimum supply voltage of 4.950V over temperature variations, initial tolerance and 
loading. 

3. With v+ =6V, the digital logic interfaces are no longerTIL compatible. 
4. With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. 
5. The CS input is assumed to bracket the WR strobe input so that timing is dependent on the WR pulse width. An arbitrarily wide pulse width will hold the 

converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see Timing Diagrams). 
6. CLK IN (pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately. 
7. None of these A/Os requires a zero-adjust. However, if an all zero code is desired for an analog input other than O.OV, or if a narrow full-scale span 

exists (for example: O.SV to 4.0V full-scale) the V1N(-) i_nput can be adjusted to achieve this. See Zero Error on page 10 of this data sheet 

NOTE: AH typical values have been charact9rized but are not tested. 
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ADC0802-ADC0804 

AC ELECTRICAL CHARACTERISTICS 
Timing Specifications: v+ = 5V and TA=+ 25'C unless otherwise stated. 

Symbol Parameter 

fcLK Clock Frequency 

tconv Clock Periods per Conversion (Note 4) 

CR Conversion Rate In Free-Running Mode 

IW(WR)I Width of WR Input (Start Pulse Width) 

lace 
Access Time (Delay from Falling Edge of 
RD to Output Data Valid) 

t1h. toh 
3-State Control (Delay from Rising Edge 
of RD to Hl-Z State) 

tw1.IR1 
Delay from Falling Edge of WR to 
Reset of INTR 

C1N 
Input Capacitance of Logic 
Control Inputs 

Cour 3-State Output Capacitance (Data Buffers) 

y+ 

1------o~~!uT 

0334-4 

v+ v+ 

M. RD DATA 
Ct OUTPUT 

-: -: T 
0334-6 

Test Conditions Min Typ Max 

v+ =6V (Note 3) 100 640 1280 
V+=5V 100 640 800 

62 73 

INTR tied to WR with 
8888 

CS=OV, fcLK=640kHz 

CS= OV (Note 5) 100 

CL= 1 OOpF (Use Bus Driver IC 
135 200 

for Larger CL) 

CL= 10pF, RL = 10k 
125 250 

(See 3-State Test Circuits) 

300 450 

5 

5 

l1h• CL= 10pF 

90% 
RD -~% 

DATA ::-=CJ- hh 

OUTPUTS ~ 

DATA 
OUTPUTS 

GND------

t,=20ns 

t,=20ns 

Figure 4: 3-State Test Circuits and Waveforms 

NOTE: Ail typical values have been charactsrized but aro not tssted. 
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Unit 

kHz 
kHz 

conv/s 

ns 

ns 

ns 

ns 

pF 

pF 

0334-5 

0334-7 

"d' 
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0 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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Figure 5: Timing Diagrams 

Note: All timing is measured from the 50% voltage points. 

NOTE A// typical values have been characterized but are not tested 
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b) Accuracy= ± Y. LSB 

Figure 6: Clarifying the Error Specs of an A/D Converter 

UNDERSTANDING A/D ERROR SPECS 
A perfect AID transfer characteristic (staircase wave

form) is shown in Figure 6a. The horizontal scale is analog 
input voltage and the particular points labeled are in steps 
of 1LSB (19.53mV with 2.5V tied to the VReF/2 pin). The 
digital output codes which correspond to these inputs are 
shown as D -1, D, and D + 1. For the perfect AID, not only 
will center-value (A-1,A,A + 1, . . .) analog inputs pro
duce the correct output digital codes, but also each riser 
(the transitions between adjacent output codes) will be lo
cated ± % LSB away from each center-value. As shown, 
the risers are ideal and have no width. Correct digital output 
codes will be provided for a range of analog input voltages 
which extend ± % LSB from the ideal center-values. Each 
tread (the range of analog input voltage which provides the 
same digital output code) is therefore 1 LSB wide. 

NOTE: AH typical valuss have bflBn charactmized but ars not tesffJd. 
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The error curve of Figure 6b shows the worst case trans
fer function for the ADCOB02. Here the specification guaran
tees that if we apply an analog input equal to the LSB ana
log voltage center-value, the AID will produce the correct 
digital code. 

Next to each transfer function is shown the correspond
ing error plot. Notice that the error includes the quantization 
uncertainty of the AID. For example, the error at point 1 of 
Figure 6a is + % LSB because the digital code appeared % 
LSB in advance of the center-value of the tread. The error 
plots always have a constant negative slope and the abrupt 
upside steps are always 1 LSB in magnitude, unless the de
vice has missing codes. 



FUNCTIONAL DESCRIPTION 
A functional diagram of the ADC0802 series of AID con

verters is shown in Figure 3. All of the package pinouts are 
shown and the major logic control paths are drawn in heavi
er-weight lines. The device operates on the successive ap
proximation principle (see APPLICATION NOTES A016 and 
A020 for a more detailed description of this principle). Ana
log switches are closed sequentially by successive-approxi
mation logic until the analog differential input voltage 
[V1N( + )-V1N(-)l matches a voltage derived from a tapped 
resistor string across the reference voltage. The most sig
nificant bit is tested first and after 8 comparisons (64 clock 
cycles), an 8-bit binary code (1111 1111 = full-scale) is 
transferred to an output latch. 

The normal operation proceeds as follows. On the high
to-low transition of the WR input, the internal SAR latches 
and the shift-register stages are reset, and the INTR output 
will be set high. As long as the CS input and WR input re
main low, the AID will remain in a reset state. Conversion 
will start from 1 to 8 clock periods after at least one of 
these inputs makes a low-to-high transition. After the 
requisite number of clock pulses to complete the conver
sion, the INTR pin will make a high-to-low transition. This 
can be used to interrupt a processor, or otherwise signal the 
availability of a new conversion. A RD operation (with CS 
low) will clear the INTR line high again. The device may be 
operated in the free-running mode by connecting INTR to 
the WR input with CS= 0. To ensure start-up under all pos
sible conditions, an external WR pulse is required during the 
first power-up cycle. A conversion-in-process can be inter
rupted by issuing a second start command. 

Digital Details 
The converter is started by having CS and WR simulta

neously low. This sets the start flip-flop (FIF) and the result
ing "1" level resets the 8-bit shift register, resets the Inter
rupt (INTR) FIF and inputs a "1" to the D flip-flop, DFF1, 
which is at the input end of the 8-bit shift register. Internal 
clock signals then transfer this "1" to the Q output of DFF1. 
The AND gate, G1, combines this "1" output with a clock 
signal to provide a reset signal to the start FIF. If the set 
signal is no longer present (either WR or CS is a "1 "), the 
start FIF is reset and the 8-bit shift register then can have 
the "1" clocked in, which starts the conversion process. If 
the set signal were to still be present, this reset pulse would 
have no effect (both outputs of the start FIF would be at a 
"1" level) and the 8-bit shift register would continue to be 
held in the reset mode. This allows for asynchronous or 
wide CS and WR signals. 

After the "1" is clocked through the 8-bit shift register 
(which completes the SAR operation) it appears as the in
put to DFF2. As soon as this "1" is output from the shift 
register, the AND gate, G2, causes the new digital word to 
transfer to the 3-state output latches. When DFF2 is subse
quently clocked, the Q output makes a high-to-low transition 
which causes the INTR FIF to set. An inverting buffer then 
supplies the INTR output signal. 

When data is to be read, the combination of both CS and 
RD being low will cause the INTR FIF to be reset and the 3-
state output latches will be enabled to provide the 8-bit digi
tal outputs. 

NOTE: All typical values have been characterized but are not tested. 
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Digital Control Inputs 
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The digital control inputs (CS, RD, and WR) meet stan- C 
dard TTL logic voltage levels. These signals are essentially I 
equivalent to the standard AID Start and Output Enable S 
control signals, and are active low to allow an easy interface CXI 
to microprocessor control busses. For non-microprocessor 0 
based applications, the CS input (pin 1) can be grounded (,) 
and the standard AID Start function obtained by an active ~ 
low pulse at the WR input (pin 3). The Output Enable func-
tion is achieved by an active low pulse at the RD input (pin 
2). 

Analog Operation 
The analog comparisons are performed by a capacitive 

charge summing circuit. Three capacitors (with precise ra
tioed values) share a common node with the input to an 
auto-zeroed comparator. The input capacitor is switched 
between V1N( +) and V1N(-)• while two ratioed reference ca
pacitors are switched between taps on the reference volt
age divider string. The net charge corresponds to the 
weighted difference between the input and the current total 
value set by the successive approximation register. A cor
rection is made to offset the comparison by Y, LSB (see 
Figure 6a). 

Analog Differential Voltage Inputs and 
Common-Mode Rejection 

This AID gains considerable applications flexibility from 
the analog differential voltage input. The V1N(-) input (pin 7) • 
can be used to automatically subtract a fixed voltage value • 
from the input reading (tare correction). This is also useful in 
4mA- 20mA current loop conversion. In addition, common
mode noise can be reduced by use of the differential input. 

The time interval between sampling V1N(+) and V1N(-) is 
4 Y, clock periods. The maximum error voltage due to this 
slight time difference between the input voltage samples is 
given by: 

[ 4.5 ] 
!:>. V 8(MAX) = (V p)(27Tfcml -

fcLK 
where: 

!:>. V 8 is the error voltage due to sampling delay 

Vp is the peak value of the common-mode voltage 

fem is the common-mode frequency 
For example, with a 60Hz common-mode frequency, fem• 

and a 640kHz AID clock, fcLK· keeping this error to Y. LSB 
( - 5mV) would allow a common-mode voltage, Vp, given 
by: 

or 

_[A_V..=c8 (~M_A-'X)'-'-(f=cL=K~)] 
Vp= (27TfemH4.5) 

Vp (5x1Q-3) (640x103) ,,, 1,9V 
(6.28) (60) (4.5) 

The allowed range of analog input voltage usually places 
more severe restrictions on input common-mode voltage 
levels than this. 

An analog input voltage with a reduced span and a rela
tively large zero offset can be easily handled by making use 
of the differential input (see Reference Voltage Span Ad
just). 
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The internal switching action causes displacement cur
rents to flow at the analog inputs. The voltage on the on
chip capacitance to ground is switched through the analog 
differential input voltage, resulting in proportional currents 
entering the VIN(+) input and leaving the V1N(-) input. 
These current transients occur at the leading edge of the 
internal clocks. They rapidly decay and do not Inherently 
cause errors as the on-chip comparator is strobed at the 
end of the clock period. 

Input Bypass Capacitors 
Bypass capacitors at the inputs will average these 

charges and cause a DC current to flow through the output 
resistances of the analog signal sources. This charge 
pumping action is worse for continuous conversions with 
the V1N(+J input voltage at full-scale. For a 640kHz clock 
frequency with the V1N( +) input at 5V, this DC current is at a 
maximum of approximately 5µA. Therefore, bypass capac
itors should not be used at the analog inputs or the 
VREF/2 pin for high resistance sources (> 1 kn). If input by
pass capacitors are necessary for noise filtering and high 
source resistance is desirable to minimize capacitor size, 
the effects of the voltage drop across this input resistance, 
due to the average value of the input current, can be com
pensated by a full-scale adjustment while the given source 
resistor and input bypass capacitor are both in place. This is 
possible because the average value of the input current is a 
precise linear function of the differential input voltage at a 
constant conversion rate. 

Input Source Resistance 
Large values of source resistance where an input bypass 

capacitor is not used, wlll not cause errors since the input 
currents settle out prior to the comparison time. If a low
pass filter is required in the system, use a low-value series 
resistor ( s; 1 kn) for a passive RC section or add an op amp 
RC active low-pass filter. For low-source-resistance applica
tions, (S: 1 k!l), a 0.1 µF bypass capacitor at the inputs will 
minimize EMI due to the series lead inductance of a long 
wire. A 1 oon series resistor can be used to isolate this ca
pacitor (both the R and C are placed outside the feedback 
loop) from the output of an op amp, if used. 

Stray Pickup 
The leads to the analog inputs (pins 6 and 7) should be 

kept as short as possible to minimize stray signal pickup 
(EMI). Both EMI and undesired digital-clock coupling to 
these inputs can cause system errors. The source resist
ance for these inputs should, in general, be kept below 5kn. 
Larger values of source resistance can cause undesired sig
nal pickup. Input bypass capacitors, placed from the analog 
inputs to ground, will eliminate this pickup but can create 
analog scale errors as these capcitors will average the tran
sient input switching currents of the AID (see Analog Input 
Current). This scale error depends on both a large source 
resistance and the use of an input bypass capacitor. This 
error can be compensated by a full-scale adjustment of the 
AID (see Full-Scale Adjustment) with the source resist
ance and input bypass capacitor in place, and the desired 
conversion rate. 

NOTE: All typical vatuss havs been characterized but af'9 not tBstsd. 
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Reference Voltage Span Adjust 
For maximum application flexibility, these A/Os have 

been designed to accommodate a 5V, 2.5V or an adjusted 
voltage reference. This has been achieved in the design of 
the IC as shown in Figure 7. 

VREF/2 
9 

R 

AGND 8 
"::" 

~}-

~}-

V+(VREF) 

20 

DIGITAL 
CIRCUITS 

ANALOG 
CIRCUITS 

DGND 10 

0334-22 

Figure 7: The VREFERENCE Design on the IC 

Notice that the reference voltage for the IC is either Y. of 
the voltage which is applied to the v+ supply pin, or is 
equal to the voltage which is externally forced at the VREF/ 
2 pin. This allows for a pseudo-ratiometric voltage reference 
using, for the v+ supply, a 5V reference voltage. Alterna
tively, a voltage less than 2.5V can be applied to the VREF/ 
2 input. The internal gain to the VREF/2 input is 2 to allow 
this factor of 2 reduction in the reference voltage. 

Such an adjusted reference voltage can accommodate a 
reduced span or dynamic voltage range of the analog input 
voltage. If the analog input voltage were to range from 0.5V 
to 3.5V, instead of OV to 5V, the span would be 3V. With 
0.5V applied to the V1N(-J pin to absorb the offset, the ref
erence voltage can be made equal to Y. of the 3V span or 
1.5V: The AID now will encode the V1N( + l signal from 0.5V 
to 3.5V with the 0.5V input corresponding to zero and the 
3.5V input corresponding to full-scale. The full 8 bits of reso
lution are therefore applied over this reduced analog input 
voltage range. The requisite connections are shown in Fig
ure 8. For expanded scale inputs, the circuits of Figures 9 
and 1 O can be used. 
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Figure 8: Offsetting the Zero of the ADC0802 and 
Performing an Input Range {Span) Adjustment 
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Figure 9: Handling ± 10V Analog Input Range 
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Figure 10: Handling ±5V Analog Input Range 

Reference Accuracy Requirements 
The converter can be operated in a pseudo-ratiometric 

mode or an absolute mode. In ratiometric converter applica
tions, the magnitude of the reference voltage is a factor in 
both the output of the source transducer and the output of 
the AID converter and therefore cancels out in the final 

NOTE: All typical values have been characterized but are not tested. 
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digital output code. In absolute conversion applications, () 
both the initial value and the temperature stability of the Cll 
reference voltage are important accuracy factors in the op- ~ 
eration of the AID converter. For VREFl2 voltages of 2.5V Cll 
nominal value, initial errors of ± 1 OmV will cause conversion 0 
errors of ± 1 LSB due to the gain of 2 of the VREFl2 input. In ~ 
reduced span applications, the initial value and the stability () 
of the VREFl2 input voltage become even more important. Cll 
For example, if the span is reduced to 2.5V, the analog CC 
input LSB voltage value is correspondingly reduced from 
20mV (5V span) to 1 OmV and 1 LSB at the VREFl2 input 
becomes 5mV. As can be seen, this reduces the allowed 
initial tolerance of the reference voltage and requires corre
spondingly less absolute change with temperature varia
tions. Note that spans smaller than 2.5V place even tighter 
requirements on the initial accuracy and stability of the ref
erence source. 

In general, the reference voltage will require an initial ad
justment. Errors due to an improper value of reference volt
age appear as full-scale errors in the AID transfer function. 
IC voltage regulators may be used for references if the am
bient temperature changes are not excessive. 

Zero Error 
The zero of the AID does not require adjustment. If the 

minimum analog input voltage value, V1N(MIN)• is not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input volt
age by biasing the AID V1N(-) input at this V1N(MIN) value 
(see Applications section). This utilizes the differential ~ 
mode operation of the AID. li.m 

The zero error of the AID converter relates to the loca
tion of the first riser of the transfer function and can be 
measured by grounding the V1N(-) input and applying a 
small magnitude positive voltage to the V1N( +) input. Zero 
error is the difference between the actual DC input voltage 
which is necessary to just cause an output digital code tran
sition from 0000 0000 to 0000 0001 and the ideal % LSB 
value(% LSB=9.8mV for VREF/2=2.500V). 

Full-Scale Adjust 
The full-scale adjustment can be made by applying a dif

ferential input voltage which is 1 % LSB down from the de
sired analog full-scale voltage range and then adjusting the 
magnitude of the VREF/2 input (pin 9) for a digital output 
code which is just changing from 1111 111 0 to 1111 1111 . 
When offsetting the zero and using a span-adjusted VREF/2 
voltage, the full-scale adjustment is made by inputting VMIN 
to the VIN(-) input of the AID and applying a voltage to the 
V1N( +) input which is given by: 

. [(VMAx-VM1N)] 
V1N( + )fsadJ = VMAx-1.5 256 ' 

where: 

VMAX =the high end of the analog input range 

and 

VMIN =the low end (the offset zero) of the analog range. 
(Both are ground referenced.) 
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The clock for the AID can be derived from an external 
source such as the CPU clock or an external RC network 
can be added to provide self-clocking. The CLK JN (pin 4) 
makes use of a Schmitt trigger as shown in Figure 11. 

Heavy capacitive or DC loading of the CLocK R pin 
should be avoided as this will disturb normal converter oper
ation. Loads Jess than 50pF, such as driving up to 7 AID 
converter clock inputs from a single CLK R pin of 1 convert
er, are allowed. For larger clock line loading, a CMOS or low 
power TTL buffer or PNP input logic should be used to mini
mize the loading on the CLK R pin (do not use a standard 
TTL buffer). 

CLKR 
19 

R 

CLK 
IN --4-0----1 

If the AID is restarted (CS and WR go low and return 
high) during a conversion, the converter is reset and a new 
conversion is started. The output data latch is not updated if 
the conversion in progress is not completed. The data from 
the previous conversion remain in this latch. 

Continuous Conversions 
In this application, the CS input is grounded and the WR 

input is tied to the JNTR output. This WR and INTR node 
should be momentarily forced to logic low following a pow
er-up cycle to insure circuit operation. See Figure 12 for 
details. 

ADC0802-
ADC0804 

1 
fCLK= 1.1 RC 

R:10kll 
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Figure 11: Self-Clocking the A/D 
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Figure 12: Free-Running Connection 

NOTE: All typical values have been characterized but are not tested. 
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Driving the Data Bus 
This CMOS AID, like MOS microprocessors and memo

ries, will require a bus driver when the total capacitance of 
the data bus gets large. Other circuitry, which is tied to the 
data bus, will add to the total capacitive loading, even in 3-
state (high-impedance mode). Backplane bussing also 
greatly adds to the stray capacitance of the data bus. 

There are some alternatives available to the designer to 
handle this problem: Basically, the capacitive loading of the 
data bus slows down the response time, even though DC 
specifications are still met. For systems -operating with a 
relatively slow CPU clock frequency, more time is available 
in which to establish proper logic levels· orr the bus and 
therefore higher capacitive loads can be driven (see Typi
cal Performance Characteristics). 

At higher CPU clock frequencies ·time can be extended 
for 1/0 reads (and/or writes) by inserting wait states (BOBO).-. 
or using clock-extending circuits (6BOO). 

Finally, if time is short and capacitive loading is high, ex
ternal bus drivers must be used. These can be 3-state buff
ers (low power Schottky is recommended, such as the 
74LS240 series) or special higher-drive-current products 
which are designed as bus drivers. High-current bipolar bus 
drivers with PNP inputs are recommended. 

Power Supplies 
Noise spikes on the v+ supply line can cause conversion 

errors as the comparator will respond to this noise. A low-in
ductance tantalum filter capacitor ·should be used close to 
the converter V + pin, and values of 1 µF or greater are 
recommended. If an unregulated voltage is.-available in the 
system, a separate 5V voltage regulator for. the converter 
(and other analog circuitry) will greatly reduce digital noise 
on the v+ supply. An ICL7663 can be used to regulate such 
a supply from an input as low as 5.2V. 

Wiring and Hook-Up Precautions 
Standard digital wire-wrap sockets are not satisfactory for 

breadboarding with this A/D converter. Sockets on PC 
boards can be used. All logic signal wires and leads should 
be grouped and kept as far away as possible from the ana
log signal leads. Exposed leads to the analog inputs can 
cause undesired digital noise and hum pickup; therefore, 
shielded leads may be necessary in many applications. 

A single-point analog ground should be used which is 
separate from the logic ground points. The power supply 
bypass capacitor and the self-clocking capacitor (if used) 
should both be returned to digital ground. Any VREF/2 by
pass capacitors, analog input filter capacitors, or input sig- · 
nal shielding should be returned to the analog ground point. 
A test for proper grounding is to measure the zero error of 
the A/D converter. Zero errors in excess of % LSB can 
usually be traced to improper board layout and wiring (see 
Zero Error for measurement). Further information can be 
found in A01B. 

NOTE: All typical values have been characterized but aro not tosted. 
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TESTING THE A/D CONVERTER. 
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There are many degrees of complexity associated with C 
testing an AID converter. One of the simplest tests is to I 
apply a known analog input voltage to the converter and ~ 
use LEDs to display the resulting digital output code as CD 
shown in Figure 13. 0 

For ease of testing, the VREF/2 (pin 9) should be supplied ~ 
with 2.560V and av+ supply voltage of 5.12V should be ..., 
used. This provides an LSB value of 20mV. 

If a full-scale adjustment is to be made, an analog input 
voltage of 5.090V (5.120 - 1 % LSB) should be applied to 
the V1N(+) pin with the V1N(-) pin grounded. The value of 
the VREF/2 input voltage should be adjusted until the digital 
output code is just changing from 1111 1110 to 1111 1111. 
This value of VREF/2 should then be used for all the tests. 

N.O. 

STAA~ 
ADC0802- . 
ADC0804 

":" 
2.580V 9 
VAEFl2 

DGND LEDs 
(8) 

Figure 13: Basic Tester for the A/D 
0334-28. 

The digital-output LED display can be decoded by divid- . 
ing the B bits into 2 hex characters, one with the 4 most-sig- ~ 
nificant bits (MS) and one with the 4 least-significant bits 
(LS). The output is then interpreted as a sum of fractions 
times the full-scale voltage: 

( MS LS) Vour= 16+ 256 (5.12)V. 



.... 
0 
CD 
0 g For example, for an output LED display of 1011 0110, the 
C MS character is hex B (decimal 11) and the LS character is 
1 hex (and decimal) 6, so 

(II (11 6. ) 
~ VouT= 16 + 256 (5.12)"=3.64V. 

0 
g 
c 

Figures 14 and 15 show more sophisticated test circuits. 

..------. VANALOO OUTPUT 

ANALOG 
INPUT 

"A" 

II-BIT 
AID UNDER 

TEST 

R 

R 

10.BIT 
DAC 

"C" 

100XANALOG 
ERROR VOLTAGE 

0334-29 

Figure 14: AID Tester with Analog Error Output. 
This circuit can be used to generate "error plots" of 

Figure 6. 

10-BIT 
DAC 

0334-30 

Figure 15: Basic "Digital" A/D Tester 

APPLICATIONS 
Interfacing 8080/85 or Z-80 
Microprocessors 

This converter has been designed to directly interface 
with 8080/85 or Z-80 Microprocessors. The 3-state output 
capability of the AID eliminates the need for a peripheral 
interface device, although address decoding is still required 
to generate the appropriate CS for the converter. The AID 
can be mapped into memory space (using standard memo
ry-address decoding for CS and the MEMR and MEMW 
strobes) or it can be controlled as an 110 device by using 
the 1/0 R and 1/0 W strobes and decoding the address bits 
AO --+ A7 (or address bits AB --+ A15, since they will 
contain the same B-bit address information) to obtain the 
CS input. Using the 1/0 space provides 256 additional ad
dresses and may allow a simpler B-bit address decoder, but 
the data can only be input to the accumulator. To make use 
of the additional memory reference instructions, the AID 
should be mapped into memory space. See A020 for more 
discussion of memory-mapped vs 1/0-mapped interfaces. 
An example of an AID in 1/0 space is shown in Figure 16. 

NOTE: AH typical values have been charact9tiz8d but are not tested 
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ADC0802-ADC0804 

The standard control-bus signals of the BOBO (CS, RD 
and WR) can be directly wired to the digital control inputs of 
the AID, since the bus timing requirements, to allow both 
. starting the converter, and outputting the data onto the data 
bus, are met. A bus driver should be used for larger micro
processor systems where the data bus leaves the PC board 
and/or must drive capacitive loads larger than 100pF. 

It is useful to note that in systems where the AID convert
er is 1 of B or fewer 1/0-mapped devices, no address-de
coding circuitry is necessary. Each of the B address bits (AO 
to A7) can be directly used as CS inputs, one for each 110 
device. 

Interfacing the Z-80 and 8085 
The Z-BO and BOB5 control buses are slightly different 

from that of the BOBO. General RD and WR strobes are 
provided and separate memory request, MREQ, and 110 
request, IORQ, signals have to be combined with the gener
alized strobes to provide the appropriate signals. An advan
tage of operating the A/D in 110 space with the Z-BO is that 
the CPU will automatically insert one wait state (the RD and 
WR strobes are extended one clock period) to allow more 
time for the 1/0 devices to respond. Logic to map the AID 
in 1/0 space is shown in Figure 17. By using MREQ in place 
of IORQ, a memory-mapped configuration results. 

Additional 110 advantages exist as software OMA rou
tines are available and use can be made of the output data 
transfer which exists on the upper B address lines (AB to 
A15) during 110 input instructions. For example, MUX chan
nel selection for the AID can be accomplished with this 
operating mode. 

The BOB5 also provides a generalized RD and WR strobe, 
with an 10/M line to distinguish 1/0 and memory requests. 
The circuit of Figure 17 can again be used, with 10/M in 
place of IORQ for a memory-mapped interface, and an ex
tra inverter (or the logic equivalent) to provide iO/M for an 
1/0-mapped connection. 

Interfacing 6800 Microprocessor 
Derivatives 
(6502, etc.) 

The control bus for the 6BOO microprocessor derivatives 
does not use the RD and WR strobe signals. Instead it em
ploys a single R/W line and additional timing, if needed, can 
be derived from the <f>2 clock. All 110 devices are memory
mapped in the 6BOO system, and a special signal, VMA, 
indicates that the current address is valid. Figure 16 shows 
an interface schematic where the A/D is memory-mapped 
in the 6BOO system. For simplicity, the CS decoding is 
shown using y. DMB092. Note that in many 6BOO systems, 
an already decoded 47s line is brought out to the common 
bus at pin 21. This can be tied directly to the CS pin of the 
AID, provided that no other devices are addressed at HEX 
ADDR: 4XXX or 5XXX. 

In Figure 19 the ADCOB02 series is interfaced to the 
MC6BOO microprocessor through (the arbitrarily chosen) 
Port B of the MC6B20 or MC6B21 Peripheral Interface 
Adapter (PIA). Here the CS pin of the A/Dis grounded since 
the PIA is already memory-mapped in the MC6BOO system 
and no CS decoding is necessary. Also notice that the AID 
output data lines are connected to the microprocessor bus 
under program control through the PIA and therefore the A/ 
D RD pin can be grounded. 
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Note: Pin numbers for 8228 system controller: others are BOBOA 

Figure 16: ADC0802 to 8080A CPU Interface 

NOTE: All typical values have bsen characterized but ars not tested. 
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CD 
0 
~ APPLICATION NOTES 
..., Some applications bulletins that may be found useful are 
C:. listed here: 
o A016 "Selecting AID Converters," by Dave Fullagar. 

CD A018 "Do's and Dont's of Applying AID Converters," by 
~ Peter Bradshaw and Skip Osgood. 
.. A020 "A Cookbook Approach to High Speed Data Acqui
C sition and Microprocessor Interfacing," by Ed Sliger. 

A030 "The ICL7104-A Binary Output AID Converter for 
Microprocessors," by Peter Bradshaw. 

ROOS "Interfacing Data Converters & Microprocessors," 
by Peter Bradshaw et al, Electronics, Dec. 9, 1976. 

ADC0802-ADC0804 

ADC0802-
ADC0804 
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Figure 17: Mapping the AID as an 1/0 device for 
use with the Z·BO CPU 

r-------------------..IRQ(4)*(DJ** 

ANALOGU--t--+--....;...~ 

INPUTS o--t--+--....;...~ 
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ADC0804 

+ 
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v~ 20 ..L 
CLKR 19 - [ABC] - 5V(8) 123 

(LSI) DBoi-1-8----· Do (33)[31] 
DB1 17 Dt (32) ....., 

18 -· Dlb Dz (31) (K] 
DB3 15 Ds (30)' (HJ 
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At3(23)(N] 

t-"------c At4 (24) (M] 

t-=----C::><:.1--~ Ats (25) (33) 

t"'------4VMA (5) (F] 

'Note 1: Numbers in parentheses refer to MC6800 CPU pinout. 

••Note 2: Numbers or letters in brackets refer to standard MC6800 system common bus code. 

Figure 18: ADC0802 to MC6800 CPU Interface 

NOTE.· All typical values hal/8 be6n characterized but are not tested. 
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Figure 19: ADC0802 to MC6820 PIA Interface 

NOTE: All typical values hall8 been characterized but are not tested. 
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HARRIS 
SEMICONDUCTOR 

CA3310, CA3310A 
CMOS 10-Bit Analog-to-Digital 

Converter with Internal Track and 
Hold 

::i GENERAL DESCRIPTION FEATURES 
(') 

3 The Harris CA331 O is a fast, low power, 10-bit successive 
approximation analog-to-digital converter, with microproces
sor-compatible outputs. It uses only a single 3V to 6V sup
ply and typically draws just 3 mA when operating at 5V. It 
can accept full rail-to-rail input signals, and features a built
in track and hold. The track and hold will follow high band
width input signals, as it has only a 100 ns (typical) input 
time constant. 

The ten data outputs feature full high-speed CMOS three
state bus driver capability, and are latched and held through 
a full conversion cycle. Separate 8 MSB and 2 LSB enables, 
a data ready flag, and conversion start and ready reset in
puts complete the microprocessor interface. 

An internal, adjustable clock is provided and is available 
as an output. The clock may also be driven from an external 
source. 

ORDERING INFORMATION 

Part Number 
Linearity 

(INL,DNL) 

CA3310E ±0.75 LSB 
CA3310AE ±0.5 LSB 

CA3310D ±0.75 LSB 
CA3310AD ±0.5 LSB 

NOTE: Consult sales office for availability of SOIC packages. 

DO(LSBl 

DI 

02 

03 

04 

05 

06 

07 

08 

D9lM5Bl 

DROY 

Vss lGNOl 

• CMOS Low Power (15 mW Typ.) 

• Single Supply Voltage (3V to 6V) 

• 13 µ.s Conversion Time 
• Built·ln Track and Hold 
• Rail-to-Rall Input Range 

• Latched 3·State Output Drivers 
• Microprocessor-Compatible Control Lines 

• Internal or External Clock 

APPLICATIONS 
• Fast, No-Droop, Sample and Hold 

• Voice Grade Digital Audio 

• DSP Modems 
• Remote Low Power Data Acquisition Systems 

• µ.P Controlled Systems 

Temperature 
Package 

Range 

-40'Cto +85'C 24-Pin Plastic DIP 
-40'Cto +85'C 24-Pin Plastic DIP 

-55'C to+ 125'C 24-Pin Ceramic DIP 
-55'Cto +125'C 24-Pin Ceramic DIP 

Voo 

VIN 

VREF+ 

REXT 

CLK 

STAT 

VREF -
VAA+ 

VAA -
OEL 

OEM 

ORST 

0195-1 

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. 1851-002 
NOTE: All typical values have been characterized but are not tested. 4-20 
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10 BIT 

EDGE 

TRIGGERED 
05 

APPROXIMATION 
REGISTER •o• 

LATCH 04 

03 

02 

DI 

OEL 

VREF--------------~ 
0195-2 

Figure 2: Functional Diagram 

ABSOLUTE MAXIMUM RATINGS 
Digital Supply Voltage (Vool 
.............................. Vss - 0.5V to Vss + 7V 

Analog Supply Voltage (V AA+) ............... Voo ±0.5V 

Any Other Terminal ........... Vss - 0.5V to Voo + 0.5V 

DC Input or Output (Protection Diode) 
Current .................................... ± 20 mA 

DC Output Drain Current, per Output ............. ± 35 mA 
Total DC Supply or Ground Current .............. ± 70 mA 

Power Dissipation per Package (Po): 
For TA = -40°C to + 85°C 
(Package Type E) ........................... 300 mW 
For TA = -55°C to + 100°c 
(Package Type D) ........................... 300 mW 
For TA = + 100°c to + 125°C 
(Package Type DJ .......... Derate Linearly at 8 mW!°C 

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

4-21 

Operating-Temperature Range (TA): 
Package Type o ................... -55°C to + 125°C 
Package Type E ..................... -40°C to + 85°C 

Storage Temperature (T srn) ........... - 65°C to + 150°C 

Lead Temperature (During Soldering): 
At distance 1/16 in. ± 1/32 in. (1.59mm ± 0. 79mm) from 
case for 1 Os max ............................. + 265°C 
Unit inserted into a PC Board (min. 
thickness 1/16 in., 1.59mm) with solder contacting lead tips 
only ........................................ + 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 condi
tions above those indicated in the operational sections of the specifica
tions is not implied Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

cc 
0 ... 
C'? 
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0 ... 
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3 ELECTRICAL CHARACTERISTICS TA = 25°C, v00 = v AA+ = 5V, VREF + = 4.BOBV, 
Vss = V AA - = VREF- = GND, Clock = External 1 MHz (Unless Noted) 

4 
0 ,.. 
C') 
C') 

3 

Parameter Test Conditions 

ACCURACY: SEE TEXT FOR DEFINITIONS 

Resolution 

Differential CA3310 
Linearity Error CA3310A 

Integral CA3310 
Linearity Error CA3310A 

Gain Error CA3310 
CA3310A 

Offset Error CA3310 
CA3310A 

ANALOG INPUT 

Input Resistance In Series with Input 
Sample Capacitors 

Input Capacitance During Sample State 

Input Capacitance During Hold State 

Input Currant At V1N = VREF+ = 5V 
At V1N = VREF- = OV 

Static Input Current STRT = V+,CLK = V+ 
At= V1N = VREF+ = 5V 
At = V1N = VREF- = OV 

Input + Full-Scale Range (Note 2) 

Input - Full-Scale Range (Note 2) 

Input Bandwidth From Input RC Time Constant 

DIGITAL INPUTS: DRST, OEL, OEM, STAT, CLK 

High-Level Input Voltage Over Voo = 3V to 6V (Note 2) 

Low-Level Input Voltage Over Voo = 3V to 6V (Note 2) 

Input Leakage Current ExceptCLK 

Input Capacitance (Note 2) 

Input Current CLK Only (Note 2) 

DIGITAL OUTPUTS: 00-09, DROY 

High-Level Output Voltage lsouRcE = - 4 mA 

Low-Level Output Voltage ls1NK = 6 mA 

Three-State Leakage Except DROY 

Output Capacitance Except DROY (Note 2) 

CLKOUTPUT 

High-Level Output Voltage lsoURCE = 100 µA (Note 2) 

Low-Level Output Voltage ls1NK = 100 µA (Note 2) 

NOTE All typ;ca/ values have been characterized but are not tested 

4-22 

Min 

10 

VREF - + 1 

Vss - 0.3 

70 

4.6 

4 

Limits Units 
Typ Max 

Bits 

±0.5 ±0.75 LSB 
±0.25 ±0.5 LSB 

c ±0.5 ±0.75 LSB 
±0.25 ±0.5 LSB 

±0.25 ±0.5 LSB 
±0.25 LSB 

±0.25 ±0.5 LSB 
±0.25 LSB 

330 n 

300 pF 

20 pF 

+300 µA 
-100 µA 

1 µA 
-1 µA 

Voo + o.3 v 
VREF + -1 v 

1.5 MHz 

% ofVoo 

30 % ofVoo 

±1 µA 

10 pF 

±400 µA 

v 
0.4 v 
±1 µA 

20 pF 

v 
1 v 
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ELECTRICAL CHARACTERISTICS TA = 25°C, Voo = V AA+ = 5V, VREF+ = 4.608V, 
Vss = V AA - = VREF- = GND, Clock = External 1 MHz (Unless Noted) (Continued) 

Parameter Test Conditions 

TIMING 

Clock Frequency Internal, CLK and RExT Open 

Internal, CLK Shorted to REXT 

External, Applied to CLK: Max. 

(Note 2) Min. 

Clock Pulse Width, T LOW• THIGH External, Applied to CLK:· 

See Figure 6 (Note 2) 

Conversion Time 

Aperture Delay, To APR See Figure 6 

Clock to Data Ready Delay, T 01 DROY See Figure 6 

Clock to Data Ready Delay, T 02 DROY See Figure 6 

Clock to Data Delay, To Data See Figure 6 

Start Removal Time, TR STRT See Figures 8 & 9 (Note 1)' 

Start Setup Time, Tsu STRT See Figure 9 

Start Pulse Width, T w STRT See Figures 8 & 9 

Start to Data Ready Delay, T 03 DROY See Figures 8 & 9 

Clock Delay from Start, To CLK See Figure 8 

Ready Reset Removal Time, TR DRST See Figure 1 O (Note 1) 

Ready Reset Pulse Width, T w DRST See Figure 1 O 

Ready Reset to Data Ready See Figure 1 O 

Delay, T 04 DROY 

Output Enable Delay, TEN See Figure 7 

Output Disable Delay, T DIS See Figure 7 

SUPPLIES 

Supply Operating Range, Voo or V AA (Note 2) 

Supply Current, loo + IAA See Figures 20 & 21 

Supply Standby Current Clock Stopped During Cycle 1 

Analog Supply Rejection @120 Hz, See Figure 19 

Reference Input Current See Figure 16 

TEMPERATURE DEPENDENCY 

Offset Drift @ Oto 1 Code Transition 

Gain Drift @ 1022 to 1023 Code Transition 

Internal Clock Speed See Figure 5 

NOTE 1: A ( - ) removal time means the signal can be removed after the reference signal. 
2: Parameter not tested, but guaranteed by design or characterization. 

NOTE· All typical values have been charactedzed but are not tested. 
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Min 

200 

600 

100 

100 

13 

3 

Limits 

Typ 

300 

800 

4 

10 

100 

150 

250 

200 

-120 

160 

10 

170 

200 

-80 

10 

35 

40 

50 

3 

3.5 

25 

160 

-4 

-6 

-0.5 

Units 
Max 

400 kHz 

1000 kHz 

2 MHz 

kHz 

ns 

µs 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

6 v 
8 mA 

mA 

mV/V 

µA 

µV/°C 

µV/°C 

%/°C 

II 
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Table 1: Pin Description 

Pin Number Name Function 

1-10 DO-D9 Three-state outputs for data bits representing 20 (LSB) through 29 (MSB). 

11 DADY Output flag signifying new data is available. Goes high at end of clock period 13, 
goes low when new conversion started. Also reset asynchronously by DRST. 

12 Vss Digital ground. 

13 DRST Active low input, resets DADY. 

14 OEM Active low input, three-state enable of D2-D9. 

15 OEL Active low input, three-state enable of DO, D1. 

16 VAA- Analog ground. 

17 VAA+ Analog+ supply. 

18 VREF- Reference input voltage, sets 0 code ( - ) end of input range. 

19 STAT Active low start conversion input. Recognized after end of clock period 13. 

20 CLK Clock input or output. Conversion functions are synchronous to high-going edge. 

21 REXT Clock adjust input when using internal clock. 

22 VREF+ Reference input voltage, set 1023 code ( +) end of input range. 

23 V1N Analog input. 

24 Voo Digital + supply. 

DEVICE OPERATION 
The CA3310 is a CMOS 10-bit analog-to-digital converter 

that uses capacitor-charge balancing to successively ap
proximate the analog input. A binarily weighted capacitor 
network forms the D-to-A "Heart" of the device. Figure 2 
shows a functional diagram of the CA3310. 

The capacitor network has a common node which is con
nected to a comparator. The second terminal of each ca
pacitor is individually switchable to the input, VREF+ or 
VREF-· 

During the first three clock periods of a conversion cycle, 
the switchable end of every capacitor is connected to the 
input. The comparator is being auto-balanced at its trip 
point, thus setting the voltage at the capacitor common 
node. 

During the fourth period, all capacitors are disconnected 
from the input, the one representing the MSB (D9) is con
nected to the VREF+ terminal, and the remaining capacitors 
to VREF-. The capacitor-common node, after the charges 

NOTE: All typical values have been characterized but are not tested. 
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balance out, will represent whether the input was above or 
below% of (VREF+ - VREF->· 

At the end of the fourth period, the comparator output is 
stored and the MSB capacitor is either left connected to 
VREF+ (if the comparator was high) or returned to VREF-. 
This allows the next comparison to be at either % or Y. of 
(VREF+ - VREf-). 

At the end of periods 5 through 12, capacitors represent
ing the next to MSB (DB) through the next to LSB (D1) are 
tested, the result stored, and each capacitor either left at 
VREF+ or at VREF-. 

At the end of the 13th period, when the LSB (DO) capaci
tor is tested, DO and all the previous results are shifted to 
the output registers and drivers. The capacitors are re-con
nected to the input, the comparator returns to the balance 
state, and the data-ready output goes active. The conver
sion cycle is now complete. 



DEVICE OPERATION (Continued) 

Clock 
The CA3310 can operate either from its internal clock or 

from one externally supplied. The CLK pin functions either 
as the clock output or input. All converter functions are syn
chronous with the rising edge of the clock signal. 

Figure 3 shows the configuration of the internal clock. 
The clock output drive is low power: if used as an output, it 
should not have more than 1 CMOS gate load applied, and 
wiring capacitance should be kept to a minimum. 

OPTIONAL 
EXTERNAL 

CLOCK 

INTERNAL 
ENABLE 

Figure 3: CA3310 Clock Circuitry 

0195-3 

The RExT pin allows adjusting of the internal clock fre
quency by connecting a resistor between RExT and CLK. 
Figure 4 shows the typical relationship between the resistor 
and clock speed, while Figure 4 shows clock speed versus 
temperature and supply voltage. 

v00 =3V-6V=v;;.• 800 GV 
sv 

700 1-----J.l'\.--'oc'Vo'!"-o-= ~GV+++--+--+-+-+1-------1 
s~, '\. 

600 4v I "\J " 

~ 500 1---41+'1'-J--f'N'ri't'\.-t--t--t-+-t+-----I 

i!l °'),.N \. 
~400 3V~ ~ 
~ 3004~3_v ___ -1----1-+-"1r-1--NN1-.:i-."'!_,,,;~"-l-IY------1~~ 

200 l-----l----l-.\-~l--l"'-4-Y-------'f4V 
q 3V 

1001-------l---+-+--j-H-.\--l--+-l--I------+ 

01-_..,\---l----'-.L__L..L.f---'---'--'-Y--"ll----I 
SHORT 10 2 4 6 8100 2 4 6 rooo " OPEN 

EXTERNAL RESISTANCE, kJl 

0195-4 

Figure 4: Typical CA3310/CA3310A internal 
clock frequency vs. external resistance 

NOTE All typical values have been characterized but are not tested 
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CA3310, CA3310A 

-55 -40 +25 +85 +125 

TEMPERATURE, 0c 
0195-5 

Figure 5: Typical CA3310/CA3310A internal 
clock frequency vs. temperature and supply 

voltage 

The internal clock will shut down if the A/D is not restart
ed after a conversion. This is described under Control Tim
ing. The clock could also be shut down with an open collec
tor driver applied to the CLK pin. This should only be done 
during the sample portion (the first three periods) of a con
version cycle, and might be useful for using the device as a 
digital sample and hold: this is described further under Ap
plications. 

If an external clock is supplied to the CLK pin, it must 
have sufficient drive to overcome the internal clock source. 
The external clock can be shut off, but again only during the 
sample portion of a conversion cycle. At other times, it must 
be above the minimum frequency shown in the specifica
tions. 

If the internal or external clock was shut off during the 
conversion time (clock cycles 4 through 13) of the AID, the 
output might be invalid due to balancing capacitor droop. 

An external clock must also meet the minimum T LOW and 
THIGH times shown in the specifications. A violation may 
cause an internal miscount and invalidate the results. 

Control Signals 
The CA3310 may be synchronized from an external source 
by using the STRT (Start Conversion) input to initiate con
versions, or if STRT is tied low, may be allowed to free-run. 
In the free-running mode, illustrated in Figure 6, each con
version takes 13 clock periods. 
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Figure 6. CA3310 Timing Diagram, Free Running, 
STAT Tied Low, DRST Tied High 

The input is tracked from clock period 1 through period 3, 
then disconnected as the successive approximation takes 
place. After the start of the next period 1 (specified by.To 
data), the output is updated. 

The DROY (Data Ready) status output goes high (speci
fied by T 01 DROY) after the start of clock period 1, and 
returns low (specified by T 02 DROY) after the start of clock 
period 2. DROY may also be asynchronously reset by a low 
on DRST (to be discussed later). 

If the output data is· to be latched externally by the DADY 
signal, the trailing edge of DADY should· be ·used: there is 
no guaranteed set-up time to the leading edge. 

The 10 output data bits are available in parallel on three
state bus driver outputs. When low, the OEM input enables 
the most significant byte (D2 through D9) while the OEL 
input enables the two least significant bits (DO, D1). TEN 
and T DIS specify the output enable and disable times; re
spectively. See Figure 7. 

OELOROEM~ 
DO TO 01 OR TEN I- I-- ro1s 
02T009 ' · 

OFFTOHIGH~ 

OFFTOLOW ~ ZL• 50pFTO GND 
1Kn .TO v00 

0195-7 

Figure 7: CA3310 Output Enable/Disable 
Timing Diagram 

NOTE: All typical valuss havs bsen characterized but are not testsd. 
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When the STAT input is used to initiate conversions, op
eration is slightly different depending on whether an internal 
or external clock is used. 

Figure a· illustrates operation with an internal clock. If the 
STAT signal is removed (at least TR STAT) before .clock 
period 1 , and is not re-applied during that period, the clock 
will shut off after entering period 2. The input will continue to 
track and the DADY.output will remain high during this time. 

STRT 

r--il 
DROV ___j 

INPUT TRACK 

0195-8 

Figure 8: CA3310 Timing Diagram, STAT Pulsed 
Low, DRST Tied High, Internal Clock 

A low signal applied to STAT (at least T w STAT wide) 
can now initiate a new conversion. The STAT signal (after a 
delay of T o3 DADY) will cause the DADY flag to drop, and 
(after a delay of T 0 Clk) cause the clock to restart. 

Depending on how long the clock was shut off, the low 
portion of clock period 2 may be longer than during the 
remaining cycles. 

The input will continue to track until the end of period 3, 
the same as when free-running. 

Figure 9 illustrates the same operation as above, but with 
an external clock. If STAT is removed (at least TR STRn 
before clock period 1, and not re-applied during that period, 
the clock will continue to cycle in period 2. A low signal 
applied to STAT will drop the DADY flag as before, and with 
the first positive-going clock edge that meets the Tsu STRT 
set-up time, the converter will continue with clock period 3. 

The DADY flag output, as described previously, goes ac
tive at the start of period 1, and drops at the start of period 2 
or upon a new STAT command, whichever is later. It may 
also be controlled with the DRST (Data Ready Reset) input. 
Figure 10 depicts this operation. 



DEVICE OPERATION (Continued) 

DRST must be removed (at least TR DRST) before the 
start of period 1 to allow DRDY to go high. A low level on 
DRST (at least Tw DRST wide) will (after a delay of To4 
DRDY) drop DRDY. 

CLK 
(EXTERNAL) 

STAT 

DROY ____s--1 

~: IN p UT '-----,,1-_rn_A_c_• ___ _, 
HOLD 
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Figure 9: CA3310 Timing Diagram, STAT Pulsed 
Low, DAST Tied High, External Clock 

/ 13 I , 
CLK Ti~ 

(INTERNALOR EXTERNALJJ U ~ 

ORST 

DROY 

rTRORST --
~ROY 
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Figure 10: CA3310 Timing Diagram, DAST Pulsed 
Low, STAT Tied High 

Analog Input 
The analog input pin is a predominantly capacitive load 

that changes between the track and hold periods of a con
version cycle. During hold, clock period 4 through 13, the 
input loading is leakage and stray capacitance, typically less 
than 0.1 µA and 20 pF. 

At the start of input tracking, clock period 1, some charge 
is dumped back to the input pin. The input source must 
have low enough impedance to dissipate the charge by the 
end of the tracking period. The amount of charge is depen
dent on supply and input voltages. Figure 11 shows typical 
peak input currents for various supply and input voltages, 
while Figure 12 shows typical average input currents. The 
average current is also proportional to clock frequency, and 
should be scaled accordingly. 

NOTE: All typical values have been characterized but are not tested 
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INPUT VOLTAGE· V 

0195-11 

Figure 11. Typical CA3310/CA3310A Peak 
Input Current vs. Input Voltage 

YAA -:s.ev 
Yoo= VA.A,•~ YREF+ 
CLOCK "' INTERNAL, FREE RUNNING 

INPUT VOLTAGE· Y 
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Figure 12. Typical CA3310/CA3310A Average 
Input Current vs. Input Voltage 

During tracking, the input appears as approximately a 
300 pF capacitor in series with 3300, for a 100 ns time 
constant. A full-scale input swing would settle to % LSB 
(1 /2048) in 7 RC time constants. Doing continuous conver
sions with a 1 MHz clock provides 3 µs of tracking time, so 
up to 1 ooon of external source impedance (400 ns time 
constant) would allow proper settling of a step input. 

If the clock was slower, or the converter was not restart
ed immediately (causing a longer sample time), a higher 
source impedance could be used. 

cc 
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~ CA3310,CA3310A ... 
"' :I DEVICE OPERATION (Continued) 

U Table 2: Output Code Table 

ti 
0 ... 
"' "' 3 

Code Description Input Voltage • Binary Output Code 
Decimal 

LSB = (VREF+ -VREF-) (VREF+ - VREF-) = 4.608V MSB LSB 
Count 1024 (V) D9 DB D7 D6 D5 04 D3 D2 D1 DO 

Zero 0.000 0 0 0 0 0 0 0 0 0 0 0 
1LSB 0.0045 0 0 0 0 0 0 0 0 0 1 1 

% (VREF+ - VREF-) 1.152 0 1 0 0 0 0 0 0 0 0 256 
'/z(VREF+ -VREF-) 2.304 1 0 0 0 0 0 0 0 0 0 512 
3/,(VREF+ -VREF-) 3.456 1 1 0 0 0 0 0 0 0 0 768 

(VREF+ - VREF-) - 1 LSB 4.6035 1 1 1 1 1 1 1 1 1 1 1023 

*The voltages listed above are the ideal centers of each output code shown as a function of its associated reference voltage. 

The CA3310's low-input time constant also allows good 
tracking of dynamic input waveforms. The sampling rate 
with a 1 MHz clock is approximately 80 kHz. A Nyquist rate 
(fsAMPLE/2) input sine wave of 40 kHz would have negligi
ble attenuation and a phase lag of only 1.5 degrees. 

Accuracy Specifications 
The CA3310 accepts an analog input between the values 

of VREF- and VREF+, and quan~es it into one of 210 or 
1024 output codes. Each code should exist as the input is 
varied through a range of 1/1024 x (VREF+ - VREF-). 
referred to as 1 LSB of input voltage. A differential linearity 
error, illustrated in Figure 13, occurs if an output code 

OUTPUT 
CODE -Jc 

UNIFORM 
TRANSFER 

CURVE 

I ACTUAL 
jTRANSFER 

-_.. .... ..__I CURVE 

A 0 IDEAL 1 LSB STEP 
B-A 0 +DIFFERENTIAL LINEARITY ERROR 
A·C 0 - DIFFERENTIAL LINEARITY ERROR 

INPUT VOLTAGE 

0195-13 

Figure 13: CA3310/CA3310A Definition of 
Differential Linearity Error 

NOTE: All typical values have boon characterized but am not tested. 
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occurs over other than the ideal (1 LSB) input range. Note 
that as long as the error does not reach -1 LSB, the con
verter will not miss any codes. 

The CA3310 output should change from a code of 00015 
to 00115 at an input voltage of (VREF- + 1 LSB). It should 
also change from a code of 3FE16 to 3FF16 at an input of 
(VREF+ - 1 LSB). Any differences between the actual and 
expected input voltages that cause these transitions are the 
offset and gain errors, respectively. Figure 14 illustrates 
these errors. 

3FF gr I 
3FE EXPECTED-- j 

T~UN:::R ~ I \I r-
O~~~~T s; 

~GAIN ...__,_J ....I ERROR 

(HEX) ACTUAL 
OFFSET TRANSFER 
ERROR CURVE 

002 ---~ 

~ T 
-1 J 

001 : 1 I 
I 

000 ~ 

...L 2 1022 1023 1 
0 1024 "To24 1024 Tffi" 

INPUT VOLTAGE AS A FRACTION OF !VneF+ ·YneF-, 
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Figure 14. CA3310/CA3310A Definition 
of Gain and Offset Error 



DEVICE OPERATION (Continued) 
As the input voltage is increased linearly from the point 

that causes the 00015 to 001 1a transition to the point that 
causes the 3FE1s to 3FF15 transition, the output code 
should also increase linearly. Any deviation from this input
to-output correspondence is integral linearity error, illustrat
ed in Figure 15. 

Note that the integral linearity is referenced to a straight 
line drawn through the actual end points, not the ideal end 
points. For absolute accuracy to be equal to the integral 
linearity, the gain and offset would have to be adjusted to 
ideal. 

OUTPUT 
CODE 
(HEX) 

3FF ---------------

001 

OFFSET POINT GAIN POINT 

INPUT VOLTAGE 
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Figure 15. CA3310/CA3310A Definition 
of Integral Linearity Error 

Offset and Gain Adjustments 
The VREF+ and VREF- pins, references for the two ends of 
the analog input range, are the only means of doing offset 
or gain adjustments. In a typical system, the VREF- might 
be returned to a clean ground, and offset adjustment done 
on an input amplifier. VREF+ would then be adjusted for 
gain. 

VREF- could be raised from ground to adjust offset or to 
accommodate an input source that can't drive down to 
ground. There are current pulses that occur, however, dur
ing the successive approximation part of a conversion cy
cle, as the charge-balancing capacitors are switched be
tween VREF- and VREF+. For that reason, VREF- and 
VREF + should be well bypassed. Figure 16 shows peak and 
average VREF+ current. 

NOTE: All typical values hal/8 be9n characteriz9d but ars not tested. 
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Figure 16. Typical CA3310/CA3310A VREF+ 
Current vs. VREF+ Voltage 

Other Accuracy Effects 
Linearity, offset, and gain errors are dependent on the 

magnitude of the full-scale input range, VREF+ - VREF
Figure 17 shows how these errors vary with full-scale range. 

The clocking speed is a second factor that affects con
version accuracy. Figure 18 shows the typical variation of 
linearity, offset, and gain errors versus clocking speed. 
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Figure 17. Typical CA3310/CA3310A Normalized 
Gain, Offset, Integral and Differential Linearity 

Errors vs. Reference Voltage 
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"' ~ DEVICE OPERATION (Continued) 
U Gain and offset drift due to temperature are kept very low 

• by means of auto-balancing the comparator. The specifica
~ tions show typical offset and gain dependency on tempera
.. ture. 

"' "' 3 
There is also very little linearity change with temperature, 

only that caused by the slight slowing of CMOS with in
creasing temperature. At +85'C, for instance, the ILE and 
DLE would be typically those for a 20% faster clock than at 
+25'C. 
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Figure 18. Typical CA3310/CA3310A Normalized 
Gain, Offset, Integral and Differential Linearity 

Errors vs. Clock Speed 

Power Supplies and Grounding 
Voo( +) and Vss(GND) are the digital supply pins: they 

operate all internal logic and the output drivers. Because 
the output drivers can cause fast current spikes in the v00 
and Vss lines, Vss should have a low impedance path to 
digital ground and v00 should be well bypassed. 

Except for V AA+, which is a substrate connection to Voo. 
all pins have protection diodes connected to Voo and Vss: 
input transients above Voo or below Vss will get steered to 
the digital supplies. Current on these pins must be limited by 
external means to the values specified under maximum rat
ings. 

The V AA+ and V AA - terminals supply the charge-bal
ancing comparator only. Because the comparator is auto
balanced between conversions, it has good low-frequency 
supply rejection. It does not reject well at high frequencies, 

NOTE: AH typical values have been characterized but are not testsd. 
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however: V AA - should be returned to a clean analog 
ground, and V AA+ should be RC decoupled from the digital 
supply . 

There is approximately 500 of substrate impedance be
tween Voo and VAA +. This can be used, for example, as 
part of a low-pass R-C filter to attenuate switching supply 
noise. A 10 µ.F capacitor from V AA+ to ground would atten
uate 30 kHz noise by approximately 40 dB. Note that back
to-back diodes should be placed from Voo to VAA +to han
dle supply to capacitor turn-on or turn-off current spikes. 

Figure 19 shows V AA+ supply rejection versus frequency. 
Note that the frequency to be rejected scales with the clock: 
the 100 Hz rejection with a 100 kHz clock would be roughly 
equivalent to the 1 kHz rejection with a 1 MHz clock. 

The supply current for the CA3310 is dependent on clock 
frequency, supply voltage, and temperature. Figure 20 
shows the typical current versus frequency and voltage, 
while Figure 21 shows it versus temperature and voltage. 
Note that if stopped in auto-balance, the supply current is 
typically somewhat higher than if free-running. See Specifi
cations. 
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Figure 19: Typical CA3310/CA3310A 
V AA Supply Sensitivity 
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Figure 20. Typical CA3310/CA3310A Supply 
Current vs. Clock Frequency 
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Figure 21: Typical CA3310/CA3310A Supply 
Current vs. Temperature 

NOTE: All lyplcal values have b8611 characterized but aro not test6d. 
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APPLICATIONS CIRCUITS 

... 
&') 
&') 

~ Differential Input A/D System 
As the CA3310 accepts a unipolar positive-analog input, t 

the accommodation of other ranges requires additional cir- ,.. 
cuitry. The input capacitance and the input energy also n 
force using a low-impedance source for all but slow speed &') 

use. Figure 22 shows the CA3310 with a reference, input ~ 
amplifier, and input-scaling resistors for several input 
ranges. 

The ICL7663S regulator was chosen as the reference, as 
it can deliver less than 0.25V input-to-output (dropout) volt
age and uses very little power. As high a reference as possi
ble is generally desirable, resulting in the best linearity and 
rejection of noise at the CA3310. 

The tantalum capacitor sources the VREF current spikes 
during a conversion cycle. This relieves the response and 
peak current requirements of the reference. 

The CA3140 op-amp provides good slewing capability for 
high bandwidth input signals and can quickly settle the en
ergy that the CA3310 outputs at its V1N terminal. It can also 
drive close to the negative supply rail. 

If system supply sequencing or an unknown input voltage 
is likely to cause the op-amp to drive above the v00 supply, 
a diode clamp can be added from pin 8 of the op-amp to the 
Voo supply. The minus drive current is low enough not to 
require protection. 

With a 2 MHz clock ( - 150 kHz sampling), Nyquist criteria 
would give a maximum input bandwidth of 75 kHz. The re
sistor values chosen are low enough to not seriously de
grade system bandwidth (an op-amp settling) at that clock 
frequency. If AID clock frequency and bandwidth require
ments are lower, the resistor values (and input impedance) 
can be made correspondingly higher. 

The AID system would generally be calibrated by tying 
V1N- to ground and applying a voltage to V1N+ that is 
0.5 LSB (1/2048 of full-scale range) above ground. The op
amp offset should be adjusted for· an output code dithering 
between 00015 and 00115 for unipolar use, or 1001 s and 
1011s for bipolar use. The gain would then be adjusted by 
applying a voltage that is 1.5 LSB below the positive full
scale input, and adjusting the reference for an output dither
ing between 3FE15 and 3FF1a· 
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s APPLICATIONS CIRCUITS (Continued) 
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Figure 22. Unipolar or Bipolar Differential Input and A/D Converter System·· 

Note that R1 through RS should.be very well matched, as 
they affect the common-mode rejection of the AID system. 
Also, if R2 and R3 are not matched, the offset adjust of the 
op-amp may not have enough adjustment range in biploar 
systems. 

The common-mode input range of the system is set by 
the supply voltage available to the op-amp. The range that 
can be applied to the ViN- terminal can be calculated by: 

( R4 ) . RS + 1 V iN for the most negative 

( R4 ) + (R4) RS+1 (V,N-2.SV)- RS VREF+forthemostpos-

itive 

Single + 5V Supply 
If only a single SV supply is available, an ICL7660 can be 

used to provide approximately +av and -4V to the op
amp. Figure 23 shows this approach. Note that the convert-

NOTE: All typical values haV9 been characteriz8d but are not tested. 
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er and associated capacitors should be grounded to the 
digital supply. The 1000 in series with each supply at the 
op-amp isolates ·digital and analog grounds. 

Digital Sample and Hold 
With a minimum of external logic, the CA3310 can be 

made to wait.at the verge of ending a sample. A start pulse 
will then, after the internal aperture delay, capture the input 
and finish the conversion cycle. Figure 24 illustrates this 
application. 

The CA331 O is connected as if to free run. The Data 
Ready signal is shifted through a CD74HC17S, and at the 
low-going clock edge just before the sample would end, is 
used to hold the clock low. 

The same signal, active high, is available to indicate the 
CA3310 is ready to convert. A low pulse to reset the 
CD74HC17S will now release the clock, and the sample will 
end as it goes positive. Ten cycles later, the conversion will 
be complete, and DROY will go active. 
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All Capacitors ~ 10 µF, 10V 
D ~ Digital Ground 
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Figure 23: Plus and Minus Voltage Supply for Op~Amp 
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Figure 24: Digital Track-and-Hold Block Diagram 

NOTE: All typical values have been characterized but are not tested. 
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"' "' OPERATING AND HANDLING 3 CONSIDERATIONS 
.C 1. Handling 
~ All inputs and outputs of Harris CMOS devices have a 
"' network for electrostatic protection during handling. Aecom
"' mended handling practices for CMOS devices are de-3 scribed in ICAN-6526. "Guide to Better Handling and Oper-

ation of CMOS Integrated Circuits". 

2. Operating 
Operating Voltage 

During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause Voo 
- Vss to exceed the absolute maximum rating. 

NOTE: All typicsi values have been charact9fized but are not tBSted. 
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Input Signals 
· To prevent damage to,.the input protection circuit, input 

signals should never be greater than Voo + 0.3V nor less 
than Vss - 0.3V. Input currents must not exceed 20 mA 
even when the power supply is off. 
Unused Inputs 

A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Voo or 
Vss, whichever is appropriate. 
Output Short Circuits 

Shorting of outputs to Voo or Vss may damage CMOS 
,devices by exceeding the maximum device dissipation. 
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Features 
• Complete 12-Bit A/D Converter with Reference and 

Clock 

• Full B-, 12- or 16-Blt Microprocessor Bus Interface 

• 150ns Bus Access Time 

• No Missing Codes Over Temperature 

• Minimal Set-up Time for Control Signals 

• 25µs Maximum Conversion Time 

• Low Noise, via Current-Mode Signal Transmission 
Between Chips 

• Byte Enable/Short Cycle (Ao Input) 
~ Guaranteed Break-Before-Make Action, Eliminating 

Bus Contention During Read Operation. Latched by 
the Start Convert Input (To Set the Conversion 
Length) 

• Improved Second Source for AD574A and HS574 

• ±12V to ±15V Operation 

Applications 
• Military and Industrial Data Acquisition Systems 

• Electronic Test and Scientific Instrumentation 

• Process Control Systems 

Pinouts 

Hl·574A 
Fast, Complete 12-Bit A/D Converter 

with Mi9roprocessor Interface 

Description 
The Hl-574A is a complete 12-bit Analog-to-Digital 
Converter, including a +10V reference, clock, three-state 
outputs and a digital interface for microprocessor control. 
Successive approximation conversion is performed by 
two monolithic dice housed in a 28 pin package. The 
bipolar analog die features the Harris Dielectric Isolation 
process, which provides enhanced AC performance and 
freedom from latch-up. 

Custom design of each IC (bipolar analog and CMOS 
digital) has yielded improved performance over existing 
versions of this converter. The voltage comparator 
features high PSRR plus a high speed current-mode latch, 
and provides precise decisions down to 0.1 LSB of input 
overdrive. More than 2X reduction in noise has been 
achieved by using current instead of voltage for 
transmission of all signals between the analog and digital 
!C's. Also, the clock oscillator is current-controlled for 
excellent stability over temperature. The oscillator is 
trimmed for a nominal conversion time of 20 ± 1µs. 

The Hl-574A offers standard unipolar and bipolar input 
ranges, laser trimmed for specified linearity, gain and 
offset accuracy. The buried zener reference circuit is 
trimmed for minimum temperature coefficient. 

Power requirements are +5Vand ±12V to ±15V, with typi
cal dissipation of 385mW at ±12V. All models are available 
in a 28 pin Sidebrazed DIP. For additional Hi-Rel screen
ing including 160 hour burn-in, specify the "-8" suffix. For 
MIL-STD-883 compliant parts, request the Hl-574A/883 
data sheet. 

SIDEBRAZE DIP 
TOP VIEW 

+5V SUPPLY VLOGIC STATUS,STS 
DATA MODE SEL 12/ii 2 DBl1 MSB 

CHIP SEL, CS 3 DB10 
BYTE AD DR/SHORT 

4 DB9 CYCLE, Ao 
READ/CONVERT, R/C 5 DBS 

CHIP ENABLE, CE 6 DB7 DIGITAL 

+15V SUPPLY, Vee DB& 
+10V REF, REF OUT DB5 DATA 

ANALOG 
DB4 COMMON, AC 

REF INPUT, REF IN 10 DB3 
OUTPUTS 

-15V SUPPLY, VEE 11 DB2 
BIPOLAR OFFSET 12 DB1 BIP OFF 

10VINPUT 13 DBO LSB 
2ov·1NPUT 14 DIG COMMON, DC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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BIT OUTPUTS 
-----------~/'-....__ _________ --... 

( MSB LSB'\ 

27 26 24 

NIBBLE' A 

THREE-STATE BUFFERS ANO CONTROL 

POWER-UP RESET 

SAR 

STROBE 

12BITS 

18 

NIBBLE' C 

""'"' 1---t~'-() DIGITAL 
COMMON 

28 
STS 

Vee 
v .. 

VREF IN 0--+------+-,..._ I OAC 

"("NIBBLE"" IS A 4 BIT DIGITAL WDRD.) 

ANALOG 
COMMON 

,. 
I 
I 
I 
L 

5K 1DK 

12 
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Specifications Hl-574A 

(Typical@ +25°C with Vee= +15Vor +12V, VL0G1e = +5V, VEE= -15Vor -12V unless otherwise specified) 

DC and Transfer Accuracy Specifications 

MODEL Hl-574AJ Hl-574AK Hl-574AL 

Temperature Range -5 (OOC to + 750C) 

Resolution (max) 12 12 12 

Linearity Error 
25°C (max) ±1 ±1/2 ±112 
0°C to + 75°C (max) ±1 ±1/2 ±1/2 

Differential Linearity Error 
250C ±1 ±1 ±1/2 

(Maximum resolution for which no missing codes is guaranteed) 12 12 12 25°C 
Tmin to Tmax 11 12 12 

Unipolar Offset (max) 
(Adjustable to zero) ±2 ±1.5 ±1 

Bipolar Offset (max) V1N = OV (Adjustable to zero) ±4 ±4 ±3 
VJN = -10V ±0.15 ±0.1 ±0.1 

Full Scale Calibration Error 
25°C (max). with fixed 50 fl resistor from 
REF OUT to REF IN (Adjustable to zero) ±0.25 ±0.25 ±0.15 

Tmin to Tmax 
(No adjustment at +25°C) ±0.475 ±0.375 ±0.20 
(With adjustment to zero at +25°C) ±0.22 ±0.12 ±0.05 

Temperature Coefficients 
Guaranteed max change, Tm;, to Tmax (Using internal reference) 
Unipolar Offset ±2 ±1 ±1 

(10) (5) (5) 
Bipolar Offset ±2 ±1 ±1 

(10) (5) (5) 

Full Scale Calibration ±9 ±2 ±2 
(45) (10) (10) 

Power Supply Rejection 
Max change in Full Scale Calibration 
+13.5V<Vee<+16.5Vor +11.4V<Vee<+12.6V ±2 ±1 ±1 
+4.5V<VL0G1e< +5.5V ±1/2 ±112 ±112 
-16.5V<VEE<-13.5Vor -12.6V<VEE<-11.4V ±2 ±1 ±1 

Analog Inputs 
Input Ranges 

Bipolar -5 to +5 
-10to+10 

Unipolar Oto +10 
Oto +20 

Input Impedance -· 

10 Volt Span 5K, ± 25% 
20 Volt Span 10K, ± 25% 

Power Supplies 
Operating Voltage Range 

VLoGle +4.5 to +5.5 
Vee +11.4to +16.5 
VEE -11.4 to -16.5 

Operating Current 
ILDGle 7TYP, 15 MAX 
lee+15V Supply 11TYP,15 MAX 
IEE -15V Supply 21 TYP, 28 MAX 

Power Dissipation 
±15V,+15V 515 TYP, 720 MAX 
±12V, +5V 385 TYP 

Internal Reference Voltage, Tmm to Tmax + 10.00 ± 0.5 MAX 
Output current, 1 2.0 MAX 

available tor external loads (External load 
should not change during conversion). 

1. When supplying an external load (not including the ADC) and operating on ±12V supplies, a buffer amplifier must be provided for the Reference Output. 
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Specifications Hl-574A 

(Typical@ +25°C with Vee= +15Vor +12V, VLOme = +5V, VEE= -15Vor -12V unless otherwise specified) 

DC and Transfer Accuracy Specifications 

MODEL Hl-574AS Hl-574AT Hl-574Au I 
Temperature Range -2, -8 (550C to +1250C) 

Resolution (max) 12 12 12 
Linearity Error 

250C(max) ±1 ±1/2 ±1/2 
ooc to +750C(max) ±1 ±1 ±1 

Differential Linearity Error 
250C ±1 ±1 ±1/2 

(Maximum resolution for which no missing codes Is guaranteed) 
12 12 12 25oc 

Tmin toTmax 11 12 12 
Unipolar Offset (max) 

(Adjustable to zero) ±2 ±1.5 ±1 
Bipolar Offset (max) V1N = OV (Adjustable to zero) ±4 ±4 ±3 
V1N = -10V ±0.15 ±0.1 ±0.1 

Full Scale Calibration Error 
25°C (max), with fixed 50 n resistor from 
REF OUT to REF IN (Adjustable to zero) ±0.25 ±0.25 ±0.15 
Tmtn to Tmax 

(No adjustment at +25°C) ±0.75 ±0.50 ±0.275 
(With adjustment to zero at + 25°C) ±0.50 0.25 ±0.125 

Temperature Coefficients 
Guaranteed max change, T min to T max (Using internal reference) 
Unipolar Offset ±2 ±1 ±1 

(5) (2.5) (2.5) 
Bipolar Offset ±2 ±2 ±1 

(5) (5) (2.5) 
Full Scale Calibration ±20 ±10 ±5 

(50) (25) (12.5) 

PowerSupply Rejection 
Max change in Full Scale Calibration 
+ 13.5V<Vee< + 16.5V or + 11.4V<Vee< + 12.6V ±2 ±1 ±1 
+4.5V<VLOme<+5.5V ±1/2 ±1/2 ±1/2 
-16.5V<VEE<-13.5Vor -12.6V<VEE<-11.4V ±2 ±1 ±1 

Analog Inputs 
Input Ranges 

Bipolar -5 to +5 
-10to, +10 

Unipolar o to +10 
Oto +20 

Input Impedance 
10 Volt Span 5KO, ± 25% 
20 Volt Span 10KO, ± 25% 

Power Supplies 
Operating Voltage Range 

VLOGiC +4.5 to +5.5 
Vee +11.4to +16.5 
VEE -11.4to -16.5 

Operating Current 
7TYP, 15 MAX ILOGIC 

Ice + 15V Supply 11TYP,15 MAX 
IEE ·15V Supply 21 TYP, 28 MAX 

Power Dissipation 
±15V, +15V 515 TYP, 720 MAX 
±12V,+5V 385 TYP 

Internal Reference VoltaQe, Tm1n to Tmax +10.00 ±.05 MAX 
Output current available for external loads 2.0 MAX 
(External load should not change during 
conversion) 

4-38 

UNITS 

Bits 

LSB 
LSB 

LSBs 

Bits 
Bits 

LSB 

LSB 
%of F.S. 

% off.S. 

% off.S. 
% of F.S. 

LSB 
(ppm/°C) 
LSB 
(ppm1°C) 
LSB 
(ppm/°C) 

LSB 
LSB 
LSB 

Volts 
Volts 
Volts 
Volts 

Ohms 
Ohms 

Volts 
Volts 
Volts 

mA 
mA 
mA 

mW 
mW 

Volts 
mA 



Hl-574A 

DIGITAL CHARACTERISTICS' 
(ALL MODELS, OVER FULL TEMP. RANGE) 

MIN TYP MAX 
Logic Inputs (CE, CS, RIC, AO, 12/8)' 

Logic "1" +2.4V +5.5V 
Logic "O" -0.5V +0.8V 
Current -5µA ±·0.1µA +5µA 
Capacitance 5pF 

Logic Outputs (DB11-DBO, STS). 
Logic "O" (ls1NK -1.6mA) +0.4V 
Logic "1" (lsouRee - 500µA) +2.4V 
Leakage (High- Z State, DB1 HBO ONLY) · -5µA ±0.1µA +5µA 
Capacitance 5pF 

1 See "Hl-574A Timing Specifications" for a detailed listing of digital timing par.ameters . .. 
2 Although this guaranteed threshold is higher than standard TTL ( +2.0V), bus loading Is much fess,l.e.,typ/cal Input current Is only 0125% of a TTL load.-

Absolute Maximum Ratings 
(Specifications apply to all grades, except where noted) 

20V1N to Analog Common ........................... ±24V 
Vee to Digital Common ........................ 0 to +16.5V REF OUT ....................... Indefinite short to common 
VEe to Digital Common ........................ Oto -16.5V Momentary short to Vee 
VLDme to Digital Common ......................... O to + 7V Junction TemparatuA! .............................. 175 °C 
Analog Common to Qigital ComJ!lon..:. ................... ±1V Lead Temperature,.Soldering ..... : ........... 300°C, 10 sec. 
Control Inputs (CE, CS, Ao, 12/8, RIC) to Storage Temperature ..................... -65°C to +150°C 

Digital Common ........ -0.5V to VLDme +0.5V 
Analog Inputs (REF IN, BIP OFF, 10V1N) to *Derate 20.BmW/DC above 75oc 

I Analog Common .................... ±16.5V 

Ordering Information Ill 
PART NUMBER INL TEMPERATURE RANGE PACKAGE 

Hl1-574AJD-5 ±1 LSB oocto+75"C 28-Pin Ceramic Dip 
Hl1-574AKD-5 ±0.5LSB Q0Cto+750C 28-Pin Ceramic Dip 
Hl1-574ALD-5 ±0.5LSB ooc10+1soc 28-Pln Ceramic Dip 
H11-574ASD-2 ±1 LSB -ssoc to +1250C 28-Pin Ceramic Dip 
Hl1-574ATD-2 ±0.SLSB -ssoc to +1250C 28-Pin Ceramic Dip 
Hl1-574AUD-2 ±0.5LSB -ssoc to +1250C 28-Pin Ceramic Dip 
H11-574ASD/883 ±1 LSB -ssoc lo +12soc 28-Pin Ceramic Dip 
Hl1-574ATD/883 ±0.SLSB -ssoc to +1250C 28-Pin Ceramic Dip 
Hl1-574AUD/883 ±0.SLSB -ssoc lo +1250C 28-Pin Ceramic Dip 
H14-574ASE/883 ±1 LSB -ssoc to +12soc 44-Pin Ceramic LCC 
Hl4-574ATE/883 ±0.5LSB -ssoc to +12soc 44-Pin Ceramic LCC 

I 
Hl4-574AUE/883 ±0.5LSB -ssoc to +12soc 44-Pin Ceramic LCC 

Definitions of Specifications 
LINEARITY ERROR transition of the code width may produce the next upper or lower 
Linearity error refers to the deviation of each individual code from a digital output code. The Hl·574AJ and AS grades are guaranteed to 
line drawn from "zero" through "full scale". The point used as ± 1 LSB max error. For these grades, an analog value which falls 
"zero" occurs Y2LSB (1.22mV for 10 volt span) before the first code within a given code width will result in either the correct code for that 
transition (all zeros to only the LSB "on"). "Full scale" is defined as a region or either adjacent one. 
level 1Y2LSB beyond the last code transition (to all ones). The Note that the linearity error is not user-adjustable. 
deviation of a code from the true straight line is measured from the 

DIFFERENTIAL LINEARITY ERROR middle of each particular code. 
(NO MISSING CODES) 

The Hl·574AK, AL.AT, and AU grades are guaranteed for maximum A specification which guarantees no missing codes requires that 
nonlinearity of ± 'hLSB. For these grades, this means that an analog every code combination appear in a monotonic increasing sequence 
value which falls exactly in the center of a given code width will result as the analog input level is increased. Thus every code must have a 
in the correct digital output code. Values nearer the upper or lower finite width. For the Hl-574AK, AL, AT, and AU grades, which 
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Definitions of Specifications (Continued) 

guarantee no missing codes to 12-bit resolution, all 4096 codes must 
be present over the entire operating temperature ranges. The 
Hl-574AJ and AS grades guarantee no missing codes to 11-bit 
resolution over temperature; this means that all code combinations 

. of the upper 11 bits must be present; in practice very few of the 12-bit 
codes are missing. 

UNIPOLAR OFFSET 
The first transition should occur at a level 'hLSB above analog 
common. Unipolar offset is defined as the deviation of the actual 
transition from that point. This offset can be adjusted as discussed 
on the following pages. The unipolar offset temperature coefficient 
specifies the maximum change of the transition point over tempera
ture, with or without external adjustment. 

BIPOLAR OFFSET 
Similarly, inthe bipolar mode, the major carry transition (01111111 
1111 to 1000 0000 0000) should occur for an analog value 'hLSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation and maximum change in the 
error over temperature. 

FULL SCALE CALIBRATION ERROR 
Thelasttransilion(from111111111110to111111111111)shouldoccur 
for an analog value 1 'hLSB below the nominal full scale (9.9963 volts for 
10.000 volts full scale). The full scale calibration error is the deviation of 
the actual level atthe last transition from the ideal level. This error, which is 
typically 0.05 to 0.1% offull scale, can be trimmed out as shown in Figures 
2 and 3. The full scale calibration error over temperature is given with and 
without the initial error trimmed out. The temperature coefficients for each 
grade indicate the maximum change in the full scale gain from the initial 
value using the internal 1 O volt reference. 

Applying the Hl-574A 

For each application of this converter, the ground connections, power 
supply bypassing, analog signal source, digital timing and signal 
routing.on the circuit board must be optimized to assure maximum 
performance. These areas are reviewed in the following sections, 
along with basic operating modes and calibration requirements. 

PHYSICAL MOUNTING ANO LAYOUT CONSIDERATIONS 
Layout-
Unwanted, parasitic circuit components, (L, R, and C) can make 12 
bit accuracy impossible, even with a perfect ND converter. The best 
policy is to eliminate or minimize these parasitics through proper 
circuit layout, rather than try to quantify their effects. 

The recommended construction is a double-sided printed circuit 
board with a ground plane on the component side. Other techniques, 
such as wire-wrapping or point-to-point wiring on vectorboard, will 
have an unpredictable effect on accuracy. 

In general, sensitive analog signals should be routed between ground 
traces and kept well away from digital lines. If analog and digital lines 
must cross, they should do so at right angles. 

Power Supplies 
Supply voltages to the Hl-574A (+15V, -15V and +5V) must be 
"quiet" and well regulated. Voltage spikes on these lines can affect 
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TEMPERATURE COEFFICIENTS 
The temperature coefficients for full-scale calibration, unipolar 
offset, and bipolar offset specify the maximum change from the 
initial (25°C) value to the value at Tmin or Tmax . 

POWER SUPP~Y REJECTION 
The standard specifications for the H~574A assume use of +5.00 and 
±15.00 or ±12.00 volt supplies. The only effect of power supply 
error on the performance of the device will be a small change in the 
full scale calibration. This will result in a linear change in all lower 
order codes. The specifications show the maximum change in 
calibration from the initial value with the supplies at the various 
limits. 

CODE WIDTH 
A fundamental quantity for ND converter specifications is the code 
width. This is defined as the range of analog input values for which a 
given digital output code will occur. The nominal value of a code 
width is equivalent to 1 least significant bit (LSB) of the full scale 
range or 2.44mV out of 1 O volts for a 12-bit ADC. 

QUANTIZATION UNCERTAINTY 
Analog-to-digital converters exhibit an inherent quantization 
uncertainty of ±'hLSB. This uncertainty is a fundamental charac
teristic of the quantization process and cannot be reduced for a 
converter of given resolution. 

LEFT-JUSTIFIED DATA 
The data format used in the Hl·574A is left-justified. This means that 
the data represents the analog input as a fraction of full-scale, 
ranging from 0 to :~:: . This implies a binary point to the left of the 
MSB. 

the converter's accuracy, causing several LSB's to flicker when a 
constant input is applied. Digital noise and spikes from a switching 
power supply are especially troublesome. If switching supplies must 
be used, outputs should be carefully filtered to assure "quiet" DC 
voltage at the converter terminals. 

Further, a bypass capacitor pair on each supply voltage terminal is 
necessary to· counter the effect of variations in supply current. 
Connect one pair from pin 1to15 (Vwmc supply), one from pin 7to 9 
(Vcc"to Analog Common) and one from pin 11 to 9 (VEE to Analog 
Common). For each capacitor pair, a 1 Oµ.F tantalum type in parallel 
with a 0.1µ.F ceramic type is recommended. 

Ground Connections 
The typical Hl-574A ground currents are 5.5mADC into pin 9 (Analog 
Common)and 7mADC out of pin 15 (Digital Cominon).1These pins should be 
tied together at the package to guarantee specified performance for the 
converter.· In addition, a wide PC trace should run directly from pin 9 to 
(usually) 15V common, and from pin 15 to(usually) the +5V Logic Common. 
If the converter.is located some distance from the system's "single point" 
ground, make only these connections to pins 9 and 15: Tie them together at 
the package, and back to the system ground with a single path. This path 
should have low resistance since it will carry about 1.5mA of DC current. 
(Code dependent currents flow in the Vee, VEE and VLOG1c terminals, but not 
through the Hl-574A's Analog Common or Digital Common). 
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ANALOG SIGNAL SOURCE 
The device chosen to drive the Hl-574A analog input will see a 
nominal load of 5K!l (10Vrange) or 10K!l (20Vrange). However, the 
othec end of these input resistors may change ±400mV with each bit 
decision, creating abrupt changes in current at the analog input. 
Thus, the signal source must maintain its output voltage while 
furnishing these step changes in load current, which occur at 1.6µS 
intervals. This requires low output impedance and fast settling by the 
signal source. 

The output impedance of an op amp, for example, has an open loop 
value which, in a closed loop, is divided by the loop gain available at a 
frequency of interest. The amplifier should have acceptable loop gain 
at 600KHz for use with the Hl-574A. To check whether the output 
properties of a signal source are suitable, monitor the 574A's input 
(pin 13or14) with an oscilloscope while a conversion is in progress. 
Each of the twelve disturbances should subside in one microsecond 
or less. (The comparator decision is made about 1.5µS after each 
code change from the SAR). 

If the application calls for a Sample/Hold to precede the converter, it 
should be noted that not all Sample/Holds are compatible with the 
Hl-574A in the manner described above. These will require an 
additional wideband buffer amplifier to lower their output impedance. 
A simpler solution is to use the Harris HA-5320 Sample/Hold, which 
was designed for use with the Hl-574A. 
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12/ii S7S 28 

cs HIGH BITS 
24-27 

Ao MIDDLE BITS 

R/C 20-23 
OFFSET 

RI LDW BITS 
IDDK CE 16-19 

-15V o--\oYlr-0 +15V 
GAIN 

IOOK ID REF IN 

REF OUT 

!DOD 
12 BIP DFF +5V I 

OTD+IOV 

ANALOG 
13 1DVIN +15V 1 

INPUTS 14 20V1N* -15V 11 
DTD +2DV 

i ANA CDM DIG COM 15 

-=-

FIGURE 2. UNIPOLAR CONNECTIONS 

'*When driving the 20V (pin 14) input, minimize capacitance on pin 13. 
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RANGE CONNECTIONS AND CALIBRATION PROCEDURES 
The Hl-574A is a "complete" AID converter, meaning it is fully 
operational with addition of the power supply voltages, a Start 
Convert signal, and a few external components as shown in Figures 2 
and 3. Nothing more is required for most applications. 

Whether controlled by a processor or operating in the stand-alone 
mode, the Hl-574A offers lour standard input ranges: OVto + 10V, OV 
to +20V, ±5Vand ±10V. The maximum errors for gain and offset 
are listed under Specifications. If required, however, these errors may 
be adjusted to zero as explained below. Power supply and ground 
connections have been discussed in an earlier section. 

Unipolar Connections and Calibration -
Refer to Fig. 2. The resistors shown• are for calibration of offset and -
gain. If this is not required, replace R2 with a son, 1% metal film 
resistor and remove the network 011 pin 12. Connect pin 12 to pin 9. 
Then, connectthe analog signal to pin 13 for the OV to 1 OV range, or 
to pin 14 for the OVto 20Vrange. Inputs to +20V (5Voverthe power 
supply) are no problem - the converter operates normally. 

Calibration consists of adjusting the converter's most negative 
output to its ideal value (offset adjustment), then, adjusting the most 
positive output to its ideal value (gain adjustment). To understand the 
procedure, note that in principle, one is setting the output with 
respect to the midpoint of an increment of analog input, as denoted 
by two adjacent code changes. Nominal value of an increment is one 

Hl-574A 

.z 12/i STS 28 

cs HIGH BITS 
24-27 

Ao 
MIDDLE BITS 

R/C 20-23 

LDW BITS 
CE 16-19 

GAIN 
R2 

ID REFIN 

REF DUT 

12 BIPDFF 

RI +5V 1 
±5V 

ANALOG 
13 1DV1N +15V 1 

INPUTS 
14 

±10v 
20V1N* -15V 11 

~ 
ANACDM DIG COM 15 

-=-

FIGURE 3 BIPOLAR INPUT CONNECTIONS 
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LSB. However, this approach is impractical because nothing 
"happens" at a midpoint to indicate that an adjustment is complete. 
Therefore, calibration is performed in terms of the observable code 
changes instead of the midpoint between code changes. 

For example, midpoint of the first LSB increment should be 
positioned at the origin, with an output code of all O's. To do this, 
apply an input of+ 1/2 LSB ( + 1.22mV for the 10V range; +2.44mV 
for the 20V range). Adjust the Offset potentiometer R1 until the first 
code transition flickers between 0000 0000 0000 and 0000 0000 
0001. 

. Next, perform a Gain Adjust at positive full scale. Again, the ideal 
input corresponding to the last code change is applied. This is 1-1/2 
LSB's below the nominal full scale ( +9.9963V for 10V range; 
+19.9927V for 20V range). Adjust the Gain potentiometer R2 for 
flicker between codes 111111111110 and 111111111111. 

Bipolar Connections and Calibration-
Refer to Figure 3. The gain and offset errors listed under Specifica
tions may be adjusted to zero using potentiometers R1 and R2*. If 

CONTROLLll'ilG THE Hl-574A 
The Hl-574A includes logic for direct interface to most microproces
sor systems. The processor may take full control of each conversion, 
or the convert.11r may operate in the "stand-alone" mode, controlled 
only by the R/C input. Full control consists of selecting an 8 or 12 bit 
conversion cycle, initialing the conversion, and reading the output 

INPUTBUFFERS 

this isn't required, either or both pots may be replaced by a 500, 1% 
metal film resistor. 

Connectthe Analog signal to pin 13 for a ±5V range, or to pin 14 for a 
± 10V range. Calibration of offset and gain is similar to that for the 
unipolar ranges as discussed above. First apply a DC input voltage 1/2 
LSB above negative full scale (i.e., -4.9988Vforthe ±5V range, or 
-9.9976V for the ±10V range). Adjust the offset potentiometer R1 
for flicker between output codes 0000 0000 0000 and 0000 0000 
0001. Next, apply a DC input voltage 1-1/2 LSB's below positive full 
scale ( +4.9963Vfor ±5Vrange; +9.9927Vfor ±10Vrange). Adjust 
the Gain potentiometer R2 for flicker between codes 111111111110 
and 111111111111. 

• The 1000 potentiometer R2 provides Gain Adjust for the 1 OV and 
20V ranges. In some applications, a full scale of 10.24V (LSB equals 
2.5mV) or 20.48V (LSB equals 5.0mV) is more convenient. For 
these, replace R2 by a 500, 1% metal film resistor. Then, to provide 
Gain Adjust for the 10.24V range, add a 2000 potentiometer in series 
with pin 13. For the 20.48V range, add a 5000 potentiometer in 
series with pin 14. 

data when ready-choosing either 12 bits at once or 8 followed by 4, 
in a left-justified format.The five control inputs are all TTUCMOS
compatible: (12/8, CS, Ai, RiC and CE). Table 1 illustrates the use of 
these inputs in controlling the converter's operations. Also, a 
simplified schematic of the internal control logic is shown in Figure 4. 

FIGURE 4. Hl-574A CONTROL LOGIC 
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"Stand-Alone Operation" 

The simplest control interface calls for a single control line connected 
to Ric. Also, CE and 12/ii are wired high, CS and Ao are wired low, and 
the output data appears in words of 12 bits each. 

The R/C signal may have any duty cycle within (and including) the Q.xtremes 
shown in Figures 5 and 6. In general, data may be read when R/C is high 
unless STS is also high, indicating a conversion is in progress. liming 
parameters particular to this mode of operation are listed below under 
"Stand-Alone Mode liming." 

p RIC 

~. I 
STS 

ti~ .. 1 
DB11·DBD DAlA ) VALID 

le . ~ 
l;::::i ~. 
< DATA VALID 

FIGURE 5. LOW PULSE FOR RIC- OUTPUTS ENABLED AFTER CONVERSION 

RIC 

STS 

DB11-DBO 

FIGURE 6. HIGH PULSE FOR RIC-OUTPUTS ENABLED WHILE RIC 

HIGH, OTHERWISE HIGH-Z 

STAND-ALONE MODE TIMING 

SYMBOL PARAMETER MIN TYP MAX 

IHRL Low R/C Pulse Width 50 - -
IDS STS Delay From R/C - - 200 
IHDR Data Valid Aller R/C Low 25 - -
!HS STS Delay Aller Data Valid 300 - 1200 
!HRH High R/C Pulse Width 150 - -
IDDR Data Access Time - - 150 

Time is measured from 50% level ofdigitaltransitions. Tesled with a50pF and 3kn load. 
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Conversion Length 
A Convert Start transition (see Table 1) latches the state oi Ao. which 
determines whether the conversion continues for 12 bits (Ao low) or stops 
with 8 bits (Ao high). If all 12 bits are read following an 8 bit conversion, the 
three LS B's will read zero and D B3 will read·Ot-IE .Ao is latched because ii is 
also involved in enabling the output buffers (see "Reading the Output Data"). 
No other control inputs are latched. 

CE cs RIC 12/ii Ao OPERATION 

0 x x x x None 
x 1 x x x None 

•• 0 0 x 0 Initiate 12 bit conversion • 0 0 x 1 Initiate 8 bit conversion 
1 + 0 x 0 Initiate 12 bit conversion 
1 + 0 x 1 Initiate 8 bit conversion 
1 0 t x 0 Initiate 12 bit conversion 
1 0 t x 1 Initiate 8 bit conversion 
1 0 1 1 x Enable 12 bit Output 
1 0 1 0 0 Enable 8 MSB's Only 
1 0 1 0 1 Enable 4 LSB's Plus 4 

Traill ng Zeroes 

TABLE 1 
Truth Table for Hl-574A Control Inputs. 

Conversion Start 
A conversion may be initiateQjls sho\Y_n in Table 1 by a logic1ransition 
on any of three inputs: CE, CS or RIC. The last of the three to reach 
the correct state starts the conversion, so one, two or all three may be 
dynamically controlled. The nominal delay from each is the same, 
and if necessary, all three may change state simultaneously. To 
assure that a particular input controls the start of conversion, the 
other two should be set up at least 50nS earlier, however. See the 
HHi74A Timing Specifications, Convert mode. 

This variety of Hl-574A control modes allows a simple interface in 
most system applications. The Convert Start timing relationships are 
illustrated in Figure 7. 

The output signal STS indicates status of the converter by going high 
only while a conversion is in progress. While STS is high, the output 

CE "" -... 
u 

... 
.,, 

.. 
"" 

m ... 
HIGH IMPEDMCE 

DB11-DBO 

FIGURE 7, CONVERT START TIMING 

buffers remain in a high impedance state and data cannot be read. 
Also, an additional Start Convert will not reset the converter or 
reinitiate a conversion while STS is high. (However, if Ao changes 
state after a conversion begins, an additional Start Convert signal will 
latch the new state of Ao, possibly causing a wrong cycle length (8 vs 
12 bits) for that conversion). 

Reading the Output Data 
The output data buffertremain in a high impedance gate until four 
conditions are met: R/C high, STS low, CE high and cs low. Atthat 

·time, data lines become active according to the state of inputs 12/ii 
and Ao. nm:~g constraints are illustrated in Figure 8. 

The 12/ii input will be tied high or low in m_gst applications, though it 
is fully TTUCMOS-compatible. With 12/8 high, all 12 output lines 
become active simultaneously, for interface to a 12or16 bit data bus. 
The A, input is ignored. 

With 121a·1ow, the outpui is organized in two a bit bytes, selected one at a time 
by Ao. This allows an 8bitdatabusto be connected as shown in Figure9. Aois 
usually tied to the least significant bit of the address bus, for storing the 
H~57 4A output in two consecutive memory locations. (With Ao low, the 8 
MSB's only are enabled. With Ao high, 4 MSB's are disabled, bits 4 through 7 
are forced to zero, and the 4 LSB's are enabled). This two byte format is 
considered "left justified data", for which a decimal (or binary!) point is 
assumed to the left of byte 1: 

BYTE 1 BYTE 2 

• I x x x x x x x xi I x x x x o o o ol 
I I 
MSB LSB 

Further, A, may be toggled at any time without damage to the 
converter. Break-before-make action is guaranteed between the two 
data bytes, which assures that the outputs strapped together in. 
Figure 9 will never be enabled at the same time. 

A read operation usually begins after the conversion is complete and 
STS is low. For earliest access to the data however, the read should 
begin no later than (too + tHs) before STS goes low. See Figure 8. 

.. . .. ... 
es 

.. . 
R/J: 

... 
.. 

... .... 
m 

DB11·DID 
HIGH 

IMPEDARCE 

•• 
RGURE 8. READ CYCLE TIMING 
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Timing Specifications +250C Unless Otherwise Specified 

Symbol Parameter Min 
Convert Mode 
lose STS Delay from CE 
IHEC CE Pulse width 50 
tssc CS to CE Setup 50 
IHsc CS_Low during CE High 50 
ISRC R/C to CE Setup 50 
IHRC RIC Low during CE high 50 
fsAC Ao to CE Setup 0 
IHAC Ao Valid during CE high 50 
le Conversion time, 12 bit cycle T min to T max 15 

8 bit cycle T min to T max 10 

Read Mode 
loo Access time from CE 
!Ho Data Valid after CE low 25 
IHL Q!!tput float delay 
1sSR CS_to CE setup 50 
ISRR RIC to CE setup 0 
fsAR &_to CE setup 50 
IHsR CS valid alter CE low 0 
IHRR RIC high alter CE low 0 
IHAR Ao valid after CE low 50 
IHs STS delay after data valid 300 

NOTE: Time is measured from 50% level of digital transitions. Tested with a 50pF and 3k0 load. 

A, ADDRESS BUS ~ 'i"' 

\,J 
STS ~ 

2 121i DB11(MSB) 27 

0 26 

4 .. 25 

24 

23 

Hl-574A 
22 

21 

20 

~ 
18 

17 

DBD(LSB) 16 

COM. DIG.n 

FIGURE 9 INTERFACE TO AN 8 BIT DATA BUS 

DIE CHARACTERISTICS 
Transistor Count 
Die Size: Analog 

Digital 

1117 
204 x 104 mils 
158 x 84 mils 

Thermal Constants; 

Process: 

4-45 

Typ 

20 
13 

75 

100 

DAlll 
BUS 

Bia 
8jc 

Max 

200 

25 
17 

150 

150 

1200 

48'C/W 
15'C/W 

Bipolar - DI and 
CMOS-JI 

<C 
~ 
It) 
...!. 

Units ::c 

nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
µS 
µS 

nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 

II 
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Features 
• Complete 12-Bit AID Converter with Reference and 

Clock 

• Full 8-, 12- or 16-Bit Microprocessor Bus Interface 

• 150ns Bus Access Time 

• No Missing Codes Over Temperature 

• Minimal Set-up Time for Control Signals 

• 15µs Maximum Conversion Time 

• Low Noise, via Current-Mode Signal Transmission 
Between Chips 

• Byte Enable/Short Cycle (Ao Input) 
,. Guaranteed Break-Before-Make Action, Eliminating 

Bus Contention During Read Operation. Latched by 
the Start Convert Input (To Set the Conversion 
Length) 

• Faster Version of the Hl-574A 

• Same Pinout as the Hl-574A 

• ±12V to ±15V Operation 

Applications 
• Military and Industrial Data Acquisition Systems 

• Electronic Test and Scientific Instrumentation 

• Process Control Systems 

Pinout 

Hl·674A 
12µs, Complete 12-Bit A/D Converter 

with Microprocessor Interface 

Description 
The Hl-674A is a complete 12-bit Analog-to-Digital 
Converter. including a +10V reference, clock, three-state 
outputs and a digital interface for microprocessor control. 
Successive approximation conversion is performed by 
two monolithic dice housed in a 28 pin package. The 
bipolar analog die features the Harris Dielectric Isolation 
process, which provides enhanced AC performance and 
freedom from latch-up. 

Custom design of each IC (bipolar analog and CMOS 
digital) has yielded improved performance over existing 
versions of this converter. The voltage comparator 
features high PSRR plus a high speed current-mode latch, 
and provides precise decisions down to 0.1 LSB of input 
overdrive. More than 2X reduction in noise has been 
achieved by using current instead of voltage for 
transmission of all signals between the analog and digital 
IC's. Also, the clock oscillator is current-controlled for 
excellent stability over temperature. The oscillator is 
trimmed for a nominal conversion time of 12 ± 1µs. 

The Hl-674A offers standard unipolar and bipolar input 
ranges, laser trimmed for specified linearity, gain and 
offset accuracy. The buried zener reference circuit is 
trimmed for minimum temperature coefficient. 

Power requirements are +5V and ±12V to ±15V, with typi
cal dissipation of 385mW at ±12V. All models are available 
in a 28 pin Sidebrazed DIP. For additional Hi-Rel screen
ing including 160 hour burn-in specify the "-8" suffix. For 
MIL-STD-883 compliant parts, request the Hl-674A/883 
data sheet. 

CERAMIC DIP 
TOP VIEW 

+5V SUPPLY VLOG IC 28 STATUS, STS 

DATA MODE SEL 12/ii 27 DB11 MSB 

CHIP SEL, CS 26 DB10 
BYTE AD DR/SHORT 

4 25 DB9 CYCLE, Ao 
READ/CONVERT, R/C 24 DB8 

CHIP ENABLE, CE 23 DB7 DIGITAL 

+15V SUPPLY, Vee Hl·674A 22 D86 

+IOV REF, REF OUT 21 D85 DATA 

ANALOG 
20 Q84 COMMON, AC 

REF INPUT, REF IN 10 19 D83 
OUTPUTS 

-15V SUPPLY, VEE 11 18 D82 
BIPOLAR OFFSET 12 17 DBI BIP OFF 

10V INPUT 13 16 DBO LS8 

20VINPUT 14 15 ] DIG COMMON, DC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Block Diagram 

1218 

Cl 
A, 

RIC 
CE 

10 

OSCILLATOR 

DIGITAL CHIP 

ANALOG CHIP 

Hl-674A 

BIT OUTPUTS 
,.......,.,,,,,---------J/'-.-, _________ ~-.. 

( MSB LSB'\ 

SAR 

STROBE 

12BITS 

V11EF IN U---t-------t--... I 
I 

•("NIBBLE'" IS A 4 BIT DIGITAL WORD.) 

ANALOG 
COMMON 

I 
I 
L 

5K 
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10K 

12 14 13 

BIP. 2DV 10V 
OFF INPUT INPUT 

2B 

VL081C 

DIGITAL 
COMMON 
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Specifications Hl-674A 

== (Typical@ +25°C with Vee= +15Vor +12V, VLOmc = +5V, VEE= -15Vor -12Vunless otherwise specified) 

""" DC and T1ansfer Accuracy Specifications co 
I :c I MODEL ·Ht-674AJ Hl-674AK Hl-674AL UNITS 

Temperature Range -5 I ooc10+75oC l 
Resolution (max) 12 12 12 Bits 
Linearity Error 

25°C (max) ±1 ±1/2 ±1/2 LSB o·c to + 75°C (max) ±1 ±1/2 ±1/2 LSB 
Differential Linearity Error 

250C :1:1 :1:1 :1:1/2 LSBs 
(Maximum resolution ·for which no missing codes is guaranteed) 

25oc 12 12 12 Bits 
Tmin toTmax 11 12 12 Bits 

Unipolar Offset (max) 
(Adjustable to zero) ±2 :1:1.5 :1:1 LSB 

,Bipolar Offset (max) VJN = OV (Adjustable lo zero) :1:4 :1:4 :1:3 LSB 
VJN = -10V :1:0.15 :1:0.1 :1:0.1 %ofF.S. 
Full Scale Calibration Error 

25°C (max), with fixed 50 n resistor from 
REF OUT to REF IN (Adjustable to zero) :1:0.25 :1:0.25 :1:0.15 % of F.S. 
Tmin to Tmax 

(No adjustment at + 25°C) :1:0.475 :1:0.375 :1:0.20 % ofF.S. 
(With adjustment to zero at + 25°C) :l:0.22 0.12 0.05 % ofF.S. 

Temperature Coefficients 
Guaranteed max change, Tm;n to Tmax (Using internal reference) 
Unipolar Offset ±2 ±1 ±1 LSB 

(10) (5) (5) (ppm/°C) 
Bipolar Offset ±2 ±1 ±1 LSB 

(10) (5) (5) (ppm1°C) 
Full Scale Calibration ±9 ±2 ±2 LSB 

(45) (10) (10) (ppm/°C) 
Power Supply Rejection 

Max change in Full Scale Calibration 
+13.5V<Vcc<+16.5Vor +11.4V<Vcc<+12.6V ±2 ±1 ±1 LSB 
+4.5V<VLOmc<+5.5V ±1/2 ±1/2 ±1/2 LSB 
-16.5V<VEE<-13.5Vor -12.6V<VEE<-11.4V ±2 ±1 ±1 LSB 

Analog Inputs 
Input Ranges 

Bipolar -5 to +5 Volts 
-10to+10 Volts 

Unipolar Oto +10 Volts 
Oto +20 Volts 

Input Impedance . -·--

10 Volt Span 5K, ± 25% Ohms 
20 Volt Span 10K, ± 25% Ohms 

Power Supplies 
Operating Voltage Range 

VLOGIC +4.5 to +5.5 Volts 
Vee +11.4to +16.5 Volts 
VEE -11.4 to -16.5 Volts 

Operating Current 
ILOGIC 7 TYP, 15 MAX mA 
Ice +15V Supply 11TYP,15 MAX mA 
IEE -15V Supply 21 TYP, 28 MAX mA 

Power Oissipation 
515 TYP, 720 MAX mW ±15V,+5V 

±12V,+5V 385 TYP mW 

Internal Reference Voltage, Tm;n to Tmax +10.00 ±.O!i MAX Volts 
Output current available for external loads 2.0 MAX mA 
(External load should not change during 
conversion) 

4-48 



Specifications Hl-674A 

(Typical @ + 25°C with Vee = + 15V or + 12V, VL0G1e = +5V, VEE = -15V or -12V unless otherwise specified) 

DC and Transfer Accuracy Specifications 

MODEL Hl-674AS Hl-674AT Hl-674AU I 
Temperature Range -2, -8 (5soc to +1250C) 

Resolution (max) 12 12 12 
Linearity Error 

250C(max) ±1 ±1/2 ±1/2 
ooc to +750C(max) ±1 ±1 ±1 

Differential Lineariiy Error 
250C ±1 ±1 ±1/2 

(Maximum resolution for which no missing codes Is guaranleed) 
12 12 12 25oc 

Tmln loTmax 11 12 12 

Unipolar Offset (max) 
(Adjustable to zero) ±2 ±1.5 ±1 

Bipolar Offset (max) V1N = OV (Adjustable to zero) ±4 ±4 ±3 
VrN = -10V ±0.15 ±0.1 ±0.1 

Full Scale Calibration Error 
25°C (max), with fixed 50 n resistor from 
REF OUT lo REF IN (Adjustable to zero) ±0.25 ±0.25 ±0.15 
Tmin lo Tmax 

(No adjustment al + 25°C) ±0.75 ±0.50 ±0.275 
(With adjustment to zero at +25°C) ±0.50 0.25 ±0.125 

Temperature Coefficients 
Guaranteed max change, Tmtn to Tmax (Using internal reference) 
Unipolar Offset ±2 ±1 ±1 

(5) (2.5) (2.5) 
Bipolar Offset ±2 ±2 ±1 

(5) (SJ (2.5) 
Full Scale Calibration ±20 ±10 ±5 

(50) (25) (12.5) 

Power Supply Rejection 
Max change in Full Scale Calibration 
+13.5V<Vec<+16.5Vor +11.4V<Vcc<+12.6V ±2 ±1 ±1 
+4.5V<Vwmc<+5.5V ±1/2 ±1/2 ±1/2 
-16.5V<VEe<-13.5Vor -12.6V<Vee<-11.4V ±2 ±1 ±1 

Analog Inputs 
Input Ranges 

Bipolar -5 lo +5 
-10to.+10 

Unipolar Oto +10 
Oto +20 

Input Impedance 
10 Volt Span 5K.!1, ± 25% 
20 Volt Span 10Kn, ± 25% 

Power Supplies 
Operating Voltage Range 

VLOGIC +4.5 to +5.5 
Vee +11.4to +16.5 
Vee -11.4 lo -16.5 

Operating Current 
lLDGIC 7 TYP, 15 MAX 
Ice +15V Supply 11TYP,15 MAX 
lee -15V Supply 21 TYP, 28 MAX 

Power Dissipation 
±15V,+15V 515 TYP, 720 MAX 
±12V, +5V 385 TYP 

Internal Reference VollaQe, T min to Tm" + 10.00 ±.05 MAX 
Output current available for external loads 2.0 MAX 
(External load should not change during 
conversion) 
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UNITS 

Bits 

LSB 
LSB 

LSBs 

Bits 
Bits 

LSB 
LSB 
%of F.S. 

% ofF.S. 

% ofF.S. 
% ofF.S. 

LSB 
(ppm/°C) 
LSB 
(ppml°C) 
LSB 
(ppml"C) 

LSB 
LSB 
LSB 

Volts 
Volts 
Volts 
Volts 

Ohms 
Ohms 

Volts 
Volts 
Volts 

mA 
mA 
mA 

mW 
mW 

Volts 
mA 
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Hl-674A 

Dlgltal Speclfications1 (All Models, Over Full Temperature Range) 

Logic Inputs (CE, CS, R/C, AO, 12/8) 2 

Logic "1" 
Logic "O" 
Current 
Capacitance 

Logic Outputs (OB11-0BO, STS) 
Logic "O" (ls1NK ~ 1. 6mA) 
Logic "1" (lsouRce - 500µA) 
Leakage (High - Z State, DB11-0BO ONLY) 
Capacitance 

MIN 

+2.4V 
-0.5V 
-5µA 

+2.4V 
-5µA 

TYP MAX 

+5.5V 
+0.8V 

±0.lµA +5µA 
5pF 

+0.4V 

±0.lµA +5µA 
5pF 

1 See "Hl-674A Timing Specifications"'for a detailed listing of digital timing parameters. 
2 Although this guaranteed threshold is higher than standard- TTCi(+2.0V), buS•Joading is much less, i.e., typical i'nput current is only 0.2596 of a .TTL load. 

Absolute Maximum Ratings 
(Specifications apply to all grades, except where noted) 

Vee to Digital Common ........................ 0 to + 16.5V 
Vee to Digital Common ........................ 0 to -16.SV 
VL0G1c to Digital Common ......................... 0 to + 7V 
Analog Common to Q!gital Common .................... ± 1V 
Control Inputs (CE, CS, A.. 12/B, RIC) to 

Digital Common ........ -0.5V to VL0G1c +0.5V 
Analog Inputs (REF IN, BIP OFF, 10V1N) to 

Analog Common .................... ±16.5V 

Ordering Information 

20VIN to Analog Common ........................... ±24V 
REF OUT ....................... Indefinite short to common 

Momentary short to Vee 
Junction Temperature .................... 175oc 
Lead Temperature, Soldering ................. 300°C, 10 sec. 
Storage Temperature ..................... -65°C to + 150°C 

PART NUMBER INL TEMPERATURE RANGE PACKAGE 

Hl1-674AJD-5 

Hl1-67 4AKD-5 

Hl1-674ALD-5 

Hl1-674ASD-2 

Hl1-674ATD-2 

Hl1-674AUD-2 

Hl1-674ASD/883 

Hl1-674ATD/883 

Hl1-67 4AUD/883 

Hl4-67 4ASE/883 

Hl4-674ATE/883 

Hl4-674AUE/883 

Definitions of Specifications 

LINEARITY ERROR 

±1 LSB 

±0.5LSB 

±0.5 LSB 

±1 LSB 

±0.5 LSB 

±0.5LSB 

±1 LSB 

±0.5 LSB 

±0.5LSB 

±1 LSB 

±0.5LSB 

±0.5 LSB 

Linearity error refers to the deviation of each individual code from a 
line drawn from "zero" through "full scale". The point used as 
"zero" occurs V2LSB (1.22mV for 10 volt span) before the first code 
transition (all zeros to only the LSB "on"). "Full scale" is defined as a 
level 1 V2LSB beyond the last code transition (to all ones). The 
deviation of a code from the true straight line is measured from the 
middle of each particular code. 

The Hl-674AK, AL.AT, and AU grades are guaranteed for maximum 
nonlinearity of± 1/zLSB. For these grades, this means that an analog 
value which falls exactly in the center of a given code width will result 
in the correct digital output code. Values nearer the upper or lower 

oocto+75oc 28 Pin Ceramic DIP 

oocto+75oc 28 Pin Ceramic DIP 

oocto+75oc 28 Pin Ceramic DIP 

-550C to +1250C 28 Pin Ceramic DIP 

-550C to +1250C 28 Pin Ceramic DIP 

-550C to +1250C 28 Pin Ceramic DIP 

-550C to +125oc 28 Pin Ceramic DIP 

-550C to +1250C 28 Pin Ceramic DIP 

-5soc to +125oc 28 Pin Ceramic DIP 

-550C to +1250C 44 Pin Ceramic LCC 

-55oc to +125oc 44 Pin Ceramic LCC 

-550C to +12soc 44 Pin Ceramic LCC 
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transition of the code width may produce the next upper or lower 
digital output code. The Hl-674AJ and AS grades are guaranteed to 
± 1 LSB max error. For these grades, an analog value which falls 
within a given code width will result in eitherthe correct code for that 
region or either adjacent one. 
Note that the linearity error is not user-adjustable. 

DIFFERENTIAL LINEARITY ERROR 
(NO MISSING CODES) 
A specification which guarantees no missing codes requires that 
every code combination appear in a monotonic increasing sequence 
as the analog input level is increased. Thus every code must have a 
finite width. For the Hl-674AK, AL, AT, and AU grades, which 



Hl-674A 

Definitions of Specifications (Continued) 

guarantee no missing codes to 12-bit resolution, all 4096 codes must 
be present over tl)e entire operating temperature ranges. The 
Hl-674AJ and AS grades guarantee no missing codes to 11-bit 
resolution over temperature; this means that all code combinations 
of the upper 11 bits must be present; in practice very few of the 12-bit 
codes are missing. 

UNIPOLAR OFFSET 
The first transition should occur at a level V2LSB above analog 
common. Unipolar offset is defined as the deviation of the actual 
transition from that point. This offset can be adjusted as discussed 
on the following pages. The unipolar offset temperature coefficient 
specifies the maximum change of the transition point over tempera
ture, with or without external adjustment. 

BIPOLAR OFFSET 
Similarly, in the bipolar mode, the major carry transition (01111111 
1111 to 1000 0000 0000) should occur for an analog value V2LSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation and maximum change in the 
error over temperature. 

FULL SCALE CALIBRATION ERROR 
Thelasttransition(from111111111110to111111111111)shouldoccurfor 
an analog value 1 Y,LSB below the nominal full scale (9.9963 volts for 10.000 
volts full scale). The full scale calibration error is the deviation of the actual 
level at the last transition from the ideal level. This error, which is typically 
0.05 to 0.1 % of full scale, can be trimmed out as shown in Figures 2 and 3. 
The full scale calibration error over temperature is given with and without the 
initial error trimmed out. The temperature coefficients for each grade indicate 
the maximum change in the full scale gain from lhe initial value using the 
internal 1 O volt reference. 

Applying the Hl-674A 

For each application of this converter, the ground connections, power 
supply bypassing, analog signal source, digital timing and signal 
routing on the circuit board must be optimized to assure maximum 
performance. These areas are reviewed in the following sections, 
along with basic operating modes and calibration requirements. 

PHYSICAL MOUNTING AND LAYOUT CONSIDERATIONS 
Layout-

. Unwanted, parasitic circuit components, (l, R, and C) can make 12 
bit accuracy impossible, even with a perfect AID converter. The best 
policy is to eliminate or minimize these parasitics through proper 
circuit layout, rather than try to quantify their effects. 

The recommended construction is a double-sided printed circuit 
board with a ground plane on the component side. Other techniques, 
such as wire-wrapping or point-to-point wiring on vectorboard, will 
have an unpredictable effect on accuracy. 

In general, sensitive analog signals should be routed between ground 
traces and kept well away from digital lines. If analog and digital lines 
must cross, they should do so at right angles. 

Power Supplies 
Supply voltages to the Hl-674A (+15V, -15V and +5V) must be 
"quiet" and well regulated. Voltage spikes on these lines can affect 
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TEMPERATURE COEFFICIENTS 
The temperature coefficients for full-scale calibration, unipolar 
offset, and bipolar offset specify the maximum change from the 
initial (25°C) value to the value at Tmm or Tmax. 

POWER SUPPLY REJECTION 
The standard specifications for the Hl-674Aassume use of +5.00 a~d 
±15.00 or ±12.00 volt supplies. The only effect of power supply 
error on the performance of the device will be a small change in the 
full scale calibration. This will result in a linear change in all lower 
order codes. The specifications show the maximum change in 
calibration from the initial value with the supplies at the various 
limits. 

CODE WIDTH 
A fundamental quantity for AID converter specifications is the code 
width. This is defined as the range of analog input values for which a 
given digital output code will occur. The nominal value of a code 
width is equivalent to 1 least significant bit (LSB) of the full scale 
range or 2.44mV out of 10 volts for a 12-bit ADC. 

QUANTIZATION UNCERTAINTY 
Analog-to-digital converters exhibit an inherent quantization 
uncertainty of ± V2LSB. This uncertainty is a fundamental charac
teristic of the quantization process and cannot be reduced for a 
converter of given resolution. 

LEFT-JUSTIFIED DATA 
The data format used in the Hl-674A is left-justified.This means that 
the data represents the analog input as a fraction of full-scale, 
ranging from Oto :::~ . This implies a binary point to the left of the 
MSB. 

the converter's·accuracy, causing several LSB's to flicker when a 
constant input is applied. Digital noise and spikes from a switching 
power supply are especially troublesome. If switching supplies mus~ 
be used, outputs should be carefully filtered to assure "quiet" DC 
voltage at the converter terminals. 

Further, a bypass capacitor pair on each supply voltage terminal is 
necessary to counter the effect of variations in supply current. 
Connect one pair from pin 1 to 15 (VL0s1c supply), one from pin 7 to 9 
(Vee to Analog Common) and one from pin 11 to 9 (VEE to Analog 
Common). For each capacitor pair, a lOµF tantalum type in parallel 
with a 0.1µF ceramic type is recommended. 

Ground Connections 
The typical Hl-674A ground currents are 6mADC into pin 9 (Analog 
Ground) and 3mADC out of pin 15 (Digital Common). These pins 
should be tied together at the package to guarantee specified 
performance for the converter. In addition, a wide PC trace should 
run directly from pin 9 to (usually) 15V common, and from pin 15 to 
(usually) the +5V Logic Common. If the converter is located some 
distance from the system's "single point" ground, make only these 
connections to pins 9 and 15: Tie them together at the package, and 
back to the system ground with a single path. This path should have 
low resistance since it will carry about 3mA of DC current. (Code 
dependent currents flow in the Vee, VEE and VLome terminals, but not 
through the Hl-6741\:s Analog Com111on or Digital Common). 

• 
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ANALOG SIGNAL SOURCE 
The device chosen to drive the Hl-674A analog input will see a 
nominal load of 5KO (1 OV range) or10KO (20V range). However, the 
other end of these input resistors may change ±400mV with each bit 
decision, creating abrupt changes in current at the analog input. 
Thus, the signal source must maintain its output voltage whilei 
furnishing these step changes in load current, which occur at 950,nS 
intervals. This requires low output impedance and fast settling by the 
signal source. 

The output impedance of an op amp, for example, has an open loop value 
which, in a closed loop, is divided by the loop gain available at a frequency of 
interest. The amplttier should have acceptable loop gain at 1 MHz for use with 
the HHi74A. To check whether the output properties of a signal source are 
suitable, monitor the 674/l:s input {pin 13 or 14) with an oscilloscope while a 
conversion is in progress. Each of the twelve disturbances should subside in 
one half microsecond or less. {The comparator decision is made about 850 
nS alter each code change from the SAR). 

If the application calls for a Sample/Hold to precede the converter, it 
should be noted that not all Sample/Holds are compatible with the 
Hl-674A in the manner described above. These will require an 
additional wideband buffer amplifier to lower their output impedance. 
A simpler solution is to use the Harris HA-5320 Sample/Hold, which 
was d!!!iigned for use with the Hl-674A. 

Hl-&74A 

12/B STS 28 

cs HIGH BITS 
24-27 

Ao MIDDLE BITS 

R/C 20-23 
OFFSET 

R1 LDWBITS 
100K CE 16-11 

-15V~+15V 

GAIN 

10 REF IN 

REF OUT 

12 BIPOFF +SY 1 

13 10V1N +15V 7 

14 20YIN * -15V 11 

ANA COM DIG COM 15 

-:' 

FIGURE 2. UNIPOLAR CONNECTIONS 

"'Whan driving the 20V (pin 14) Input, minimize capacitance on pin 13. 
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RANGE CONNECTIONS AND CALIBRATION PROCEDURES 
The Hl-674A is a "complete" AID converter, meaning it is fully 
operational with addition of the power supply voltages, a Start 
Convert signal, and a few external components as shown in Figures 2 
and 3. Nothing more is required for most applications. 

Whether controlled by a processor or operating tn the stand-alone 
mode, the Hl-674Aoffers four standard input ranges: OVto + 10V, OV 
to +20V, ±5Vand ±10V. The maximum errors for gain and offset 
are listed under Specifications. If required, however, these errors may 
be adjusted to zero as explained below. Power supply and ground 
connections have been discussed in an earlier section. 

Unipolar Connections and Calibration -
Refer to Fig. 2. The resistors shown* are for calibration of offset and 
gain. If this is not required, replace R2 with a 500, 1% metal film 
resistor and remove the network on pin 12. Connect pin 12 to pin 9. 
Then, connect the analog signal to pin 13 for the OVto 10Vrange, or 
to pin 14 for the OVto 20Vrange. Inputs to +20V (5V over the power 
supply) are no problem -the converter operates normally. 

Calibration ·consists of adjusting the converter's most negative 
outputto its ideal value (offset adjustment), then, adjusting the most 
positive output to its ideal value (gain adjustment). To understand the 
procedure, note that in principle, one Is setting the output with 
respect to the midpoint of an increment of analog input, as denoted 
by two adjacent code changes. Nominal value of an increment is one 

Hl-674A 

12/i STS 28 

cs HIGH BITS 
24-27 

Ao MIDDLE BITS 

R/C 20-23 

LOW BITS 
CE 16-11 

GAIN 

10 REF IN 

REF OUT 

BIPOFF 
+5V 1 

±5V 
+15V 1 13 10YIN 

ANALOG 
INPUTS 14 20V1N 

. -15V 11 
±10V 

~ 
ANA COM 

FIGURE 3 BIPOLAR INPUT CONNECTIONS 
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LSB. However, this approach is impractical because nothing 
"happens" at a midpoint to indicate that an adjustment is complete. 
Therefore, calibration is performed in terms of the observable code 
changes instead of the midpoint between code changes. 

For example, midpoint of the first LSB increment should be 
positioned at the origin, with an output code of all O's. To do this, 
apply an input of +1/2 LSB (+1.22mVfor the 10Vrange; +2.44mV 
for the 20V range). Adjust the Offset potentiometer R1 until the first 
code transition flickers between 0000 0000 0000 and 0000 0000 
0001. 

Next, perform a Gain Adjust at positive full scale. Again, the ideal 
input corresponding to the last code change is applied. This is 1-1/2 
LSB's below the nominal full scale ( +9.9963V for 10V range; 
+19.9927V for 20V range). Adjust the Gain potentiometer R2 for 
flicker between codes 111111111110and111111111111. 

Bipolar Connections and Calibration -
Refer to Figure 3. The gain and offset errors listed under Specifica
tions may be adjusted to zero using potentiometers R1 and R2*. If 

CONTROLLING THE Hl-674A 

The Hl-674A includes logic for direct interface to most microproces
sor systems. The processor may take full control of each conversion, 
or the converter may operate in the "stand-alone" mode, controlled 
only by the RIC input. Full control consists of selecting an 8 or 12 bit 
conversion cycle, initiating the conversion, and reading the output 

INPUT BUFFERS 

EDC13 

<C 
this isn't required, either or both pots may be replaced by a son, 1% j::!: 
metal film resistor. CO 

..!. 
Connectthe Analog sign alto pin 13 for a ±SV range, or to pin 14 for a ::C 
± 1 OV range. Calibration of offset and gain is similar to that for the 
unipolar ranges as discussed above. First apply a DC input voltage 1/2 
LSB above negative full scale (i.e., -4.9988Vfor the ±SV range, or 
-9. 9976V for the ±1 OV range). Adjust the offset potentiometer R1 
for flicker between output codes 0000 0000 0000 and 0000 0000 
0001. Next, apply a DC input voltage 1-112 LSB's below positive full 
scale ( +4.9963V for ±SV range; +9. 9927V for ±1 OV range). Adjust 
the Gain potentiometer R2 for flicker between codes 11111111111 O 
and 111111111111. 

•The 10on potentiometer R2 provides Gain Adjust for the 10V and 
20V ranges. In some applications, a full scale of 10.24V (LSB equals 
2.SmV) or 20.48V (LSB equals S.OmV) is more convenient. For 
these, replace R2 by a son, 1% metal film resistor. Then, to provide 
Gain Adjust for the 10.24V range, add a 20on potentiometer in series 
with pin 13. For the 20.48V range, add a soon potentiometer in 
series with pin 14. 

data when ready-choosing either 12 bits at once or 8 followed by 4, 
in a left-justified format.The five control inputs are all TTUCMOS
compatible: (12/ii, CS, {!,,, RiC and CE). Table 1 illustrates the use of 
these inputs in controlling the converter's operations. Also, a 
simplified schematic of the internal control logic is shown in Figure 4. 

t--------- NIBBl£C 

STROBE 

CLOCK 

• 

FIGURE 4. Hl-674A CONTROL LOGIC 
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"Stand-Alone Operation'' 

The simplest control intJ!rfaCe calls for a sl!!gle control line connected 
to RIC. Also, CE and 12/8 are wired high, CS and AD are wired low, and 
the output data appears in words of 12 bits each. 

The RIC signal may have any duty cycle within (and including) the ~tremes 
shown in Figures 5 and 6. In general, data may be read when RIC is high 
unless STS is also high, indicating a conversion is in progress. Timing 
parameters particular to this mode of operation are listed below under 
"Stand-Alone Mode Timing." 

lllC 

STS A ~~H 1 le \____ 
d~ 

0811-080 Willi ) < DA111VAUD VALID 

FIGURE 5. LOW PULSE FOR RIC- OUTPUTS ENABLED AFTER CONVERSION 

11/C 

STS 

0811-080 

SYMBOL 

IHRL 
IDS 
!HOR 
!HS 
!HRH 
!DOR 

"' A ~1 

}--~ ~~ 
le 

" 
HIBH-Z ~ HIGH-Z 

DJllllVAUD 

FIGURE 6. HIGH PULSE FOR RIC-OUTPUTS ENABLED WHILE RIC 

HIGH, OTHERWISE HIGH-Z 

STAND-ALONE MODE TIMING 

PARAMETER MIN TYP MAX 

Low R/C Pulse Width 50 - -
STS Delay From R/C - - 200 
Data Valid After RIC Low 25 - -
STS Delay After Data Valid 25 - 850 
High RIC Pulse Width 150 - -
Data Access Time - - 150 

UNITS 

ns 
ns 
ns 
ns 
ns 
ns 

Time is measured from 50% level of digital transitions. Tested with a SOpF and 3kCl load. 
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Conversion Length 
A Convert Start transition (see Table 1) latches the state of /!;,, which 
determines whether the conversion continues for 12 bits(/!;, low) or stops 
with 8 bits (/!;,high). If all 12 bits are read following an 8 bit conversion, !he 
three LSB's will read zero and 083 will read ONE./!;, is latched because it is 
also involved in enabling the output buffers (see "Reading the Output Data"). 
No other control inputs are latched. 

CE cs RIC 12/ii Aa OPERATION 

0 x x x x None 
x 1 x x x None • 0 0 x 0 Initiate 12 bit conversion • 0 0 x 1 Initiate 8 bit conversion 
1 + 0 x 0 Initiate 12 bit conversion 
1 + 0 x 1 Initiate 8 bit conversion 
1 0 t x 0 Initiate 12 bit conversion 
1 0 t x 1 Initiate 8 bit conversion 
1 0 1 1 x Enable 12 bit Output 
1 0 1 0 0 Enable 8 MSB's Only 
1 0 1 0 1 Enable 4 LSB's Plus 4 

Trailing Zeroes 

TABLE 1 
Truth Table for Hl-674A Control Inputs. 

Conversion Siar! 
A conversion may be initiate!!._as shoVt,n in Table 1 by a logic transition 
on any of three inputs: CE, CS or RIC. The last of the three to reach 
the correct state starts the conversion, so one, two or all three may be 
dynamically controlled. The nominal delay from each is the same, 
and if necessary, all three may change state simultaneously. To 
assure that a particular input controls the start of conversion, the 
other two should be set up at least 50nS earlier, however. See the 
Hl-674A Timing Specifications, Convert mode. 

This variety of Hl-674A control modes allows a simple interface in 
most system applications. The Convert Start timing relationships are 
illustrated in Rgure 7. 

The output signal STS indicates status of the converter by going high 
only while a conversion is in progress. While STS is high, the output 

.. ... -
l:f 

... ... 
RIC 

... .. 
... 

STS ... 
HIGH IMPEDANCE 

0811-080 

FIGURE 7. CONVERT START TIMING 

buffers remain in a high impedance state and data cannot be read. 
Also, an additional Start Convert will not reset the converter or 
reinitiate a conversion while STS is high. (However, if A, changes 
state alter a conversion begins, an additional Start Convert signal will 
latch the new state of Aa, possibly causing a wrong cycle length (8 vs 
12 bits) for that conversion). 

Reading the Output Data 
The output data bulferi!._remain in a high impedance gate until four 
conditions are met: RIC high, STS low, CE high and CS low. At that 
time, data lines become active according to the state of inputs 12/B 
and Aa. Timing constraints are illustrated in Figure 8. 

The 12/B input will be tied high or low in m_!)st applications, though it 
is fully TTUCMOS-compatible. With 12/8 high, all 12 output lines 
become active simultaneously, for interface to a 12or16 bit data bus. 
The Ao input is ignored. 

With 12/Biow, the output is organized in two 8 bit bytes, selected one at a time 
by Ao. This allows an 8 bit data bus to be connected as shown in Figure 9. Ao is 
usually lied to the least significant bit of the address bus, for storing the 
Hl-67 4A output in two consecutive memory locations. (With Ao low, the 8 
MSB's only are enabled. With Ao high, 4MSB's are disabled, bits4 through 7 
are forced to zero, and the 4 LSB's are enabled). This two byte format is 
considered "left justified data", for which a decimal (or binary!) point is 
assumed to the left of byte 1 : 

BYTE 1 BYTE 2 

.I x x x x x x x xi I x x x x o o o ol 
I I 
MSB LSB 

Further, Ao may be toggled at any time without damage to the 
converter. Break-before-make action is guaranteed between the two 
data bytes, which assures that the outputs strapped together in 
Figure 9 will never be enabled at the same time. 

A read operation usually begins after the conversion is complete and 
STS is low. For earliest access to the data however, the read should 
begin no later than (too + tHs) before STS goes low. See Figure 8 . 

.. ... . .. 
fS . .. 
Riff 

.. 
... 

STS 

.. .. 
HIGH 

DB11·DID 
IMPEDANCE .. ~ 

FIGURE 8. READ CYCLE TIMING 
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Timing Specifications +250C Unless Otherwise Specified 

Symbol Parameter Min Typ 
Convert Mode 

lose STS Delay from CE 
IHEC CE Pulse width 50 
tssc CS to CE Setup ' 50 
IHsc CS_Low during CE High 50 
tsnc RI~ to CE-Setup 50 
IHnc RIC Low during CE high . 50 
ISAc A. to CE Setup 0 
IHAC A. Valid during CE high 50 
le Conversion time, 12 bit cycle T min to T max 9 12 

8 bit cycle-T min to Tmax 6 8 

Read Mode 
too Access time from CE 75 
!Ho Data Valid after CE low 25 
IHL Q!!tput float.delay 100 
tssn CS_to CE setup 50 
!snn RIC to CE setup 0 
!sAR &to CE setup 50 
IHsn CS valid after CE low 0 
IHnn RIC high after CE low 0 
IHAR A. valid after -CE low 50 
Ills STS delay after data valid 25 

NOTE: Time is measured from 50%Jevel of digital transitions. Tested wHh a SOpF and 3k0 load. 

Die Characteristics 

Transistor Count 
Die Size; Analog 

Digital 

"' ADDRESSIUS \ '-r 

SlSt2-
1Zli DB11 (MSB) 27 --->-----2 

r 26 

4 "' 
25 

24 

23 > = ----l'---1--lf--~ 

Hl-674A 
22 

21 

20 

~ 
18 

17 

DBD(LSB) __ 11 ____ _, 

DIG.h15 COM. ,__ _____ __. 

FIGURE 9. INTERFACE TO AN 8 BIT DATA BUS 

1117 
204 x 104mils 
158 x 84mils 

Thermal Constants; ~. 
Dje 

Process 
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48"ClW 
15'CIW 

Bipolar-DI 
CMClS-JI 

Max 

200 

15 
10 

150 

150 

850 

Unifs 

nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
µS 
µS 

nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
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Features 

• Complete 12 Bil AID Converter With Reference and 
Clock 

• Digital Error Correction 

• Full 8-, 12-, or 16-Bit Microprocessor Bus Interface 

• 150ns Bus,Access Time 

• No Missing Codes Over-Temperature 

• Minimal Setup Time For Control Signals 

• 9µs Maximum Conversion Time Over· Temperature 

• Low Noise, Via Current-Mode Signal Transmission 
between Chips. 

• Byte Enable/Short Cycle (Ao Input) 
~ Guarantees break-before-make action, eliminating 

bus contention during read operation. Latched by 
the Start Convert Input (To Set the Conversion 
Length) 

• Faster Version of the Hl-574A and Hl-674A 

• Same Pinout as Hl-574A and Hl-674A 

• ±12V to ±15V Operation 

Applications 

• Industrial Data Acquisition Systems 

• Electronics Test and Scientific Instrumentation 

• Process Control Systems 

Pinout 

Hl-774 
Bµs, Complete 12-Bit AID Converter 

With Microprocessor Interface 

Description 

The Hl-774 is a complete 12 bit Analog-to-Digital Conver
ter, including a +10V reference clock, three-state outputs 
and a digital interface for microprocessor control. 
Successive approximation conversion is performed by 
two monolithic dice housed in a 28-pin package. The 
bipolar analog die features the Harris Dielectric Isolation 
process, whch provides enhanced AC performance and 
freedom from latch-up. The digital die features the Smart 
SAR (SSAR"), which includes a digital error correction 
circuit. 

Custom design of each IC (bipolar and CMOS digital) has 
yielded improved performance over existing versions of 
this converter. The voltage comparator features high 
PSRR plus a high speed current-mode latch, and provides 
precise decisions down to 0.1 LSB of input overdrive. 
More than 2X reduction in noise has been achieved by. 
using current instead of voltage for transmission of all sig
nals between the analog and digital IC's. Also, the clock 
oscillator is current controlled for excellent stability over 
temperature. 

The Hl-774 offers standard unipolar and bipolar input 
ranges, laser trimmed for specified linearity, gain and off
set accuracy. The low noise buried zener reference circuit 
is trimmed for minimum temperature coefficient. 

Power requirements are +5V and ±12V to ±15V, with 
typical dissipation of 390mW at ±12V. All models are 
packaged in a 28 pin Ceramic Sidebrazed DIP. 

SIDEBRAZE DIP 
TOP VIEW 

+5V SUPPLY, VLOGIC 

OATA MOOE SELECT, 12/B 

CHIP SELECT, CS 
BYTE ADDA/SHORT CYCLE, Ao 4 

READ/CONVERT, R/C 

CHIP ENABLE, CE 

+12V/+15V SUPPLY, Vee 

+IOV REFERENCE OUT 

ANALOG COMMON 

REFERENCE INPUT 10 

-12V/-15V SUPPLY, VEE 11 

BIPOLAR OFFSET, BIP OFF 12 

10V INPUT 13 

20V INPUT 14 

Hl-774 

21 

STATUS,STS 

OB11 MSB 

DB10 

DB9 

OBS 

087 

OB6 DIGITAL 

085 DATA 

DB4 OUTPUTS 

OBJ 

DB2 

OBI 

OBO LSB 

DIGITAL COMMON 

CAUTION: These devices are sensitive to electronic discharge. Proper l.C. handling procedures should be followed. 
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~ Block Diagram .... 
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Hl-774 

BIT OUTPUTS 
,.--.,,.,.o--~~~~~~~~/'.-~~~~~~~~~~~-.. 

( MSB LSBl 

1218 
cs 
A, 

RIC 
CE 

VmlN 

ANALOG CHIP 

10 

*l"NIBBLE" IS A 4 BIT DIGITAL WORD.> 

Die Characteristics 

ANALOG 
COMMON 

27 26 25 24 

12BITS 

I 
I 
I 
I 
L 

Transistor Count ............................................................ 2117 
Die Dimensions 

Analog ........................................................ 204 x 104 mils 
Digital ........................................................... 200 x 82 mils 

Process ........................................ Bipolar-DI and CMOS-JI 
Thermal Constants (OC/W) Oja Ojc 

47 14 

SSAR™ 

STROBE 

DAC 

5K 10K 

12 

BIP. 20V lOV 
OFF INPUT INPUT 
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Specifications Hl-774 

(Typical@ +25'C with Vee= +15Vor +12V, VLOmc = +5V, VEE= -15Vor -12V unless otherwise specified) 

DC and Transfer Accuracy Specifications 

MODEL Hl-774J Hl-774K Hl-774L I UNITS 
Temperature Range -5 (ODC to +75DC) 

Resolution (max) 12 12 12 Bits 
Linearity Error 

250C(max) ±1 ±1/2 ±1/2 LSB 
ooc lo +750C(max) ±1 ±1/2 ±1/2 LSB 

(Maximum resolution for which no missing codes Is guaranleed) 
25oc 11 12 12 Bits 
Tmln loTmax 11 12 12 Bits 

Unipolar Offset (max) 
(Adjustable to zero) ±2 ±1.5 ±1 LSB 

Bipolar Offset (max) V1N = OV (Adjustable to zero) ±4 ±4 ±3 LSB 
V1N = -10V ±0.15 ±0.1 ±0.1 %ofF.S. 
Full Scale Calibration Error 

25'C (max), with fixed 50 n resistor from 
REF OUT to REF IN (Adjustable to zero) ±0.25 ±0.25 ±0.15 % olF.S. 
Tmin to Tmax 

(No adjustment at + 25°C) ±0.475 ±0.375 ±0.20 % off.S. 
(With adjustment to zero at +25'C) ±0.22 ±0.12 ±0,05 % o!F.S. 

Temper,ature Coefficients 
Guaranteed max change, Tm1n to Tmax (Using internal reference) 
Unipolar Offset ±2 ±1 ±1 LSB 

Bipolar Offset ±2 ±2 ±1 LSB Ill 
Full Scale Calibration ±9 ±5 ±2 LSB 

Power Supply Rejection 
Max change in Full Scale Calibration 
+13.5V<Vcc<+16.5Vor +11.4V<Vcc<+12.6V ±2 ±1 ±1 LSB 
+4.5V<VLDmc<+5.5V ±1/2 ±1/2 ±1/2 LSB 
-16.5V<VEE<-13.5Vor -12.6V<VEE<-11.4V ±2 ±1 ±1 LSB 

Analog Inputs 
.Input Ranges 

Bipolar -5to +5 Volts 
-10to+10 Volts 

_Unipolar Oto +10 Volts 
o to +20 Volts 

Input Impedance 
10 Volt Span 5K!1, ± 25% Ohms 
20 Volt Span 10Kfi, ± 25% Ohms 

Power Supplies 
Operating Voltage Range 

VLOGIC +4.5 to +5.5 Volts 
Vee +11.410 +16.5 Volts 
VEE -11.410 -16.5 Volts 

Operating Current 
ILOGIC 7TYP, 15 MAX mA 
Ice + 15V Supply 11TYP,15 MAX mA 
leE ·15V Supply 21 TYP, 28 MAX mA 

Power Dissipation 
515 TYP, 720 MAX ±15V, +15V mW 

±12V, +5V 385 TYP mW 

Internal Reference Voltage, Tmin to Tmax + 10.00 ± 0.05 MAX Volts 
Oulpul current available for external loads 2.0 MAX mA 
(External load should not change during 
conversion) 
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Specifications Hl-774 
-.:I' 
""" (Typical@ +25°C with Vee= +15Vor +12V, Vwmc = +5V, VEE= -15Vor -12Vunless otherwise specified) 

~ DC and Transfer Accuracy Specifications 
:c MODEL Hl-774$ I Hl-774T I Hl-774UI UNITS 

Temperature Range -2, -8 (ssoc to +1250C) 

Resolution (max) 12 12 12 Bils 

Unearlly Error 
2soc(max) ±1 ±1/2 ±1/2 LSB 
ooc to + 750C(max) ±1 ±1 ±1 LSB 

LSBs 
(Maximum resolullon for which no missing codes Is guaranteed) 

11 12 12 Bils 2soc 
Tmln toTmax 11 12 12 Bils 

Unipolar Offset (max) 
(Adjustable to zero) ±2 ±2 :1:1 LSB 

Bipolar Olfset (max) V1N = OV (Adjustable to zero) :1:4 :1:4 :1:3 LSB 
V1N = -10V :1:0.15 :1:0.1 :1:0.1 % of F.S. 

Full Scale Calibration Error 
25°C (max), wilh fixed 50 n resistor from 
REF OUT to REF IN (Adjustable to zero) :l:0.25 :1:0.25 :l:0.15 % ofF.S. 
Tmin to Tmax 

(No adjustment at +25°C) :l:0.75 ±0.50 :l:0.275 % ofF.S. 
(Wilh adjustment to zero at + 25°C) :1:0.50 ±0.25 :l:0.125 % ofF.S. 

Temperature Coefficients 
Guaranteed max change, T min to T max (Using internal reference) 
Unipolar Offset ±2 ±1 ±1 LSB 

Bipolar Offset :1:2 ±2 ±1 LSB 

Full Scale Calibration ±20 ±10 ±5 LSB 

Power Supply Rejection 
Max change in Full Scale Calibration 
+13.5V<Vcc<+16.5Vor +11.4V<Vcc<+ 12.6V ±2 ±1 ±1 LSB 
+4.5V<Vwmc< +5.5V ±1/2 ±1/2 ±1/2 LSB 
-16.5V<VEe<-13.5Vor -12.6V<VeE<-11.4V ±2 ±1 ±1 LSB 

Analog Inputs 
Input Ranges 

Bipolar -5 to +5 Volls 
-10to.+10 Volls 

Unipolar Oto +10 Volts 
o to +20 Volls 

Input Impedance 
10 Voll Span 5Kn, ± 25% Ohms 
20 Voll Span 10Kn, ± 25% Ohms 

Power Supplies 
Operating Voltage Range 

VtOGIC +4.5 to +5.5 Volts 
Vee +11.4 to +16.5 Volts 
Vee -11.4 to -16.5 Valls 

Operating Current 
ILOGIC 7TYP, 15MAX mA 
Ice +15V Supply 11TYP,15 MAX mA 
lee • 15V Supply 21 TYP, 28 MAX mA 

Power Dissipation 
:1:15V, +15V 515 TYP, 720 MAX mW 
:1:12v, +sv 385 TYP mW 

Internal Reference Voltage, Tm1n to Tmax +10.00 ± 0.05 MAX Volls 
Oulput current available for external loads 2.0 MAX mA 
(External load should not change during 
conversion) -
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Specifications Hl-774 

Digital Specifications (All Models, Over Full Temperature Range) 

MIN TYP MAX 

Logic Inputs (CE, CS, R/C, A0, 12ii3) 
Logic "1" +2.0V +5.5V 
Logic "O" -0.5V +0.8V 
Current 0.1µA +5µA 
Capacitance 5pF 

Logic Outputs (DB11-DBO, STS) 
Logic "O" (ISINK - 1.6mA) +0.4V 
Logic "1" (ISOURCE - 500µA) +2.4V 
Logic "1" (!SOURCE - 10µA) +4.5V 

Leakage (High Z State, DB11-DBO only) ±0.1µA t5µA 
Capacitance 5pF 

Hl-774 Timing Specifications (+250C Unless Otherwise Specified) Into a load with RL = 3k0 and CL= 50pF 

SYMBOL PARAMETER MIN TYP MAX UNITS 

CONVERT MODE 

!DSC STS Oelay From CE - 100 200 ns 
IHEC CE Pulse Width 50 30 - ns 
!SSC CS to CE Setup 50 20 - ns 
IHSC CS Low During CE High 50 20 - ns 
ISRC R/C to CE Setup 50 0 - ns 
tHRC R/C Low During CE High 50 20 - ns 
!SAC A0 to CE Setup 0 0 - ns 
IHAC A0 Valid During CE High 50 30 - ns 

le Conversion time, 12 bit Cycle Tmin to Tmax (-5) - a.a 9 µs 
8 bit Cycle Tmin to Tmax (-5) - 6.4 6.8 µs 
12 bit Cycle Tmin to Tmax (-2) - 9 11 µs 
8 bit Cycle Tmin to Tmax (-2) - 6.8 8.3 µs 

READ MODE 

!DD Access Time From CE - 75 150 ns 
tHD Data Valid After CE Low 25 35 - ns 
IHL Output Float Delay - 70 150 ns 
tSSR CS to CE Setup 50 0 - ns 
ISRR R/C to CE Setup 0 0 - ns 
!SAR A0 to CE Setup 50 25 - ns 
tHSR CS Valid After CE Low 0 0 - ns 
IHRR R/C High After CE Low 0 0 - ns 
!HAR A0 Valid Aller CE Low 50 25 - ns 
!HS STS Delay Aller Data Valid - 90 300 ns 

NOTE: Time is measured from 50% level of digital transitions, except High Z output conditions which are measured at the 10% or 
90% point. 

Absolute Maximum Ratings (Specifications apply to all grades, except where noted) 

Vee to Digital Common ................................ O to +16.5V REF OUT ............................. Indefinite short to common 
VEE to Digital Common .................................. Oto -16.5V Momentary short to Vee 
VLOGIC to Digital Common .............................. 0 to +7V Junction Temperature ........................................... +1750C 
Analog Common to Digital Common ....................... ±1V 
Control Inputs (CE, CS, A0, 12/B, R/C) to 

Lead Temperature, Soldering .................. 3oooc, 10 sec. 
Storage Temperature ........................... -650C to +1500C 

Digital Common ..................... -0.5V to VLOGIC +0.5V 
Analog Inputs (REF IN, BIP OFF, 10V1N) to 

Analog Common ............................................... ±16.5V 
20V1N to Analog Common ....................................... ±24V 
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Definitions of Specifications 

Linearity Error 

Linearity error refers to the deviation of each individual 
code from a line drawn from "zero" through "full scale". 
The point used as "zero occurs %LSB (1.22mV for 1 o volt 
span) before the first code transition (all zeros to only the 
LSB "on"). "Full scale" is defined asa level 1 Y,LSB beyond 
the last code transition (to all ones). The deviation of a 
code from the true straight line is measured from the 
middle of each particular code. 

The Hl-774K and L, grades are guaranteed for maximum 
nonlinearity of ±%LSB. For these grades, this means that 
an analog value which falls exactly in the center of a given 
code width will result in the correct digital output code. 
Values nearer the upper or lower transition <of the code 
width may produce the next upper or lower digital output 
code. The Hl-774J grade is guaranteed to ±1 LSB max 
error. For this grade, an analog value which falls within a 
given code width will result in either the correct code for 
that region or either adjacent one. 

Note that the linearity error is not user-adjustable. 

Differential Linearity Error (No Missing Codes) 

A specification which guarantees no missing codes 
requires that every combination appear in a monotonic 
increasing sequence as the analog input level is 
increased. Thus every code must have a finite width. For 
the Hl-774 K and L grades which guarantee no missing 
codes to 12-bit resolution, all 4096 codes must be present 
over the entire operating temerature ranges. The Hl-774J 
grade guarantees no missing codes to 11-bit resolution 
over temperature; this means that all code combinations 
of the upper 11 bits must be present; in practice very few 
of the 12-bit codes are missing. 

Unipolar Offset 

The first transition should occur at a level V2LSB above 
analog common. Unipolar offset is defined as the 
deviation of the actual transition from that point. This 
offset can be adjusted as discussed on the following 
pages. The unipolar offset temperature coefficient 
specifies the maximum change of the transition point over 
temperature, with or without external adjustment. 

Bipolar Offset 

Similarly, in the bipolar mode, the major carry transition 
(0111 1111 1111 to 1000 0000 0000) should occur for an 
analog value %LSB below analog common. The bipolar 
offset error and temperature coefficient specify the initial 
deviation and maximum change in the error over 
temperature. 

Full Scale Calibration Error 

The last transition (from 1111 1111 1110 to 1111 1111 
1111) should occur for an analog value 1 V2LSB below the 
nominal full scale (9.9963 volts for 10.000 volts full scale). 
The full scale calibration error is the deviation of the 
actual level at the last transition from the ideal level. This 
error, which is typically 0.05 to 0.1% of full scale, can be 
trimmed out as shown in Figures 2 and 3. The full scale 
calibration error over temperature is given with and 
without the initial error trimmed out. The temperature 
coefficients for each grade indicate the maximum change 
in the full scale gain from the initial value using the 
internal 10 volt reference. 

Temperature Coefficients 

The temperature coefficients for full-scale calibration, 
unipolar offset, and bipolar offset specify the maximum 
change from the initial (25°C) value to the value at Tmin 
or Tmax. 

Power Supply Rejection 

The standard specifications for the Hl-774 assume use of 
+5.00 and ±15.00 or ±12.00 volt supplies. The only effect 
of power supply error on the performance of the device 
will be a small change in the full scale calibration. This will 
result in a linear change in all lower order codes. The 
specifications show the maximum change in calibration 
from the initial value with the supplies at the various limits. 

Code Width 

A fundamental quantity for A/D converter specifications 
is the code width. This is defined as the range of analog 
input values for which a given digital output code will 
occur. The nominal value of a code width is equivalent to 1 
least significant bit (LSB) of the full scale rangeor2.44mV 
out of 10 volts for a 12-bit ADC. 

Quantization Uncertainty 

Analog-to-digital converters exhibit an inherent quanti
zation uncertainty of ±%LSB. This uncertainty is a 
fundamental characteristic of the quantization process 
and cannot be reduced for a converter of given resolution. 

Left-Justified Data 

The data format used in the Hl-774 is left-justified. This 
means that the data represents the analog input as a frac- · 
ti on of full-scale, ranging from 0 to~ . This implies a 
binary point to the left of the MSB. 4096 
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Applying the Hl-774 

For each application of this converter, the ground con
nections, power supply bypassing, analog signal source, 
digital timing and signal routing on the circuit board must 
be optimized to assure maximum· performance. These 
areas are reviewed in the following sections, along with 
basic operating modes and calibration requirements. 

PHYSICAL MOUNTING AND LAYOUT 
CONSIDERATIONS 

Layout-

Unwanted, parasitic circuit components, (L, R, and C) can 
make 12 bit accuracy impossible, even with a perfect A/D 
converter:· The best policy is to eliminate or minimize 
these parasitics through proper circuit layout, rather than 
try to quantify their effects. 

The recommended construction is a double-sided printed 
circuit board with a ground plane on the component side. 
Other techniques, such as wire-wrapping or point-to
point wiring on vectorboard, will have an unpredictable 
effect on accuracy. 

In general, sensitive analog signals .should be routed 
between ground traces and kept well away from digital 
lines. If analog and digital lines must cross,they should do 
so at right angles. 

Power Supplles 

Supply voltages to the Hl-774 (+15V, -15V and +5V) must 
be "quiet" and well regulated. Voltage spikes on these 
lines can affect the converter's accuracy, causing several 
LSB's to flicker when a constant input is applied. Digital 
noise and spikes from a switching power supply are espe
cially troublesome. If switching supplies must be used, 
outputs should be carefully filtered to assure "quiet" DC 
voltage at the converter terminals. 

Further, a bypass capacitor pair on each supply voltage 
terminal is necessary to counter the effect of variations in 
supply current. Connect one pair from pin 1to15 (VLQGIC 
supply), one from pin 7 to 9 (Vee to Analog Common) and 
one from pin 11 to 9 (VEE to Analog Common). For each 
capacitor pair, a 10µF tantalum type in parallel with a 0.1µF 
ceramic type is recommended. 

Ground Connections 

The typical Hl-774 ground currents are 6mADC into pin 9 
(Analog Common) and 3mADC out of pin 15 (Digital 
Common). These pins should be tied together at the 
package to guarantee specified performance for the 
converter. In addition, a wide PC trace should run directly 

from pin 9 to (usually) 15V common, and from pin 15 to 
(usually) the +5V Logic Common. If the converter is 
located some distance from. the system's "single point" 
ground, make.only these connections to pins9and 15: Tie· 
them together at the package; and back to the system 
ground with a single path. This path should have low 
resistance since it will carry about 3mA of DC current. 
(Code dependent currents flow in the VCC, VEE and 
VLOGIC terminals, but not through the Hl-774's Analog 
Common or Digital Common). 

ANALOG SIGNAL SOURCE 

The device driving the Hl-774 analog input will see a 
nominal load of 5KO (10V range) or 10KO (20V range). 
However, the other end of these input resistors may 
change as much as ±400mV with each bit decision. These 
input disturbances are caused by the internal DAG 
changing codes which causes a glitch on the summing 
junction. This creates abrupt changes in current at the 
analog input causing a "kick back" glitch from the input. 
Because the algorithm starts with the MSB, the first 
glitches will be the largest and get smaller as the 
conversion proceeds. These glitches can occur at 350ns 
intervals so an op-amp with a low output impedance and 
fast settling is desirable. Ultimately, the input must settle 
to within the window of figure 1 at the bit decision points 
in order to achieve 12 bit accuracy. 

The Hl-774 differs from the most high-speed successive 
approximation type ADC's in that it does not require a 
high performance buffer or sample and hold. With error 
correction the input can settle while the conversion is 
underway, but only during the first 4.Bµs. The input must 
be within ±0. 76% of the final value when the MSB decision 
is made. This occurs approximately 650ns after the 
,conversion has been initiated. Digital error correction 
also loosens the bandwidth requirements of the buffer or 
sample and hold. As long as the input "kick back" 
disturbances settle within the window of figure 1 the 
device will remain accurate. The combined effect of 
settling and the "kick back' disturbances must remain in 
the figure 1 window. 

If the design is being optimized forspeed,.the input device 
should have a closed loop bandwidth to 3MHz, and a low 
output impedance (calculated by dividing the open loop 
output resistance by the open loop gain). If the 
application requires a high speed sample and hold the 
Harris HA-5330 or HA-5320 are recommended. 

In any design the input (pin 13 or 14) should be checked 
during a conversion to make sure that the input stays 
within the correctable window of figure 1. 
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DIGITAL ERROR CORRECTION 

The Hl-774. features the smart sucessive approximation 
register (SSAR'") which includes digital error correction. 
This has the advantage of allowing the initial input to·vary 
within a +31 to -32LSB window about the final value. The 
input can move during the .first 4.8µs,.after which it must 
remain stable within ±Y:iLSB. With this feature a conver
sion can start before the input has settled completely; 
however, it must be within the window as descri.bed in 
Figure 1. 

The conversion cycle starts by making the first 8-bit 
decisions very quickly, allowing the internal DAC to settle 
only to 8-bit accuracy. Then the converter goes through 
two error correction cycles. At this pointthe input must be 
stable within ±'l:iLSB. These cycles correct the 8-bit word 
to 12-bit accuracy for any errors made (up to +16 or -32 
bits). This is up one count or down two counts at 8-bit 

" 

11 

resolution. The converter then continues to make the 
4LSB decisions; settling out to 12-bit accuracy. The last 
four bits.can adjust the code in the positive direction by up 
to·15 bits. This results in a total correction range of+31 to 

· -32 bits. When an 8-bit conversion is performed, the input 
must settle to within ±'l:iLSB at 8 bit resolution (which 

·equals ±8 bits at 12-bit resolution). 

With the Hl-774 a conversion can be initiated before the 
input has completely settled, as long as it meets the 
constraints of the Figure 1 window. This allows the user to 
start conversion up to 4.8µs earlier than with a typical 
analog to digital converter. A typical successive 
approximation type ADC must have a constant input 
during a conversion because once a bit decision is made it 
is locked in and cannot change. 

BIT DECISION POINTS 

OFFSET 
Rl 

!DOK 
-15V 

10DK 

1000 

0 TO +1DV 

ANALOG 
INPUTS 

OTO +ZDV 

i 

/\ ... 
1~~e\0:;:~:,1:~~~;~:r~~:1 oj--L---'--~~----~~5~.:$~r\ 

·• 
-1& 

MSB BIT DECISION ..... 650n1 

CONVERSION INITIATED TIMElµsl 

END OF 
CONVERSION 
llZBITI 

FIGURE 1. Hl-774 ERROR CORRECTION WINDOW VS. TIME 

Hl-774 Hl-774. 
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cs 
Au 

RIC 

CE 
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1Z BIP OFF +5V 1 
±5V 

13 1DYIN +15V J ANALOG 

14 20V1N* -15V 11 INPUTS 

±10V 
ANA COM DIG COM 15 

-= ~ 

GAIN 

10 

1Z 

13 

14 

1Z/i 

cs 
Au 

RIC 

CE 

REF IN 

REF our 

DIP OFF 

1DV1N 

20VrN¥ 

ANA COM 

STS ZB 

HIGH BITS 
Z4-ZJ 

MIDDLE BITS 
ZD-Z3 

LOW BITS 
16-19 

+5V 1 

+15V J 

-15V 11 

OIG COM 15 

FIGURE 2. UNIPOLAR CONNECTIONS FIGURE 3. BIPOLAR INPUT CONNECTIONS 

'*When driving the 20V (pin 14) input, minimize capacitance on pin 13. 
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RANGE CONNECTIONS AND CALIBRATION 
PROCEDURES 

The Hl-774 is a "complete" A/D converter, meaning it is 
fully operational with addition of the power supply 
voltages, a Start Convert signal, and a few external 
components as shown in figures 2 and 3. Nothing more is 
required for most applications. 

Whether controlled by a processor or operating in the 
stand-alone mode, the Hl-774 offers four standard input 
ranges: OV to +10V, OV to +20V, ±5V and ±10V. The maxi
mum errors for gain and offset are listed under Specifica
tions. If required, however, these errors may be adjusted 
to zero as explained below. Power supply and ground 
connections have been discussed in an earlier section. 

Unipolar Connections and Calibration-

Refer to figure 2. The resistors shown• are for calibration 
of offset and gain. If this is not required, replace R2 with a 
500, 1% metal fiim resistor and remove the network on pin 
12. Connect pin 12 to pin 9. Then, connect the analog sig
nal to pin 13 for the OV to 1 OV range, or to pin 14 for the OV 
to 20V range. Inputs to +20V (5V over the power supply) 
are no problem-the converter oper'!tes normally. 

Calibration consists in adjusting the converters's most 
negative output to its ideal value (offset adjustment), then, 
adjusting the most positive output to its ideal value (gain 
adjustment). To understand the procedure, note that in 
principle, one is settling the output with respect to the 
midpoint of an increment of analog input, as denoted by 
two adjacent code changes. Nominal value of an incre
ment is one LSB. However, this approach is impractical 
because nothing "happens" at a midpoint to indicate that 
an adjustment is complete. Therefore, calibration is per
formed in terms of the observable code changes instead 
of the midpoint between code changes. 

Controlling the Hl-774 

The Hl-774 includes logic for direct interface to most 
microprocessor systems. The processor may take full 
control of each conversion, or the converter may operate 
in the "stand-alone" mode, controlled only by the R/C 
input. Full control consists of selecting an 8 or 12 bit 
conversion cycle, initiating the conversion, and reading 
the output data when ready-choosing either 12 bits at 
once or 8 followed by 4, in a left-justified format. The five 
contro!_inputs are all TTL/CMOS- compatible: (12/B, CS, 
A0 , R/C and CE). Table 1 illustrates the use of these inputs 
in controlling the converter's operations. Also, a simpli
fied schematic of the internal control logic is shown in 
Figure 4. 

For example, midpoint of the first LSB increment should 
be positioned at the origin, with an output code of all O's. 
To do this, apply an input of +V2LSB (+1.22mV for the 10V 
range; +2.44mV for the 20V range). Adjust the Offset 
potentiometer R1 until the first code transition flickers 
between 0000 0000 0000 and 0000 0000 0001. 

Next, perform a Gain Adjust at positive full scale. Again, 
the ideal input corresponding to the last code change 
is applied. This is 1 Y,LSB's below the nominal full scale 
(+9.9963V for 10V range; +19.9927V for 20V range). Adjust 
the Gain potentiometer R2 for llicker between codes 1111 
1111 1110 and 1111 1111 1111. 

Bipolar Connections and.Calibration-

Refer to Figure 3. The gain and offset errors listed under 
Specifications may be adjusted to zero using potenti
ometers R1 and R2'. If this isn't required, either or both 
pots may be replaced by a 50ll, 1% metal film resistor. 

Connect the Analog signal to pin 13 for a ±5V range, or to 
pin 14 for a ±10V range. Calibration of offset and gain is 
similar to that for the unipolar ranges as discussed above. 
First apply a DC input voltage \12LSB above negative full 
scale (i.e., -4.9988V for the ±5V range, or-9.9976V for the 
±10V range). Adjust the offset potentiometer R1 for 
flicker between output codes 0000 0000 0000 and 0000 
0000 0001. Next, apply a DC input voltage 1 Y,LSB's below 
positive full scale (+4.9963V for ±5V range; +9.9927V for 
±10V range). Adjust the Gain potentiometer R2 for flicker 
between codes 1111 1111 1110 and 1111 1111 1111. 

'The 10on potentiometer R2 provides Gain Adjust for the 
10V and 20V ranges. In some applications, a full scale of 
10.24V (LSB equals 2.5mV) or 20.48V (LSB equals 5.0mV) 
is more convenient. For these, replace R2 by a 500, 1 % 
metal film resistor. Then, to provide Gain Adjust for the 
10.24V range, add a 2000 potentiometer in series with pin 
13. For the 20.48 range, add a soon potentiometer in 
series with the pin 14. 

"Stand-Alone Operation" 

The simplest control interface calls for a single control 
line connected to R/C. Also, CE and 12/8 are wired high, 
CS and A0 are wired low, and the output data appears in 
words of 12 bits each. 

The R/C signal may have any duty cycle within (and 
including) the extremes shown in Figures 5 and 6. In 
general, data may be read when R/C is high unless STS is 
also high, indicating a conversion is in progress. Timing 
parameters particular to this mode of operation are listed 
in the "Stand-Alone Mode Timing" chart. 
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INPUT BUFFERS 

EOC13 

FIGURE 4. Hl-774 CONTROL LOGIC 

R/C 

STS tc 

~1HDR_ -----
0811·080 DATA VALID 

STROBE 

..._ __ _..CLOCK 

RESET 

FIGURE 5. LOW PULSE FOR RIC-OUTPUTS ENABLED AFTER CONVERSION 

FIGURE 6. HIGH PULSE FOR RIC-OUTPUTS ENABLE WHILE RIC HIGH, OTHERWISE HIGH-Z 

Stand-Alone Mode Timing 

SYMBOL PARAMETER MIN TYP MAX UNITS 

tHRL Low RIC Pulse Width 50 ns 

tos STS Delay from RIC 200 ns 

tHDR Data Valid After RIC Low 20 ns 

tHS STS Delay After Data Valid 90 300 ns 

tHRH High RIC Pulse Width 150 ns 

tDDR Data Access Time 150 ns 
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Conversion Length 

A Convert Start transition (see Table 1) latches the state of 
A0 , which determines whether the conversion continues 
for 12 bits (Ao low) or stops with 8 bits (Ao high). If all 12 
bits are read following an 8 bit conversion, the last three 
LSB's will read zero and 083 will read ONE. A0 is latched 
because it is also involved in enabling the output buffers 
(see "Reading the Output Data"). No other control inputs 
are latched. 

TABLE 1 
TRUTH TABLE FOR Hl-774 CONTROL INPUTS 

CE cs RIC 12/8 Ao OPERATION 

0 x x x x None 
x 1 x x x None 
+ 0 0 x 0 Initiate 12 bit conversion 
+ 0 0 x 1 Initiate 8 bit conversion 
1 + 0 x 0 Initiate 12 bit conversion 
1 + 0 x 1 Initiate 8 bil conversion 
1 0 + x 0 lnitrale 12 bit conversion 
1 0 + x 1 Initiate 8 bit conversion 
1 0 1 1 x Enable 12 bit Output 
1 0 1 0 0 Enable 8 MSB"s Only 
1 0 1 0 1 Enable 4 LSB's Plus 4 

Trailing Zeroes 

Conversion Start 

A conversion may be initiated as shown in Table 1 by a 
logic transition on any of three inputs: CE, CS or R/C. The 
last of the three to reach the correct state starts the 
conversion, so one, two or all three may be dynamically 
controlled. The nominal delay from each is the same, and 
if necessary, all three may change state simultaneously. To 
assure that a particular input controls the start of 
conversion, the other two should be set up at least 50nS 
earlier, however. See the Hl-774 Timing Specifications, 
Convert mode. 

This variety of Hl-774 control modes allows a simple 
interface in most system applications. The Convert Start 
timing relationships are illustrated in Figure 7. 

HIGH IMPEDANCE 
0811-080 ------!---------------

FIGURE 7. CONVERT START TIMING 

The output signal STS indicates status of the converter by 
going high only while a conversion is in progress. While 
STS is high, the output buffers remain in a high 
impedance state and data cannot be read. Also, an 
additional Start Convert will not reset the converter or 
reinitiate a conversion while STS is high. 

Reading the Output Data 

The output data buffers remain in a high impedance state 
until four conditions are met: R/C high, STS low, CE high 
and CS low. At that time, data lines become active 
according to the state of inputs 12/B and A0 . Timing 
constraints are illustrated in Figure 8. 

The 12/B input will be tied high or low in most 
applications, though it is fully TTL/CMOS-compatible. 
With 12/B high, all 12 output lines become active 
simultaneously, for interface to a 12or16 bitdata bus. The 
Ao input is ignored. 

With 12/8 low, the output is organized in two 8 bit bytes, 
selected one at a time by A0 . This allows an 8 bit data bus 
to be connected as shown in figure 9. A0 is usually tied to 
the least significant bit of the a~dress bus, for storing the 
Hl-774 output in two consecutive memory locations. 
(With A0 low, the 8 MSB's only are enabled. With Ao high, 
4 MSB's are disabled, bits 4 through 7 are forced low, and 
the 4 LSB's are enabled). This two byte format is 
considered "left justified data", for which a decimal (or 
binary!) point is assumed to the left of byte 1: 

BYTE 1 BYTE 2 

I x x x x x x x xi I x x x x o o o ol 
• I I 

M~ ~B 

Further, A0 may be toggled at any time without damage to 
the converter. Break-before-make action is guaranteed 
between the two data bytes, which assures that the 
outputs strapped together in Figure 9 will never be 
enabled at the same time. 

1ssR tHSR 

tHRR 
R/C----~-i----------1--1 

tsAR 

STS 

FIGURE 8. READ CYCLE TIMING 

See Hl-774 Timing Specifications for more information 
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A read operation usually begins after the conversion is 
complete and STS is low. For earliest access to the data 

however, the read should begin no later than (t00 + tHs) 
before STS goes low. See Figure 8. 

I 
I 

.. 
~r 

ADDRESS BUS 

-'C7 
S7S .,__2!._ 

0811 (MSBJ 27 ,.__ __ .._ ___ _ 2 1218 r 26 

25 

24 

22 
Hl-774 

21 

20 

~ 
18 

17 

DBO ILSBJ .__1_6 -----' 

om.n" COM . ...._ ______ ___. 

FIGURE 9. INTERFACE TO AN 8 BIT DATA BUS 
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Ordering Information 

PART NUMBER INL TEMPERATURE RANGE PACKAGE 

Hl1-774JD-5 ±1 LSB oocto +750C 28 Pin Ceramic DIP 

Hl1-774KD-5 ±0.5 LSB oocto +750C 28 Pin Ceramic DIP 

Hl1-774LD-5 ±0.5 LSB oocto +750C 28 Pin Ceramic DIP 

H11-774SD-2 ±1 LSB -550C to + 125oc 28 Pin Ceramic DIP 

Hl1-774TD-2 ±0.5 LSB -550C to +1250C 28 Pin Ceramic DIP 

Hl1-774UD-2 ±0.5 LSB -55oc to + 125oc 28 Pin Ceramic DIP 

Hl1-774S/883 ±1 LSB -550C to + 1250C 28 Pin Ceramic DIP 

Hl1-774T/883 ±0.5 LSB -550C to +1250C 28 Pin Ceramic DIP 

Hl1-774U/883 ±0.5LSB -55oc to+ 125oc 28 Pin Ceramic DIP 

H14-774S/883 ±1 LSB -550C to +1250C 44 Pin Ceramic LCC 

Hl4-774T/883 ±0.5 LSB -55oc to +125oc 44 Pin Ceramic LCC 

Hl1-774U/883 ±0.5LSB -550C to+ 1250C 44 Pin Ceramic LCC 

Ill 
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m HARRIS \&91 SEMICONDUCTOR 
Hl-7151 

10-Bit High Speed A/D Converter 
with Track & Hold 

GENERAL DESCRIPTION 
The Harris Hl-7151 is a high speed 10-bit AID converter 

which uses a Two Step Flash algorithm to achieve through
put rates of 100 kHz. A unique switched capacitor technique 
allows a new input voltage to be sampled while a conver
sion is taking place. 

A Track and Hold amplifier is included on the chip, con
sisting of two high speed amplifiers and an internal hold 
capacitor. 

Microprocessor bus interfacing is simplified by the use of 
standard Chip Select, Read, and Write control signals. The 
digital three-state outputs are byte organized for interfacing 
to either 8- or 16-bit systems. An Over-Range pin, together 
with the MSB, can be used to indicate an out-of-range con
dition. 

The Hl-7151 operates with ±5V supplies. A single +2.5V 
reference is required to provide a bipolar input range from 
-2.5V to +2.5V. 

Internal high speed CMOS buffers at both the analog and 
reference inputs simplify external drive requirements. 

ORDERING INFORMATION 

Part Linearity Temperature 

Number (Max. OLE) Range Package 

Hl3-7151J-5 ±1 LSB o0 c to+1sOc 28 Pin Plastic DIP 
Hl3-7151K-5 ±1/2 LSB o0 c to+75oc 28 Pin Plastic DIP 

Hl3-7151A-9 ±1 LSB o0 c to+85oc 28 Pin Plastic DIP 
Hl3-7151B-9 ±1/2 LSB o0 c to+8sOc 28 Pin Plastic DIP 

Hll-71515-2 ±1 LSB -ss0 c to+ 12s0 c 28 Pin Ceramic DIP 

Hl1-7151T-2 ±1/2 LSB -ss0 c to+ 12s0 c 28 Pin Ceramic DIP 

FEATURES 
• 10 µs Conversion Time 
• 100 kHz Continuous Throughput Rate 
• No Offset or Gain Adjustments Necessary 
• Internal Track and Hold Amplifier 
• Analog and Reference Inputs Fully Buffered 
• µP Compatible Byte Organized Outputs 
•Low Power Consumption (150 mW) 
• Uses a Single 2_5y Reference for ± 2.5V Input Range 

APPLICATIONS 
• µP Controlled Data Acquisition Systems 
• DSP 

-Avionics 
-Sonar 

• Process Control 
-Automotive Transducer Sensing 
-Industrial 

•Robotics 
• Digital Communications 
• Image Processing 

GND 28 
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VREF 26 
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SET 

BUSY 
Hl-7151 

CLK 

HOLD 

WR 
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R5 12 
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DG 14 

y+ 
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D9 

DB 
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06 
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01 

DD 

HBE 
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Figure 1: Pin Configuration 
0436-1 

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 ANO FITNESS FOR A PARTICULAR USE. 301673-002 
NOTE· All typical values have been characterized but are not tested. 4-70 



Hl-7151 ... 
II) ... ... 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage 

Storage Temperature Range ........... -65'C to + 150'C i 
Lead Temperature (Soldering, 1 0 sec) .............. 300'C 

v+ to Gnd (DG/AG/GND) ...... -0.3V < v+ < +5.7V 
v- to Gnd (DG/AG/GND) ...... -5.7V < v- < + 0.3V 

Analog Input Pins ....... v- - 0.3V < V1NA < v+ + 0.3V 
Digital l/OPins ....•...... DG - 0.3V < V110 < v+ +0.3V 
Power Dissipation (Note 2) .................... < 500 mW 

Derate above 75'C at -1 O mW /'C 
Operating Temperature Range 

Hl3-7151X-5 ........................... o·c to+ 75'C 
Hl3-7151X-9 ........................ -40'Cto +85'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 operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions tor extended peri
ods may affect device reliability. 

NOTE 1: Input voltages may exceed the supply voltage provided the input current is limited to ± 1 mA. 

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

ELECTRICAL CHARACTERISTICS (Note 4) 
ACCURACY v+ = +5V, v- = -5V, VREF = 2.50V, fclk = 300 kHz, 50% duty cycle 

Symbol Parameter 
Temperature 

(Note3) Min 

RES Resolution (Note 5) TA= +25'C 10 
(With no missing codes) 

TMIN s TA s TMAX 10 

ILE Integral Linearity Error TA= +25'C 

TMIN s TA s TMAX 

DLE Differential Linearity TA= +25'C 
Error 

TMIN s TA s TMAX 

Vos Bipolar Offset Error TA= +25'C 

TMIN s TA s TMAX 

eG+ & Unadjusted Gain Error TA= +25'C 
eG-

TMIN s TA s TMAX 

NOTE 3: T MIN to T MAX! See Ordering Information Table. 

AG 
{ANALOG) 
(GROUND) 

VIN 
(ANALOG) 

{INPUT) 

y+ 28 

GND r,-------1 

DG t4 
(DIGITAL GROUND) 

POWER 
SUPPLY 

DISTRIBUTION 

J,AGrade 

Typ 

±0.5 

±0.75 

TWO 
STEP 

FLASH 

±1.0 

±1.5 

±1.0 

±1.5 

Figure 2: Functional Diagram 

NOT£· All typical values have been characterized but are not tested. 
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Max 

±1.0 

±1.0 

±1.0 

±1.0 

±2.5 

±3.0 

±2.5 

±3.0 

K,BGrade 
Units 

Min Typ Max 

10 Bits 

10 Bits 

±0.3 ±0.5 LSB 

±0.5 ±0.75 LSB 

±0.5 LSB 

±0.75 LSB 

±0.6 ±1.5 LSB 

±1.0 ±2.0 LSB 

±0.6 ±1.5 LSB 

±1.0 ±2.0 LSB 

DO 

DATA 
OUTPUTS 

D9 

OVR 

BUSY 

BUS 

HBE 

HOLD 

iffi 
WR 
Cs 
SM ODE 

CLK 

SET 
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i ELECTRICAL CHARACTERISTICS (Continued) 

DC CHARACTERISTICS 
v+ = 5V, v- = -5V, VREF = 2.50V, TA= +25°C, fclk = 300 kHz, 50% duty cycle, unless stated otherwise. 

Conditions +25°C 
o•cto -40°c10 

Symbol Parameter 
(Note4) 

+1s·c +as·c 

Min Typ Max Min Max Min Max 

ANALOG INPUT 

VIR Analog Input Range -VREF +VREF -VREF +VREF -VREF +VREF 
IBI Analog Input Bias Current V1N ~ OV 0.01 100 too 100 

CV1N Analog Input Capacitance 8 20 

REFERENCE INPUT 

VAR Reference Input Range 2.2 2.5 2.6 2.2 2.6 2.2 2.6 

IBA Reference Input VREF ~ 2.50V 0,01 100 100 100 

Bias Current 

CVr Reference Input 7 20 
Capacitance 

!fRACK AND HOLD (See text) 

SA Slew Rate 9 

BW Bandwidth 1.5 

Aperture Time 30 

Aperture Uncertainty 2 
Feedthrough in HOLD F1N ~ 100kHz -80 

Acquisition Time 1.5 

LOGIC INPUTS 

V1H Input High Voltage 2.0 2.0 2.0 

V1L Input Low Voltage 0.8 0.8 0.8 

l1L Logic Input Current V1N ~ OV, V+ 0.05 1 1 1 

C1N Input Capacitance 5 17 

LOGIC OUTPUTS 

VoH Output High Voltage loH ~ -200 µA 2.4 2.4 2.4 

Vol Output Low Voltage loL ~ 1.6mA 0.4 0.4 0.4 

loL Output Leakage Current AD~ v+, Vour ~ v+ 0.04 1 10 10 

RD~v+,Vour~ov -1 -0.01 -10 -10 

Gour Output Capacitance High-Z State 7 15 

POWER SUPPLY VOLTAGE RANGE 

v+ Functional Operation 4.5 5.0 5.5 4.5 5.5 4.5 5.5 
v- Only -4.5 -5.0 -5.5 -4.5 -5.5 -4.5 -5.5 

POWER SUPPLY REJECTION 

eGVS v+, v- Gain Coefficient v+ ~ 5V, v- ~ -4.75V, -5.25V ±0.1 ±0.5 ±0.6 ±0.6 
v- ~ -5V, v+ ~ 4.75V, 5.25V ±0.1 ±0.5 ±0.6 ±0.6 

VOS VS V +, v- Offset Coefficient v+ ~ 5V, V- ~ -4.75V, -5.25V ±0.1 ±0.5 ±0.6 ±0.6 
v- ~ -5V, v+ ~ 4.75V, 5.25V ±0.1 ±0.5 ±0.6 ±0.6 

SUPPLY CURRENTS 

1+ V + Supply Current y+ = 5V ±10%, 20 30 30 30 
v- ~ -5V ±10% 

1- v- Supply Current V1N ~ OV, Digital -10 -15 -15 -15 

IGND GNDCurrent Outputs are Unloaded -8 -15 -15 -15 

IDG DGCurrent -2 -3 -3 -3 

IAG AG Current 0.02 10 10 10 

NOTE 4: FSR(Full Scale Range) ~ 2 x VREF (5.00V at VREF ~ 2.50V). LSB (least Significant Bit) ~ FSR/1024 (4.88 mV at VREF ~ 2.50V). 
5: Parameter not tested. Parameter guaranteed by design, simulation, or characterization. 
6: Only Vos and GAIN ERROR functionality tested at 2.2v and 2.6V. 
7: Guaranteed by functionality test. 

NOTE: Alf typical values have been charactenZ:ed but are not tested 
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Units Note 

v 
nA 
pf 5 

v 6 
nA 

pF 5 

V/µs 

MHz 
ns 
ns 
dB 

µs 

v 
v 

µA 
pF 5 

v 
v 

µA 
µA 
pF 5 

v 7 

v 7 

LSB 

LSB 

mA 

mA 
mA 
mA 

µA 



Hl-7151 

ELECTRICAL CHARACTERISTICS (Continued) 

AC CHARACTERISTICS 
V+ = 5V ±10%, V- = -5V ±10%, VREF = 2.50V;TA = +25°C, !elk= 300 kHz, 50% duty cycle, 
CL = 100 pF (including stray for D0-09, OVA, HOLD, BUSY), unless stated otherwise 

Conditions +2s0 c 
o·cto 

Symbol Parameter (Note 11) 
+1s·c 

Min Typ Max Min Max 

D Clock Input Duty Cycle 45 50 55 45 55 

tsps Continuous Conversion 3tck 3tck 

Time 60 10 60 10 

tconv Slow Memory Mode 4tck + 0.9 4tck + 0.9 

Conversion Time 

tcyc Continuous Throughput fclk/3 fclk/3 

tck CLOCK Period 1/fclk 

tckhr CLOCK to HOLD Rise 150 290 500 140 525 

Delay 

twrl WR Pulse Width 200 113 tck/2 225 tck/2 

th old WR to HOLD Delay 80 170 200 

tbd BlJS\7 to DATA 40 200 230 

twrd WR to RD Active 100 100 

tckhf CLOCK to HOLD Fall 50 125 250 40 275 

Delay 

!data HOLD to DATA change 100 200 400 90 550 

trd RD LO to Active 75 150 190 

Inc RD HI to Inactive 25 60 80 

tad HBEtoDATA 70 150 165 

tcd CS to DATA 95 180 210 

!busy RDtollUS? 35 200 200 

tr Rise Time 50 100 125 

If Fall Time 45 100 120 

NOTE 8: Slow memory mode timing. 
· 9: Fast memory or OMA mode of operation, except the first convers;on which is equal to tconv. 
10: Maximum specification to prevent multiple triggering with WR. 

-40°Cto 
+85°C 

Min Max 

45 55 

3tck 

60 10 

4tck + 0.9 

fclk/3/3 

120 525 

225 tck/2 

200 

230 

100 

25 275 

70 550 

190 

80 

165 

210 

200 

125 

120 

Units Notes 

% 5 

fLS 9 

fLS 9 

fLS 5,8 

sps 9 

ns 5 

ns 5,8, 10 

ns 5,8 

ns 5,8 

ns 5,8 

ns 5,9 

ns 5,9 

ns 5, 13 

ns 5, 14 

ns 5 

ns 5 

ns 5 

ns 5, 12 

ns 5, 12 

11: All input drive signals are specified with tr ~ If :s: 20 ns and shall swing from V1L -0.4V to V1H + 0.4V for all timing specifications. A signal is considered 
to change state as it crosses a 1.4V threshold (except trd & trx). 

12: tr and If load is CL ~ 100 pF (including stray capacitance) to DG and is measured from the 10-90% point. 
13: trd is the time required for the data output level to change by 10% in response to RD crossing a voltage level of 1.4V. High·Z to VoH is measured with 

AL =·2.5 kn and CL= 100 pF (including stray) to DG. High-Z to Vol is measured with AL= 2.5 kn to v+ and CL~ 100 pF (including stray) to DG. 
14: Inc is the time required for the data output level to change by 10% in response to RD crossing a voltage level of 1.4V. VoH to High-Z is measured with AL 

~ 2.5 kn and CL~ 10 pF (including stray) to DG. Vol to High·Z is measured with AL = 2.5 kn to v+ and CL~ 10 pF (including stray) to DG. 

NOTE.- All typical va/UBs have been characterized bUt aro not testad. 
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i TIMING DIAGRAMS 

SMODE=v+, BUS=v+, HBE=v+ OR DG 
0 

CLOCK 

INTERNAL 
DATA. 

2 3 4 

N DATA 

---t.. _\. _/ 

5 6 7 

DO-D9,0VR 
DATA 

rd ti. •• ;=:! i ___ ,___ ________ ~---------
---------------~--------------

14------- lconv J 

Figure 3A: Slow Memory Mode (16-Bit Data Bus) 

SM ODE = DG, BUS =·DG 

CLOCK 

INTERNAL 
DATA 

HBE 

D0-09,0VR 
DATA 

BUSY 

2 4 5 

-----------+-~ ..... r- led 

(WR may be wired low) 
i+-----lsps ----+! 

\HOLD 
HOLD N 

--j r- lckhr 
HOLD N+1 :,.-------.... HOLD N+2 

TRACK N+2 TRACK N+1 

\DATA 

N DATA N+1 DATA 

:~~-'------------~----.• ~ 
Byte DATA Byte Byte DATA Byte 

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

Figure 3B: Fast Memory Mode (8-Bit Data Bus) 

Note: With SMODE = DG, internal logic disables the output latches form being updated during a READ operation. 

NOTE: AU typical values have been charactBrlzsd but IJl'8 not tBstsd. 
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TIMING DIAGRAMS (Continued) i 

St.tODE =V+ : RD, WR, AND CS = DG 
0 2 4 5 7 

CLOCK 

HOLD TRACK N 
\HOLD N I TRACK N+1 

\HOLD N+1/ TRACK N+2 \HOLD N+2 r--
x x x INTERNAL N-1 DATA N DATA N+1 DATA 

DATA 

BUSY 

DO-D9,0VR x N-1 DATA x N DATA x N+1 DATA 
DATA 

0436-5 

Figure 3C: OMA Mode 

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

Pin Name Description 

1 GND Ground return for comparators (OV) 

2 v- Negative supply voltage input ( -5.0V) 

3 VREF Reference voltage input ( + 2.50V) 

4 AG Analog ground reference (OV) 

5 VtN Analog input voltage 

6 SET Connect to V + for proper operation. 

7 BUSY Output High-Conversion complete 
Output Low-Conversion in progress. 
Output floats when chip is not 
selected (RD and CS both high). 

8 CLK Clock input 

9 HOLD Indicates start of conversion. Active 
low. 

10 WR Write input. With CS low, starts 
conversion when pulsed low; 
continuous conversions when kept 
low. 

11 cs Chip select input. Active low. 

12 RD Read input. With CS low, enables 
output buffers when pulsed low; 
outputs updated at end of conversion 
when kept low. 

13 SMODE Slow memory mode input. Active high. 

14 DG Digital ground (OV) 

DETAILED DESCRIPTION 
The Hl-7151 is a high speed 10-bit A/D converter which 

achieves throughput rates of 100 kHz by use of a Two Step 
Flash algorithm. A pipelined operation has been achieved 
through the use of switched capacitor techniques which al
low the device to sample a new input voltage while a con
version is taking place. The Hl-7151 requires a single refer
ence input of +2.5V, which is internally inverted to -2.5V, 
thereby allowing an input range of -2.5V to +2.5V. 10 bits 
including sign are two's complement coded. The analog and 
reference inputs are 'internally buffered by high speed 
CMOS buffers, which greatly.simplifies the external analog 
drive requirements for the device. 

NOTE: AU typical va/USS have been characle#ztKI but are not tested. 

Pin Name 

15 BUS 

16 HBE 

17 DO 

18 D1 

19 D2 

20 D3 

21 D4 

22 D5 

23 D6 

24 D7 

25 D8 

26 D9 

27 OVA 

28 v+ 
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Description 

Bus select input 
High = all outputs enabled together 
DO-D9,0VR 
Low = outputs enabled by HBE 

Byte select (HBE/LBE) input for 8-bit 
bus. 
Input high-High byte select, D8-D9, 
OVA 
Input low-Low byte select, DO-D7 

Bit O (Least significant, LSB) 

Bit 1 

Bit2 

Bit3 Output Low 

Bit4 
Data Byte 
Bits 

Bit5 (High = True) 

Bit6 

Bit7 
1-----i 

Bit 8 {Most significant) 

Bit9{Sign) High 

Out of Range flag. Valid at end Byte 

of conversion when output 
exceeds full-scale. 

Positive supply voltage input ( + 5.0V) 
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D9 
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BUS 

HBE 

9 
HOLD 

Rii 
CONTROL WR LOGIC 

Cs 
SMODE 

8 
CLK 

6 
SET 
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Figure 4: Detailed Block Diagram 

A/D SECTION 
The Hl-7151 uses a conversion algorithm which is gener

ally called a "Two Step Flash" algorithm. This algorithm en
ables very fast conversion rates without the penalty of high 
power dissipation or high cost. A detailed functional dia
gram is presented in Figure 4. 

The input voltage is first converted into a 5-bit result (plus 
Out of Range information) by the flash converter. This flash 
converter consists of an array of 33 auto-zeroed compara
tors which perform a comparison between the input volta.g~ 
and subdivisions of the reference voltage. These subd1v1-
sions of the reference voltage are formed by forcing the 
reference voltage and its negative on the two ends of a 
string of 32 resistors. 

The reference input to the Hl-7151 is buffered by a high 
speed CMOS amplifier which is used to drive one end of the 
resistor string. Another high speed amplifier configured in 

NOTE· All typical values have been characterized but are not tested 
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the inverting unity gain mode inverts the reference voltage 
with respect to analog ground and forces it onto the other 
end of the resistor string. Both reference amplifiers are off
set trimmed at the factory in order to increase the accuracy 
of the Hl-7151 and to simplify its usage. 

The 5-bit result of the first flash conversion is latched into 
the upper five bits of double buffered latches. It is also con
verted back into an analog signal by choosing the ladder 
voltage which is closest to but less than the input voltage. 
The selected voltage (VT AP) is then subtracted from the 
input voltage. This residue is amplified by a factor of 32 and 
referenced to the negative reference voltage (VSCA = MN 
- VTAP) x 32 + VREF-l· This subtraction and amplifi~~
tion operation is peformed by a Switched Capacitor Amplifi
er (SCA). The output of the SCA falls between the posit!v~ 
and negative reference voltages and can therefore be d1g1-
tized by the original 5-bit flash converter (second flash con
version). 
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i T CONVERSION 

CLOCK _J 2 

TRACK & HOLD _J HOLD V10(T) 

CONVERT 
COMPARATOR _J UPPER 
AUTO-ZERO SAMPLE 5 BITS 

(AZ) Y10(T) 

SCA 
AUTO-ZERO SAMPLE V1N(T) 

(SCAZ) 

3 4 5 

TRACK V10(T+ 1) 

SAMPLE RESIDUAL 

AMPLIFY RESIDUAL 

CONVERT 
LOWER 
5 BITS 

Hl-7151 

T+1 CONVERSION 

L 

SAMPLE L 
Y10 (T+1) 

IN1~'.V!AL - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --i V1n(T) DATA 
10 BITS + OVR 

0436-9 

Figure 5: Internal ADC Timing Diagram 

The 5-bit result of the second flash conversion is latched 
into the lower five bits of double buffered latches. At the 
end of a conversion, 1 0 bits of data plus an Out of Range bit 
are latched into the second level of latches and can then be 
put on the digital output pins. 

The conversion takes place in three clock cycles and is 
illustrated in Figure 5. When the conversion begins, the 
track and hold goes into its hold mode for 1 clock cycle. 
During the first half clock cycle the comparator array is in its 
auto-zero mode and it samples the input voltage. During the 
second half clock cycle, the comparators make a compari
son between the input voltage and the ladder voltages. At 
the beginning of the third half clock cycle, the first most 
significant 5-bit result becomes available. During the first 
clock cycle, the SCA was sampling the input voltage. After 
the first flash result becomes available and a ladder tap 
voltage has been selected the SCA amplifies the residue 
between the input and ladder tap voltages. During the next 

three half clock cycles, while the SCA output is settling to its 
required accuracy, the comparators go into their auto-zero 
mode and sample this voltage. During the sixth half clock 
cycle, the comparators perform another comparison whose 
5-bit result becomes available on the next clock edge. 

TRACK AND HOLD ANALOG INPUT 
A Track and Hold amplifier has been fully integrated on 

the front end of the AID converter. Because of the sampling 
nature of this A/D converter, the input is required to stay 
constant only during the first clock cycle. Therefore, the 
Track and Hold (T /H) amplifier "holds" the input voltage 
only during the first clock cycle and it acquires the input 
voltage for the next conversion during the remaining two 
clock cycles. The high input impedance of the T /H input 
amplifier simplifies analog interfacing. Input signals up to 
± VREF can be directly connected to the AID without buffer
ing. The A/D output code table is shown in Table 2. 

Table 2: A/D Output Code Table 

Analog Input Output Data 

LSB = 2 (VREF)/1024 VREF = 2.500V 
OVA SIGN MSB LSB 

9 B 7 6 5 4 3 2 1 0 

;,, +VREF 2.500Vtov+ (+OVR) 1 0 0 0 0 0 0 0 0 0 0 
+VREF - 1LSB 2.49512V (+FULL SCALE) 0 0 1 1 1 1 1 1 1 1 1 

+1LSB 0.00488V 0 0 0 0 0 0 0 0 0 0 1 
0 o.ooov 0 0 0 0 0 0 0 0 0 0 0 

-1LSB -0.00488V 0 1 1 1 1 1 1 1 1 1 1 

-VREF -2.500V (-FULL SCALE) 0 1 0 0 0 0 0 0 0 0 0 
,:; -VREF - 1LSB - 2.50488V to v- (-OVR) 1 1 0 0 0 0 0 0 0 0 0 

NOTE: All typical valuss havs been characterized but Ste not tested. 
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The timing signals for the Track and Hold amplifier are 
. .genemted internally, and are also provided externally 
(HOJ:.D) .for synchronization purposes. The T /H amplifier 
consists of two high speed CMOS amplifiers and an internal 
hold capacitor. Its typical slew rate and bandwidth are 
9V I µ,s and 1.5 MHz respectively. It is configured to give a 
very small hold pedestal without the use of an external hold 
capacitor. The hold pedestal is typically less than 100 µ, V. 

Acquisition of the analog input signal is the time required 
by the T/H for its output to reach its final value within a 
specified error band. This time is a function of the logic de
lay time, op amp slewing time, and settling time. The T /H is 
in the track mode for 2 clock cycles (6.7 µ,s @ CLK = 
300 kHz) but the output typically settles to within 14 LSB in 
1.5 µ,s. 

Aperture delay time is the time required for the T /H 
switch to open following the internal hold command. This is 
the delay Yo'.ith respect to falling edge of WR and the internal 
hold command. It is equal to Thold (typ) - 50 ns (typ) which 
is typically 30 ns. 

Aperture uncertainty Wtter) is a range of variation in the 
aperture time. The greater the aperture time the larger the 
uncertainty in the analog voltage being converted. If the ap
erture time is nulled out by advancing the hold command 
(WR) or the signal is repetitively sampled, aperture uncer
tainty becomes the major source of time error. The aperture 
uncertainty for the TI H is typically 2 ns which sets the maxi
mum input bandwidth to 77.7 kHz for 1 LSB resolution. 

!max= 1/(211" x 2" x ta) 
where n = resolution in bits 

ta = aperture uncertainty 

All of the internal amplifiers are offset trimmed at the fac
tory to give improved accuracy and to minimize the number 
of external components. If necessary, offset error can be 
adjusted either at an external interface buffer or by using 
digital post correction. 

REFERENCE INPUT 
The reference input to the Hl-7151 is buffered by a high 

speed CMOS amplifier. The reference input range is 2.2V to 
2.6V. 

POWER REQUIREMENTS 
Power to the chip should be applied in the following order: 

v-, v+, and VREF· In applications where v+ is supplied 
prior to v-, the positive supply current will be approximately 
2 times its nominal value until v- is applied (this is not a 
latchup condition). 

NOTE: AH typical values have bB6n characterized but ars not tested. 
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INITIALIZATION 
In fast memory and OMA modes (after proper power, 

VREF· and clock) up to 6 clock cycles are required for circuit 
initialization. After circuit initialization, valid data will be avail
able in 3 clock cycles. 

MICROPROCESSOR INTERFACE 
The Hl-7151 can be interfaced to microprocessors 

through the use of standard Write, Read, Chip Select, and 
HBE control pins. The digital outputs are two's complement 
coded, three-state gated, and byte organized for bus inter
face with 8- and 16-bit systems. The digital outputs (D0-09, 
OVA, and BUSY) may be accessed under control of BUS, 
byte enable input HBE, chip select, and read inputs for a 
simple parallel bus interface. The microprocessor can read 
the current data in the output latches in typically 75 ns/byte 
(trd). An over range pin (OVA) together with the MSB (09) 
pin set to either a logic O or 1 will indicate a positive or 
negative over-range condition respectively. All digital output 
buffers are capable of driving one TTL load. 

The Hl-7151 can be interfaced to a microprocessor using 
one of three modes: slow memory, fast memory, and OMA 
mode. 

SLOW MEMORY MODE 
In slow memory mode, the conversion will be initiated by 

the microprocessor by selecting the chip (CS) and pulsing 
WR low. This mode is selected by hardwiring the SMODE 
pin to v+. This mode is intended for use with microproces
sors (such as the 8086) which can be forced into a WAIT 
state. For example, in a configuration where the BUSY out
put is tied to the 8086 READY input, an attempt to read the 
data before the conversion is complete will force the proc
essor into a WAIT state until BUSY goes high, at which time 
the data at the output is valid. This resembles a 1 O µ,s ac
cess time RAM. It allows the processor to initiate a conver
sion, WAIT, and READ data with a single READ instruction. 
When the 8-bit bus operation is selected, high and low byte 
data may be accessed in either order. An 1/0 truth table is 
presented in Table 3 for the slow memory mode of opera
tion. 
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Table 3· Slow Memory .Mode 1/0 Truth Table (SMODE = V +) 

cs WR RD BUS HBE Function 

0 0 x x 
1 x x x 
0 x 0 1 
0 x 0 0 
0 x 0 0 
x x 1 x 

X = don't care 

FAST MEMORY MODE 
The fast memory mode of operation is selected by tying 

the SMODE and WR pins to DG. In this mode, t~chip 
performs continuous conversions and only CS and RD are 
required to read the data. Whenever the SMODE pin is low,· 
WR is independent of CS in starting a conversion cy~le. 
During the first conversion cycle, HOLD follows WR going 
low. 

Data can be read a byte at a time or all 11 bits at once. 
The internal logic disables the output latches from being 
updated during a read after • the high byte data is 

x 
x 
x 
0 
1 
x 

Initiates a conversion 
Disables all chip commands 
D0-09 & OVA enabled 
Low byte enabled: D0-07 
High byte enabled: DB-09, OVA 
Disables all outputs (High impedance) 

accessed. It will continue to be disabled until after the low 
byte data is accessed. THEREFORE, WHEN 8-BIT BUS 
OPERATION IS SELECTED, THE DATA MUST BE AC
CESSED HIGH BYTE FIRST, LOW BYTE NEXT. If the low 
byte is accessed first followed by high byte, the results fr?m · 
the next conversion cycle will be lost because the updating 
of the output latch is disabled. BUSY is continuously low 
when accessed with a read command in this mode. An 110 
truth table is presented in Table 4 for the fast memory mode· 
of operation. 

The data can be defined in time by monitoring the HOLD 
pin. The conversion data can be read after HOLD has gone 
low. 

Table 4· Fast Memory Mode 1/0 Truth Table (SMODE = DG) 

cs WR RD BUS HBE 

x 0 x x x 
1 x x x x 
0 x 0 1 x 
0 x 0 0 1 
0 x 0 0 0 
x x 1 x x 

x = don't care 

OMA MODE 
This mode is a complete hardwire mode where the 

Hl-7151 continuously converts. The user implements hard
ware to store the results in memory, bypassing the micro
processor. This mode is reco~ed bL!_he chip when 
SMODE is hardwired to v+ and CS, RD, WR are hardwired 
to DG. When 8-bit bus operation is selected, high and low 
byte data may be accessed in either order. BUSY is c?nlin~
ously low when accessed with a read command 1n this 
mode. An 1/0 truth table is presented in Table 5 for the 
OMA mode of operation. 

NOTE: All typicsl values havs b88n characterized but are not 16Sted. 

Function 

Continuous conversion, WR may be tied to DG 
Disables only the RD command 
D0-09 & OVA enabled 
High byte enabled: 08-09, OVA (enable 1st) 
Low byte enabled: D0-07 (must enable 2nd) 
Disables all outputs (High impedance) 
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Table 5: DMA Mode 1/0 Truth Table 
(SMODE = v+ CS = WR = RD = DG) 

' 
BUS HBE Function 

1 x D0-09 & OVA enabled 
0 0 Low byte enabled: D0-07 
0 1 High byte enabled: 08-09, OVA 

X = don't care 
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Figure 6: Ground and Power Supply Decoupling 

OPTIMIZING SYSTEM PERFORMANCE 
. The Hl-7151 has three ground pins (AG, DG, GND) for 
1mpro~ed syste~ a~curacy. Proper grounding and bypass
ing 1s illustrated in Figure 6. The AG pin is a ground pin that 
does not carry any current and is used internally as a refer
ence ground. The reference input and analog input should 
be referenced to the analog ground (AG) pin. The digital 
inputs and outputs should be referenced to the digital 
ground (DG) pin. The GND pin is a return point for the sup
ply current of the comparator array. The comparator array is 
designed such that this current is approximately constant at 
all times and does not vary with input voltage. By virtue of 
the switched capacitor nature of the comparators, it is nec
essary to hold GND firmly at zero volts at all times. There
fore, the system ground star connection should be located 
as close to this pin as possible. 

As in any analog system, good supply bypassing is nee" 
essary in order to achieve optimum system performance 
(minimize conversion errors). The power supplies should be 
~ypassed with at least a 20 µF tantalum and 0:1 µF ceram
ic capacitors to GND. The reference input should be by
passed with a 0.1 µF ceramic capacitor to AG. The capaci
tor leads should be as short as possible. 

The pins on the Hl-7151 are arranged such that the ana
log pins are well isolated from the digital pins. In ·spite of this 

NOTE: All typical values have been characterized but are not tested. 
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arrangement~ there is always pin to pin coupling. Therefore ~ 
the analog inputs to the device should not be driven from lim 
very high output impedance sources. PC board layout 
should screen the analog and reference inputs with AG. Us-
ing a soldier mask is good practice and helps reduce leak-
age due to moisture contamination on the PC board. 

APPLICATIONS 
Typical applications are illustrated in Figures 7 through 9 

for the slow memory, fast memory, and DMA modes of op
eration. The output data is configured for 16-bit bus opera
tion for these three applications. By tying BUS to DG and 
connecting the HBE input to the system address decoder, 
the output data can be configured for 8-bit bus systems. 

Figure 10 illustrates an application where the Hl-7151 is 
used with an analog multiplexer to form a multi-channel 
data acquisition system. Either slow memory or fast memory 
modes of operation can be selected. Fast memory mode 
should be selected for maximum throughput. Multiplexer 
channel acquisition should occur approximately 500 ns after 
HOLD goes high. This allows 2 clocks minus 0.5 µs for the 
input to settle. With a 300 kHz clock the input has up to 
6.2 µ.s to settle. 
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Figure 7: Slow Memory Mode Application 

NOTE: AU typical valu8s have been charactsrized but are not tesl«I. 
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Figure 8: Fast Memory Mode Application 

NOTE: All typical values havs be9n characterized but ars not tasted. 
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Figure 9: OMA Mode Application 

An intelligent system which performs a scale factor ad
justment under software control with the addition of a pro
grammable gain block between the multiplexer and Hl-7151 
is illustrated in Figure 11. The microprocessor first performs 
a conversion and then checks the over-range status (OVA) 
bit. If the OVA bit is high, the microprocessor addresses a 
precision gain circuit for scale factor adjustment and initi
ates another conversion. The microprocessor must keep 
track of the selected scale factor. 

NOTE: All typical values hsvs been charactflrizBd but ars not tested. 

4-84 

The accuracy of the programmable gain amplifier should 
be better than 0.05%. For optimum system performance, op 
amp frequency response, settling time, and charge injection 
of the analog switch must be considered. 

Figure 12 illustrates the Hl-7151 interfaced to FIFO mem
ories for use in OMA applications. 
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Figure 11: Multi-Channel Data Acquisition System 
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NOTE· All typical values havo been charactstizod but are not tested. 
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NOTE· All typical values have boen characterized but are not tested 
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HARRIS Hl-7152 : 
SEMICONDUCTOR ... 

10-Bit High Speed A/D Converter r:-
with Track & Hold i 

GENERAL DESCRIPTION 
The Harris Hl-7152 is a high speed 10-bit AID converter 

which uses a Two Step Flash algorithm to achieve through
put rates of 200 kHz. A unique switched capacitor technique 
allows a new input voltage to be sampled while a conver
sion is taking place. 

A Track and Hold amplifier is included on the chip, con
sisting of two high speed amplifiers and an internal hold 
capacitor. 

Microprocessor bus interlacing is simplified by the use of 
standard Chip Select, Read, and Write control signals. The 
digital three-state outputs are byte organized for interlacing 
to either 8- or 16-bit systems. An Over-Range pin, together 
with the MSB, can be used to indicate an out-of-range con
dition. 

The Hl-7152 operates with ± 5V supplies. A single + 2.5V 
reference is required to provide a bipolar input range from 
-2.5V to +2.5V. 

Internal high speed CMOS buffers at both the analog and 
reference inputs simplifies external drive requirements. 

GND 2B y+ 

v- 27 OVR 

VREF 26 D9 

AG 25 DB 

VIN 24 D7 

SET 23 D6 

BUSY 
Hl-7152 

22 D5 

CLK 21 D4 

HOLD 20 D3 

iYR 19 D2 

Cs 1B D1 

Rii 17 DO 

SMODE 16 HBE 

DG 15 BUS 

0437-1 
Figure 1: Pin Configuration 

FEA:rURES 
• 5 µs Conversion Time 

• 200 KHz Continuous Throughput Rate 

• No Offset or Gain Adjustments Necessary 

• Internal Track and Hold Amplifier 

• Analog and Reference Inputs Fully Buffered 

• µP Compatible Byte Organized Outputs 

• Low Power Consumption (150 mW) 

• Uses a Single 2.5V Reference for ± 2.5V Input Range 

APPLICATIONS 
• µP Controlled Data Acquisition Systems• 

• DSP 
-Avionics 
-Sonar 

• Process Control 
-Automotive Transducer Sensing 
-Industrial 

•Robotics 

• Digital Communications 

• Image Processing 

ORDERING INFORMATION 

Part Linearity Temperature 

Number (Max.OLE! Ranga-z.: 

Hl3-7152J-5 :1:1 LSB o0 cto+75oc 

Hl3-7152K-5 ±1/2 LSB o0 cto+750c 

H 13-7152A-9 :1:1 LSB o0 cto+85oc 

H 13-71528-9 :1:1/2 LSB o0 cto+85oc 

Hll-71525-2 :1:1 LSB -5s0 c to+ 12s0 c 

Package 

28 Pin Plastic DIP 

28 Pin Plastic DIP 

28 Pin Plastic DIP 

28 Pin Plastic DIP 

28 Pin Ceramic DIP 

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 ANO SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICUlAR USE. 30167 4-001 
NOTE: All typical values have been characterized but are not tested. 4-87 

-II 



~ .,, ... .... 
Hl-7152 

I i ABSOLUTE MAXIMUM RATINGS (Note 1) 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 operalionel sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri
ods may affect device reliability. 

Supply Voltage 
. v+ to GND (DG/AG/GND) ... '. -0.3V < v+ < +5.7V 
v- to GND (DG/AG/GND) ...... -5.7V < v- < +0.3V 

Analog Input Pins ....... v- - 0.3V < VINA < V+ + 0.3V 

Digital 1/0 Pins ......... DG - 0.3V < V110 < v+ + 0.3V 
NOTE 1: Input voltages may exceed the supply voltage provided the input 

current is limited to ± 1 mA 
Power Dissipation (Note 2) .................... <500 mW 

derate above 75'C at 10 mW/'C 
2: Dissipation rating assumes device is mounted with all leads sol4 

dared to printed circuit board. 

Operating Temperature Range 
H13-7152X-5 ........................... O'Cto +75'C 
Hl3-7152X-9 ........................ -40'C to + 85'C 

Storage Temperature Range ........... -65'C to+ 150'C 

Lead Temperature (soldering, 10 sec) .............. 300'C 

ELECTRICAL CHARACTERISTICS (Note 4) 

ACCURACY v+ = +5V, v- = -5V, VREF = 2.50V. fclk = 600 kHz, 50% duty cycle. 

Symbol Parameter 
Temperature J,AGrade K,BGrade 

(Note 3) Min Typ Max Min Typ Max 

RES Resolution (Note 5) TA= +25'C 10 10 
(with no missing codes) 

TMIN sTA s TMAX 10 10 

ILE Integral Linearity Error TA= +25'C ±0.5 ±1.0 ±0.3 ±0.5 

TMIN s TA s TMAX ±0.75 ±1.0 ±0.5 ±0.75 

OLE Differential Linearity TA= +25'C ±1.0 ±0.5 
Error 

TMIN s TA s TMAX ±1.0 ±0.75 

Vos Bipolar Offset Error TA= +25'C ±1.0 ±2.5 ±0.6 ±1.5 

TMIN s TA s TMAX ±1.5 ±3.0 ±1.0 ±2.0 

eG+ and Unadjusted Gain Error TA= +25'C ±1.0 ±2.5 ±0.6 ±1.5 

eG- TMIN s TA s TMAX ±1.5 ±3.0 ±1.0 ±2.0 

NOTES 3: See Ordering Information Table. 
4: FSA (Full Scale Range) = 2 X VREF (5.00V at VREF = 2.50V). LSB (least Significant Bit) = FSR/1024 (4.88 mV at VREF = 2.50V). 
5: Parameter not tested. Parameter guaranteed by design, simulation, or characterization. 
6: Only Vos and GAIN ERROR functionality tested at 2.2V and 2.6V. 

DC CHARACTERISTICS 
v+ = 5V, v- = '7'5V, VREF = 2.50V, TA = + 25'C, fclk = 600 kHz, 50% duty cycle, unless stated otherwise. 

+25'C 
O'Cto -40'Cto 

Symbol Parameter 
Conditions 

+75'C +as·c Units 
(Note4) 

Min Typ Max Min Max Min Max 

ANALOG INPUT 

VIR Analog Input Range -VREF +VREF -VREF +VREF -VREF +VREF v 
IBI Analog Input Bias Current V1N = OV 0.01 100 100 100 nA 

CV1N Analog Input Capacitance 8 20 pF 

REFERENCE INPUT 

VAR Reference Input Range 2.2 2.5 2.6 2.2 2.6 2.2 2.6 v 
IBR Reference Input Bias Current VREF = 2.50V 0.01 100 100 100 nA 
cvr Reference Input Capacitance 7 20 pF 

NOTE: AH typical valuBs havs bssn characterizsd but ars not tested 
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Units 

bits 

bits 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

Note 

5 

6 

5 



Hl-7152 

ELECTRICAL CHARACTERISTICS (Continued) 

DC CHARACTERISTICS (Continued) 
v+ = 5V, v- = -5V, VREF = 2.50V, TA= +25°C, fclk = 600 kHz, 50% duty cycle, unless stated otherwise. 

+25°C 
O'Cto -40°C to 

Conditions 
Symbol Parameter +75°C +85°C 

(Note 4) 
Min Typ Max Min Max Min Max 

TRACK AND HOLD (See text) 

SR Slew Rate 9 

BW Bandwidth 1.5 

Aperture Time 3a 

Aperture Uncertainty 2 

Feedthrough in HOLD F1N = 10a kHz -8a 

Acquisition Time 1.5 

LOGIC INPUTS 

V1H Input High Voltage 2.a 2.a 2.a 

V1L Input Low Voltage a.8 a.a a.8 

l1L Logic Input Current V1N =av, v+ a.a5 1 1 1 

C1N Input Capacitance 5 17 

LOGIC OUTPUTS 

VoH Output High Voltage loH = -2aa µA 2.4 2.4 2.4 

Vol Output Low Voltage loL = 1.6 mA a.4 a.4 a.4 

loL Output Leakage Current RD= v+, a.a4 1 1a 1a 

VouT = v+ 
RD= v+, -1 -a.D1 -10 -1a 

VouT =av 

CouT Output Capacitance· High-Z State 7 15 

POWER SUPPLY VOLTAGE RANGE 

v+ Functional Operation 4.5 5.a 5.5 4.5 5.5 4.5 5.5 
v- Only -4.5 -5.0 -5.5 -4.5 -5.5 -4.5 -5.5 

POWER SUPPLY REJECTION 

eGVS v+, v- Gain Coefficient v+=5v,v-=-4.75V, -5.25V ±a.1 ±a.5 ±a.6 ±a.6 

v- = -5V, v+ =4.75V, 5.25V ±a.1 ±a.5 ±a.6 ±a.6 

VOSVS v+, v- Offset Coefficient v+ = 5V, v- = -4.75V, -5.25V ±a.1 ±a.5 ±a.6 ±a.6 

v- = -5V, v+ =4.75V, 5.25V ±a.1 ±a.5 ±a.6 ±a.6 

SUPPLY CURRENTS 

1+ V + Supply Current v+ = 5V ±1a%, 2a 3a 3a 3a 
i- v- Supply Current v- = -5V ±1a% -1a -15 -15 -15 

IGND GNDCurrent V1N = av, Digital -8 -15 -15 -15 

IDG DG Current Outputs are Unloaded -2 -3 -3 -3 

IAG AG Current a.a2 1a 1a 1a 

Units 

V/µs 

MHz 

ns 

ns 

dB 

µs 

v 

v 

µA 

pF 

v 

v 

µA 

µA 

pF 

v 

v 

LSB 

LSB 

mA 

mA 

mA 

mA 

µA 

NOTES 4: FSA (Full Scale Range) ~ 2 X VREF (5.00V at VREF ~ 2.50V). LSB (Least Significant Bit) ~ FSR/1024 (4.88 mV at VREF ~ 2.50V). 

5: Parameter not tested. Parameter guaranteed by design, simulation, or characterization. 

6: Only Vos and GAIN ERROR functionality tested at 2.2V and 2.6V. 

7: Guaranteed by functionality test. 

NOTE· All typical values have been characterized but are not tested. 
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I i · ELECTRICAL CHARACTERISTICS (Continued) 

AC CHARACTERISTICS 
v + = 5V ± 10%; v- = -5V ± 10%, VREF = 2.50V, TA = + 25°C, fclk = 600 kHz, 50% duty cycle, CL = 100 pF (including 
stray for D0-09, OVR, HOLD, BUSY), unless stated otherwise 

+25°C 
O"Cto -40"Cto 

Symbol Parameter 
Conditions 

+75°C d·'85°C Units Note 
(Note 11) 

Min Typ Max Min Max Min Max 

D Clock Input Duty Cycle 45 50 55 45 55 45 55 % 5 

tsps Continuous Conversion Time 3tck 3tck 3tck µ.s 9 

60 5 60 5 60 5 µ.s 9 

tconv Slow Memory Mode 
4tck + 0.9 4tck + 0.9 4tck + 0.9 5,8 

Conversion Time 
µ.s 

tcyc Continuous Throughput fclk/3 fclk/3 fclk/3 sps 9 

tck CLOCK Period 1/lclk 

tckhr CLOCK to HOLD Rise Delay 150 290 500 140 525 120 525 ns 5 

twrl WR Pulse Width 200 113 tck/2 225 tck/2 225 tck/2 ns 5,8, 10 

thold WR to HOLD Delay 80 170 200 200 ns 5,8 

tbd BUSY to DATA 40 200 230 230 ns 5,8 

twrd WR to RD Active 100 100 100 ns 5,8 

tckhf CLOCK to HOLD Fall Delay 50 125 250 40 275 25 275 ns 5, 9 

tdata HOLD to DATA Change 100 200 400 90 550 70 550 ns 5,9 

trd RD LO to Active 75 150 190 190 ns 5, 13 

trx RD HI to Inactive 25 60 80 80 ns 5, 14 

tad HBEtoDATA 70 150 165 165 ns 5 

led CS to DATA 95 180 210 210 ns 5 

tbusy RD to BUSY 35 200 200 200 ns 5 

tr Rise Time 50 100 125 125 ns 5, 12 

ti Fall Time 45 100 120 120 ns 5, 12 

NOTES 8: Slow memory mode timing. 
9: Fast memory or OMA mode of operation, except the first conversion which is equal to tconv. 

10: Maximum specification to prevent multiple triggering with WR. 
11: All input drive signals are specified with tr = ti ,;; 20 ns and shall swing from V1L - 0.4V to Vitt + 0.4V for all timing specHications; A signal is 

considered to change state as It crosses a 1.4V threshold (except !rd & In<). 
12: tr and If load is CL = 100 pF Oncluding stray capacitance) to DG and is measured from the 10%-90% point 
13: trd is the time required for the data output level to change by 10% in response to RD crossing a voltage level of 1.4V. High·Z to Vott is measured with 

RL = 2.5 kn and CL = 100 pF Oncluding stray) to DG. High-Z to Vol is measured with RL = 2.5 kn to v+ and CL= 100 pF (including stray) to DG. 
14: In< is the time required for the data output level to change by 10% in response to RD crossing a voltage level of 1.4V. Vott to High·Z is measured with 

RL = 2.5 kn and CL = 10 pF (including stray) to DG. Vol to High·Z Is measured with RL = 2.5 kn to v+ and CL = 10 pF (including stray) to DG. 

NOTE: All typical values have bsen chBrsclstiz6d but are not tssted. 
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Hl-7152 

i TIMING DIAGRAMS 
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Figure 3A: Slow Memory Mode (16-Bit Data Bus) 
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Figure 3B: Fast Memory Mode (8-Bit Data Bus) 

NOTE: All typical values havs been characterized but sr9 not tested. 
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Hl-7152 

TIMING DIAGRAMS (Continued) 

St.tODE = v+, RO, WR, AND CS = DG, BUS = y+ HBE = y+ OR DG 
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Figure 3C: OMA Mode (16-Bit Data Bus) 

• 

NOTE: All typical valu9S haVB been characterized but are not tested. 
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I :c Table 1: Pin Description 

Pin Name Description 

1 GND Ground return for comparators (OV) 

2 v- Negative supply voltage input ( - 5.0V) 

3 VREF Reference voltage input ( + 2.50V) 

4 AG Analog ground reference (OV) 

5 V1N Analog input voltage 

6 SET Connect to V + for proper operation. 

7 BUSY Output High-Conversion complete. 
Output Low-Conversion in progress. 
Output floats when chip is not 
selected (RD and CS both high). 

8 CLK Clock input 

9 HOLD Indicates start of conversion. Active 
low. 

10 WR Write input. With CS low, starts 
conversion when pulsed low; 
continuous conversions when kept 
low. 

11 cs Chip select input. Active low. 

12 RD Read input. With CS low, enables 
output buffers when pulsed low; 
outputs updated at end of conversion 
when kept low. 

13 SMODE Slow memory mode input. Active high. 

14 DG Digital ground (OV) 

DETAILED DESCRIPTION 
The Hl-7152 is a high speed 10-bit AID converter which 

achieves throughput rates of 200 kHz by use of a Two Step 
Flash algorithm. A pipelined operation has been achieved 
through the use of switched capacitor techniques which al
low the device to sample a new input voltage while a con
version is taking place. The Hl-7152 requires a single refer
ence input of + 2.5V, which is internally inverted to -2.5V, 
thereby allowing an input range of -2.5V to + 2.5V. 10 bits 
including sign are two's complement coded. The analog and 
reference inputs are internally buffered by high speed 
CMOS buffers, which greatly simplifies the external analog 
drive requirements for the device. 

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

Pin 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 
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Name Description 

BUS Bus select input 
High = all outputs enabled together 
DO-D9,0VR 
Low = outputs enabled by HBE 

HBE Byte select (HBE/LBE) input for 
8-bit bus. 
Input high-High byte select, DB-
D9,0VR 
Input low-Low byte select, DO-D7 

DO Bit O (Least significant, LSB) 

D1 Bit 1 

D2 Bit2 

D3 Bit3 Output Low 

D4 Bit4 
Data Byte 
Bits 

D5 Bit5 (High = True) 

D6 Bit6 

D7 Bit? 

DB Bit 8 (Most significant) 

D9 Bit 9 (Sign) 
High 

OVA Out of Range flag. Valid at 
end of conversion when 

Byte 

output exceeds full-scale. 

v+ Positive supply voltage input 
(+5.0V) 
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Figure 4: Detailed Block Diagram 

AID SECTION 
The Hl-7152 uses a conversion algorithm which is gener

ally called a "Two Step Flash" algorithm. This algorithm en
ables very fast conversion rates without the penalty of high 
power dissipation or high cost. A detailed functional dia
gram is presented in Figure 4. 

The input voltage is first converted into a 5-bit result (plus 
Out of Range information) by the flash converter. This flash 
converter consists of an array of 33 auto-zeroed compara
tors which perform a comparison between the input voltage 
and subdivisions of the reference voltage. These subdivi
sions of the reference voltage are formed by forcing the 
reference voltage and its negative on the two ends of a 
string of 32 resistors. 

The reference input to the Hl-7152 is buffered by a high 
speed CMOS amplifier which is used to drive one end of the 
resistor string. Another high speed amplifier configured in 
the inverting unity gain mode inverts the reference voltage 
with respect to analog ground and forces it onto the other 
end of the resistor string. Both reference amplifiers are off
set trimmed at the factory in order to increase the accuracy 
of the Hl-7152 and to simplify its usage. 

NOTE: All typical values have been characterized but are not tested. 
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The 5-bit result of the first flash conversion is latched into 
the upper five bits of double buffered latches. It is also con-· 
verted back into an analog signal by choosing the ladder 
voltage which is closest to but less,than the input voltage. 
The selected voltage (VT AP) is then subtracted. from the ' 
input voltage. This residue is amplified by a factor of 32 and 
referenced to the negative reference voltage (VSCA = (V1N 
- VTAP) x 32 + VREF-l· This subtraction and·amplifica
tion operation is peformed by·a Switched Capacitor Amplifi
er (SCA). The output of the SCA falls between the positive 
and negative reference voltages and can therefore .be-digi
tized by the original 5-bit flash converter (second flash con
version). 

The 5-bit result of the second flash conversion is latched 
into the lower five bits of double buffered latches. At the 
end of a conversion, 10 bits of data plus an Out of Range bit 
are latched into the second level of latches and can then be 
put on the digital output pins. 

"' an ... ... 
I 

i 

• 
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Figure 5: Internal ADC-Timing Diagram 

The conversion takes place in three clock cycles and is 
illustrated in Figure 5. When the conversion begins, the 
track and hold goes into its hold mode for 1 clock cycle. 
During the first half clock cycle the comparator array is in its 
auto-zero mode and it samples the input vdltage. During the 
second half clock cycle, the comparators make a compari
son between the input voltage and the ladder voltages. At 
the beginning of the third half clock cycle, the first most 
significant 5-bit result becomes available. During the first 
cloc~ cycle, the SCA was sampling the input voltage. After 
the first flash result becomes available and a ladder tap 
voltage has been selected the SCA amplifies the residue 
between the input and ladder tap voltages. During the next 
three half clock cycles, while the SCA output is settling to its 
required accuracy, the comparators go into their auto-zero 
mode and sample this voltage. During the sixth half clock 
cycle, the comparators perform another comparison whose 
5-bit result becomes available on the next clock edge. 

TRACK AND HOLD ANALOG INPUT 
A Track and Hold amplifier has been fully integrated on 

the front end of the A/D converter. Because of the sampling 
nature of this AID converter, the input is required to stay 
constant only during the first clock cycle. Therefore, the 
Track and Hold (T /H) amplifier "holds" the input voltage 
only during the first clock cycle and it acquires the input 
voltage for the next conversion during the remaining two 
clock cycles. The high input impedance of the TI H input 
amplifier simplifies analog interfacing. Input signals up to 
± VREF can be directly connected to the AID without buffer
ing. The A/D output code table is shown in Table 2. 

The timing signals for the Track and Hold amplifier are 
generated internally, and are also provided. externally 
(HOLD) for synchronization purposes. The T /H amplifier 
consists of two high speed CMOS amplifiers and an internal 
hold ·capacitor. Its . typical slew rate and bandwidth are 
9V I µs and 1.5 MHz respectively. It is configured to give a 
very small hold pedestal without the use of an external hold 
capacitor. The hold pedestal is typically less than 100 µV. 

Table 2· A/D Output Code Table 

Analog Input Output Data 

LSB = 2 (VREF)/1024 VREF = 2.500V 
OVR SIGN MSB LSB 

9 8 7 6 5 4 3 2 1 0 

~ +VREF 2.500to V+ (+OVA) 1 0 0 0 0 0 0 0 0 0 0 
+VREF - 1LSB 2.49512 (+FULL SCALE) 0 0 1 1 1 1 1 1 1 1 1 
+1LSB 0.00488 0 0 0 0 0 0 0 0 0 0 1 

0 0.000 0 0 0 0 0 0 0 0 0 0 0 
-1LSB -0.00488 0 1 1 1 1 1 1 1 1 1 1 

-VREF -2.500 (-FULL SCALE) 0 1 0 0 0 0 0 0 0 0 0 
~ -VREF - 1LSB -2.50488 to V - (-OVA) 1 1 0 0 0 0 0 0 0 0 0 

NOTE· All typical values have been characterized but are not tested. 
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Acquisition of the analog input signal is the time required 
by the T /H for its output to reach its final value within a 
specified error band. This time is a function of the logic de
lay time, op amp slewing time, and settling time. The T /H is 
in the track mode for 2 clock cycles (3.3 µs @ CLK = 

600 kHz) but the output typically settles to within % LSB in 
1.5 µs. 

Aperture delay time is the time required for the T /H 
switch to open following the internal hold command. This is 
the delay with respect to falling edge of WR and the internal 
hold command. It is equal to T HOLD (typ) - 50 ns {typ) 
which is typically 30 ns. 

Aperture uncertainty Gitter) is a range of variation in the 
aperture time. The greater the aperture time the larger the 
uncertainty in the analog voltage being converted. If the ap
erture time is nulled out by advancing the hold command 
(WR) or the signal is repetitively sampled, aperture uncer
tainty becomes the major source of lime error. The aperture 
uncertainty for the TI H is typically 2 ns which sets the maxi
mum input bandwidth to 77.7 kHz for 1 LSB resolution. 

Fmax = 1/(27T X 2n X ta) 
where n = resolution in bits 

ta = aperture uncertainty 
All of the internal amplifiers are offset trimmed at the fac

tory to give improved accuracy and to minimize the number 
of external components. If necessary, offset error can be 
adjusted either at an external interface buffer or by using 
digital post correction. 

REFERENCE INPUT 
The reference input to the Hl-7152 is buffered by a high 

speed CMOS amplifier. The reference input range is 2.2V to 
2.6V. 

POWER REQUIREMENTS 
Power to the chip should be applied in the following order: 

v-, v+, and VREF· In applications where v+ is supplied 
prior to v-, the positive supply current will be approximately 
2 times its nominal. value until V- is applied (this is not a 
latchup condition). 

NOTE: All typical values have been characterized but ar9 not tested 
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Hl-7152 C'4 
in .... .... 

I 

INITIALIZATION i 
In fast memory and DMA modes (after proper power, 

VREF· and clock) up to 6 clock cycles are required for circuit 
initialization. After circuit initialization, valid data will be avail
able in 3 clock cycles. 

MICROPROCESSOR INTERFACE 
The Hl-7152 can be interfaced to microprocessors 

through the use of standard Write, Read, Chip Select, and 
HBE control pins. The digital outputs are two's complement 
coded, three-state gated, and by1e organized for bus inter
face with 8- and 16-bit systems. The digital outputs (DO-D9, 
OVR, and BUSY) may be accessed under control of BUS, 
byte enable input HBE, chip select, and read inputs for a 
simple parallel bus interface. The microprocessor can read 
the current data in the output latches in typically 75 ns/by1e 
(trd). An over range pin (OVR) together with the MSB (D9) 
pin set to either a logic O or 1 will indicate a positive or 
negative over-range condition respectively. All digital output 
buffers are capable of driving one TTL load. 

The Hl-7152 can be interfaced to a microprocessor using 
one of three modes: slow memory, fast memory, and DMA 
mode. 

SLOW MEMORY MODE 
In slow memory mode, the conversion will be initiated by 

the microprocessor by selecting the chip (CS) and pulsing 
WR low. This mode is selected by hardwiring the SMODE 
pin to v+. This mode is intended for use with microproces- · • 
sors (such as the 8086) which can be forced into a WAIT 
state. For example, in a configuration where the BUSY out-
put-is tied to the 8086 READY input, an attempt to read the 
data before the conversion is complete will force the proc-
essor into a WAIT state until BUSY goes high, at which time 
the data at the output is valid. This resembles a 5 µs access 
time RAM. It allows the processor to initiate a conversion, 
WAIT, and READ data with a single READ instruction. 
When the 8-bit bus operation is selected, high and low byte 
data may be accessed in either order. An 1/0 truth table is 
presented in Table 3 for the slow memory mode of opera-
tion. 



Hl-7152 

Table 3: Slow Memory Mode 1/0 Truth Table (SMODE = V+) 

cs WR RD BUS HBE Function 

0 0 x x x Initiates a conversion 
1 x x x x Disables all chip commands 
0 x 0 1 x D0-09 and OVR enabled 
0 x 0 0 0 Low byte enabled: D0-07 
0 x 0 0 1 High by1e enabled: 08-09, OVR 
x x 1 x x Disables all outputs (High impedance) 

X = don't care 

Table 4: Fast Memory Mode 1/0 Truth Table (SMODE = DG) 

cs WR RD Bus,, HBE 

x 0 x x x 
1 x x x x 
0 x 0 1 x 
0 x 0 0 1 
0 x 0 0 0 
x x 1 x x 

X = don't care 

FAST MEMORY MODE 
The fast memory mode of operation is selected by tying 

the SMODE and WR pins to DG. In this mode, the chip 
performs continuous conversions and only CS and RD are 
required to read the data. Whenever the SMODE pin is low, 
WR is independent of CS in starting a conversion cycle. 
During the first conversion cycle, HOLD follows WR going 
low. 

Data can be read a by1e at a time or all 11 bits at once. 
The internal logic disables the output latches from being 
updated during a read after the high by1e data is accessed. 
It will continue to be disabled until after the low byte data is 
accessed. THEREFORE, WHEN 8-BIT BUS OPERATION 
IS SELECTED, THE DATA MUST BE ACCESSED HIGH 
BYTE FIRST, LOW BYTE NEXT. If the low by1e is accessed 
first followed by high byte, the results from the next conver
sion cycle will be lost because the updating of the output 
latch is disabled. BUSY is continuously low when accessed 
with ·a read.command in this mode. An 1/0 truth table is 
presented ·in Table 4. for the fast memory mode of opera
tion. 

The data can be defined in time by monitoring the HOLD 
pin. The conversion data can be read after HOLD has gone 
low. 

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

Function 

Continuousoeonversion, WR may be tied to DG 
Disables only the RD command 
D0-09 and OVR enabled 
High byte enabled: 08-09, OVR (enable 1st) 
Low by1e enabled: D0-07 (must enable 2nd) 
Disables all outputs (High impedance) 
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OMA MODE 
This mode is a complete hardwire mode where the 

Hl-7152 continuously converts. The user implements hard
ware to store the results in memory, bypassing the micro
processor. This mode is recognized by the chip when 
SMODE is hardwired to v+ and CS, RD, WR are hardwired 
to DG. When 8-bit bus operation is selected, high and low 
byte data may be accessed in either order. BUSY is continu
ously low when accessed with a read command in this 
mode. An 1/0 truth table is presented in Table 5 for the 
OMA mode of operation. 

BUS 

1 
0 
0 

Table 5: OMA Mode 1/0 Truth Table 
(SMODE = v+,cs =WR= RD= DG) 

HBE Function 

x D0-09 and OVR enabled 
0 Low byte enabled: D0-07 
1 High by1e enabled: 08-09, OVR 

X = don't care 



OPTIMIZING SYSTEM PERFORMANCE 
The Hl-7152 has three ground pins (AG, DG, GND) for 

improved system accuracy. Proper grounding and bypass
ing is illustrated in Figure 6. The AG pin is a ground pin that 
does not carry any current and is used internally as a refer
ence ground. The reference input and analog input should 
?e referenced to the analog ground (AG) pin. The digital 
inputs and outputs should be referenced to the digital 
ground (DG) pin. The GND pin is a return point for the sup
ply current of the comparator array. The comparator array is 
designed such that this current is approximately constant at 
all times and does not vary with input voltage. By virtue of 
the switched capacitor nature of the comparators, it is nec
essary to hold GND firmly at zero volts at all times. There
fore, the system ground star connection should be located 
as close to this pin as possible. 

As in any analog system, good supply bypassing is nec
essary in order to achieve optimum system performance 
(minimize conversion errors). The power supplies should be 
bypassed with 20 µF tantalum and 0.1 µF ceramic capaci
tors to GND. The reference input should be bypassed with a 
0.1 µF ceramic capacitor to AG. The capacitor leads should 
be as short as possible. 

Hl-7152 "' .,, ... ,... 
The pins on the Hl-7152 are arranged such that the ana- .:, 

log pins are well isolated from the digital pins. In spite of this :C 
arrangement, there is always pin to pin coupling. Therefore 
the analog inputs to the device should not be driven from 
very high output impedance sources. PC board layout 
should screen the analog and reference inputs with AG. Us-
ing a soldier mask is good practice and helps reduce leak-
age due to moisture contamination on the PC board. 

APPLICATIONS 
Typical applications are illustrated in Figures 7 through 9 

for the slow memory, fast memory, and OMA modes of op
eration. The output data is configured for 16-bit bus opera
tion for these three applications. By tying BUS to DG and 
connecting the HBE input to the system address decoder, 
the output data can be configured for 8-bit bus systems. 

Figure 10 illustrates an application where the Hl-7152 is 
used with an analog multiplexer to form a multi-channel 
data acquisition system. Either slow memory or fast memory 
modes of operation can be selected. Fast memory mode 
should be selected for maximum throughput. Multiplexer 
channel acquisition should occur approximately 500 ns after 
HOLD goes high. This allows 2 clocks minus 0.5 µs for the 
input to settle. With a 600 kHz clock the input has up to 
2.8 µs to settle. 

v• 
OVR 

09 

08 

Ill 

VIN 07 

Analog Input) d.J ~ 06 

V+ BUSY 7 
Hl-7152 

05 

CLK 8 04 

HOLD 9 03 

Viii 10 02 

cs 18 01 

Rii 17 DO 

SM ODE 16 HBE 

DG 15 BUS 

0437-10 

Figure 6: Ground and Power Supply Decoupling 

NOTE: A/J typical values have been characteriUl<i but are not tested. 
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Figure 7: Slow Memory Mode Application 

NOTE: All typical valuBS hsvo been characterized but are not tested. 
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Figure 8: Fast Memory Mode Application 

NOTE: All typical values have be6n characterized but af9 not tested. 
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Figure 9: OMA Mode Application 
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Figure 10: Multi-Channel Data Acquisition System 

NOTE: All typical values havs b96fl chatacterized but aro not tested. 
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An intelligent system which performs a scale factor ad
justment under software control with the addition of a pro
grammable gain block between the multiplexer and Hl-7152 
is illustrated in Figure 11. The microprocessor first performs 
a conversion and then checks the over-range status (OVA) 
bit. If the OVA bit is high, the microprocessor addresses a 
precision gain circuit for scale factor adjustment and initi
ates another conversion. The microprocessor must keep 
track of the selected scale factor. 

Hl-7152 

The accuracy of the programmable gain amplifier should 
be better than 0.05%. For optimum system performance, op 
amp frequency response, settling time, and charge injection 
of the analog switch must be considered. 

Figure 12 illustrates the Hl-7152 interfaced to FIFO mem
ories for use in OMA applications. 
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Figure 12: OMA/FIFO Data Acquisition System 

NOTE: All typical values ha.VB been charactBlized but ars not tested. 
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Features 
• Sµs Conversion Time 

• 8-Channel Multiplexer 

• 200,000 Channels/Second Throughput .Rate 

• Over 9 Effective Bits at 20kHz 

• No Offset or Gain Adjustments. Necessary 

•Analog and Reference Inputs Fully Buffered 

• On-Chip Track and Hold Amplifier 

• µP Compatible Interface 

• 2's Complement Data Output 

• 1 SOmW Power Consumption 

•Only a Single 2.SV Reference Required for a·±2.sv 
In put Range· 

• Out-of-Range Flag 

Applications 
• µP Controlled Data Acquisition Systems · 

• DSP 
~Avionics 

~ Sonar 

• Process Control 

~ Automotive Transducer Sensing 

~ Industrial 

•Robotics 

• Digital Communications 

fff-7153 
8-Channel 10 Bit High.Speed 

Sampling A/D Converter 

General Description 
The Hl-7153 is an a-channel high speed 10 bit A/D 
converter which uses a Two Step Flash algorithm to achieve 
through-put rates of 200kHz. The converter features an 
a-channel CMOS analog multiplexer with random channel 
addressing. A unique.switched capacitor technique allows 
a new input voltage to be sampled while a conversion is 
taking place. 

Internal high speed CMOS buffers at ·both the analog and 
reference inputs simplifies interface requirements. 

A Track and Hold amplifier is included on the chip, 
consisting of two high .speed amplifiers and an internal hold 
capacitor, reducing external circuitry.-

Microprocessor bus interfacing is simplified by the use oL 
standard Chip Select, Read, and Write control signals. The 
digital three-state outputs are byte organized for bus 
interface to a or 16 bit systems. An Out-of-Range pin, 
together with the MSB bit, can be used to indicate an under 
or over-range condition. 

The Hl-7153 operates with ±5V supplies. Only a single 
+2.SV reference is required to provide a bipolar input range 
from -2.5V to +2.5V. 

Ordering Information 

LINEARITY TEMPERATURE 
PART NO. (MAX.ILE) RANGE PACKAGE 

Hl3-7153J-5 ±1.0LSB oocto+7soc 40 Pin Plastic DIP 
Hl3-7153A-9 ±1.0 LSB -4ooc to +asoc 40 Pin Plastic DIP 
Hl1-7153S-2 ±1.0 LSB -ssoc10+12soc 40 Pin Ceramic DIP 

Hl1-7153S/883 ±1.0 LSB -ssoc to+ 12soc 40 Pin Ceramic DIP 

Pin out Hl-7153 
TOP VIEW 

Functional Diagram 
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GENERAL DESCRIPTION· 
The ICL7112 is a monolithic 12-bit, resolution, 'ta~t suc

cessive approximation AID converter.\\! use~jDJ[lfilm resis: · · 
tors and CMOS circuitry combined with ari on-chip PROM 
calibration table to achieve 12-bit linearity without laser trim
ming. Special design techniques used in the OAC and com
parator result in high speed operation, while the fully static 
silicon-gate CMOS circuitry keeps the power dissipation 
very low. 

Microprocessor bus interfacing is eased by the use of 
standard memory WRite and Rea5 cycle timing and control 
signals, combined with Chip Select and )\.ddress pins. The 
digital output pins are byte-organized and three-state gated 
for bus interface to 8- and 16-bit systems. 

The ICL7112 provides separate Analog and Digital 
grounds for increased system accuracy. Operating with 
± 5V supplies, the ICL7112 accepts OV to + 1 OV input with 
a -1 OV reference or OV to -1 OV input with a + 1 OV refer
ence. 

FEATURES 
• 12-Bit Resolution and Accuracy 
• No Missing Codes 
• Microprocessor Compatible Byte-Organized Buffered 

Outputs 

OSC1 

AGND 

ICL7112 
12-Bit High-Speed 

\t.<::NJOS µP-Compatible 
· · A/D Converter 

~ l.ow·Llrie.lrffy and Gain Errors 
• Low Power Consumption (60 mW) 
o No Gain or Offset Adjustment Necessary 
• Provides 3% Useable Overrange 
• Fast Conversion ( 40 µsec.) 

ORDERING INFORMATION 
Resolution 

Part with No Temperature 
Package 

Number Missing Range 

Codes 

ICL7112JCDL 11 Bits 0°Cto +70°C 40 Pin Ceramic 
ICL7112KCDL 12 Bits 0°Cto +70°C 40 Pin Ceramic 
ICL7112LCDL 12Bits' 0°Cto +70°C 40 Pin Ceramic 

ICL7112JIDL 11 Bits -25°Cto +85°C 40 Pin Ceramic 
ICL7112KIDL 12Bits -25°Cto +85°C 40 Pin Ceramic 

ICL7112LIDL 12 Bits' -2s·c to + 85°C 40 Pin Ceramic 

ICL7112JMDL 11 Bits -55°C to + 125°C 40 Pin Ceramic 
ICL7112KMDL 12Bits -55°C to + 12s0c 40 Pin Ceramic 
ICL7112LMDL 12Bits• -55°C to+ 125°C 40 Pin Ceramic 

"Over Operating Temperature Range 

NC NC 

OSC2 AGNDf AGNDs 

cs 3 VREF 

VIN 

COMP 

v-
CA7. 

Wil 

TEST 

OSC2 
M-~~~~~-<>Wil 
1--~~~~~-<>EOC 

OSC1 

Figure 1: ICL7112 Functional Diagram 
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Figure 2: Pin Configuration 
(Outline Dwg. DL) 

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. 301657-002 
NOTE: All typical values have been characterized but are not tested 4-105 
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..I g ABSOLUTE MAXIMUM RATINGS (1) Operating Temperature 

ICL7112XCXX .......................... O"Cto +70"C Supply Voltage v+ to DGND .....••.••.• -0.3V to +6.5V 

Supply Voltage v- to DGND .•••.••..... +0.3V to -6.5V 

VREF,VIN to DGND .............................. ±25V 

AGND to DGND ........................... + 1V to -1V 

VREF· V1N. AGND Current ....•.••...••......•.•.• 25 mA 

Digital 1/0 Pin Voltages ••••...•.•.• -0.3V to (V + + 0.3V) 

PROGtoDGNDVoltage ............... v-to(V+ +0.3) 
Note 1: All voltages with respect to OGND, unless otherwise noted. 

2: Assumes all leads soldered or welded to printed circuit board. 

ICL7112XIXX ....................... - 25°C to + 70°C 

ICL7112XMXX ..................... -55°C to + 125°C 

Storage Temperature •••.•...•• ·- •..•• -65°C to+ 150°C 

Power Dissipation {Note 2) ......••....•......... 500 mW 

derate above 70°C @10 mW/°C 

Lead Temperature (soldering, 10 sec.) •••.•.•...... aoo•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 operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 
Test Conditions: v+ = +5V, v- = -:-5V, VREF = -10.0V, TA= +25°C, fclk = 500 kHz unless otherwise noted. 

Symbol Parameter Test Conditions 
J K L 

Units 
Min Typ Max Min Typ Max Min Typ Max 

Accuracy 

RES Resclution 12 Bits 

RES{NMC) Resclution with No Notes 1,2, 3 Rm 11 12 12 Bits 
Missing Codes Tmin-Tmax 10 11 12 

ILE Integral Linearity Notes 1, 2 Rm ±0.024 ±0.012 ±0.012 
%FSA 

Error Tmin-Tmax ±0.030 ±0.020 ±0.020 

FSE Unadjusted Adjustable c Rm ±0.10 ±0.08 ±0.08 
Full Scale Error to Zero Tmin-Tmax ±0.12 ±0.10 ±0.10 

I Rm ±0.10 ±0.08 ±0.08 %FSA 
Tmin-Tmax ±0.13 ±0.11 ±0.11 

M Rm ±0.10 ±0.08 ±0.08 
Tmin-Tmax ±0.14 ±0.12 ±0.12 

ZE Zero Error Notes 1, 2 Rm ±1 ±1 ±1 LSB 
Tmin-Tmax ±1.5 ±1.5 ±1.5 

Analog Input 

V1N Analog Input Range 0 10.3 0 10.3 0 10.3 v 

R1N Input Resistance Notes2, 5 4 9 4 9 4 9 Kn 

Tc{R1N) Temperature Coefficient Tmin-Tmax -300 -300 -300 ppm/"C 
ofR1N 

Reference Input 

VREF Analog Reference -10.0 -10.0 -10.0 v 

RAEF Reference Resistance 5 5 5 Kn 

Power Supply Sensitivity 

PSRR Power Supply y+, v- ~ 4.5V-5.5V Rm ±0.5 ±1 ±0.5 ±1 ±0.5 ±1 LSB 
Rejection Ratio Tmin-Tmax ±2 ±2 ±2 

NOTE: All typical values ha VB been characterized but Bl'8 not test6d. 
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ELECTRICAL CHARACTERISTICS 
Test Conditions: v+ = + 5V, v- = -5V, VREF = -1 O.OV, TA = + 25°C, fclk = 500 kHz unless otherwise noted. (Continued) 

Symbol Parameter Test Conditions 
J 

Min Typ 

Logic Input 

V1L Low State Tmin-Tmax 

Input Voltage 

V1H High State Tmin-Tmax 
2.4 

Input Voltage 

luH Logic Input Current 0 < V1N < V+ 1 

C1N Logic Input Capacitance 15 

Logic Output 

Vol Low State Output lour= 1.6 mA 
Voltage Tmin-Tmax 

VoH High State Output lour = - 200 p.A 
Voltage Tmin-Tmax 2.8 

lox Three-State Output o < Vour < v+ 
1 

Current 

Cour Logic Output Capacitance Three-State 15 

Power Requirements 

VsuPPLY Supply Voltage Range Functional 
±4.5 

Operation Only 

lsuPPLY Supply Current, Rm 2 
l+,1- Tmin-Tmax 

NOTES 1: Full scale range (FSA) is 10V (reference adjusted). 
2: Assume all leads are soldered or welded to printed circuit board. 
3: "J" and "K" versions not production tested. Guaranteed by Integral Linearity Dest. 
4: Typical values are not tested, for reference only. 
5: Not production tested. Guaranteed by design. 

NOTE: All typical values haWJ bfHJn charact9rizBd but are not tested. 
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K L 
Units 

Max Min Typ Max Min Typ Max 

0.8 0.8 
0.8 

v 

2.4 
2.4 

v 

10 1 10 1 10 p.A 

15 15 pF 

0.4 0.4 0.4 v 

2.8 2.8 v 

1 1 p.A 

15 15 pF 

±6.0 ±4.5 ±6.0 ±4.5 ±6.0 v 

4 2 4 2 4 mA 

6 6 6 
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Figure 3: Read Cycle Timing 

EOC 

~ = DON'T CARE 

Figure 4: Write Cycle Timing 

AC ELECTRICAL CHARACTERISTICS Test conditions: v+ = + 5.ov, v- = -5.0V, TA=+ 25'C, 

fclk = 500kHz unless otherwise noted. Data derived from extensive characterization testing. Parameters are not production 

tested. 

Symbol Parameter Test Conditions Min Typ Max Units 

READ CYCLE TIMING 

led Prop. Delay CS to Data RD Low, Ao Valid 200 

lad Prop. Delay Ao to Data CS Low, RD Low 200 

lrd Prop. Delay RD to Data cs Low, Ao Valid 200 ns 

lrx Prop. Delay Data to Three State 150 

led Prop. Delay EOG High to Data 200 

WRITE CYCLE TIMING 

lwr WR Low Time 150 
ns 

twe Prop. Delay WR Low to EOG Low Wait Mode 1 2 

leo EOG High Time Free-Run Mode 0.5 1.5 
1/fclk 

lconv Conversion Time 20 

fclk Clock Frequency Range Functional Operation Only 500 kHz 

NOTE: All typical values havs been charscterizrKJ but am not tested. 
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TABLE 1: PIN DESCRIPTIONS 

PIN NAME FUNCTION PIN NAME FUNCTION 

1 No connection 30 OSC1 Oscillator inverter input 

2 AGNDt FORCE input for Analog Ground 31 OSC2 Oscillator inverter output 

3 cs Chip Select enables reading and writing 32 TEST Must tie to V + for normal operation 
(active low) 33 WR WRite pulse input (low starts new 

4 RD ReaD (active low) conversion) 

5 Ao Byte select (low=Do- D1, 34 CAz Auto-zero capacitor connection* 

high= De - D11 • OVR) 35 v- Negative power supply input 
6 BUS Bus select (low= outputs enabled by Ao. 

high= all outputs enabled together) 

7 DGND Digital GrouND return 

36 COMP Used in test, tie to v-
37 V1N SENSE line for input voltage 

8 D11 Bit 11 (most significant bit) 
38 VREF SENSE line for reference input 

9 D10 Bit 10 
39 AGND5 SENSE line for analog ground 

40 No connection 
10 Dg Bit 9 

High Byte 
11 De Bit8 

"NOTE: The voltage on CAz is driven: Never connect directly to ground. 

12 D1 Bit 7 Output TABLE 2: 1/0 CONTROL 

13 Ds Bit6 Data cs WR RD Ao BUS FUNCTION 

14 Ds Bit5 Bits 0 0 x x x Initiates a Conversion 

15 D4 Bit4 (High=True) 1 x x x x Disables all Chip Commands 

16 D3 Bit3 0 x 0 0 0 Low Byte is Enabled 

17 D2 Bit2 
Low Byte 

0 x 0 1 0 High Byte is Enabled 

18 D1 Bit 1 0 x 0 x 1 Low and High Bytes Enabled Together 

19 Do Bit 0 (least significant bit) x x 1 x x Disables Outputs (High-Impedance) 

20 No Connection TABLE 3: TRANSFER FUNCTION 
21 No Connection 

22 No Connection INPUT VOLTAGE EXPECTED OUTPUT CODE 

23 No Connection VREF= -10.0V OVR MSB LSB 

24 No Connection 0 0 0 0000000000 0 
+0.00244 0 0 0000000000 1 

25 EOG End Of Conversion flag (low= busy, 
high= conversion complete) +0.30029 0 0 0000111101 1 

26 OVR OVerRange flag (valid at end of conversion 
when output code exceeds full-scale, three-

+4.99756 0 0 1111111111 1 

+5.00000 0 1 0000000000 0 

state output enabled with high byte) +9.99512 0 1 1111111111 0 

27 v+ Positive power supply input +9.99756 0 1 1111111111 1 

+10.00000 1 0 0000000000 0 
28 PROG Used for programming only. Must tie to v+ + 10.00244 1 0 0000000000 1 

for normal operation 
+ 10.29000 1 0 0000111101 1 

29 TEST Used for programming only. Must tie to V + 
for normal operation 

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

The ICL7112 is basically a successive approximation AID 
converter wtth an internal structure much more complex 
than a standard SAR-type converter. Figure 1 shows the 
functional diagram of the ICL7112 12-bit AID converter. 
The additional circuitry incorporated into the ICL7112 is 
used to perform error correction and to maintain the operat
ing speed in the 40µ.s range. 

The internal DAC of the ICL7112 is designed around a 
radix of 1.85 rather than the traditional 2.00. This radix gives 
each bit of the DAC a weight of approximately 54 % of the 
previous bit. The result is a useable range that extends to 
3% beyond the full-scale input of the AID. The actual value 
of each bit is measured and stored in the on-chip PROM. 
The absolute value of each bit weight then becomes rela
tively unimportant because of the error correction action of 
the ICL7112. 

The output of the high-speed auto-zeroed comparator is 
fed to the data input of a successive approximation register 
(SAR). This register is uniquely designed for the ICL7112 in 
that it tests bit pairs instead of individual bits in the manner 
of a standard SAR. At the beginning of the conversion cy
cle, the SAR turns on the MSB (D11) and the MSB-4 bit 
(D7). The sequence continues for each bit pair, Bx and Bx-4• 
until only the four LSBs remain. The sequence concludes by 
testing the four LSBs individually. 

The SAR output is fed to the DAC register and to the 
preprogrammed PROM where it acts as PROM address. 
PROM data is fed to a full-adder/accumulator where the 
decoded results from each successive phase of the conver
sion are summed with the previous results. After 20 clock 
cycles, the accumulator contains the final binary data which 
is latched and sent to the three-state output buffers. The 
accuracy of the AID converter depends primarily upon the 
accuracy of the data that has been programmed into the 
PROM during the final test portion of the manufacturing pro
cess. 

The error correcting algorithm built into the ICL7112 re
duces the initial accuracy requirements of the DAC. The 
overlap in the testing of bit pairs reduces the accuracy re
quirements on the comparator which has been optimized for 
speed. Since the comparator is auto-zeroed, no external ad
justment is required to get ZERO code for ZERO input volt
age. 

Twenty clock cycles are required for the complete 12-bit 
conversion. The auto-zero circuitry associated with the 
comparator is employed during the last three clock cycles 
of the conversion to cancel the effect of offset voltage. Also 
during this time, the SAR and accumulator are reset in prep
aration for the start of the next conversion. 

The overflow output of the full-adder is also the OVer
Range (OVR) output of the ICL7112. Unlike standard SAR
type AID converters, the ICL7112 has the capability of pro
viding valid useable data for inputs that exceed the full
scale range by as much as 3%. 

NOTE: All typical values hal/9 besn characterized but ars not tested. 
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OPTIMIZING SYSTEM PERFORMANCE 
When using AID converters with 12 or more bits of reso

lution, special attention must be paid to grounding and the 
elimination of potential ground loops. A ground loop can be 
formed by allowing the return current from the ICL7112's 
DAC to flow through traces that are common to other ana
log circuitry. If care is not taken, this current can generate 
small unwanted voltages that add to or detract from the 
reference or input voltages of the A/D converter. 

Figures 5 and 6 show two different grounding techniques. 
Although the difference between the two circuits may not be 
readily apparent, the circuit of Figure 5 is very likely to have 
significant ground loop errors which the circuit of Figure 6 
avoids. In Figure 5, the supply currents for analog ground, 
digital ground, and the reference voltage all flow through a 
lead common to the input. This will generate a DC offset 
voltage due to the currents flowing in the resistance of the 
common lead. This offset voltage will vary with the input 
voltage and with the digital output. Even the auto-zero loop 
of the ICL7112 cannot remove this error. 

Figure 6 shows a much better arrangement. The ground 
and reference currents do not flow through the input com
mon lead, eliminating any error voltages. Note that the sup
ply currents and any other analog system currents must 
also be returned carefully to analog ground. The clamp di
odes will protect the ICL7112 against signals which could 
result from separate analog and digital grounds. The abso
lute maximum voltage rating between AGND and DGND is 
± 1.0V. The two inverse-parallel diodes clamp this voltage 
to less than ±0.7V. 

INPUT WARNING 
As with any CMOS integrated circuit, no input voltages 

should be applied to the ICL7112 until the ± 5V power sup
plies have stabilized. 

INTERFACING TO DIGITAL SYSTEMS 
The ICL7112 provides three-state data output buffers, 

CS, RD, WR, and bus select inputs (Ao and BUS) for inter
facing to a wide variety of microcomputers and digital sys
tems. The 1/0 Control Truth Table shows the functions of 
the digital control lines. The BUS select and Ao lines are 
provided to enable the output data onto either 8-bit or 16-bit 
data buses. A conversion is initiated by a WR pulse (pin 33) 
when CS (pin 3) is low. Data is enabled on the bus when the 
chip is selected and RD (pin 4) is low. 

Figure 7 illustrates a typical interface to an 8-bit micro
computer. The "Start and Wait" operation requires the few
est external components and is initiated by a low level on 
the WR input to the ICL7112 after the 1/0 or memory
mapped address decoder has brought the CS input low. Af
ter executing a delay or utility routine for a period of time 
greater than the conversion time of the ICL7112, the proc
essor issues two consecutive bus addresses to read output 
data into two bytes of memory. A low level on Ao enables 
the LSBs and a high level enables the MSBs. 
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Figure 5: Improper Grounding Technique Will Cause Ground Loop Errors 
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Figure 6: Recommended Grounding Technique to Eliminate Ground Loop Errors 

NOTE: All typical values have been characterized but are not tested. 
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NOTE: All typical values have. been characlerized but are not tested. 
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By adding a three-state buffer and two control gates, the 
End-of-Conversion (EOC) output can be used to control a 
"Start and Poll" interface (Figure 8). In this mode, the Ao 
and CS lines connect the EOC output to the data bus along 
with the most significant byte of data. After pulsing the WR 
line to initiate a conversion, the microprocessor continually 
reads the most significant byte until it detects a high level 
on the EOC bit. The "Start and Poll" interface increases 
data throughput compared with the "Start and Wait" meth
od by eliminating delays between the conversion termina
tion and the microprocessor read operation. 

Other interface configurations can be used to increase 
data throughput without monopolizing the microprocessor 
during waiting-or polling operations by using the EOC line as 
an interrupt generator as shown in Figure 9. After the con
version cycle is initiated, the microprocessor can continue 
to execute routines that are independent of the AID con
verter until the converter's output register actually holds val
id data. For fastest data throughput, the ICL7112 can be 
connected directly to the data bus but controlled by way of 
a Direct Memory Access (OMA) controller as shown in Fig
ure 10. 

APPLICATIONS 
Figure 11 shows a typical application of the ICL7112 12-

bit AID converter. A bipolar input voltage·range of + 10V to 
-1 OV is the result of using the current through R2 to force a 
Y, scale offset on the input amplifier (A1 ). The output of A1 
swings from OV to -10V. The overall gain of the AID is 
varied by adjusting the 1 OOk!l trim resistor, Rs. Since the 
ICL7112 is automatically zeroed every conversion, the sys
tem gain and offset stability will be superb as long as a 
reference with a tempco of 1 ppm/°C and stable external 
resistors are used. 

It is important to note that since the 7112's DAC current 
flows in At, the amplifier should be a wideband 
(GBW>20MHz) type to minimize errors. 

The clock for the ICL7112 is taken from whatever system 
clock is available and divided down to the level for a con-

NOTE: All typical values have been characterized but are not tested 
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version time of 40 µs. Output data is controlled by the BUS 2 
and Ao inputs. Here they are set for 8-bit bus operation with 
BUS grounded and Ao under the control of the address de
code section of the external system. 

Because the ICL7112's internal accumulator generates 
accurate output data for input signals as much as 3% great
er than full-scale, and because the converter's OVR output 
flags overrange inputs, a simple microprocessor routine can 
be employed to precisely measure and correct for system 
gain and offset errors. Figure 12 shows a typical data acqui
sition system that uses a 1 O.OV reference, input signal multi
plexer, and input signal Track/Hold amplifier. Two of the 
multiplexer's input channels are dedicated to sampling the 
system analog ground and reference voltage .. Here, as in 
Figure 11, bipolar operation is accommodated by an offset 
resistor between the reference voltage and the summing 
junction of At. A flip-flop in IC3 sets IC2's Track/Hold input 
after the microprocessor has initiated a WR command, and 
resets when EOC goes high at the end of the conversion. 

The first step in the system calibration routine.is to·select 
the multiplexer channel that is connected to system analog 
ground and initiate a conversion cycle for the ICL7112. The 
results represent the system offset error which comes from 
the sum of the offsets from ICt, IC2. and At. Next the chan
nel connected to the reference voltage is selected and 
measured. These results, minus the system offset error, 
represent the system full-scale range. A gain error correc
tion factor can be derived from this data. Since the ICL7112 
provides valid data for inputs that exceed full-scale by as II 
much as 3%, the OVR output can be thought of as a valid • 
13th data bit. Whenever the OVR bit is high, however, the 
total 12-bit result should be checked to insure that it falls 
within 100% and 103% of full-scale. Data beyond 103.% of 
full-scale should be discarded. 

CLOCK CONSIDERATIONS 
The ICL7112 provides an internal inverter which is 

brought out to pins OSC1 and OSC2, for crystal or ceramic 
resonator oscillator operation. The clock frequency is calcu• 
lated from: 

20 
fcLK=-

tconv 
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Figure 8: "Start and Poll" Operation 

NOTE: All typical values have been Characterlzsd but IU8 not test6tl. 
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NOTE: All typical values have been characterized but ars not tosted. 
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Figure 10: Data to Memory via OMA Controller 

NOTE: All typical vafuBs hal/6 b8en characterized but an1 not testBd. 
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Figure 11: Typical Application with Bipolar Input Range, Forced Ground, and 10 Volt Ultra-Stable Reference 
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Figure 12: Multi-Channel Data Acquisition System with Zero and Reference Lines Brought to Multiplexer for 
System Gain and Offset Error Correction 

NOTE: All typical values havs been cluuacteriz9d but are not test9d. 
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HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION 
The ICL7115 is the first monolithic 14-bit resolution, fast 

successive approximation AID converter. It uses thin film 
resistors and CMOS circuitry combined with an on-chip 
PROM calibration table to achieve ± 0.009% linearity with
out laser trimming. Special design techniques used in the 
DAC and comparator result in high speed operation, while 
the fully static silicon-gate CMOS circuitry keeps the power 
dissipation very low. 

Microprocessor bus interfacing is made easy by the use 
of standard WRite and R9ai5 cycle timing and control sig
nals, combined with Chip Select and Address pins. The digi
tal output pins are byte-organized and three-state gated for 
bus interface to 8 and 16-bit systems. 

The ICL7115 provides separate Analog and Digital 
grounds. Analog ground, voltage reference and input volt
age pins are separated into force and sense lines for in
creased system accuracy. Operating with ± 5V supplies, the 
ICL7115 accepts OV to + 10V input with a -10V reference 
or OV to -1 OV input with a + 1 OV reference. 

.MINDt 

AONO. 

ICL7115 
14-Bit High-Speed 

CMOS µP-Compatible 
A/D Converter 

FEATURES 
• 14·Bit Resolution (LSB = 610 µ.V) 
• No Missing Codes to 14 Bits 
• Microprocessor Compatible Byte-Organized Buffered 

Outputs 
• Fast Conversion (40µ.s) 
• Auto-Zeroed Comparator for Low Offset Voltage 
• Low Linearity and Gain Error 
• Low Power Consumption {&OmW) 
• No Gain or Offset Adjustment Necessary 
• Provides 3% Useable Overrange 
• FORCE/SENSE and Separate Digital and Analog 

Ground Pins for Increased System Accuracy 

ORDERING INFORMATION 

Part 
Resolutlon(1) 

Temp. 
with No 

Number 
Missing Codes 

Range 

ICL7115JCDL 12 B~s O"Cto +70"C 
ICL7115KCDL 13 Bits O"Cto +70"C 
ICL7115LCDL 14 Bits o•cto +10-c 

ICL7115JIDL 12 Bits -2s·c to + es·c 
ICL7115KIDL 13 Bits -2s·c10 +es·c 
ICL7115LIDL 14Bits -25"C to + 85'C 

ICL7115JMDL 12 Bits -55"Cto +125"C 
ICL7115KMDL 13Bits -55"Cto +125"C 
ICL 7115LM DL 14 Bits -ss•c to + 12s•c 
ICL7115JMLL 12Bits -ss•c to+ 12s•c 
ICL7115KMLL 13 Bits -ss·c to + 12s·c 

NOTE 1: Specified at 25'C . 

l+-------oWii 
o------~l!OC 

r----....~ov• 

"""'""> 
L...,.~~,..,......,, .. (LSI) 

0337-2 

Package 

40 Pin Ceramic 
40 Pin Ceramic 
40 Pin Ceramic 

40 Pin Ceramic 
40 Pin Ceramic 
40 Pin Ceramic 

40 Pin Ceramic 
40 Pin Ceramic 
40 Pin Ceramic 

40 Pin LCC 
40 Pin LCC 

Figure 1: ICL7115 Functional Diagram 

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, 301659-005 
NOTE: All typical values have been characterized but are not tested. 4-118 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage v+ to DGND ........... -0.3V to + 6.5V Operating Temperature Range 
Supply Voltage v- to DGND ........... + 0.3V to -6.5V ICL7115XCXX ......................... O'C to + 70'C 
VREFs• VREff, V1Ns• V1Nt to DGND ........ + 25V to -25V ICL7115XIXX ...................... -25'C to + B5'C 
AGND5 , AGND1 to DGND : ................ + 1 V to -1 V ICL7115XMXX .................... -55'Cto +125'C 
Current in FORCE and SENSE.lines· .............. 25mA Storage Temperature Range . . . . . . . . . . - 65'C to + 150'C 
Digital l/OPin Voltages ............ -0.3V to v+ +0.3V · Power Dissipation .............................. 500mW 
PROG to DGND Voltage ............... v- to V+ +0.3V derate above 70'C@ 10mW/'C 

Lead Temperature (Soldering, 1 Osec) ............. 300'C 

NOTE 1: All voltages with respect to OGND, unless otherwise noted. 

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. 
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(Outline DWG DL) 

Figure 2: Pin Configuration 

NOTE: All typical values have been characterized but are not tested. 
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g ELECTRICAL CHARACTERISTICS 
Test Conditions: v+ = +5.0V, v- = -5.0V, Vref = -10.0V, TA = + 25°C, Fclk = 500kHz unless otherwise noted. 

Symbol Parameter Test Conditions 
J K L 

Units 
Min Typ Max Min Typ Max Min Typ Max 

ACCURACY 

RES Resolution 14 Bits 

RES(NMC) Resolution with No (Notes 1, 2, 3) Rm 12 13 14 
Bits 

Missing Codes Tmin-Tmax 11 12 13 

ILE Integral Linearity (Notes 1, 2) Rm ±0.018 ±0.012 ±0.009 
%FSA 

Error Tmin-Tmax ±0.024 ±0.020 ±0.018 

FSE Unadjusted Adjustable C Rm ±0.10 ±0.08 ±0.08 
Full Scale Error to Zero Tmin-Tmax ±0.12 ±0.10 ±0.10 

I Rm ±0.10 ±0.08 ±0.08 %FSA 
Tmin-Tmax ±0.13 ±0.11 ±0.11 

M Rm ±0.10 ±0.08 ±0.08 
'Tmin-Tmax ±0.14 ±0.12 ±0.12 

ZE Zero Error (Notes 1,2) Rm ±1 ±1 ±1 LSB 
Tmin-Tmax ±1.5 ±1.5 ±1.5 

ANALOG INPUT 

V1N Analog Input Range 0 10.3 0 10.3 0 10.3 v 

R1N Input Resistance (Notes 2, 3) 4 9 4 9 4 9 k!l 

jTc(R1N) Temperature 
Tmin-Tmax -300 -300 -300 ppml°C 

Coefficient of R1N 

REFERENCE INPUT 

iv REF Analog Reference -10.0 -10.0 -10.0 v 

RREF Reference 
5 5 5 kn 

Resistance 

POWER SUPPLY SENSITIVITY 

PSRR Power Supply v+, V = 4.5V-5;5V Rm ±0.5 ±1 ±0.5 ±1 ±0.5 ±1 LSB 
Rejection Ratio Tmin-Tmax ±2 ±2 ±2 

LOGIC INPUT 

V1L Low State 
Tmin-Tmax 0.8 0.8 0.8 v 

Input Voltage 

IV1H High State 
Tmin-Tmax 2.4 2.4 2.4 v 

Input Voltage 

luH Logic Input Current 0 < V1N < v+ 1 10 1 10 1 10 µA 

C1N Logic Input 
15 15 15 pF 

Capacitance 

NOTE: All typical values havo been characterized but are not tested 
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ELECTRICAL CHARACTERISTICS 
Test Conditions: v+ = + 5.0V, v- = -5.0V,.Vret = -10.0V, TA= +25'C, Fclk = 500kHz unless otherwise noted. 
(Continued) 

Symbol Parameter Test Conditions 

LOGIC OUTPUT 

VoL Low State Output lour= 1.6 mA 
Voltage Tmin-Tmax 

VoH High State Output lour = - 200 µA 
Voltage Tmin-Tmax 

lox Three-State Output o <Your< v+ 
Current 

Gour Logic Output Capacitance Three-State 

POWER REQUIREMENTS 

VsuPPLY Supply Voltage Range Functional 
Operation Only 

lsuPPLY Supply Current Rm 
l+,1- Tmin-Tmax 

NOTE 1: Full-scale range (FSR) is 10V (reference adjusted). 
2: Assume all leads soldered or welded to printed circuit board. 
3: Guaranteed, not tested. 
4: Typical values are not tested, for reference only. 

NOTE: All typical vafues have been characterized but are not tested. 
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Min Typ 

2.8 

1 

15 

±4.5 

2 

K L 

Max Min Typ Max Min Typ Max 

0.4 0.4 0.4 

2.8 2.8 

1 1 

15 15 

±6.0 ±4.5 ±6.0 ±4.5 ±6.0 

4 2 4 2 4 
6 6 6 

Units 

v 

v 

µA 

pF 

v 

I mA 
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VALID 

~·1 

EOC __)-------,..--+----------"l VALID ... 

~ = DON'T CARE 

0337-3 

Figure 3: Read Cycle Timing 

~ = DON'T CARE 
0337-4 

Figure 4: Write Cycle Timing 

AC 'ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: v+ = +5.0V, v- = -5.0V, Vref = -10.0V, Fclk = 500kHz, TA= +25°C unless otherwise noted. Data 

derived from extensive characterization testing. Parameters are not production tested. 

Symbol Parameter Test Conditions Min Typ Max Units 

READ CYCLE TIMING 

led Prop. Delay CS to Data RD Low, Ao Valid . 200 

tad Prop. Delay Ao to Data CS Low, RD Low 200 

trd Prop. Delay RD to Data CS Low, Ao Valid 200 ns 

trx Prop. Delay Data to Three State 150 

tad Prop. Delay EOC High to Data 200 

WRITE CYCLE TIMING 

twr WRLowTime 150 ns 

twe Prop. Delay WR Low to EOC Low Wait Mode 1 2 

tao EOC High Time Free-Run Mode 0.5 1.5 1/lclk 

tconv Conversion Time 20 

fclk Clock Frequency Functional Operation Only 500 kHz 

NOTE: All typicsl values hsvs b99n chsrac/rJrized but are not tesfBd. 
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TABLE 1: PIN DESCRIPTIONS 

PIN NAME FUNCTION PIN NAME FUNCTION 

1 VREF! FORCE line for reference input. 30 OSC1 Oscillator inverter input 

2 AGNDr FORCE input for analog ground 31 OSC2 Oscillator inverter output 

3 cs Chip Select enables reading and writing 32 TEST Used for programming only. Must tie 
(active low) to V + for normal operation. 

4 RD ReaD (active low) 33 WR WRite pulse input (low starts new 

5 Ao Byte select (low= Do - D1. conversion) 

high= De - D13, OVR) 34 CAz Auto-zero capacitor connection• 

6 BUS Bus select (low= outputs enabled by Ao. 35 v- Negative power supply input 
high= all outputs enabled together) 36 COMP Used in test, tie to v-

7 DGND Digital GrouND return 37 V1Ns SENSE line for input voltage 
8 D13 Bit 13 (most significant bit) 38 VREFs SENSE line for reference input 
9 D12 Bit 12 39 AGND8 SENSE line for analog ground 
10 D11 Bit 11 

High Byte 40 V1Nf FORCE line for input voltage 
11 D10 Bit 10 

'NOTE: The voltage on CAz is driven: 

12 Dg Bit9 Output Never connect directly to ground. 

13 De Bit8 Data TABLE 2: 1/0 CONTROL 
14 D1 Bit? Bits 

15 Ds Bit6 (High=True) 
cs WR RD Ao BUS FUNCTION 

0 0 x x x Initiates a Conversion • 16 Ds Bit5 
1 x x x x Disables all Chip Commands 

17 D4 Bit4 
Low Byte 0 x 0 0 0 Low Byte is Enabled 

18 D3 Bit3 
0 x 0 1 0 High Byte is Enabled 

19 D2 Bit2 
0 x 0 x 1 Low and High Bytes Enabled Together 

20 D1 Bit 1 
x x 1 x x Disables Outputs (High-Impedance) 

21 Do Bit O (least significant bit) 

22 B1s 
TABLE 3: TRANSFER FUNCTION 

23 B16 
Used for programming only 

(Do not connect-Leave Open) INPUT VOLTAGE EXPECTED OUTPUT CODE 

24 B11 VREF= -10.0V OVR MSB LSB 

25 EOG End Of Conversion flag (low= busy, +0.00000 0 0 000000000000 0 
high= conversion complete) +0.00061 0 0 000000000000 1 

26 OVR OVerRange flag (valid at end of conversion +0.29968 0 0 000011110101 1 
when output code exceeds full-scale, three-
state output enabled with high byte) 

+4.99939 0 0 111111111111 1 
+5.000 0 1 000000000000 0 

27 v+ Positive power supply input 
+9.99878 0 1 111111111111 0 

28 PROG Used for programming only. Must tie to v+ +9.99939 0 1 111111111111 1 
for normal operation +10.00000 1 0 000000000000 0 

29 TEST Used for programming only. Must tie to v+ +10.00061 1 0 000000000000 1 

for normal operation +10.29968 1 0 000011110101 1 

NOTE: AH typical values have been characterizsd but are not tested. 
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""' ~ DETAILED DESCRIPTION 

The ICL7115 is basically a successive approximation AID 
converter with an internal structure much more complex 
than a standard SAR-type converter. Figure 1 shows the 
functional diagram of the ICL7115 14-bit AID converter. 
The additional circuitry incorporated into the ICL7115 is 
used to perform error correction and to maintain the operat
ing speed in the 40µs range. 

The internal 17-bit DAC of the ICL 7115 is designed 
around a radix of 1.85 rather than the traditional 2.00. This 
radix gives each bit of the DAC a weight of approximately 
54 % of the previous bit. The result is a useable range that 
extends to 3% beyond the full-scale input of the AID. The 
actual value of each bit is measured and stored in the on
chip PROM. The absolute value of each bit weight then be
comes relatively unimportant because of the error correc
tion action of the ICL7115. 

The output of the high-speed auto-zeroed comparator is 
fed to the data input of a 17-bit successive approximation 
register (SAR). This register is uniquely designed for the 
ICL7115 in that it tests bit pairs instead of individual bits in 
the manner of a standard SAR. At the beginning of the con
version cycle, the SAR turns on the MSB (B1sl and the 
MSB-4 bit (B12). The sequence continues for each bit pair, 
Bx and Bx_4, until only the four LSBs remain. The sequence 
concludes by testing the four LSBs individually. 

The SAR output is fed to the DAC register and to the 
preprogrammed 17-word by 17-bit PROM where it acts as 
PROM address. PROM data is fed to a 17-bit full-adder I ac
cumulator where the decoded results from each successive 
phase of the conversion are summed with the previous re
sults. After 20 clock cycles, the accumulator contains the 
final binary data which is latched and sent to the three-state 
output buffers. The accuracy of the AID converter depends 
primarily upon the accuracy of the data that has been pro
grammed into the PROM during the final test portion of the 
manufacturing process. 

The error correcting algorithm built into the ICL7115 re
duces the initial accuracy requirements of the DAC. The 
overlap in the testing of bit pairs reduces the accuracy re
quirements on the comparator which has been optimized for 
speed. Since the comparator is auto-zeroed, no external ad
justment is required to get ZERO code for ZERO input volt
age. 

Twenty clock cycles are required for the complete 14-bit 
conversion. The auto-zero circuitry associated with the 
comparator is employed during the last three clock cycles 
of the conversion to cancel the effect of offset voltage. Also 
during this time, the SAR and accumulator are reset in prep
aration for the start of the next conversion. 

The overflow output of the 17-bit full-adder is also the 
OVerRange (OVR) output of the ICL7115. Unlike standard 
SAR-type AID converters, the ICL7115 has the capability of 
providing valid useable data for inputs that exceed the full
scale range by as much as 3%. 

OPTIMIZING SYSTEM PERFORMANCE 
The FORCE and SENSE inputs for V1N and VREF are also 

shown driven by external op-amps. This technique elimi-

NOTE· All typical values have been characterized but are not tested. 
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nates the effect of small voltage drops which can appear 
between the input pin of the IC package and the actual re
sistor on the chip. If the small gauge wire and the bonds 
that connect the chip to its package have more than 300mn 
of total series resistance, the result can be a voltage error 
equivalent to 1 LSB. If no op-amps are used for V1N and 
VREF· connections should be made directly to the SENSE 
lines. The external op-amps also serve to transform the rel
atively low impedance at the V1N and VREF pins into a_~igh 
impedance. The input offset voltages of these amplifiers 
should be kept low in order to maintain the overall AID con
verter system accuracy. 

When using AID converters with more than 12 bits of 
resolution, special attention must be paid to grounding and 
the elimination of potential ground loops. A ground loop can 
be formed by allowing the return current from the ICL7115's 
DAC to flow through traces that are common to other ana
log circuitry. If care is not taken, this current can generate 
small unwanted voltages that add to or detract from the 
reference or input voltages of the AID converter. 

Ground loops can be eliminated by the use of the analog 
ground FORCE and SENSE lines provided on the IC~711_5 
as shown in Figures 5 and 6. In Figure 5 the FORCE line 1s 
the only point that is connected to system analog ground. In 
Figure 6, the op-amp A3 forces the voltage at AGND to be 
equal to analog system ground. The addition of this op-amp 
overcomes the main deficiency of the arrangement m Fig
ure 5: the ViN and VREF sources are not referenced to true 
analog system ground. 

The clamp diodes in Figure 6 are required because spuri
ous op-amp output on AGNDf during power-on can exceed 
the absolute max rating of ± 1.0V between AGDf and 
DGND. The two inverse-parallel diodes clamp the voltage 
between AGNDs and DGND to ±0.7V. 

INPUT WARNING 
As with any CMOS integrated circuit, no input voltages 

should be applied to the ICL7115 until the ± 5V power sup
plies have stabilized. 

INTERFACING TO DIGITAL SYSTEMS 
The ICL7115 provides three-state data output buffers, 

CS, RD, WR, and bus select inputs (Ao and BUS) for inter
facing to a wide variety of microcomputers and digital sys
tems. The 1/0 Control Truth Table shows the functions of 
the digital control lines. The BUS select and Ao lines are 
provided to enable the output data onto either 8-bit or ~ 6-bit 
data buses. A conversion is initiated by a WR pulse (pm 33) 
when CS (pin 3) is low. Data is enabled on the bus when the 
chip is selected and RD (pin 4) is low. 

Figure 7 illustrates a typical interface to an 8-bit micro
computer. The "Start and Wait" operation requires the few
est external components and is initiated by a low level on 
the WR input to the ICL7115 after the 1/0 or memory
mapped address decoder has brought the CS input low. Af
ter executing a delay or utility routine for a period of time 
greater than the conversion time of the ICL7115, the proc
essor issues two consecutive bus addresses to read output 
data into two bytes of memory. A low level on Ao enables 
the LSBs and a high level enables the MSBs. 



VIN +1-----1 
SOURCE -

VREF 
SOURCE + VREFf 

ICL7115 

------ VRErs 

--------AGNDs 

.------I AGNDI 

.----IDGND 

Figure 5: V1N and VREF Input Buffers 

VIN +1-----1 

SOURCE -

VREr -
SOURCE + >--,.---1 VREFf 

ICL7115 
--------ivRErs 

Figure 6: Using a Forced Ground 

NOTE: All typical va/uss havs been chsracterized but Bf9 not f9sted. 

4-125 

ICL7115 

0337-5 

0337-6 

.,, ... ... ... .... 
!::! 

• 



.,, ... ... .... ... 
!:! 

START 
CONVERSION 

Ao 

Ao 

ICL1115 

WAIT 

cs 
iiD 

Wli 

BUS 

ADORESSIUS 

':" 

DATA BUS 

REAO 
LOW BYTE 

RD 

WR 

Ao-AN 

,P 

Do-Or 

RE.AO 
HIGH BYTE 

Figure 7: "Start and Wait" Operation 

NOTE: AU typlcsl- havo b66n clraraclBrlzsd but.,. not-
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By adding a three-state buffer and two control gates, the 
End-of-Conversion (EOG) output can be used to control a 
"Start and Poll" interface (Figure 8). In this mode, the Ao 
and CS lines connect the EOG output to the data bus al~ 
with the most significant byte of data. After pulsing the WR 

·line to initiate a conversion, the microprocessor continually 
reads the most significant byte until it detects a high level 
on the EOG bit. The "Start and Poll" interface increases 
data throughput compared with the "Start and Wait" meth
od by eliminating delays between the conversion termina
tion and the microprocessor read operation. 

Other interface configurations can be used to increase 
data throughput without monopolizing the microprocessor 
during waiting or polling operations by using the EOG line as 
an interrupt generator as shown in Figure 9. After the con
version cycle is initiated, the microprocessor can continue 
to execute routines that are independent of the AID con
verter until the converter's output register actually holds val
id data. For fastest data throughput, the ICL7115 can be 
connected directly to the data bus but controlled by way of 
a Direct Memory Access (DMA) controller as shown in Fig
ure 10. 

APPLICATIONS 
Figure 11 shows a typical application of the ICL7115 14-

bit AID converter. A bipolar input voltage range of +5V to 
- 5V is the result of using the current through R2 to force a 
Y. scale offset on the input amplifier (A2). The output of A2 
swings from OV to -5V. The overall gain of the AID is var
ied by adjusting the 1 OOk!l trim resistor, R5. Since the 
ICL7115 is automatically zeroed every conversion, the sys
tem gain and offset stability will be superb as long as a 
reference with a tempco of 1 ppm/'C and stable external 
resistors are used. 

In Figure 11, note that the 0.22µF auto-zero capacitor is 
connected directly between the CAz pin and analog ground 
SENSE. Aa forces the analog ground of the ICL7115 to be 
the zero reference for the input signal. Its offset voltage is 
not important in this example because the voltage to be 
digitized is referred to the analog ground SENSE line rather 
than system analog ground. It is important to note that since 
the 7115's DAG current flows in A1, A2 and Aa these ampli
fiers should be wideband (GBW>20MHz) types to minimize 
errors. 

The clock for the ICL7115 is taken from whatever system 
clock is available and divided down to the 500kHz level for 

NOTE: All typical values have bssn charact9rized but ars not tested. 
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a conversion time of 40µs. Output data is controlled by the !::! 
BUS and Ao inputs. Here they are set for 8-bit bus operation 
with BUS grounded and Ao under the control of the address 
decode section of the external system. 

Because the ICL7115's internal accumulator generates 
accurate output data for input signals as much as 3% great
er than full-scale, and because the converter's OVA output 
flags overrange inputs, a simple microprocessor routine can 
be employed to precisely measure and correct for system 
gain and offset errors. Figure 12 shows a typical data acqui
sition system that uses a 5.0V reference, input signal multi
plexer, and input signal Track/Hold amplifier. Two of the 
multiplexer's input channels are dedicated to sampling the 
system analog ground and reference voltage. Here, as in 
Figure 11, bipolar operation is accommodated by an offset 
resistor between the reference voltage and the summing 
junction of A1. A flip-flop in IC3 sets IC2's Track/Hold input 
after the microprocessor has initiated a WR command, and 
resets when EOG goes high at the end of the conversion. 

The first step in the system calibration routine is to select 
the multiplexer channel that is connected to system analog 
ground and initiate a conversion cycle for the ICL7115. The 
results represent the system offset error which comes from 
the sum of the offsets from IC1, IC2, and A1. Next the chan-
nel connected to the reference voltage is selected and 
measured. These results, minus the system offset error, 
represent the system full-scale range. A gain error correc-
tion factor can be derived from this data. Since the ICL7115 
provides valid data for inputs that exceed full-scale by as 
much as 3%, the OVA output can be thought of as a valid 
15th data bit. Whenever the OVA bit is high, however, the 
total 14-bit result should be checked to insure that it falls 
within 100% and 103% of full-scale. Data beyond 103% of 
full-scale should be discarded. 

The ICL7115 provides an internal inverter which is 
brought out to pins OSC1 and OSC2, for crystal or ceramic 
resonator oscillator operation. The clock frequency is calcu
lated from: 

20 14 b' . fcLK = -- for - 11 operation 
lconv 

.Ill 
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Figure B: "Start and Poll" Operation 

NOTE: All lypical values have be8n chsractsrized but 81'9 not tested. 
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Figure 9: Using EOC as an Interrupt 

NOTE: AH typical values have been charscterized but am not testsd. 
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Figure 10: Data to Memory via OMA Controller 

NOTE: AH typical values have besn characl8rizf!Jd but ars not tested. 
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Figure 11: Typical Application with Bipolar Input Range, Forced Ground, and 10 Volt Ultra-Stable Reference 
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Figure 12: Multi-Channel Data Acquisition System with Zero and Reference Lines Brought to Multiplexer for 
System Gain and Offset Error Correction 

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

Cl) 
Cl) 

3 
i,.)v\11-'.\" 

i GENERAL DESCRIPTION "'"\''"' \" FEATURES 
Cl) The Harris CA3304 is a CMOS parall f?,l;»>'lffialog- • CMOS/SOS Low Power with Video Speed (25 mW 
Cl) to-digital converter designed for applica~lr\ demanding typ) 3 both low-power consumption and high-speed digitization. • Parallel Conversion Technique 

~~g~~g at 25 MHz, for example, requires only about • Single Power Supply Voltage (3V to 7.5V) 

The CA3304 operates over a wide, full-scale signal input
voltage range of % volt up to the DC supply voltage. Power 
consumption is as low as 10 mW, depending upon the clock 
frequency selected. · 

The intrinsic high conversion rate makes the CA3304 
types ideally suited for digitizing high-speed signals. The 
overflow bit makes possible the connection of two or more 
CA3304s in series to increase the resolution of the conver
sion system. A series connection of two CA3304s may be 
used to produce a 5-bit, 25 MHz converter. Operation of two 
CA3304s in parallel doubles the conversion speed (i.e., in
creases the sampling rate from 25 MHz to 50 MHz). A data 
change pin indicates when the present output differs from 
the previous, thus allowing compaction of data storage. 

Sixteen paralleled auto-balanced voltage comparators 
measure the input voltage with respect to a known refer
ence to produce the parallel-bit outputs in the CA3304. Fif
teen comparators are required to quantize all input voltage 
levels in this 4-bit converter, and the additional comparator 
is required for the overflow bit. 

ORDERING INFORMATION 

Part Linearity Sam piing 
Number (INL, DNL) Rate 

CA3304E ±0.25 LSB 25MHz (40ns) 
CA3304AE ±0.125 LSB 25MHz (40ns) 

CA3304M ±0.25 LSB 25MHz (40ns) 
CA3304AM ±0.125 LSB 25MHZ (40ns) 

CA3304D ±0.25 LSB 25MHz (40ns) 
CA3304AD ±0.125 LSB 25MHz (40ns) 

16 LEAD CERAMIC DIP 
16 LEAD PLASTIC DIP BIT1 (LSB) 

16 LEAD SOIC BIT2 2 

BIT3 3 

BIT4 4 

DATA CHANGE (DC) 5 

OVERFLOW (OF) 

CE2 7 

Vss 8 

• 25 MHz Sampling Rate (40 ns Conversion Time) at 5V 
Supply 

• 4-Bit Latched 3-State Output with Overflow and Data 
Change Outputs 

• Ya LSB Maximum Nonlinearity (A Version) 
• Inherent Resistance to Latch-Up Due to SOS 

Process 
• Bipolar Input Range with Optional Second Supply 

APPLICATIONS 
• TV Video Digitizing (Industrial/Security) 
• High-Speed A/D Conversion 
• Ultrasound Signature Analysis 
• Transient Signal Analysis 
• High-Energy Physics Research 
• General-Purpose Hybrid ADCs 
• Optical Character Recognition 
• Radar Pulse Analysis 
• Motion Signature Analysis 
• Robot Vision 

Temperature 
Range Package 

-4ooc to +a5oc 16 Pin Plastic DIP 
-4ooc to +a5oc 16 Pin Plastic DIP 

-4ooc to +a5oc 16 Pin Plastic SOIC 
-4ooc to +a5oc 16 Pin Plastic SOIC 

-55oc to +125oc 16 Pin Ceramic DIP 
-55oc to +125oc 16 Pin Ceramic DIP 

16 Yoo 
15 CLK 

14 VM-

13 VREF-

12 VREF+ 

11 VIN 

10 VM+ 

9 CEI 

0438-1 

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. 1790-00 
NOTE: All typical values have been characterized but aro not tested. 5-2 



ABSOLUTE MAXIMUM RATINGS 
DC Supply Voltage Range (Voo or V AA+) 

(Voltage Referenced to Vss or V AA - Terminal, 
Whichever, is More Negative) ........... -0.5V to + 8V 

Input Voltage Range 
CE1. CE2 Inputs ............ Vss - 0.5V to Voo + 0.5V 
Clock, VREF+. VREF-. 
V1N Inputs ................. v AA - 0.5V to v AA + 0.5V 

DC Input Current 
Any Input. .................................. ± 20 mA 

Power Dissipation per Package (Po) 
ForTA = -55'Cto +55'C ................... 315'mW 
For TA = + 55'C to + 125'C 

....................... Derate Linearly at 3.3 mW /'C 

Operating Temperature Range (T Al 
CA3304D, CA3304AD .............. - 55'C to + 125'C 
CA3304E, CA3304AE ................ -40'C to + 85'C 

<P2 .;, .;, <P1 <P1 

~ 
1*CAB #161 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

~ 
:*CAB #8: 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

~ 
so kn 

C~OCK ,Pt (AUTO BALANCE) 
15 

,P2 (SAMPLE UNKNOWN) 

*CASCADED AUTO BALANCE (CAB) 

CA3304,CA3304A 

Storage Temperature 
Range (T stgl ....................... - 65'C to + 150'C 

Lead Temperature (During Soldering) 
At Distance 1/, 6 in. ± '!i2 in. 
(1.59mm ±0.79mm) 
from Case for 1 Os Max ........................ + 265'C 

"' 0 
C') 
C') 

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

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 peri-
ods may affect device reliability. 

Recommended Supply Voltage Range 
(VooorvAA+) ............................ 3Vto7.5V 

Recommended V AA+ 
Voltage Range ............... Voo - 1 V to Voo + 2.5V 

Recommended V AA -
Voltage Range ............... Vss - 2.5V to Vss + 1V 

ENCODER 
LOGIC 
ARRAY 

,P2 OUTPUT 
REGISTER 

DATA 
CHANGE 

CE2 

0438-2 

NOTE: CE1 and CE2 inputs and data outputs have standard CMOS protection networks to Voo and Vss· Anaolog inputs and clock have standard CMOS 
protection networks to V AA+ and V AA 

Figure 2: Functional Diagram 

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

5-3 
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"' "' ELECTRICAL CHARACTERISTICS 
3 
.; 
0 

"' "' 3 

Vss = GND, fcLK = 25 MHz unless noted otherwise . 

Parameter 

Resolution 

Input Errors Integral Linearity Error CA3304A 

CA3304 

Differential Linearity CA3304A 
Error CA3304 

Quantizing Error (Inherent) 

Offset Error (Unadjusted) CA3304A 

CA3304 

Gain Error (Unadjusted) CA3304A 

CA3304 

Input Range VREF+ Range 

VREF- Range 

Full-Scale Input Range 

Input Loading Input Capacitance 

Input Current 

Resistor Ladder Impedance 

Conversion Maximum Conversion Speed 
Timing Auto-Balance Time (cj> 1) 

Sample Time (<f>2) 

Aperture Delay 

Allowable Input Bandwidth 

-3 dB Input Bandwidth 

Output Timing Data Valid Delay 

Data Hold Time 

Output Enable Time 

Output Disable Time 

Device Current, IAA 

NOTE: All typical values haV8 berm characteriald but are not testtJd. 

Test 
Conditions 

(Note4) 

(Note 4) 

(Note 1, 4) 

V1N = 2.0V (Note 2) 

V1N = 5V, 
CLK =Low 

CLK = Square Wave 

(Note4) 

(Note4) 

(Note4) 

Continuous Clock 

Continuous cj>2 

Continuous <f> 1 

5-4 

CA3304,CA3304A 

Limits 
Units 

Min Typ Max 

4 Bits 

±0.1 ±0.125 

±0.125 ±0.25 

±0.1 ±0.125 

±0.125 ±0.25 

±0:5 LSB 

±0.75 

±1.0 

±0.75 

±1.0 

VAA- + 0.5 VAA+ 

VAA- VAA+ - 0.5 v 
0.5 VAA 

10 pF 

150 200 µA 

640 960 n 

25 30 MSPS 

20 00 

20 5000 ns 

3 

DC .fcLK/2 
MHz 

40 

30 40 

15 25 
ns 

15 

10 

5.5 

0.4 mA 

2 



CA3304,CA3304A 

ELECTRICAL CHARACTERISTICS atTA = 25'C, VREF+ = 2v, V00 = vAA+ = 5V, VAA- = VREF

Vss = GND, fcLK = 25 MHz unless noted otherwise. (Continued) 

Test Limits 
Parameter 

Conditions Min Typ Max 

Device Current, loo Continuous Clock 1.5 

VAA+ = 5V, 
Continuous </>2 5 10 

Vss = CEI = VAA- = CLK = GND 

VAA+ = 7V Continuous </> 1 5 20 

Digital Inputs Maximum V1N. Low CLOCK (Note 3, 4) 0.3 xVAA 

CE1, CE2 (Note4) 0.3xVoo 

Minimum V1N. High CLOCK (Note 3, 4) 0.7xVAA 

CE1, CE2 (Note4) 0.7 x V00 

Input Leakage, except CLK V = OV, 5V ±1 

Input Leakage, CLK (Note3) ±100 ±150 

Digital Outputs Output Low (Sink) Current Vo= 0.4V 6 

Output High (Source) Current Vo= 4.6V -3 

3-State Leakage Current Vo= OV, 5V ±0.2 ±5 

Units 

mA 

v 

µA 

mA 

µA 

NOTES 1: Full-scale input range, VREF+ - VREF-, may be in the range of 0.5V to VAA t - vAA- volts. Linearity errors increase at lower full-scale ranges, 
however. 

2: Input current is due to energy transferred to the input at the start of the sample period. The average value is dependent on input and Voo voltage. 

3: The CLK input is a CMOS inverter with a 50 kn feedback resistor. It operates from the V AA '" and V AA - supplies. It may be AC-coupled with a 1 V peak· 

~-~ • 4: Parameter not tested, but guaranteed by design or characterization. V 

1----..1 
CLOCK 

a 

4>1 
AUTO 

BALANCE 

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

COMPARATOR DATA 
LATCHED 

AUTO 
BALANCE SAMPLE 2 

Figure 3: Timing Diagram 

5-5 

AUTO 
BALANCE SAMPLE3 
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CA3304,CA3304A 

CE1 

CE2 j ~ l h-to1s 3.....--trn 
------------- HIGH ito---------=--.1 HIGH 

BITS 1-4 t------CI 
IMPEDANCE IMPEDANCE 

DC, Of 

Figure 4: Output Enable/Disable Timing 

SAMPLE ENDSU 

CLOCK ~I ef>2 l/>1 --ef>-2-----

To~ 
OUTPUT==:!: OLD DATA NEW DATA 

(a) 

With <f>2 as standby state (fastest method, but standby limited to 5 µ.s maximum) 

SAMPLE ENDS 

CLOCK -----! l/>1 ef>1 

OUTPUT~------' .,, __ 0L_o_o_A_TA_+_1 -'l""_N_EW_DA_T_A_ 

With <f>1 as standby state (indefinite standby, double pulse needed) 

~ 
CLOCK 

{b) 

SAMPLE ENDS 

l/>1 

~1--------..--------1 ..... ---0UTPUT ~---o_L_D_D_AT_A __________ l'"N_Ew_D_AT_A 

(c) 

With <f>2 as standby state (indefinite standby, lower power than 5b) 

Figure 5: Pulse-Mode Timing Diagrams 

NOTE Alf typical values have been characterized but are not tested. 
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Table 1: Pin Description 

Pin Name Description 

1 Bit1 Bit1 (LSB) 

2 Bit2 Bit2 
Output 

3 Bit3 Bit3 Data 

4 Bit4 Bit4 (MSB) Bits 
(High = True) 

5 DC Data Change 

6 OF Overflow 

7 CE2 Three-state output enable input, 
active low. See Table 2. 

8 Vss Digital Ground 

9 CE1 Three-state output enable input, 
active high. See Table 2. 

10 VAA+ Analog power supply, + 5V 

11 V1N Analog signal input 

12 VREF+ Reference Voltage Positive Input 

13 VREF- Reference Voltage Negative 
Input 

14 VAA- Analog Ground 

15 CLK Clock Input 

16 Voo Digital Power Supply, + 5V 

Table 2: Chip Enable Truth Table 

CE1 CE2 Bit 1-Bit 4 DC,OF 

0 1 Valid Valid 

1 1 Three-State Valid 

x 0 Three-State Three-State 

X ~ Don't Care 

DEVICE OPERATION 
A sequential parallel technique is used by the CA3304 

converter to obtain its high-speed operation. The sequence 
consists of the "Auto Balance" phase and the "Sample Un
known" phase (Refer to the circuit diagram). Each conver
sion takes one clock cycle.• The "Auto Balance" (<f>1) oc
curs during the Low period of the clock cycle, and the 
"Sample Unknown" (<f>2) occurs during the High period of 
the clock cycle. 
•Note: This device requires only a single-phase clock. The terminology of 

<f.>1 and q,2 refers to the High and Low periods of the same clock. 

NOTE: All typical values have been characterized but aro not tested. 
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During the "Auto Balance" phase, a transmission-gate C') 

switch is used to connect each of 16 commutating capaci- (I 
tors to their associated ladder reference tap. Those tap volt-
ages will be as follows: ..; 

Vtap(N) = [(VREF/16) X NJ - [VREF/(2 X 16)] ~ 
= VREF [(2N - 1 )/32] C') 

Where: Vtap(N) = Reference ladder tap voltage at point N. (I 
VREF = Voltage across VREF- to VREF+ 

N = Tap number (1 through 16) 

The other side of the capacitor is connected to a single
stage inverting amplifier whose output is shorted to its input 
by a switch. This biases the amplifier at its intrinsic trip point, 
which is approximately (Voo - Vss)/2. The capacitors now 
charge to their associated tap voltages, priming the circuit 
for the next phase. 

In the "Sample Unknown" phase, all ladder tap switches 
are opened, the comparator amplifiers are no longer short
ed, and V1N is switched to all 16 capacitors. Since the other 
end of the capacitor is now looking into an effectively open 
circuit, any voltage that differs from the previous tap voltage 
will appear as a voltage shift at the comparator amplifiers. 
All comparators whose tap voltages were lower than V1N 
will drive the comparator outputs to a "low" state. All com
parators whose tap voltages were higher than V1N will drive 
the comparator outputs to a "high" state. A second, capaci
tor-coupled, auto-zeroed amplifier further amplifies the out
puts. 

The status of all these comparator amplifiers are stored 
at the end of this phase (<f>2), by a secondary latching ampli-
fier stage. Once latched, the status of the 16 comparators is 
decoded by a 16-to-5-bit decode array and the results are 
clocked into a storage register at the rising edge of the next 
<f>2. 

If the input is greater than 31 /32 x VREF· the overflow 
output will go "high". (The bit outputs will remain high). If 
the output differs from that of the previous conversion, the 
data change output will go "high". 

A 3-state buffer is used at the output of the 7 storage 
registers which are controlled by two chip-enable signals. 
CE1 will independently disable B1 through B4 when it is in a 
high state. CE2 will independently disable B1 through B4 
and the OF and DC buffers when it is in the low state. 

CONTINUOUS CLOCK OPERATION 
One complete conversion cycle can be traced through 

the CA3304 via the following steps. (Refer to timing diagram 
Figure 3). The rising edge of the clock input will start a 
"sample" phase. During this entire "High" state of the 
clock, the 16 comparators will track the input voltage and 
the 16 latches will track the comparator outputs. At the fall
ing edge of the clock, all 16 comparator outputs are cap
tured by the 16 latches. This ends the "sample" phase and 
starts the "auto balance" phase for the comparators. Dur
ing this "Low" state of the clock the output of the latches 
propagates through the decode array and a 6-bit code ap
pears at the D inputs of the output registers. On the next 
rising edge of the clock, this 6-bit code is shifted into the 
output registers and appears with time delay Id as valid data 
at the output of the 3-state drivers. This also marks the start 
of a new "sample" phase, thereby repeating the conversion 
process for this next cycle. 

• 
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&'J PULSE MODE OPERATION 
3 For sampling high-speed nonrecurrent or transient data, 
.; the converter may be operated in a pulse mode in one of 
0 three ways. The fastest method is to keep the converter in 
&'J the Sample Unknown phase, <f>2, during the standby state. 
&'J The device can now be pulsed through the Auto Balance 3 phase with as little as 20ns. The analog value is captured 

on the leading edge of <f> 1 and is transferred into the output 
registers on the trailing edge of <f> 1. We are now back in the 
standby state, <f>2, and another conversion can be started 
within 20ns, but not later than Sµ.s due to the eventual 
droop of the commutating capacitors. Another advantage of 
this method is that it has the potential of having the lowest 
power drain. The larger the time ratio between <f>2 and ij>1, 
the lower the power consumption. (See timing diagram Fig
ure Sa). 

The second method uses the Auto Balance phase, <f> 1, as 
the standby state. In this state the converter can stay indefi
nitely waiting to start a conversion. A conversion is per
formed by strobing the clock input with two <f>2 pulses. The 
first pulse starts a Sample Unknown phase and captures 
the analog value in the comparator latches on the trailing 
edge. A second <f>2 pulse is needed to transfer the date into 
the output registers. This occurs on the leading edge of the 
second pulse. The conversion now takes place in 40ns, but 
the repetition rate may be as slow as desired. The disadvan
tage to this method is the slightly higher device dissipation 
due to the low ratio of ij>2 to <f> 1. (See timing diagram Figure 
Sb). 

For applications requiring both indefinite standby and low
est power, standby can be in the <f>2 (Sample Unknown) 
state with two <f>1 pulses to generate valid data (see Figure 
Sc). The conversion process now takes 60ns. [Note that the 
above numbers do not include the to (Output Delay) time.) 

INCREASED ACCURACY 
In most cases the accuracy of the CA3304 should be suf

ficient without any adjustments. In applications where accu
racy is of utmost importance, two adjustments can be made 
to obtain better accuracy; i.e., offset trim and gain trim. 

OFFSET TRIM 
In general offset correction can be done in the preamp 

circuitry by introducing a DC shift to V1N or by the offset trim 
of the op-amp. When this is not possible the VREF- input 
can be adjusted to produce an offset trim. 

The theoretical input voltage to produce the first transition 
is % LSB. The equation is as follows: 

V1N (0 to 1 transition) = % LSB = % (VREF/16) 

= VREF/32 
Adjust offset by applying this input voltage and adjusting 

the VREF- voltage or input amplifier offset until an output 
code alternating between 0 and 1 occurs. 

NOTE: Alf typical values have been Characterized but are not testBd. 
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GAIN TRIM 
In general the gain trim can also be done in the preamp 

circuitry by introducing a gain adjustment for the op-amp. 
When this is not possible, then a gain adjustment circuit 
should be made to adjust the reference voltage. To perform 
this trim, V1N should be set to the 1S to overflow transition. 
That voltage is % LSB less than VREF+ and is calculated 
as follows: 

V1N (1S to 16 transition) = VREF - VREF/32 
= VREF (31 /32) 

To perform the gain trim, first do the offset trim and then 
apply the required V1N for the 1 S to overflow transition. Now 
adjust VREF + until that transition occurs on the outputs. 

LAYOUT, INPUT AND SUPPLY 
CONSIDERATIONS 

The CA3304 should be mounted on a ground-planed, 
printed-circuit board, with good high-frequency decoupling 
capacitors mounted as close as possible. If the supply is 
noisy, decouple VAA + with a resistor as shown in Figure 6a. 
The CA3304 outputs current spikes to its input at the start 
of the auto-balance and sample clock phases. A low imped
ance source, such as a locally-terminated SO.O. coax cable, 
should be used to drive the input terminal. A fast-settling 
buffer such as the HA-S033, HA-S242, or CA34SO should be 
used if the source is high impedance. The VREF terminals 
also have current spikes, and should be well bypassed. 

Care should be taken to keep digital signals away from 
the analog input, and to keep digital ground currents away 
from the analog ground. If possible, the analog ground 
should be connected to digital ground only at the CA3304. 

BIPOLAR OPERATION 
The CA3304, with separate analog (V AA+, V AA -i and 

digital (Voo. Vss) supply pins, allows true bipolar or nega
tive input operation. The V AA - pin may be returned to a 
negative supply (observing maximum voltage ratings to 
V AA+ or Voo and recommended rating to Vss), thus allow
ing the VREF- potential also to be negative. Figure 6b 
shows operation with an input range of -1 V to + 1 V. Simi
larly, V AA+ and VREF+ could be maintained at a higher 
voltage than Voo. for an input range above the digital sup
ply. 

DIGITAL INPUT AND OUTPUT LEVELS 
The clock input is a CMOS inverter operating from and 

with logic input levels determined by the V AA supplies. If 
V AA+ or V AA - are outside the range of the digital supplies, 
it may be necessary to level shift the clock input to meet the 
required 30% to 70% of V AA input swing. Figure 6b shows 
an example for a negative V AA - . 

An alternate way of driving the clock is to capacitively 
couple the pin from a source of at least 1V peak-to-peak. 
An internal SO k.O. feedback resistor will keep the DC level at 
the intrinsic trip point. Extremely non-symmetrical clock 
waveforms should be avoided, however. 

The remaining digital inputs and outputs are referenced to 
Voo and Vss- If TTL or other lower voltage sources are to 
drive the CA3304, either pull-up resistors or CD74HCT se
ries "QMOS" buffers are recommended. 



5-BIT RESOLUTION 
To obtain 5-bit resolution, two CA3304s can be wired to

gether. Necessary ingredients include an open-ended lad
der network, an overflow indicator, three-state outputs, and 
chip-enable controls-all of which are available on the 
CA3304. 

The first step for connecting a 5-bit circuit is to totem-pole 
the ladder networks, as illustrated in Figure 7. Since the 
absolute-resistance value of each ladder may vary, external 
trim of the mid-reference voltage may be required. 

REMOTE 
2V INTO SOil 

SOURCE w..----'-
SOil 

ANALOG 
GROUND 

CA3304,CA3304A oC 
~ 
0 
C'> 

The overflow output of the lower device now becomes C'> 
the fifth bit. When it goes high, all counts must come from (J 
the upper device. When it goes low. all counts must come 
from the lower device. This is done simply by connecting 
the lower overflow signal to the CE1 control of the lower 
AID converter and the CE2 control of the upper AID con
verter. The three-state outputs of the two devices (bits 1 
through 4) are now connected in parallel to complete the 
circuitry. 

DIGITAL 
":" GROUND 

0438-8 

Figure Ga: Typical CA3304 Unipolar Circuit Configuration 

ANALOG 
GROUND 

0.1 µF 
CER 

27ll 

CA330• 

v,,.+ Yoo 
CE2 

VREr+ 

DC,OF, 
V1H B1-B• 

v.u- CLK 

CEi 

v,,.- Yss 

+SV SUPPLY 

DIGITAL 
GROUND 

Figure 6b: Typical CA3304 Bipolar Circuit Configuration 

NOTE: All typical values have been characterized but are not Jested. 
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YAA+ 

+ FULL SCALE Yoo 
REFERENCE >---------1YREF+ 

:::C .-------tY1N 
..-----tYREF-

YAA- B1t----. 

Yss CE1 
CLK 

BUFFER 1k 

INPUT 

CLK DC N.C. 
YAA+ OF 1------+--~ 85 MSB 
Yoo 84 84 

YREF+ 83 83 

YIN 82 82 
Ym- 81 81 
YAA- CE1 

Yss 

CA3304 
0438-10 

Figure 7:, Typical CA3304 5-Bit Configuration 

Table 3: Output Code Table 

Input Voltage (V) Output Code 
Decimal 

Code Description VREF+ = 1V 1.6V 2V 3.2V 4.8V 
OF 84 83 82 81 

Count 
VREF- = -1V ov ov ov ov 

Zero -1.000 0 0 0 0 0 0 0 0 0 0 
1 LSB -0.875 0.1 0.125 0.2 0.3 0 0 0 0 1 1 
2 LSB -0.750 0.2 0.250 0.4 0.6 0 0 0 1 0 2 

• • • • • • • • • • • • 
• • • • • • • • • • • • 
• • • • • • • • • • • • 
• • • • • • • • • • • • 

% Full Scale - 1 LSB -0.125 0.7 0.875 1.4 2.1 0 0 1 1 1 7 
% Full Scale 0 0.8 1.000 1.6 2.4 0 1 0 0 0 8 

% Full Scale + 1 LSB 0.125 0.9 1.125 1.8 2.7 0 1 0 0 1 9 

• • • • • • • • • • • • 
• • • • • • • • • • • • 
• • • • • • • • • • • • 
• • • • • • • • • • • • 

Full Scale - 1 LSB 0.750 1.4 1.750 2.8 4.2 0 1 1 1 0 14 
Full Scale 0.875 1.5 1.875 3.0 4.5 0 1 1 1 1 15 
Overflow 1.000 1.6 2.000 3.2 4.8 1 1 1 1 1 31 

Step Size 0.125 0.1 0.125 0.2 0.3 

NOTE: The voltages listed are the ideal centers of each output code shown as a function of its associated reference voltage. See Ideal Transfer Curve Figure 8. 
The output code should exist for an input equal to the ideal center voltage ± % of the step size. 

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

15 

14 

13 

12 

11 

10 
..... 
:z: 

9 :::> 
0 
u 
_J 8 
<( 
:::i; 
u 7 w 
Cl 

6 

5 

4 

3 

2 

v,, V5 Vs V7 Va Vg V10 v,, V12 V13 v,,, V15 V1s 

INPUT VOLTAGE 
0438-11 

Figure 8: Ideal Transfer Curve 

OPERATING AND HANDLING 
CONSIDERATIONS 
1. HANDLING 

All inputs and outputs of CMOS devices have a network 
for electrostatic protection during handling. Recommended 
handling practices for CMOS devices are described in 
ICAN-6525. "Guide to Better Handling and Operation of 
CMOS Integrated Circuits." 
2. OPERATING 

Operating Voltage 

During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause the 
power supply voltages to exceed the absolute maximum rat
ing. 

NOTE Alf typical values have been characterized but are not tested. 
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Input Signals 
To prevent damage to the input protection circuit, input 

signals should never be greater than Voo or V AA+ nor less 
than Vss or V AA - (depending upon which supply the pro· 
tection network is referenced. See Maximum Ratings). Input 
currents must not exceed 20 mA even when the power sup
ply is off. 

Unused Inputs 
A connection must be provided at every input terminal. All 

unused input terminals must be connected to either Voo or 
V ss. whichever is appropriate. 

Output Short Circuits 

Shorting of outputs to any supply potential may damage 
CMOS devices by exceeding the maximum device dissipa
tion. 

• 
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CA3306, CA3306A, 
CA3306C 

CMOS Video-Speed 6-Bit Flash 
Analog-to-Digital Converter 

3 

GENERAL DESCRIPTION FEATURES 
The Harris CA3306 family are CMOS parallel (FLASH) an

alog-to-digital converters designed for applications demand
ing both low-power consumption and high-speed digitiza
tion,_ Digitizing at 15 MHz, for example, requires only about 
50mW. 

• CMOS Low Power with Video Speed (-70 mW typ) 

• Parallel Conversion Technique 
• Signal Power Supply Voltage (3V to 7.5V) 
• 15-MHz Sampling Rate with Single 5V Supply 

The CA3306 family operates over a wide, full-scale signal 
input-voltage range of 1V up to· the DC-supply voltage. Pow
er consumption is as low as 15 mW,. depending upon the 
clock frequency selected. The CA3306 types may be direct
ly retrofitted into CA3300 sockets, offering improved lineari
ty at a lower reference voltage and higher operating speed 
with a 5V supply. 

The intrinsic high -conversion rate makes the CA3306 
types ideally suited for digitizing high-speed signals. The 
overflow bit makes possible the connection of two or more 
CA3306s in series to-increase the resolution of the conver
sion system. A series connection of two CA3306s may be 
used to produce a 7-bit high-speed converter. Operation of 
two CA3306s in parallel doubles the conversion speed (i.e., 

.increases the sampling rate from 15 MHz to 30 MHz). 

Sixty-four paralleled auto-balanced comparators measure 
the input voltage with respect to a known reference to pro
duce the parallel-bit outputs in the CA3306. Sixty-three 
comparators areJOequired to quantize all input voltage levels 
in this 6-bit converter,.and the additional comparator is re
quired for the overflow bit. 

• 6-Bit Latched 3-State Output with 
Overflow Bit 

• Pin-For-Pin Retrofit for the CA3300 

APPLICATIONS 
• TV Video Digitizing 
• High-Speed A/D Conversion 
• Ultrasound Signature Analysis 

• Transient Signal Analysis 
• High-Energy Physics Research 
• High-Speed Oscilloscope Storage/Display 

• General-Purpose Hybrid ADCs 
• Optical Character Recognition 

•_Radar Pulse Analysis 
• Motion Signature Analysis 

-. • Robot Vision 

20PinSOIC 
Top View 

18 Pin DIP 
Top View 

20PinLCC 
Top View 

Figure 1. Pin Configuration 

:.; w ii: . z 
0 ~ w ili > 

.. a: a: > > 

83 

[f'! 82 

(fa 81 CLSB} 

Yoo 

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 1N 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 haVB bsen characterized but are not tested. 5-12 
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ABSOLUTE MAXIMUM RATINGS 
DC Supply-Voltage Range, (Vool 

(:Voltage Referenced 
to Vss Terminal) ..................... -0.5V to + B.5V 

Input Voltage Range 
All Inputs except Zener .......... -0.5V to Voo + 0.5V 

DC Input Current 
CLK, PH, CE1, CE2, V1N ...................... ± 20 mA 

Power Dissipation per Package (Po): 
ForTA = -55"Cto +55"C ................... 315mW 
For TA = + 55"C to + 125"C ........... Derate Linearly 

at3.3 mW/"C 

Operating Temperature Range (T Al: 
Ceramic Package-D Suffix .......... - 55"C to + 125"C 
Plastic Package-E Suffix ............ -40"C to + 85"C 

•oo .,. 

I 

~ I I ' 
I I ' 
I I ' 

:~': I I 
I 

I 1 I 
I I I 

:~1: I I 
I I 

' I 

' 

CLOCK~ ID2 ISAMPLE UNKNOWN) 

PHASEO-- 81IAUTO BALANCE1 

6.2 V NOMINAL 

~fo"~:o fa •ss 

Storage Temperature Range (Tsrnl .... -65"C to + 150"C 

Lead Temperature (During Soldering): 
At Distance '/16 ± %2 in. (1.59 ± 0.79 mm) from 
Case for 10s Max ............................ + 265"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 operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri· 
ads may affect device reliability. 

Recommended Supply Voltage Range ........... 3V to BV 

0, 

COMP.--1----. 
64 

COMP 
32 

COMP 
I 

... 

86( MSBl 

•• 

•• 

BHLSB) 

CE2 
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Figure 2: Functional Diagram 

NOTE.• All typical values havs been characterized but are not tested. 
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CA3306,CA3306A,CA3306C 

3 ELECTRICAL CHARACTERISTICS @TA = 25° c, V00 = 5V, VREF+ = 4.BV, Vss = VREF- = GND, Clock 
= 15 MHz Square Wave for CA3306 or CA3306A, 10 MHz for CA3306C . 

Parameter Test Conditions 
Limits 

Units .. 
Min Typ Max· 

Resolution 6 Bits 

Integral Linearity Error 3306,3306C ±0.25 ±0.5 
3306A ±0.2 ±0.25 

Differential Linearity Error 3306,3306C ±0.25 ±0.5 
3306A ±0.2 ±0.25 .. 

Quantizing Error Inherent ±0.5 LSB 

Offset Error 3306,3306C (Note 1) ±0.5 ±1 
3306A ±0.25 ±0.5 

Gain Error 3306, 3306C (Note2) ±0.5 ±1 
3306A ±0.25 ±0.5 

Positive Full Scale Input Range (Note 3, 4) 1 4.B Voo + 0.5 v 
Negative Full Scale Input Range (Note3,4) -0.5 0 Voo -1 

Input Capacitance 15 pF 

Input Current V1N = 4.92V, Voo = 5V ±500 µ.A 

Resistor Ladder Impedance 650 1100 1550 n. 
Maximum Conversion Speed 3306C 10 13 

3306,3306A 15 20 
MSPS 

Maximum Conversion Speed 3306C (Note 4) 12 
3306,3306A <j>1, <j>2 :<:Minimum 18 

Auto Balance Time (</> 1) 3306C 50 co 

3306,3306A 33 co 

Sample Time (</>2) 3306C (Note 4) 33 5000 ns 
3306,3306A 22 5000 

Aperture Delay B 

Aperture Jitter 100 PSp.p 

Allowable Input Bandwidth (Note 4) DC fcLOCK/2 MHz 
-3 dB Input Bandwidth 30 

Output Data Valid Delay.(Tb). 3306C 35 50 
3306,3306A 30 40 

Output Data Hold Time (TH). (Note4) 15 25 ns 

Output Enable Time (TEN) 20 

Output Disable Time (TD1s) 15 

loo Current, Refer to Figure 3 3306C Continuous Conversion 11 20 
3306,3306A (Note4) 14 25 mA 

loo Current Continuous <I> 1 7.5 15 

Maximum V1N, Logic 0 All Digital Inputs (Note 4) 0.3xV00 v 
Minimum V1N, Logic 1 All Digital Inputs (Note 4) 0.7xV00 

NOTE: All typical values have been characterized but are not tested 
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ELECTRICAL CHARACTERISTICS @TA= 25' C, Voo = 5V, VREF+ = 4.8V, Vss = VREF- = GND, Clock 

= 15 MHz Square Wave for CA3306 or CA3306A, 1 o MHz for CA3306C (Continued) 

Parameter Test Conditions 
Limits 

Units 
Min Typ Max 

Digital Input Current Except CLK, V1N = OV, 5V ±1 ±5 

Digital Input Current CLK Only ±100 ±200 µA 

Digital Output 3-State Leakage Vour = OV, 5V ±1 ±5 

Digital Output Source Current VouT = 4.6V -1.6 
mA 

Digital Output Sink Current VouT = 0.4V 3.2 

Zener Voltage lz = 10mA 5.4 6.2 7.4 v 
Zener Dynamic Impedance lz = 10mA,20mA 12 25 n 
Gain Temperature Coefficient +0.1 

Offset Temperature Coefficient -0.1 mV/'C 

Zener Temperature Coefficient -0.5 

NOTES 1: OFFSET ERROR is the difference between the input voltage that causes the 00 to 01 output code transition and (VREF+ - VREF-)/128. 

2: GAIN ERROR is the difference the input voltage that causes the 3F15 to overflow output code transition and (VREF+ - VREF-) X 127/128. 

3: The total input voltage range, set by VREF+ and VREF-, may be in the range of 1 to (Yoo+ 1) V. 

4: Parameter not tested, but guaranteed by design or characterization. 

ORDERING INFORMATION 

Part Linearity Sampling Temperature 
Package Number (INL, DNL) Rate Range 

CA3306E ±0.5 LSB 15 MHz (67 ns) -4ooc to +s5oc 18-Pin Plastic DIP 
CA3306AE ±0.25 LSB 15 MHz (67 ns) -4ooc to +s5oc 18-Pin Plastic DIP 
CA3306CE ±0.5 LSB 10MHz(100ns) -4ooc to +a5oc 18-Pin Plastic DIP 

CA3306M ±0.5 LSB 15 MHz (67 ns) -4ooc to +s5oc 20-Pin Plastic SOIC 
CA3306CM ±0.5 LSB 10MHz(100ns) -4ooc to +s5oc 20-Pin Plastic SOIC 

CA3306D ±0.5 LSB 15 MHz (67 ns) -55oC to +125oC 18-Pin Ceramic DIP 
CA3306AD ±0.25 LSB 15MHz(67ns) -55oc to +1250C 18-Pin Ceramic DIP 
CA3306CD ±0.5 LSB 10 MHz (100 ns) -550C to +1250C 18-Pin Ceramic DIP 
CA3306J3 ±0.5 LSB 15 MHz(67 ns) -55oc to +1250C 20-Pin LCC 
CA3306CJ3 ±0.5 LSB 10MHz(100ns) -550C to +1250C 20-Pin LCC 

NOTE: All typical values have been charactenzed but are not tested. 
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DECODED DATA IS SHIFTED TO OUTPUT REGISTERS 
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Figure 4: Input-to-Output Timing Diagram 
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Figure 5: Output Enable Timing Diagram 
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NOTE: AH typical values have been charactstized but are not tnltld. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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Typical Maximum Ambient Temperature 
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NOTE All typical values have been characrerized but are not tested. 
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With q:.2 as Standby State (Fastest Method but 
Standby < 5 µs) 

0193-14 

With q,1 as Standby State (Indefinite Standby, Double Pulse Needed) 
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With q,2 as Standby State (Indefinite Standby, Lower Power Than 6(b) 

Figure 6: Pulse-Mode Timing Diagrams 

NOTE: Phase Control is low for all diagrams. 
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Table 1: Pin Description Table 2: Chip Enable Truth Table 

Name Description 

B6 Bit 6, Output (MSB) 

OF Overflow, Output 

Vss Digital Ground 

Vz Zener Reference Output 

CE2 Three-state Output Enable Input, 
Active Low. See Table 2. 

CE1 Three-state Output Enable Input, 
Active High. See Table 2. 

CLK Clock Input 

PHASE Sample clock phase control input. 
When PHASE is low, "Sample 
Unknown" occurs when the clock 
is low and "Auto Balance" occurs 
when the clock is high (see text). 

VREF+ Reference Voltage Positive Input 

VREF- Reference Voltage Negative Input 

VtN Analog Signal Input 

Voo Power Supply, + 5V 

B1 Bit 1, Output (LSB) 

B2 Bit 2, Output 

B3 Bit 3, Output 

REF (ctr) Reference Ladder Midpoint 

B4 Bit 4, Output 

B5 Bit 5, Output 

CE1 CE2 81-86 OF 

0 1 Valid Valid 

1 1 Three-state Valid 

x 0 Three-state Three-state 

X = don't care 

DEVICE OPERATION 
A sequential parallel technique is used by the CA3306 

converter to obtain its high-speed operation. The sequence 
consists of the "Auto Balance" phase <j>1 and the "Sample 
Unknown" phase <j>2. (Refer to the circuit diagram.) Each 
conversion takes one clock cycle.* With the phase control 
low, the "Auto Balance" (<j>1) occurs during the High period 
of the clock cycle, and the "Sample Unknown" (<j>2) occurs 
during the low period of the clock cycle. 

During the "Auto Balance" phase, a transmission-gate 
switch is used to connect each of 64 commutating capaci
tors to their associated ladder reference tap. Those tap volt
ages will be as follows: 

VTAP (N) = [(VREF/64) X NJ - [VREF/(2 X 64)] 

= VREfl(2N - 1)/128] 

Where: VrAP (N) = reference ladder tap voltage 
at point N 

VREF = voltage across VREF- to VREF+ 
N = tap number (1 through 64) 

*This device requires only a single-phase clock. The terminology of <P 1 and 
<f>2 refers to the High and Low periods of the same clock. 

NOTE: All typical values have been characterized but are not tested 
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DEVICE OPERATION (Continued) 

The other side of the capacitor is connected to a single
stage inverting amplifier whose output is shorted to its input 
by a switch. This biases the amplifier at its intrinsic trip point, 
which is approximately, (Voo - Vss)/2. The capacitors 
now charge to their associated tap voltages, priming the 
circuit for the next phase. 

In the "Sample Unknown" phase, all ladder tap switches 
are opened, the comparator amplifiers are no longer short
ed, and V1N is switched to all 64 capacitors. Since the other 
end of the capacitor is now looking into an effectively open 
circuit, any voltage that differs from the previous tap voltage 
will appear as a voltage shift at the comparator amplifiers. 
All comparators whose tap voltages were lower than V1N 
will drive the comparator outputs to a "low" state. All com
parators whose tap voltages were higher than V1N will drive 
the comparator outputs to a "high" state. A second, capaci
tor-coupled, auto-zeroed amplifier further amplifies the out
puts. 

The status of all these comparator amplifiers are stored 
at the end of this phase (<(>2), by a secondary latching ampli
fier stage. Once latched, the status of the 64 comparators is 
decoded by a 64-to-7-bit decode array and the results are 
clocked into a storage register at the rising edge of the next 
<(>2. 

A 3-state buffer is used at the output of the 7 storage 
registers which are controlled by two chip-enable signals. 
CE1 will independently disable B1 through B6 when it is in a 
high state. CE2 will independently disable B1 through B6 
and the OF buffers when it is in the low state (Table 2). 

To facilitate usage of this device a phase-control input is 
provided which can effectively complement the clock as it 
enters the chip. Also, an on-board zener is provided for use 
as a reference voltage. 

Continuous Clock Operation 
One complete conversion cycle can be traced through 

the CA3306 via the following steps. (Refer to timing dia
gram, Figure 4.) With the phase control in a "High" state, 
the rising edge of the clock input will start a "sample" 
phase. During this entire "High" state of the clock, the 64 
comparators will track the input voltage and the 64 latches 
willtrack the comparator outputs. At the falling edge of the 
clock, after the specified aperture delay, all 64 comparator 
outputs are captured by the 64 latches. This ends the "sam
ple" phase and starts the "auto balance" phase for the 
comparators. During this "Low" state of the clock the out
put of the latches propagates through the decode array and 

NOTE All typical values have been characterized but are not tested. 
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a 7-bit code appears at the D inputs of the output registers. 
On the next rising edge of the clock, this 7-bit code is shift
ed into the output registers and appears with time delay to 
as valid data at the output of the 3-state drivers. This also 
marks the start of a new "sample" phase, thereby repeating 
the conversion process for this next cycle. 

Pulse Mode Operation 
For sampling high-speed nonrecurrent or transient data, 

the converter may be operated in a pulse mode in one of 
three ways. The fastest method is to keep the converter in 
the Sample Unknown phase, <(>2, during the standby state. 
The device can now be pulsed through the Auto Balance 
phase with a single pulse. The analog value is captured on 
the leading edge of cf> 1 and is transferred into the output 
registers on the trailing edge of cf> 1. We are now back in the 
standby state, <(>2, and another conversion can be started, 
but not later than 5µs due to the eventual droop of the 
commutating capacitors. Another advantage of this method 
is that it has the potential of having the lowest power drain. 
The larger the time ratio between <f>2 and cf> 1, the lower the 
power consumption. (See timing diagram, Figure 6.) 

The second method uses the Auto Balance phase, cf> 1, as 
the standby state. In this state the converter can stay indefi
nitely waiting to start a conversion. A conversion is per
formed by strobing the clock input with two <(>2 pulses. The 
first pulse starts a Sample Unknown phase and captures 
the analog value in the comparator latches on the trailing 
edge. A second <(>2 pulse is needed to transfer the data into 
the output registers. This occurs on the leading edge of the 
second pulse. The conversion now takes slightly longer, but 
the repetition rate may be as slow as desired. The disadvan
tage to this method is the higher device dissipation due to 
the low ratio of <f>2 to·<f>1. (See timing diagram, Figure 6b.) 

For applications requiring both indefinite standby and low
est power, standby can be in the <f>2 (Sample Unknown) 
state with two <(>1 pulses to generate valid data (see Figure 
6c). Valid data now appears two full clock cycles after start
ing the conversion process. 

Analog Input Considerations 
The CA3306 input terminal is characterized by a small 

capacitance (see Specifications) and a small voltage-de
pendent current (See Typical Performance Characteristics). 
The signal-source impedance should be kept low, however, 
when operating the CA3306 at high clock rates. 

• 
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(1 DEVICE OPERATION (Continued) 

The CA3306 outputs a short (less than 1 O ns) current 
spike of up to several mA amplitude (See Typical Perform
ance Characteristics) at the beginning of the sample phase. 
(To a lesser extent, a spike also appears at the beginning of 
auto balance.) The driving source must recover from the 
spike by the end of the same phase, or a loss of accuracy 
will result. 

A locally terminated 50!1 or 75!1 source is generally suffi
cient to drive the CA3306. If gain is required, a high-speed, 
fast-settling op amp, such as the HA-5033, HA-2542, or 
CA3450 is recommended. 

Digital Input And Output Interfacing 
The two chip-enable and the phase-control inputs are 

standard CMOS units. They should be driven from less than 
0.3 x Voo to at least 0.7 x Voo- This can be done from 
74HC series CMOS (QMOS), TTL with pull-up resistors, or, 
if Voo is greater than the logic supply, open collector or 
open drain drivers plus pull-ups. (See Figure 11.) 

The clock input is more critical to timing variations, such 
as 4> 1 becoming too short, for instance. Pull-up resistors 
should generally be avoided in favor of active drivers. The 
clock input may be capacitively coupled, as it has an inter
nal 50kn feedback resistor on the first buffer stage, and will 
seek its own trip point. A clock source of at least 1 V p-p is 
adequate, but extremely non-symmetrical waveforms 
should be avoided. 

The output drivers have full rail-to-rail capability. If driving 
CMOS systems with V00 below the V00 of the CA3306, a 
CD74HC4050 or CD74HC4049 should be used to step 
down the voltage. If driving LSTTL systems, no step-down 
should be necessary, as most LSTTLs will take input swings 
up to 10V to 15V. 

Although the output drivers are capable of handling typi
cal data bus loading, the capacitor charging currents will 
produce local ground disturbances. For this reason, an ex
ternal bus driver is recommended. 

Increased Accuracy 
In most cases the accuracy of the CA3306 should be suf

ficient without any adjustments. In applications where accu
racy is of utmost importance, three adjustments can be 
made to obtain better accuracy; i.e., offset trim, gain trim, 
and midpoint trim. 

Offset Trim 
In general offset correction can be done in the preamp 

circuitry by introducing a DC shift to V1N or by the offset 

NOTE' All typical values have been characterized but are not tested 
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trim of the op amp. When this is not possible the VREF
input can be adjusted to produce an offset trim. The theo
retical input voltage to produce the first transition is % LSB. 
The equation is as follows: 

V1N (0 to 1 transition) = % LSB = %(VREF/64) 

= VREF/128 

If V1N for the first transition is less than the theoretical, 
then a single-turn 50!1 pot connected between VREF- and"· 
ground will accomplish the adjustment. Set V1N to % LSB 
and trim the pot until the O to 1 transition occurs. 

If V1N for the first transition is greater than the theoretical, 
then the 50!1 pot should be connected between VREF- and 
a negative voltage of about 2 LSB's. The trim procedure is 
as stated previously. 

Gain Trim 
In general the gain trim can also be done in the preamp 

circuitry .by introducing a gain adjustment for the op amp. 
When this is not possible, then a gain adjustment circuit 
should be made to adjust the reference voltage. To perform· 
this trim, V1N should be set to the 63 to overflow transition. 
That voltage is % LSB less than VREF+ and is calculated 
as follows: 

V1N (63 to 64 transition) = VREF - VREF/128 

= VREF (127 /128) 

To perform the gain trim; first do the offset trim and then 
apply the required V1N for the 63 to overflow transition. Now 
adjust VREF+ until that transition occurs on the outputs. 

Midpoint Trim 
The reference center (RC) is available to the user as the 

midpoint of the resistor ladder. To trim the midpoint, the 
offset and gain trims should be done first. The theoretical 
transition from count 31 to 32 occurs at 31 % LSB's. That 
voltage is as follows: 

V1N (31 to 32 transition) = 31.5 (VREF/64) 

= VREF (63/128) 

An adjustable voltage follower can be connected to the 
RC pin or a 2k pot can be connected between VREF+ and 
VREF- with the wiper connected to RC. Set V1N to the 31 to 
32 transition voltage, then adjust the voltage follower or the 
pot until the transition occurs on the output bits. 
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DEVICE OPERATION (Continued) 

The Reference Center point can also be used to create 
unique transfer functions. The user must remember, howev
er, that there is approximately 120!1 in series with the RC 
pin. 

APPLICATIONS 

7-Bit Resolution 
To obtain 7-bit resolution, two CA3306s can be wired to

gether. Necessary ingredients include an open-ended lad
der network, an overflow indicator, three-state outputs, and 
chip-enabler controls-all of which are available on the 
CA3306. 

The first step for connecting a 7-bit circuit is to totem,pole 
the ladder networks, as illustrated in Figure 8. Since the 
absolute-resistance value of each ladder may vary, external 
trim of the mid-reference voltage may be required. 

The overflow output of the lower device now becomes 
the seventh bit. When it goes high, all counts must come 
from the upper device. When it goes low, all counts must 
come from the lower device. This is done simply by con
necting the lower overflow signal to the CE1 control of the 
lower AID converter and the CE2 control of the upper AID 
converter. The three-state outputs of the two devices (bits 1 
through 6) are now connected in parallel to complete the 
circuitry. 

Doubled Sampling Speed 
The phase control and both positive and negative true 

chip enables allow the parallel connection of two CA3306s 
to double the sampling speed. Figure 9 shows this configu
ration. One converter samples on the positive phase of the 
clock, and the second on the negative. The outputs are also 
alternately enabled. Care should be taken to provide a near 
square-wave clock if operating at close to the maximum 
clock speed for the devices. 

NOTE· All typical values havo beon characterized but are not tested. 
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8-Bit to 12-Bit Conversion Techniques 
To obtain 8-to-12-bit resolution and accuracy, use a feed

forward conversion technique. Two AID converters will be 
needed to convert up to 11 bits; three AID converters to 
convert 12 bits. The high speed of the CA3306 allows 12-bit 
conversions in the 500-to-900 ns range. 

The circuit diagram of a high-speed 12-bit AID converter 
is shown in Figure 10. In the feed-forward conversion meth
od two sequential conversions are made. Converter A first 
does a coarse conversion to 6 bits. The output is applied to 
a 6-bit DI A converter whose accuracy level is good to 12 
bits. The DI A converter output is then subtracted from the 
input voltage, multiplied by 32, and then converted by a sec
ond flash AID converter, which is connected in a 7-bit con
figuration. The answers from the first and second··conver
sions are added together with bit 1 of the first conversion 
overlapping bit 7 of the second conversion. 

When using this method, take care that: 

• The linearity of the first converter is better than 'j, LSB. 

•An offset bias of 1 LSB ('/64) is subtracted from the first 
conversion since the second converter is unipolar. 

•The DI A converter and its reference are accurate to the 
total number of bits desired for the final conversion (the 
AID converter need only be accurate to 6 bits). 

The first converter can be offset-biased by adding a 20!1 
resistor at the bottom of the ladder and increasing the refer
ence voltage by 1 LSB. If a 6.4V reference is used in the 
system, for example, then the first CA3306 will require a 
6.5V reference. 
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Figure 7: Typical CA3306 6-Bit Configuration, SV Supply 
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Figure 8: Typical CA3306 7-Bit Resolution Configuration 

NOTE: All typical values have been ChS/'acterized but are not tested. 
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vz 

CE2 83 
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"bD 

V1N 

VREF+ VREF" 

0.1,.F 

~ 

v+ 

01,.F 
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B4 
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B3 

B2 

ILS l 
Bl 

VDD MUST BE ~ vz FOR CIRCUIT 
TO WORK WITH Vz CONNECTED 
TO VREF+ 

SIGNAL 
INPUT 

0193-18 
Figure 9: Typical CA3306 6-Bit Resolution Configuration with Double Sampling Rate Capability 

NOT£: Alf typical values have been characterized but are not tested 
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S/H, VIN 

CA3306 
INPUTS: 

TYPICAL FOR 

PHASE 
CEI 
CE2 

CA3306 
OUTPUTS= 

TYPICAL FOR 

Bl 
B2 
B3 
B4 
B5 
B6 
OF 

CA3306,CA3306A,CA3306C 

CONTROL 
LOGIC 

BINARY 
ADDER 

Figure 10: Typical CA3306, BOO ns, 12-Bit ADC System 

CA3306 Voo 
CA3306 INPUT 
TYPICAL FOR 

CLK CA3306 

5V 5DKn 

12 BIT 
OUTPUT 
DATA 

f t--l~F :: __ 

CA3306 

~!-~O -----15V 

74LS04 

CD74HC 4049CINV. l ,OR 
CD 74HC 4050(NON-INV-l ,OR 
ANY LOW POWER SCHOTTKY 
TTL WITH HIGH INPUT 
VOLTAGE RATlNG.(MANYLSDEVICES 
ARE RATED TO ACCEPT VOLTAGES 
UP TO 15 VOLTS) 

Figure 11: 5V Logic Interface Circuit for v00 > 5.5V 

0193-19 

0193-20 

NOTE: All typical values have been characterized but are not tested. 
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CA3306,CA3306A,CA3306C co 
0 
I? 
I? 
iC u Table 3: Output Code Table 

Input Voltage' Binary 

Code Description VREF VREF VREF VREF Output Code 
Decimal Count 

6.40 5.12 4.80 3.20 (LSB) 
(V) (V) (V) (V) OF 86 85 84 83 82 81 

Zero 0.00 0.00 0.00 0.00 0 0 0 0 0 0 0 0 
1 LSB 0.10 0.08 0.075 0.05 0 0 0 0 0 0 1 1 
2LSB 0.20 0.16 0.15 0.10 0 0 0 0 0 1 0 2 

" " " " 
" " " " 
" " " " 
" " " " 

% Full Scale - 1 LSB 3.10 2.48 2.325 1.55 0 0 1 1 1 1 1 31 
% Full Scale 3.20 2.56 2.40 1.60 0 1 0 0 0 0 0 32 

% Full Scale + 1 LSB 3.30 2.64 2.475 1.65 0 1 0 0 0 0 1 33 

" " " " 
" " " " 
" " " " 
" " " " 

Full Scale - 1 LSB 6.20 4.96 4.65 3.10 0 1 1 1 1 1 0 62 
Full Scale 6.30 5.04 4.725 3.15 0 1 1 1 1 1 1 63 
Overflow 6.40 5.12 4.80 3.20 1 1 1 1 1 1 1 127 

'''The voltages listed above are the ideal centers of each output code shown as a function of its associated reference voltage. 

OPERATING AND HANDLING 
CONSIDERATIONS 
1. Handling 

All inputs and outputs of Harris CMOS devices have a 
network for electrostatic protection during handling. Recom
mended handling practices for CMOS devices are de
scribed in ICAN-6525. "Guide to Better Handling and Oper
ation of CMOS Integrated Circuits." 

2. Operating 
Operating Voltage 

During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause Voo 
- Vss to exceed the absolute maximum rating. 

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

5-25 

Input Signals 
To prevent damage to the input protection circuit, input 

signals should never be greater than Voo nor less than Vss· l!m 
Input currents must not exceed 20 mA even when the pow- l:m 
er supply is off. The zener (pin 4) is the only terminal al-
lowed to exceed Voo· 
Unused Inputs 

A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Voo or 
V ss. whichever is appropriate. 

Output Short Circuits 
Shorting of outputs to Voo or Vss may damage CMOS 

devices by exceeding the maximum device dissipation. 



HARRIS 
SEMICONDUCTOR 

CA3318C 
,P Speed 8-Bit Flash 

alog-to .. Digital Converter 
\1.bt"'5.e 

c\O (, 
GENERAL DESCRIPTION "'"\'i«' FEATURES 

The Harris CA3318C is a CMOS parall qij),.aftaiog- • CMOS Low Power with SOS Speed (150 mW Typ.) 
to-digital converter designed for applicatjwl~ 'demanding 
both low-power consumption and high-speed digitization. 

The CA3318 operates over a wide full-scale input-voltage 
range of 4V up to 7.5V with maximum power consumptions 
depending upon the clock frequency selected. When oper
ated from a 5V supply at a clock frequency of 15 MHz, the 
typical power consumption of the CA3318 is 150 mW. 

The intrinsic high conversion rate makes the CA3318 
ideally suited for digitizing high-speed signals. The overflow 
bit makes possible the connection of two or more CA3318's 
in series to increase the resolution of the conversion sys
tem. A series connection of two CA3318's may be used to 
produce a 9-bit high-speed converter. Operation of two 
CA3318's in parallel doubles the conversion speed (i.e., in
creases the sampling rate from 15 to 30 MHz). 

256 paralleled auto-balanced voltage comparators mea
sure the input voltage with respect to a known reference to 
produce the parallel-bit outputs in the CA<3318. 

255 comparators are required to quantize all input voltage 
levels in this 8-bit converter, and the additional comparator 
is required for the overflow bit. 

ORDERING INFORMATION 

Part Linearity Sam piing 
Number (INL) Rate 

CA3318CE ±1.25 LSB 15MHz (67ns) 

CA3318CM ±1.5 LSB 15MHz (67ns) 

CA3318CD ±1.5 LSB 15MHz (67ns) 

NOTE: Consult sales office for availability of SOIC package. 

• Parallel Conversion Technique 
• 15-MHz Sampling Rate (67 ns Conversion Time) 
• 8-Blt Latched 3-State Output with Overflow Bit 
• ± 1 LSB Accuracy (Typ.) 
•Single Supply Voltage (4 to 7.5V) 
• 2 Units In Series Allow 9·Bit Output 
• 2 Units in Parallel Allow 30 MHz Sampling Rate 

APPLICATIONS 
• TV Video Digitizing (Industrial/Security/Broadcast) 
• High-Speed A/D Conversion 
• Ultrasound Signature Analysis 
• Transient Signal Analysis 
• High-Energy Physics Research 
• High-Speed Oscilloscope Storage/Display 
• General-Purpose Hybrid ADCs 
• Optical Character Recognition 
• Radar Pulse Analysis 
• Motion Signature Analysis 
• µ.P Data Acquisition Systems 

Temperature 
Range Package 

-4ooc to +a5oc 24 Pin Plastic DIP 

-4ooc to +a5oc 24 Pin Plastic SOIC 

-4ooc to +a5oc 24 Pin Ceramic DIP 

24 LEAD DIP 24 LEAD SOIC 
TOP VIEW 

(MSB) BB 8 

OVERFLOW 9 

1/4 R 

(DIG. GND.) Vss 

(DIG. SUP.) Voo 

4 VAA+ (ANA. SUP.) 

3 ~R 

PHASE 

CLK 

VAA - (ANA. GND.) 

V1N 

VREF. 

CE1 

CE2 

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. 1908-002 
NOTE· Alf typical values have been characterized but are not tested. 5-26 



ABSOLUTE MAXIMUM RATINGS 
DC Supply Voltage Range <Voo or V AA+) 

(Referenced to Vss or V AA - Terminal, Which-
ever is More Negative) ................. -0.5V to +av 

Input Voltage Range 
CE2 and CE1 ............. v AA - - 0.5V to Voo + 0.5V 
Clock, Phase, VREF-, 

% Ref ............... V AA - - 0.5V to V AA+ + 0.5V 
% Ref ..................... Vss - 0.5V to Voo + 0.5V 
VIN•% REF, VREF+ ..... V AA - - 0.5V to V AA - + 7.5V 

Output Voltage Range 
Bits 1 ,-,8, Overflow 
(Outputs Off) ............... Vss - 0.5V to Voo + 0.5V 

DC Input Current .............................. ± 20 mA 
Clock, Phase, CE1, CE2, VIN• Bits 1-8, Overflow 

~ : I 

~·· 
= 30n~R: 

1/2 REF~t-+'·-t-0()-' 

1111'50K 

CLOCK~ , 1~<;11AUTOBALANCEI 
PHASE ~L__../ le().-.. t/J2(SAMPLE UNKNOWN) 

vAA-§-+ ~=~~~~ •cASCADED AUTO BALANCE (CAB) 

CA3318C () 
c:o ... 
Cl) 

Power Dissipation per Package (Po) "' 
For TA= -40°c to +55°C ................... 315 mW ~ 
For TA = 55'C to 85'C ................ Derate Linearly 

at3.3 mWl°C 

Temperature Range 
Operating .......................... -40°c to + a5•c 
Storage ........................... -65°C to + 15o•c 

Lead Temperature (During Soldering) 
At Distance Y, 6 in. ± %2 in. (1.59 mm 
± o. 79 mm) from Case for 1 Os Max ............ + 265°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 operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri
ods may affect device reliability. 

Recommended Operating Voltage Range 
(Voo or VAA +) .................... 4V Min to 7.5V Max 

Recommended V AA+ Operating 
Range .................................... Voo ±1V 

Recommended V AA - Operating 
Range .................................... Vss ± 1V 

0194-2 

II 

Figure 2: Function Diagram 

NOTE: AIJ typical values have been characterized but are not tested. 
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"' "' ELECTRICAL CHARACTERISTICS 3 

Test Conditions at 25°C 
VAA+ -= Voo = 5V, VREF+ = 6.4V, 

Parameter VREF- = v AA- = Vss. CLK = 15 MHz, 
All Ref. Points Adjusted 

(Unless Otherwise Noted) 

Resolution 

Integral Linearity Error 

Differential Linearity Error 

Quantizing Error 

Maximum Input Bandwidth (Note 1) CA3318C 

Offset Error, Unadjusted V1N = VREF- + '/. LSB 

Gain Error Unadjusted V1N = VREF+ - '/. LSB 

V1N and !VREF+) - (VREF-) 
Full Scale Range (Notes2, 4) 

V1N Input Capacitance 

V1N Input Curfen! (See Text) V1N =. 5:0V, VREF+ = 5.0V 

Ladder Impedance 

Max. Conversion Speed CLK = Square Wave 

Auto Balance Time (<f> 1) 

Sample Time (<f>2) (Note4) 

Aperture Delay 

Aperture Jitter 

Differential Gain Error Unadjusted 

Differential Phase Error Unadjusted 

Data Valid Time (T ol (Note4) 

Data Hold Time (T Hl (Note4) 

Output Enable Time (TEN) 

Output Disable Time (T 01sl 

Device Current (loo + IAAl Continuous Conversion.(Note 4) 
(Excludes IREF) Auto Balance (<f>1) 

Digital Inputs: 

Low Level Input Voltage Vol: (Note4) 
CE1, CE2 

CLK, Phase (Note4) 

High Level Input Voltage V1N: (Note4) 
CE1, CE2 

CLK, Phase (Note4) 

Input Leakage Current, 11: (Note3) 
Except CLK Input 

· Input Capacitance, C1 

NOTE: All typ;cal values have been characterized but are not tested. 
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Min 

8 

'2.5 

-0.5 

-1.5 

4 

270 

15 

33 

25 

25 

0.7V00 

0.7VM 

CA3318C 

Limits 

Units 
Typ Max 

Bits 

±1.5 , LSB 

+1, -0.8 LSB 

±0.5 LSB 

MHz 

4.5 6.4 LSB 

0 1.5 LSB 

7 v 

30 pF 

3.5 mA 

500 800 n 
17 MSPS 

00 ns 

500 ns 

15 ns 

100 pS 

2 % 

1 % 

50 65 ns 

40 ns 

18 ns 

18 ns 

30 60 
mA 

30 60 

0.2Voo v 
0.2VAA v 

v 
v 

±0.2 ±5 µA 

3 pF 



CA3318C 

ELECTRICAL CHARACTERISTICS (Continued) 

Test Conditions at 25°C 
Limits 

VAA + = Voo = sv, VREF+ = 6.4V, 

Parameter VREF- = VAA- = V55,CLK = 15MHz, Units 
All Ref. Points Adjusted Min Typ Max 

(Unless Otherwise Noted) 

Digital Outputs: 

Output Low (Sink) Current Vo= 0.4V 4 10 
mA 

Output High (Source) Current Vo= 4.5V -4 -6 

3-State Output Off-State 
±0.2 ±5 µ,A 

Leakage Current, loz 

OutputCapacitance, Co 4 pF 

NOTE 1: A full scale sine wave input of greater than Fciock/2 or the specified input bandwidth (whichever is less) may cause an erroneous output code. The -3 dB 

Pin 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

bandwidth for frequency response purposes is greater than 30 MHz. 

2: VrN (Full Scale) or VREF + should not exceed V AA+ + 1.5V for accuracy. 

3: The clock input is a CMOS inverter with a 50 kH feedback resistor and may be-AC coupled with 1 V p-p min. source. 

4: Parameter not tested, but guaranteed by design or characterization. 

Table 1: Pin Description 

Name Description · 

B1 Bit 1 (LSB) 

B2 Bit2 

B3 Bit3 
Output 

B4 Bit4 Data 

BS Bit5 Bits 
(High = True) 

B6 Bit6 

B7 Bit? 

B8 Bit8 (MSB) 

OF Overflow 

Y.R Reference Ladder y. Point 

Vss Digital Ground 

Voo Digital Power Supply, + 5V 

CE2 Three-State Output Enable Input, 
Active Low. See Table 2. 

CE1 Three-State Output Enable Input, 
Active High. See Table 2. 

VREF- Reference Voltage Negative Input 

V1N Analog Signal Input 

VAA- Analog Ground 

CLK Clock Input 

PHASE Sample clock phase control input. 
When PHASE is low, "Sample 
Unknown" occurs when the clock is 
low and "Auto Balance" occurs when 
the clock is high (see text). 

Table 1: Pin Description (Continued) 

Pin Name Description 

20 'j,R Reference Ladder Midpoint 

21 V1N Analog Signal Input 

22 VREF+ Reference Voltage Positive Input 

23 %R Reference Ladder % Point 

24 VAA+ Analog Power Supply, + 5V 

Table 2: Chip Enable Truth Table 

CE1 CE2 81-88 OF 

0 1 Valid Valid 

1 1 Three-State Valid 

x 0 Three-State Three-State 

X = Don't Care 

DEVICE ·OPERATION 
A sequential parallel technique is used by the CA3318 

converter to obtain its high-speed operation. The sequence 
consists of the "Auto-Balance" phase,. </>1, and ihe "Sam
ple Unknown" phase, </>2. (Refer to the ·circuit diagram.) 
Each conversion takes one clock cycle*. With the phase 
control (pin 19) high, the "Auto-Balance'' (</>1) occurs during 
the high period of the clock cycle, and the "Sample Un
known" (</>2) occurs during the low period of the clock cy, 
cle. 

•This device requires only a single·phase clock. The terminology of <f> 1 and'" 
<f>2 refers to the high and low periods of the same clock. 

NOTE: AIJ typical values have been characterized bul are not tested. 
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C'> During the "Auto-Balance" phase, a transmission switch 
(I is used to connect each of the first set of 256 commutating 

capacitors to their associated ladder reference tap. Those 
tap voltages will be as follows: 

Vtap (N) = [(N/256) VREFI -(1/512) VREFI 
= [(2N-1)/512] VREF 

Where: 

Vtap (n) = reference ladder tap voltage at 
point n. 

VREF = voltage across VREF- to VREF+ 
N = tap number (1 through 256) 

The other side of these capacitors are connected to sin
gle-stage amplifiers whose outputs are shorted to their in
puts by switches. This balances the amplifiers at their intrin
sic trip points, which is approximately (V AA+ - V AA - )/2. 
The first set of capacitors now charges to their associated 
tap voltages. 

At the same time a second set of commutating capacitors 
and amplifiers is also auto-balanced. The balancing of the 
second-stage amplifier at its intrinsic trip point removes any 
tracking differences between the first and second amplifier 
stages. The cascaded auto-balance (CAB) technique, used 
here, increases comparator sensitivity and temperature 
tracking. 

In the "Sample Unknown" phase, all ladder tap switches 
and comparator shorting switches are opened. At the same 
time V1N is switched to the first set of commutating capaci
tors. Since the other end of the capacitors are now looking 
into an effectively open circuit, any input voltage that differs 
from the previous tap voltage will appear as a voltage shift 
at the comparator amplifiers. All comparators that had tap 
voltages greater than V1N will go to a "high" state at their 
outputs. All comparators that had tap voltages lower than 
V1N will go to a "low" state. 

The status of all these comparator amplifiers is ac cou
pled through the second-stage comparator and stored at 
the end of this phase (<f>2) by a latching amplifier stage. The 
latch feeds a second latching stage, triggered at the end of 
<f>1. This delay allows comparators extra settling time. The 
status of the comparators is decoded by a 256 to 9-bit de
coder array, and the results are clocked into a storage reg
ister at the end of the next <f>2. 

A 3-stage buffer is used at the output of the 9 storage 
registers which are controlled by two chip-enable signals. 
CE1 will independently disable B1 through BB when it is in a 
high state. CE2 will independently disable B1 through BB 
and the OF buffers when it is in the low state. 

NOTE: All typical values have been characterized but are not tested. 
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To facilitate usage of this device, a phase control input is 
provided which can effectively complement the clock as it 
enters the chip. 

Continuous-Clock Operation 
One complete conversion cycle can be traced through 

the CA3318 via the following steps. (Refer to timing dia
gram.) With the phase control in a "low" state, the rising 
edge of the clock input will start a "sample".phase. During 
this entire "high" state of the clock, the comparators will 
track the input voltage and the first-stage latches will track 
the comparator outputs. At the falling edge of the clock, all 
256 comparator outputs are captured by the 256 latches. 
This ends the "sample" phase and starts the "auto-bal
ance" phase for the comparators. During this "low" state of 
the clock, the output of the latches settles and is captured 
by a second row of latches when the clock returns high. The 
second-stage latch output propagates through the decode 
array, and a 9-bit code appears at the D inputs of the output 
registers. On the next falling edge of the clock, this 9-bit 
code is shifted into the output registers and appears with 
time delay Id as valid data at the output of the 3-state driv
ers. This also marks the end of the next "sample" phase, 
thereby repeating the conversion process for this next cy
cle. 

Pulse-Mode Operation 
The CA3318 needs two of the same polarity clock edges 

to complete a conversion cycle: If, for instance, a negative 
going clock edge ends sample "N", then data "N" will ap
pear after the next negative going edge. Because of this 
requirement, and because there is a maximum sample time 
of 500 ns (due to capacitor droop), most pulse or intermit
tent sample applications will require double clock pulsing. 

If an indefinite standby state is desired, standby should 
be in auto-balance, and the operation would be as in Figure 
5A. 

If the standby state is known to last less than 500ns and 
lowest average power is desired, then operation could be as 
in Figure 5B. 

Increased Accuracy 
In most cases the accuracy of the CA3318 should be suf

ficient without any adjustments. In applications where accu
racy is of utmost importance, five adjustments can be made 
to obtain better accuracy, i.e., offset trim; gain trim; and 114, 
% and % point trim. 



CLOCK (PIN 18) IF 
PHASE (PIN 19) 

ISLOW 

CLOCK IF 
PHASE IS HIGH 

DATA 
N-2 

Figure 3: Input to Output Timing Diagram 

CE2 =t. l. \TDIS t 
HIGH 

DATA DATA 

IMPEDANCE 
BITS 1-8 ----' 

HIGH 
DATA 

IMPEDANCE OF-----------------' 
Figure 4: Output Enable Timing Diagram 

CLOCK: 

AUTO 
BALANCE 

NO MAX 

LIMIT 

AUTO 
BALANCE 

33 nSEC 

MIN 
50 nSEC 

TYP 

DATA 

DATA 

DATA DATA 
N-1 N 

A: Standby in Indefinite Auto Balance (Shown with Phase = Low) 

CLOCK: 

SAMPLE N AUTO SAMPLE AUTO SAMPLE 

DATA: 

BALANCE N+1 BALANCE 

500 nSEC 25 nSEC 50nSEC =i 
MAX MIN TYP 

~ ~A_!~ ~ 
B: Standby in Sample (Shown with Phase = Low) 

Figure 5: Pulse Mode Operation 

NOTE: All typical values hav9 been characterizod but are not tested. 
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C') Offset Trim 3 In general, offset correction can be done in the preamp 
circuitry by introducing a de shift to V1N or by the offset trim 
of the op amp. When this is not possible the VREF- input 
can be adjusted to produce an offset trim. The theoretical 
input voltage to produce the first transition is V. LSB. The 
equation is as follows: 

V1N (0 to 1 transition) = V. LSB = V. 
(VREF/256) 

= VREF/512 
If V1N for the first transition is less than the theoretical, 

then a single-turn 500 pot connected between VREF- and 
ground will accomplish the adjustment. Set v1N to V. LSB 
and trim the pot until the O-to-1 transition occurs. 

If V1N for the first transition is greater than the theoretical, 
then the 500 pot should be connected between VREF
and a negative voltage of about 2 LSB's. The trim proce
dure is as stated previously. 

GainTrim 
In general, the gain trim can also be done in the preamp 

circuitry by introducing a gain adjustment for the op amp. 
When this is not possible, then a gain adjustment circuit 
should be made to adjust the reference voltage. To perform 
this trim, V1N should be set to the 255 to overflow transition. 
That voltage is V. LSB less than VREF+ and is calculated 
as follows: 

V1N (255 to 256 transition) = VREF - VREF/512 
= VREF (511 /512) 

To perform the gain trim, first do the offset trim and then 
apply the required V1N for the 255 to overflow transition. 
Now adjust VREF+ until that transition occurs on the out
puts. 

% Point Trims 
The %. V. and % points on the reference ladder are 

brought out for linearity adjusting or if the user wishes to 
create a non-linear transfer function. The % points can be 
driven by the reference drivers shown (Figure 7) or by 2-K 
pots connected between VREF+ and VREF-· The V. (mid-) 
point should be set first by applying an input of 257 /512 x 
(VREFl and adjusting for an output changing from 128 to 
129. Similarly the % and % points can be set with inputs of 
129/512 and 385/512 x (VREFl and adjusting for counts of 
192 to 193 and 64 to 65. (Note that the points are actually 
%. V. and % of full scale + 1 LSB.) 

9-Bit Resolution 
To obtain 9-bit resolution, two CA3318's can be wired 

together. Necessary ingredients include an open-ended 

NOTE: Afl typical values havo been charactorized but are not tested. 
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ladder network, an overflow indicator, three-state outputs, 
and chip-enable controls-all of which are available on the 
CA3318. 

The first step for connecting a 9-bit circuit is to totem-pole 
the ladder networks, as illustrated in Figure 8. Since the 
absolute resistance value of each ladder may vary, external 
trim of the mid-reference voltage may be required. 

The overflow output of the lower device now becomes 
the ninth bit. When it goes high, all counts must come from 
the upper device. When it goes low, all counts must come 
from the lower device. This is done simply by connecting 
the lower overflow signal to the CE1 control of the lower Al 
D converter and the CE2 control of the upper AID convert
er. The three-state outputs of the two devices (bits 1 
through 8) are now connected in parallel to complete the 
circuitry. The complete circuit for a 9-bit AID converter is 
shown in Figure 9. 

Grounding/Bypassing 
The analog and digital supply grounds of a system should 

be kept separate and only connected at the A/D. This 
keeps digital ground noise out of the analog data to be con
verted. Reference drivers, input amps, reference taps, and 
the V AA supply should be bypassed at the A/D to the ana
log side of the ground. See Figure 1 o for a block diagram of 
this concept. All capacitors shown should be low imped
ance 0.1 µF ceramics and should be mounted as close to 
the AID as possible. If V AA+ is derived from v00, a small 
(1 on resistor or inductor and additional filtering (4. 7 µF tan
talum) may be used to keep digital noise out of the analog 
system. 

Input Loading 
The CA3318 outputs a current pulse to the V1N terminal at 

the start of every sample period. This is due to capacitor 
charging and switch feedthrough and varies with input volt
age and sampling rate. The signal source must be capable 
of recovering from the pulse before the end of the sample 
period to guarantee a valid signal for the AID to convert. 
Suitable high speed amplifiers include the HA-5033, 
HA-2542; and CA3450. Figure 11 is an example of an ampli
fier which recovers fast enough for sampling at 15 MHz. 

Output Loading 
The CMOS digital output stage, although capable of driv

ing large loads, will reflect these loads into the local ground. 
It is recommended that a local QMOS buffer such as 
CD74HC541E be used to isolate capacitive loads. 
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Table 3: Output Code Table 

Input Voltage• Binary 
Code VREF VREF Output Code Decimal 

Description 6.40V 5.12V MSB LSB Count 
(V) (V) OF BS B7 B6 BS B4 B3 B2 B1 

Zero 0.00 0.00 0 0 0 0 0 0 0 0 0 0 
1LSB 0.025 0.02 0 0 0 0 0 0 0 0 1 1 
2LSB 0.05 0.04 0 0 0 0 0 0 0 1 0 2 

• • • • • 
• • • • • 
• • • • • 

Y. Full Scale 1.60 1.28 0 1 0 0 0 0 0 0 0 64 

• • • • • 
• • • • • 
• • • • • 

'/. Full Scale -1 LSB 3.175 2.54 0 0 1 1 1 1 1 1 1 127 
y. Full Scale 3.20 2.56 0 1 0 0 0 0 0 0 0 128 

'/. Full Scale + 1 LSB 3.225 2.58 0 1 0 0 0 0 0 0 1 129 

• • • • • 
• • • • • 
• • • • • 

%Fu11Scale 4.80 3.84 0 1 1 0 0 0 0 0 0 192 

• • • • • 
• • • • • 
• • • • • 

Full Scale -1 LSB 6.35 5.08 0 1 1 1 1 1 1 1 0 254 
Full Scale 6.375 5.10 0 1 1 1 1 1 1 1 1 255 
Over Flow 6.40 5.12 1 1 1 1 1 1 1 1 1 511 

• The voltages listed above are the ideal centers of each output code shown as a function of its associated reference voltage. 

Reducing Power 
Most power is consumed while in the auto-balance state. 

When operating at lower than 15 MHz clock speed, power 
can be reduced by stretching the sample (cj>2) time. The 
constraints are a minimum balance time (cp1) of 33ns, and a 
maximum sample time of 500ns. Longer sample times 
cause droop in the auto-balance capacitors. Power can also 
be reduced in the reference string by switching the refer
ence on only during auto-balance. 

NOTE: AU typical valu8s havs been clwactB!izsd but 81'8 not tested. 
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Clock Input 
The Clock and Phase inputs feed buffers referenced to 

V AA+ and V AA - . Phase should be tied to one of these two 
potentials, while the clock (if DC coupled) should be driven 
atleast from 0.2 to 0. 7 x (V AA+ - V AA - ). The clock may 
also be AC coupled with at least a 1 Vp·p swing. This allows 
TTL drive levels or 5V QMOS levels when V AA+ is greater 
than 5V. 

u co ... 
C') 
C') 

~ 

Ill 



u 
Cl) ... 
C? 
C? 

3 +10 TO+ 30V 
INPUT + I 10µ.F,TAN 

-=" l B!l 

'>--+---<>--+---;..vREF-t 
( PIN 22) 

0194-7 

Figure 6: Typical Voltage Reference 
Source for Driving VREF + Input 

NOTE: Bypass VAEF + to Analog Ground Near AID with 0.1 µF 
Ceramic Cap. Parts Marked (*) Should Have Low Tem
perature Drift. 

+ 6.4 VOLT 
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+5V 
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6· 4 VOLT 
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llAA+ 
11 AA-
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CL 

PH 

CE2 

Vss 
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+ 10T030V 
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r-<,_,,llV\r-.,. 3/4 REF 
IPIN23l 

1/4 REF. 
>-_.-">'\A,_.. t PIN 10) 

0194-8 

Figure 7: Typical % Point Drivers for Adjusting 
Linearity (Use for Maximum Linearity) 

NOTE: All Op Amps ~ % CA324E 

Bypass All Reference Points to Analog Ground Near 
AID with 0.1 µF Ceramic Caps. 

Adjust VREF + First, then %, % and % Points. 

NC 

+•v 

+ov 

0. F.t-.... -.,------t---t-1-----<>- BIT 9 

8 IT 8 >----<f----+--+-if---~ Bl T 8 
I 
I 
I 

8 IT 1 t----''-----t---t-<>---~ 81 T 1 

CL >--------+---4-< CLOCK 

PH>--------------< PH A SE 

V55 

=o 
0194-9 

Figure 8: Using two CA3318's for 9-Bit Resolution 

NOTE: Reference Taps and VAA Should be Bypassed to AGND with 0.1 µF Low Impedance Caps. 

The Mid-Point Driver must be Stable with Capacitive Loads. 

NOTE: Alf typical values have been characterized but are not tested. 
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CA3318C 

+4 TO +6.5V 
REFERENCE 

4.7 ,.F/IOV 
TANTALUM 

~-1~ .. .:;;..... .... ___.::, +5V (ANALOG SUPPLY) 

CA3318C 

r--+-lt-+--IVAA+ .• · BIT 1 

._-11-----13/4 REF 

VREF+ 

VIN BIT 4 

OPTIONAL CAP 
112 REF BIT5 DIGITAL OUTPUT 

(SEE TEXT) 

\ PHASE 

CLOCK SOURCE>--------! CLK 

O·Ol,.F "AA-

INPUT SIGNAL VIN 

AMPLIFIER/ BUFFER VREF-

(SEE TEXT) A= C'E1 

D CE2 

BITS 
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OVF 

114 REF 

Vss 

Voo =o 

4.7,.F 
TANTALUM / IOV 

+ ~V l DIG ITAL 
SUPPLY) 

:L 
=D 

Figure 9: Typical Circuit Configuration for the CA3318 with No Linearity Adjust 

NOTE: All Capacitors ~ 0.1 µF, Low Inductance Ceramic (Unless Noted) 

CA331BC 
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SIGNAL 
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REFERENCE 
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ANALOG 
SUPPLIES 

+ VAA 
SUPPLY 

vDD 
SUPPLY 
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0194-11 

Figure 10: Typical System Grounding/Bypassing 

NOTE: All typical values have been characterized but are not tested. 
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75 OHM 
IVp-p 

VIDEO 
INPUT 

= 
5pF 

= 

NOTE' GROUND-PLANING AND 
TIGHT LAYOUT ARE 
EXTREMELY IMPORTANT. 

+8 v 

-4V 

O.OOlp.F 
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IOSl 

390 

7~0 110 

0.1 

0 TO -IOV 
OFFSET SOURCE 

R5<10Sl 

"CA3318C 

AID FLASH 
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Figure 11: Typical High Bandwidth Amplifier for Driving the CA3318 

OPERATING AND HANDLING 
· CONSIDERAT10NS 

1. Handling 

All inputs and outputs for CMOS devices have a net
work for· electrostatic protection during handling. Rec
ommended handling practices for CMOS devices are 
described in ICAN-6525 "Guide to Better·Handling and 
Operation of CMOS Integrated Circuits". 

2. ·Operating 

· Operating Voltage 

. During operation near the maximum supply voltage lim
it, care should be taken .to avoid or suppress power 
supply turn-on and turn-off transients, power supply 
ripple, or ground noise; any of these conditions must 
·not.cause Voo-Vss to exceed the absolute maximum 
rating. 

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

As shown in the maximum ratings, all inputs except V;n. 
% REF, and VREF+ have.diodes to Voo or V AA+ and 
from Vss or VAA-· V;n, %-REF, and VREF+ have, 
instead, 1 OV zener diodes to V AA - . No current of 
greater than 20 mA should be allowed through any of 
these diodes, even when the supplies are off. 

Unused Inputs 

A connection must be provided at every input terminal . 
All unused input terminals must be connected to either 
Voo or Vss. whichever is appropriate. 

Output Short Circuits 

Shorting of outputs to Voo or Vss may damage CMOS 
devices by exceeding the maximum device dissipation. 
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PRELIMINARY 
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Features 
• 20MSPS Conversion Rate 

• 9MHz Full Power Input Bandwidth 

• No Missing Codes 

• Sample and Hold Not Required 

• ±3/ 4 LSB Differential Linearity Error (Typical) 

• CMOS/TTL Compatible 

• Single +sv Supply Voltage 

• Improved Replacement for MP7684 
"'· Higher Operating Frequency 
.. Higher Output Drive 
.. Lower Leakage Current 
.. Lower Reference Current 

Applications 
• Video Digitizing 

• Radar Systems 

• Medical Imaging 

• Communication Systems 

·•High.Speed Data Acquisition Systems 

Hl-5700 
8 Bit, 20MSPS Flash A/D Converter 

Description 
The Hl-5700 is a monolithic, 8-bit, CMOS FLASH 
Analog-to-Digital Converter. Fabricated. in .the Harris L7 
CMOS process, it is designed for high speed applications 
where wide bandwidth and low power consumption are 

-essential. Its 20MSPS speiid is made possible by a parallel 
architecture which also eliminates the need for an external 
sample and hold circuit. The Hl-5700 delivers ±3/4 LSB 
differential nonlinearity while consuming only 550mW typi· 
cally. Latched outputs are provided which present valid 
data to the output bus one clock cycle after the convert 
command.ls received. An overflow bit Is provided to allow 
1he series connection of two converters, thus achieving 9-
bit resolution . 

The Hl-5700 is available in Commercial and Industrial Tern· 
perature ranges. It comes In 28 pin Plastic DIP. 

Pinout Simplified Block Diagram 
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Harris Semiconductor products are sold by description only. Harris Semiconductor 1ese1Ves the right to make changes in circuit design and/or specifications al any 
time without notice. Accordingly, the reader is cautioned to verity that data sheets are cu«ent before placing orders. Information furnished by Harris is believed to be 
accurate and reliable. However. no responsibUity is assumed by Hauis or its subsidiaries tor its use: nor for any infringements of patents or other rights of third 
parties which may result from its use. No license Is granted by implication or otherwise under any patent or patent rights of Harris or its subsidiaries. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
Copyright © Harris Corporation 1990 
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~ Pin Description 

~ 
:c PIN 

NUMBER NAME- DESCRIPTION -

1 CLK Clock Input Pin 

2 07 .Bit 7 Output (MSBJ 

3 D6 Blf600tput 

4 D5 Bit50utput 

5 D4 Blt.4 Output 

6 1/4R 1/4th PointofR Ladder 

7 VDD Power Supply of Digital Circuit 

8 GND Digital Ground 

9 3/4R 3/4th Point of R Ladder 

10 D3 Bit30utput 

11 D2 Bit20utput 

12 D1 Bit1 Output 

13 DO Bit 0 Output (LSB) 

14 OFW Digital Output Overflow Pin 

Block Diagram 

GND(!] 

Hl-5700 

PIN 
NUMBER NAME 

15· CE2 

16 CE1 

17 VREF(+) 

18 AVDD 

19 AGND 

20 AGND 

21 AVDD 

22 1/2R 

23 AVDD 

24 AGND 

25 AGND 

26 AVDD 

27 VREF(-) 

28 V1N 

AVoD §] IE] ~ ~ 

AGND~ ~ Q!) ~ 
</>1 

COMP-----. 
256 

COMP 
193 

COMP 
129 

COM
PARATOR 
LATCHES 

& ENCODER 
COMP LOGIC 

65 

COMP 
2 

COMP 
1 
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DESCRIPTION 

Chip Enable Control Pin (See Truth Table) 

Chip Enable Control Pin (See Truth Table) 

Reference Voltage(+) Input Pin 

Power Supply of Analog Circuit 

Analog Circuit Groun·d 

Analog Circuit Ground 

Power Supply of Analog Circuit 

Mid Point ofR Ladder:- • 

Power Supply of Analog Circuit 

Analog Ground 

Analog Ground 

Power Supply of Analog Circuit 

Reference Voltage(-) Input 

Analog Input 

THREE
STATE OVER

FLOW 
(OFW) 

DO (LSB) 

CEI 



Specifications Hl-5700 

Absolute Maximum Ratings (Note 1) Operating Temperature Range 
Voo to GND ........................................... 7.0V Hl-5700 A ................................. -4ooc to +a5oc 
AGNDtoGND ......................................... ±0.5V Hl-5700 J ..................................... ooc to+ 75oc 
All Other Pins (Max) ............................... Voo +0.5V Junction Temperature ................................ +15ooc 
All Other Pins (Min) ............................... GND -0.5V Storage Temperature ........................ -650C to +1500C 
Total Power Dissipation TA= -4ooc to +a5oc ••.•••..• 1 ooomw 

Electrical Specifications: AVoo = Voo = +5.0V; VREF(+) = +4.0V; VREF(-) = GND = AGND = OV; Fs = Specified Clock 
Frequency @ 50% Duty Cycle; CL = 30pF; Full Temperature Range, Unless Otherwise Specified. 

Hl-5700A/J 

PARAMETER (Note 2) TEST CONDITIONS MIN TYP MAX UNITS 

SYSTEM PERFORMANCE 

Resolution 8 - - Bits 
Integral Linearity Error (INL) TA=+250C Fs = 250KHz, tin= 58Hz ramp - ±'A ±2 LSB 

TA=Full Fs = 250KHz, fin= 58Hz ramp - - ±2'/• LSB 
TA= +25oc Fs = 1 OMHz, fin = 2.4KHz ramp - ±1'1• - LSB 
TA=+250C Fs = 15MHz, fin = 3.5KHz ramp - ±1'% - LSB 
TA=+250C Fs = 20MHz, fin= 4.7KHz ramp - ±2 - LSB 
TA=+250C Fs = 25MHz, fin = 5.9KHz ramp - ±3'/z - LSB 

Differential Linearity Error (DNL) TA=+250C Fs = 250KHz, tin= 58Hz ramp - ±'A - LSB 
TA=Full Fs = 250KHz, tin= 58Hz ramp - - +1'A/-1 LSB 
TA=+250C Fs = 1 OMHz, fin = 2.4KHz ramp - ±'A - LSB 
TA=+2soc Fs = 15MHz, fin= 3.5KHz ramp - ±'A - LSB 
TA=+2soc Fs = 20MHz, fin = 4.7KHz ramp - ±9/10 - LSB 
TA=+2soc Fs = 25MHz, fin= 5.9KHz ramp - ±1'1• - LSB 

Minimum Conversion Rate TA=Full No Missing Codes - - 0.125 MSPS 
Maximum Conversion Rate TA= +250C No Missing Codes - 24 - MSPS 

TA=Full No Missing Codes 19 MSPS 
Full Power Input Bandwidth FS=14MHz - 9 - MHz 
Signal to Noise Ratio (SNR) Fs = 1.0MHz, fin = 1 OOkHz - 47 - dB 

RMS Signal Fs = 1 OM Hz, fin= 1 OOkHz - 47 - dB 
= 

RMS Noise Fs = 1 OMHz, tin= 3.0MHz - 43 - dB 
Signal to Noise Ratio (SINAD) Fs = 1.0MHz, fin = 1 OOkHz - 45 - dB 

RMS Signal Fs = 1 OM Hz, tin= 1 OOkHz - 44 - dB 
= 

RMS Noise+ Distortion Fs = 1 OM Hz, tin= 3.0MHz - 35 - dB 
Total Harmonic Distortion Fs =1 OMHz, fin =1 OOkHz - -49 - dBc 

Fs =1 OMHz, tin = 3.0MHz - -37 - dBc 
Aperture Delay, tAP - 6 - ns 
Aperture Jitter, tAJ - 30 - PS 
V10Error - 4 6 LSB 
Full Scale Error - 1 3 LSB 

SWITCHING CHARACTERISTICS 

Data Output Enable Time, TEN - 20 - ns 
Data Output Disable Time, Trns - 20 - ns 
Data Output Delay, too - 25 - ns 

ELECTRICAL CHARACTERISTICS 

Total Reference Resistance 210 425 560 n 
Analog Input Resistance - 10 - Mn 
Analog Input Capacitance - 60 - pf 
Analog Input Blas Current DC - O.D1 1.0 µA 
Input Logic High Voltage, V1H 2.0 - - v 
Input Logic Low Voltage, V1L - - 0.8 v 
Input Logic High Current - - 1 µA 
Input Logic Low Current - - 1 µA 
Digital Input Capacitance - 7 - pf 
Output Logic Sink Curren~ IOL Vo=0.4V - 3 - mA 
Output Logic Source Curren~ IOH Vo=4.6V - -3 - mA 
Digital Output Capacitance CE2 =OV - 5 - pF 
Digital Output Leakage CE2 =OV - - 1 µA 
Supply Currrent Fs=4MSPS - 110 - mA 
Supply Current vs. Clock Fs>4MSPS - 2.3 - mNMHz 
Power Supply Rejection Ratio 5VDC±10% - ±1 ±3 LSB 
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Hl-5700 

NOTES: 1. Absolute Maximum RaUngs are limiting values applied individually 
beyond which the device may be damaged. Functional Operation 
under any of these conditions is not necessarily implied. 

2. See Glossary of Terms. 

Timing Parameters CL= 30pF 

ts= Sample Time ••...•....•.••........ 25ns :$.ts :$. 5µs 

tAz = Auto Zero Time ..•.•.......•.............. ~ 25ns 

tAP =Aperture Delay Time ...•...•...•........... "' 6ns 

tAJ =Aperture Jitter ....•....•......••.••...••.• "'30ps 

too = Data Output Delay ••.•.•...............•.. "' 25ns 

Timing Diagram 
COMPARATOR 
DATA IS LATCHED 

CE1 
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x 

NJTO- ZERO 1 NJTO- ZERO 2 

CLOCK INPUT 

ANALOG INPUT 

APERTURE POINT 
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CE2 00-07 OFW 

1 

1 

0 

Vallld Valid 

Hl-Z Valid 

Hi-Z Hi-Z 

ENCODED DATA 
IS LATCHED INTO 

NJTO- ZERO 3 OUTPUT REGISTERS 

SAMPLE3 

1-- 100 

DATA.OUTPUT 
________________ __,,~..._ _____ o_A_T_A_o ______ J~~~~D-AT-A~1~-

OUTPUT ENABLE TIMING DIAGRAM 
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DO- 07 DATA 
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Hl-5700 

Performance Curves 

SUPPLY CURRENT vs. CLOCK DUTY CYCLE 
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Hl-5700 

Theory of Operation 

The Hl-5700 is an 8-bit analog-to-digital converter based 
on a parallel CMOS "flash" architecture. This flash 
technique is an extremely fast method of A/D conversion 
because all bit decisions are made simultaneously. Very 
dense circuitry is required to realize this technique, 
however, since a separate comparator is used to detect 
each code transition. In all, 256 comparators are used in the 
Hl-5700: (28-1) comparators to encode the output word, 
plus an additional comparator to detect Overflow. 

While bipolar flash converters usually compare the input 
signal to a string of reference voltages in real time, the 
CMOS Hl-5700 works by alternately switching between a 
"Sample" mode and an "Auto-Zero" mode. Splitting up the 
comparison process in this CMOS technique offers a num
ber of significant advantages. The offset voltage of each 
CMOS comparator is dynamically cancelled with each con
version cycle such that offset voltage drift is virtually elimi
nated during operation. In addition, the power consumption 
of CMOS circuitry is lower than bipolar, and the input clock 
may be slowed or completely halted to further reduce pow
er. The block diagram and timing diagram illustrate how the 
Hl-5700 CMOS flash converter operates. 

The input clock which controls the operation of the Hl-5700 
Is first split into a non-inverting (Phase 1) clock and an in
verting (Phase 2) clock. These two clocks, in turn, synchro
nize all internal timing of analog switches and control logic 
within the converter. 

In the "Auto-Zero" mode, all "Phase 1" switches close and 
"Phase 2" switches open. The output of each comparator is 
momentarily tied to its own input, self-biasing the compara
tor midway between GND and AVDD and presenting a low 
impedance to a small input capacitor. Each capacitor, in 
turn, is connected to a reference voltage tap from the resis
tor ladder. The Auto-Zero mode quickly pre-charges all 
256 input capacitors between the self-bias voltage and 
each respective tap voltage. 

In the "Sample" mode, all "Phase 1" switches open and 
"Phase 2" switches close. This suddenly places each com
parator into a sensitive high-gain amplifier configuration. In 
this open loop state, the input impedance is very high (like 
the input of a CMOS gate) and any small voltage shift at the 
input will now drive the output either high or low. The 
"Phase 2" state also switches each input capacitor from its 
reference tap to the input signal. This instantly transfers any 
voltage difference between the reference tap and input volt
age to the comparator input. All 256 comparators are thus 
driven simultaneously to a defined logic output. For exam
ple, if the input voltage is at mid-scale, capacitors pre
charged near zero during "Phase 1" will push comparator 
inputs higher than the self-bias voltage at "Phase 2"; ca
pacitors pre-charged near the reference voltage push the 
respective comparator inputs lower than the bias point. In 
general, all capacitors pre-charged by taps above the input 
voltage force a "low" voltage at comparator inputs; those 
pre-charged below the input voltage force "high" inputs at 
the comparators. 

During the next "Phase 1" Auto-Zero state, comparator out
put data is latched into the encoder logic block and the first 
stage of encoding takes place. The following "Phase 2" 
state completes the encoding process. The 8 data bits (plus 
overflow bit) are latched into the output flip-flops at the next 
falling clock edge. The Overflow bit is set if the input voltage 
exceeds (VREF(+)-1/2LSB). The output bus may be either 
enabled or disabled according to the state of CE1 and CE2 
(see Truth Table). When disabled, output bits assume a high 
impedance state. 

As shown in the timing diagram, the digital output word 
becomes valid after the second "Phase 1" state after 
sampling. There is thus a one and a half clock cycle delay 
between input sample and digital output. "Data Output 
Delay" time indicates the slight time delay for data to be
come valid the in "Phase 1" state. Refer to the Glossary of 
Terms for other definitions. 

Applications Information 
Signal Source 

The input to the Hl-5700 should be driven by a high output 
drive amplifier or buffer such as the HA-5033. The signal 
source must handle significant transient currents from the 
large dynamic capacitive load that occurs during conver
sion. The signal source may drive above or below the power 
supply rails, but should not exceed about 0.5V beyond 
the rails or damage may occur. Input voltages of 
-0.5V to 1/2LSB are converted to all zeros; input voltages of 
<VREF(+)-1/2LSB) to (AVDD+0.5V) are converted 
to all ones with Overflow bit set. 

Power Supplies 

The Hl-5700 operates nominally from 5 volt supplies but 
will work from 3 volts to 6 volts. Power to the device is split 
such that analog and digital circuits within the Hl-5700 are 
powered separately. The analog supply should be well reg
ulated and "clean" from significant noise, especially high 
frequency noise. The digital supply should match the 
analog supply within about 0.5 volts and should be refer
enced externally to the analog supply at a single point. 
Analog and digital grounds should not be separated by 
more than 0.5 volts. It is recommended that power supply 
decoupling capacitors be placed as close to the supply pins 
as possible. A combination of 0.01 µF ceramic and 1 OµF 
tantalum capacitors are recommended for this purpose as 
shown in the application circuit schematic. 

Reducing Power Consumption 

Power dissipation in the Hl-5700 is related to clock 
frequency and clock duty cycle. For a fixed 50% clock duty 
cycle, power may be reduced by lowering the clock fre
quency. For given conversion frequency, power may be 
reduced by reducing the Auto-Zero ("Phase 1 ") portion of 
the clock duty cycle (up to the minimum tAz limit). This rela
tionship is illustrated in the Performance Curves. Power can 
be minimized by halting the clock in the Sample ("Phase 2") 
state. 
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Applications Information (Continued) 

Voltage Reference 

The reference voltage is applied across the resistor ladder 
at the input of the converter, between VREF(+) and VREF(-)· 
In most applications, VREF(-) is simply tied to analog 
ground such that the reference source drives VREF(+)· The 
reference must be capable of supplying enough current to 
drive the minimum ladder resistance of 21 O Ohms over tem
perature. 

The Hl-5700 is specified for a reference voltage of 4.0 volts, 
but will operate with voltages as high as the AVoo supply. 
In the case of 4.0 volt reference operation, the converter 
encodes the analog input Into a binary output in LSB 
increments of (VREF(+) - VREF(-)l/256, or 15.BmV. 
Reducing the reference voltage reduces the LSB size 
proportionately and will thus increase linearity errors. The 
minimum practical reference voltage is about 2.5 volts. 
Because the reference voltage terminals are subjected to in
ternal transient currents during conversion, ii is important to 
drive the reference pins from a low impedance source and 
to decouple thoroughly. Again, ceramic and tantalum 
(0.01 µF and 1 OµF) capacitors near the package pin are 
recommended. It is not necessary to decouple the 1/4REF, 
1/2REF and 3/4REF tap point pins for most applications. 

It is possible to elevate VREF(-) from ground if necessary. In 
this case, the VREF(-) pin must be driven from a low 
impedance reference capable of sinking the current 
through the resistor ladder. Careful decoupling is again 
recommended. 

Digital Control and Interface 

The Hl-5700 provides a standard high speed interface to 
external CMOS and TIL logic families. Two chip enable in
puts control the three-state outputs of output bits DO 
through D7 and the Overflow (OFW) bit. As indicated in the 
Truth Table, all output bits are high impedance when CE2 is 
low, and output bits DO through 07 are independently con
trolled by CE1. 

Clock 

The clock should be properly terminated to digital ground 
near the clock input pin. Clock frequency defines the con
version frequency and controls the converter as described 
in the "Theory of Operation" section. The Auto-Zero 
("Phase 1 ") half cycle of the clock may be reduced to 25ns; 
the Sample ("Phase 2") half cycle may be varied from a 
minimum of 25ns to a maximum of 5µs. Refer to the Timing 
Parameters table and the Timing Diagram for more informa
tion. 

Zeroing Full Scale Error and V10 Error 

Full Scale Error may be zeroed by adjusting the reference 
voltage higher or lower such that the 254 to 255 code tran
sition occurs at the ideal location. V10 Error may be 
adjusted in a similar fashion if a negative reference voltage 
is used. In this case the negative reference should be 
adjusted such that the 0 to 1 code transition occures at the 
ideal location. 

Glossary of Terms 
Aperture Delay: Aperture delay is the time delay between 
the external sample command (the rising edge of the clock) 
and the time at which the signal is actually sampled. This 
delay is due to clock path propagation delays. 

Aperture Jitter: This Is the rms variation In the aperture 
delay due to random noise effects. 

Differential Linearity Error: The differential linearity error 
is the difference in LSBs between the spacing of the meas
ured midpoint of adjacent codes and the spacing of ideal 
midpoints of adjacent codes. The ideal spacing of each 
midpoint is 1.0LSB. The range of values that are possible 
are minimum of -1.0LSB (which implies a missing code) to 
positive values that can exceed +1.0LSB. 

Full Power Input Bandwidth: Full power bandwidth is the 
frequency at which the amplitude of the fundamental of the 
digital output word has decreased 3dB below the amplitude 
of an input sine wave. The input sine wave has a peak to 
peak amplitude equal to the reference voltage. The band
width given is measured at the specified sampling frequen
cy. 

Full Scale Error: Full Scale Error is the difference between 
the actual bput voltage of the 254 to 255 code transition 
and the ideal value of (VREF(+) - 1.5LSB). This error is 
expressed in LSBs. 

Integral Linearity Error: The integral linearity error is the 
difference in LSBs between the measured code centers and 
the ideal code centers. The ideal code centers are calcu
lated using a straight line drawn between the endpoints of 
the converter's transfer function. 

LSB: Least Significant Bit= (VREF(+) - VREF(-)l/256. All 
Hl-5700 specifications are given for a 15.BmV LSB size 
(VREF(+) = 4.0V, VREF(-) = O.OV). 

Power Supply Rejection Ratio: PSRR is expressed in 
LSBs and is the maximum shift in code transition points due 
to a power supply voltage shift. This is measured at the 0 to 
1 code transition point and the 254 to 255 code transition 
point with a power supply voltage shift from the nominal 
value of 5.0V. 

Signal to Noise Ratio (SNR); The ratio in dB of the rms 
signal to rms noise at specified input and sampling 
frequencies. 

Signal to Noise Ratio (SINAD): The ratio in dB of the rms 
signal to the rms sum of the noise and harmonic distortion 
at specified input and sampling frequencies. 

Total Harmonic Distortion (THD): The ratio in dB of the 
rms sum of the first five harmonic components to the rms 
signal for a specified input and sampling frequency. 

V10 Error: The difference between the actual input voltage 
of the Oto 1 code transition and the ideal value of (VREF(-) 
+ 0.SLSB). V10 Error is expressed in LSBs. 
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CMOS D/A Converters 
Settling Integral Non- Diff. Non- Gain Power 

Res. Time to Linearity Linearity Error Output Input Supply Temp. 
Type (Bits) 1/zLSB (± %FSR : LSB) (±LSB) (±%FSR) l/V Buffer (V) Range (OC) Comment 

AD7523 8 200ns 0.2 : 1h Guaranteed 1.8max. I No 5to 16 Oto+70 Multiplying DAC 
max. 0.1 :Ye monotonic -55 to +125 Industry standard 

0.05 : Ys 

CA3338 8 20ns 0.4 :1 'II v Yes 5 -40to +85 Video applications 
CA3338A 0.3 :31• y, -55 to +125 Low glitch 

AD7520 10 500ns 0.2 :2 0.3 I No 51016 Oto +70 Multiplying DAG 
AD7530 0.1 :1 -25to +85 Industry standard 

0.05 : Yz -55 to +125 

AD7533 10 800ns 0.2 :2 1.5max I No 51016 Oto +70 Multiplying DAG 
max. 0.1 :1 Industry standard 

0.05 : Yz Low cost 

AD7521 12 500ns 0.2 :8 0.3 I No 51016 Oto +70 Multiplying DAG 
AD7531 0.1 :4 -2510 +85 Industry standard 

0.05 :2 -55 lo +125 

AD7541 12 1µs 0.024: 1 0.4 max. I No 5 to 16 Oto +70 Multiplying DAG 
max. 0.012: y, -2510 +85 High performance 

0.012: y, >Y2 -55 to +125 Industry standard 

AD7545 12 2µs 0.05 : 2 4 0.6 I Yes 51015 o to +70 Mulilplying DAG 
max. 0.024: 1 1 0.4 -4010 +85 Industry standard 

0.012: y, 1 0.2 -55 to +125 

ICL7134 14 1µs 0.012: 3/2 12 Bil 0.024 I Yes 3.510 Oto +70 On-chip PROM 
0.006: 1 13 mono- 0.012 double 6.0 -25 to +85 Controlled 
0.003: y, 14 tonic 0.006 -55 lo +125 Correction DAG 

ICL7121 16 3µs 0.009: 6 14 Bit 0.04 I Yes 4.510 Oto +70 On-chip PROM 
max. 0.006: 4 15 mono- 0.02 5.5 -55 to +125 Controlled 

0.003: 2 16 tonic 0.01 Correction DAG 
(1 LSB typ.) 

Bipolar D/A Converters 

Settling Integral Non- Dlff. Non- Gain Power 
Res. Time to Linearity Linearity Error Out.but Input Supply Temp. 

Type (Bits) 1/zLSB (± %FSR: LSB) (± LSB) (±%FSR) l/V Buffer (V) Range (OC) Comment 

ICL8018A 4 200ns om Maximum absolute error at any I No +5 0 to +70 4-bil expandable 
ICL8019A (12bits) 0.1 Input Code -15 -55 to +125 current-switch 

Hl-562A 12 300ns 0.012: y, y, 0.024 I No +5 Oto +75 Industry standard 
-15 -2510 +85 

-5510 +125 

Hl565A 12 350ns 0.012: '" :y, 0.1 I No ±12 o to +75 On-chip + 1 OV 
-55 lo +125 reference 

Hl-DACBOV 12 1.5µs 0.012: y, 'II 0.3 v No ±15 Oto +75 On-chip reference 
max. and output op-amp 

Hl-DAC85V 12 1.5µs 0.012 :Yz y, 0.15 v No ±15 -2510 +85 On-chip reference 
max. and output op-amp 

Hl-DAC16B 16 1µs 0.002: 3/2 1 0.1 I No ±15 Oto+75 High temperature 
Hl-DAC16C (14bits) 0.0045: 3 (typ.) 2(typ.) stability 
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C GENERAL DESCRIPTION 
0 The AD7520/ AD7530 and AD7521 / AD7531 are mono
&') lithic, high accuracy, low cost 10-bit and 12-bit resolution, :!! multiplying digital-to-analog converters (DAG). Harris' thin
Ci film on CMOS processing gives up to 1 0-bit accuracy with 
~ TTL/CMOS compatible operation. Digital inputs are fully 
0 protected against static discharge by diodes to ground and 
Cll positive supply. 
II) 

"" Ci c 
Typical applications include digital/analog interfacing, 

multiplication and division, programmable power supplies, 
CRT character generation, digitally controlled gain circuits, 
integrators and attenuators, etc. 

The AD7530 and AD7531 are identical to the AD7520 
and AD7521, respectively, with the exception of output leak
age current and feedthrough specifications, 

ORDERING INFORMATION 

Nonlinearity 
Plastic DIP 

AD7520JN 
0.2% (8-Bit) AD7530JN 

AD7521JN 
AD7531JN 

AD7520KN 
0.1%(9-Bit) AD7530KN 

AD7521KN 
AD7531KN 

AD7520LN 
0.05% (10-Bit) AD7530LN 

AD7521LN 
AD7531LN 

TEMPERATURE 
o•cto +70°c 

RANGE 

10KU 10Kll 1DKO 

AD7520/ AD7530 
AD7521/ AD7531 
10/12-Bit Multiplying 

DI A Converters 
FEATURES 
• AD7520/AD7530: 10 Bit Resolution; 8, 9 and 10 Bit 

Linearity 
• AD7521/AD7531: 12 Bit Resolution; 8, 9 and 10 Bit 

Linearity 
• Low Power Dissipation: 20mW (Max) 
• Low Nonlinearity Tempco: 2 ppm of FSR!°C 
• Current Settling Time: 500ns to 0.05% of FSR 
•Supply Voltage Range: + SV to + 15V 
• TTL/CMOS Compatible 
• Full Input Static Protection 
• /883B Processed Versions Available 

Part Number/Package 

CERDIP CERDIP 

AD7520JD AD7520SD 
AD7520SD/883B 
AD7521 SD/8838 

AD7520KD AD7520TD 
AD7520TD/883B 

AD7520LD AD7520UD 
AD7520UD/883B 

- 25·c to + 85°C - 55•c to + 125°C 

10KH 

0330-1 
(Switches shown for Digital Inputs "High") 

(Resistor values are nominal) 
Figure 1: Functional Diagram 

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

WARRANTIES OF MERCHANTABILITY ANO FITNESS FOR A PARTICULAR USE. 300105-004 
NOTE: Alf typical values have been characterized but are not tosted. 6-3 
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AD7 520/ AD7 530 
AD7521/AD7531 

.... 
C') 
It) 
.... a 

"' ABSOLUTE MAXIMUM RATINGS (TA= 25'C unless otherwise noted) ';::' 

SupplyVoltage(V+) ............................ +17V Operating Temperature N 
VREF ......................................... ± 25V JN, KN, LN Versions ................... O'C to + 70'C ~ 
Digital Input Voltage Range ................. v+ to GND JD, KO, LO Versions .................. -25'C to 85'C C 
Output Voltage Compliance ............. -100mVtov+ SD, TD, UDVersions ............... -55'Cto +125'C o« 
Power Dissipation (package) Storage Temperature .................. -65'Cto 150°C 0 

up to + 75°C ............................... 450mW Lead Temperature (Soldering, 1 Osec) ............. 300°C C') 

derate above + 75'C @ ..................... 6mW l°C It) 

CAUTION: 

1) The digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy electrostatic fields. Keep 
unused units in conductive foam at all times. 

2) Do not apply voltages higher than Voo or less than GND potential on any terminal except VREF and RFEEDBACK· 

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. 

loun 

TOP VIEW 

AD7520 (AD7530) 

VREF 

GND y+ 

BIT 1 (MSB) c BIT 10 (LSB) 

BIT 2 BIT 9 

BIT 3 I BIT 8 

BIT 4 BIT 7 

BIT 5 '-1.._ __ _.r-' BIT 6 

0330-2 

AD7521 (AD7531) 

lour2 

GND 
BIT 1 (MSB) 4 

BIT 2 

RFEEDBACK 

VREF 

y+ 

BIT 12 (LSB) 

BIT 11 

BIT 10 

BIT 4 1 BIT 9 

BIT 5 BIT 8 

BIT 6 ~----.J'= BIT 7 

0330-3 

Figure 2: Pin Configurations 

ELECTRICAL CHARACTERISTICS (V + = + 15V, VREF = + 1 OV, TA= 25°C unless otherwise specified) 

Parameter Test Conditions AD7520 l AD7521 
(AD7530) (AD7531) 

Unit Limit 

DC ACCURACY (Note 1) 

Resolution 10 I 12 Bits 

Nonlinearity J S, T, U: over -55°C to + 125°C Fig. 3 ± 0.2 (8-Bit) % of FSR Max 
(Note 2) s 

H 
VERSION K Fig. 3 ± 0.1 (9-Bit) % of FSR Max 

T 
t--1 
L -10V:o;VREF:o; + 10V Fig. 3 ± 0.05 (10-Bit) % of FSR Max 
u 

Nonlinearity Tempco 
±2 ppm of FSRl°C Max 

(Notes 2 and 3) 

Gain Error (Note 2) -10V:o;VREF:o; + 10V ±0.3 % ofFSR Typ 

Gain Error Tempco ±10 ppm of FSR/'C Max 
(Notes 2 and 3) 

NOTE All typical values have been characterized but are not tested. 
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AD7520/AD7530 
AD7 521/AD7531 

~ ELECTRICAL CHARACTERISTICS 
~ (Continued) 

(V+ = + 15V, VREF= + 10V, TA= 25°C unless otherwise specified) 

.... 
Cll 
cC 
0 
(") 
~ .... 
Cll 
~ 
0 
Cll 
~ .... 
Cll 
cC 

Parameter Test Conditions 

Output Leakage Current Over the specified temperature 
(either output) range 

Power Supply Rejection (Note 2) 

AC ACCURACY (Note 3) 

Output Current Settling Time To 0.05% of FSR (All digital 
inputs low to high and high to 
low) 

Feedthrough Error 
VREF=20Vpp, 100kHz 
(50kHz) All digital inputs low 

REFERENCE INPUT 

Input Resistance All digital inputs high 

louT1 at ground. 

ANALOG OUTPUT 

Voltage Compliance (both outputs) (Note3) 

Output Capacitance lour1 All digital inputs high 
(Note 3) louT2 

lour1 All digital inputs low 

lour2 

Output Noise (both outputs) 
(Note 3) 

DIGITAL INPUTS 

Low State Threshold Over the specified temp range 

High State Threshold 

Input Current (V1N = OV or + 15V) 

Input Coding See Tables 1 & 2 

POWER REQUIREMENTS 

Power Supply Voltage Range 

1+ All digital inputs at OV or V + 
(Excluding Ladder Network) All digital inputs high or low 

Total Power Dissipation 
(Including the ladder network) 

NOTES: 1. Full scale range (FSA) is 10V for unipolar and ± 10V for bipolar modes. 
2. Using internal feedback resistor, RFEEDBACK· 
3. Guaranteed by design, not subject to test. 
4. Accuracy not guaranteed unless outputs at GND potential. 

NOTE All typical values have been characterized but are not tested. 
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Fig. 4 

Fig. 8 

Fig. 7 

Fig. 6 

Fig. 6 

Fig. 5 

AD7520 I AD7521 
(AD7530) (AD7531) 

Unit Limit 

±200 
nA Max 

(±300) 

±0.005 % FSR/% l:J.V+ Typ 

500 ns Typ 

10 mVpp Max 

5k Min 
10k D. Typ 
20k Max 

See absolute max. ratings 

120 pF Typ 
37 pF Typ 

37 pF Typ 

120 pF Typ 

Equivalent to 1 OkD. 
Typ 

Jot:mson noise 

0.8 v Max 

2.4 v Min 

±1 µA Max 

Binary/Offset Binary 

+5to +15 v 
±1 µA Typ 

2 mA Max 

20 mW Typ 



TEST CIRCUITS NOTE: The following test circuits 
apply for the AD7520. Similar circuits are used for the 
AD7530, AD7521 and AD7531. 

Figure 3: Nonlinearity 

Figure 4: Power Supply Rejection 

+11V (ADJUST FOR Your = OY) 

... 15y 

Figure 5: Noise 

NOTE: All typical values have been characterized but are not tested. 
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0330-5 

f "'1kHz 
aw= 1Hz 

QUAN 
TECH 

MODEL 
1340 

WAYE 
ANALVZEA 

0330-6 
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AD7 520/ AD7 530 
AD7 521/AD7531 

NC .. 15 

BIT 1 (MSB~ 15 

~----· 
.. 
16 

A07520 

NC 

1KU 

Figure 6: Output Capacitance 

+15V 

100 mYp-p 
1MHz 

0330-7 

VREF = 20V p-p 100 kHz SINE WAVE 

t-'----113 VouT 

0330-8 

Figure 7: Feedthrough Error 

~~JUU1. 
DIGITAL INPUT l 

+15Y 

51: 1% SETTLING (1 mY) 
81: G~ SETTLING 
t=riMllrne 

0330-9 

Figure 8: Output Current Settling Time 

DEFINITION OF TERMS 
NONLINEARITY: Error contributed by deviation of the DAG 
transfer function from a "best straight line" through the ac
tual plot of transfer function. Normally expressed as a per
centage of full scale range or in (sub)multiples of 1 LSB. 
RESOLUTION: It is addressing the smallest distinct analog 
output change that a DI A converter can produce. It is com
monly expressed as the number of converter bits. A con
verter with resolution of n bits can resolve output changes 
of 2-n of the full-scale range, e.g. 2-n VREF for a unipolar 
conversion. Resolution by no means implies linearity. 

SETTLING TIME: Time required for the output of a DAG to 
settle to within specified error band around its final value 
(e.g. Y, LSB) for a given digital input change, i.e. all digital 
inputs LOW to HIGH and HIGH to LOW. 

GAIN ERROR: The difference between actual and ideal an
alog output values at full-scale range, i.e. all digital inputs at 
HIGH state. It is expressed as a percentage of full-scale 
range or in (sub)mulliples of 1 LSB. 



... 
C') .,, 
.... 
iCll 
~ FEEDTHROUGH ERROR~ Error caused by capacitive cou
~ piing from VREF to lour1 with all digital inputs LOW. 
in OUTPUT CAPACITANCE: Capacitance from loun and 
""' louT2 terminals to ground. 9 OUTPUT LEAKAGE CURRENT: Current which appears on . 
0 loun terminal when all digital inputs are LOW or on lour2 
C'> terminal when all digital inputs are HIGH . .,, 
.... 
iCll c .... 
0 
Cll .,, 
.... 
iCll c 

DETAILED DESCRIPTION 
The AD7520, AD7530, AD7521 and AD7531 are mono

lithic, multiplying D/ A converters. A highly stable thin film 
R-2R resistor ladder network and NMOS SPOT switches 
form the basis of the converter circuit, CMOS level shifters 
permit low power TIL/CMOS compatible operation. An ex
ternal voltage or current reference and an operational am
plifier are all that is required for most voltage output applica
tions. 

A simplified equivalent circuit of the DAC is shown in Fig
ure 9. The NMOS SPOT switches steer the ladder leg cur
rents between lour1 and louT2 buses which must be held 
either at ground potential. This configuration maintains a 
constant current in each ladder leg independent of the input 
code. 

.... 10Kll 

115117) 

L--+'+--+++---+-.... -J.-4.--otoun (2) ...,_ _ _.., _ _.+----+--_. ___ loun (11 

(Switches shown for Digital Inputs ""High") 

RFEEDBAOI 
(11111) 

0330-10 

Figure 9: AD7520/21/30/31 Functional Diagram 

Converter errors are further reduced by using separate 
metal interconnections between the major bits and the out
puts. Use of high threshold switches reduces the offset 
(leakage) errors to a negligible level. 

The level shifter circuits are comprised of three inverters 
with a positive feedback from· the· output ,of the second to 
the first, (Figure 10). This configuration results in TIL/ 
CMOS compatible operation over the full military tempera
ture range. With the ladder SPOT switches driven by, the 
level shifter, each switch is binarily weighted for an ON re
sistance proportional to the respective ladder leg current. 
This assures a constant voltage drop across each switch, 
creating equipotential terminations for the 2R ladder resis
tors and highly accurate leg currents. 

NOTE: All typical values have been characterized but are not tested. 
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AD7520/AD7530 
AD7521/AD7531 

0330-11 

Figure 10: CMOS Switch 

0330-12 

Figure 11: Unipolar Binary Operation 
(2-Quadrant Multiplication) 

TABLE 1 
CODE TABLE- UNIPOLAR BINARY OPERATION 

Digital Input 

1111111111 

1000000001 

1000000000 

0111111111 

0000000001 

0000000000 

NOTE: 1. LSB ~ 2-n VREF 

2. n~ 10 for 7520, 7530 

n~ 12 for 7521, 7531 

APPLICATIONS 

Analog Output 

-VREF (1-2-n) 

-VREF(%+2-n) 

-VREF/2 

-VREF (%-2-n) 

-VREF(2-n) 

0 

Unipolar Binary Operation 
The circuit configuration for operating the AD7520 in uni

polar mode is shown in Figure 11. Similar circuits can be 
used for AD7521, AD7530 and AD7531. With positive and 
negative VREF values the circuit is capable of 2-Quadrant 
multiplication. The "Digital Input Code/ Analog Output Val
ue" table for unipolar mode is given in Table 1. 



ZERO OFFSET ADJUSTMENT 
1. Connect all digital inputs to GND. 
2. Adjust the offset zero adjust trimpot of the output 

operational amplifier for OV at VouT· 
GAIN ADJUSTMENT 

1. Connect all digital inputs to V +. 
2. Monitor Your for a -VREF (1-2-n) reading. (n= 10 

for AD7520/30 and n = 12 for AD7521 /31 ). 

3. To decrease Your •. connect a series resistor (0 to 
250.0) between the reference voltage and the VREF 
terminal. 

4. To increase VouT.' connect a series resistor (0 to 
250.0) in the loun amplifier feedback loop. 

Bipolar (Offset Binary) Operation 
The circuit configuration for operating the AD7520 in the 

bipolar mode is given in Figure 12. Similar circuits can be 
used for AD7521, AD7530 and AD7531. Using offset binary 
digital input codes and positive and negative reference volt
age values, 4-Quadrant multiplication can be realized. The 
"Digital Input Code/ Analog Output Value" table for bipolar 
mode is given in Table 2. 

+15V 
R3 

VREr------+-------"Mr----~ 
tOM.n 

BIT1 (t.ISB) 15 t-4 R 
l6!-'-=fEEDBA=CK"-------~ 

DIGITAL i 
INPUT i 

o----+113 
BIT 10 (lSB) 

AD7520 11~~UT=l =";;t:;,;=::;:::;;;;:;,:;::fi"' 

= 

Figure 12: Bipolar Operation 
(4-Quadrant Multiplication) 

TABLE 2 

0330-13 

CODE TABLE- BIPOLAR (OFFSET BINARY) 
OPERATION 

DIGITAL INPUT 

1111111111 

1000000001 

1000000000 

0111111111 

0000000001 

0000000000 

NOTE: 1. LSB ~ 2-(n-1) VREF 
2. n~10 for 7520 and 7521 

~ 12 for 7530 and 7531 

ANALOG OUTPUT 

-VREF (1-2-(n-1)) 

-VREF (2-(n-1)) 

0 

VREF (2-(n-1)) 

VREF (1 -2-(n-1)) 

VREF 

NOTE- Alf typical values have been characterized but are not tested 
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A "Logic 1" input at any digital input forces the corre- ~ 
sponding ladder switch to steer the bit current to lour1 bus. 'P' 

A "Logic O" input forces the bit current to louT2 bus. For ~ 
any code the lour1 and lour2 bus currents are comple- "" 
ments of one another. The current amplifier at lour2 chang- Cl 
es .the polarity of lour2 current and the transconductance CC 
amplifier at lour1 output sums the two currents. This config- O 
uration doubles the output range. The difference current re- C? 
suiting at zero offset binary code, (MSB = "Logic 1 ", All oth- ~ 
er bits= "Logic O"), is corrected by using an external resis- Cl 
tor, (10 Megohm), from VREF to louT2· CC 
OFFSET ADJUSTMENT '() 

1. 
2. 

3. 

4. 

Adjust VREF to approximately + 1 OV. 
Connect all digital inputs to "Logic 1 ". 

Adjust lour2 amplifier offset adjust trimpot for OV 
± 1 mV at lour2 amplifier output. 
Connect MSB (Bit 1) to "Logic 1" and all other bits 
to "Logic O". 

5. Adjust lour1 amplifier offset adjust trimpot for OV 
± 1 mV at VoUT· 

GAIN ADJUSTMENT 
1. Connect all digital inputs to V +. 
2. Monitor Your for a -VREF (1-2-(n-1)) volts read

ing. (n = 10 for AD7520 and AD7530, and n = 12 for 
AD7521 and AD7531). 

3. To increase Your. connect a series resistor of up to 
250.n between Your and RFEEDBACK· 

4. To decrease Your. connect a series resistor of up 
to 250.0 between the reference voltage and the 
VREF terminal. 

N 
It) 
.... 
Cl cc 
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With the AD7520 connected in its normal multiplying con
figuration as shown in Figure 11, the transfer function is: 

( A1 A2 A3 An) Vo=-V1N -+-+-+· · ·-
21 22 23 2n 

0 where the coefficients Ax assume a value of 1 for an ON bit 
: and O for an OFF bit. 
.... 

~ 
0 
N 
in .... a 
Cll 

By connecting the DAG in the feedback of an operational 
amplifier, as shown in Figure 13, the transfer function be, 
comes: 

This is division of an analog variable (ViNl by a digital 
word. With all bits off, the amplifier saturates to its bound, 
since division by zero isn't defined. With the LSB (Bit-10) 
ON, the gain is 1023. With all bits ON, the gain is 1 ( ± 1 
LSB). 

NOTE: AU typical values have been characterized but are not tested , 
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AD7520/AD7530 
AD7521/AD7531 

BIT-1 (MS8) tS -------i• 
DIGITAL..,_! --"is 

INPUT ! 
---..013 

+15V 

.. 
11 V1N 

BIT-ta (LSB),_---i _ _. 

Your 

0330-15 

Figure 13: Analog/Digital Divider 

For further information on the use of this device, see the 
following Application Bulletins: 
A018 · "Do's and Don'ts of Applying AID Converters," by 

Peter Bradshaw and Skip Osgood 
A002 "Principles of Data Acquisition and Conversion". 
A042 "Interpretation of Data Converter Accuracy Specifi

cations". 

• 



··~ HARRIS AD7523: .,, 
SEMICONDUCTOR 

'GENERAL DESCRIPTION 
The AD7523 is a monolithic, low cost, high performance, 

10 bit accurate, multiplying digital-to-analog converter 
(DAC), in a 16-pin DIP. 

Harris' thin-film resistors on CMOS circuitry provide 8-bit 
resolution (8, 9 and 10-bit accuracy), with TTL/CMOS com
patible operation. 

The AD7523's accurate four quadrant multiplication, full 
military temperature range operation, full input protection 
from damage due to static discharge by clamps to V + and 
GND, and very low power dissipation make it a very versa
tile converter. 

Low noise audio gain controls, motor speed controls, digi
tally controlled gain and attenuators are a few of the wide 
range of applications of the 7523. 

ORDERING INFORMATION 

Nonlinearity 

0.2% (8 Bit) 

0.1% (9 Bit) 

0.05% (10 Bit) 

TEMPERATURE RANGE 

8-Bit Multiplying ... 
D/A Converter ~ 

FEATURES 
• 8, 9 and 10 Bit Linearity 

_ ~.Low Gain and Linearity Temperature Coefficients 
.,. • Full. Temperature Range Operation 

• Static Discharge Input Protection 
• DTL/TTL/CMOS Compatible 
• + 5 to + 15 Volts Supply Range 
• Fast Settling Time: 150ns Max at 25°C 
• Four Quadrant Multiplication 

Part Number/Package 

Plastic DIP CERDIP 

AD7523JN 

AD7523KN AD7523TD/HR 

AD7523LN 

o•cto +70°c -55°Cto +125°C 

>---t-+.--t-<-+----+-4>---+--+--..-1ou12(2) 
'-+----+----1------1>----+.---.o loun (1) 

A FEEDBACK 
(16) 

Figure 1: Functional Diagram 
(Switches shown for Digital Inputs "High") 

0331-1 

0331-2 

Figure 2: Pin Configuration 

HARRIS SEMICONDUCTOR'S SOLE ANO 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 ANO 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. 6-10 



AD7523 

ABSOLUTE MAXIMUM RATINGS {TA= 25°C unless otherwise noted) 

Supply Voltage {V +) ............................ + 17V Ceramic Package -
VREF ......................................... ± 25V up to 75°C ................................. 450mW 
Digital Input Voltage Range ................. V+ to GND derate above 75°C by ....................... 6mWl°C 
Output Voltage Compliance ............. -100mV to V+ Operating Temperatures 
Power Dissipation: JN, KN, LN Versions ................... 0°C to + 70°C 
Plastic Package - TD Version ....................... - 55°C to + 125°C 

up to + 70°C ............................... 670mW Storage Temperature ................ -65°C to + 150°C 
derate above+ 70°C by ................... 8.3mWl°C Lead Temperature {Soldering, 10sec) ........... + 300°C 

-:: CAUTION: 

~:The-digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy electrostatic fields. Keep unused 
units in coilCJuctive foam at all times. 

2. Do not apply voltages higher than VDD and lower than GND to any terminal except VAEF+ RFEEDBACK· 

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 opera Nona/ sections of the specifications is not implied Exposure to absolute 
maximum rating conditions for extended periods may affect device reliablfity. 

ELECTRICAL CHARACTERISTICS 
(V+ = + 15V, VREF= + 10V, VouT1 =VouT2=0V unless otherwise specified) 

Parameter Test Conditions 
TA TA Unit Limit 

+25°C Min-Max 

DC ACCURACY {Note 1) 

Resolution 8 8 Bits Min 

Nonlinearity (Note 2) J ±0.2 ±0.2 % of FSR Max 

K T -10V:O:VREF:0: +10V ±0.1 ±0.1 % of FSR Max 

L VouT1 =VouT2=0V ±0.05 ±0.05 % of FSR Max 

Monotonicity Guaranteed 

Gain Error {Note 2) All Digital Inputs high. ± 1.5 ±1.8 %of FSR Max 

Nonlinearity Tempco (Notes 2 and 3) -10VVREF +10V ±2 ppm of FSR!°C Max 

Gain Error Tempco {Notes 2 and 3) ±10 ppm of FSR!°C Max 

Output Leakage Current VouT1 =VouT2=0 ±50 ±200 nA Max 
{either output) 

AC ACCURACY 

Power Supply Rejection {Note 2) v+ = 14.0 to 15.0V ±0.02 ±0.03 % of FSR/% ti.v+ Max 

Output Current Settling Time (Note 3) To 0.2% of FSR, RL = 100.!1 150 200 ns Max 

Feedthrough Error {Note 3) VREF=20V pp, 200kHz sine wave. 
±'j, ±1 LSB Max 

All digital inputs low. 

REFERENCE INPUT 

5K Min 
All digital inputs high. .!1 i--

Input Resistance {Pin 15) 
louT1 at ground. 

20K Max 

Temperature Coefficient {Note 3) -500 ppml°C Max 

ANALOG OUTPUT 

Output Capacitance CouT1 All digital inputs high 100 pF Max 
{Note3) 

CouT2 30 pF Max 

CouT1 All digital inputs low 30 pF Max 

CouT2 100 pF Max 

NOTE: All typical values have been characterized but are not tested. 
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AD7523 

ELECTRICAL CHARACTERISTICS 
(V+ = + 15V, VREF= + 10V, Vour1 =VouT2=0V unless otherwise specified) (Continued) 

Parameter Test Conditions TA I TA Unit Limit 
+25°C Min-Max 

DIGITAL INPUTS 

Low State Threshold 0.8 v Max 

High State Threshold 2.4 v Min 

Input Current (Low or high) V1N=OV 0r + 15V +1 µA Max 

Input Coding See Tables 1 & 2 Binary/Offset Binary 

Input Capacitance (Note 3) 4 pF Max 

POWER REQUIREMENTS 

Power Supply Voltage Range Accuracy is tested and guaranteed +5to +16 v 
atv+ = +15V, only. 

I+ (Excluding Ladder Network) All digital inputs High or Low 2 T 2.5 mA Max 

NOTES: 1. Full scale range (FSA) is 10V for unipolar and ±10V for bipolar modes. 
2. Using internal feedback resistor, RFEEDBACK· 
3. Guaranteed by design; ·not subject to test. 
4. Accuracy not guaranteed unless outputs at ground potential. 

DETAILED DESCRIPTION 
The AD7523 is a monolithic multiplying 0/ A converter. A 

highly stable thin film R-2R resistor ladder network and 
NMOS SPOT switches form the basis of the converter cir
cuit, CMOS level shifters permit low power TTL/CMOS 
compatible operation. An ex1ernal voltage or current refer
ence and an operational amplifier are all that is required for 
most voltage output applications. 

A simplified equivalent circuit of the OAC is shown in Fig
ure 3. The NMOS SPOT switches steer the ladder leg cur
rents between 1ouT1 and lour2 buses which must be held 
at ground potential. This configuration maintains a constant 
current in each ladder leg independent of the input code. 

10k!l 10k!l 10k!l 

(15) 

20 k.n 

Converter errors are further reduced by using separate 
metal interconnections between the major bits and the out
puts. Use of high threshold switches reduces the offset 
(leakage) errors to a negligible level. 

The level shifter circuits are comprised of three inverters 
with a positive feedback from the output of the second to 
the first, (Figure 4). This configuration results in TTL/CMOS 
compatible operation over the full military temperature 
range. With the ladder SPOT switches driven by the level 
shifter, each switch is binarily weighted for an ON resist
ance proportional to the respective ladder leg current. This 
assures a constant voltage drop across each switch, creat
ing equipotential terminations for the 2R ladder resistors 
and highly accurate leg currents. 

10 k!l 

20 k!l 

(3) 
SPOT 
Nt.40S 

SWITCHES 
'--+-i,.....~i--T4--1---<11~'--4---n10uT2 (2) 

{Switches shown for Digital Inputs "High") 

'--',!-....... .._.,._ ....... .._.,,_ __ ..._ __ ..._ ..... __ -o lour1 (1) 

6 6 6 
t.4SB BIT2 BIT3 
(4) (5) (6) 

10 k!l 
,_'V>Jl'\r-O RrEEDBACK 

(16) 

Figure 3: AD7523 Functional Diagram 

NOTE All typ;cal values have been characterized but are not tested. 
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AD7523 

0331-9 

Figure 4: CMOS Switch 

APPLICATIONS 

UNIPOLAR OPERATION 

DATA : MSB 
INPUTS 1 LSB 

t IOV +15V 
VREF 

II 

R2 

NOTES: 1. R1 and R2 used only if gain adjustment is required. 
2. CR1 protects AD7523 against negative transients. 

Figure 5: Unipolar Binary Operation 

APPLICATIONS 
Unipolar Binary Operation 

0331-3 

The circuit configuration for operating the AD7523 in uni
polar mode is shown in Figure 5. With positive and negative 
VREF values the circuit is capable of 2-Quadrant multiplica
tion. The "Digital Input Code/ Analog Output Value" table 
for unipolar mode is given in Table 1. 
ZERO OFFSET ADJUSTMENT 

1. Connect all digital inputs to GND. 
2. Adjust the offset zero adjust trimpot of the output 

operational amplifier for OV ± 1 mV (max) at VouT· 

NOTE: Alf typical values have been characterized but are not tested. 
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GAIN ADJUSTMENT 
1. Connect all digital inputs to V +. 
2. Monitor VouT for a - V REF (1 - Y,8) reading. 
3. To increase VouT. connect a series resistor, R2, (O 

to 250!l) in the louT1 amplifier feedback loop. 
4. To decrease VouT. connect a series resistor, R1, (0 

to 250!l) between the reference voltage and the 
VREF terminal. 

Table 1. Unipolar Binary Code Table 

Digital Input 
Analog Output 

MSB LSB 

11111111 -VREF (255) 
256 

10000001 -VREF (129) 
256 

10000000 -VREF (128) = _ VREF 
256 2 

01111111 -VREF (127) 
256 

00000001 -VREF c~6) 
00000000 -VREF c~6)= 0 



BIPOLAR OPERATION 

NOTES: 

DATA 1 

INPUTS : 

R6, 101.t.O. 

1. R3/R4 MATCH 0.1% OR BETIER. 

:1:10V +15V 
VREF 

R1 

CR2 

2. R 1. R2 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED. 
3. CR1 & CR2 PROTECT AD7523 AGAINST NEGATIVE TRANSIENTS. 

AD7523 

Your 

0331-4 

Figure 6: Bipolar Operation 
(4-Quadrant Multiplication) 

Bipolar (Offset Binary) Operation 
The circuit configuration for operating the AD7523 in the 

bipolar mode is given in Figure 6. Using offset binary digital 
input codes and positive and negative reference voltage 
values, Four-Quadrant multiplication can be realized. The 
"Digital Input Code/ Analog Output Value" table for bipolar 
mode is given in Table 2. 

Table 2. Bipolar (Offset Binary) Code Table 

Digital Input 
Analog Output 

MSB LSB 

11111111 -VREF (127) 
128 

10000001 -VREF C~8) 
10000000 0 

01111111 +VREF C~8) 
00000001 +VREF (127) 

128 

ooaaaaaa +VREF (128) 
128 

NOTE· All typical values have been characterized but are not tested. 
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A "Logic 1" input at any digital input forces the corre
sponding ladder switch to steer the bit current to loun bus. 
A "Logic a" input forces the bit current to lour2 bus. For 
any code the lour1 and lour2 bus currents are comple
ments of one another. The current amplifier at lour2 chang
es the polarity of 1ouT2 current and the transconductance 
amplifier at lour1 output sums the two currents. This config
uration doubles the output range. The difference current re
sulting at zero offset binary code, (MSB ="Logic 1 ",All oth
er bits= "Logic a"), is corrected by using an external resis
tor, (1a Mn), from VREF to louT2 (Figure 6). 
OFFSET ADJUSTMENT 

1. Adjust VREF to approximately + 1 av. 
2. Connect all digital inputs to "Logic 1 ". 
3. Adjust lour2 amplifier offset adjust trimpot for av 

± 1 mV at lour2 amplifier output. 
4. Connect MSB (Bit 1) to "Logic 1" and all other bits 

to "Logic a". 

5. Adjust lour1 amplifier offset adjust trimpot for av 
± 1 mV at VouT· 

GAIN ADJUSTMENT 
1 . Connect all digital inputs 1o V + . 
2. Monitor Vour for a -VREF (1 - Y,7) volts reading. 
3. To increase Vour. connect a series resistor, R2, of 

up to 25011 between Vour and RFEEDBACK· 
4. To decrease Vour. connect a series resistor, R1, of 

up to 25011 between the reference voltage and the 
VREF terminal. 



"" "" .,, ... 
iCll POWER DAC DESIGN USING AD7523 c 

AD7523 

11 
._,_ __ 1 .. 5_.. BIT I 

VREF 

Vour =-VoNlo 
WHERE: 
D = BIT1 + BIT2 + •.. BITI 

21 22 2" 

( O<D< 255) 
- - 251 

AD7523 

0331-6 

Figure 7: Divider (Digitally Controlled·Gain) 

BIT 1 

DIGITAL 1 MSB 
INPllT I 
"D" I LSB 

BIT 8 

v -v [(~)-(~)] OUT - REF R1 + R2 R1 + R2 

Bi11 Bit2 Bit8 
WhereD=21+22+ ···2'! 

( 255) 
0 " 0 "25s 

+15V 

0331-7 

Figure 8: Modified Scale Factor and Offset 

DEFINITION OF TERMS 
NONLINEARITY: Error contributed by deviation of the DAG 
transfer function from a "best straight line" through the ac
tual plot of transfer function. Normally expressed as a per
centage of full scale range or in (sub)multiples of 1 LSB. 

RESOLUTION: It is addressing the smallest distinct analog 
output change that a DI A converter can produce. It is com
monly expressed as the number of converter bits. A con
verter with resolution of n bits can resolve output changes 
of 2-n of the full-scale range, e.g. 2-n VREF for a unipolar 
conversion. Resolution by no means implies linearity. 

SETTLING TIME: Time required for the output of a DAG to 
settle to within specified error band around its final value 
(e.g. % LSB) for a given digital input change, i.e., all digital 
inputs LOW to HIGH and HIGH to LOW. 
GAIN ERROR: The difference between actual and ideal an
alog output values at full-scale range, i.e., all digital inputs 

NOTE: All typical values have been characterized but are not tested. 
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at HIGH state. It is expressed as a percentage of full-scale 
range or in (sub)multiples of 1 LSB. 
FEEDTHROUGH ERROR: Error caused by capacitive cou~. 
piing from VREF to lour1 with all digital inputs LOW. 
OUTPUT CAPACITANCE: Capacitance from lour1 and 
lour2 terminals to ground. 
OUTPUT LEAKAGE CURRENT: Current which appears on 
louT1 terminal when all digital inputs are LOW or on. louT2 
terminal when all digital inputs are HIGH. 

For further information on the use of this device, see the 
following Application Notes: 

A002 "Principles of Data Acquisition and Conversion" 
A018 "Do's and Don'ts of Applying AID Converters," by 

Peter Bradshaw and Skip Osgood 
A042 "Interpretation of Data Conversion Accuracy Speci

fications" 

• 



GENERAL DESCRIPTION 
The Harris.AD7533 is a low cost, monolithic 10-bit, four

quadrant multiplying digital-to-analog converter (DAC). Har
ris' thin-film resistor on CMOS circuitry provide 10, 9 and B 
bit ·accuracy over full temperature range. The device also 
provides + 5V to + 15V supply-voltage range, full input pro
tection from damage due to static discharge by clamps to 
v+<-and ground and very low power dissipation. 

Applications for the AD7533 include programmable gain 
amplifiers, digitally controlled attenuators, function genera
tors and control systems. 

ORDERING INFORMATION 

Nonlinearity 
Temperature Range 

o·c to +1o·c 
± 0.2% (8-bit) AD7533JN 

± 0.1 % (9-bit) AD7533KN 

±0.05% (10-bit) AD7533LN 

VREFIN 10KU 10KU 10KU 10Kll 

(15) 

SPOT 
NMOS lour2(2) 

SWITCHES 
loun (1) 

I I I 
I I I 
A 0 0 A FEEDBACK 

MSB BIT2 BIT3 (16) 
(4) (5) (6) 

Figure 1: Functional Diagram 

AD7533: .,, 
10-Bit Multiplying s 

DI A Converter c 

FEATURES 
• 8, 9 and 10 Bit Linearity 
• Low Gain and Linearity Tempcos 
• Full Temperature Range Operation 
• Full Input Static Protection 
• TTL/CMOS Direct Interface 
• + 5 to + 15 Volts Supply Range 
• Low Power Dissipation 
• Fast Settling Time 
• Four Quadrant Multiplication 
• Direct AD7520 Equivalent 

PACKAGE IDENTIFICATION 
AD7533 T D/N 

T I ~,. """"' L Nonlinearity and Temperature Range 
J,K,L-Commercial 

O'Cto +70'C 

'-------- Basic Part Number 

0332-1 
TOP VIEW 

BIT 10 (LSB) 

BIT9 

BIT8 

0332-2 

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 ANO SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY ANO FITNESS FOR A PARTICULAFf USE. 

NOTE· All typical values have been characterized but are not tested. 6-16 



AD7533 

ABSOLUTE MAXIMUM RATINGS (TA=25'C unless otherwise noted) 
v + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 17V Operating Temperature Range: 
VREF ......................................... ± 25V JN, KN, LN Versions ................... O'C to + 70'C 
Digital Input Voltage Range ................. y+ to GND Storage Temperature Range ............ -65'C to 150'C 
Output Voltage Compliance ............... -0.1VtoV+ LeadTemperature(Soldering, 10sec) ........... +300'C 
Power Dissipation 
Plastic Package: 

up to 70'C ................................. 670mW 
derates above 70'C by .................... 8.3mW/'C 

CAUTION: 

1. The digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy electrostatic fields. Keep unused 
units in conductive foam at all times. 

2. Do not apply voltages lower than ground or higher than V + to any pin except VREF and AFB· 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage lo 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 lo absolute 
maximum rating conditions for extended pen"ods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 
(V+ = + 15V, VREF= + 10V, VouT1 =VouT2=0Vunless otherwise specified.) 

Parameter Test Conditions TA TA Limit Unit 
+25'C Min-Max 

DC ACCURACY (Note 1) 

Resolution 10 10 Min Bit 

Nonlinearity (Note 2) J ±0.2 ±0.2 Max % of FSA 

K -10V:s;VREF:;:; + 10V ±0.1 ±0.1 Max % of FSA 

L VouT1 =VouT2=ov ±0.05 ±0.05 Max %ofFSR 

Gain Error (Note 2 and 5) All Digital Inputs High ± 1.4 ±1.5 Max % of FSA 

Output Leakage Current (either output) VREF= ±10V ±50 ±200 Max nA 

AC ACCURACY 

Power Supply Rejection (Note 2) v+ = 14.0 to 11.ov ±0.005 ±0.008 Max % of FSR/%JlV+ 

Output Current Settling Time (Note 3) To 0.05% of FSA, AL= 100.0. 600 800 Max ns 

Feedthrough Error (Note 3) 
VREF= 20Vpp, 1 OOkHz sine wave. 

±0.05 ±0.1 Max %FSA 
Digital inputs low. 

REFERENCE INPUT 

5k Min 

Input Resistance (Pin 15) All digital inputs high. 20k Max .0. 

Temperature Coefficient -300 Typ ppm/'C 

ANALOG OUTPUT 

Both outputs. 
Voltage Compliance (Note 3) See maximum ratings -1oomVtov+ 

Output Capacitance (Note 3) CouT1 All digital inputs high 100 Max pF 

CouT2 35 Max pF 

CouT1 All digital inputs low 35 Max pF 

CouT2 100 Max pF 

NOTE: All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 
(V+ = + 15V, VREF= + 10V, Voun =Vour2=0 unless otherwise specified.) (Continued) 

Parameter· Test Conditions .;.· TA l TA 
+25°C Mln-,.Max 

DIGITAL INPUTS 

Low State Threshold 0.8 -
High State Threshold 2A 

Input Current Low or High V1N=OVandV+ ±1 

Input Coding SeeTables1.&2 Binary/Offset Binary 

Input Capacitance (Note 3) 5 

POWER REQUIREMENTS 

Voo Rated Accuracy +15 ±10% 

Power Supply Voltage Range +5to +16 

I+ (Excluding Ladder Network) Digital Inputs High or Low 2 t 2.5 

Digital Inputs= OV or V + 100 150 

NOTES: 1. Full scale range (FSA) is 1 OV for unipolar and ± 1 OV for bipolar modes. 
2. Using internal feedback resistor, AFEEDBACK· 
3. Guaranteed by design: not subject to test. 
4. Accuracy not guaranteed unless outputs at ground potential. 
5. Full scale (FS)~ -(VAEF). (1023/1024) 

DETAILED DESCRIPTION 

AD75s3·· 

Limit· Unit 

Max v 
Min v 
Max µA 

Max pF 

v 
v 

Max mA 

Max µA 

Specifications subject to 
change without notice. 

The Harris AD7533 is a 1 O bit, monolithic, multiplying D/ A 
converter. A highly stable thin film R-2R resistor ladder net
work and NMOS SPDT switches form the basis of the con
verter circuit. CMOS level shifters permit low power TTL/ 
CMOS compatible operation. An external voltage or current 
reference and an operational amplifier are all that is re
quired for most voltage output applications. · 

VREFIN 10KU 10KU 1DKU 1DKB 

A simplified equivalent circuit of the DAG is shown in Fig
ure 3. The NMOS SPDT switches steer the ladder leg cur
rents between IOUT1 and IOUT2 busses which must be 
held at ground potential. This configuration maintains a con
stant current in each ladder leg independent of the input 
code. 

NOTE: All typical values have been characterized but are not tested. 
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(15) 

SPOT 
NMOS 

SWITCHES '+ _ _.., _ _.+----4-----4....----<>:~~;~g: 
RFEEDBACIC 
(18) 

(Switches shown for Digital Inputs "High") 
Figure3 

0332-3 



Figure 4 

The level shifter circuits are comprised of three inverters 
with a positive feedback from the output of the second to 
the first, (Figure 4). This configuration results in TTL/CMOS 
compatible operation over the full military temperature 
range. With the ladder SPOT switches driven by the level 
shifter, each switch is binarily weighted for an "ON" resist
ance proportional to the respective ladder leg current. This 
assures a constant voltage drop across each switch, creat
ing equipotential terminations for the 2R ladder resistors re
sulting in accurate leg currents. 

APPLICATIONS 

UNIPOLAR OPERATION 
(2-QUADRANT MUL Tl PLICATION) 

Vm 
± 10V V+ 

UNIPOLAR , ~SB 
DIGITAL • 
INPUT ' LSB 

13 

AD7533 

0332-4 

Table 1. Unipolar Binary Code 

Digital Input Nominal Analog Output 
MSB LSB (Vour as shown in Figure 3) 

1111111111 -VREF (1023) 
1024 

1000000001 -VREF ( 513) 
1024 

1000000000 -VREF ( 512 ) = _ VREF 
1024 2 

0111111111 -VREF ( 511 ) 
1024 

0000000001 -VREF Co~4) 
0000000000 -VREF Ci24) =O 

NOTES: 1. Nominal Full Scale for the circuit of Figure 5 is given by 

0332-5 

NOTES: 1. R 1 and A2 used only if gain adjustment is required. 
2. Schottky diode CR1 (HP5082·2811 or equiv) protects 

OUT1 terminal against negative transients. 

Figure 5: Unipolar Binary Operation 
(2-Quadrant Multiplication) 

NOTE: All typical values have been characterized but are not tested. 
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( 1023) 
FS~ -VAEF 1024 

2. Nominal LSB magnitude for the circuit of Figure 5 is given by 

LSB~VREF ( 10124) 

• 



BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 

BIPOLAR 1 

DIGITAL : 
INPUT 

NOTES: 1. R3/R4 match 0.05% or better. 

VREr 
:t10V V+ 

2. A 1 and R2 used only if gain adjustment is required. 

AD7533 

Your 

0332-6 

3. Schottky diodes CR1 and CR2 (HP5082-2811 or equiv) protect OUT1 and OUT2 terminals against negative transients. 

Figure 6: Bipolar Operation 
( 4-Quadrant Multiplication) 

Table 2. Bipolar (Offset Binary) 
Code Table 

Digital Input Nominal Analog Output 
MSB LSB (VouT as shown in Figure 4) 

1111111111 -VREF (511) 
512 

1000000001 -VREF (5~2) 
1000000000 0 

0111111111 +VREF (5~2) 
0000000001 +VREF (~) 

512 

0000000000 +VREF (512) 
512 

NOTES: 1. Nominal Full Scale for the circuit of Figure 6 is given by 

( 1023) FSR=VAEF 5i2 
2. Nominal LSB magnitude for the circuit of Figure 6 is given by 

LSB=VAEF ( 5: 2 ) 

NOTE: AH typical values hall9 b6Bn characterized but are not tested. 
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APPLICATIONS 
Unipolar Binary Operation 

The circuit configuration for operating the AD7533 in uni
polar mode is shown in Figure 5. With positive and negative 
VREF values the circuit is capable of 2-Quadrant multiplica
tion. The "Digital Input Code/Analog Output Value" table 
for unipolar mode is given in Table 1. 
ZERO OFFSET ADJUSTMENT 

1. Connect all digital inputs to GND. 

2. Adjust the offset zero adjust trimpot of the output oper
ational amplifier for OV ± 1 mV at Vour-

GAIN ADJUSTMENT 
1. Connect all digital inputs to V +. 
2. Monitor Vour for a -VREF(1 - 2-10) reading. 
3. To decrease VouT. connect a series resistor (00 to 

2500) between the reference voltage and the VREF 
terminal. 

4. To increase Vour. connect a series resistor (00 to 
2500) in the lour1 amplifier feedback loop. 



C') 
C') .,, ... 
~ Bipolar (Offset Binary) Operation 

The circuit configuration for operating the AD7533 in the 
bipolar mode is given in Figure 6. Using offset binary digital 
input codes and positive and negative reference voltage 
values, 4-Quadrant multiplication can be realized. The "Digi
tal Input Code/ Analog Output Value" table for bipolar mode 
is given in Table 2. 

A "Logic 1" input at any digital input forces the corre
sponding ladder switch to steer the bit current to lour1 bus. 
A "Logic O" input forces the bit current to lour2 bus. For 
any code the lour1 and lour2 bus currents are comple
ments of one another. The current amplifier at lour2 chang
es the polarity of lour2 current and the transconductance 
amplifier at louT1 output sums the two currents. This config
uration doubles the output range. The difference current re
sulting at zero offset binary code, (MSB = "Logic 1", All 
other bits = "Logic O"), is corrected by using an external 
resistor, (10 Mn), from VREF to louT2· 

±10V 
BIPOLAR 

ANALOG INPUT 

y+ 

0332-6 

Figure 7: 10-Bit and Sign Multiplying DAC 

OFFSET ADJUSTMENT 
1. Adjust VREF to approximately+ 10V. 
2. Connect all digital inputs to "Logic 1". 

3. Adjust louT2 amplifier offset adjust trimpot for 
OV ± 1 mV at lour2 amplifier output. 

> 

13~ { ~o 
S~ 1 (MSB) 

~ g : {LSB) 
~~ uu 

" 

CALIBRATE 
I Ok 

AD7533 

4. Connect MSB (Bit 1) to "Logic 1" and all other bits to 
"Logic O". 

5. Adjust louT1 amplifier offset adjust trimpot for 
ov ± 1 mV at VoUT· 

GAIN ADJUSTMENT 
1. Connect all digital inputs to V +. 
2. Monitor Vour for a -VREF(1 - 2-9) volts reading. 
3. To increase Vour. connect a series resistor of up to 

250!l between Vour and RFEEDBACK· 
4. To decrease Vour. connect a series resistor of up to 

250!l between the reference voltage and the VREF ter
minal. 

DEFINITION OF TERMS 
NONLINEARITY: Error contributed by deviation of the DAG 
transfer function from a "best straight line" through the ac
tual plot of transfer function. Normally expressed as a per
centage of full scale range or in (sub)multiples of 1 LSB. 

RESOLUTION: It is addressing the smallest distinct analog 
output change that a D/ A converter can produce. It is com
monly expressed as the number of converter bits. A con
verter with resolution of n bits can resolve output changes 
of 2-n of the full-scale range, e.g. 2-n VREF for a unipolar 
conversion. Resolution by no means implies linearity. 

SETTLING TIME: Time required for the output of a DAG to 
settle to within specified error band around its final value 
(e.g., V. LSB) for a given digital input change, i.e. all digital 
inputs LOW to HIGH and HIGH to LOW. 
GAIN ERROR: The differ•;mce between actual and ideal an
alog output values at full-scale range, i.e. all digital inputs at 
HIGH state. It is expressed as a percentage of full-scale 
range or in (sub)multiples of 1 LSB. 

FEEDTHROUGH ERROR: Error caused by capacitive cou- • 
piing from VREF to lour1 with all digital inputs LOW. • 
OUTPUT CAPACITANCE: Capacitance from lour1 and 
louT2 terminals to ground. 
OUTPUT LEAKAGE CURRENT: Current which appears on 
lour1 terminal when all digital inputs are LOW or on louT2 
terminal when all digital inputs are HIGH. 

;fl;;f 
SQUARE 

WAVE 

AqA 
TRIANGULAR 

WAVE 

0332-9 

Figure 8: Programmable Function Generator 

NOTE: A/J typical values have been characterized but are not tested. 
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m HARRIS \Ill SEMICONDUCTOR 

GENERAL DESCRIPTION 
The Harris AD7541 is a monolithic, low cost, high per

formance, 12-bit accurate, multiplying digital-to-analog con
verter (DAG). 

Harris' wafer level laser-trimmed thin-film resistors on 
CMOS circuitry provide true 12-bit linearity with TTL/CMOS 
compatible operation. 

Special tabbed-resistor geometries (improving time stabil
ity), full input protection from damage due to static dis
charge by diode clamps to V + and ground, large louT1 and 
louT2 bus lines (improving superposition errors) are some 
of the features offered by Harris AD7541. 

Pin compatible with AD7521, this new DAG provides ac
curate four quadrant multiplication over the full military tem
perature range. 

ORDERING INFORMATION 

Part Number/Temperature Range 
Nonlinearity 0°Cto -25°Cto -55°Cto 

+70°C +85°C +125°C 

0.02% 
AD7541JN AD7541AD AD7541SD 

(11-bit) 

0.01% 
AD7541KN AD7541BD AD7541TD 

(12-bit) 

0.01% 
(12-bit) AD7541LN - -
Guaranteed 
Monotonic 

VAEF IN 10Kn 1CNUl 10Kn 10Ktl 

111) 

211KO 

..... 
•OS loun (2) 

IWITCHU ..... _ ...... ,__..,_ ___ .,_ _ _.. __ .....,loun (1) 

I 

ui. 
14) 

RFEEDBACK 

111) 

0333-1 

Figure 1: Functional Diagram 
(Switches shown for Digital Inputs 'High') 

AD7541; .,, 
12-Bit Multiplying s 

D/A Converter c 

FEATURES 
• 12 Bit Linearity (0.01%) 
• Pretrimmed Gain 
• Low Gain and Linearity Tempcos 
• Full Temperature Range Operation 
• Full Input Static Protection 
• DTL/TTL/CMOS Compatible 
• +5 to + 15 Volts Supply Range 
• Low Power Dissipation (20mW) 
•Current Settling Time: 1µs to 0.01% of FSR 
• Four Quadrant Multiplication 
• 8838 Processed Versions Available 

TOPYIEW 

Figure 2: Pin Configuration 
(Outline dwgs ON, PN) 

0333-2 

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 ANO SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 

WARRANTIES OF MERCHANTABILITY ANO FITNESS FOR A PARTICULAR USE. 300150-004 
NOTE: All typical values have been characterized but are not tested. 6-22 
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ABSOLUTE MAXIMUM RATINGS (TA=25'Cunlessotherwisenoted) 
V + ........................................... + 17V Operating Temperature Range: 
VREF ......................................... ± 25V JN, KN, LN Versions ................... O'C to + 70'C 
Digital Input Voltage Range ................. GND to V + AD, BD Versions ................... -25'C to + 85'C 
Output Voltage Compliance ............. -1 OOmV to V + SD, TD Versions .................. -55'C to + 125'C 
Power Dissipation (package): Storage Temperature ................ -65'C to+ 150'C 

up to + 75'C ............................... 450mW Lead Temperature (Soldering, 1 Osec) ............. 300'C 
derate above + 75'C by ..................... 6mW /'C 

CAUTION 

1. The digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy electrostatic fields. Keep unused 
units in conductive foam at all times. 

2. Do not apply voltages higher than Voo or less than GND potential on any terminal except VREF and AFEEDBACK· 

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 
(V+ = + 15V, VREF= + 10V, VouT1 =Vou12=0V, TA =25'C unless otherwise specified) 

Parameter Test Conditions 
TA TA 

Limit Fig. Unit 
+25'C Min-Max 

DC ACCURACY (Note 1) 

Resolution 12 12 Min Bits 

Nonlinearity (Note 2) A s J ±0.024 ±0.024 Max % of FSA 

B T K -1ov:;;vREF:o; + 10V ±0.012 ±0.012 Max 3 % of FSA 

L VouT1 =Vou12= ov ±0.012 ±0.012 Max % of FSA 
Guaranteed 
Monotonic 

Gain Error (Note 2) -1ov:;;vREF:;;+1ov ±0.3 ±0.4 Max %of FSA 

Output Leakage Current (either output) VouT1 =Vou12=0 ±50 ±200 Max nA 

AC ACCURACY (Note 3) 

Power Supply Rejection (Note 2) v+ = 14.5 to 15.5V ±0.005 ±0.01 Max 4 % of FSA/%/% 1:1 v+ 

Output Current Settling Time To 0.01 % of FSA 1 Max 8 µs 

Feedthrough Error VREF=20V pp, 10kHz. 1 Max 7 mVpp 
All digital inputs low. 

REFERENCE INPUT 

5 Min 

Input Resistance All digital inputs high. 10 Typ kn 

lou11 at ground. 20 Max 

ANALOG OUTPUT 

Both outputs. 
Voltage Compliance (Note 4) See maximum ratings. -100mVtov+ 

Output Capacitance (Note 3) Cou11 All digital inputs high 200 Max 6 pF 

Cou12 60 Max pF 

CouT1 All digital inputs low 60 Max 6 pF 

Cou12 200 Max pF 

Output Noise (both outputs) Equivalent to 1 OKn Typ 5 
Johnson noise 

NOTE All typical values have been characterized but are not tested. 
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ELECTRICAL CHARACTERISTICS 
(V+ = + 15V, VREF= + 10V, Voun =VouT2=0V, TA =25°C unless otherwise specified) (Continued) 

Parameter Test Conditions 
TA l TA 

Limit Fig. Unit 
+2s0 c Min-Max 

DIGITAL INPUTS 

Low State Threshold (V1NLl 0.8 Max v 
1---

High State Threshold (V1NH) 2.4 Min v 

Input Current V1N=Oorv+ ±1 Max µA 

Input Coding See Tables 1 & 2 Binary/Offset Binary 

Input Capacitance (Note 3) 8 Max pF 

POWER REQUIREMENTS 

Accuracy is not guaranteed 
Power Supply Voltage Range over this range +5to +16 v 

I+ (Excluding Ladder Network) All digital inputs High or Low 2.0 l 2.5 Max mA 

Total Power Dissipation (Including the ladder) I'· 
NOTES: 1. Full scale range {FSA) is 1 OV for unipolar and ± 1 OV for bipolar modes. 

2. Using internal feedback resistor, RFEEDBACK· 
3. Guaranteed by design; not subject to test. 
4. Accuracy not guaranteed unless outputs at ground 1potential. 

0333-3 

Figure 3: Nonlinearity Test Circuit 

NOTE: All typical values have been characlerized bul are not tested. 
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20 Typ mW 

Specifications subject to 
change without notice. 

Figure 4: Power Supply Rejection 
Test Circuit 

0333-4 



+11Y (ADJUST FOR Your ""OY) 

+15V 

F = 1kHz 
ew = 1Hz 

QUAN 
TECH 

MODEL 
1340 

WAVE 
ANALYZER 

0333-5 

Figure 5: Noise Test Circuit 

18 
18 NC 

1K 

100 mYp·p 
U.IHz 

0333-6 

Figure 6: Output Capacitance Test Circuit 

VAEF = 20V p.p 10kHz SINE WAVE 

BIT 1 (MSB) 17 
.---'--of• 
t-c---.. s 

+1SV 

A07541 

.,_ __ ..,,, 
BIT 12 {LSD)'--_,._ .. 

GND 

Your 

0333- 7 

Figure 7: Feedthrough Error Test Circuit 

~~JUlil 
DIGITAL INPUT 1 

+15V 

31: 5% SETTLING 
91: 0.01'/o SETTLING 

0333-8 

Figure 8: Output Current Settling Time 
Test Circuit 

NOTE: Alf typical values have been characterized but are not tested. 
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DEFINITION OF TERMS 
NONLINEARITY: Error contributed by deviation of the DAG 
transfer function from a best straight line function. Normally 
expressed as a percentage of full scale range. For a multi
plying DAG, this should hold true over the entire VREF 
range. 
RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2-n) (VREF). A 
bipolar converter of n bits has a resolution of [2-(n-1 )] 
[VREFl- Resolution in no way implies linearity. 
SETTLING TIME: Time required for the output function of 
the DAG to settle to within % LSB for a given digital input 
stimulus, i.e., 0 to Full Scale. 

GAIN: Ratio of the DAC's operational amplifier output volt
age to the nominal input voltage value. 

FEEDTHROUGH ERROR: Error caused by capacitive cou
pling from VREF to output with all switches. OFF. 

OUTPUT CAPACITANCE: Capacity from loun and lour2 
terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
lour1 terminal with all digital inputs LOW or on lour2 termi
nal when all inputs are HIGH. 

DETAILED DESCRIPTION 
The Harris AD7541 is a 12 bit, monolithic, multiplying DI A 

converter. Highly stable thin film R-2R resistor ladder net
work and NMOS SPOT switches form the basis of the con
verter circuit. CMOS level shifters provide low power DTL/ 
TTL/CMOS compatible operation. An external voltage or 
current reference and an operational amplifier are all that is 
required for most voltage output applications . 

VREF IN 10KO 10KO 10KO 10Kll 

(Switches shown for Digital Inputs "High") 
Figure 9: AD7541 Functional Diagram 

0333-9 
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0333-10 

Figure 10: CMOS Switch 

A simplified equivalent circuit of the DAC is shown in Fig
ure 9. The NMOS SPOT switches steer the ladder leg cur
rents between IOUT1 and IOUT2 buses which must be held 
at ground potential. This configuration maintains a constant 
current in each ladder leg independent of the input code. 
Converter errors are further eliminated by using wider metal 
interconnections between the major bits and the outputs. 
Use of high threshold switches reduces the offset (leakage) 
errors to a negligible level. 

Each circuit is laser-trimmed, at the wafer level, to better 
than 12 bits linearity. For the first four bits of the ladder, 
special trim-tabbed geometries are used to keep the body 
of the resistors, carrying the majority of the output current, 
undisturbed. The resultant time stability of the trimmed cir
cuits is comparable to that of untrimmed units. 

The level shifter circuits are comprised of three inverters 
with a positive feedback from the output of the second to 
the first (Figure 10). This configuration results in DTL/TTL/ 
CMOS compatible operation over the full military tempera
ture range. With the ladder SPOT switches driven by the 
level shifter, each switch is binarily weighted for an "ON" 
resistance proportional to the respective ladder leg current. 
This assures a constant voltage drop across each switch, 
creating equipotential terminations for the 2R ladder resis
tors, resulting in accurate leg currents. 

APPLICATIONS 
General Recommendations 

Static performance of the AD7541 depends on lour1 and 
louT2 (pin 1 and pin 2) potentials being exactly equal to 
GND (pin 3). 

The output amplifier should be selected to have a low 
input bias current (typically less than 75nA), and a low drift 
(depending on the temperature range). The voltage offset of 
the amplifier should be nulled (typically less than ± 200µ VJ. 

The bias current compensation resistor in the amplifier's 
non-inverting input can cause a variable offset. Non-invert
ing input should be connected to GND with a low resistance 
wire. 

NOTE All typical values have been characterized but are not tsst8d. 
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Ground-loops must be avoided by taking all pins going to 
GND to a common point, using separate connections. 

The v+ (pin 18) power supply should have a low noise 
level and should not have any transients exceeding + 17 
volts. 

Unused digital inputs must be connected to GND or Voo 
for proper operation. 

A high value resistor ( - 1 MD.) can be used to prevent 
static charge accumulation, when the inputs are open-cir
cuited for any reason. 

When gain adjustment is required, low tempco (approxi
mately 50ppm/°C) resistors or trim-pots should be selected. 

UNIPOLAR BINARY OPERATION 
The circuit configuration for operating the AD7541 in uni

polar mode is shown in Figure 11. With positive and nega
tive VREF values the circuit is capable of 2-Quadrant multi
plication. The "Digital Input Code/ Analog Output Value" ta
ble for unipolar mode is given in Table 1. A Schottky diode 
(HP5082-2811 or equivalent) prevents loun from negative 
excursions which could damage the device. This precaution 
is only necessary with certain high speed amplifiers. 

0333-11 

Figure 11: Unipolar Binary Operation 
(2-Quadrant Multiplication) 
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.. .... 
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""' ~ Zero Offset Adjustment 
1. Connect all digital inputs to GND. 
2. Adjust the offset zero adjust trimpot of the output 

operational amplifier for OV ±0.5mV (max) at 
VOUT. 

Gain Adjustment 
1. Connect all digital inputs to VDD. 
2. Monitor VOUT for a -VREF (1 -1 /212) reading. 

3. To increase VOUT, connect a series resistor, (0 to 
250 ohms), in the IOUT1 amplifier feedback loop. 

4. To decrease VOUT, connect a series resistor, (0 to 
250 ohms), between the reference voltage and the 
VREF terminal. 

Table 1: Code Table - Unipolar Binary 
Operation 

DIGITAL INPUT ANALOG OUTPUT 

111111111111 -VREF (1-1/212) 

100000000001 -VREF (1/2+1 /212) 

100000000000 -VREF/2 

011111111111 -VREF (1/2-1/212) 

000000000001 -VREF (1/212) 

000000000000 0 

t10V 

V•rr +15V 

BIT 1 {~SB) 17 16 

4 18 
loun 

DIGITAL AD7541 Rl 10k 
INPUT 

R2 10k 

15 
BIT 12 (LSB) 'ou12 

GND 

Your 

R4 
50011 

0333-12 

Note: R1 and R2 should be 0.01 %, low-TCR resistors. 

Figure 12: Bipolar Operation 
(4-Quadrant Multiplication) 

BIPOLAR (OFFSET BINARY) OPERATION 
The circuit configuration for operating the AD7541 in the 

bipolar mode is given in Figure 12. Using offset binary digital 
input codes and positive and negative reference voltage 
values Four-Quadrant multiplication can be realized. The 
"Digital Input Code/ Analog Output Value" table for bipolar 
mode is given in Table 2. 

' NOTE: All typical values have been characterized but are not tested. 
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A "Logic 1" input at any digital input forces the corre
sponding ladder switch to steer the bit current to IOUT1 
bus. A "Logic O" input forces the bit current to IOUT2 bus. 
For any code the IOUT1 and IOUT2 bus currents are com
plements of one another. The current amplifier at IOUT2 
changes the polarity of IOUT2 current and the transcon
ductance amplifier at IOUT1 output sums the two currents. 
This configuration doubles the output range of the DAG. 
The difference current resulting at zero offset binary code, 
(MSB ="Logic 1 ",All other bits= "Logic O"), is corrected by 
using an external resistive divider, from VREF to IOUT2. 

Offset Adjustment 
1. Adjust VREF to approximately + 1 OV. 

2. Set R4 to zero. 
3. Connect all digital inputs to "Logic 1 ". 

4. Adjust loun amplifier offset zero adjust trimpot for 
OV ± 0.1 mV at lour2 amplifier output. 

5. Connect a short circuit across R2. 
6. Connect all digital inputs to "Logic O". 

7. Adjust lour2 amplifier offset zero adjust trimpot for 
OV ±0.1mV at lour1 amplifier output. 

8. Remove short circuit across R2. 
9. Connect MSB (Bit 1) to "Logic 1" and all other bits 

to "Logic O". 

10. Adjust R4 for OV ±0.2mV at VoUT· 

Gain Adjustment 
1. Connect all digital inputs to VDD. 
2. Monitor VOUT for a -VREF (1-1/211) volts read

ing. 
3. To increase VOUT, connect a series resistor, (0 to 

250 ohms), in the IOUT1 amplifier feedback loop . 
4. To decrease VOUT, connect a series resistor, (0 to 

250 ohms), between the reference voltage and the 
VREF terminal. 

Table 2: Code Table 
Bipolar (Offset Binary) Operation 

DIGITAL INPUT ANALOG OUTPUT 

111111111111 -VREF (1-1/211) 

100000000001 -VREF (1/211) 

100000000000 0 

011111111111 VREF (1/211) 

000000000001 VREF (1 -1 /211) 

000000000000 VREF 

• 



DYNAMIC PERFORMANCE 
The dynamic performance of the DAC, also depends on 

the output amplifier selection. For low speed or static appli
cations, AC specifications of the amplifier are not very crit
ical. For high-speed applications slew-rate, settling-time, 
openloop gain and gain/phase-margin specifications of the 
amplifier should be selected for the desired performance. 

The output impedance of the AD7541 looking into 1ouT1 
varies between 10kfi (RFeedback alone) and 5Kfi 
(RFeedback in parallel with the ladder resistance). 

VREF +10V 

17 
BIT 1 {f.lSB) o---w 4 

BIT 2 n---...WS 
18 

AD7541 

+15V 

AD7541 .... .... .,, 
..... 

Similarly the output capacitance varies between the mini- 0 
mum and the maximum values depending on the input < 
code. These variations necessitate the use of compensa-
tion capacitors, when high speed amplifiers are used. 

A capacitor in parallel with the feedback resistor (as 
shown in Figure 13) provides the necessary phase compen
sation to critically damp the output. 

A small capacitor connected to the compensation pin of 
the amplifier may be required for unstable situations causing 
oscillations. Careful PC board layout, minimizing parasitic 
capacitances, is also vital. 

11------~ 

BIT 12 (LSB) 0-'----IW 15 3 

GND 

0333-13 

Figure 13: General DAC Circuit with Compensation Capacitor, Cc 

NOTE· All typical values have been characterized but are not tested. 
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~ m HARRIS II)...., SEMICONDUCTOR ,... 
Q 
Cl: 

GENERAL DESCRIPTION 
The AD7545 is a low cost monolithic 12-bit CMOS multiply
ing DAC with on-board data latches. Data is loaded in a 
single 12-bit wide word which allows interfacing directly to 
most 12- and 16-bit bus systems. Loading of the input latch
es is under the control of the CS and WR inputs. A logic low 
on these control inputs makes the input latches transparent 
allowing direct unbuffered operation of the DAC. 

FEATURES 
• 12-Bit Resolution 
• Low Gain T.C.: 2ppm/'C typ 
• Fast TTL Compatible Data Latches 
•Single + SV to + 15V Supply 
•Low Power 
•Low Cost 

0811-080 
(PINS 4-15) 

Figure 1: Functional Diagram 
0433-1 

AD7545 
12-Bit Buffered Multiplying 

CMOS DAC 
ORDERING INFORMATION 

Part Temperature 
Number Range Package 

AD7545JN oocto+1ooc 20 Pin Plastic DIP 
AD7545KN oocto+1ooc 20 Pin Plastic DIP 

AD7545AN -4ooc to +s5oc 20 Pin Plastic DIP 
AD75458N -4ooc to +s5oc 20 Pin Plastic DIP 
AD7545AD -4ooc to +ssoc 20 Pin Ceramic DIP 
AD7545BD -4ooc to +ssoc 20 Pin Ceramic DIP 

AD7545SD -s5oc to +12s0 c 20 Pin Ceramic DIP 

AD7545SQ/883 -ss 0 c to +12s0 c 20 Pin Ceramic DIP 

OUT 1 Rre 

AGNO VREF 

OGNO Yoo 
0811 (MS8) WR 

0810 A07545 cs 
TOP VIEW 

089 (Not to Scale) 080 (LS8) 

088 081 

087 082 

086 083 

085 10 084 

0433-2 
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, fMPUED OR STATUTORY, INCLUDING THE IMPLIED 

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 300152-001 
NOTE All typical values have been characterized but are not rested 6-29 
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ABSOLUTE MAXIMUM RATINGS 
(TA = + 25°C unless otherwise noted) 

Voo to DGND." .. " ....... " .. "" ... ". -0.3V, + 17V 

Digital Input Voltage to 
DGND " ........ " " " . " " " .. "-0.3V, Voo + 0.3V 

VRFB· VREF to DGND ............................ ±25V 

Vp1N1 to DGND ..... " .. " ..... " .... -0.3V, Voo +0.3V 

AGND to DGND". ".""."" .... "-0.3V, Voo +0.3V 

Power Dissipation 
(Any Package) to + 75°C ..................... 450 mW 
Derates above 75°C by ...................... 6 mW /°C 

DATA IN-----1.-----... 1,-----Voo 
(080-0811) _____ .• ______ , ____ _ 

0433-4 

A: Typical Write Cycle 

DATA IN ---•lr-----~"'ll1-----Voo 
(080-0811) ___ ,... ________ .._ ____ _ 

0433-3 

B: Preferred Write Cycle 

Operating Temperature 
Commercial 

AD7545 

(J, K) Grades ......................... 0°C to + 10°c 
Industrial 

(A. B) Grades ..................... -40°C to + 85°C 
Extended 

(S) Grades ...................... -55°C to + 125°C 

Storage Temperature ................. - 65°C to + 150°C 

Lead Temperature (Soldering, 10 secs) ........... + 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 operational sections of the specificat;ons is not 
implied. Exposure to absolute maximum rating conditions for extended peri· 
ods may affect device reliab11ity. 

MOOE SELECTION 

WRITE MOOE: 

CS and WR low, DAC responds 
to data bus (DBO-DB11) inputs. 

NOTES: 

Voo ~ + 5V; t, ~ t1 ~ 20 ns 

Voo = + 15V; tr = t1 = 40 ns 

HOLO MOOE: 

Either CS or WR high, data bus 
(DBO-DB11) is locked out; DAC 
holds last data present when 
WR or CS assumed high state. 

All input signal rise and fall times measured from 10% to 90% of Voo. 

Timing measurement reference level is (V1H + V1L)/2. 

Since input data latches are fransparent for CS and WR both low, it is 
preferred to have data valid before CS and WR both go low. This pre
vents undesirable changes at the analog output while the data inputs 
settle. 

Figure 3: Write Cycle Timing Diagram 

CIRCUIT INFORMATION-DIA 
CONVERTER SECTION 
Figure 4 shows a simplified circuit of the DI A converter sec
tion of the AD7545. Note that the ladder termination resistor 
is connected to AGND. R is typically 11 kn. 

0433-5 

Figure 4: Simplified D/ A Circuit of AD7545 

NOTE: All typical values have been characterized but are not tested. 
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The binary weighted currents are switched between the 
OUT1 bus line and AGND by N-channel switches, thus 
maintaining a constant current in each ladder leg indepen
dent of the switch state. One of the current switches is 
shown in Figure 5. 

The capacitance at the OUT1 bus line, CouT1, is code de
pendent and varies from 70 pF (all switches to AGND) to 
200 pF (all switches to OUT1 ). 

The input resistance at VREF (Figure 4) is always equal to 
RwR (RLDR is the R/2R ladder characteristic resistance 
and is equal to the value "R"). Since R1N at the VREF pin is 
constant, the reference terminal can be driven by a refer
ence voltage or a reference current, ac or de, of positive or 
negative polarity. (If a current source is used, a low temper
ature coefficient external RFs is recommended to define 
scale factor.) 



TO LADDER 

INTERFAC;..._j FROM~ 
LOGIC I 

AGND OUT 1 

0433-6 

Figure 5: N-Channel Current Steering Switch 

CIRCUIT INFORMATION
DIGITAL SECTION 
Figure 6 shows. the digital structure for one bit. 

Figure 6: Digital Input Structure 
0433-7 

The digital signals CONTROL and CONTROL are generat
ed from CS and WR. 

The input buffers are simple CMOS inverters designed such 
that when the AD7545 is operated with VDD = 5V, the buff
ers convert TTL input levels (2.4V and 0.8V) into CMOS 
logic levels. When V1N is in the region of 2.0V to 3.5V the 
input buffers operate in their linear region and draw current 
from the power supply. To minimize power supply currents it 
is recommended that the digital input voltages be as close 
to the supply rails (VDD and DGND) as is practically possi
ble. 
The AD7545 may be operated with any supply voltage in 
the range 5V :o: VDD :o: 15V. With VDD = + 15V the input 
logic levels are CMOS compatible only, i.e., 1.5V and 13.5V. 

APPLICATION 
Output Offset: CMOS current-steering D/ A converters ex
hibit a code dependent output resistance which in turn 

NOTE: All typical values have been characterized but are not tested 
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causes a code dependent amplifier noise gain. The effect is 
a code dependent differential nonlinearity term at the ampl
fier output which depends on Vos where Vos is the amplifi
er input offset voltage. To maintain monotonic operation it is 
recommended that Vos be no greater than (25 x 10-6) 
(VREF) over the temperature range of operation. 

General Ground Management: AC or transient voltages 
between AGND and DGND can cause noise injection into 
the analog output. The simplest method of ensuring that 
voltages at AGND and DGND are equal is to tie AGND and 
DGND together at the AD7545. In more complex systems 
where the AGND and DGND connection is on the back
plane, it is recommended that two diodes be connected in 
inverse parallel between the AD7545 AGND and DGND 
pins (1 N914 or equivalent). 
Digital Glitches: When WR and CS are both low the latch
es are transparent and the D/A,converter inputs_follow the 
data inputs. In some bus systems-, data on· the data bus is 
not always valid for the whole period during which WR is 
low and as a result invalid data can briefly.occur at the D/ A 
converter inputs curing a write cycle. Such invalid data can 
cause unwanted glitches at the output of the D/ A converter. 
The solution to this problem, if it occurs, is to retime the 
write pulse (WR) so that it only occurs when data is valid. 
Another cause of digital glitches is capacitive coupling from 
the digital lines to the OUT1 and AGND terminals. This 
should be minimized by isolating the analog pins of the 
AD7545 (Pins 1, 2, 19, 20) from the digital pins by a ground 
track run between pins 2 and 3 and between pins 18 and 19 
of the AD7545. Note how the analog pins are at one end of 
the package and separated from the digital pins by V DD and 
DGND to aid isolation at the board level. On-chip capacitive 
coupling can also give rise to crosstalk from the digital to 
analog sections of the AD7545, particularly in circuits with 
high currents and fast rise and fall times. This type of cross- l!!m 
talk is minimized by using VoD = + 5V. However, great l:m 
care should be taken to ensure that the + 5V used to power 
the AD7545 is free from digitally induced noise. 
Temperature Coefficients: The gain temperature coeffi-
cient of the AD7545 has a maximum value of 5 ppml°C and 
a typical value of 2 ppml°C. This corresponds to worst case 
gain shifts of 2 LSBs and 0.8 LSBs respectively over a 
100'C temperature range. When trim resistors R1 and R2 
are used to adjust full scale range, the temperature coeffi-
cient of R 1 and R2 should also be taken into account. 
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Parameter 

STATIC PERFORMANCE 

Resolution 

Relative Accuracy 

Differential Nonlinearity 

Gain Error (Using Internal RFB) 
(Note2) 

Gain Temperature Coefficient 
(Note3) 

t.Gain/ t. Temperature 

DC Supply Rejection 
t.Gain/ t. Voo 

Output Leakage Current 
atOUT1 

Test Conditions 
Version 

Comments 

All 

J, A, s 
K,B 

1 0-Bit Monotonic T min to T max J,A,S 
12-Bit Monotonic T min to T max K,B 

DAG Register Loaded with J,A,S 
111111111111 K,B 
Gain Error is Adjustable Using 
the Circuits of Figures 7 and 8 

Typical Value is 2 ppm!°C All 

forVoo = +5V 

t.Voo = ±5% All 

DBO-DB11 = OV; WR, CS = OV J, K 
A,B 
s 

Voo = +5V Voo = + 15V 
Limits Limits 

TA= +25°C Tmin, Tmax TA= +25°C Tmin' Tmax 
(Note 1) (Note 1) 

12 12 12 12 

±2 ±2 ±2 ±2 
±1 ±1 ±1 ±1 

±4 ±4 ±4 ±4 
±1 ±1 ±1 ±1 

±20 ±20 ±25 ±25 
±10 ±10 ±15 ±15 

±5 ±5 ±10 ±10 

0.015 0.03 0.01 0.02 

10 50 10 50 
10 50 10 50 
10 200 10 200 

Units 

Bits 

LSB max 
LSB max 

LSB max 
LSB max 

LSB max 
LSB max 

ppm!°Cmax 

% per% max 

nAmax 
nAmax 
nAmax 

,.. 
a 
""" en 
~ 
en 

AD7545 
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ELECTRICAL CHARACTERISTICS VREF = + 10V, VouT1 = OV, AGND = DGND unless otherwise specified (Continued) 

Voo = +sv Voo=+15V 

Parameter 
Test Conditions 

Version 
Limits Limits 

Comments 
TA= +2s0 c Tm;n, Tmax 

TA= +25'C Tmln• Tmax 
(Note 1) (Note 1) 

DYNAMIC PERFORMANCE 

Current Settling Time (Note 3) To'/. LS8. OUT1 load= 1000. DAG All 
output measured from falling edge of 2 2 2 2 
WR. CS= OV. 

Propagation Delay (Note 3) OUT1 LOAD = 1000 All 
(from Digital Input Change to CExT = 13 pf (Note 4) 300 250 
90% of final Analog Output) 

Digital to Analog Glitch Impulse VREF = AGND All 400 250 

AC Feedthrough (Note 5) VREF = ± 1 OV, 10 kHz Sinewave All 
5 5 5 5 

At0UT1 

REFERENCE INPUT 

Input Resistance Input Resistance All 7 7 7 7 
(Pin 19 to GND) TC = -300 ppml°C typ 

Typical Input Resistance = 11 kO 25 25 25 25 

ANALOG OUTPUTS 

Output Capacitance (Note 3) 

CouT1 D80-D811 = OV, WR, CS = OV All 70 70 70 70 

CouT1 080-0811 = Voo. WR, cs = ov All 200 200 200 200 

DIGITAL INPUTS 

Input High Voltage All 
2.4 2.4 13.5 13.5 

V;H 

Input Low Voltage All 
0.8 0.8 1.5 1.5 

V1L 

Input Current (Note 6) V1N = o orVoo All 
±1 ±10 ±1 ±10 

l1N 

Input Capacitance (Note 3) 
080-0811 V1N = 0 All 7 7 7 7 
WR.CS V1N = 0 All 20 20 20 20 

II 

AD7545 

Units 

µsmax 

nsmax 

nV sec typ 

mVp-ptyp 

kOmin 

kOmax 

pf max 
pFmax 

Vmin 

Vmax 

µAmax 

pFmax 
pFmax I 

,. 
a 
111-1 
Cl'I ,.. 
Cl'I 
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ELECTRICAL CHARACTERISTICS VREF = + 1 OV, VouT1 = OV, AGND = DGND unless otherwise specified (Continued) 

Parameter Test Conditions/Comments Version 

SWITCHING CHARACTERISTICS (Note 3) 

Chip Select to Write Setup Time SeeFigure3 

tcs 

Chip Select to Write Hold Time See Figure 3 

tcH 

Write Pulse Width tcs ;,,, twR. tcH ;,,, o 
twR See Figure3 

Data Setup Time See Figure3 

tos 

Data Hold Time SeeFigure3 

toH 

POWER SUPPLY 

loo All Digital Inputs V1L or V1H 
All Digital Inputs OV or Voo 
All Digital Inputs OV or Voo 

NOTE 1: Temperature Ranges as follows: J, K versions: O'C to + 70'C 

A, B versions: -20'C to + 85'C 

S version: -55'C to + 125'C 

2: This includes the effect of 5 ppm max gain TC. 

3: Parameter not tested. Parameter guaranteed by design, simulation, or characterization. 

4: DBO-DB11 ~ OY to Yoo or Yoo to OY. 

All 

All 

All 

All 

All 

All 

5: Feedthrough can be further reduced by connecting the metal lid on the ceramic package to DGND. 

6: Logic inputs are MOS gates. Typical input current ( + 25'C) is less than 1 nA. 

Specifications subject to change without notice. 

Voo = +5V Voo = +15V 
Limits Limits 

TA= +25'C Tmln• Tmax TA= +25'C Tmln• Tmax 
(Note 1) (Note 1) 

280 380 180 200 
200 270 120 150 

0 0 0 0 

250 400 160 240 
175 280 100 170 

140 210 90 120 
100 150 60 80 

10 10 10 10 

2 2 2 2 
100 500 100 500 
10 10 10 10 

Units 

nsmin 
nstyp 

nsmin 

nsmin 
nstyp 

nsmin 
nstyp 

nsmin 

mAmax 
µ.A max 
µ.A typ 

> a ..._. 
en ... 
en 

AD7545 



It) 
-t' 
It) 

"' ~ BASIC APPLICATIONS 
Figures 7 and 8 show simple unipolar and bipolar circuits 
using the AD7545. Resistor R 1 is used to trim for full scale. 
Capacitor C1 provides phase compensation and helps pre
vent overshoot and ringing when using high speed op amps. 
Note that the circuits of Figures 7 and 8 have constant input 
impedance at the VREF terminal. 
The circuit of Figure 7 can either be used as a fixed refer
ence D/ A converter so that it provides an analog output 
voltage in the range 0 to -VrN (note the inversion intro
duced by the op amp) or VrN can be an ac signal in which 
case the circuit behaves as an attenuator (2-Quadrant Multi
plier). V1N can be any voltage in the range -20 <; V1N <; 

+ 20V (provided the op amp can handle such voltages) 
since VREF is permitted to exceed Voo- Table 2 shows the 
code relationship for the circuit of Figure 7. 

*Refer to Table 1. 

0811-080 
(PINS 4-15) 

AD7545 

Table 1: Recommended Trim Resistor Values 
vs. Grades for Voo = + 5V 

TRIM 
J/A/S K/B 

RESISTOR 

R1 soon 200!1 
R2 150!1 68!1 

Table 2. Unipolar Binary Code Table 
for Circuit of Figure 7 

Binary Number in 
Analog Output 

DAC Register 

1111 1111 1111 { 4095} 
-VrN 4096 

1000 0000 0000 { 2048} 
-VIN 4096 = -Y,V1N 

0000 0000 0001 -VrN { 40196} 

0000 0000 0000 ov 

Your 

0433-8 

Figure 7: Unipolar Binary Operation 

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

6-35 



Figure 8 and Table 3 illustrate the recommended circuit and 
code relationship for bipolar operation. The D/ A function 
itself uses offset binary code and inverter U1 on the MSB 
line converts 2's complement input code to offset binary 
code. If appropriate, inversion of the MSB may be done in 
software using an exclusive -OR instruction and the inverter 
omitted. R3, R4 and R5 must be selected to match within 
0.01 % and they should be the same type of resistor (prefer
ably wire-wound or metal foil), so that their temperature co
efficients match. Mismatch of R3 value to R4 causes both 
offset and full scale error. Mismatch of R5 to R4 and R3 
causes full scale error. 

*For Values of R1 and R2 
See Table 1. 

DATA INPUT 

0111 

0000 

0000 

1111 

1000 

AD7545 

Table 3: 2's Complement Code Table 
for Circuit of Figure 8 

Data Input Analog Output 

1111 1111 { 2047} +V1N• --
2048 

0000 0001 +V1N• {-1-} 
2048 

0000 0000 ov 

1111 1111 -V1N• {-1 } 
2048 

{ 2048} 0000 0000 -V1N• --
2048 

0433-9 

Figure 8: Bipolar Operation (2's Complement Code) 

The choice of the operational amplifiers in Figures 7 and 8 
depends on the application and the trade off between re
quired precision and speed. Below is a list of operational 
amplifiers which are good candidates for many applications. 
The main selection criteria for these operational amplifiers 
is to have low Vos. low Vos drift, low bias current and low 
settling time. 

NOTE: All typical values have been characterized but are not tested. 
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These amplifiers need to maintain the low nonlinearity and 
monotonic operation of the D/ A while providing enough 
speed for maximum converter performance. 

Operational Amplifiers: 

HA5127 Ultra Low Noise, Precision 
HA5137 Ultra Low Noise, Precision, Wide Band 
HA5147 

HA5170 

Ultra Low Noise, Precision, High Slew Rate 

Precision, JFET Input 



m HARRIS 
...., SEMICONDUCTOR 

GENERAL DESCRIPTION (;i\{;j~~~:j 
The Harris CA3338 family are CMOS/SOS higp,sp'Eied R-

2R voltage output digital-to-analog convert13rs'.'lhey oper
ate from a single 5V supply at video speeds, and can pro
duce "rail-to-rail" output swings. Internal level shifters and a 
pin for an optional second supply provide for an output 
range below the digital ground. The data complement con
trol allows the inversion of input data while the latch enable 
control provides either feed-through or latched operation. 
Both ends of the R-2R ladder network are available exter
nally and may be modulated for gain or offset adjustments. 
In addition, "glitch" energy has been kept very low by seg
menting and "bar graph" decoding of the upper 3 bits. 

The CA3338 is manufactured on a sapphire substrate to 
give low dynamic power dissipation, low output capacitance, 
and inherent latch-up resistance. 

ORDERING INFORMATION 

Part Linearity 
Number (INL, DNL) 

CA3338A ±1.0 LSB 
CA3338AE ±0.75 LSB 

CA3338D ±1.0 LSB 

CA3338AD ±0.75 LSB 

CA3338M ±1.0 LSB 

CA3338AM ±0.75 LSB 

16 LEAD CERAMIC DIP 
16 LEAD PLASTIC DIP 07 

16 LEAD SOIC 
06 

05 3 

04 4 

03 

02 6 

01 7 

Vss 8 

f;,~3338, CA3338A ~ 

c~~~~~~~:l~:1~~ ~~~v~;fe~ B 
FEATURES 
• CMOS/SOS Low Power 

• R-2R Output, Segmented for Low "Glitch" 

• CMOS or TTL Compatible Inputs 

• Fast Settling: 20 ns (typ.) to '/2 LSB 

• Feedthrough Latch for Clocked or 
Unclocked Use 

• Single or Dual Supplies, 4.5V to 7.5V Total 

• % LSB Accuracy (Typ.) 

• Data Complement Control 

• High Update Rate: 50 MHz (Typ.) 

• Unipolar or Bipolar Operation 

APPLICATIONS 
• TV /Video Display 

• High-Speed Oscilloscope Display 

• Digital Waveform Generator 

• Feed-Forward A/D Systems 

Temperature 
Range Package 

-4ooc to +ssoc 16 Pin Plastic DIP 

-4ooc to +s5oc 16 Pin Plastic DIP 

-55oC to +125oc 16 Pin Ceramic DIP 

-55°C to +12s0 c 16 Pin Ceramic DIP 

-4ooc to +ssoc 16 Pin Plastic SOIC 

-4ooc to +ssoc 16 Pin Plastic SOIC 

16 Voo 
15 LE 

14 COMP 

13 VREF+ 
12 Your 
11 VREF-
10 VEE 
9 DO 

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. 1850-001 
NOTE: All typical values have been characten'zed but are not tesJed. 6-37 



-c 
Cl) 
C') 
C') 

~ ABSOLUTE MAXIMUM RATINGS 
CJ DC Supply-Voltage Range 

(Voo - Vss or Yoo - VEE· 
whichever is greater) ................... - 0.5V to + BV 

Input Voltage Range 
Digital Inputs (LE, COMP, 
DO-D7) .................... Vss - o.sv to v00 + 0.5V 
Analog Pins 
(VREF+, VREF-, VouTl ....... Yoo - BV to Voo + 0.5V 

DC Input Current 
Digital Inputs (LE, COMP, DO-D7) ............. ±20 mA 

Power Dissipation per Package (Po): 
ForTA = -55°Cto +55°C ................... 315mW 
ForTA = +55°Cto +t25°C 
......................... Derate Linearly at 3.3 mW l°C 

16 
Voo 

15 
LE 

14 3-BIT 
COMP 

TO 7-LINE 

THERMO-
D7 

METER 

ENCODER 

06 

05 
LEVEL 

SHIFTERS 

04 

03 

O> 

01 

DO 

Vss 

CA3338,CA3338A 

Operating-Temperature Range (TA): 
Ceramic Package-D Suffix .......... - 55°C to + 125°C 
Plastic Package-E Suffix ............ -40°C to + 85°C 

Storage-Temperature 
Range (T srn) ...................... - 65°C to + 150°C 

Lead Temperature (During Soldering): 
At Distance '/16 ± '/32 in. (1.59 ± 0.79 mm) from 
case for 1 Os max. . .......................... + 265°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 operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri
ods may affect device reliability. 

Recommended Supply Voltage Range ....... .4.5V to 7.5V 

13 

VREF+ 

Vour 

2R 
FEED-

THROUGH 

LA TC HS 

2R 

VREF-

10 

R'.:l'.6000 
VEE 

0192-2 

Figure 2: Functional Diagram 

NOTE All typical values have been charactedzed but are not tested. 
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CA3338, CA33·38A c 
CD 
C') 
C') 

ELECTRICAL CHARACTERISTICS TA= 25'C, V00 = 5V, VREF+ = 4.608V, Vss =VEE= VREF- = GND, C? 

LE clocked at 20 MHz, AL ~ 1 Mn (unless otherwise specified) (I 
Parameter Test Conditions Limits Units 

Min Typ Max 

Accuracy 
Resolution 8 Bits 
Integral Linearity Error See Figure 6 

CA3338 ±1 LSB 
CA3338A ±0.75 LSB 

Differential Linearity Error See Figure 6 
CA3338 ±0.75 LSB 
CA3338A ±0.5 LSB 

Gain Error Input Code = FF15; See Fig. 5 
CA3338 ±0.75 LSB 
CA3338A ±0.5 LSB 

Offset Error Input Code = 0015; See Fig. 5 ±0.25 LSB 

Digital Input Timing 
Update Rate To Maintain % LSB Settling DC 50 MHz 
Update Rate VREF- =VEE= -2.5V, VREF+ = +2.5V DC 20 MHz 
Set Up Time Tsu1 For Low Glitch -2 ns 
Set Up Time T SU2 For Data Store 8 ns 
Hold Time TH For Data Store 5 ns 
Latch Pulse Width T w For Data Store 5 ns 
Latch Pulse Width T w VREF- = VEE= -2.5V, VREF+ = +2.5V 25 ns 

Output Parameters RL Adjusted for 1 Vp-p Output 
Output Delay T 01 From LE Edge 25 ns 
Output Delay T 02 From Data Changing 22 ns 
Rise Time TR 10 to 90% of Output 4 ns 
Settling Time Ts 10% to Settling to % LSB 20 ns 
Output Impedance VREF+ = 6V, Voo = 6V 120 160 200 n 
Glitch Area 150 pV-s 
Glitch Area VREF- =VEE= -2.5V, VREF+ = +2.5V 250 pV-s 

Reference Voltage 
VREF+ Range ( +) Full Scale (Note 1) VREF- + 3 Voo v 
VREF- Range ( - ) Full Scale (Note 1) VEE VREF+ - 3 v 
VREF+ Input Current VREF+ = 6V, Voo = 6V 40 50 mA 

Supply Voltage 
Static loo or IEE LE = Low, Do~D1 = High 100 220 µA 

LE = Low, Do-D7 = Low 100 µA 
Dynamic loo or IEE VouT = 10 MHz, OV to 5V Sq . .Wave 20 mA 
Dynamic loo or IEE VouT = 10 MHz, ±2.5V Sq. Wave 25 mA 
Voo Rejection 50 kHz Sine Wave Applied 3 mV/V 
VEE Rejection 50 kHz Sine Wave Applied 1 mV/V 

Digital Inputs DO-D7, LE, COMP 
High Level Input Voltage (Note 1) 2 v 
Low Level Input Voltage (Note1) 0.8 v 
Leakage Current ±1 ±5 µA 
Capacitance 5 pF 

Temperature Coefficients 
Output Impedance 200 PPM/'C 

NOTE 1: Parameter not tested, but guaranteed by design or characterization. 

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

Pin Name Description 

1 D7 Most Significant Bit 

2 06 Input 

3 05 Data 

4 04 Bits 

5 03 (High = True) 

6 02 

7 01 

8 Vss Digital ground 

9 Do Least Significant Bit. Input Data Bit. 

10 VEE Analog ground 

11 VREF- Reference voltage negative input 

12 Vour Analog output 

13 VREF+ Reference voltage positive input 

14 COMP Data complement control input. Active.high. 

15 LE Latch enable input. Active low. 

16 Voo Digital power supply, + 5V 

DIGITAL SIGNAL PATH 
The digital inputs (LE, COMP, and DO-D7) are of TTL 

compatible HCT High Speed CMOS design: the loading is 
essentially capacitive and the logic threshold is typically 
1.5V. 

The 8 data bits, DO (weighted 20) through 07 (weighted 
27), are applied to Exclusive OR gates (see Figure 2). The 
COMP (data complement) control provides the second in
put to the gates: if COMP is high, the data bits will be invert
ed as they pass through. 

The input data and thtl LE (latch enable) signals are next 
applied to a level shifter. The inputs, operating· between the 
levels of Voo and Vss. are shilled to operate between Voo 
and VEE· VEE optionally at ground or at a negative voltage, 
will be discussed under bipolar operation. All further logic 
elements except the output drivers operate from the Voo 
and VEE supplies. 

The upper 3 bits of data, D5 through D7, are input to a 3-
to-7 line bar graph encoder. The encoder outputs and DO 
through 04 are applied to a feedthrough latch, which is con
trolled by LE (latch enable). 

NOTE: All typical values have been characterized but are not 19Sfed. 
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CA3338,CA3338A 

0192-3 

Figure 3: Data to Latch Enable Timing 

LATCH OPERATION 
Data is fed from input to output while LE is low: LE should 

be tied low for non-clocked operation. 

Non-clocked operation or changing data while LE is low is 
not recommended for applications requiring low output 
"glitch" energy: there is no guarantee of the simultaneous 
changing of input data or the equal propagation delay of all 
bits through the converter. Several parameters are given if 
the converter is to be used in either of these modes: T 02 
gives the delay from the input changing to the output chang
ing (10%). while tsu2 and TH give the set up and hold times 
(referred to LE rising edge) needed to latch data. See Fig
ures 3 and 4. 

Clocked operation is needed for low "glitch" energy use. 
Data must meet the given T su1 set up time to the LE falling 
edge, and the TH hold time from the LE rising edge. The 
delay to the output changing, T o1, is now referred to the LE 
falling edge. 

There is no need for a square wave LE clock; LE must 
only meet the minimum TW pulse width for successful latch 
operation. Generally, output timing (desired accuracy of set
tling) sets the upper limit of usable clock frequency. 

OUTPUT STRUCTURE 
The latches feed data to a row of high current CMOS 

drivers, which in turn feed a modified R-2R ladder network. 

The "N" channel (pull down) transistor of each driver plus 
the bottom "2R" resistor are returned to VREF-; this is the 
( -) full-scale reference. The "P" channel (pull up) transis
tor of each driver is returned to VREF+, the ( +) full-scale 
reference. 

In unipolar operation, VREF- would typically be returned 
to analog ground, but may be raised above ground (see 
specifications). There is substantial code dependent current 
that flows from VREF+ to VREF- (see VREF+ input current 
in specifications), so VREF- should have a low impedance 
path to ground. 



OUTPUT STRUCTURE (Continued) 

In bipolar operation, VREF- would be returned to a nega
tive voltage (the maximum voltage rating to Voo must be 
observed). VEE· which supplies the gate potential for the 
output drivers, must be returned to a point at least as nega
tive as VREF-· Note that the maximum clocking speed de
creases when the bipolar mode is used. 

LATCH ENABLE 

OUTPUT VOLTAGE 
112 LSB 

112 LSB 

0192-4 

Figure 4: Data and Latch Enable to Output 
Timing 

STATIC CHARACTERISTICS 
The ideal 8-bit D/ A would have an output equal to VREF

with an input code of 001s (zero scale output), and an 

CA3338,CA3338A .. 
Cl) 
C') 
C') 

output equal to 255/256 of VREF+ (referred to VREF-l with C? 
an input code of FF1s (full-scale output). The difference be- ~ 
tween the ideal and actual values of these two parameters 
are the OFFSET and GAIN errors respectively: see Figure 
5. 

If the code into an 8-bit D/ A is changed by 1 count, the 
output should change by 1 /255 (full-scale output-zero
scale output). A deviation from this step-size is a differential 
linearity error: see Figure 6. Note that the error is expressed 
in fractions of the ideal step size (usually called an LSB). 
Also note that if the ( - ) differential linearity error is less (in 
absolute numbers) than 1 LSB, the device is monotonic. 
(The output will always increase for increasing code or de
crease for decreasing code). 

If the code into an 8-bit D/ A is at any value, say "N", the 
output voltage should be N/255 of the full-scale output (re
ferred to the zero-scale output). Any deviation from that out
put is an integral linearity error, usually expressed in LSB's. 
See Figure 6. 

Note that OFFSET and GAIN errors do not affect integral 
linearity, as the linearity is referenced to actual zero and full
scale outputs, not ideal. Absolute accuracy would have to 
also take these errors into account. 

G.). IN ERROR 
(SHOWN-) • --= I DEAL TRANSFER CURVE 

OUTPUT 
VOLTAGE 
AS A 
FRACTION OF 
VnEt-VREF-

254/256 -- - • ACTUAL TRANSFER CURVE 

253/ 256 

31256 

2/ 256 

1/256 

0 

OFFSET 
ERROR 

(SHOWN+) 

1I-
L t I 

00 01 02 03 FD FE 

INPUT CODE IN HEXADECIMAL 
{COMP• LOW) 

Figure 5: D/ A Offset and Gain Error 

NOTE' AH typical values have been characterized but are not tested 
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OUTPUT 
VOLTAGE 

--- •IDEAL TRANSFER CURVE 
- -- •ACTUAL TRANSFER CURVE 

CA3338,CA3338A 

INTEJRAL LINEARITY 
ERROR lSHOWN-1 

A• IDEAL STEP SIZE l112550F FULL SCALE-'O"SCALE VOLTAGE! 
B-A• +DIFFERENTIAL LINEARITY ERROR 
C - A• - DIFFERENTIAL LINEARITY ERROR 

IN PUT CODE 

0192-6 

Figure 6: D/ A Integral and Differential Linearity Error 

DYNAMIC CHARACTERISTICS 
Keeping the full-scale range (VREF+ - VREF-) as high 

as possible gives the best linearity and lowest "glitch" ener
gy (referred to 1V). This provides the best "P" and "N" 
channel gate drives (hence saturation resistance) and prop
agation delays. The VREF+ (and VREF- if bipolar) terminal 
should be well bypassed as near the chip as possible. 

"Glitch" energy is defined as a spurious voltage that oc
curs as the output is changed from one voltage to another. 
In a binary input converter, it is usually highest at the most 
significant bit transition (7F15 to 8015 for an 8 bit device), 
and can be measured by displaying the output as the input 
code alternates around that point. The "glitch" energy is the 
area between the actual output display and an ideal one 
LSB step voltage (subtracting negative area from positive), 
at either the positive or negative-going step. It is usually 
expressed in pV-s. 

The CA3338 uses a modified R-2R ladder, where the 3 
most significant bits drive a bar graph decoder and 7 equally 
weighted resistors. This makes the "glitch" energy at each 
'la scale transition (1 F15 to 2015, 3F15 to 4015, etc.) essen
tially equal, and far less than the MSB transition would oth
erwise display. 

NOTE: All typical values have been characterized but af9 not tested. 
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For the purpose of comparison to other converters, the 
output should be resistively divided to 1 V full-scale. Figure 7 
shows a typical hook-up for checking "glitch" energy or set
tling time. 

The settling time of the AID is mainly a function of the 
output resistance (approximately 160.0. in parallel with the 
load resistance) and the load plus internal chip capacitance. 
Both "glitch" energy and settling time measurements re
quire very good circuit and probe grounding: a probe tip 
connector such as Tektronix part number 131-0258-00 is 
recommended. 

APPLICATIONS 
The output of the CA3338 can be resistively divided to 

match a doubly terminated 50.0. or 75.0. line, although peak
to-peak swings of less than 1 V may result. The output mag
nitude will also vary with the converter's output impedance. 
Figure 7 shows such an application. Note that because of 
the HCT input structure, the CA3338 could be operated up 
to +7.5V Voo and VREF+ supplies and still accept OV to 
5V CMOS input voltages. 

If larger voltage swings or better accuracy is desired, a 
high speed output buffer, such as the HA-5033, HA-2542, or 
CA3450, can be employed. Figure 8 shows a typical appli
cation, with the output capable of driving ± 2V into multiple 
50.0. terminated lines. 



CA3338,CA3338A 

CA 3338 

15 
CLOCK -------l>i LE 

t-7,9 

B DATA BITS DO-D7 

16 
+ 5 v -----.... ----! vDD 

+ 

14 
COMP 

8 Vss 

·1:1---HlV 

+2.5V 

-2-5V 

13 
VREF + t----e..._,+il--+--. 

11 

10 
VEEl--.... -c>.. 

+ 

R2 

----rr 
R3 

PROBE TIP 
OR BNC 

CONNECTOR 

DIGITAL ANALOG 
__ G_R_O_U_N_D--.... --------------41----.... - ... --.... --.... ---GROUND 

Function: Connector R1 R2 R3 Your (PK-PK) 

Oscilloscope Display Probe Tip 82!1 620 N/C 
Match 930 Cable BNC 75 160 93 
Match 75n Cable BNC 18 130 75 
Match son Cable BNC Short 75 50 

NOTES 1: Vour(PK) is approximate, and will vary as Rour of DIA varies. 

2: All drawn capacitors are 0.1 µF multilayer ceramic/ 14. 7 µ.F tantalum. 

3: Dashed connections are for unipolar operation, solid for bipolar. 

Figure 7: CA3338 Dynamic Test Circuit 

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

CA3338,CA3338A 

Uf' TO 5 QIJTPUT LINES 
FOR R: 75n,3 LINES 
FORR=Son 

~-"Aflr-.- -H>-t---+-<>-+---"our 1 
I 
I 
I 
I 

I I 

10 I r·n~~__j__J 
= .~. o"'.;°., -=I 

~,J,. 
TAN CER I 

ADJUST 
OFFSET 

NOTES 1: Both VAEF+ pin and 392n resistor should be bypassed within y, in. 

2: Keep nodal capacitance at CA3450 pin 3 as low as possible. 

3: VouT Range ~ ± 3V. at CA3450. 

-•v 

Figure 8: CA3338 and CA3450 for Driving Multiple Coaxial Lines 

Table 2: Output Voltage vs Input Code and VREF 

VREF+ 5.12V 5.00V 4.608V 2.56V 
VREF- 0 0 0 -2.56V 

Step Size 0.0200V 0.0195V 0.0180V 0.0200V 

Input Code 

111111112 = FF15 5.1000V 4.9805V 4.5900V 2.5400V 
111111102 = FE15 5.0800 4.9610 4.5720 2.5200 

• 
• 
• 

1000 00012 = 8115 2.5800 2.5195 2.3220 0.0200 
1000 00002 = 8015 2.5600 2.5000 2.3040 0.0000 
011111112 = 7F15 2.5400 2.4805 2.2860 -0.0200 

• 
• 
• 

000000012 = 0115 0.0200 0.0195 0.0180 -2.5400 
0000 00002 = 0015 0.0000 0.0000 0.0000 -2.5600 

NOTE: AH typical values have been charact9fized but are not tested. 

6-44 

0192-B 

2.50V 
-2.50V 
0.0195V 

2.4805V 
2.4610 

0.0195 
0.0000 

-0.0195 

-2.4805 
-2.5000 



OPERATING AND HANDLING 
OPERATIONS 
1. Handling 

All inputs and outputs of CMOS devices have a network 
for electrostatic protection during handling. Recom
mended handling practices for CMOS devices are de
scribed in ICAN-6525. "Guide to Better Handling and 
Operation of CMOS Integrated Circuits." 

2. Operating 
Operating Voltage 
During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause 
the absolute maximum ratings to be exceeded. 

NOTE· All typical values have been characterized but are nol tested. 
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CA3338,CA3338A cc 
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Input Signals I'> 

To prevent damage to the input protection circuit, input 3 
signals should never be greater than v00 nor less than 
Vss- Input currents must not exceed 20 mA even when 
the power supply is off. 

Unused Inputs 
A connection must be provided at every input terminal. 
All unused input terminals must be connected to either 
Vee or GND, whichever is appropriate. 



mHARRls .,.l-562A 
s 12-e\t High Speed Monolithic 

.,,,. _J219ial-to.:.Analog Converter 
~t-~$ 

c( 
C'I Features 
CD 
i.n • Output Current •••••••.....••.•••••.•••••• 2mA, F.S. • CRT Display Generation 
..!. l: • Monolithic Construction • High Speed AID Converters 

• Extremely Fast Settling ••••••• 300ns To 0.01 % (Typ) 

• Low Gain Drift ••••••••......••••• ±10ppm/OC (Max) 

• Unearlty Guaranteed Over Temperature •.• ±1/2 LSB 
(Max) 

• Designed for Minimum Glitches 

• Monotonic Over Temperature 

Description 
The Harris Hl-562A is the first monolithic digital-to-analog 
converter to combine both high speed performance and 
12-bit accuracy on the same chip. The Hl-562A's fast out
put current settling of 300ns to 0.01 % is achieved using 
Dielectric Isolation processing to reduce internal parasitics 
for fasl rise and fall times during switching. Output glitches 
are minimized in the Hl-562A by incorporating equally 
weighted current sources switched into an R-2R ladder 
network for symmetrical turn-ON and turn-OFF switching 
times. This creates within the chip a very uniform and 
constant thermal distribution for excellent linearity and also 
completely eliminates thermal transients during switching. 
High stability thin film resistor processing together with 
laser trimming provide the Hl-562A with guaranteed 12-bit 
linearity to within ±1 /2LSB maximum at +250C for -4 and 
-5 parts and to within ±1 /4LSB maximum at +250C for -2 

Pinouts 

• Video Slgnal Reconstruction 

• Waveform Synthesizers 

• High Speed Data Acquisition 

• High-Rel Appllcatlons 

• Precision Instruments 

and -8 parts. The Hl-562A is recommended as a replace
ment for higher cost hybrid and modular units for increased 
reliability and accuracy in applications such as CRT 
displays, precision instruments and data acquisition 
systems requiring throughput rates as high as 3.3MHz for 
full range transitions. Its small size makes it an ideal choice 
as the heart of high speed AID converter designs or as a 
building block in high speed or high resolution industrial 
process control systems. The Hl-562A is also ideally suited 
for aircraft and space instrumentation where operation over 
a wide temperature range is required. 

The Hl-562A is offered in commercial, industrial and 
military grades. The Hl-562A is available in· a 24 pin 
'ceramic Sidebraze DIP. For MIL-STD-883 compliant parts, 
request the Hl-562A/883 data sheet. 

Hl1-562A (CERAMIC SIDEBRAZE DIP) 
TOP VIEW 

vee 24 BIT 1 (MSB) 

CMOSfTTL 23 BITZ IN 
LOGIC SELECT 

VREFLOIN 22 BITJ IN 

NC 4 21 BIT41N 

VREF HI IN 20 BIT 5 IN 

VEE 19 BIT& IN 

BIPOLAR RIN 18 BIT7 IN 

BIPOLAR ROUT 17 BITB IN 

IOAC OUT 16 BIT9 IN 

10V SPAN R 10 15 BIT10 IN 

2DV SPAN R 11 14 BIT11 IN 

GND 12 13 BIT12 (LSD) 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC handling procedures. 
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Functional Diagram 

TTL/CMOS 
LOGIC 
LEVEL BIT 1 IN 

GND V+ SELECT (MSB) 2 3 

"12 2 23 22 

Hl-562A 

4 
21 

5 6 7 

18 

8 9 10 
15 

DIGITAL INPUT LEVEL SHIFTERS & SWITCH DRIVERS 

VREF (HI IN) 

5 

2K 2K 2K 2K 2K 2K 2K 2K 

BIT 12 IN 
11 (LSB) 

19.95K 
lK 1K 1K 1K lK 1K 1K 1K 

SK .._-+-....--+-+...__,H-+-+-<,..._-+-+--<o~>-+-+-+-<....--++...~>-+-.-+-<e--++...~1-+-o 
IDAC 
OUT 

NOTE: Pin Numbers Refer to DIP Package Only. 
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Specifications H/-562A 

Absolute ~ .. ~aximum ~atings (Referred to GND, Note 1) 
Power Supply Inputs 

Vps+· ............................................. +20V 
Vps- ...........................................•... -20V 

Reference Inputs 
VREF (High) ....................................•. ±16.5V 

Digital Inputs 
Bits 1-12 (TIL) ................................. -1V, +7.5V 
Bits 1-12 (CMOS) .............................. -1V, Vps+ 
CMOSnTLLogicSelect ....................... -1V,+16.5V 

Outputs 
Pins7,8,10,11 ..................................... ±Vps 
Pin 9 ....................................•..... +Vps• -5V 

Junction Temperature ................................ +1750C 

Opei"ating Temperature Range 
Hl-562A-2 ................................ -550C to +1250C 
Hl-562A-4 . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . -25oc to +850C 
Hl-562A-5 ..................................•. ooc to+ 75oc 
Storage Temperature Range ................. -650C to+ 15ooc 

Electrical Specifications (@ +25oc, Vps+ = +5V, Vps- = -15V, VREF = +10V, CMOSnTL Logic Select= GND, Unless 
Otherwise Specified.) 

Hl-562A-2 Hl-562A-4/Hl-562A-5 

PARAMETER CONDITION MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Digital Inputs (Note 3) Bit ON "Logic 1" r-·-" Bit OFF "Logic O" 
Logic"1" 2.0 2.0 v 

nu Logic"O" (Vps+ <9.5V) 0.8 0.8 v 
CMOS Input Current (Note 2) Pin 2 Tied to Pin 1 2 

Logic"1" Over Full Temperature Range 20 ±500 20 ±500 nA 
Logic "O" -50 -100 -50 -100 µA 

r·"-· Logic"1" 0.7Vps+ 0.7Vps+ v 
CMOS Logic "O" Pin 2 Tied to Pin 1 0.3Vps+ 0.3Vps+ v 

Input Current (Vps+ 2: +9.5V) 
Logic "1" Over Full Temperature Range 20 ±500 20 ±500 nA 
Logic "O" -50 -100 50 -100 µA 

Reference Input 
Input Resistance (±20%) 19.95K 19.95K n 
Input Voltage +10 +10 v 

TRANSFER CHARACTERISTICS 

Resolution Over Full Temperature Range 12 12 Bits 

Nonlinearity (Note 3) @+25oc ±1/4 ±1/4 ±1/2 LSB 
Over Full Temperature Range ±1/2 ±1 ±1 LSB 

Differential Nonlinearity @+25oc ±1/4 ±1/4 ±1/2 LSB 
(Note3) Over Full Temperature Range MONOTONICITY GUARANTEED 

Relative Accuracy (Note 6) With 50!1 (1 %) Resistors 
Gain Error All Bits ON ±0.024 ±0.25 ±0.024 ±0.25 %FSA 
Bipolar Offset Error All Bits OFF ±0.024 ±0.25 ±0.024 ±0.25 %FSA 
Unipolar Offset Error All Bits OFF ±0.012 ±0.05 ±0.012 ±0.05 %FSA 

(Note4) 

Adjustment Range See Operating Instructions 
Gain With 10011 Trim ±0.3 ±0.3 %FSA 
Bipolar Offset Potentiometers ±0.6 ±0.6 %FSA 

Temperature Stability Drift Specified Wrth Internal 
Span Resistors For Volt. Output 

Gain Drift (Note 3) Over Full Temperature Range ±6 ±10 ±10 ppm of 
Offset Drift (Note 3) Over Full Temperature Range FSR/OC 

Unipolar Offset All Bits OFF ±2 ±2 ppm of 
Bipolar Offset All Bits OFF ±4 ±4 FSR/OC 

Differential Nonlin. Over Full Temperature Range ±1 ±2 ±1 ±2 ppm of 
FSR/OC 

Settling Time (Note 3) All Bits ON-to-OFF or 300 400 300 400 ns 
to±1/2LSB OFF-to-ON 
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Specifications H/-562A 

Electrical Specifications (Continued) 

Hl-562A-2 Hl-562A-4/Hl-562A-5 

PARAMETER CONDITIONS MIN" TYP MAX MIN" TYP MAX UNITS 

Major Carry Transient 
Peak Amplitude Settling From 011 ... 1to100 ... 0 0.7 0.7 mA 
Time to 90% Complete or100 ... 0to011 ... 1 35 35 ns 

Power Supply Sensitivity (Note 3) 
Unipolar Offset 

Vps+@+5Vor+15V All Bits OFF ±0.5 ±0.5 ppm of 
Vps- @-15V .. ±0.5 ±0.5 FSR/ 

Bipolar Offset %Vps 
Vps+ @+5Vor+15V All Bits OFF, Bipolar Mode ±1.5 ±1.5 pprrrof 
Vps- @-15V .. ±1.5 ±1.5 FSR/ 

Gain %Vps 
Vps+@+5Vor+15V AllBitsON ±3.5 ±3.5 ppm of 
Vps-@-15V ±7.5 ±7.5 FSR/ 

%Vps 

OUTPUT CHARACTERISTICS 

Output Current 
Unipolar -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 mA 
Bipolar ±0.8 ±1.0 ±1.2 ±0.8 ±1.0 ±1.2 mA 

Resistance 2K 2K n 
Capacitance 20 20 pF 

Output Voltage Ranges 
Unipolar Using External Op Amp Oto+5 Oto+5 v 

and Internal Scaling Resistors. Oto+10 Oto+10 v 
Bipolar See Figure 1 and Table 1 ±2.5 ±2.5 v 

For Connections ±5 ±5 v 
±10 ±10 v 

Compliance Limit (Note 3) -3 +10 -3 +10 v 
Compliance Voltage (Note 3) Over Full Temperature Range ±1.0 ±1.0 v 
Output Noise 0.1 to 1 OHz (All Bits ON) 30 30 µVp-p 

0. t to 5MHz (All Bits ON) 100 100 µVp-p 

POWER REQUIREMENTS 

Vps+ (Note 7) Over Full Temperature Range 4.5 5 16.5 4.75 5 16.5 v 
Vps- Over Full Temperature Range -13.5 -15 -16.5 -13.5 -15 -16.5 v 
lps+ (Note 5) All Bits ON or OFF in Either 8 15 8 15 mA 
lps- (Note 5) TIL or CMOS Mode (250C) 16 23 16 23 mA 

lps+ (Note 5) Same as Above Except 11 20 11 20 mA 
lps- (Note 5) Over Full Temperature Range 20 30 20 30 mA 

Power Dissipation (250C) Vps+ = +5V, Vps- = -15V 280 420 280 420 mW 

NOTES: 
1. Absolute maximum ratings are lin:iiting values, applied individually, be~ 

yond which the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

6. Using an external op amp with internal span resistors and specified exter
nal trim resistors in place of potentiomenters R1 and R2. Errors are adjust· 
able to zero using R1 and R2 potentiometers. (See Operating Instructions 

2, Vps+ tolerance is ±10% for Hl-562A-2, and ±5% for Hl-562A-4, -5. Figure 2.) · 
3. See Definitions. 
4. FSR is "Full Scale Range" and is 20V for ±10V ranges, 10V for ±5V 

ranges, etc., or 2mA (±20%) for current output. 

7. The Hl-562A is designed for Vps+ = SV, but +4.SV ~ Vps+ $. 16.SV may
be connected if convenient (For Vps+ above +sv, there is an increase in 
power dissipation but little change in performance.) 

5. After 30 seconds warm-up. 

Die Characteristics 
Transistor Count .................................. 150 
Die Dimensions ......................... 103 x 209 mils 
Thermallmpedance (OCfW) ll"ja 0jc 

Sidebraze DIP 50 15 
Ceramic LCC 81 40 

Tie Substrate to ....•.....••.. VREF Low (Analog Ground) 

Process ........................•.•.. , ...... Bipolar-DI 
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Hl-562A 

Definitions of Specifications 
Digital Inputs 

The Hl-562A accepts digital input codes in binary format 
and may be user connected for any one of three binary 
codes: Straight Binary, Two's Complement, or Offsel"Binary 
(see Operating Instructions). 

ANALOG OUTPUT 

DIGITAL Straight Offset Two's 
INPUT Binary Binary Complement• 

MSB LSB 
000 .•• 000 Zero -FS (Full Scale) Zero 
100 ..• 000 1/2FS Zero -FS 
111 ... 111 +FS-1 LSB +FS-1 LSB 1/2FS-1 LSB 
011...111 1/2FS-1 LSB Zero-1 LSB +FS-1 LSB 

*Invert MSB with external inverter to obtain Two's 
Complement Coding 

Accuracy 

INTEGRAL NONLINEARITY - The maximum deviation of 
the actual transfer characteristic from an ideal straight line. 
The ideal line is positioned according to "end-point 
linearity" for D/A converter products from Harris 
Semiconductor, i.e. the line is drawn between the end
points of the actual transfer characteristic (codes 00 ... 0 and 
11 ... 1). 

DIFFERENTIAL NONLINEARITY - The difference between 
one LSB and the output voltage change corresponding to 
any two consecutive codes. A Differential Nonlinearity of ±1 
LSB or less guarantees monotonicity. 

MONOTONICITY - The property of a D/A converter's 
transfer function which guarantees that the output derivative 
will not change sign in response to a sequence of increas
ing (or decreasing) input codes. That is, the only output 
response to a code change is to remain constant, increase 
for increasing code, or decrease for decreasing code. 

Settllng Time 

That interval between application of a digital step input, and 
final entry of the analog output within a specified window 
about the settled value. Harris Semiconductor usually 
specifies a unipolar 1 OV full scale step, to be measured 
from 50% of the input digital transition, and a window of 
±1/2 LSB about the final value. The device output is then 
rated according to the worst (longest settling) case: low to 
high, or high to low. 

Drift 

GAIN DRIFT - The change in full scale analog output over 
the specified temperature range expressed in parts per mil
lion of full scale range per oc (ppm of FSR/OC). Gain error 
is measured with respect to +250C at high (TH) and low 
(TL) temperatures. Gain drift is calculated for both high 
(TH -250C) and low (+2soc - TL) ranges by dividing the 
gain erro' by the respective change in temperature. The 
specification is the larger of the two representing worst 
case drift. 

OFFSET DRIFT - The change in analog output with all bits 
OFF over the specified temperature range expressed in 
parts per million of full scale range per oc (ppm of FSR/OC). 
Offset error is measured with respect to +250C at high (TH) 
and low (TL) temperatures. Offset Drift is calculated for both 
high <TH -250C) and low (+250C - TL) ranges by dividing 
the offset error by the respective change in temperature. 
The specification given is the larger of the two, representing 
worst-case drift. 

Power Supply Sensitivity 

Power Supply Sensitivity is a measure of the change in gain 
and offset of the D/A converter resulting from a change 
in -15V, +5V or +15V supplies. It Is specified under DC 
conditions and expressed as parts per million of full 
scale range per percent of change in power supply (ppm of 
FSR/%Vps). 

Compllance 

Compliance Voltage is the maximum output range for which 
specified accuracy limits are guaranteed. Compliance Limit 
implies functional operation only and makes no claims to 
accuracy. 

Glitch 

A glitch on the output of a D/A converter is a large transient 
spike resulting from unequal internal ON-OFF switching 
times. Worst case glitches usually occur at half-scale or the 
major carry code transition from 011 ... 1 to 1 00 ... 0 or vice 
versa. For example, if turn ON is greater than tum OFF for 
011 ... 1 to 1 00 ... o, an intermediate state of 000 ... 0 exists, 
such that; the output momentarily glitches toward zero 
output. Matched switching times and fast switching will 
reduce glitches considerably. 
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Hl-562A 

Operating Instructions 
Decoupling and Grounding 

For best accuracy and high frequency performance, the 
grounding and decoupling scheme shown in Figure 1 
should be used. Decoupling capacitors should be con
nected close to the Hl-562A (preferably to the device pins) 
and should be tantalum or electrolytic bypassed with 
ceramic types for best high frequency noise rejection. 

uF ~ v,., 001:=:t:µF 
Yps-

1µF 1pF 

Hl-562A 

'---~~~~~~~~~~ 
ANALOG GROUND 

FIGURE 1. 

Unipolar and Bipolar Voltage Output Connections 

CONNECTIONS- Using an external resistive load, the out
put compliance should not exceed ±1V to maintain 
specified accuracy. For higher output voltages, accuracy 
can be maintained by using an external op amp and the 
internal span resistors as shown in Figure 2 and defined in 
.Table 1 for unipolar and bipolar modes. 

+5V/+15V,-15V 

*For TTL and DTLcompatibility, connect+5Vto pin 1 and tie pin 2 to pin 12. 
For CMOS compatibility, connect digital power supply (9.SV :$ VDD :$ 
+ 1 _2V) to pin 1 and short pin 2 to pin 1. 

**Bias resistor, RB, should be chosen to equalize op amp offset voltage due 
to bias current Its value is calculated from the parallel combination of the 
current source output resistance (2K) and the op amp feedback resistor. 
See Table 1 for values of RB. 

FIGURE 2. 

TABLE 1. 

CONNECTIONS 

OUTPUT PIN7 PINS PIN10 PIN11 BIAS(RB) 
RANGE TO TO TO TO RESISTOR 

Unipolar Olo+10V NC NC A NC 1.43K 

Mode Oto+5V NC NC A 9 1.11K 

Bipolar ±10V D 9 NC A 7600 

Mode ±5V D 9 A NC 8400 

±2.SV D 9 A 9 7680 

External Gain and Zero Calibration (See Figure 2) 

The input reference resistor (20K nominal) and bipolar 
offset resistors shown in Figure 2 are both intentionally set 
low by 500 to allow the user to externally trim-out initial 
errors to a very high degree of precision. The adjustments 
are made in the voltage output mode using an external op 
ijmp as current-to-voltage converter and the Hl-562A 
internal scaling resistors as feedback elements for optimum 
accuracy and temperature coefficient For best accuracy 
over temperature, select an op amp that has good front-end 
temperature coefficients such as the HA-2600/2605 wilh 
offset voltage and offset currenl tempco's of 51.V/OC In 
1 nAfOC, respectively. For high speed voltage modo appllc:a· 
lions where fast settling is required, the HA-2510/2515 lu 
recommended for better than 1.5µs settling to 0.01 %. Using 
either one, potentiometer R3 conveniently nulls unipolar 
offset plus op amp offset in one operation (for HA-2510/ 
2515 and HA-2600/2605 use R3 = 20K and 100K, 
respectively). For bipolar mode operation, R3 should be 
used to null op amp offset to optimize its tempco (i.e., short 
9 to A and adjust R3 for zero before calibrating in bipolar 
mode). The gain and bipolar offset adjustment range 
using 1 000 potentiometers is ±12 LSB and ±25 LSB, 
respectively. If desired, the potentiometers can be replaced 
with fixed 500 (1%) resistors resulting in an initial gain and 
bipolar offset accuracy of typically ±1/2.LSB. 

UNIPOLAR CALIBRATION 

Step1: Unipolar Offset 
• Turn all bits OFF 
• Adjust R3 for zero volts output 

Step2: Gain 
• Turn all bits ON 
• Adjust R2 for an output of FS - 1 LSB 

That is, adjust for: 
9.9976V for OV to + 1 OV range 
4.9988V for OV to +5V range 

BIPOLAR CALIBRATION 

Step1: Bipolar Offset 
• Tum all bits OFF 
• Adjust R 1 for an output of: 

-10Vfor±10Vrange 
-5V for ±5V range 
-2.5V for ±2.5V range 

Step2: Gain 
• Tum bij 1 (MSB) ON; all other bits OFF 
• Adjust R2 for zero volts output 
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Features 

• DAC ANO REFERENCE ON A SINGLE CHIP 

• PIN COMPATIBLE WITH AD565A 

• VERY HIGH SPEED: SETTLES TO 1/2 LSB IN 250ns, MAX. 
FULL SCALE SWITCHING TIME 30ns, TVP. 

• GUARANTEED FOR OPERATION WITH ±12V SUPPLIES 

• MONOTONICITY GUARANTEED OVER TEMPERATURE 

• 1/2 LSB MAX NONLINEARITY GUARANTEED OVER 
TEMPERATURE 

• LOW GAIN DRIFT (MAX, DAC PLUS 25jJpm/OC 
REFERENCE) . 

• LOW POWER DISSIPATION 250mW 

Applications 

• CRT OISPLAYS 

• HIGH SPEED A/D CONVERTERS 

• SIGNAL RECONSTRUCTION 

• WAVEFORM SYNTHESiS 

Pin out 

TOP VIEW 

NC 24 BIT 1 (MSB) IN 

NC 23 BIT 2 IN 

Vee 22 BIT3 IN 

REF OUT (+lOV) 21 BIT 4 IN 

REF GND 20 BIT 5 IN 

REF IN 19 BIT 6 IN 

-VEE 18 BIT 7 IN 

BIPOLAR R IN 17 BIT 8 IN 

IDAC OUT 16 BIT 9 IN 

lOV SPAN R 10 15 BIT 10 IN 

10V SPAN R 11 14 BIT 11 IN 

POWER GND 12 13 BIT 12 (LSB) IN 
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Hl·565A 

Description 

High Speed Monolithic 
Digital-to-Analog 

Converter with Reference 

The Hl-565A is a fast, 12 bit current output, digital to analog 
converter. The monolithic chip includes a precision voltage refer
ence, thin-film R-2R ladder, reference control amplifier and twelve 
high-speed bipolar current switches. 

The Harris Semiconductor dielectric isolation process provides latch
free operation while minimizing stray capacitance and leakage 
currents, to produce an excellent combination of speed and accur
acy. Also, ground currents are minimized to produce a low and 
constant current through the ground terminal, which reduces error 
due to code-dependent ground' currents. 

Hl-565A dice are laser trimmed for a maximum integral non
linearity error of ±1/4 LSB at +250C. In addition, the low noise 
buried zener reference is trimmed both for absolute value and 
minimum temperature coefficient. 

The H l-565A is offered in both commercial and military grades. 
For additional Hi-Rel screening including 160 hour burn-in, specify 
the "-8" suffix. See Ordering Information. 

Package is a 24 pin side-brazed ceramic DIP. Power dissipation 
is typically 250mW, with: ±15V supplies. 

Functional Diagram 

REFOUT VCC 

REF 
GND 

PWR MSB LSB 
GNO 

,, 
20VSPAN 



Specifications HJ-565A 

Absolute Maximum Ratings* 
Vee to Power Ground ................... av to +18V lDV Span R to Reference Ground ................ :!: 12V 
VEE to Power Ground ................... av to -18V 2DV Span R to Reference Ground ................ :!:24V 
Voltage on OAe Output (Pin 9). ............. -3V to +12V Ref Out ............... Indefinite Short to Power Ground 
Digital Inputs (Pins 13-24) to Power Ground ..... -lV to +7.aV Momentary Short to Vee 
Ref In to Reference Ground .................... :!: 12V Operating Temperature Ranges: 
Bipolar Offset to Reference Ground ............... :!: 12V Hl-565AS, T-2 .................. -550e to +1250C 
Junction Temperature . . . . . . . . . . . . . . . . . . . . . . 1750C Hl-565AJ, K-5 .................... aoe to +750C 

Hl-565AS, T-8 .................. _55oe to +125oe 

*Absolute maximum ratings are limiting values beyond which the serviceability of the circuit may be Impaired. 

Electrical Specifications (TA= +25oe, Vee= +15V, VEE= -15V, unless otherwise specified) 

Hl-565AJ, Hl-565AS Hl-565AK, Hl-565AT 

MODEL MIN TYP MAX MIN TYP MAX UNITS 

DATA INPUTS (Note 11(Pins13 to 241 

TTL or 5V CMOS (TMIN to TMAXI 
Input Voltage 

Bit ON Logic "1" +2.0 +5.5 +2.0 +5.5 v 
Bit OFF Logic "O" +0.8 +a.a v 

Logic Current (Each Bil) 
Bit ON Logic "1" .01 +1.0 .01 +1.0 µA 
Bit OFF Logic "O" -2.0 -20 -2.0 -20 µA 

RESOLUTION 12 12 Bits 

OUTPUT 

Current Unipolar (All Bits Dnl -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 mA 
Bipolar (All Bits on or Off) ±0.8 ±1.0 ±1.2 ±0.8 ±1.0 ±1.2 mA 

Resistance (Exclusive of Span Resistors) 1.8k 2.5k 3.2k 1.8k 2.5k 3.2k n 
Offset Unipolar 0.01 0.05 0.01 0.05 %of F.S. 

Bipolar (Figure 2, R3 = 
50!1Fixed) 0.05 0.15 o.a5 0.1 %of F.S. 

Capacitance 20 20 pF 
Compliance Voltage, TMIN to TMAX -1.5 +10 -1.5 +10 v 
ACCURACY (Error Relative to 
Full Scale) 

+25DC ±1/4 ±112 ±VB ±1/4 LSB 
(0.006) (0.0121 (0.003) (0.006) % of F.S. 

TMIN toTMAX ±112 ±3/4 ±1/4 ±1/2 LSB 
(0.012) (0.018) (0.006) (0.0121 % OF F.S. 

DIFFERENTIAL NONLINEARITY 

+25DC ±112 ±3/4 ±1/4 ±1/2 LSB 

TMIN toTMAX MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 

With Internal Reference 
Unipolar Zero 1 2 1 2 ppm/DC 
Bipolar Zero 5 10 5 10 ppm/DC 
Gain (Full Scale) 15 40 10 25 ppm/DC 
Differential Nonlinearity 2 2 ppm/DC 

SETTLING TIME TO 1/2 LSB 

With High.Z External Load (Note 21 350 50a 350 50a ns 
With 75 !1 External Load 150 250 150 250 ns 
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Specifications Hl-565A 

H l-565AJ, H 1-565AS Hl-565AK, Hl-565AT 

MODEL MIN TYP MAX MIN TYP 

FULL SCALE TRANSITION (From 
50% of Logic Input to 90% of Analog 
Output) 

Rise Time 15 30 15 
Fall Time 30 50 30 

TEMPERATURE RANGE 

Operating (Hl-565AJ/K) 0 +75 0 
(Hl-565AS/T) -55 +125 -55 

Storage 
D Package (All) -65 +150 -65 
N Package (J, K) ·-25 +150 -25 

POWER REQUIREMENTS 

Ice. +11.4 to +16.5V DC 9.0 11.8 9.0 
IEE. -11.4 to -16.5V DC -9.5 -14.5 -9.5 

POWER SUPPLY GAIN SENSITIVITY 
(Note 3) 

vcc = +11.4 to +16.5 voe 3 10 3 

VEE= -11.4 to-16.5 voe 15 25 15 

PROGRAMMABLE OUTPUT 
RANGES (See Table 1) Oto+5 Oto+5 

-2.5 to +2.5 -2.5 to +2.5 
0 to +10 Oto+10 
-5 to +5 -5 to +5 

-10to+10 -10 to +10 

EXTERNAL ADJUSTMENTS 

Gain Error with Fixed 50 f! Resistor 
for R2 (Figure 1) ±0.1 ±0.25 ±0.1 

Bipolar Zero Error with Fixed 50f! 
Resistor for R3 (Figure 2) ±0.05 ±0.15 ±0.05 

Gain Adjustment Range (Figure 1) ±0.25 ±0.25 
Bipolar Zero Adjustment Range ±0.15 ±0.15 

REFERENCE INPUT 

Input Impedance 15K 20K 25K 15K 20K 

REFERENCE OUTPUT 

Voltage 9.90 10.00 10.10 9.90 10.00 
Current (Available for External Loads) 1.5 2.5 1.5 2.5 

POWER DISS.IPATION 250 375 250 

NOTES: 
1. Guaranteed but not tested over the operating temperature range. 
2. See settling time discussion and Figure 3. 
3. The Power Supply Gain Sensitivity is tested in reference to a Vee, VEE of ±15V. 
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MAX UNITS 

30 ns 
50 ns 

+75 oc 
+125 oc 

+150 oc 
+150 oc 

11.8 mA 
-14.5 mA 

10 ppm of 
F.S./% 

25 ppm of 
F.S./% 

v 
v 
v 
v 
v 

±0.25 %of F.S. 

±0.1 %of F.S. 
%of F.S. 
%of F.S. 

25K 

10.1-0 v 
mA 

375 mW 



Hl·565A 

Definitions of Specifications 

DIGITAL INPUTS 

The H l-565A accepts digital input codes in binary format and 
may be user connected for any one of three binary codes. 
Straight Binary, Two's Complement*, or Offset Binary, (See 
Operating Instructions). 

ANALOG OUTPUT 

DIGITAL Straight Offset Two's 
INPUT Binary iii nary Complement* 

MSB ... LSB 
000.:.000 Zero -FS (Full Scale) Zero 
100 ... 000 Y..FS Zero -FS 
111. .. 111 +FS-1 LSB +FS- 1 LSB Zero -1 LSB 
011. .. 111 Y..FS- 1 LSB Zero -1 LSB +FS- 1 LSB 

*Invert MSB with external inverter to obtain Two's 
Complement Coding 

ACCURACY 

NONLINEARITY - Nonlinearity of a D/A converter· is an 
important measure of its accuracy. It describes the deviation
from an ideal straight line transfer curve drawn between zero 
(all bits OFF) and full scale (all bits ON). 

DIFFERENTIAL NONLINEARITY - For a D/A converter, it 
is the difference between the actual output voltage change and 
the ideal (1 LSB) voltage change for a one bit change in code. 
A Differential Nonlinearity of ±1 LSB or less guarantees mono
tonicity; i.e., the output always increases and never decreases 
for an increasing input. 

SETTLING TIME 

Settling time is the time required for the output to settle to 
within the specified error band for any input code transition. 
It is usually specified for a full scale or major carry transition, 
settling to within 1/2 LSB of final value. 

Applying the Hl-565A 

OP AMP SELECTION 

The Hl-565A's current output may be converted to voltage 
using the standard connections shown in Figures 1 and 2. The 
choice of operational amplifier should be reviewed for each 
application, since a significant trade-off may be made between 
speed and accuracy. 

For highest precision, use an HA-5130. This amplifier contri
butes negligible error, but requires about 1 lµs to settle within 
±o.1% following a 10V step. 

The Harris Semiconductor HA-2600 is the best all-around choice 
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DRIFT 

GAIN DRIFT - The change in full scale analog output over the 
specified temperature range expressed in parts per million of 
full scale range per oc (ppm of FSR/OC). Gain error is meas
ured with respect to +250C at high !TH) and low (TL) temp
eratures. Gain drift is calculated for both high (TH -250C)· and 
low ranges (+250C -TL) by dividing the gain error by the respec
tive change in temperature. The specification is the larger of 
the two representing worsti:ase drift. 

OFFSET DRIFT - The change in analog output with all bits 
0 FF over the specified temperature range expressed in parts 
per million of full scale range per DC (ppm of FSR/OC). Offset 
error is. measured with respect to +250C at high (TH) and low 
(TL) temperatures. Offset•Drift is.calculated for both high 
(TH -250C) and low (+250C.-TL) ranges by dividing the offset 
error by the respective change in temperature. The specification-· 
given is the larger of the two, representing worst-case drift. 

POWER SUPPLY SENSITIVITY 

Power Supply Sensitivity is a measure of the change in gain and 
offset of the D/A converter resulting from a change in -15V 
or +15V supplies. It is specified under DC conditions and 
expressed as parts per. million of full scale range per percent of 
change in power supply (ppm of FSR/%). 

COMPLIANCE 

Compliance Voltage is the maximum output voltage range that 
can be tolerated and still· maintain its specified accuracy. Com
pliance Limit implies functional operation only and makes no 
claims to accuracy. 

A glitch on the output of a D/A converter is a transient spike 
resulting from unequal internal 0 N-0 FF switching times. Worst 
case glitches usually occur at half-scale or the major carry 
code transition from 011 ... 1 to 100 ... 0 or vice versa. For ex
ample, if turn ON is greater than turn OFF for 011 ... 1 to 
100 ... 0, an intermediate state of 000 ... 0 exists, such that, the 
output momentarily glitches toward zero output, Matched 
switching times and fast switching will reduce glitches 
considerably. 

for this application, and it settles in 1.5µs (also to ±0.1% follow
ing a 10V step).jRemember, settling time for the DAG-amplifier 
combination is 102 + tA2, where to, IA are settling times for 
the DAG and amplifier. 

NO-TRIM OPERATION 

The Hl-565A will perform as specified without calibration 
adjustments. To operate without calibration, substitute 50 D. 
resistors for the 100D. trimming potentiometers: In Figure 1 
replace R2 with 50D. ; also remove the network on pin 8 and 
connect 50 D. to ground. For bipolar operation in Figure 2, 
replace R3 and R4 with 50D. resistors. 
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Hl-565A 

~ Applying the Hl-565A, (Continued) 

~ Table 1 - Operating Modes and Calibration 

...!. 
:::c CIRCUIT CONNECTIONS: CALIBRATION: 

OUTPUT PIN10 PIN 11 RESISTOR APPLY TO SET 
MOOE RANGE TO TO 

IJnipolar 0 to +10V Vo Pin 10 
(See Fig. 11 

-
0 to +5V Vo Pin 9 

Bipolar ±10v NC Vo 
(See Fig. 2) 

±5V Vo Pin 10 

±2.5V Vo Pin 9 

. With these changes~perfonnance is guaranteed as shown under 
Specifications, "External Adjustments". Typical unipolar 
zero will bir±l/2 LSB plus the op amp offset. 

The feedback capacitor C must be selected to minimize settling 
time. 

CALIBRATION 

Calibration provides the maximum accuracy from a converter 
by adjusting its gain and offset errors to zero. For the Hl-565A, 
these adjustments are similar whether the current output is 
used, or whether an externaLop amp is added to convert this 
current to a voltage. Refer to Table 1 for the voltage output 
case, along with Figure 1 or 2. 

-VEE PWR 
GND 

FIGURE 1. UNIPOLAR VOLTAGE OUTPUT 

(R) INPUT COOE A OJ UST Vo 

1.43K . All O's Rt OV 
All l's R2 +9.99756V 

1.1K All O's Rt ov 
All l's R2 +4.99878V 

1.69K All O's R3 -tOV 
All l's R4 +9.99512V 

1.43K All O's R3 -5V 
All l's R4 +4.99756V 

1.1K All O's R3 -2.5V 
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All l's R4 +2.49878V 

Calibration is a .two step process for each of the five output 
ranges shown in Table 1. First adjust the negative full scale 
(zero for unipolar ranges). This is an offset adjust which trans
lates .the output characteristic, i.e. affects each code by the 
same amount. 

Next adjust positive FS. This is a. gain error adjustment, which 
rotates the output characteristic.about the negative FS value. 

For the bipolar ranges, this approach leaves an error at the zero 
code, whose maximum value is .. the same as for integral non
linearity error. In general, only two values of output may be 
calibrated exactly; all others must tolerate some error. 
Choosing the extreme end points (plus and minus full scale) 
minimizes this distributed err.or for all other codes. 

R3 

FIGURE 2. BIPOLAR VOLTAGE OUTPUT 



Hl-565A 

Settling Time 
This is a challenging measuremeQt, in which the result depends 
on the method chosen, the precision and quality of test equip
ment and the operating configuration of the DAC (test condi
tions). As a result, the different techniques in use by converter 
manufacturers can lead to consistently different results. An 
engineer should understand the advantage and limitations of a 
given test method before using the specified settling time as 
a basis for design. 

The approach used for several years at Harris Analog Products 
Division calls for a strobed comparator to sense final perturba
tions of the DAC output waveform. This gives the LS8 a reason
able magnitude (814µV for the Hl-565A), which provides the 
comparator with enough overdrive to establish an accurate 
±1/2 LS8 window about the final settled value. Also, the 
required test conditions simulate the DAC's environment for a 
common application - use in a successive approximation AID 
converter. . Considerable experience has shown this to be a 
reliable and repeatable way to measure settling time. 

The usual specification is based on a lOV step, produced by 
simultaneously switching all bits from off-to-on (ION) or 
on-to-off (toFFl. The slower of the two cases is specified, 
as measured from 50% of the digital input transition to the 
final entry within a window of ±1/2 LS8 about the settled value. 
Four measurements characterize a given type of DAC: 

(a) ION. to final value +1/2 LS8 
(b) ION, to final value -1/2 LS8 
{c) IOFF. to final value +1/2 LS8 
{d) IOFF. to final value-1/2 LS8 

(Cases (b) and (c) may be eliminated unless the overshoot 
exceeds 1/2 LS8). For example, refer to Figure 3 for the 
measurement of case (d). 

FIGURE 3A. 

VLSB 
SUPPLY 
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PROCEDURE 

As shown in Figure 38, settling time equals IX plus the compar
ator delay ho = 15ns). To measure tx, 

• Adjust the delay on generator # 2 for a IX of several 
microseconds. This assures that the DAC output has 
settled to its final value. 

• Switch on the LS8 (+5V). 

• Adjust the VLS8 supply for 50 percent triggering at 
COMPARATOR OUT: This is indicated by traces of 
equal brightness on the oscilloscope display as shown in 
Figure 38. Note DVM reading. 

• Switch the LS8 to Pulse (P). 

• Readjust the VLS8 supply for 50% triggering as before, 
and note DVM reading. One LSB equals one tenth the 
difference in the DVM readings noted above. 

• Adjust the VLSB supply to reduce the DVM reading by 
5 LSB's (DVM reads lOX, so this sets the comparator to 
sense the final settled value minus 1/2 LSB). Comparator 
output disappears. 

• Reduce generator # 2 delay until comparator output 
reappears, and adjust for "equal brightness". 

• Measure IX from scope as shown in Figure 38. Settling 
time equals tx +to, i.e. tx +15ns. 

® 

® 

OV 

ov 
OAC 
OUTPUT 

(TURN OFF) -400mV !----:+~ SETTLING TIME 
to= COMPARATOR DELAY 

'X 

2V 

© 50% 
COMP. 
STROBE 

O.BV ----
··eaUAL BRIGHTNESS"" 

4V 

I COMP. 
@ OUT 

ov ------

FIGURE 3B. 
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Hl-565A 

Other Considerations 

GROUNDS 

The Hl-565A has two ground terminals, pin 5 (REF GND) and 
pin 12 (PWR GND). These should not be tied together near 
the package unless that point is also the system signal ground 
to which all returns are connected. (If such a point exists, then 
separate paths are required to pins 5 and 12). 

The current through pin 5 is near-zero DC*; but pin 12 carries 
up to 1.75mA of code - dependent current from bits 1, 2, and 
3. The general rule is to connect pin 5 directly to the system 
"quiet" point, usually called signal or analog ground. Connect 
pin 12 to the local digital or power ground. Then, of course, 
a single path must connect the analog/signal and digital/power 
grounds. 

LAYOUT 

Connections to pin 9 OouTl on the Hl-565A are most critical 
for high speed performance. Output capacitance of the DAC 
is only 20pF, so a small change or additional capacitance may 
alter the op amp's stability and affect settling time. Connections 

Die Characteristics 

Transistor Count 
Die Size 
Thermal Constants; 0 ja 

Oic 
Tie Substrate to: 
Process: 
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to pin 9 should be short and few. Component leads should be 
short on the side connecting to pin 9 (as for feedback capacitor 
C). See the Settling Time section. 

BYPASS CAPACITORS 

Power supply bypass capacitors on the op amp will serve the 
Hl-565A also. If no op amp is used, a O.OlµF ceramic capacitor 
from each supply terminal to pin 12 is sufficient, since supply 
current variations are small. 

*Current cancellation is a two-step process within the Hl-565A in 
which code-dependent variations are eliminated, then the result
ing DC current is supplied internally. First an auxiliary 9 bit 
R-2R ladder is driven by the complement of the DAC's input 
code. Together, the main and auxiliary ladders draw a continu
ous 2.25mA from the internal ground node, regardless of input 
code. Part of this DC current is supplied by the zener voltage 
reference, and the remainder is sourced from the positive supply 
via a current mirror which is laser trimmed for zero current 
through the external terminal (pin 5). 

200 

179 x 107 mils 
510C/W 
160C/W 

Ref. Ground 
Bipolar - DI 



mJ HARRIS 

Features 

e 16 BIT RESOLUTION 

• MONOLITHIC DI BIPOLAR CONSTRUCTION 

• FAST SETTLING TIME 

• LOW OIFF. NONLIN. DRIFT 

• LOW GAIN DRIFT 

. • ON-CHIP SPAN & OFFSET RESISTORS 

• TTL/5V-CMOS COMPATIBLE 

• LOW UNIPOLAR OFFSET 

• LOW UNIPOLAR OFFSETT.C. 

e EXCELLENTSTABILITY 

Applications 

e HIGH RESOLUTION CONTROL SYSTEMS 

e HIGH FIDELITY AUDIO RECONSTRUCTION 

e PRECISION FUNCTION GENERATION 
AND INSTRUMENTATION 

Pinout 

-VPS 
CONTROL AMP, -IN 
CONTROL AMP, +IN 

10V SPAN R 
BIPOLAR 0/S 

IOUT 
N.C. 
N.C. 

20V SPAN R 
N.C. 

VREF IN 
ANALOGGND 

N.C. 
N.C. 
N.C. 
N.C. 

GNDTERM 
±sv TERM R 

±10V TERM R 
N.C. 

TOP VIEW 

~-0AfJfl6 

I µs TO .003%FS 

± 0.3ppm/DC 

± lppm/OC 

S 1/2LSB@ +25DC 

±0.2ppm/OC 

P.S.GND 
+VPS 
BIT 1 (MSB) 
BIT2 
BIT3 
BIT4 
BIT5 
BIT& 
BIT7 
BITS 
BIT9 

BIT 10 
BIT 11 
BIT 12 
BIT 13 
BIT 14 
BIT 15 
BIT 16 (LSB) 
N.C. 
N.C. 

'~ 16-Bit D to A Converter 

The HARRIS Hl-DAC16 is a 16-bit, current output 0/A converter. 
Single chip construction includes thin-film application resistors 
far use with an external op amp. These permit standard output 
voltage ranges of 0 to +5V, 0 to +IOV, ±2.5V, ±5V and ±lDV. 
The H 1-DACI SB is monotonic to 15 bits; and the H l-DAC1 SC to 
14 bits. 

Reference and span resistors have adjacent placement on the chip· 
far optimum match and thermal tracking. Futhermore, this layout 
feature helps minimize the superposition error caused by self-· 
heating of the span resistor, reducing it to less than 1/10LSB. 
This and other design innovations have produced exceptionally 
stable operation over temperature. Typical temperature coefficienis 
are ± 1 ppm/DC for gain error aml 0.3ppm/OC far differential non
linearity error. 

The internal architecture is an extension of tho earlier Hl-562. 
with several major improvements. 1\11 i:ndn dnpnnrlnnt urn1111d 
currents aro steered to a separate nnn-critic:al path, n:1111uly, pownr 
supply ground. This feature allows thn pr11t:isi1111 11r1J1J11d of llrn 
converter to bu snnsed with virtually 1uro vnl1a110 drop r11f11rr11rl Ill 

system ground. Thu rus11lt is tho r:nmplutu nli111i11atio11 of 111111-
linearities due to code dependent ground 1:11rru11ts whilu yiuldi11111111 
extremely low unipolar offset of less than 1/2LSB. Bocausu of this 
separation, the user may route the precision ground some distance 
to the system ground without degrading converter accuracy. 

The HARRIS Hl-DACl16 delivers a stable, accurate output with
out sacrifice in speed. Settling time to within ±0.003% is one 
microsecond. Overall performance of this monolithic device should 
be attractive for applications such as high fidelity audio and high
resolution control systems. 

Two accuracy grades are offered, and typical power dissipation is 
465mW. Package is a 40 pin ceramic DIP. For further informa
tion, see Application Note 539. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Specifications Hl-DAC16B/DAC16C 

Absolute Maximum Ratings 

Power Supply Inputs 

Reference Inputs 

Digital Inputs 

Outputs 

Vps+ 
Vps
VREF (Hi) 

Bits 1 to 16 

(Referred to Ground) 

+20V 
-20V 

±Vps 
-1V,+12V 

±Vps 

Junction Temperature 
Operating Temperature Range 

Hl-OAC 168/C 

Storage Temperature Range 

1750C 

O"C to +75"C 

-65"C to +150"C 

Electrical Specifications (TA =.+25°C, Vps = ±15V, Vref = +TOV, unless otherwise specified) 

Hl-DAC16B Hl-DACl 6C 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Digital Inputs Bit ON "Logic 1" 
Bit 0 FF "Logic O" 

Input Voltage 
Logic "1" 2.0 2.0 v 
Logic "O" 0.8 O.B v 

Full Temperature Range 
Input Current 
Logic "1" 20 500 111 !100 nA 
Logic "O" -50 -50 i'A 

Reference Input 
Input Resistance 10 10 kll 
Input Voltage 10 10 v 

TRANSFER 

CHARACTERISTICS 

Resolution Full Temperature Range 16 16 Bits 

Nonlinearity 25oc ±0.0023 ± 0.0045 %FSRl31 
Full Temperature Range ±0.0045 ± 0.009 

Differential 25oc ±0.0015 i0.003 %FSA 
Nonlinearity Full Temperature Range ±0.003 ±0.006 

Relative Accuracy (5) With 100.r2(1%) Trim Resistors 

Unipolar Gain Error All Bits ON ±0.1 ±0.25 ±0.1 ±0.25 

Bipolar Offset Error All Bits OFF ± 0.15 ±0.43 ±0.15 ±.0.43 %FSA 

Unipolar Offset Error ± 0.002 ± 0.05 i0.002 ±0.05 

Adjustment Range See Operating Instructions 

Gain Using Trim Potentiometers ±3 ±3 %FSA 
Bipolar Offset as shown in Figure 1 :!:.0.43 ±0.43 

Temperature Stability Drift specified with internal 
span resistors for voltage output 

Gain Drift 12) Full Temperature Range ± 1 ±5 .±.1 i5 ppm of 
Offset Drift 121 FSR/OC 

Unipolar Offset All Bits OFF ±0.2 ±0.2 
Bipolar Offset ±.0.5 :!:.0.5 

Differential Nonlinearity Full Temperature Range ±0.3 :!:.0.3 

Settling Time 121 All Bits ON-to-OFF or 1.0 1.0 µs 
to ±.0.003%FS OFF-to-ON 
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Specifications H/-DAC168/DAC16C 

PARAMETER CONDITIONS MIN 

Glitch (2) From0111 ... 1to100 ... 0 
or100 ... 0to011 ..• 1 

Power Supply (2) 
Rejection Ratio, PSRR (3) 

Vps+ 
Vps-

OUTPUT 
CHARACTERISTICS 

Output Current 
Unipolar -1.6 
Bipolar ±0.8 

Resistance 

Capacitance 

Output Voltage Ranges Using external op amp 

Unipolar and internal scaling 
resistors. See Figure 1 

Bipolnr and Table 1 for connections 

Compliance Limit (2) -3 

Compliance Voltage (2) Full Temperature Range 

Output Noise· 0.1 to 5MHz (All bits ON) 

POWER REnUIREMENTS 

Vps+ (7) Full Temperature Range 13.5 
Vp.- -13.5 

lps+ (4) All Bits ON or OFF 
lp5-(4) Full Temperature Range 

Power Dissipation 

NOTES: 

1. Absolute, maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit 
may be impared. Functional operation under any of these 
conditions is not necessarily implied. 

2. See Definitions. 

3. FSR is "full scale range" and is 20V for ±lOV range, lOV 
for ±5V range, etc., or 2mA (±20%) for current output. 

-25 
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Hl-DAC168 Hl-DAC16C 

TYP MAX MIN TYP MAX UNITS 

1300 1300 mV-ns 

1.5 1.5 ppm of 
1.5 1.5 FSA/% Vps 

-2 -2.4 -1.6 -2 -2.4 mA 
±1 ±1.2 :t0.8 :tl ±1.2 

2.5k 2.5k 

10 10 pF 

0 to +5 0 t.o +5 

0 to +10 0 to +10 
± 2.5 ±2.5 v 

±5 :!:5 
:!.10 :!.10 

+10 -3 +10 v 

±1 :tl v 

30 30 µVRMS 

+15 16.5 13.5 +15 16.5 
-15 -16.5 -13.5 -15 -16.5 v 

+13 +18 +13 +18 
-18 -25 -18 mA 

465 465 mW 

4. After 30 seconds warm-up. 

5. Using an external op amp with internal span resistors and 
specified external trim resistors in place of potentiometers 
R1 and R2. Errors are adjustable to zero using R1 and R2 
potentiometers .. (See Operating Instructions Figure 2.) 



Hl-DAC168/DACt 6C 

Definition of Specifications 

DIGITAL INPUTS 

The Hl·DAC 16B/C accepts digital input codes irrbinary format 
and may be user connected for any one of three binary codes. 
Straight Binary, Two's Complement, or Offset Binary .. (See. 
Operation Instructions). 

ANALOG OUTPUT 

DIGITAL Straight Offset Two's 
INPUT Binary Binary Complement• 

MSB LSB 
000 ... 000 Zero ·FS 9(Full Scale) Zero 
100 ... 000 Y.FS Zero -FS 
111. .. 111 +FS-1 LSB +FS-1 LSB Zero - 1 LSB 
011 ... 111 Y.FS-1 LSB Zero - 1 LSB +FS-1 LSB 

*Invert MSB with external inverter to obtain Two's 
Complement Coding 

ACCURACY 

INTEGRAL NONLINEARITY -The maximum deviation of the 
actual transfer characteristic from an ideal straight line. The 
ideal line is positioned according to "end-point linearity" for 
D/A converter products from Harris Semiconductor, i.e. the line 
is drawn between the end-points of the actual transfer charac
teristic (codes 00 ... 0 and 11...1). 

DIFFERENTIAL NONLINEARITY - The difference between 
one LSB and the output voltage change corresponding to any 
two consecutive codes. A Differen'tial Nonlinearity of :!:1 LSB or 
less guarantees monotonicity. 

MONOTONICITY - The property of a D/A converter's transfer 
function which guarantees that the output derivative will not 
change sign in response to a sequence of increasing (or de
creasing) input codes. That is, the only output response to a 
code change is to remain constant, increase for increasing code, 
or decrnase for decreasing code. 

SETTLING TIME 

Settling time is the time required for the output to settle to 
within the specified error band for any input code transition. 
It is usually specified for a full scale or major carry transition. 

6·63 

DRIFT 

GAIN DRIFJ::.. The change in full scale analog output overtb.e 
specified temperature range expressed in parts per million of 
full scale per °C (ppm of FSRl°C). Gain error is measured with 
respect to +25"C at high (TH) and low (TL) temperatures. 
Gain drift is calculated for both high (TH -25°G) and low 
ranges (+25"C-TLl by dividing the gain error by the respective 
change in temperature. The specification is the larger of the 
two representing worst case drift. 

OFFSET DRIFT - The change in analog output with all bits 
OFF over. the specified temperature range·11xpressed in parts.;·. 
per million of full scale range per "C (ppm of FSRl°C), Offset 
error is measured with respect to +25°C. at high (TH) and low 
(TL) temperatures. Offset Drift is calculated for both high 
!TH ·-25°C) and low (+25"C -TiJ ranges by dividing the 
offset error by the respective change in temperature. The 
specification given is the larger of the two, representing worst· 
case drift. 

POWER SUPPLY SENSITIVITY 

Power Supply Sensitivity is a measure of the change in gain and 
offset of the D/A converter resulting from a change in -15V, 
or +15V supplies. It is specified under DC conditions and 
expressed as parts per million of full scale range per percent of 
change in power supply (ppm of FSR/%). 

COMPLIANCE 

Compliance Voltage is the maximum output voltage range that 
can be tolerated and still maintain its specified accuracy. Com· 
pliance Limit implies functional operation only and makes no 
claims to accuracy. 

GLITCH 

A glitch on the output of a DIA converter is a transient spike 
resulting from unequal internal ON-OFF switching times. Worst 
case glitches usually occur at half-scale or the major carry code 
transition from 011 ... 1 to 100 •.. 0 or vice versa. For example, 
if turn ON is greater than turn 0 FF for 011. .. 1 to 100 ... 0, an 
intermediate state of 000 ... 0 · exists, such that, the output 
momentarily glitches toward zero output. Matched switching 
times and fast switching will reduce glitches considerably. 
(Calculated as the.product of duration and am.plitude.) 

0 co ,... 
....... 
m 
co ..... 
~ 
Q 
I :c 

• 



0 co ,... 
~ 
~ 
co ,... 
0 
t§ 
.J. 
:c 

Hl-DAC1.68/DAC16C 

Operating Instructions 

UNIPOLAR AND BIPOLAR VOLTAGE OUTPUT 
CONNECTIONS 

FIGURE 1 

R1 +15V 
BIPOLAR 
OFFSET 
ADJUST. 10Dkf! Y UNIPOLAR 

poKu OFFSET 
0 ADJUST 

-15V 

OUT 

TABLE 1 

OUTPUT CONNECTIONS 

RANGE PIN5 PIN4 PINS PIN B 
to to to to 

UNIP.OLAR 0 to +10V D A N.C. ·19 
MODE 0 to +5V D A PINS . 
BIPOLAR ±10V c N.C. A 19 
MODE ±5V c A N.C. 18 

.±2.5V c A 6 . 
*Connect an external 1.1 Kohm resistor to ground: 

Other Considerations 

GROUNDS 

The Hl-DAC16 has two ground terminals, pin 12 (REF GND) 
and pin 40 (PWR GND). These should not be tied together 
near the package unless that point is also the system signal 
ground to which all returns are connected. (If such a point exists, 
then separate paths are required to pins 12 and 40). 
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GAIN AND ZERO CALIBRATION 

The Hl-DAC16B/C input reference resistor, bipolar offset 
resistor and span .resistors are. optimized for excellent tracking 
over temperature. LASER trimming of the reference circuit 
resistors corrects the unipolar Gain and Offset errors to high 
accuracy. The remaining error can be adjusted with trimming 
potentiometers. The bipolar Gain and Offset errors are greater 
since the LASER correction is done in the unipolar mode, how
ever these too are easily adjusted. Figure 1 illustrates the 
connections for unipolar and bipolar operation. Trimming 
potentiometers Rl, R2, and RJ are required for adjustment. 

UNIPOLAR CALIBRATION 

Step I: Offset 
•Turn all bits D FF (00 .. 0) 
•Adjust RJ for zero volts output 

Step 2: Gain 
•Turn all bits ON (11..1) 
•Adjust R2 for an output of FS-1 LSB 

That is, adjust for: 

9.999847 for+ 10V range 
4.999924 for +5V range 

BIPOLAR CALIBRATION 

Step 1: Offset 
Turn all bits OFF (00 .. 0) 
Adjust Rl for an output of 
-10V for± 10V range 
-5V for± 5V range 
-2.5V for± 2.5V range 

Step 2: Gain 
Turn all bits ON (11..1) 
Adjust R2 for FS· 1 LSB output 
That is, adjust for: 

9.999695 for± 10V range 
4.999847 for± 5V range 
2.499924 for± 2.5V range 

The current through pin 12 is near-zero DC*, but pin 40 carries 
up to 1.75mA of code· dependent current from bits 1, 2, and 3. 
The general rule is to connect pin 12 directly to the system 
signal, or analog ground. Connect pin 40 to the local digital 
or power ground. Then, of course, a single path must connect 
the analog/signal and digital/power grounds. 



Hl-DAC168/DAC16C 

Other Considerations (Continued) 

*Current cancellation is a two-step process in which code
dependent variations are eliminated, then the resulting DC 
current is supplied internally. First, an auxiliary 13-bit R-2 R 
Ladder is driven by the complement of the DAC's input code. 
Together the main and auxiliary ladders draw a continuous 
3.25mA from the internal ground node, regardless of input code. 
Part of this DC current is supplied by the zener voltage refer
ence, and the remainder is sourced from the positive supply 
via a current mirror which is laser trimmed for zero current 
through the external terminal (pin 12). 

Connections to pin 6 llouTI on the Hl-DAC16 are most 
critical for high speed performance. Output capacitance of the 
DAG is only 10pF, so a small additional capacitance will alter 
the op amp's stability and affect settling time. Connections to 
pin 6 should be short and few. Component leads should be 
short on the side connecting to pin 6. 

BYPASS CAPACITORS 

Power supply bypass capacitors on the op amp will serve the 
Hl-DAC16 also. If no op amp is used, a 0.0111F ceramic capa
citor from each supply terminal to pin 40 is sufficient, since 
supply current variations are small. 

THERMAL EFFECTS 

A consideration when using the DAC16 is Temperature Stability. 
In applications where full scale shift could be a problem, the use 
of a heat sink and/or a cooling fan is suggested. This will de
crease the magnitude of the total variation by lowering the effec
tive thermal resistance between the package and its environment. 
The device should be kept in a stable isothermal environment, 
and a warm-up time consistent with accuracy requirements 
should be provided. 

SELECTING AN OPERATIONAL AMPLIFIER 

The Hl-DAC16 is a high resolution, high accuracy DAG. Many 
applications will require an op-amp used as a current-to-voltage. 
converter at the DAG output. (Careful consideration should be 
given the choice of this amplifier as a poor selection can serious
ly degrade the inherent qualities of the DAC.) 

The HA-5130 is an excellent choice to maintain high accuracy 
with an average Offset Drift of only 0.4 µV/OC leading to an 
error over temperature of 30 µV (0.0003% FSR for a lOV FS). 
Initial offset and bias current are 10 µV and 3nA respectively, 
while input noise current of 0.2pA/ VHz. Settling time is 
adequate for most audio applications. (11 µs typ_ to 0.1%). 
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COMPOSITE AMPLIFIER 

It is desirable at times to have an output amplifier which 
combines the qualities of those op-amps available to the designer. 
For instance one may wish to combine the excellent front-end 
characteristics of the HA-5130 with the speed of a d·evice such 
as the HA-2540 (!settle =250ns to 0.1%1. In these instances 
there is the option of the composite amplifier. The basic 
configuration is shown in Figure 2. 

COMPOSITE AMPLIFIER 

+Vp1 

'• 

FIGURE 2 

The composite amplifier may be used to achieve a compromise 
depending on the requirements of a design. Trade-offs in per
formance can be made and the following equations apply: 

Offset; VoFF = VoFF2 + VoFFl 
Ao1 

Bias; IBIAS = IBIAS2 + IBIAS1 

Gain; Vo V1 = Av(S) = Avz!SI [1 + Av1!Sll 

The amplifier A2 should be of wide bandwidth and fast settling 
time. 

Die Characteristics 

Transistor Count 
Die Size: 
Thermal Constants; 0 ja 

Ojc 
Tie Substrate to: 
Process: 

190 
215 x 125 mils 

410C/W 
11octw 

Analog Ground 
Bipolar - DI 
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Features 

• DAC 80V Alternate Source 

• Monolithic Construction 

• Fast Settling 

• Guaranteed Monotonic 

• Wafer Laser Trimmed 

• Applications Resistors On-Chip 

• On-Board Reference 

• Dielectric Isolation (DI) Process 

• :!:12V Supply Operation 

Applications 

• High Speed AID Converters 

• Precision Instrumentation 

• CRT Display Generation 

Description 
The Hl-DACSOV is a monolithic direct replacement for the 
popular DACSO and AD DAC80. Single chip construction 
along with several design innovations make the 
Hl-DAC80V the optimum choice for low cost, high reliability 
applications. Harris' unique Dielectric Isolation (DI) 
processing reduces internal parasitics resulting in fast 
switching times and minimum glitch. On board span 
resistors are provided for good tracking over temperature, 
and are laser trimmed to high accuracy. 

Internally the Hl-DAC80V eliminates code dependent 
ground currents by routing current from the positive supply 
to the internal ground node, as determined by an 

Functional Block Diagram 

Hl-DACBOV 
12Bif, low Cost, 

Monolithic Digital to Analog Converter 

Pin out 

err 10 

err 11 

(L.Se1err12 

TOP VIEW 

auxiliary R-2R ladder. This results In a cancellation of 
code dependent ground currents allowing virtually zero 
variation in current through the package common, 
pin 21. 

The Hl-DAC80V is available as a voltage output 
device which is guaranteed over the ooc to +1soc 
temperature range. It includes a buried zener reference 
featuring low temperature coefficient as well as an on 
board operational amplifier. The Hl-DAC80V requires 
only two power supplies and will operate in the range of 
:!: (11.4V to 16.SV). 

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

Copyright © Harris Corporation 1989 
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Specifications Hl-DACBOV 

Absolute Maximum Ratings (Note 1) 

Power Supply Inputs +Vs •..•...•••••....•...•.•••••••. +20V 
-Vs ...•............••••••••.•..... -20V 

Reference: Input (Pin 16) .•.••.•....••.....•...•....•..•.. +Vs 
Output Drain ••••.••......•••••..•..•....... 2.5mA 

Digital Inputs (Bits 1to12) •......••••..•..••....... -1Vto +Vs 
Max Junction Temperature .............•.............. +1750C 
Operating Temperature Range .....•.•.•......... ooc to + 75oc 
Storage Temperature Range ..•.........•••.• -650C to +150oc 

Electrical Specifications Unless Otherwise Specified, TA= +25°c, Vs ±12V to ±15V (Note 5), Pin 16 to Pin 24. 

Hl-DACBOV-5 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

RESOLUTION - - 12 Bits 

DIGITAL INPUT (Note 3) 

Logic Levels TTL Compatible 

Logic"1" Al +1µA +2 - +5.5 Volts 

Logic"O" Al-100µA 0 - +0.8 Volts 

ACCURACY (Nole 3) 

Linearity Error Full Temperature - ±1/4 ±1/2 LSB 

Differential Linearity Error Full Temperature - ±1/2 ±3/4 LSB 

Monotonicity Full Temperature Guaranteed 

Gain Error (Notes 2, 4) Full Temperature - ±0.1 ±0.3 %rsn 
Offset Error (Note 2) Full Temperature - ±0.05 ±0.15 %F!.iii 

DRIFT (Note 3) 

Total Bipolar Drift (Includes Gain, Full Temperature - - ±20 PPM/OC 
Offset and Linearity Drills.) 

Total Error Full Temperature 

Unipolar (Note 6) - ±0.08 ±0.15 %FSR 

Bipolar (Note 6) - ±0.06 ±0.1 %FSR 

Gain With Internal Reference - ±15 ±30 PPM/OC 

Without Internal Reference - ±7 - PPM/OC 

Unipolar Offset - ±1 ±3 PPM/OC 

Bipolar Offset - ±5 ±10 PPM/OC 

CONVERSION SPEED 

Setting Time (Note 3) Full Scale Transition all Bils 

With 10K Feedback ON to OFF or OFF to ON - 3 - µs 

With 5K Feedback to ±0.01 % of FSR - 1.5 - µs 

For 1 LSB Change - 1.5 - µs 

Slew Rate 10 15 - V/µs 
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Specifications Hl-DACBOV 

Electrical Specifications (Continued) Unless Otherwise Specified, TA; +25oc, Vs ±12V to ±15V (Note 5), Pin 16 to Pin 24. 

PARAMETER CONDITIONS MIN 

ANALOG OUTPUT 

Output Ranges -
-
-
-
-

Output current ±5 

Output Resistance -
Short Circuit Duration To Common 

INTERNAL REFERENCE 

Output Voltage 6.250 

Output Impedance -
External Current -
Tompco of Drift -
POWER SUPPLY SENSITIVITY (Note 3, 5) 

+15VSupply -

-15VSupply -
POWER SUPPLT REQUIREMENTS (Nole 5) 

Voltage Range 

+Vs Full Temperature +11.4 

-Vs Full Temperature -11.4 

Current 

+Is Full Temperature Vs;±15V -

-Is Full Temperature Vs;±15V -

NOTES: 1. Absolute maximum ratings are limiting values applied individually, beyond which the 
serviceability of the circuit may be impaired. Functional operation under any of these 
conditions is not necessarily implied. 

2. Adjustable to zero using external potentiometers. 

3. See definitions. 

4. FSA is "full scale range" and is 20V for ±10V range, 10V for ±5V range, etc. 

5. The Hl-DAC80V will operate with supply voltages as low as ±11.4V. It is recommended that 
output voltage range -10V to +10V not be used if the supply voltages are less than ±12.SV. 

S. With Gain and Offset errors adjusted to zero at + 2soc. 
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Hl-DACBOV-5 

TYP MAX UNITS 

±2.5 - v 

±5 - v 

±10 - v 

0 to 5 - v 

Oto 10 - v 

- - mA 

0.05 - n 

Continuous 

+6.3 6.350 v 

1.5 - n 

- +2.5 mA 

5 - PPM/OC 

0.001 0.002 %FSR --
0.001 0.002 %Vs 

+15 +16.5 v 

-15 -16.5 v 

+12 +15 mA 

-15 -20 mA 



Hl-DACBOV 

Definitions of Specifications 
Digital Inputs 

The Hl-DAC80V accepts digital input codes in complemen
tary binary, complementary offset binary, and complementary 
two's complement binary. 

ANALOG OUTPUT 

COMP LE- COMPLE- COMPLE-
MENTARY MENTARY MENTARY 

DIGITAL STRAIGHT OFFSET TWO'S 
INPUT BINARY BINARY COMPLEMENT* 

MSB ... LSB 
000 ... 000 +Full Scale +Full Scale -LSB 
100 ... 000 Mid Scale-1 LSB -1 LSB +Full Scale 
11L111 Zero -Full Scale Zero 
011 ... 111 + 1 /2 Full Scale Zero -Full Scale 

• Invert MSB with external inverter to obtain CTC Coding. 

Settling Time 

That interval between application of a digital step input, and 
final entry of the analog output within a specified window 
about the settled value. Harris Semiconductor usually 
specifies a unipolar 10V full scale step, to be measured from 
50% of the input digital transition, and a window of ±1/2 
LSB about the final value. The device output Is then rated 
according to the worst (longest settling) case: low to high, or 
high to low. In a 12 bit system ±1/2 LSB = ±0.012% of FSR. 

Thermal Drift 

Thermal drift is based on measurements at +250C, at high 
!TH) and low (TL) temperatures. Drift calculations are made 
for the high (Tw250C) and low (+250C-TL) ranges, and 
the larger of the two values is given as a specification 
representing worst case drift. 

Gain Drift, Offset Drift, Reference Drift and Total Bipolar 
Drift are calculated in parts per million per oc as follows: 

Gain Drift= A FSR/AOC x 106 

FSR 

Offset Drift = A Offset/ A oc x 106 

FSR 

Reference Drift= A VREF/AOC x 106 

VREF 

Total Bipolar Drift= Vof/lOC x 106 
FSR 

NOTE: FSA • Full Scala Output Voltage -Zero Scale Output Vollage 

A FSR = FSR !TH) - FSR (+250C) 
or FSR (+250C) - FSR (TL) 

V0 = Steady-state response to any input code. 

Total Bipolar Drift is the variation of output voltage with 
temperature, in the bipolar mode of operation. It represents 
the net effect of drift in Gain, Offset, Linearity and Reference 

Voltage. Total Bipolar Drift values are calculated, based on 
measurements as explained above. Gain and Offset need 
not be calibrated to zero at +250C. The specified limits for 
TBD apply for any Input code and for any power supply 
setting within the specified operating range. 

Accuracy 

LINEARITY ERROR (Short for "Integral Linearity Error." 
Also, sometimes called "Integral Nonlinearity" and 
"Nonlinearity''.)- The maximum deviation of the actual 
transfer characteristic from an ideal straight line. The Ideal 
line is positioned according to end-point linearity for D/A 
converter products from Harris Semiconductor, i.e. the line 
is drawn between the end-points of the actual transfer 
characteristic (codes 00 ... 0 and 11. .. 1 ). 

DIFFERENTIAL LINEARITY ERROR - The difference be
tween one LSB and the output voltage change corresponding 
to any two consecutive codes. A Differential Nonlinearity of 
±1 LSB or less guarantees monotonicity. 

MONOTONICITY -The property of a D/A converter's transfer 
function which guarantees that the output derivative will not 
change sign in response to a sequence of increasing (or 
decreasing) input codes. That Is, tho only output rm:pon:;o 
to a code change Is lo romaln conntant, lncroano for 
increasing code, or decrease for docroasing codo. 

TOTAL ERROR - The net output error resulting from all 
internal effects (primarily non-ideal Gain, Offset, Linearity 
and Reference Voltage). Supply voltages may be set to any 
values within the specified operating range. Gain and offset 
errors must be calibrated to zero at +250C. Then the 

'specified limits for Total Error apply for any input code and 
for any temperature within the specified operating range. 

Power Supply Sensitivity 

Power Supply Sensitivity is a measure of the change in gain 
and offset of the D/A converter resulting from a change in 
-Vs, or +Vs supplies. It is specified under DC conditions 
and expressed as full scale range percent of change 
divided by power supply percent change. 

Glltch 

A Full Scale Range x 100 

P.S.S. = Full Scale Range (Nominal) 

A Vs x 100 

Vs (Nominal) 

A glitch on the output of a D/A converter is a transient spike 
resulting from unequal internal ON-OFF switching times. 
Worst case glitches usually occur at half-scale I.e. the major 
carry code transition from 011 ... 1 to 100 ... o or vice versa. 
For example, if turn ON is greater than OFF for 011 ... 1 to 
100 ... 0, an intermediate state of 000 ... 0 exists, such that, the 
output momentarily glitches toward zero output. Matched 
switching times and fast switching will reduce glitches con
siderably. (Measured as one half the Product of duration 
and amplitude.) 
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Hl-DACBOV 

Decoupling and Grounding 

For best accuracy and high frequency performance, the 
grounding and decoupling scheme shown in figure 1 
should be used. Decoupling capacitors should be 
connected close to the Hl-DACBOV (preferably to the 
device pins) and should be tantalum or electrolytic 
bypassed with ceramic types for best high frequency noise 
rejection. 

-Vs +Vs 

" ---, 
I 

" 24 ' - _, 
I 
I 
I 

--~ 
I 
I 
I 
I 

-- " 
16 

FIGURE 1. 

Reference Supply 

An internal 6.3 Volt reference is provided on board the 
Hl-DACBOV. The voltage (pin 24) is accurate to ±0.8% and 
must be connected to the reference input (pin 16) for 
specified operation. This reference may be used externally, 
provided current drain is limited to 2.5mA. An external 
buffer amplifier is recommended if this reference is to be 
used to drive other system components. Otherwise, varia
tions in the load driven by the reference will result in gain 
variations of the Hl-DACBOV. All gain adjustments should 
be made under constant load conditions. 

Output Voltage Ranges 

Hl-DACSOV 

FIGURE 2. 

. ,, 
mn rn1oou? 

RANGE CONNECTIONS 

CONNECT 

PIN PIN PIN 
RANGE 15 17 19 

Unipolar Olo+5V 18 N.C. 20 
Oto+10V 18 N.C. N.C. 

Bipolar ±2.5V 18 20 20 
±5V 18 20 N.C. 

±10V 19 20 15 

Gain and Offset Calibration 

UNIPOLAR CALIBRATION 

Step1: Offset 
Turn all bits OFF(11 ••. 1) 
Adjust R2 for zero volts out 

Step2: Gain 
Turn all bits ON (00 .•• 0) 
AdjustR1 for FS-1 LSB 
That is: 

4.9988 for o to +5V range 
9.9976for0 to +10Vrange 

BIPOLAR CALIBRATION 

Step 1: Offset 
Turn all bits OFF (11 ..• 1) 
Adjust R2 for Negative FS 
That is: 

-10V for ±10V range 
-5V for ±5V range 
-2.5V for ±2.5 range 

Step2: Gain 
Tum all bits ON (00 ... 0) 
AdjustR 1 for positive FS-1 LSB 
That is: 

+9.9951Vfor ±10Vrange 
+4.9976V for ±5V range 
+2.4988V for ±2.5V range 

This Bipolar procedure adjusts the output range end points. The 
maximum error at zero (half scale) will not exceed the Linearity 
error. See the "Accuracy" specifications . 
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Die Characteristics 

Hl-DACBOV 

Transistor Count ••.•..•..•••.••.••.•............•• 214 
Die Size •.••••.•••.•••..•..••....••..... 108 x 163 mils 
Thermal Impedance; 

:i~::::::::: :: : : : : : : : : : : : :: : : : : :: : : : : : : : : :: :~~~g~ 
Tie Substrate to: .•.••.••.•..........•..•.••..• Ground 
Process .•.•..••...•.••••••..••.••.•••••.•.. Bipolar-DI 

Ordering Information 

PART NUMBER TEMPERATURE RANGE PACKAGE 

H11-DACBOV-5 oocto+750C 24 Pin Ceramic DIP 

Hl3-DACBOV-5 ooc10+1soc 24 Pin Plastic DIP 

Note: The Cerarolc DIP package will be discontinued in the future and is not recommended for 
new designs. 

NOTICE: Harris Semiconductor's products are sold by description only. Harris Semiconductor reserves the right to make changes in circuit design and/or 
specifications at any time without notfoe. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. 

For maintenance of performance and reliability, Harris Semiconductor strongly recommends that the "l.C. Handling Procedures'', located in Section 1 of the 
current Analog Products Data Book, be tot/owed closely by any activity involved with J.C. products. 
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mJHARRIS Hl-DAC85V 
June 1989 

12Bit, Low Cost, 
Monolithic Digital to Analog Converter 

Features 

• DAC ssv Alternate Source 

• Monolithic Construction 

• Fast Settling 

• Guaranteed Monotonic 

• Wafer Laser Trimmed 

• Applications Resistors On-Chip 

• On-Board Reference 

• Dielectric Isolation (DI) Process 

• ±12V Supply Operation 

Applications 

• High Speed A/D Converters 

• Precision Instrumentation 

• CRT Display Generation 

Description 

The Hl-DAC85V is a monolithic direct replacement for the 
popular DAC85 and AD DAC85 as well as the Hl-568SV. 
Single chip construction along with several design innova
tions make the Hl-DAC85V the optimum choice for low 
cost, high reliability applications. Harris' unique Dielectric 
Isolation (DI) processing reduces internal parasitics 
resulting in fast switching times and minimum glitch. On 
board span resistors are provided for good tracking over. 
temperature, and are laser trimmed to high accuracy. 

Internally the Hl-DAC85V eliminates code dependent 
ground currents by routing current from the positive supply 
to the internal ground node, as determined by an 

Functional Block Diagram 

Pinout 
Hl1-DAC85V-4 (PLASTIC DIP) 

TOP VIEW 

6.3V REF OUT 

GAIN ADJUST 

+Vs 

COMMON 

.~JUNCTION 

20V RANGE 

10V RANGE 

BIPOLAR OFFSET -

REF INPUT 

auxiliary R-2R ladder. Th is results in a cancellation of 
code dependent ground currents allowing virtually zero 
variation in current through the package common, 
pin 21. 

The Hl-DAC85V is available as -· a voltage output 
device which is guaranteed over the -2soc to +asoc 
temperature range. It includes a buried zener reference 
featuring low temperature coefficient as well as an on 
board operational amplifier. The Hl-DAC85V requires
only two power supplies and will operate in the range of 
± (11.4V to 16.SV). 

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

Copyright © Harris Corporation 1989 
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Specifications Hl-DAC85V 

Absolute Maximum Ratings (Note 11 

Power Supply Inputs +Vs .......••••••••..•..••••.••••• +20V Digitallnputs(Bits1 to12) ......................... -1Vto+Vs 
-Vs •••.•••••••••.••••••.•••.•••••• -20V 

Reference: Input (Pin 16) ••••.•..••••••.••••••••••.•.••••. +Vs 
Output Drain ............................... 2.5mA 

Max Junction Temperature .•......••..••....••.••••••. +1750C 
Operating Temperature Range •••.••••.••••••• -2soc to +asoc 
Storage Temperature Range •••••••.••••••••• -ssoc to +1 sooc 

Electrlcal Specifications Unless Otherwise Specified, TA= +25oc, Vs ±12V to ±15V (Note 5), Pin 16 to Pin 24. 

Hl-DACBSV-4 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

RESOLUTION - - 12 Bits 

DIGITAL INPUT (Note3) 

Logic Levels TTL Compatible. 

Logic"1" At+1pA +2 - +5.5 Volts 

Logic"O" At-100pA 0 - +0.8 Volts 

ACCURACY (Note 3) 

Integral Linearity Error At+25oc - - ±1/2 LSB 

Full Temperature - ±1/4 ±1/2 LSB 

Differential Linearity Error Full Temperature - ±1/4 ±1/2 LSB 

Monotonicity Full Temperature Guaranteed 

Gain Error(Notes2, 4) Full Temperature: Ceramic DIP - ±0.1 ±0.15 %FSR 

Plastic DIP - ±0.1 ±0.2 %FSR 

Offset Error (Note 2) Full Temperature - ±0.05 ±0.1 %FSR 

DRIFT (Note 3) 

Gain - - ±20 PPM/OC 

Unipolar Offset - ±1 ±3 PPM/OC 

Bipolar Offset - ±5 ±10 PPM/OC 

CONVERSION SPEED 

Setting Time (Note 3) to ±0.o1 % of FSR 

With 1 OK Feedback Full Scale Transition all Bits - 3 - JIS 

With SK Feedback ON to OFF or OFF to ON - 1.5 - JIS 

For 1 LSB Change - 1.5 - JIS 

Slew Rate 10 15 - V/µs 
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Specifications Hl-DAC85V 

> :g Electrical Specifications (Continued) Unless Otherwise Specified, TA = +25oc, Vs :1:12v to :1:15V (Note 5), Pin 16 to Pin 24. 

~ c 
.J. 
::c PARAMETER CONDITIONS MIN 

ANALOG OUTPUT 

Output Ranges -
-
-
-
-

Output current :1:5 

Output Resistance -
Short Circuit Duration To Common 

INTERNAL REFERENCE 

Output Voltage 6.250 

Output Impedance -
External Current -
Tempco of Drift -
POWER SUPPLY SENSITIVITY (Note 3, 5) 

+15VSupply -
-15VSupply -
POWER SUPPLY REQUIREMENTS (Note 5) 

Voltage Range 

+Vs Full Temperature +11.4 

-Vs Full Temperature -11A 

Current 

+Is Full Temperature Vs=:l:15V -
-Is Full Temperature Vs=:l:15V -

NOTES: 1. Absolute maximum ratings are limiting values applied individually, beyond which the 
serviceability of the circuit may be impaired. Functional operation under any· of these 
conditions is not necessarily Implied. 

2. Adjustable to zero using external potentiometers. 

3. See definltlons. 

4. FSR Is '1ull scale range" andJs 20V for ±10V range, 10V for ±5V range, etc. 

5. The Hl-DAC85V will operate with supply voltages as low as ±11.4V. n Is recommended that 
output voltage range -10V to +1 OV not be used if the supply voltages are less than ±12.SV. 

6. With Gain and Offset errors adjusted to zero at +2soc. 
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Hl-DAC85V-4 

TYP MAX UNITS 

:1:2.5 - v 

:1:5 - v 

:1:10 - v 

Oto5 - v 

Oto10 - v 

- - mA 

0.05 - n 
Continuous 

+6.3 6.350 v 

1.5 - n 

- +2.5 mA 

5 - PPM/OC 

0.001 0.002 ' %FSA 
--

0.001 0.002 %Vs 

+15 +16.5 v 

-15 -16.5 v 

+12 +15 mA 

-15 -20 mA 



Hl-DAC85V 

Definitions of Specifications 
Digital Inputs 

The Hl-DAC85V accepts digital input codes in complemen· 
tary binary, complementary offset binary, and complementary 
two's complement binary. 

ANALOG OUTPUT 

COMPLE- COMPLE- COMPLE-
MENTARY MENTARY MENTARY 

DIGITAL STRAIGHT OFFSET TWO'S 
INPUT BINARY BINARY COMPLEMENT* 

MSB ... LSB 
000 ... 000 +Full Scale +Full Scale -LSB 
100 ... 000 Mid Scale-1 LSB -1 LSB +Full Scale 
111 ... 111 Zero -Full Scale Zero 
011 ... 111 +1/2 Full Scale Zero -Full Scale 

• Invert MSB with external inverter to obtain CTC Coding. 

Settling Time 

That interval between application of a digital step input, and 
final entry of the analog output within a specified window 
about the settled value. Harris Semiconductor usually 
specifies a unipolar 10V full scale step, to be measured from 
50% of the input digital transition, and a window of ±1/2 
LSB about the final value. The device output is then rated 
according to the worst (longest settling) case: low to high, or 
high to low. In a 12 bit system ±1/2 LSB = ±0.012% of FSR. 

Thermal Drift 

Thermal drift is based on measurements at +250C, at high 
(TH) and low (TL) temperatures. Drift calculations are made 
for the high (TH-250C) and low (+250C-TL) ranges, and 
the larger of the two values is given as a specification 
representing worst case drift. 

Gain Drift, Offset Drift, Reference Drift and Total Bipolar 
Drift are calculated In parts per million per oc as follows: 

Gain Drift= Ii FSR/l!i.OC x 106 

FSR 

Offset Drift = Ii Offset/ Ii oc x 106 

FSR 

Reference Drift= Ii VREF/liOC x 106 

VREF 

Total Bipolar Drift= Vofl!i.OC x 106 
FSR 

NOTE: FSA = Full Scale Output Voltage -Zero Scale Output Voltage 

Ii FSR = FSR (TH) - FSR (+250C) 
or FSR (+250C) - FSR (TL) 

V0 = Steady-state response to any input code. 

Total Bipolar Drift is the variation of output voltage with 
temperature, in the bipolar mode of operation. It represents 
the net effect of drift in Gain, Offset, Linearity and Reference 

Voltage. Total Bipolar Drift values are calculated, based on 
measurements as explained above. Gain and Offset need 
not be calibrated to zero at +250C. The specified limits for 
TBD apply for any input code and for any power supply 
setting within the specified operating range. 

Accuracy 

LINEARITY ERROR (Short for "Integral Linearity Error." 
Also, sometimes called "Integral Nonlinearity" and 
"Nonlinearity".)- The maximum deviation of the actual 
transfer characteristic from an ideal straight line. The Ideal 
line is positioned according to end-point linearity for D/A 
converter products from Harris Semiconductor, I.e. the line 
is drawn between the end-points of the actual transfer 
characteristic (codes oo ... o and 11...1 ). 

DIFFERENTIAL LINEARITY ERROR - The difference be· 
tween one LSB and the output voltage change corresponding 
to any two consecutive codes. A Differential Nonlinearity of 
±1 LSB or less guarantees monotonicity. 

MONOTONICITY -The property of a D/A converter's transfer 
function which guarantees that the output derivative will not 
change sign in response to a sequence of lncron~lnu (or 
decreasing) input codes. That is, tho only output ru,;pon~o 
to a code change is to remain constant, lncron5a for 
increasing code, or decrease for decreasing code. 

TOTAL ERROR - The net output error resulting from all 
internal effects (primarily non-ideal Gain, Offset, Linearity 
and Reference Voltage). Supply voltages may be set to any 
values within the specified operating range. Gain and offset 
errors must be calibrated to zero at +250C. Then the 
specified limits for Total Error apply for any input code and 
for any temperature within the specified operating range. 

Power Supply Sensitivity 

Power Supply Sensitivity is a measure of the change in gain 
and offset of the D/A converter resulting from a change in 
-Vs, or +Vs supplies. It is specified under DC conditions 
and expressed as full scale range percent of change 
divided by power supply percent change. 

Glitch 

Ii Full Scale Range x 100 

P.S.S. = Full Scale Range (Nominal) 

Ii Vs x 100 

Vs (Nominal) 

A glitch on the output of a D/A converter is a transient spike 
resulting from unequal Internal ON-OFF switching times. 
Worst case glitches usually occur at half-scale i.e. the major 
carry code transition from 011 ... 1 to 100 ... 0 or vice versa. 
For example, if turn ON is greater than OFF for 011 ... 1 to 
100 ... o, an intermediate state of 000 .•. 0 exists, such that, the 
output momentarily glitches toward zero output. Matched 
switching times and fast switching will reduce glitches con· 
siderably. (Measured as one half the Product of duration 
and amplitude.) 
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Hl-DACB5V 

Decoupling and Grounding 

For best accuracy and high frequency performance, the 
grounding and decoupling scheme shown in figure 1 
should be used. Decoupling capacitors should be 
connected close to the Hl-DAC85V (preferably to the 
device pins) and should be tantalum or electrolytic 
bypassed with ceramic types for best high frequency noise 
rejection. 

-Vs +vs 

0.01µ F o.01µF 

18 - --, 
I 

24 19 - -~ 
I 
I 
I 

--~ 
: 
I 
I 

--" 
16 

FIGURE 1. 

Reference Supply 

An internal 6.3 Volt reference is provided on board the 
Hl-DAC85V. The voltage (pin 24) is accurate to ±0.8% and 
must be connected to the reference input (pin 16) for 
specified operation. Th is reference may be used externally, 
provided current drain is limited to 2.SmA. An external 
buffer amplifier is recommended if this reference is to be 
used to drive other system components. Otherwise, varia
tions in the load driven by the reference will result in gain 
variations of the Hl-DAC85V. All gain adjustments should 
be made under constant load conditions. 

Output Voltage Ranges 

Hl-DACB5V 

FIGURE 2. 

RANGE CONNECTIONS 

CONNECT 

PIN PIN PIN 
RANGE 15 17 19 

Unipolar Olo+5V 18 N.C. 20 
Oto +10V 18 N.C. N.C. 

Bipolar ±2.5V 18 20 20 
±5V 18 20 N.C. 
±10V 19 20 15 

Gain and Offset Calibration 

UNIPOLAR CALIBRATION 

Step1: Offset 
Turn all bits OFF (11 ... 1) 
Adjust R2 for zero volts out 

Step2: Gain 
Tum all bits ON (00 ... 0) 
AdjuslR1 for FS-1 LSB 
Thatis: 

4.9988 for 0 to +5V range 
9.9976 for 0 to +10V range 

BIPOLAR CALIBRATION 

Step1: Offset 
Turn all bits OFF (11 ... 1) 
Adjust R2 for Negative FS 
That is: 

-10Vfor±10Vrange 
-5V for ±5V range 
-2.5V for ±2.5 range 

Step2: Gain 
Turn all bits ON (00 ... 0) 
Adjust R1 for positive FS-1 LSB 
Thatis: 

+9.9951Vfor ±10Vrange 
+4.9976V for ±5V range 
+2.4988V for ±2.SV range 

This Bipolar procedure adjusts the output range end points. The 
maximum error at zero (half scale) will not exceed the Linearity 
error. See the "Accuracy" specifications. 
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Hl-DACB5V 

Die Characteristics 

Transistor Count .................................. 214 
Die Size ................................ 108 x 163 mils 
Thermal Impedance; 

~l~:::::::::::::::::::::::::::::::::::::::: :;~~g~ 
Tie Substrate to: .. .. . .. . .. . . . . .. . .. . .. . . .. . .. . Ground 
Process .................................... Bipolar-DI 

Ordering Information 

Part Number Temperature Range Package 

Hl1-DAC85V-4 -2soc to +ssoc 24-Pln Plastic DIP 

Hl3-DAC85V-4 -2soc to +ssoc 

Hl3-DAC85V-9 -4ooc to +ssoc 

NOTES: The Hl-DAC65V are now available ln plastic DIP packages. 
The ceramic DIP package will be discontinued in the future and Is 
not recommended for new designs. 
Below Is the ordering Information for plastic packages. 
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HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION 
The ICL7121 achieves 0.003% linearity without laser trim

ming by combining a four quadrant multiplying DAG using 
thin film resistors with an on-chip PROM-controlled correc
tion circuit. Silicon-gate CMOS circuitry keeps the power 
dissipation very low. 

Microprocessor bus interfacing is eased using standard 
memory WRite cycle timing and control. The input buffer 
register is loaded with the 16-bit input and directly controls 
the output switches. The register is transparent if WR and 
CS are held low. 

The ICL7121 is designed and programmed for bipolar 
operation. There Is an offset resistor to the output which should 
be connected to -VREF and an inverter on the MSB line, giving 
the DAC a 2's complement bipolar transfer function. Two extra 
resistors are included on the chip to facilitate the reference in
version, so that only an external op amp is needed. 

ORDERING INFORMATION 
Part Number Temperature Range 

ICL7121JCJI o·cto +1o·c 
ICL7121JMJI -55°C to + 125'C 

ICL7121 KCJI o•cto +1o·c 
ICL7121 KMJI -55°C to + 125•c 

ICL7121 LCJI o·cto +1o·c 
ICL7121LMJI -55'Cto +125'C 

n n~4.2kn 

2R 2R 

s,. 

ICL7121 
16-Bit Multiplying 

Microprocessor-Compatible 
D/A Converter 

FEATURES 
• 16-Bit Resolution 
• Low Integral Linearity Error-0.003% FSR 
• Monotonic to 16 Bits Over Full Military Temperature 

Range {LM Grade) 
• Microprocessor Compatible with Buffered Inputs 
• Bipolar Application Requires No External Resistors 
•Output Current Settling Time 3 µs Max (1 µs Typ) 
• Low Linearity and Gain Temperature Coefficients 
• Low Power Dissipation (25 mW) 
• Full Four-Quadrant Multiplication 
• Low Differential Nonlinearity Error at Bipolar Zero 

Package Monotonicity 

28-Pin CERDIP 
14 Bits 

28-Pin CERDIP 

28-Pin CERDIP 
15 Bits 

28-Pin CERDIP 

28-Pin CERDIP 
16 Bits 

28-Pin CERDIP 

VREF RiNV RoFS ••• 

2R 

.._,r-+~ ...... -+-~~~~1--..... -+4-~--~~-+-+~~~~~-+~~----l_.-O~uT 
~-4~~-+-4-~---&~~~~...._~~f-<1>--~-+-+-~~!--~~~+-~!--~~~.+-~0AGNDs 

AGNllF 
C-DAC 

DECODE PROM --------OPROG 

r"'""'"'"~ ........ ~--''---'-~--'~~_.,~--'"=.i.-,_~~~~~~~~~-0cs 
L..,.""T""..,....,..........-,-..,.....,~..::.:.::_::::.::,:.::,:. ....... T'"'"l....,..-.-T'"'"!_J-~~~~~~~~~-0WR 

Da • • • • • • 015 

Figure 1: ICL7121 Functional Diagram 
0081-1 

HARRIS SEMICONDUCTOR'S SOLE ANO 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. 301660-005 
NOTE: All typical values have been characterized but are not tested. 6-78 



ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage v+ to DGND .............. -0.3V to 7.5V 

VREF· RoFS· R1Nv.RFB to DGND .................. ±25V 
Currentin AGNDF, AGNDs ....................... 25 mA 

DN, WR, CS, PROG, lour. 

AGNDF, AGNDs ................ -0.3V to (V+ + 0.3V) 

Operating Temperature 
ICL7121C ............................. o•cto +?O'C 
ICL7121M ......................... -55'Cto +125'C 

Storage Temperature ................. -65'C to + 150'C 

Power Dissipation (Note 2) ...................... 500 mW 
derate above ?O'C@ 10 mW/'C 

Lead Temperature (soldering, 10 sec) .............. 300'C 

NOTE 1: All voltages with respect to DGND. 
2: Assumes all leads soldered or welded 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 BXtended peri
ods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 

ICL7121 

Figure 2: Pin Configuration 
(Outline Dwg. JI) 

0081-2 

v+ = + 5V, VREF = + 5V, TA = + 25'C, AGND = DGND, lour at ground potential, unless otherwise specified 

Parameter Test Conditions/Comments 
Limits 

Units 
Min Typ Max 

DC ACCURACY 

Resolution 16 Bits 

Monotonicity Guaranteed by OLE Test J 14 
(Note3) K 15 Bits 

L 16 

Differential Linearity Error TA= +25'C J, K ±1 
at Bipolar Zero L ±Y, LSB 

Operating Temperature Range J, K ±1% 

L ±1 

Differential Linearity Error TA= +25'C J ±0.006 
OLE K ±0.003 

L +0.003 
-0.0015 

Operating Temperature Range J, KC ±0.006 %FSA 

LC,KM +0.0045 
-0.003 

LM +0.0045 
-0.0015 

Integral Linearity Error TA= +25'C J ±0.003 ±0.006 
ILE K,L ±0.0015 ±0.003 

Operating Temperature Range J ±0.006 ±0.009 %FSA 

K,LM ±0.003 ±0.006 

LC ±0.0015 ±0.003 

Integral Linearity Error J ±0.3 ± 1.2 
ppm/'C 

Temperature Coefficient K,L ±0.2 ±0.9 

NOTE: All typical values havs be9n characterized but ars not tssted. 
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ICL7121 

~ ELECTRICAL CHARACTERISTICS (Continued) 
v+ = +5V, VREF = +5V, TA= +25°C, AGND = DGND, lour at ground potential, unless otherwise specified 

Parameter Test Conditions/Comments 

DC ACCURACY (Continued) 

Unadjusted Gain Error TA= +25°C J 

K 

L 

Operating Temperature Range J 

K,L 

Unadjusted Gain Error (Note4) J 
Temperature Coefficient K,L 

Unadjusted Output Offset DAC Register Outputs All LOW, (Note 6) 

Output Offset Temperature Drift Same Conditions as Above, (Note 4) 

AC ACCURACY 

Power Supply Rejection !J.V+ = 5V ±10%, TA= +25'C 

Operating Temperature Range 

Output Current Settling Time To% LSB, (Note 4) 

REFERENCE INPUT 

Input Resistance lour at Ground 

ANALOG OUTPUT 

Output Capacitance DAC Register Outputs All LOW 
(lour Terminal) DAC Register Outputs All HIGH 

DIGITAL INPUTS 

LOW State Threshold Operating Temperature Range 

HIGH State Threshold 

Input Current Inputs between DGND to v+ 

Input Capacitance (Note4) 

POWER SUPPLY 

Supply Voltage Range• Functional Operation, (Note 5) 

Supply Current TA= +25'C 
(Excluding Ladder Network) Digital Inputs HIGH or LOW 

Operating Temperature Range 
Digital Inputs HIGH or LOW 

NOTES 3: Military temperature range parts are also tested to stated limits at - 55°C and + 125°C. 
4: Guaranteed by characterization but not tested on a production basis. 
5: Guaranteed by PSRR test. 

Min 

3 

2.4 

4.5 

Limits Units 
Typ Max 

±0.004 ±0.012 

±0.003 ±0.009 .%FSR 

±0.002 ±0.006 

±0.02 +0.04 

±0.ot ±0.02 

±1.0 ±5.2 
ppm/°C 

±0.5 ±2.0 

±4 ±15 mV 

±5 µ.V/°C 

±30 ±100 
ppm/V 

±50 ±150 

1.8 3 µ.s 

4.2 6 kn 

150 pF 
300 

0.8 
v 

±0.001 ±1 µ.A 

15 pF 

5.5 v 

0.6 1.5 
mA 

1.0 2.5 

6: Refer to Figure 4. Measured at output of amplifier A1 (A1 having zero offset). VREF = + 5V. Adjustable to zero with external potentiometer. 

SWITCHING CHARACTERISTICS v+ = + 5V, TA = + 25'C; see Timing Diagram, Figure 3 (Note 4) 

Symbol Parameter Test Conditions 
Limits Units 

Min Typ Max 

tcws Chip Select-WRite Set-Up Time 0 

tcwh Chip Select-WRite Hold Time 0 

twR WRite Pulse Width Low 200 ns 

tows Data-WRite Set-Up Time 200 

tcwh Data-WRite Hold Time 0 

NOTE: All typical values have been charactoriz9d but are not teslsd. 
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cs~ 
l---tcws--

DN 
DATA 

DATA VALID, STABLE 

0081-3 

Figure 3: Timing Diagram 

Table 1. Pin Assignment and Function Description 

Pin Name Description 

1 Do Least Significant Bit 
2 D1 
3 D2 
4 03 
5 04 Input 
6 D5 
7 Ds Data 
8 07 
9 De Bits 

10 Dg 
11 D10 (HIGH = True) 
12 D11 
13 D12 
14 D13 
15 D14 
16 D15 Most Significant Bit 
17 PROG Used for programming only. Tie to + 5V for 

normal operation. 
18 VREF VREF input to ladder. 
19 R1NV Summing node for inverting amplifier. 
20 RoFS Bipolar offset resistor, to -VREF· 
21 RFB Feedback resistor for voltage output 

applications. 
22 DGND Digital Ground returrr. 
23 AGNDF Analog Ground Force Line. Used to carry 

current from internal Analog GrouND 
connections. 

24 AGNDs Analog Ground Sense line. Reference point 
for external circuitry. Pin should carry minimal 
current. 

25 lour Current output pin. 
26 v+ Positive supply voltage. 
27 cs Chip Select. Active low. Enables writing to 

register. 
28 WR WRite input. Active low. Writes into register. 

Equivalent to CS. 

DEFINITION OF TERMS 
INTEGRAL LINEARITY ERROR: Error contributed by devi
ation of the DAG transfer function from a "best straight line" 
through the actual plot of transfer function. Normally ex
pressed as a percentage of full scale range or in 
(sub)multiples of 1 LSB. 

NOTE: All typical values have been characterizod but are not tested. 
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DIFFERENTIAL LINEARITY ERROR: The difference be
tween ideal and actual value of the analog output "step 
size" for any two adjacent digital input code. The ideal "step 
size" is equal to 2-n of full scale for an n-bit DAG or 1 LSB. 
It is expressed in (sub)multiples of 1 LSB. 
RESOLUTION: It is addressing the smallest distinct analog 
output change that a DI A converter can produce. It is com
monly expressed as the number of converter bits. A con
verter with resolution of n bits can resolve output changes 
of 2-n of the full-scale range, e.g., 2-n VREF for a unipolar 
conversion. Resolution by no means implies linearity. 
SETTLING TIME: Time required for the output of a DAG to 
settle to within a specified error band around its final value 
(e.g., V. LSB) for a given digital input change, i.e.,. all digital 
inputs LOW to HIGH and HIGH to LOW. 

GAIN ERROR: The difference between actual and idoal an
alog output values at full-scale range, i.o., all digital inputs al 
HIGH state. It is expressed as a percentage of full-scale 
range or in (sub)multiples of 1 LSB. 
OUTPUT CAPACITANCE: Capacitance from lour terminal 
to ground. 

DETAILED DESCRIPTION 
The ICL7121 consists of a 16-bit primary DAG, PROM 

controlled correction DACs, input buffer registers, and mi
croprocessor interface logic. The 16-bit primary DAG is an 
R-2R thin film resistor ladder with N-channel MOS SPOT 
current steering switches. Precise balancing of the switch 
resistances and all other resistors in the ladder results in 
excellent temperature stability. 

The low linearity error is acheived by programming a 
floating polysilicon gate PROM array which controls a 12-bit 
correction DAG (C-DAC). The most significant bits of the 
primary DAG register address this PROM array. Thus for 
every combination of the· primary DAC's most significant 
bits a different C-DAC code is selected, allowing correction 
of superposition errors. These errors are caused by bit inter
action on the primary ladder's current bus and by voltage 
non-linearity in the feedback resistor. Superposition errors 
cannot be corrected by any method that corrects individual 
bits only, such as laser trimming. 

The onboard PROM also controls the 6-bit gain DAG. The 
G-DAC reduces gain error to less than 0.006% FSR by di
verting to analog ground up to 2% of the current flowing in 
RFB· 

Since the PROM programming occurs in packaged form, 
it corrects for resistor shifts caused by the thermal stresses 
of packaging, unlike wafer-level trimming methods. Also, 
since the thin film resistors do not suffer laser trimming 
stresses, no degradation of time-stability results. 
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~ APPLICATIONS 

Bipolar Operation 
The circuit diagram for the normal configuration of the 

ICL7121 is shown in Figure 4. The positive and negative 
reference voltages allow full four-quadrant multiplication. 
Amplifier A3, together with the internal resistors R1Nv1 and 
R1NV2• forms a simple voltage inverter circuit to generate 
-VREF for the RoFS offset input pin. This will give the nomi
nal "digital input code/analog output value" relationship of 
Table 2. Note that the value of RFs is equal to 2R so full 
scale range is 2VREF· 

The offset binary transfer function can be achieved 
simply by inverting the MSB. Inversion of the MSB can be 
done by an inverter or may be done in software. 

27 
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ICL7121 

Table 2. 2's Complement Bipolar Operation 

Digital Input Analog Output 
MSB LSB 
0111 1111 1111 1111 -VREF(1 -1/215) 
0111 1111 1111 1110 -VREF (1 - 1 /214) 
0000 0000 0000 0001 -VREF (1/215) 
0000 0000 0000 0000 0 
1111 1111 1111 1111 +VREF(1/215) 
1000 0000 0000 0010 +VREF(1 - 1/214) 
1000 0000 0000 0001 +VREF(1 -1/215) 
1000 0000 0000 0000 +VREF 

Amplifier A1 is the output amplifier. An additional amplifier 
A2 may be used to force AGNDF if the ground reference 
point is established elsewhere than at the DAC, as in Figure 
5. 

0081-4 

Figure 4: Bipolar Operation, Four-Quadrant 

DATA 
INPUTS 

Figure 5: Bipolar Operation with Forced Ground 

NOTE: All lypical values haVB been characterized but are not tested. 
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A feedback compensation capacitor, CF, improves the 
settling time by reducing ringing. This capacitor is normally 
in the 10 pF-40 pF range, depending on layout and the 
output amplifier selected. If CF is too small, ringing or oscil
lation can occur when using an op amp with a high gain
bandwidth. If CF is too large, the response of the output 
amplifier will be overdamped and will settle slowly. 

The input circuits of some high speed op amps will sink 
large currents to their negative supply during power up and 
power down. The Schottky diode at lour limits any nega
tive-going transitions to less than -0.4V, avoiding the SCR 
latchup which could result if significant current was injected 
into the parasitic diode between lour and DGND of the 
ICL7121. This diode is not needed when using the ICL7650 
ultra low Vos op amp. 

Digital Interface 
The ICL7121 has a 16-bit latch onboard and can interface 

directly to a 16-bit data bus. As shown in Figure 6, external 
latches or peripheral ICs can be used to interface to an 8-bit 
data bus. To ensure that the data is written into the onboard 
latch, the data must be valid 200 ns before the rising edge 
of WR. If WR and CS are both low, the onboard latch is 
transparent and the input data is directly applied to the in
ternal R-2R ladder switches. While this simplifies interfacing 
in non-microprocessor systems, having WR low before data 
is valid may cause additional glitches in some microproces
sor systems. To avoid these glitches, data must be valid at 
the time WR goes low. 

B·BIT 
µP 

2 LINE TO 4 LINE DECODER 

ICL7121 ... 
C\I ... .... 

All digital interfaces can suffer from capacitive coupling g 
between the digital lines and the analog section. There are 
two general precautions that will reduce this capacitive cou
pling problem: 1) reduce stray capacitance between digital 
lines and analog lines; and 2) reduce the number of tran
sitions on the digital inputs. Careful board layout and shield-
ing can minimize the capacitive coupling (see Figure 8). The 
activity on the digital input lines can be reduced by using 
external latches or peripheral interface ICs between the mi
croprocessor bus and the ICL7121. This will reduce the 
number of transitions on the digital data and control lines of 
the ICL7121, thereby reducing the amount of digital noise 
coupled into sensitive analog sections. 

OPERATIONAL AMPLIFIER SECTION 
The input offset voltage, input current, gain, and band

width of the op amps used affect the circuit performance. 
Since the output impedance of lour varies with the digital 
input code, the input current of amplifier At will cause a 
code-dependent error at Vour. degrading the linearity. The 
input bias current should be significantly less than 1 LSB 
current, which is about 1 O nA. In a similar manner, any off
set voltage in At will also cause linearity errors. The offset 
voltage of the output amplifier should be significantly less 
than 1 LSB (153 µ.Vat VREF = 5V). 

ICL7121 

0081-6 

• 
Figure 6: Interface to 8-Bit Microprocessor 

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

6-83 



.... 
(II ICL7121 .... 
"" ... !::! The voltage output settling time is highly dependent on 

the slew rate and gain-bandwidth of A1, so for high speed 
operation a high speed op amp such as the HA2600 is rec
ommended. For applications where high· speed is not re
quired, the ICL7650 or ICL7652 can be used for A1· Since 
the ICL7650/52 offset voltage is less than 5 µV, no offset 
trimming is needed. To get a full 5V output swing from these 
op amps, ± 7.5V supplies should be used for the ICL7650/ 
52. 

ground point inside \he chip varies significantly with the in
put code value, and the inevitable resistances between this 
point and any external connection point can lead to signifi
cant voltage drop errors. For this reason, two separate 
leads are brought out from this point on the IC: AGNDs and 
AGNDF. The varying current should be absorbed through 
the AGNDF pin, and the AGNDs pin will then accurately 
reflect the voltage on the internal current summing point, as 
shown in Figure 7. Output signals should ideally be refer
enced to the sense pin AGNDs, as shown in the application 
circuits. 

Amplifier Aa, which is used to generate the inverted refer
ence, needs only to have a stable offset and to be able to 
drive a 3 kn load. Since this is strictly a DC amplifier, the 
low noise ICL7652 is an ideal choice. Any variation in the 
offset voltage of Aa will result in a drift in the bipolar zero, 
but will not affect the linearity of the ICL7121. 

Amplifier A2, used to generate a high quality ground, also 
needs a low offset and the ability to sink up to 2 mA. 

MULTIPLYING MODE PERFORMANCE 
While the ICL7121 can perform full four-quadrant multipli

cation, full 0.003% linearity is guaranteed only at VREF = 
+5V. This is because the voltage coefficient of resistance 
of the R-2R ladder and the feedback resistor are significant 
at the 14- or 16-bit level. This effect is most significant at 
higher voltages, and adds errors on the order of 0.01 % for a 
± 1 av full-scale. While the ICL7121 is tested and specified 
for VREF = + 5V, the R-2R ladder has the same voltage 
across it when VREF = -5V. Therefore, voltage coeffi
cients do not add any error with a - 5V reference voltage. 

GROUND LOOPS 
Careful consideration must be given to ground loops in 

any high accuracy system. The current into the analog 

"" 

Do----

VREF AFB 

TRUE OIP NODE 

:>'-;vCC---'1.---0 lout 
LEAD 

RESISTANCE 

~ AGNDs ~;~~r:.~~~ 

1 
LEAD OF ANALOG 

RESISTANCE SYSTEM 

\:··· 
AGNDF 

0081-7 

Figure 7: Eliminating Ground Loops 

ANALOG 
GROUND 

IN Wii ES DGND 

DtGITAL 
INPUT 
DATA 

0081-8 

a. Printed Circuit Side of Board b. Top Side with Component Placement 
Figure 8: Printed Circuit Board Layout (Single Sided Board) 

NOTE: All typical values have bsen characl9rized but are not test9d. 
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m HARRIS 
...., SEMICONDUCTOR 

ICL7134 
14-Bit Multiplying µP-Compatible 

DI A Converter 
GENERAL DESCRIPTION 

The ICL7134 combines a four-quadrant multiplying DAG 
using thin film resistor and CMOS circuitry with an on-chip 
PROM-controlled correction circuit to achieve true 14-bit lin
earity without laser trimming. 

Microprocessor bus interfacing is eased using standard 
memory WRite cycle timing and control signal use. Two in
put buffer registers are separately loaded with the 8 least 
significant bits {LS register) and the 6 most significant bits 
{MS register). Their contents are then transferred to the 14-
bit DAG register, which controls the current switches. The 
DAG register can also be loaded directly from the data in
puts, in which case the MS and LS registers are transpar
ent. 

The ICL7134 is available in two versions. The ICL7134U 
is programmed for unipolar operation while the ICL7134B is 
programmed for bipolar applications. The VREF input to the 
most significant bit of the DAG is separated from the refer
ence input to the remainder of the ladder. For unipolar use, 
the two reference inputs are tied together, while for bipolar 
operation, the polarity of the MSB reference is reversed, 
giving the DAG a true 2's complement input transfer func
tion. Two resistors which facilitate the reference inversion 
are included on the chip, so only an external op-amp is 
needed. The PROM is coded to correct for errors in these 
resistors as well as the inversion of the MSB. 

ORDERING INFORMATION 

Non-Linearity 
at 25'C O'C to +70'C 

Bipolar Versions 

0.01 % (12-bit) ICL7134BJCJI 
0.006% (13-bit) ICL7134BKCJI 
0.003% (14-bit) ICL7134BLCJI 

Unipolar Versions 

0.01 % (12-bit) ICL7134UJCJI 
0.006% (13-bit) ICL7134UKCJI 
0.003% (14-bit) ICL7134ULCJI 

PACKAGE: 28-pin CERDIP only 

FEATURES 
• 14-Bit Linearity (0.003% FSR) 

• No Gain Adjustment Necessary 
• Microprocessor-Compatible With Double Buffered 

Inputs 

• Bipolar Application Requires No Extra Adjustments 
or External Resistors 

• Low Linearity and Gain Temperature Coefficients 
• Low Power Dissipation 

• Full Four-Quadrant Multiplication 
• 883B Processed Versions Available 

"" A, 

AGNOs 

AGNDF 

DGNO 

Rm 

VRFM 

o, R1NV 

VRFL 

0, PROG 

D10 013(MSB) 

o,, 012 

0341-1 

Figure 1: Pin Configuration (Outline dwg JI) 

Temperature Range 

-25'C to + 85'C -55'C to+ 125'C 

ICL7134BJIJI ICL7134BJMJI 
ICL7134BKIJI ICL7134BKMJI 
ICL7134BLIJI ICL7134BLMJI 

ICL7134UJIJI ICL7134UJMJI 
ICL7134UKIJI ICL7134UKMJI 
ICL7134ULIJI ICL7134ULMJI 

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. 301664-005 
NOTE: AH_typical values have.been _characterized.but are not .tested. 6-85 
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ICL7134 

ABSOLUTE MAXIMUM RATINGS (Note1) 

Supply Voltage (V+ to DGND) ............ -0.3V to 7.5V Operating Temperature Range 
VRFL· VRFM· R1NV• RFB to DGND ................. ± 15V ICL7134XXC .......................... 0°C to + 70°C 
louT.AGNDF,AGNDs .................... -0.1Vtov+ ICL7134XXI ........................ -25°Cto +85°C 
Current in AGNDs, AGNDF ...................... 25mA ICL7134XXM ..................... -55°C to + 125°C 
An, Dn, WR, CS, PROG ............. -0.3V to v+ + 0.3V Storage Temperature Range . . . . . . . . . . - 65°C to + 150°C 

Power Dissipation (Note 2) ..................... 500mW 
Derate Linearly Above 70°C @ 1 OmW l°C 

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

Note 1: AH voltages with respect to DGND. 

Note 2: Assumes all leads soldered or welded to printed circuit board. 

NOTE: Stresses above those listed under ''Absolute Maximum RaNngs" 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 condllions for extended periods may affect device re/iabJ/ity. 

2R 2R 

s,, 

R=7kllTYP 

R 

2R 

VRFL VRFM 

F R1NV F Are 

R R R 1.95R 2R r 
2R 2R 2R 2R 12R 

I 

So S1 

~~--4~-41.-L--l-~_.-'-~--l-~~~~~~+-~+--'--~~~~+---<._~---<>-___,~...._.D~uT 

~~-4>-~-'-__.~~-'-~--l-~~~~~~+-~~-'--~~~~._~+-~~~---<>---<DAGNDs 

AGNl>F 
C·DAC 

PROM - - - - --<OPROG 

14-BIT DAC REGISTER 
>-------<D A1 

REGISTER Ao 
~~~~~~~~l-+-l-l-l--4f-~~-lA~i:.~~i;.s CS 

1-------<D WR 

Do •••••• D7 °" • • • • °'' 
0341-2 

Figure 2: ICL7134 Functional Diagram 

NOTE: All typical values have been characterized but are not tested. 
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ICL7134 

ELECTRICAL CHARACTERISTICS 
(V+ = +5V, VREF = +10V, TA= +25'C, AGND = DGND, lour at ground potential, unless otherwise specified.) 

Parameter Test Conditions/Comments 
Value 

Units 
Min Typ Max 

DC ACCURACY 

Monotonicity (Note3) J 12 

K 13 Bits 

L 14 

Gain Error (Notes 1 and 2) J ±.0.024 
Figure4 K ±0.012 %FSA 

L ±0.006 

Gain Error (Note3) ±2 ±8 ppm/'C 
Temperature Coefficient 

Output Leakage Current TA= +25'C ±10 
(lour Terminal) nA 

Operating Temperature Range ±60 

Long Term Stability of lour 1000 Hours, + 125'C, (Note 3) ±10 ppm/month 

AC ACCURACY 

Power Supply Rejection t.v+ = ± 10%, Figure 5 
±10 ±100 

TA= +25'C ppm IV 

Operating .Temperature Range t: 150 

Feedthrough Error "·· VREF = 20 Vp_p, 10 kHz u 250 
µVp_p 

Sinewave, Figure 6 B 500 

Output Current Settling Time To % LSB, Figure 7 1 µs 

Output Noise Equivalent to Johnson Noise of 7 k!l Resistor, Typical 

REFERENCE INPUT • Input Resistance VRFL = VRFM, 4 7 10 k!l 
lour at Ground 

ANALOG OUTPUT 

Output Capacitance DAC Register Outputs All LOW 160 
(lour Terminal) pF 

DAC Register Outputs All HIGH 235 

DIGITAL INPUTS 

Low State Threshold Operating Temperature Range 0.8 
v 

High State Threshold 2.4 

Input Current Inputs between DGND to v+ ±1 µA 

Input Capacitance (Note 3) 15 pF 

POWER SUPPLY 

Supply Voltage Range Functional Operation, (Note 4) 3.5 6.0 v 

Supply Current Excluding Ladder Network 
1.0 2.5 mA 

(Note5) 

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

ICL7134 

-' ELECTRICAL CHARACTERISTICS cv+ = + sv, VREF = + 1ov, TA = + 2s•c, AGND = DGND, lour at 
!::! ground potential, unless otherwise specified.) (Continued) 

Parameter Test Conditions/Comments 
Value 

DC ACCURACY 

Resolution 

Non-Linearity (Notes 1 and 2) J 
Figure 4 K 

L 

Non-Linearity Operating Temperature Range 
Temperature Coefficient (Note3) 

NOTES 1: Full-Scale Range (FSR) is 1 OV for unipolar mode, 20V ( ± 1 OV) for bipolar mode. 
2: Using internal feedback and reference inverting resistors. 
3: Guaranteed by design, not production tested. 
4: Gain error tested to 0.040% FSA. Specifications are not guaranteed. 
5: DO-D13 connected to 2.4V. 

Min Typ 

14 

±1 

SWITCHING CHARACTERISTICS 1v+ =5V, TA=2s·c. see Timing Diagram) 

Symbol Parameter Test Conditions Min 

tAws Address-WRite Set-Up Time 150 

tAWh Address-WRite Hold Time (Note3) 0 

tcws Chip Select-WRite Set-Up Time (Note3) 0 

tcwh Chip Select-WRite Hold Time (Note3) 0 

IWfi WRite Pulse Width Low 200 

tows Data-WRite Set-Up Time 200 

towh Data-WRite Hold Time (Note3) 0 

Using 14 Bit Transparent Addressing 

.,, .. , )()()()(] ADDRESS VALID, STABLE CCXXX 

Cs~···=:i ··~ 
· k-tcw~tiili~ 

WR : \_ 

~ . 
~DATA 

Typ 

0341-3 

Figure 3A: Timing Diagram 

Using Full Buffer 8 Bit Addressing Capability 

MS DATA MS DATA LS DATA LS DATA LS AND MS DATA 
LATCH ENABLED LA. TCHED LATCH ENABLED LATCHED TRANSFERRED TO OAC 

Figure 3B: ICL7134 Timing 

NOTE: Alf typical values have b6fm characterized but are not tested. 
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Units 
Max 

Bits 

±0.012 

±0.006 %FSA 

±0.003 

±2 ppml°C 

Max Units 

ns 
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DEFINITION OF TERMS 
NONLINEARITY: Error contributed by deviation of the DAG 

·transfer function from a straight line through the end points 
of the actual. plot of transfer function. Normally expressed 
as a percentage of full scale range or in (sub)multiples of 1 
LSB. 

RESOLUTION: It is addressing the smallest distinct analog 
output change that a DI A converter can produce. It is com
monly expressed as the number of converter bits. A con
verter with resolution of n bits can resolve output changes 
of 2-n of the full-scale range, e.g., 2-nvREF for a unipolar 
conversion. Resolution by no means implies linearity. 

SETTLING TIME: Time required for the output of a DAG to 
settle to within specified error band around its final value 
(e.g., % LSB) for a given digital input change, i.e., all digital 
inputs LOW to HIGH and HIGH to LOW. 

GAIN ERROR: The difference between actual and ideal an
alog output values at full-scale range, i.e., all digital inputs at 
HIGH state. It is expressed as a percentage of full-scale 
range or in (sub)multiples of 1 LSB. 

FEEDTHROUGH ERROR: Error caused by capacitive cou
·pling from VREF to lour with all digital inputs LOW. 

OUTPUT GAPACITANCE: Capacitance from lour terminal 
to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
lou-r terminal when all DAG register outputs are LOW. 

NOTE.- All typiCal values have boon characterized but are not tested. 
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Pin 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

ICL7134 

Table 1: Pin Descriptions 

Symbol Description 

cs Chip Select (active low). 
Enables register write. 

WR WRite, (active low). Writes in register. 
Equivalent to CS. 

Do BitO Least significant 

D1 Bit 1 

D2 Bit2 

D3 Bit3 

D4 Bit4 

Ds Bit5 Input 

De Bit6 Data 

D1 Bit7 Bits 

De BitB (High=True) 

Dg Bit9 

D10 ·Bit 10 

D11 Bit 11 

D12 Bit 12 

D13 Bit13 Most significant. 

PROG Used for programming only. Tie to + 5V 
for normal operation . 

VRFL VREF for lower bits. 

R1NV 
Summing node for reference inverting 

amplifier. • 
VRFM VREF for MSB only (bipolar). 

AFB 
Feedback resistor for voltage output 
applications. 

DGND Digital GrouND return. 

AGNDF Analog GrouND force lines. Use to 
carry current from internal Analog 
GrouND connections. Tied internally to 

AGNDs. 

AGNDs Analog GrouND sense line. Reference 
point for external circuitry. Pin should 
carry minimal current; tied internally to 

AGNDf. 

lour Current output pin. 

v+ Positive voltage. 

A1 Address 1 1 Registers Select Lines 
Ao AddressO 



14-BIT 
BINARY 

COUNTER 

JUl.. 
CLOCK 

VA£F +SY 

BIT1(MS8) '-" 
D13 

i BIT14 
(LSD) Do 

cs 

16-BIT 
REFERENCE 

DAC 

10k0 
0.001% 

Figure 4: Non-Linearity Test Circuit 

UNGROUNDED 
+SV SINE WAVE 

GENERATOR 
40Hz 2Vp.p 

51<0 
YAEF + 10V 0.01% 

(ADJUST FOR 
VERAOA = OVoc) 

YR Fl VAFM 
BIT 13 {MSB) 

+SV D13 5l<O 
0.01% 

ICL7134U 

BITO(lSB) Do 

cs WR DGND Ao 

Figure 5: Power Supply Rejection Test Circuit 

VREF = 20Vp-p 10kHz 

SINE WAVE 

VRFL 
BIT 13 (~SB) o,, 

BIT 0 (LSB) 
Do 

Cs 

VRFh4 

ICL7134 

WR DGNO 

+SV 

PROG v• 
Rm 

1our 
AGNDs 

AGNOr 

Ao ., 

Figure 6: Feedthrough Error Test Circuit 

NOTE: All typical values have been characterized but are not tested. 
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ICL7134 

+5V 
+10V 

VREF ------+-~ EXTRAPOLATE :::l:o~r)~;= 0~~~hNG 

+~~:ruLn.. BIT 13(MSB) 

.... v ..... ,-, -v ..... ,-. _v ..... -.-..... OG~ + 100mVJ*Vl ~s:ILLOSCOPE 

o,, 
DIGITAL INPUT -.-.---.r 

~,,,,...~-+I Do 
BITO(LSB) 

ICL7134 

DGNO 

lour t--~-----l 

ADJUST 
TO NULL 

0341-7 

Figure 7: Output Current Settling Time Test Circuit 

DETAILED DESCRIPTION 
The ICL7134 consists of a 14-bit primary DAG, two PROM 

controlled correction DACs, input buffer registers, and mi
croprocessor interface logic (Figure 2). The 14-bit primary 
DAG is an R-2R thin film resistor ladder with N-channel 
MOS SPOT current steering switches. Precise balancing of 
the switch resistances, and all other resistances in the lad
der, results in excellent temperature stability. 

True 14-bit linearity is achieved by programming a floating 
polysilicon gate PROM array which controls two correction 
DAG circuits. A 6-bit gain correction DAG, or G-DAC, diverts 
up to 2% of the feedback resistor's current to Analog 
GounND and reduces the gain error to less than 1 LSB, or 
0.006%. The 5 most significant outputs of the DAG register 
address a 31-word PROM array that controls a 12-bit lineari
ty correction DAG, or C-DAC. For every combination of the 
primary DAC's 5 most significant bits, a different C-DAC 
code is selected. This allows correction of superposition er
rors, caused by bit interaction on the primary resistor lad
der's current output bus and by voltage non-linearity in the 
feedback resistor. Superposition errors cannot be corrected 
by any method which corrects individual bits only, such as 
laser trimming. Since the PROM programming occurs in 
packaged form, it corrects for resistor shifts caused by the 
thermal stresses of packaging. These packaging shifts limit 
the accuracy that can be achieved using wafer level correc
tion methods such as laser trimming, which has also been 
found to degrade the time stability of thin film resistors at 
the 14-bit level. 

Analog Section 
The ICL7134 inherently provides both unipolar and bipo

lar operation. The bipolar application circuit (Figure 8) re
quires one additional op-amp but no external resistors. The 
two on-chip resistors, R1Nv1 and R1Nv2. together with the 
op-amp, form a voltage inverter which drives the MSB refer
ence terminal, VRFM· to -VREF· where VREF is the voltage 
applied at the less significant bits' reference terminal, VRFL· 
Notice the values of 1.95R and 2R for the R1Nv1 and R1NV2· 
The VRFM absolute value is about 2.5% higher than the 
VRFL· This is necessary so that the gain error can be cor
rected. This reverses the weight of the MSB, and gives the 
DAG a 2's complement transfer function. The op-amp and 
reference connection to VRFM and VRFL can be reversed, 
without affecting linearity, but a small gain error will be intro
duced. For unipolar operation the VRFM and VRFL terminals 
are both tied to VREF· and the R1Nv pin is left unconnected. 

NOTE: All typical values have been charactenzed but are not tested. 
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Since the PROM correction codes required are different 
for bipolar and unipolar operation, the ICL 7134 is available 
in two different versions; the ICL7134U, which is corrected 
for unipolar operation, and the ICL7134B, which is pro
grammed for bipolar application. The feedback resistance is 
also different in the two versions, and is switched under 
PROM control from 'R' in the unipolar device to '2R' in the 
bipolar part. These feedback resistors have a dummy (al
ways ON} switch in series to compensate for the effect of 
the ladder switches. This greatly improves the gain temper
ature coefficient and the power supply rejection ol tho de· 
vice. 

Digital Section 
Two levels of input buffer registers allow loading of data 

from an 8-bit or 16-bit data bus. The Ao and A 1 pins select 
one of four operations: 1} load the LS-buffer register with 
the data at inputs Do to D7; 2) load the MS-buffer register 
with the data at inputs 0 8 to D13; 3) load the DAG register • 
with the contents of the MS and LS-buffer registers and 4) • 
load the DAG register directly from the data input pins (see 
Table 2). The CS and WR pins must be low to allow data 
transfers to occur. When direct loading is selected (CS, WR, 
Ao and A1 low} the registers are transparent, and the data 
input pins control the DAG output directly. The other modes 
of operation allow double buffered loading of the DAG from 
an 8-bit bus. 

These input data pins are also used to program the 
PROM under control of the PROG pin. This is done in man
ufacturing, and for normal operation the PROG pin should 
be tied to v+ (+5V}. 

Table 2: Data Loading Controls 

Control l/P 
ICL 7134 Operation 

Ao A1 cs WR 

x x x 1 
No operation, device not selected. 

x x 1 x 
0 0 0 0 Load all registers from data bus. 

0 1 0 0 Load LS register from data bus .. 

1 0 0 0 Load MS register from data bus. 

1 1 0 0 
Load DAG register from MS and 
LS register. 

Note: Data is latched on LO-HJ transition of either WR or CS. 



TO 
REST Of' 
LADDER 

VREf IN------~ 

D12 

ICL7134 

•ra 

2R 2R 2R 

MSB(D13) PROM 

0341-8 

Figure 8: Bipolar Operation, with 
Inverted VREF to MSB 

APPLICATIONS 
General Recommendations 
GROUND LOOPS 

Careful consideration must be given to ground loops in 
any 14-bit accuracy system. The current into the analog 
ground point inside the chip varies significantly with the in· 
put code value, and the inevitable resistances between this 
point and any external connection point can lead to signifi· 
cant voltage drop errors. For this reason, two separate 
leads are brought out from this point on the IC, the AGNDF 
and AGNDs pins. The varying current should be absorbed 
through the AGNDF pin, and the AGNDs pin will then accu· 
rately reflect the voltage on the internal current summing 
point, as shown in Figure 9. Thus output signals should be 
referenced to the sense pin AGNDs. as shown in the vari
ous application circuits. 
OPERATIONAL AMPLIFIER SELECTION 

To maintain static accuracy, the lour potential must be 
exactly equal to the AGNDs potential. Thus output amplifier 
selection is critical, in particular low input bias current (less 
than 2nA), low offset voltage drift (depending on the tem
perature range) and low offset voltage (less than 25µ V) are 
advisable if the highest accuracy is needed. Maintaining a 
low input offset over a OV to 1 OV range also requires that 
the output amplifier has a high open loop gain (AvoL>400k 
for effective input offset less than 25µV). 

The reference inverting amplifier used in the bipolar mode 
circuit must also be selected carefully. If 14-bit accuracy is 
desired without adjustment, low input bias current (less than 
1 nA), low offset voltage (less than 50µ V), and high gain 
(greater than 400k) are recommended. If a fixed reference 
voltage is used, the gain requirement can be relaxed. For 
highest accuracy (better than 13 bits), an additional op-amp 
may be needed to correct for IR drop on the Analog 
GrouND line (op-amp A2 in Figure 11 ). This op-amp should 
be selected for low bias current (less than 2nA) and low 
offset voltage (less than 50 µ V). 

The op-amp requirements can be readily met by use of an 
ICL7650 chopper stabilized device. For faster settling time, 
an HA26XX can be used with an ICL7650 providing auto· 
matic offset null (see A053 applications note for details). 

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

6·92 

"" 

LEAD 
RESISTANCE 

~ AGNDs ~~~~~~~~ 
+-----------'/!\ RES~~~NCE ~~S~~~LOG 

I ' 
\~ ~GMO 
\ AGNDF 

TRUE A1NALOG LEAD 
GROUND POINT RESISTANCE 

0341-9 

Figure 9: Eliminating Ground Loops 

The output amplifier's non-inverting input should be tied 
directly to AGNDs. A bias current compensation resistor is 
of limited use since the output impedance at the summing 
node depends on the code being converted in an unpredict
able way. If gain adjustment is required, low tempco (ap
proximately 50ppm/'C) resistors or trim-pots should be se
lected. 

POWER SUPPLIES 
The v+ (pin 25) power supply should have a low noise 

level, and no transients exceeding 7 volts. Note that the 
absolute maximum for digital input voltage is v+ + 0.3V, 
therefore V + must be applied before digital inputs are al
lowed to go high. Unused digital inputs must be connected 
to GND or V + for proper operation. 



Unipolar Binary Operation (ICL7134U) 
The circuit configuration for unipolar mode operation 

(ICL7134U) is shown in Figure 10. With positive and nega
tive YREF values the circuit is capable of two-quadrant multi
plication. The "digital input code/analog output value" table 
for unipolar mode is given in Table 3. The Schottky diode 
(HP5082-2811 or equivalent) protects lour from negative 
excursions which could damage the device, and is only nec
essary with certain high speed amplifiers. For applications 
where the output reference ground point is established 
somewhere other than at the DAC, the circuit of Figure 11 
can be used. Here, op-amp A2. removes the slight error due 
to IR voltage drop between the internal Analog GrouND 
node and the external ground connection. For 13-bit or low
er accuracy, omit A2 and connect AGNDF and AGNDs di
rectly to ground through as low a resistance as possible. 

VREF IN 
+5V 

18 19 20 28 

VRFL ffJNV VRFM v+ 

"" 
21 

25 
lour 

DATA 
ICL7134U INPUTS 

0341-10 

Figure 10: Unipolar Binary, Two-Quadrant 
Multiplying Circuit 

VREF IN---..--~ 

DATA 
INPUTS 

+5V 
18 19 20 26 

tCl7134U 

0341-11 

Figure 11: Unipolar Binary Operation 
with Forced Ground 

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

6-93 

ICL7134 

Table 3: Code Table - Unipolar Binary 
Operation 

Digital Input Analog Output 

11111111111111 -YREF(1-Y, 14) 
10000000000001 -YREF(%+%1 4J 
10000000000000 -YREF/2 
01111111111111 -YREF(%-%1 4) 
00000000000001 -YREF('/214) 
00000000000000 0 

ZERO OFFSET ADJUSTMENT 
1. Connect all data inputs and WR, CS, Ao and A1 to 

DGND. 

2. Adjust offset zero-adjust trim-pot of the operational 
amplifier A2, if used, for a maximum of OY ±50µY 
at AGNDs. 

3. Adjust the offset zero-adjust trim-pot of the output 
op-amp, A1, for a maximum of OY ± 50µY at Your· 

GAIN ADJUSTMENT (OPTIONAL) 
1. Connect all data inputs toy+, connect WR, CS, Ao 

and A1 to DGND. 

2. Monitor Your for a -YREF (1-%14) reading. 

3. To decrease Your. connect a series resistor of 5!1 
or less between the reference voltage and the 
YRFM and YRFL terminals (pins 20 and 18). 

4. To increase Your. connect a series resistor of 5!! 
or less between A1 output and the RFB terminal (pin 
21). 

Bipolar (2's Complement) Operation 
(ICL7134B) 

The circuit configuration for bipolar mode operation 
(ICL7134B) is shown in Figure 12. Using 2's complement 
digital input codes and positive and negative reference volt
age values, four-quadrant multiplication is obtained. The 
"digital input code/analog output value" table for bipolar 
mode is given in Table 4. Amplifier A3, together with internal 
resistors R1Nv1 and R1NV2· forms a simple voltage inverter 
circuit. The MSB ladder leg sees a reference input of ap
proximately -YREF· so the MSB's weight is reversed from 
the polarity of the other bits. In addition, the ICL7134B's 
feedback resistance is switched to 2R under PROM control, 
so that the bipolar output range is + YREF to -YREF 
(1 - % 13). Again, the grounding arrangement of Figure 11 
can be used, if necessary. 

Table 4: Code Table - Bipolar 
(2's Complement) Operation 

Digital Input Analog Output 

01111111111111 -YREF(1-%1 3J 
00000000000001 -YREF('/213) 
00000000000000 0 
11111111111111 YREF('/213) 
10000000000001 YREF(1-Y,13) 
10000000000000 YREF 

• 



VREF IN -----., 

DATA 
INPUTS 

18 

VRFL 
RINV1 

16 
D13(MSB) 

15 
D12 

0 3 ~ Do(LSB) 
+5V 17 PROG 

19 

R1NV 
R1Nv2 

ICL7134B 

WR CS A1 

ICL7134 

20 

VRFM v+ 

21 
RFe 

25 
lour 

0341-12 

Figure 12: Bipolar (2's Complement), Four-Quadrant Multiplying Circuit 

OFFSET ADJUSTMENT 
1. Connect all data inputs and WR, CS, Ao and A1 to 

DGND. 

2. Adjust the offset zero-adjust trim-pot of the opera
tional amplifier A2, if used, for a maximum of OY 
±50µY at AGNDs. 

3. Set data to 00000 .... 00. Adjust the offset zero
adjust trim-pot of the output op-amp A1, for a maxi
mum of OY ±50µY at Your· 

4. Connect 013 (MSB) data input toy+. 

5. Adjust the offset zero-adjust trim-pot of op-amp A3 
for a maximum of OY ±50µY at the RiNv terminal 
(pin 19). 

GAIN ADJUSTMENT (OPTIONAL) 
1. Connect WR, CS, Ao and A1 to DGND. 

2. Connect Do, 01 ... 012 to y+, 013 (MSB) to 
DGND. 

NOTE: All typical values have been characterized but are not tested. 
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3. Monitor Your for a -YREF (1-1/213) reading. 
4. To increase Your. connect a series resistor of 10!1 

or less between the A1 output and the RFB terminal 
(pin 21). 

5. To decrease YouT· connect a series resistor of 5!1 
or less between the reference voltage and the YRFL 
terminal (pin 18). 

Processor Interfacing 
The ease of interfacing to a processor can be seen from 

Figure 13, which shows the ICL7134 connected to an 8035 
or any other processor such as an 8049. The data bus 
feeds into both register inputs; three port lines, in combina
tion with the WR line, control the byte-wide loading into 
these registers and then the DAC register. A complete DAC 
set-up requires 4 write instructions to the port, to set up the 
address and CS lines, and 3 external data transfers, one a 
dummy for the final transfer to the DAC register. 



+5V OV 
+5V ov 

Cs .. 
P21 .. 

IM80C35 

IM~DBo Do ..... 
8741 
ETC. I 

•• I 
ICL7134 Your 

DB7 01 I 
WR •• 

'-----~WR 

0341-13 

Figure 13: ICL7134 Interface to 8048 System 

ICL7134 

0341-14 

Figure 14: Interface to 8080 System 

0341-15 

Figure 15: 8085 System Interface 

NOTE: All typical values have been characterized but am not tested. 
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'Ill' 
(') ... .... 
ij A similar arrangement can be used with an 8080A, .8228, 
- and 8224 chip set. Figure 14 shows the circuit, which can 

be arranged as a memory-mapped interface (using MEMW) 
or as an 1/0-mapped interface (using 1/0 WRITE). See 
A020 and R005 for discussions of the relative merits of 
memory-mapped versus 1/0-mapped interfacing, as well as 
some other ideas on interfacing with 8080 processors. The 
8085 processor has a very similar interface, except that the 
control lines available are slightly different, as shown in Fig-

~0-14 

VMA 
MC·680X 

MCS·650X RJW 

Do-7 

Ao-1 

cs 

ICL7134 

WR 

0341-16 

Figure 16: R650X and MC680X 
Families' Interface to ICL7134 

ANALOG ~ ICLTl3' 
CIRCUIT L-y' 

ICL7134 

ure 15. The decoding of the 10/ M line, which controls mem
ory-mapped or I /0-mapped operation, is arbitrary, and can 
be omitted if not necessary. Neither the MC680X nor R650X 
processor families offer specific 1/0 operations. Figure 16 
shows a suitable interface to either of these systems, using 
a direct connection. Several other decoding options can be 
used, depending on the other control signals generated in 
the system. Note that the R650X family does not require 
VMA to be decoded with the address lines. 

.--------tcs 

IMSOC35, 
80(C)48. 

ETC 

"" A1 

ICL7134 

Do-13 

P21 -t- ... , _ 
WR I _,...,>-+~w_R ___ _. 

.__ ___ _. OPTIONAL 

GATE 
(SEE TEXT) 

0341-17 

Figure 17: Avoiding Digital Feedthrough 
in an 8048 to ICL7134 Interface 

0341-18 

Figure 18: ICL7134 to 8048/80/85 Interface with Low Feedthrough 

NOTE: Alf typical values have been characterized but are not tested 
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Digital Feedthrough 
All of the direct interfaces shown atiove can suffer from a 

capacitive coupling problem. The 14 data pins, and 4 con
trol pins, all tied to active lines on a microprocessor bus, 
and in close proximity to the sensitive DAC circuitry, can 
couple pseudo-random spikes into the analog output. Care
ful board layout and shielding can minimize the problems 
(see PC layout), and clearly wire-wrap type sockets should 
never be used. Nevertheless, the inherent capacitance of 
the package alone can lead to unacceptable digital feed
through in many cases. The only solution is to keep the 
digital input lines as inactive as possible. One easy way to 
do this is to use the peripheral interface circuitry available 
with all the systems previously discussed. These generally 
allow only 8 bits to be updated at any one time, but a little 
ingenuity will avoid difficulties with DAC steps that would 
result from partial updates. The problem can be solved for 
the 8048 family by tying the 14 port lines to the data input 
lines, with CS, Ao and A1 held low, and using only the WR 
line to enter the data into the DAC (as shown in Figure 17). 
WR is well separated from the analog lines on the ICL7134, 
and is usually not a very active line in 8048 systems. Addi
tional "protection" can be achieved by gating the processor 
WR line with another port line.· The same type of technique 
can be employed in the 8080/85 systems by using an 8255 
PIA (peripheral Interface adapter) (Figure 18) and in the 
MC680X and R650X systems by using an MC6820 (R6520) 
PIA. 

Successive Approximation A/D 
Converters 

Figure 19 shows an ICL7134B-based circuit for a bipolar 
input high speed AID converter, using two AM25L03s to 
form a 14-bit successive approximation register. The com
parator is a two-stage circuit with an HA2605 front-end am
plifier, used to reduce settling time problems at the sum' 
ming node (see A020). Careful offset-nulling of this amplifier 
is needed, and if wide temperature range operation is de
sired, an auto-null circuit using an ICL7650 is probably ad-

NOTE: All typical values have been characterized but are not tasted. 
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ICL7134 "" (') ... 
""' visable (see A053). The clock, using two Schmitt trigger TTL cj_ 

gates, runs at a slower rate for the first 8 bits, where set
tling-time is most critical, than for the last 6 bits. The short
cycle line is shown tied to the 15th bit; if fewer bits are 
required, it can be moved up accordingly. The circuit will 
free-run if the HOLD/RUN input is held low, but will stop 
after completing a conversion if the pin is high at that time. 
A low-going pulse will restart it. The STATUS output indi
cates when the device is operating, and the falling edge 
indicates the availability of new data. A unipolar version may 
be constructed by tying the MSB (D13) on an ICL7134U to 
pin 14 on the first AM25L03, deleting the reference inver
sion amplifier A4. and tying VRFM to VRFL· 

PC BOARD LAYOUT 
Great care should be taken in the board layout to mini

mize ground loop and similar "hidden resistor" problems, as 
well as to minimize digital signal feedthrough. A suitable lay
out for the immediate vicinity of the ICL7134 is shown in 
Figure 20, and may be used as a guide. 

APPLICATION NOTES 
Some applications bulletins that may be found useful are 

listed here: 
A002 "Principles of Data Acquisition and Conversion" 

A018 "Do's and Dont's of Applying A/D Converters," by 
Peter Bradshaw and Skip Osgood. 

A020 "A Cookbook Approach to High Speed Data Acqui
sition and Microprocessor Interfacing," by Ed Sliger. 

A042 "Interpretation of Data Converters Accuracy Speci
fications" 

ROOS "Interfacing Data Converters & Microprocessors," 
by Peter Bradshaw et al, Electronics, Dec. 9, 1976. 

Most of these are available in the Harris Data Acquisition • 
Handbook, together·,with other material. • 
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Figure 19: Successive Approximation A/D Converter 

NOTE: All typical values have been characterized but are not tested 
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(a) Printed Circuit Side of Card 
(Single Sided Board) 
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(b) Top Side with Component Placement 

Figure 20: Printed Circuit Board Layout (Bipolar Circuit, see Figure 12) 

NOTE: All typical values have been characterized but are not tested. 
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Selection Guide 
DG180 

DG181 
DG182 
DG183 
DG184 

DG185 
DG186 

DG187 
DG188 

DG189 
DG190 
DG191 

DG200 
DG201 
DG201A 
DG202 
DG211 
DG212 
DG300A 

DG301A 
DG302A 
DG303A 

DG308A 
DG309 
Hl-200 
Hl-201 

Hl-201HS 
Hl-222 
Hl-300 
Hl-301 

Hl-302 
Hl-303 

Hl-304 
Hl-305 
Hl-306 

Hl-307 
Hl-381 

Hl-384 
Hl-387 

ANALOG SWITCHES 

7-3 

Dual SPST 10 Ohm High-Speed Driver with JFET Switch ................. . 7-5 
Dual SPST 30 Ohm High-Speed Driver with JFET Switch ................ . 7-5 
Dual SPST 75 Ohm High-Speed Driver with JFET Switch ................ . 7-5 
Dual DPST 10 Ohm High-Speed Driver with JFET Switch ................ . 7-5 

Dual DPST 30 Ohm High-Speed Driver with JFET Switch ................ . 7-5 
Dual DPST 75 Ohm High-Speed Driver with JFET Swtich ................ . 7-5 
SPOT 10 Ohm High-Speed Driver with JFET Switch ..................... . 7-5 
SPOT 30 Ohm High-Speed Driver with JFET Switch ..................... . 7-5 
SPOT 75 Ohm High-Speed Driver with JFET Switch ..................... . 7-5 
Dual SPOT 10 Ohm High-Speed Driver with JFET Switch ................. . 7-5 
Dual SPOT 30 Ohm High-Speed Driver with JFET Switch ................ . 7-5 

Dual SPOT 75 Ohm High-Speed Driver with JFET Switch ................ . 7-5 

Dual SPST CMOS Analog Switch .................................... . 7-11 
Quad SPST CMOS Analog Switch ................................... . 7-15 

Quad Monolithic SPST CMOS Analog Switch .......................... . 7-19 

Quad Monolithic SPST CMOS Analog Switch .......................... . 7-19 

Quad Monolithic SPST CMOS Analog Switch .......................... . 7-24 

Quad Monolithic SPST CMOS Analog Switch .......................... . 7-24 

Dual SPST TTL Compatible CMOS Analog Switch ...................... . 
SPOT TTL Compatible CMOS Analog Switch .......................... . 

7-27 • 7-27 

Dual DPST TTL Compatible CMOS Analog Switch ...................... . 7-27 

Dual SPOT TTL Compatible CMOS Analog Switch ...................... . 7-27 

Quad Monolithic SPST CMOS Analog Switch .......................... . 7-32 

Quad Monolithic SPST CMOS Analog Switch .......................... . 7-32 

Dual SPST CMOS Analog Switch .................................... . 7-36 

Quad SPST CMOS Analog Switch ................................... . 7-42 

High-Speed Quad SPST CMOS Analog Switch ......................... . 7-48 

High Frequency Video Switch ....................................... . 7-57 

Dual SPST CMOS Analog Switch .................................... . 7-65 

SPOT CMOS Analog Switch ........................................ . 7-65 

Dual DPST CMOS Analog Switch .................................... . 7-65 

Dual SPOT CMOS Analog Switch .................................... . 7-65 

Dual SPST CMOS Analog Switch .................................... . 7-65 

SPOT CMOS Analog Switch ........................................ . 7-65 

Dual DPST CMOS Analog Switch .................................... . 7-65 

Dual SPOT CMOS Analog Switch .................................... . 7-65 

Dual SPST CMOS Analog Switch .................................... . 7-70 

Dual DPST CMOS Analog Switch .................................... . 7-70 

SPOT CMOS Analog Switch ........................................ . 7-70 

7-1 



Hl-390 

Hl-5040 
Hl-5041 

Hl-5042 
Hl-5043 
Hl-5044 
Hl-5045 

Hl-5046 

Hl-5046A 
Hl-5047 
Hl-5047A 
Hl-5048 
Hl-5049 

Hl-5050 
Hl-5051 
IH401A 
IH5009 

IH5010 
IH5011 
IH5012 
IH5014 
IH5016 
IH5017 
IH5018 
IH5019 
IH5020 

IH5022 

IH5024 
IH5043 
IH5052 

IH5053 

IH5140 

IH5141 

IH5142 

IH5143 
IH5144 

IH5145 

IH5151 

IH5341 

IH5352 
IH6201 

Dual SPOT CMOS Analog Switch .................................... . 
SPST CMOS Analog Switch ........................................ . 
Dual SPST CMOS Analog Switch .................................... . 
SPOT CMOS Analog Switch ........................................ . 
Dual SPOT 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 .................................... . 

SPOT CMOS Analog Switch ........................................ . 

Dual SPOT CMOS Analog Switch .................................... . 
Quad Varafet Analog Switch ........................................ . 

Quad 100 Ohm Virtual Ground Analog Switch .......................... . 
Quad 150 Ohm Virtual Ground Analog Switch .......................... . 

Quad 100 Ohm Virtual Ground Analog Switch .......................... . 
Quad 150 Ohm Virtual Ground Analog Switch .......................... . 
Triple 150 Ohm Virtual Ground Analog Switch .......................... . 

Triple 150 Ohm Virtual Ground Analog Switch .......................... . 
Dual 100 Ohm Virtual Ground Analog Switch .......................... . 
Dual 150 Ohm Virtual Ground Analog Switch .......................... . 

Dual 100 Ohm Virtual Ground Analog Switch .......................... . 
Dual 150 Ohm Virtual Ground Analog Switch .......................... . 
Single 150 Ohm Virtual Ground Analog Switch ......................... . 

Single 150 Ohm Virtual Ground Analog Switch ......................... . 

Dual SPDT 75 Ohm High-Level CMOS Analog Switch ................... . 

Quad SPST CMOS Analog Switch ................................... . 

Quad SPST CMOS Analog Switch ................................... . 

SPST High-Level CMOS Analog Switch ............................... . 

Dual SPST High-Level CMOS Analog Switch .......................... . 

SPDT High-Level CMOS Analog Switch ............................... . 
Dual SPDT High-Level CMOS Analog Switch .......................... . 

DPST High-Level CMOS Analog Switch ............................... . 

Dual DPST High-Level CMOS Analog Switch .......................... . 
Dual SPDT High-Level CMOS Analog Switch .......................... . 

Dual SPST CMOS RF/Video Switch .................................. . 

Quad SPST CMOS RF/Video Switch ................................. . 
Dual CMOS Driver/Voltage Translator ................................ . 

7-2 

7-70 
7-76 
7-76 
7-76 
7-76 
7-76 
7-76 

7-76 
7-76 

7-76 
7-76 
7-76 
7-76 

7-76 
7-76 
7-87 

7-92 
7-92 
7-92 
7-92 
7-92 
7-92 

7-92 
7-92 

7-92 
7-92 
7-92 
7-92 

7-99 

7-108 
7-108 

7-114 

7-114 

7-114 

7-114 
7-114 

7-114 
7-125 

7-133 

7-139 
7-144 



Switch Selector Guide 

SPST 
(1) 

JFET SWITCHES 

Dual 
SPST 

(2) 

2 

6 o----0(/\~---<0 

Quad 
SPST 

(3) 
4PST 

(4) 

OG180 IH401A 
DG181 
OG182 

CMOS SWITCHES 

Hl-5040 OG200 DG201 Hl-5047 
IH5140 DG300A OG201A Hl-5047A 

Hl-200 OG202 
Hl-222 OG211 
Hl-300 OG212 
Hl-304 OG30BA 
Hl-381 DG309 
Hl-5041 Hl-201 
Hl-5048 Hl-201HS 
IH5041 IH5052 
IH5341 IH5053 

IH5352 

SWITCH ROS (on) IS (o!f) LOGIC LOGIC LEVELS 
PART# TOPOLOGY TECHNOLOGY MAX (1) MAX INPUT 

YlNL VINH @ 2soc @25<>C SWITCH 
{Q) {AA) "ON' {VJ {VJ 

Hl·SCl40 S!NGLESPST 36V CMOS-DI 50 0.8 IYP 1 I 0.8 3D 
IH5140 (fig.1) 35V CMOS-JI 50 05 1 0.8 24 
OG1BO DUAL 36V N-JFET 10 10 

, 
0.8 2.0 

DG181 SPST 36\/ N-JFET 30 1 OE 2.0 
DG182 (fig.2) 35\/ N-JFET 75 1 0.8 2.0 
OG200 36\1 CMOS-Jl BO 5 OE 2.4 
DGJOOA 44V CMOS-JI 50 5 0.8 4D 
Hl·200 44V CMDS·OI 80 50 0.8 2.4 
Hl·:!.22 36V CMOS-DI 50 ,, 0.8 2D 
Hl·300 44V CMOS-DI 50 5 0.8 4.0 
H1·304 44V CMOS·DI 50 5 3-5 11.0 
Hl-381 44V CMOS-DI 50 5 0.8 4.0 
Hl-5041 36V CMOS-DI 50typ 0.Btyp 0.8 3D 
Hl·5048 36V CMOS-DI 25typ O.Btyp 0.8 3D 
IH504t 36V CMOS-JI 80 5 1 0.8 2.4 
!H5141 36V CMOS-Jl 75 5 1 OB 2.4 
IH5341 36V CMOS-JI 75 1 1 0.8 2.4 

OG201 QUAD 36V CMOS.JI 100 5 0 0.8 2.4 
DG201A SPST 44\1 CMOS.JI 200 5 0 08 2.4 
DG202 {fig. 3) 44V CMOS.JI 200 5 1 OB 2.4 
DG211 44V CMOS-JI 175 5 0 OB 2.< 
DG212 44V CMOS.JI 175 5 1 OE 2.4 
DG308A 44V CMOS-JI 100 5 1 3-5 11.0 
DGJ09 44V CMOS·JI 100 5 0 35 11.0 
Hl·201 44V CMOS-DI 80 50 0 0.8 2.4 
Hl·201HS 36V CMOS-DI 50 1 0 0.8 2.4 
JH-5052 36V CMOS-JI 100 5 0 0.8 2.4 
IH·5053 36V CMOS-JI 100 5 1 0.8 2.4 
IH·5352 36V CMOS.JI 75 2 1 0.8 2.4 

Hl·5047 4PST 36V CMOS·D! 50typ 0.B typ 1 0.8 3.0 
Hl-5047A (fig. 4) 361/ CMOS-DI 25typ 0.8 typ 1 OB 3D 

OG1B6 SPOT 36V N·JFC:T 10 10 {3) 0.8 2.0 
DGi87 {fig. 5) 36V N-JFET 30 1 {3) 0.8 2.0 
DG188 36V N.JFET 75 1 {3) 0.8 2.0 
DGJ01A 44V CMOS-JI 50 5 {3) 0.8 4.0 
H1·301 44V CMOS-JI 50 5 {3) 0.8 4.0 
Hl·JOS 44V CMOS-DI 50 5 {3) 3-5 11.0 
Hl-387 44V CMOS-DI 50 5 {3) 0.8 4.0 
Hl·5042 36V CMOS·Dl 50 08 {3) OB 3.0 
Hl·5050 36V CMOS·DI 25typ 0.B typ {3) 0.8 3.0 
IH5142 36V CMOS-JI 75 5 {3) 0.8 2.4 

Dual 
SPOT SPOT 

(5) (6) 

DG186 DG189 
DG187 DG190 
DG188 DG191 

DG301A OG303A 
Hl-301 Hl-303 
Hl-305 Hl-307 
Hl-387 Hl-390 
Hl-5042 Hl-5043 
Hl-5050 Hl-5051 
IH5142 IH5043 

IH5143 
IH5151 

ANALOG SUPPLY VOLTAGE SWITCHING 
SIGNAL TIME 
RANGE V+ v- VL (2) TON TOFF 

M {VJ {VJ {V) (ns) (nS) 

V-10 V+ +15 -15 +5 1000 500 
±11 typ +15 -15 +5 150 125 
V-+7.5toV +15 -15 +5 300 250 
V-+7.5taV +15 -15 +5 150 130 
V-+Sto V +15 -15 +5 250 130 
V- toY+ +15 -15 n/a 1000 500 
Y- toV+ +15 -15 n/a 150\yp 130typ 
V- toV+ +15 -15 n/a 24!hyp 5001yp 
V- IOV+ +15 -15 n/a 200 200 
V- toV+ +15 -15 n/a 300 250 
V- toV+ +15 -15 n/a 250 150 
V- toV+ +15 -15 n/a 300 250 
V- toV+ +15 -15 n/a 1000 500 
V- IOV+ +15 -15 n/a 1000 500 
±10 lyp +15 -15 +5 1000 500 
±10 typ +15 -15 +5 175 150 
V- tt>V+ +15 -15 +5 300 150 

V- to V+ +15 -15 n/a 1000 500 
V- toV+ +15 -15 n/a 600 <50 
V- toV+ +15 -15 n/a 600 450 
V- toV+ +15 -15 +5 1000 500 
V- to V+ +15 -15 +5 1000 500 
V- toV+ +15 -15 n/a 200 150 
V- to V+ +15 -15 nla 200 150 
V- toV+ +15 -15 n/a 1B5tvp 220!yp 
V- toV+ +15 -15 nla 50 50 
±10\yp +15 -15 +5 1000 500 
±10typ +15 -15 +5 1000 500 
V- toV+ +15 -15 +5 300 150 

V- toV+ +15 -15 n/a 1000 500 
V- to V+ +15 -15 n/a 1000 500 

V-+7.5toV +15 -15 +5 300 250 
V-+7.5toV +15 -15 +5 150 130 
V-+5 to V +15 -15 +5 250 130 
V- toV+ +15 -15 nla 150typ 130typ 
V- to V+ +15 -15 n/a 300 250 
V- toV+ +15 -15 n/a 250 150 
V- toV+ +15 -15 n/a 300 250 
V- lOV+ +15 -15 nla 1000 500 
·v- toV+ +15 -15 nla 1000 500 
=10typ +15 -15 +5 300 150 
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Dual 
DPST DPST DPDT 

(7) (8) (9) 

DG183 
DG184 
DG185 

HJ-5044 DG302A Hl'5046 
IH5144 Hl-302 Hl-5046A 

Hl-306 
Hl-384 
Hl-5045 
Hl-5049 
IH5145 

PACKAGE & TEMPERATURE RANGE (4) 
COMMENTS 

PLASTIC METAL 
DIP SOIC PLCC CEROIP CAN 

c C.M 
c C.M 

Low Ron l.M 
l.M 
l.M 

c l.M l.M 
c C,1.M C,t,M 
c C,I C,1.M C.!.M 

RFMdto T switch C.I c C.I 
C.M C.M 
C.M C.M 
c C,M 

Ron matching 10Qma~@ 2Soc C.M 
Ron ma1ching SQmax .!? 2~oC c C.M 

c C.M 
c C.M 

RFNideo T switch c l.M 

c l,M 
c C,!,M 
c C,l.M 
c c 
c c 
c c C,l,M 
c c C,l,M 
c C.I c C,J.M 

High speed C,I C.I C.I C,l,M 
C.M 
C,M 

RFNideo T switch c l.M 

Ron matching 10Qmax@ 2soc c C.M 
Ron matching 5Qmax :@ 2soc c C.M 

Low Ron l.M 
l.M 
l.M 

c C,l,M C.l.M 
C.M C,M 
C.M C.M 
C.M C.M 

Ron matching 10Qmax@ 2soc C.M 
Ron matchrng SQmax@ 25oc C.M 

c C.M 

• 



Switch Selector Guide 
(Continued} 

SWITCH ROS(on) IS(off) LOGIC LOGIC LEVELS AnAl.OG SUPPLY WLTAGE SWITCHING PACK.OGE & TEMRERATURE RANGE (41 
PART# TOPOLOGY "'TECHNOLOGY MAXl1) MAX INPUT -

YlNl YlNH 
SIGNAL TIME :! COMMENTS 

PLA5llC ME'i-'l @2SCJC 025'C SWITCH RANGE V+ V- Vll2l TON !OFF 
(OJ (nAJ "ON' M (VJ M (VJ M M (ns) (ns) ·~ SDIC PlCC CERDI """ 

06189 DUAL 361/ N.JfET ID 10 13) DB 2• ~::;~:~~ +15 -15 +5 300 250 ""'Ra• l,M 
06190 SPOT 361/ N.JFET 30 1 13) O.B: 2• +15 -15 +S 150 130 l,M 
06191 lfio.6J 36V N-JFET 75 1 13) DB 2• V-+StoV+ +15 -15 +5 2SD 130 l.M 
DG303A 44VCMOS-.H 50 5 131 DB 4. V- IOV+ +15 -15 nJa 150typ 130typ c C.l.M 
Hl-303 44VCMOS·DI SD 5 131 DB ..• V- lOV+ +15 -15 nhi 300 250 C.M 
Hl-301 44V CMOS.DI. SD 5 131 35 11.0. V- toV+ +15 -15 n/a 2SD 150 C.M 
Hl-390 44V CMOS-DI• 50 5 131 ,. 40 V- toV+' +15 -15 nhl 300 250 C.M 
Hl-5043 36VCMOS-OI "'"" 0.Blyp 131 ,. 30 V- IOV+ +15 -15 n/a 1000 soo Ron maIChimJ 10Qmu:0'25CC c C.I c C.M 
Hl·SOSI 361/CMOS·DI """ DB"" 131 ,. ,. V- IOV+ +15 -15 n/a 1000 500 Ron malChing SQmax.@ 2SOC c C.I c C.M 
IH5D43 361/CMOS·JI .. 5 13) DB 2.4 ;t10typ +15 -15 +S 1000 500 c c C.M 
IH5143 36V CMOS.JI 75 5 131 ,. 2.4 :t10typ +15 -15 +S 300 150 c C.M 
IHSISI 36V CMOS.JI 30 2 13J 08 2.4 V- toV+ +15 -15 +S SOD 2SD c C.M 

Hl-5044 DUAL OPST 36VCMOS-01 "'"" 0.Styp 1 0.81 30 V- lOV+ +15 -15 nil 1000 5DO Ron matching 10!Jmax O 25oC c C.M 
IH5144 1nv.n 36\1 CMOS.JI 75 5 1 OB 2.4 t:10typ +15 -15 +5 300 150 c C.M 

OG183 DUAl.DPST 361/ N.JFET 10 10 1 
,. ... V-+75~ +15 -15 +5 300 250 low Ron l,M 

OG184 ffig8) 36VN.JFET 30 1 1 08 2.o V-+75tdJ +15 -15 +5 1SD 130 1,M 
OG185 36\IN·JFET 75 1 1 ,. . 2• V-+510V +15 -15 +5 250 130 l,M 
OG302A 44VCMOS.JI SD 5 1 ,. 40 V- toV+ .. is -15 n/a 1511"" 130"" c C.l,M 
Hl-302 44VCMOS·OI SD 5 1 ,. 40 V- toV+ +15 -15 n/a 300 250 C.M 
Hl-306 44VCMOS·DI SD 5 1 35 11.0 V- toV+ +15 -15 n/a 250 1SD C.M 

. Hl-384 44VCMOS·OI SD s 1 ,. 40 V- tov .. +15 -15 nla 300 250 C,M 
Hl-5045 36\ICMOS·DI so.,. OB"" , ,. . 30 V- toV+ +15 -15 nJa 1000 5DO Ron matchin11 mmax@ 25oC c ~· ~ C.M 
HJ-5049 36VC."10S.01 """ DB"" 1 . ,. 30 V- toV+ +15 -15 n/a 1000 "'' Ron matehing Qmax o 2soc c C.I C.M 
IHSl45 36\ICMOS.JI 75 5 1 u 2.4 ± 10.lYP +15 -15 +5 300 150 c C.M 

Hl-5046 ... , 361/ CMOS.DI '°"" 08typ 13) OB 30 V- toV+ +15 -15 n/a 1000 500 ROn matchirtQ S2max O 2soe c C.M 
· Hl·SD46A ffig9J 361/CMOS-OI 25typ as.,. 13) ,. 30 V- toV+ 1 • +15,-15 n/a 1000 500 Ron matching Qmax o 2soe c C.M 

No1es: t. The RDS (on) ot a CMOS switch varies as a !unction ol supply wltage, anato11 signal wltage. and 1emperature. 
2. LogicsupplyVOllage,ifr:equired. 
3. Refer to dal• Sheet tor the swilth states ol SPtrr and OPDT SWitdles. 
4. Referlolhl!indlvlduaJdata:ftetlorspecificpackageleadcountandtempetatur1rangeinformatlon. 

The lollawing temperature range conwntiOns are used: C • commen:ial temp range, I • industrial temp range, M • rrulltary temp rafl!ll 

P-CHANNEL JFET CHARACTERISTICS PACKAGE & TEMP RANGE (1) 
SWITCH CONFIGURATION 

OUTPUT IDGIC Ads (on) ID (off) t (on) & t (off) PLASTIC CERAMIC 
SINGLE DUAL TRIPLE QUAD CONFIGURATION LEVEL MAX@2SoC MAX@25°C MAX@2Soe DIP DIP 

IH5017 IH5009 
COMMON 

+15V 10011 c C,M 

IH5022 IH5018 IH5014 IH5010 +5V 15011 
±0.SnA 500ns 

c C,M 

IH5019 IH5011 
SEPARATE 

+15V 10011 c C,M 
--

'IH5024 " IH5020 IH5016 IH5012 +5V 15011 c C,M 

Note: 1. Refer lo the data sheet for specific package lead count and temperature range Information. 
C • commercial temperature range, M = milltary temperature range 
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m HARRIS DG180-191 ... 
... 
OI 

.al SEMICONDUCTOR 

High-Speed Driver With ~ 
JFET Switch : 

GENERAL DESCRIPTION 
The DG180 thru DG191 series of analog gates consist of 

2 or 4 N-channel junction-type field-effect transistors (JFET) 
designed to function as electronic switches. Level-shifting 
drivers enable low-level inputs (0.8 to 2V) to control the ON
OFF state of each switch. The driver is designed to provide 
a turn-off speed which is faster than turn-on speed, so that 
break-before-make action is achieved when switching from 
one channel to another. In the ON state, each switch con
ducts current equally well in both directions. In the OFF con
dition, the switches will block voltages up to 20V peak-to
peak. Switch-OFF input-output isolation is 50dB at 1 OMHz, 
due to the low output impedance of the FET-gate driving 
circuit. 

ORDERING INFORMATION' 

IN 

Part ros(on) 
Number Type (Max) 

VL 

DG180 Dual SPST 10 
DG181 Dual SPST 30 
DG182 Dual SPST 75 
DG183 Dual DPST 10 
DG184 Dual DPST 30 
DG185 Dual DPST 75 
DG186 SPOT 10 
DG187 SPOT 30 
DG188 SPOT 75 
DG189 Dual SPOT 10 
DG190 Dual SPOT 30 
DG191 Dual SPOT 75 

ONE AND TWO CHANNEL SPOT AND 
SPST CIRCUIT CONFIGURATION .. 

QNDV- DG186/187/188 SHOWN 
0275-1 

FEATURES 
• Constant ON-Resistance for Signals to ± 10V 

(DG182, 185, 188, 191), to ±7.5V (All Devices) 
• ± 15V Power Supplies 
• < 2nA Leakage From Signal Channel in Both ON and 

OFF States 
• TTL, DTL, RTL Direct Drive Compatibility 
• t0 n, t0 11<150ns, Break-Before-Make Action 
•Cross-talk and Open Switch lsolation>50dB at 

10MHz (75.0. Load) 
• JAN 38510 Approved 

DG 181 X Y 

L PA~~~~-~IN METAL CAN 

L- 14-PIN FLAT PACK 
P - CERAMIC DIP 

TEMPERATURE 
A - MILITARY (-55'C to+ 125'C) 
B - INDUSTRIAL (-20'C to +85'C) 

~---DEVICE TYPE 

~-----DRIVER 

TWO CHANNEL DPST CIRCUIT CONFIGURATION 

•• 

IN 

GND v- DG183/184/185 SHOWN 
0275-2 

Figure 1: Functional Diagram (Typical Channel) 

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. 7-5 
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DG180-191 .. 
Ol .. 
I 

~ ABSOLUTE MAXIMUM RATINGS .. g v+-v- ......................................... ssv GND-V- ....................................... 27V 
v+-v0 ......................................... 33V GND-V1N ....................................... 20V 
v 0 -v- ......................................... 33V Current(S or DJ See Note 3 ..................... 200mA 
Vo-Vs ........................................ ±22V Storage Temperature ................ -65°C to + 150°C 
VL-V- ......................................... 36V Operating Temperature .............. -55°C to + 125°C 
VL-VIN ........................................... av ·Power.Dissipation• ............... 450 (TW), 750 (FLAT), 
VL-GND ......................................... av a25(DIP)mW 
V1N-GND ........................................ av Lead Temperature (Soldering, 10sec) ............. 300°C 

'Device mounted with all leads welded or soldered to PC board. Derate 6mW/'C (TW); 10mW/'C (FLAT); 11mW/'C (DIP) above 75'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 operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliab11ity. 

Metal Can Package 

S2 

v, 

0275-3 
(OUTLINE DWG T0-100) 

Flat Package 

s. 

D1 

NC 

NC 

IN1 

y+ 

VL 

(OUTLINE DWG FD-2) 

DUAL SPST (DG180, 181, 182) 

Flat Package 

S2 

D2 

NC 

NC 

IN2 

v-

GND 

0275-4 

(OUTLINE DWG FD-2) 

DUAL DPST (DG183, 184, 185) 

0275-6 

Ceramic 

0275-5 
(OUTLINE DWG DD) 

Ceramic 

0275-7 
(OUTLINE DWG DD) 

Figure 2: Pin Configurations and Switching State Diagram 

NOTE· All typical values have be9n characterized but are not tested. 
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Metal Can Package 

VL 

0275-8 
(OUTLINE DWG T0-100) 

SPOT (DG186, 187, 188) 
Flat Package 

NC 

NC 

D1 

S1 

IN 

v+ 

VL 

DG180-191 

Ceramic 

14 
NC 

NC 

D2 

S2 

NC 

v-

GND 

0275-9 0275-10 
(OUTLINE DWG DD) (OUTLINE DWG FD-2) 

DUAL SPOT (DG189, 190, 191) 
Flat Package Ceramic 

SJ 

03 

D1 

S1 

IN1 

v-

GND 

0275-11 

0275-12 

(OUTLINE DWG FD-2) (OUTLINE DWG DE) 

Figure 2: Pin Configurations and Switching State Diagram (Cont.) 

ELECTRICAL CHARACTERISTICS cv+ = + 15V, v- = -15V, VL = 5V, Unless Noted) 

Parameter Device No. 
Test Conditions A Series BSeries 

Units 
(Note 1) -ss·c +25"C + 12s·c -2o·c +25"C +as·c 

SWITCH 

ls( off) DG181, 182, 184, 185 Vs= 10V, Vo= -10V, v+ = 10V ±1 100 ±5 100 
187, 188, 190, 191 nA 
(DG180, 183, 186, 189) V-= -20V, V1N="OFF" ±(10) (1000) (15) (300) 

DG181,184,187,190 Vs=7.5V, Vo= -7.5V ±1 100 ±5 100 
nA (DG180, 183, 186, 189) V1N="OFF" ±(10) (1000) (15) (300) 

DG182,185,188,191 Vs=10V, Vo= -10V ±1 100 ±5 100 nA 
V1N="OFF" 

lo( off) DG181, 182, 184, 185 Vs= 10V, Vo= -10V, v+ = 10V ±1 100 ±5 100 
187, 188, 190, 191 nA 
(DG180, 183, 186, 189) v- = - 20V, V1N = "OFF" ±(10) (1000) (15) (300) 

DG181, 184, 187, 190 Vs=7.5V, Vo= -7.5V ±1 100 ±5 100 
nA (DG180, 183, 186, 189) V1N="OFF" ±(10) (1000) (15) (300) 

DG182,185,188,191 Vs=10V, Vo= -10V ±1 100 ±5 100 nA 
V1N="OFF" 

NOTE AH typ;cal values have beBn charactsrized but are not tested. 
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DG180-191 

g ELECTRICAL CHARACTERISTICS (V+ = + 15V, v- = -15V, VL = 5V, Unless Noted) (Continued) .. 
CJ 
Cl 

Parameter Device No. Test Conditions A Series B Series 
Units (Note 1) -55'C +25'C + 125'C -20'C +25'C +85'C 

SWITCH (Continued) 

lo(on) + ls(on) DG180,181,183, 184 Vo= Vs= -7.5V, V1N="ON" ±2 -200 -10 -200 nA 186,187,189,190 

DG182, 185, 188, 191 Vo= Vs= -10V, V1N="ON" ±2 -200 -10 -200 nA 

INPUT 

l1NL ALL V1N=OV -250 -250 -250 -250 -250 -250 µA 

l1NH ALL V1N=5V 10 20 10 20 µA 

DYNAMIC 

Ion 1 on Switches 300 350 

30n Switches 150 180 

75n Switches See switching time test circuit 250. 300 ns 

Iott 1 on Switches 250 300 

30n and 75n Switches 130 150 

C~ottL DG181, 182, 184, 185, Vs= -5V, lo=O, f=1MHz 9 typical (21 typical) 

CQLo!!)_ 
187, 188, 190, 191 Vo= +5V, ls=O, f=1MHz 6 typical (17 typical) pF 

CQ!9T!L + C~T!L 
(DG180, 183, 186189) 

Vo=Vs=O, 1=1MHz 14 typical (17 typical) 

OFF Isolation RL = 75n, CL= 3pF Typically> 50dB at 1 OM Hz (See Note 2) 

SUPPLY 

1+ DG180,181,182, 189 
1.5 1.5 190,191 

DG183, 184, 185 0.1 0.1 

DG186, 187, 188 0.8 0.8 

1- DG180, 181,182, 189 -5.0 -5.0 
190, 191 

DG183, 184, 185 V1N=5V -4.0 -4.0 

DG186, 187, 188 -3.0 -3.0 

IL DG180, 181, 182, 183 
184, 185, 189, 190, 191 4.5 4.5 

DG186, 187, 188 3.2 3.2 

IGND ALL -2.0 -2.0 mA 

1+ DG180, 181, 182, 189 
1.5 1.5 190, 191 

DG183, 184, 185 3.0 3.0 

DG186, 187, 188 0.8 0.8 

1- DG180, 181, 182, 189 -5.0 -5.0 
190, 191 

DG183, 184, 185 V1N=OV -5.5 -5.5 

DG186, 187, 188 -3.0 -3.0 

IL DG180, 181, 182, 183 
4.5 4.5 184, 185, 189, 190, 191 

DG186, 187, 188 3.2 3.2 

IGND ALL -2.0 -2.0 

NOTES 1. See Switching State Diagrams for V1N "ON" and V1N "OFF" Test Conditions. 
2. Off Isolation typically>55dB at 1MHz for DG180, 183, 186, 189. 
3. Saturation Drain Current for DG180, 183, 186, 189 only, typically 300mA (2ms Pulse Duration). Maximum Current on all other devices (any terminal) 

30mA. 

NOTE All typical values have been characterized but are not tested. 
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DG180-191 

ELECTRICAL CHARACTERISTICS MAXIMUM RESISTANCES (ros(ON) MAX) (Continued) 

Device Conditions (Note 1) Military Temperature Industrial 

Number v+ = 15V, v- = -15V, VL =SV Temperature Units 

-SS'C +25'C +125'C -20'C +25'C +85'C 

DG180 Vo= -7.5V 10 10 20 15 15 25 n 
DG181 Vo= -7.5V 30 30 60 50 50 75 n 
DG182 Vo= -10V 75 75 100 100 100 150 n 
DG183 Vo= -7.5V 10 10 20 15 15 25 n 
DG184 Vo= -7.5V 30 30 60 50 50 75 n 
DG185 Vo= -10V Is= -10mA 75 75 150 100 100 150 n 
DG186 Vo= -7.5V 10 10 20 15 15 25 n 
DG187 Vo= -7.5V V1N="ON" 30 30 60 50 50 75 n 
DG188 Vo= -10V 75 75 150 100 100 150 n 
DG189 Vo= -7.5V 10 10 20 15 15 25 n 
DG190 Vo= -7.5V 30 30 60 50 50 50 n 
DG191 Vo= -10V 75 75 150 100 100 150 n 

APPLICATION HINT (for design only): Normally the minimum signal handling capability of the DG180 through DG191 family is 20V peak-to-peak for the 75!1 
switches and 15V peak-to-peak for the 10.0 and 30.0 (refer I~ and Is tests above). For other Analog Signals, the following guidelines can be used: proper switch 
turn-off requires that v- -<VANALOG(Peak) - Vp where Vp = 7.5Vforthe 10!1AND30!1 switches and Vp = 5.0V!or 75!1 switches e.g., -10V minimum (-peak) 
analog signal and a 75!1 switch (Vp = 5V), requires that v- -< -10V -5V = -15V. 

Logic Input for "OFF" to "ON" Condition (OG180/181/182 Shown) 

LOGIC INPUT 3V 
t,< 10ns 
t1<10ns 

50% 

SWITCH INPUT Vs -1---;;;;;;~===;;;;;;;j=~-;;;;;,--

SWITCH OUTPUT 0 ---1~-

0275-13 

VL Vee 
5V 15V 

SWITCH 
SWITCH St D1 OUTPUT 

INPUT Vo 

Ion, Vs = +10V IN1 
RL CL 

loff, Vs = -10V 1K I30pF 
LOGIC 
INPUT 

(REPEAT TEST FOR 
-15V ALL CHANNELS) 

-=- v- V -V RL 
0 - s RL + ros1on) 

Figure 3: Switching Time Test Circuits 
0275-14 

Switch output waveform shown for Vs= constant with logic input waveform as shown. Note that Vs may be + or - as per switching time test circuit. Vo is the 
steady state output with switch on. Feedthrough via gate capacitance may result in spikes at leading and trailing edge of output waveform. 

NOTE: All typical valu9s have been characterized but are not tested. 
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~ DUAL SPST- DG180/181/182 .. g TEST CONDITIONS 

DG180/181/182 

V1N "ON"=a.av 
V1N "OFF"=2.0V 

SWITCH STATES ARE 
I 

FOR LOGIC "1" INPUT=2.aV 

SPOT- DG186/187 /188 

All Channels 
All Channels 

TEST CONDITIONS 

DG186/187/188 

V1N "ON"= 2.0V Channel 1 
V1N "ON"= o.av Channel 2 

V1N "OFF"= 2.aV Channel 2 
V1N "OFF"= a.av Channel 1 

SWITCH STATES ARE 
FOR LOGIC "1" INPUT=2.0V 

NOTE· All typical values have been characterized but are not tested. 
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DG180-191 

DUAL DPST-DG183/184/185 
TEST CONDITIONS 

DG183/184/185 

V1N "ON"=2.0V 
V1N "OFF"= o.av 

SWITCH STATES ARE 
I All Channels 

All Channels 

FOR LOGIC "1" INPUT=2.aV 

DUAL SPDT- DG189/190/191 
TEST CONDITIONS 

DG189/190/191 

V1N "ON"= 2.0V Channels 1 & 2 
V1N "ON"= o.av Channels 3 & 4 
V1N "OFF"= 2.av Channels 3 & 4 

V1N "OFF"= a.av Channels 1 & 2 

SWITCH STATES ARE 
FOR LOGIC "1" INPUT=2.0V 



m HARRIS 
~SEMICONDUCTOR 

GENERAL DESCRIPTION FEATURES 

DG200 
CMOS Dual SPST 
Analog Switches 

The DG200 solid state analog gates are designed using 
an improved, high voltage CMOS monolithic technology. 
They provide ease-of-use and performance advantages not 
previously available from solid state switches. Destructive 
latch-up of solid stata analog gates;has been eliminated by 
HARRIS's CMOS technology. 

•Switches Greater Than 28Vpp Signals With ± 15V 
Supplies 

• Break-Before-Make Switching 10 11 250ns, t0 n 700ns 
Typical 

• TTL, DTL, CMOS, PMOS Compatible 

The DG200 is completely spec and pin-out compatible -
with the industry standard device. 

• Non-Latching With Supply Turn-Off 
• Complete Monolithlc Construction 

ORDERING INFORMATION 

Industry 
Standard 

Part 

DG200AA 

DG200AK 

DG200AL 

DG200BA 

DG200BK 

DG200BL 

DG200CJ 

CERDlP & EPOXY DUAL-IN-LINE 
PACKAGE (outline dwgs JD, PD) 

TOP VIEW 

NC 
y+ 
(SUBSTRATE) 

0276-1 

• Industry Standard (DG200) 

Package 

10-Pin Metal Can 

14-Pin CERDIP 

14-Pin Flat Pak 

10-Pin Metal Can 

14-Pin CERDlP 

14-Pin Flat Pak,, 

14-Pin Epoxy.Dip 

METAL CAN PACKAGE 
(outline dwg T0-100) 

V + {SUBSTRATE AND CASE) 

0276-2 

Figure 1: Pin Configurations 

Temperature 
Range 

-55'C to + 125'C 

-55'C to+ 125'C 

-55'Cto +125'C 

- 25'C to + B5'C 

- 25'C to + B5'C 

- 25'C to + B5'C 

O'Cto +70'C 

FLAT PACKAGE --
(outline dwg FD-2) 

.. 
IN2 IN• 

NC NC 

GND y+ 
(SUBSTRATE) 

NC "N/C ., .. 
"' o. 
v-

7 • VREF. 

TOP VIEW 

SWITCH STATES.ARE FOR LOGIC ·• 
"1" INPUT (POSITIVE LOGIC) ... 

0276-3 

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 ANO FITNESS FOR A PARTICULAR USE. 

NOTE All typical values have been characterized but are not tested. 7-11 

0 
0 
N 

" a 

• 



0 
0 
(II 

DG200 

8 ABSOLUTE MAXIMUM RATINGS 
v+-v- ........................................ <36V 
v+-v0 ........................................ <30V 
v0-v- ........................................ <30V 
Vo-Vs ......................................... <28V 
V1wGND ...................................... <20V 
Storage Temperature ................ -65'C to+ 150'C 
Operating Temperature .............. -55'C to + 125'C 
Lead Temperature (Soldering, 10sec) ............. 300'C 
Power Dissipation ............................. 450mW 
(All Leads Soldered to a P.C. Board.) Derate 6mWl°C Above 75•c . 

.,. 
'GATE 
PROTECTION 

·RESISTOR 

INPUT 

NOTE: Stresses;;ebove those listed under o''Absolute Maximum Ratings" 
may cause permanent damage7o the device. These are stress ra#ngs 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 peri· 
ods may affect device reliability. 

0276-4 

Figure 2: Functional Diagram (1/2 DG200) 

ELECTRICAL CHARACTERISTICS (TA= 25•c, v+ ~ + 15V, v- = -15V) 

·Per Channel 
Test 

Min/Max Limits 

Symbol Characteristic _ Conditions 
Military Comll/lndustrial . Units 

-,55'C +25'C +125'C 0/-25'C +25'C + 1o·c1 + es·c 
l1N(ON) Input Logic Current V1N = 0.8V See Notes 2, 3 ' ±10 .±1 ±10 ±10 ±10 µA 

l1N(OFF) Input Logic Current V1N = 2.4V See Notes 2, 3 ±10 ±1 ±10 ±10 ±10 µA 

ros(ON) Drain-Source On ls=10mA 
70 70 100 80 80 100 n 

Resistance VANALOG= ±10V 

ros(ON) Channel-to,Channel 25 30 n 
ros(ON) Match (typ) (typ) 

VANALOG Min. Analog Signal 
±15 ±15 v 

Handling Capability 

lo(OFF) Switch OFF Leakage VANALoG= -14Vto +14V 
±2 100 ±5 100 nA 

Current 

ls(OFF) Switch OFF Leakage VANALoG= -14Vto +14V 
±2 100 ±5 .100 nA 

Current 

NOTE: All typical values have been characterized but are not tested 
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·DG200 

ELECTRICAL CHARACTERISTICS (TA=25'C, v+ = + 15V, v- = -15VJ (Continued) 

Per Channel 
Test 

Min/Max Limits 

Symbol Characteristic Conditions 
Military Com'l/lndustrial Units 

-55'C +25'C +125'C 0/-25'C +25'C + 70'C/ + 85'C 

lo(ON) Switch ON Leakage Vo=Vs= -14Vto + 14V 
±2 200 ±10 200 nA 

+ls(ON) Current 

Ion Switch "ON" Time AL= 1 kfi, V ANALOG 1.0 1.0 
See Note 1 = -10Vto +10V 

µs 

See Fig.3 

loft Switch "OFF" Time AL= 1 kfi, V ANALOG 
= -10Vto +10V 0.5 0.5 µs 
SeeFig.3 

Q(INJ.) Charge Injection SeeFig.4 15 20 
mV 

(typ) (typ) 

OIRR Min. Off Isolation f= 1MHz, AL= 10011, 
54 50 dB 

Rejection Ratio CL;;;5pF 
(typ) (typ) 

See Fig. 5 (Note 1) 

lv1 .,. + Power Supply V1N=OV 0r 1000 1000 2000 1000 1000 2000 µA 
Quiescent Current V1N=5V 

lv2 - Power Supply 
1000 1000 2000 1000 1000 2000 µA 

Quiescent Current 

CCRR Min. Channel to One Channel Off 
Channel Cross 54 50 

dB 
Coupling Rejection (typ) (typ) 
Ratio 

NOTE 1: ~ull Down Resistor must be ,;; 2kn 
2: Typical values are for design aid only, not guaranteed and. not subject.to production testing. 

TEST CIRCUITS 

3¥ 

9¥--0-
INPUT 

~J~ 
r,..lf 

0276-5 

Figure3 Figure 4 

ANALOG INfVT 

5111 

LOGIC INPUT 

(NO~- "':' 

-:- ~You' 

f""" 
0276-6 0276-7 

Figure 5 

NOTE 3: All channels are turned off"by high "1" logic inputs and all channels are turned on by low "O" inputs; however a.av to 2.4V describes the min. range for 
switching properly. Peak input current required for transition is typically -120µ.A. 

NOTE: AH typical values have been characterized but are not tested. 
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g TYPICAL PERFORMANCE CHARACTERISTICS 
ro!!(on) vs Vo 

and Temperature · 

. ......._......_~~~~~ 
-15 -10 -5 O 5 Ht t5. 

Yo- DIWN VOLTAGE(VOLJ'S) 

lo( on) 
vs Temperature' 

••• Ii I ' •. ' . 

Hu . . 
-5 . ~ . .... 

25 41 15 u 106 121 
T - TEMPERATURE t•C) 

APPLICATIONS 
Using the VREF Terminal 

0276-8 

0276-10 

The DG200 has an internal voltage divider setting the 
TTL threshold on the input control lines for V + equal to 
+ 15V. The schematic shown here with nominal resistor val
ues, gives approximately 2.4V on the VREF pin. As the TTL 
input signal goes from + 0.8V to + 2.4V, 01 and 02 switch 
states to turn the switch ON and OFF. 

If the power supply .voltage is less than + 15V, then a 
resistor must be added between v+ and the VREF pin, to 
restore +2.4V at VREF· The table shows the value of this 
resistor for various supply voltages, to· maintain TTL com
patibility. If CMOS logic levels on a + 5V supply are being 
used, the threshold shifts.are less critical, but a separate 
column. of suitable values is given in the table. For logic 
swings of"·-5V to +5V, no resistor is.needed .. ,. 

In general, the "low" logic level should b.e<O.BV to pre
vent 01 and 02 from both being· ON together (this will 
cause incorrect switch function). With open collector logic, 
and a low value of pull-up resistor, the logic "low" level can 
be above 0.8V. In this case, HARRIS can supply parts with 
thresholds> 1.5V, allowing the user to define the "low" 
as<1.5V (consult factory). The VREF point should be set at 
least 2.6V above this "low" state, or to>4.1V. An external 
resistor of 27k!l between v+ and VREF is required, for a 
+ 15V supply. 

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

(V) 

+15 
+12 
+10 
+9 
+8 
+7 

DG200· 

ros(on) vs Vo and Power 
Supply Voltage 

~ f 100 

a~ 
z t'J 
I~ 50 -.~,... .... ~~ 
'" ii 
~~ ·~~~~~~-

~ 15 · •O ~ 0 5 10 15 

Yo - ORAtN VOUAOE (VOL TS} 

TTL 
Resistor 

(k!l) 

-
100 
51 

(34) 
(27) 
18 

v•(+15V) 

GATE 
PROTECTION 

INPUT RESISTOR 

Figure 6. 
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CMOS 
Resistor 

(k!l) 

-
-
-
34 
27 
18 
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m HARRIS 
~SEMICONDUCTOR 

DG201 c; 
(II 

Quad SPST g 

GENERAL DESCRIPTION 
The DG201 solid-state analog switches are designed us

ing an improved, high-voltage CMOS monolithic technology. 
They provide performance advantages not previously avail
able from solid-state switches. Destructive latch-up of solid
state analog gates has been eliminated by HARRIS's 
CMOS technology. 

The DG201 is completely specification and pin-out com
patible with the industry standard device. 

ORDERING INFORMATION 

CMOS Analog Switch 
FEATURES 
•Switches Greater Than 2BVp-p Signals With ± 15V 

Supplies 
• Break-Before-Make Switching loff = 250ns, 

t0 n =Typically SOOns 
• TTL, DTL, CMOS, PMOS Compatible 
• Non-Latching With Supply Turn-Off 
• Complete Monolithic Construction 
• Industry Standard (DG201} 

Industry Standard Temperature 
Package 

Part Number 

GATE 
PROTECTION 
RESISTOR 

INPUT 

DG201AK 

DG201BK 

DG201CJ 

Figure 1: Functional Diagram 
(%DG201} 

Switch Open For Logic "1" Input 

Range 

-55°C to+ 125°C 

-25°C to +85°C 

o·cto +1o·c 

0277-1 

16-Pin CERDIP 

16-Pin CERDIP 

16-Pin Plastic DIP 

,, 
3 Y + {SUBSTRATE) 

0277-2 

Figure 2: Pin Configuration 
(Outline dwgs JE, PE) 

DUAL-IN-LINE PACKAGE 

HARRIS SEMICONDUCTOR'S SOLE ANO 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. 7-15 
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ABSOLUTE MAXIMUM RATINGS 
v+ tov- · ..... -................................ <36V V1N to GND .................................... <20V 
v+ to Vo ...................................... <30V Current(Any Terminal) ........................ <30mA 
Vo to v- ...................................... <30V Storage Temperature . . . . . . . . . . . . . . . . -65°C to + 150°C 
Vo to Vs ..... , ...... , ........................... <28V Operating Temperature .............. -55°C to + 125°C 
VREF to v- .................................... <33V LeadTemperature (Soldering, 10sec) ............. 300°C 
VREF to V1N .................................... <30V Power Dissipation ............................. 450mW 
VREF to GND ....................... '.., ........ <20V Derate 6mWl°C Above 70°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 oth8r 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. 

DG201 ELECTRICAL CHARACTERISTICS (TA= 25°C, v+ = + 15V, v- = -15Vl 

Per Channel 
Test 

Min/Max Limits 

' Conditions Military Commercial Units 
Symbol Characteristic 

-55°C +25°C + 125°C 0°C +2s°C + 70°C/ + 85°C 

l1N(ON) Input Logic Current V1N = 0.8V See Note 1 10 ±1 10 ±1 ±1 10 µA 

l1N(OFF) Input Logic Current V1N=2.4V See Note 1 10 ±1 10 ±1 ±1 10 µA 

Ros(ON) Drain-Source On ls=10mA 
80 80 125 100 100 125 n 

Resistance VANALOG= ±10V 

Ros(ON) Channel to Channel 25 30 
n 

Ros(ONJ Match (typ) (typ) 

VANALOG Analog Signal 
± 15 (typ) ± 15 (typ) v 

Handling Capability 

lo(OFF) Switch OFF Leakage VANALOG= -14Vto + 14V ±1 100 ±5 100 nA 
Current 

ls(OFF) Switch OFF Leakage VANALoG= -14V to+ 14V ±1 100 ±5 100 nA 
Current 

-"-

lo(ON) Switch ON Leakage Vo= Vs= ±14V 
±2 200 ±5 200 nA 

+ls(ON) Current 

Ion Switch "ON" Time RL = 1 kn, V ANALOG 
See Note2 = -10Vto + 10V 1.0 1.0 µs 

See Figure3 

loft Switch "OFF" Time RL = 1 kn, V ANALOG 
See Note2 = -10Vto + 10V 0.5 0.5 µs 

SeeFigure3 

O(INJ.) Charge Injection See Figure4 15(typ) 20(typ) mV 

OIRR Min. Off Isolation f=1MHz, RL =100n, 54 50 
dB 

Rejection Ratio CLS:5pF (typ) (typ) 
See Figure5 

1+0 + Power Supply V1N=0Vto5V 
2000 1000 2000 2000 1000 2000 µA 

Quiescent Current 

1-0 - Power Supply 
2000 1000 2000 2000 1000 2000 µA 

Quiescent Current 

CCRR Min. Channel to One Channel Off 
Channel Cross 54 50 

dB 
Coupling Rejection (typ) (typ) 
Ratio 

NOTE 1: Typical values are for design aid only, not guaranteed and not subject to production testing. 

NOTE: All typical values have been characterized but are not tested 
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DG201 

TEST CIRCUITS 

ANALOG INPUT 

3V gy--0-
INPUT 

_J· 
~ hUT 

l""2Kr 1opFI !Ko 
-= -=- -:" 

ANALOG INPUT 

LOGIC INPUT jNO?D-1>-- "::' 
'=" t---•oo> 

110011 

5111 

0277-4 
0277-5 

0277-3 

(Note 2) 

Figure 3 Figure 4 Figure 5 

NOTE 2: All channels are turned off by high "1" logic inputs and all channels are turned on by low "O" inputs; however 0.BV to 2.4V describes the min. range for 
switching properly. Peak input current required for transition is typically -120µ.A. Pull down resistor, if used, :::;;: 2KO. 

TYPICAL PERFORMANCE CHARACTERISTICS 

i ...... wz zw z a: c a: 
GG 
I~ 

v+ =+15V 
100 1_~=-15V 

'J_ 

125°C 
~ ...... ~ 

2~·'c l-=l1sj 50 

-~·c ~ 
II 

D J_J_ 
-15 -10 -5 0 5 10 15 

Vo - DRAIN VOLTAGE (VOLTS) 

10 

""" 1-1 
'C ~ 0.1 
§~ ... 

z 
0 

0.01 
25 45 85 85 105 125 

T - TEMPERATURE ("C) 

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

0277-6 

0277-B 
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_L -!-1-r -- -· --

rfE5 r. o± i---' LL .I ; ::s:: 
VI 

c' :s 
~ !':... 

~ ]'.,. 
A ]'.... 

100 

50 

I- A - y+ = +isY, y- = -15Y 

1-- ~: ~:: ::~: ~=: =:~~ 
I- 0 - Y + = +BY, Y - = -BY 

0 
-15 -10 -5 D 5 10 15 

Vo - DRAIN VOLTAGE (VOLTS) 
0277-7 

I ~ 

l2'.'. 
L: 

45 85 85 105 125 

T - TEMPERATURE ("C) 
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g APPLICATIONS 

Using the VREF Terminal 
The DG201 has an internal voltage divider that sets the 

TIL threshold on the input control lines for v+ = 15V. The 
schematic is shown here, with nominal resistor values, giv
ing approximately 2.4V on the VREF pin. As the TIL input 
signal goes from + 0.8V to + 2.4V, 01 and 02 switch states 
to turn the switch ON and OFF. 

If the power supply voltage is less than + 15V, then a 
resistor needs to be added between v+ and VREF pin, to 
restore +2.4V at VREF· The table shows the value of this 
resistor for various supply voltages, to maintain TTL com
patibility. If CMOS logic levels with a + 5V supply are being 
used, the threshold shifts are less critical, but a separate 
column of suitable values is given in the table. For logic 
swings of -5V to +5V, no resistor is needed. 

In general, the "low" logic level should be <0.8V to pre
vent 01 and 02 from both being ON together (this will 
cause incorrect switch function). With open collector logic, 
and a low value of pull-up resistor, the logic 'low' level can 
be above 0.8V. In this case, HARRIS can supply parts with 
thresholds > 1.5V(consult factory). The VREF point should 
be set at least 2.6V above this "low" state, or to >4.1V. An 
external resistor of 27k0. and VREF is required, for a + 15V 
supply. 

NOTE: All typical vahms havs been characlorizsd but are not tested. 

v+ 
Supply 

(V) 

+15 
+12 
+10 
+9 
+8 
+7 

7-18 

DG201 

TTL CMOS 
Resistor Resistor 

(kO.) (kO.) 

- -
100 -
51 -

(34) 34 
(27) 27 
18 18 

V•(+15V) 

0277-10 
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HARRIS 
SEMICONDUCTOR 

DG201A/DG202 s 
Quad Monolithic SPST CMOS ~ 

ICl 
Analog Switches :c 

GENERAL DESCRIPTION FEATURES 
• ± 15V Input Signal Range 

•Low Ros(on) (,;; 1750) 
• TTL, CMOS Compatible 
• Latch Proof 
• True Second Source 

The DG201A (normally open) and DG202 (normally 
closed) quad SPST analog switches are designed using 
Harris' new 44V CMOS process. These bidirectional 
switches are latch-proof and feature break-before-make 
switching. Designed to block signals up to 30V peak-to
peak in the OFF state, the DG201A/DG202 offer the ad
vantages of low on resistance (,;; 1750), wide input signal 
range ( ± 15V) and provide both TTL and CMOS compatibil
ity. 

• 44V Maximum Supply Ratings 
• Logic Inputs Accept Negative Voltages 

The DG201A/DG202 are specification and pin-out com
patible with the industry standard devices. 

ORDERING INFORMATION 

Part Number Temperature Range 

DG201AAK - 55°C to + 125·c 

DG201ABK - 25°C to + 85'C 

DG201ACK o·cto +70°c 

DG201ACJ o·cto +70°c 

DG202AK -55°Cto +125'C 

DG202BK - 25'C to + 85'C 

DG202CK o•cto +70°c 

DG202CJ o•cto +70°c 

DG201A DG202 

Package 

16-Pin CERDIP 

16-Pin CERDIP 

16-Pin CERDIP 

16-Pin Plastic DIP 

16-Pin CERDIP 

16-Pin CERDIP 

16-Pin CERDIP 

16-Pin Plastic DIP 

s, s, Dual-In-Line Package 

'"• 

., 

'"• 

'"• 

Logic "O" ,; O.BV 
Logic "1" :> 2.4V 

'"• 
o, 

" ., 
Dz 

" 
"• 

o, 

'• 
'"• 

o, 

0096-1 

Four SPST Switches Per Package• 

Truth Table 

Logic DG201A DG202 

0 ON OFF 
1 OFF ON 

"'Switches Shown for Logic "1" Input 

Figure 1: Functional Diagram 

o, 
s, 

o, 

" 
o, 
s, 

0096-3 
Top View 

o, 
Figure 2: Pin Configuration 

0096-2 

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 ANO SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPUEO OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 307010-001 
NOTE: All typical values have been characterized but are not tested 7-19 
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DG201A/DG202 

8 ABSOLUTE MAXIMUM RATINGS c v+ tov- ....................................... 44V ... Storage Temperature 
O v- to Ground .................................. -25V C Suffix .......................... - 65°C to + 125°C 

A & B Suffix . . . . . . . . . . . . . . . . . . . . . . . - 65°C to + 150°C Cll c:J V;n to Ground (Note 1) ........... (V- - 2V), (V+ + 2V) 
Lead Temperature (Soldering, 10s) ............... 300°C 

Cl Vs or Vo to v+ (Note 1) ................ +2, (V- - 2V) 
VsorVotov- (Note1) ................ -2,(V+ + 2V) 
Current, Any Terminal Except Sor D .............. 30 mA 
Continuous Current, S or D ...................... 20 mA 
Peak Current, S or D 

(Pulsed at 1 ms, 10% duty cycle max) ........... 70 mA 
Operating Temperature 

C Suffix .............................. o·c to + 70"C 
B Suffix ........................... -25°C to + 85°C 
A Suffix . . . . . . . . . . . . . . . . . . . . . . . . . . - 55°C to + 125°C 

Power Dissipation• 
CERDIP Package•• ......................... 900 mW 
Plastic Package••• ......................... 470 mW 

*Device mounted with all leads 
soldered or welded to PC board .. 

**Derate 12 mWl°C above 75°C 
***Derate 6.5 mWl°C above 25°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 operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri
ods may affect device reliability. 

ELECTRICAL CHARACTERISTICS v+ = 15V, v- = -15V, GND = ov, TA= 25·c 

DG201AA/DG202A DG201AB,C/DG202B,C 

Symbol Parameter Test Conditions Typ Typ 
Min 

(Note 2) 
Max Min 

(Note 2) 
Max 

SWITCH 

VANALOG Analog Signal 
-15 15 -15 15 

Range 

Rose on) Drain Source Vo = ± 10V, V;n = o.av (DG201 A) 
115 175 115 200 

On Resistance Is = 1 mA, V;n = 2.0V (DG202) 

lscotf) Source OFF V;n = 2.4V Vs= 14V, Vo"' -14V 0.01 1.0 0.01 5.0 
Leakage Current (DG201A) Vs= -14V, Vo= 14V -1.0 -0.02 -5.0 -0.02 

V;n = o.av 
lo( off) Drain OFF (DG202) Vs= -14V, Vo= 14V 0.01 1.0 0.01 5.0 

Leakage Current Vs= 14V, Vo= -14V -1.0 -0.02 -5.0 -0.02 

locon) Drain ON V;n = o.av Vo= Vs= 14V 
0.1 1.0 0.1 5.0 

(Note4) Leakage Current (DG201A) 
V;n = 2.4V Vo= Vs= - 14V 
(DG202) -1.0 -0.15 -5.0 -0.15 

INPUT 

i1NH Input Current with V;n ·= 2.4V -1.0 -0.0004 -1.0 -0.0004 
Voltage High V;n = 15V 0.003 1.0 0.003 1.0 

l1NL Input Current with V;n = OV 
-1.0 -0.0004 -1.0 -0.0004 

Voltage Low 

NOTE 1: Signals on v5, v0, or Vin exceeding v+ or v- will be clamped by internal diodes. Limit forward diode current to maximum current ratings. 

2: Typical values are for design aid only, not guaranteed and not subject to production testing. 

3: The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in this data sheet. 

4: lo{on} is leakage from driver into ON switch. 

NOTE: All typical values have been characterized but are not tested. 
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DG201A/DG202 

ELECTRICAL CHARACTERISTICS v+ = 15V, v- = -15V, GND = ov, TA= 25'C (Continued) 

DG201AA/DG202A DG201AB, C/DG202B, C 

Symbol Parameter Test Conditions Typ Typ 
Min 

(Note2) 
Max Min 

(Note 2) 
Max 

DYNAMIC 

Ion Turn-ON Time 
See Figure 3 

480 600 480 600 

Iott Turn-OFF Time 370 450 370 450 

Q Charge Injection CL = 1000 pF, Rs = 0, Vs = ov 20 20. 

Cs( off) Source OFF f = 140 kHz, V;n = 5V, 
5.0 5.0 

Capacitance Vs= OV 

Co( off) Drain OFF f = 140 kHz, V;n = 5V, 
5.0 5.0 

Capacitance Vo= OV 

Cocon) + Channel ON f = 140 kHz, V;n = OV, 
16 16 

Cs(9nL Capacitance Vs= Vo= ov 
DIRR OFF Isolation V;n = 5V, ZL = 75.0. 70 70 

CCRR Crosstalk (Channel Vs = 2.0V, f = 100 kHz 

to Channel) 
90 90 

SUPPLY 

1+ Positive Supply 
0.9 2 0.9 2 

Current 
All Channels ON or OFF 

1- Negative Supply 
-1 -0.3 -1 -0.3 

Current 

TA = over operating temperature range 

SWITCH 

VANALOG Analog Signal 
-15 15 -15 15 

Range 

Rose on) Drain-Source Vo= ± 10V, V;n = 0.8V (DG201A) 
250 250 

ON Resistance Is = 1 mA, V;n = 2.4V (DG202) 

lsco11) Source OFF V;n = 2.4V Vs= 14V, Vo= -14V 100 100 
Leakage Current (DG201A) Vs= -14V, Vo= 14V -100 -100 

lo( off) Drain OFF 
V;n = o.av 

Vs= -14V, Vo= 14V 100 100 (DG202) 
Leakage Current Vs= 14V, Vo= -14V -100 -100 

lo( on) Drain ON V;n = o.av Vo= Vs= 14V 
200 200 

(Note4) Leakage Current (DG201A) 
V;n = 2.4V Vo= Vs= - 14V 
(DG202) -200 -200 

INPUT 

l1NH Input Current with V;n = 2.4V -10 -10 
Voltage High V;n = 15V 10 10 

l1NL Input Current with V;n = OV -10 -10 
Voltage Low 

NOTE 1: Signals on Vs. v0, or Vin exceeding v+ or v- will be clamped by internal diodes. Limit forward diode current to maximum current ratings. 

2: Typical values are for design aid only, not guaranteed and not subject to production testing. 

3: The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in this data sheet. 

4: lo(on) is leakage from driver into ON switch. 

NOTE: All typical values have been characterized but are not tested. 
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DG201A/DG202 

8 TEST CIRCUITS c .. 
0 
ell 

8 

Vo= Vs--R=L __ 
AL+ Ros(on) 

SWITCH 

Logic "O" = SW ON 

LOGIC• 3y 
INPUT 

t,<20ns 
~<20ns 

50% 

SWITCH O ---t--' 
OUTPUT 

0.9 

torr 

'Logic Shown for DG201 A, Invert for DG202. 

INPUT s1 
V5 =+2VO-+-------o~ 

SWITCH 
OUTPUT 

~-t-<.;,__.,.._.,_-QVo 

0096-4 

y+ (REPEAT TEST FOR IN2, IN3 AND IN4) 
-15V 

Figure 3: ton and t0 ff Switching Test 

Vo 
Vo 

ICL=1000pF 

INx INx 

fl. Vo = measured voltage error due to charge injection 

The error voltage in coulombs is .6.Q = CL = /1 Vo. 

ON 

I 

\ 

Figure 4: Charge Injection Test Circuit 

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

SIGNAL 
GENERATOR 

ANALY2ER 

CHAN A 

CHAN 8 

C = 0.001!'FII0.1 µF 
Chip Capacitors 

+15Y 

-15Y 

DIRR = 20 Log I ~ I 

Figure 5: Off Isolation Test Circuit 

SIGNAL 
GENERATOR 

ANALY2ER 

CHAN A 

CHAN 8 

C = 0.001µFII0.1 µF 
Chip Capacitors 

+15Y 

-15Y 

DIRR = 20 Log I ~~: I 

DG201A/DG202 

0096-7 

0096-8 

Figure 6: Channel to Channel Crosstalk Test Circuit 
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DG211/DG212 
SPST 4-Channel Analog Switch 

GENERAL DESCRIPTION 
The DG211 and DG212 are low cost, CMOS monolithic, 

QUAD SPST analog switches. These can be used in gener
al purpose switching applications for communications, in
strumentation, process control and computer peripheral 
equipment. Both devices provide true bidirectional perform
ance in the ON condition and will block signals to 30V peak
to-peak in the OFF condition. The DG211 and DG212 differ 
only in that the digital control logic is inverted, as shown in 
the truth table. 

DG211 and DG212 are available in 16-pin Dual-In-Line 
plastic packages or 16-pin small outline packages and are 
rated for operation over O'C to 70'C. 

DG211 

s, 
IN1 IN1 

o, 
S2 

IN2 IN2 

02 

S3 

IN3 IN3 

03 

$4 

IN4 IN4 

04 

0278-1 

Four SPST Switches per Package 
Switches Shown for Logic "1" Input 

Truth Table 

DG212 

Logic DG2U DG212 

0 
1 

ON 
OFF 

Logic "O" :s; O.BV 
Logic "1"<!: 2.4V 

Figure 1: Functional Diagrams 

OFF 
ON 

FEATURES 
• Switches ± 15V Analog Signals 
• TTL Compatibility 

• Logic Inputs Accept Negative Voltages 

•RoN:S:1750hm 

ORDERING INFORMATION 

Part Number 
Temperature 

Package 
Range 

DG211CJ O'Cto +70'C 16-Pin Plastic DIP 
DG212CJ O'Cto +70'C 16-Pin Plastic DIP 
DG211CY O'Cto +70'C 16-PinSOIC 
DG212CY O'Cto +70'C 16-PinSOIC 

Dual-In-Line or S.O. Package 

s, 

01 

S2 

02 

$3 

03 

$4 

0278-3 

04 TOP VIEW 

0278-2 

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 ANO SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLIJOING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY ANO FITNESS FOR A PARTICULAR USE. 307020-002 
NOTE: AU typical vafuBs have been characterized but are not tes~ 



DG211 /DG212 

ABSOLUTE MAXIMUM RATINGS 

N ... 
N 
C:I a .... 

v+ tov- ....................................... 44V Operating Temperature ................... O'C to + 70'C ::; 
Lead Temperature (Soldering, 1 Osec) ............. 300'C N V1N to Ground ................................ v-, V+ 

VL to Ground ............................. -0.3V, 25V Power Dissipation (Package)' C:I 
VsorV0 tov+ .............................. o, -36V 16 Pin Plastic DIP** .......................... 470mW Q 
Vs or Vo tov- ................................ o, 36V 

v+ to Ground .................................... 25V 

• Device mounted with all leads soldered or welded to PC board. 
•• Derate 6.5mWl°C above 25°C 

v- to Ground .................................. -25V 
Current, Any Terminal Except Sor D .............. 30mA 
Continuous Current, S or D ....................... 20mA 
Peak Current, S or D 

(Pulsed at 1 msec, 10% duty cycle max) ......... 70mA 
Storage Temperature ................ -65'C to + 125'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 operational sections of the specifications· is not 
implied. Exposure to absolute maximum rating conditions for extended pen". 
ods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (TA=25'C) 

Test Conditions 
Limits Symbol Parameter V1=+15V, V2= -15V, Units 

VL= +5V,GND MIN1 TYP2 MAX 

SWITCH 

VANALOG Analog Signal Range v- = -15V, VL = +5V -15 15 v 

Ros(ON) Drain-Source On Resistance Vo= ±10V, V1N=2.4V-DG212 150 175 n 
Is= 1mA, V1N=0.8V-DG211 

ls( off) Source OFF Leakage Current V1N=2.4V Vs=14V, Vo= -14V 0.01 5.0 
DG211 
V1N=0.8V 

Vs= -14V, Vo= 14V -5.0 -0.02 

lo(off) Drain OFF Leakage Current DG212 Vo=14V, Vs= -14V 0.01 5.0 
nl\ 

Vo= -14V, Vs= 14V -5.0 -0.02 

lo(ON) Drain ON Leakage Current3 Vs=Vo= -14V, V1N=0.8V, DG211 0.1 5.0 
V1N=2.4V, DG212 -5.0 -0.15 

INPUT 

l1NH Input Current With Input Voltage High V1N=2.4V -1.0 -0.0004 

V1N=15V 0.003 1.0 µA 

l1NL Input Current With Input Voltage Low V1N=OV -1.0 -0.0004 

DYNAMIC 

Ion Turn-ON Time 460 1000 

tom Turn-OFF Time See Switching Time Test Circuit5 360 50.0 ns 
to112 Vs= 10V, RL = 1k!l, CL =35pF 450 

c~f!l_ Source OFF Capacitance Vs=OV, V1N=5V, f= 1MHz2 5 

CoJ91f]_ Drain OFF Capacitance Vo=OV, V1N=5V, f=1MHz2 5 pF 

Co+lfu>'ll.. Channel ON Capacitance Vo=Vs=OV, V1N=OV, f= 1MHz2 16 

OIRR OFF lsolation4 
V1N=5V, RL = 1k!l, CL= 15pF, 

70 

Crosstalk dB 
CCRR Vs= 1VRMS, f= 100kHz2 90 

(Channel to Channel) 

SUPPLY 

1+ Positive Supply Current 0.1 10 

1- Negative Supply Current V1N=O and 2.4V 0.1 10 µA 

IL Logic Supply Current 0.1 10 

NOTES: 1. The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in this data sheet. 
2. For design reference only, not 100% tested. 
3. lo(on) is leakage from driver into "ON" switch. 

4. OFF Isolation~ 201og ~, Vs~ input to OFF switch. Vo~ output. 
Vo 

5. Switching times only sampled. 

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

a e, Switch output waveform shown for Vs= constant with 
..- logic input waveform as shown. Note the Vs may be + or 
C;j - as per switching'time test circuit. Vo is the steady state 
c:J output with· switch on. Feedthrough via gate capacitance 
Q may result in spikes at leading and trailing edge of output 

waveform. 

SWITCH 
OUTPUT jVo) J •0112 

Figure 3: Switching Time Test Circuit 
Logic shown tor DG211. Invert for DG212. 

0278-4 

V+ +15V 

SWITCH 
INPUT 

LOGIC 
INPUT 

DG211 /DG212 

+15V 

SWITCH 
D1 OUTPUT 

~t-C ....... -.---0 Vo 

(REPEAT TEST FOR IN2 IN3 ANO IN4) 
V-

0278-5 

Figure 4: Switching Time Test Circuit 

-15V 

IN 

0278-6 

Figure 5: DG212 Schematic (1/4 as shown) 

NOTE: All typical values have been characterized but are not tested. 
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m HARRIS 'Al SEMICONDUCTOR 

GENERAL DESCRIPTION 
The DG300A-303A family of monolithic CMOS switches 

are a truly compatible second source of the original manu
facturer. The switches are latch-proof and are designed to 
block signals up to 30 volts peak-to-peak when OFF. Fea
turing low leakage and low power consumption, these 
switches are ideally suited for precision application in instru
mentation, communication, data acquisition and battery
powered applications. Other key features include Break
Before-Make switching, TTL and CMOS compatibility, and 
low ON resistance. Single supply operation (for positive 
switch voltages) is possible by connecting v- to 0 volts. 

The DG300A-DG303A family is available over commer
cial, industrial, and military temperature range. 

FEATURES 
• Low Power Consumption 
• Break-Before-Make Switching t0 11 130 ns, t0 n 150 ns 

Typical 
• TTL, CMOS Compatible 

• Low Ros(on) (,;; 5011) 
• Single Supply Operation 
• True Second Source 

DG300A/DG301A/ = 
DG302A/DG303A § 

TTL Compatible c 
CMOS Analog Switches ~ 

C'> 
ORDERING INFORMATION g 

Part Number fremperature Range 

DG300A/301A/ -ssoc to +12soc 
302A/303AAK 

DG300A/301A/ -2s0 c to +asoc 
302A/303ABK 

DG300A/301 A/ oocto+1ooc 
302A/303ACK 

DG300A/301 A/ oocto+1ooc 
302A/303ACJ 

DG300Af301 AAA -ssoc to +125oc 

DG300A/301 ABA -2soc to +asoc 

DG303ACY oocto+1ooc 

Package 

14-Pin CERDIP 

14-Pin CERDIP 

14-Pin CERDIP 

14-Pin Plastic DIP 

1 o~Pin Metal Can 

10-Pin Metal Can 

16-PinSOIC 

..... 
c ... 
0 
C'> g 
~ 
0 
C'> 

g 

DG300A Metal Can Package 

v+(SUBSTRATE ond CASE) 

Dual-In-Line Package 

Two SPST Switches per Package• 

Truth Table 

Logic 

0 
1 

Logic "O"' ,;; O.BV 
Logic "1" ;,, 4.0V 

Switch 

OFF 
ON 

'"Switches Shown for Logic "1" Input 

0091-1 

Figure 1: Functional Diagrams 

0091-2 

16 Lead SOIC 
TOP VIEW 

DG303ACY 

Top View 

Figure 2: Pin Configurations 

HARRIS SEMICONDUCTOR'S SOLE ANO 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. 307025-001 
NOTE All typical values have been characterized but are not tested. 7-27 
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DG300A/DG301A/DG302A/DG303A 

DG301A 

0091-4 

One SPOT Switch per Package' 

Truth Table*• 

Logic SW1 SW2 

0 OFF ON 
1 ON OFF 

DG302A 

510--+--------0-...---,.._-+-0D1 

53 D3 

IN2 ---.. 
I 

Szo-+--------0-..,......._-1-002 

S4 D4 

0091-7 

Two DPST Switches per Package• 

DG303A 

S10--l---------O-...---.._-l-OD1 

03 

IN2 

Sz o--+--------0-..,.-,,_-+-o Dz 

S4 04 

0091-9 

Two SPOT Switches per Package• 

Metal Can Package 

v+(SUBSTRATE and CASE) 

GND 
0091-5 

Top View 

Truth Table** 

Logic Switch 

0 OFF 
1 ON 

Truth Table*• 

Logic 
SW1 SW3 
SW2 SW4 

0 OFF ON 
1 ON OFF 

Figure 1: Functional Diagrams (Continued) 

NOTE· All typical values have been characterized but are not tested. 
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Dual-In-Line Package 

Dual-In-Line Package 

Top View 

Dual-In-Line Package 

Top View 

*Switches Shown for Logic "1" Input 
•'Logic "O" ,; O.BV, Logic "1" ;, 4.0V 

Figure 2: Pin 
Configurations 

(Continued) 



DG300A/DG301A/DG302A/DG303A er: 
C') 

0 
C') 

ABSOLUTE MAXIMUM RATINGS 
v+ toV- ........................................ 44V 

CJ 
Ci 

Storage Temperature ..._ 
C Suffix ........................... -65'C to + 125'C ~ v- to Ground ................................... - 25V 

V1N to Ground (Note 1) ............ (v- - 2V). (V+ + 2V) A & B Suffix ........................ -65'C to + 150'C 0 
Lead Temperature (Soldering, 1 Os) ................ 300'C Vs or Vo to v+ (Note 1) ................. +2, (V- - 2V) 

Vs or Vo to v- (Note 1) ................. -2, (V+ + 2V) 

C') 

CJ 
Power Dissipation• Cl 

Current, Any Terminal Except S or D ............... 30 mA 
CERDIP Package•• .......................... 825 mW • 
Plastic Package••• .......................... 470 mW .,. 

Continuous Current, Sor D ....................... 30 mA Metal Can•••• ............................. .450 mW O 

Peak Current, S or D *Device mounted with all reads soldered or welded to PC board. 

(Pulsed at 1 ms, 10% duty cycle max) .......... 100 mA .. Derate 11 mW/°C above 75°C 

Operating Temperature 
•uoerate 6.5 mW/°C above 25°C 

C Suffix ............................... O'C to + 70'C 
•• .. aerate 6 mW/°C above 75°C 

B Suffix ............................ - 25'C to + 85'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 operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended ped· 
ads may affect device reliability. 

A Suffix ........................... - 55'C to + 125'C 

ELECTRICAL CHARACTERISTICS v+ = 15V, v- = -15V, GND = ov, TA = 25'C 

DG300A-DG303AA DG300A-DG303AB/C 
Symbol Parameter Test Conditions Typ Typ Units 

Min (Note 2) Max Min (Note 2) Max 

jsWITCH 

~ANALOG Analog Signal Range Is= 10 mA, V1N = O.BVor 4V -15 15 -15 15 v 

Ros(on) Drain-Source Is= -10 mA, 30 50 30 50 ON Resistance Vo= 10V 
n 

Is= 10mA, 30 50 30 50 
Vo= -10V 

ls(off) Source OFF Vs= 14V, 0.1 1 0.1 5 
Leakage Current 

V1N = 0.BV 
Vo= -14V 

nA 
or Vs= -14V, -1 -0.1 -5 -0.1 

V1N = 4.0V Vo= 14V 

lo(off) Drain OFF Vs= -14V, 0.1 1 0.1 5 
Leakage Current Vo= 14V 

nA 
Vs= 14V, -1 -0.1 -5 -0.1 
Vo= -14V 

lo(on) Drain ON Vo= Vs= 14V 0.1 1 0.1 5 nA 
Leakage Current Vo= Vs= -14V -2 -0.1 -5 -0.1 

INPUT 

l1NH Input Current V1N = 5.0V -1 -0.001 -1 -0.001 
µA w/Voltage High V1N = 15V 0.001 1 0.001 1 

l1NL Input Current V1N = OV -1 -0.001 -1 -0.001 µA w/Voltage Low 

DYNAMIC 

on Turn-ON Time 
See Figure 5 

150 300 150 ns 

off Turn-OFF Time 130 250 130 ns 

on-Iott Break-Before-Make See Figure 4 DG301 A/303A 
50 50 

Interval 
ns 

~ Charge Injection CL = 1 µF, Rs = 0, Vs = 0 3 3 mV 

~o!Q Source OFF Capacitance f = 1 MHz, Vs= 0 14 14 pF 

Pl2l2!!l.. Drain OFF Capacitance V1N = 0.BV Vo= 0 14 14 pF 
or 

~O(on) + Cs(on) Channel ON Capacitance V1N = 4.0V Vs= v 0 = o 40 40 pF 

NOTE: All typical values have been ch8racterized but am not tested. 
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<C 
C') 

0 
C') 

DG300A/DG301A/DG302A/DG303A 

g ELECTRICAL CHARACTERISTICS v+ = 15V, v- = -15V, GND = OV, TA= 25°C (Continued) .... 
<C 
(II 
0 
C') 

g .... 
<C .. 
0 
C') 

g .... 
<C 
0 
0 
C') 

g 

DG300A-DG303AA DG300A-DG303AB/C 

Symbol Parameter Test Conditions Typ Typ 
Min 

(Note 2) 
Max Min 

(Note 2) 
Max 

DYNAMIC (Continued) 

C1N Input Capacitance 
I= 1 MHz lv1N = 0 6 6 

lv1N = 15V 7 7 

DIRR (Note 4) OFF Isolation V1N = 0, RL = 1k 62 62 

CCRR Crosstalk Vs= 1VRMS· I= 500 kHz 

(Channel to Channel) 
74 74 

SUPPLY 

1+ Positive Supply Current V1N = 4V (One Input) 0.23 0.5 0.23 0.5 

1- Negative Supply Current (All Others = O) -10 -0.001 -10 -0.001 

1+ Positive Supply Current 
v1N = o.av (All Inputs) 

0.001 10 0.001 10 

1- Negative Supply Current -10 -0.001 -10 -0.001 

TA = over operating temperature range 

DG300A-DG303AA DG300A-DG303AB/C 
Symbol Parameter Test Conditions Typ Typ 

Min 
(Note 2) 

Max Min (Note2) Max 

JsWITCH 

~NALOG Analog Signal Range Is= 10 mA, V1N = 0.8Vor4V -15 15 -15 15 

Ros( on) Drain-Source Is= -10 mA, Vo= 10V 75 75 
ON Resistance Is= 10 mA, Vo= -10V 75 75 

ls( off) Source OFF Vs= 14V, Vo= -14V 100 100 
Leakage Current v 1N = o.av 

or 
Vs= -14V, Vo= 14V -100 -100 

lo(off) Drain OFF V1N = 4.0V Vs= -14V, Vo= 14V 100 100 
Leakage Current Vs= 14V, Vo= -14V -100 -100 

lo(on) Drain ON Vo= Vs= 14V 100 100 
Leakage Current Vo=Vs= -14V -200 -200 

INPUT 

l1NH Input Current V1N = 5.0V -1 
w/Voltage High V1N = 15V 1 

l1NL Input Current V1N = OV -1 
w/Voltage Low 

~UPPLY 
1+ Positive Supply Current V1N = 4V (One Input) 1 

1- Negative Supply Current (All Others = 0) -100 

1+ Positive Supply Current 
v 1N = o.av (All Inputs) 

100 

1- Negative Supply Current -100 

NOTE 1: Signals- on v5, v0, or ViN exceeding v+ or v- will be clamped by internal diodes. Limit diode forward current tO maximum current ratings. 

2: For design only, not 100% tested. 

Units 

pF 

dB 

mA 

µA 

µA 

µA 

Unit~ 

v 

n 

nA 

nA 

nA 

µA 

µA 

mA 

µA 

µA 

µA 

3: The algebraic convention whereby the most negative value is a minimum, and the most positive value is a maximum, is used in this data sheet. 

4: OFF isolation = 20 log Vs/Vo, where Vs = input to OFF switch, and Vo = output. 

NOTE: All typical va/INIS have been characterized but are not lasted. 
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DG300A/DG301A/DG302A/DG303A 

SWITCHING INFORMATION 

Dx 
Vo 

= Vs I CL =10,000pF 

.l INx 

0091-10 
l!i Vo .6. Measured Voltage Error Due to Charge Injection. 

The Error Voltage in Coulombs is il.Q = CL x ii. Vo. 

Figure 3: Charge Injection Test Circuit 

VINH LOGIC "t" =SWITCH ON 

~OPG~~ ov ___J.so% \: ... ___ _ 

Yst 
SWITCH ~ 

OUTPUT ;ot~~ taaM ~ 

SWITCH V~~ ~50% ,--

OUTPUT OV ""· -------'· 

+15V 
V+ 

I 

0091-12 

SWITCH 
OUTPUT 

Yo1 

..._-L_,.,:._._ _ _J._.__..L-_,., Yoz 

---.. 

v
-15V 

Figure 4: Break-Before-Make Switching Test SPOT (DG301A, DG303A) 

+15V 
V+ 

LOGIC 
INPUT 

t,<20ns OV 
tt<20 ns 

LOGIC "1" =SWITCH ON 

Vs~---i----------4--------

SWITCH 
OUTPUT OV ___ _, 90% 10% 

toN torr 
0091-14 

LOGIC 
OUTPUT 

s 

Figure 5: t 0 n and toff Switching Test 

NOTE: All typical values have been characterized but are not tested. 
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gm HARRIS 
C') \llJ SEMICONDUCTOR 

DG308A/DG309 
Quad Monolithic SPST CMOS 

Analog Switches 
g .... 
ci: co 
0 
C? 
c:J 
Cl 

GENERAL DESCRIPTION 
The DG308A/DG309 quad monolithic SPST CMOS 

switches are latch-proof and are designed to block signals 
up to 30 volts peak-to-peak when OFF. Featuring low ON 
resistance, low power consumption, and rail-to-rail analog 
signal range, these switches are ideally suited for high 
speed switching applications in communications, instrumen
tation and process control. The DG308A "normally-closed" 
and DG309 "normally.-open" switches have single and dual 
supply capability. The input thresholds are CMOS compati
ble. 

The DG308A/DG309 switches are available over com
mercial, industrial, and military temperature ranges. 

ORDERING INFORMATION 

FEATURES 
• Low Power Consumption 

• CMOS Compatible 
• ± 15V Analog Signal Range 

• Single or Dual Supply Capability 
• Alternate Source 

Part Number Temperature Range Package 

IN1 

INz 

IN3 

IN4 

DG308AAK/309AK 

DG308ABK/309BK 

DG308ACK/309CK 

DG308ACJ/309ACJ 

DG308ACY /309CY 

DG308A DG309 

s, 
IN1 

D, 

Sz 

INz 

Dz 

S3 

IN3 

D3 

S4 

IN4 

D4 

0110-1 

Four SPST Switches Per Package 

Truth Table 

Logic DG308A DG309 

0 

1 

OFF 

ON 

Logic "O" ,; 3.5V 
Logic"1" ~ 11V 

Switches Shown for Logic "1" Input 

Figure 1: Functional Diagrams 

ON 

OFF 

- 55'C to + 125'C 

- 25'C to + 85'C 

O'Cto +70'C 

O'C to +70'C 

O'Cto +70'C 

s, 

Di 

Sz 

Dz 

S3 

D3 

S4 

D4 

0110-2 

16-Pin CERDIP 

16-Pin CERDIP 

16-Pin CERDIP 

16-Pin Plastic DIP 

16-PinSOIC 

16 LEAD DIP 
16 LEAD SOIC 

TOP VIEW 

INz 

Dz 

Sz 

V+ (Substrate) 

NC 

S3 

D3 

IN3 

Figure 2: Pin Configuration 
0110-3 

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. 307035-003 
NOTE: All typical vafues have been characterized but are not tested. 7-32 



DG308A/DG309 

ABSOLUTE MAXIMUM RATINGS 
v+ tov- ......................................... 44V Storage Temperature 
v- to Ground ................................... -25V C Suffix ........................... -65"C to+ 125"C 

A & B Suffix ........................ -65"C to+ 150°C 

OI 
0 
C') 

c:J 
a c co 
0 
C') Vin to Ground (Note 1) ............ (V- - 2V), (V+ + 2V) 

Vs or Voto v+ (Note 1) .................. +2, (V- - 2V) Lead Temperature (Soldering, 10 sec) .............. 300"C g 
Power Dissipation• Vs or Vo to v-(Note 1) .................. -2, (V+ + 2V) 

Current, Any Terminal Except Sor D ............... 30 mA 
Continuous Current, S or D ....................... 20 mA 
Peak Current, S or D 

(Pulsed at 1 ms, 10% duty cycle max) ............ 70 mA 
Operating Temperature 

c Suffix ............................... o·c to + 70"C 
B Suffix ............................ -25"C to + 85"C 
A Suffix ........................... -55°C to + 125°C 

CERDIP Package•• .......................... 900 mW 
Plastic Package••• .......................... 470 mW 
•oevice mounted with all leads soldered or welded to PC board. 

••oerate 12 mW/°C above 75"C 
•noerate 6.5 mW/°C above 25°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 operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended pen._ 
ads may affect device reliability. 

ELECTRICAL CHARACTERISTICS v+ = 1sv, v- = -1sv, GND = ov, TA= 2s·c 

Symbol Parameter Test Conditions 
DG308AA, DG309A DG308AB/C,DG309B/C 

Units 
Min Typ(Note 2) Max Min Typ(Note2) Max 

SWITCH 

VANALOG Analog Signal Range -15 15 -15 15 v 

Ros(on) Drain-Source ON 
V;n ~ 11V 

Is~ r1 mA, Vo= -10V 60 100 60 100 
Resistance 

!I 
(DG308A) Is~ 1 mA,Vo = -10V 60 100 60 100 

-·-~ 

lo(on) Drain ON V;n ~ 3.5V Vo= Vs= 14V 0.1 1 0.1 5 
nil 

. Leakage Current (DG309) Vo= Vs~ -14V -2 -0.1 -5 --0.1 

ls(ofO Source OFF 
V;n = 3.5V 

Vs~ 14V, Vo~ -14V 0.1 1 0.1 5 
nA 

Leakage Current (DG308A) Vs= -14V, Vo= 14V -1 -0.1 -5 -0.1 

lo(ofij Drain OFF V;n ~ 11V Vs~ -14V, Vo~ 14V 0.1 1 0.1 5 
nA 

Leakage Current (DG309) 
Vs~ 14V, v0 ~ -14v- -1 -0.1 -5 -0.1 

INPUT 

l1NH Input Current V;n ~ 15V 
0.001 1 0.001 1 µA 

w/ Voltage High 

l1NL Input Current.. V;n ~ OV 
-1 -0.001 -1 -0.001 µA 

w/Voltage Low 

DYNAMIC 

Ion Turn·ON Time 
See Figure4 

130 200 130 200 ns 

1011 Turn-OFF Time 90 150 90 150 ns 

Q Charge Injection CL = 1 µF, Rs = 0, Vs = 0 -10 -10 pC 

Cs(ofij Source OFF Vs~ 0 
Capacitance V;n ~ ·av (DG308A 11 11 pF 

V;n = 15V (DG309) 

Co(off) Drain OFF 
f ~ 140 kHz 

Vo~ 0 
Capacitance V;n = OV (DG308A) 8 8 pF 

V;n ~ 15V (DG309) 

Co(on) + Cs(on) Channel ON Vs= Vo= o 
Capacitance V;n ~ 15V (DG308A) 27 27 pF 

V;n = OV (DG309) 

OIRR (Note 4) OFF Isolation V;n = OV (DG30BA) 
V;n ~ 15V (DG309) 78 78 dB 
ZL = 75!1, Vs = 2Vp-p f = 500 kHz 

NOTE: All typical values have been characterized but are not tested. 
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OI 
0 
Cl) 

DG308A/DG309 

8 ELECTRICAL CHARACTERISTICS c v+ = 15V, v- = -15V, GND = OV, TA= 25"C 

CD 
0 
Cl) 

8 
DG308AA, DG309A DG308AB/C, DG309B/C 

Symbol Parameter Test Conditions l Typ J l Typ J Min (Note 2) Max Min 
(Note 2) 

Max 

SUPPLY 

1+ Positive Supply Current All Channels "ON" or "OFF'' J 0.001 J 10 J 0.001 J 100 

1- Negative Supply Current V;n = OV or l SV -10 I -o.001J -100 I -o.001J 

TA = over operating temperature range 

DG308AA, DG309A DG308AB/C, DG309B/C 
Symbol Parameter Test Conditions Typ Typ 

Min 
(Note 2) 

Max Min 
(Note2) 

Max 

SWITCH 

VANALOG Analog Signal Range -15 15 -15 15 

Ros( on) Drain-Source ON 
V;n = 11V 

Is= -1 mA, Vo= 10V 150 125 
Resistance 

(DG30BA) Is= 1 mA, Vo= -10V 150 125 

lo( on) Drain ON Vin= 3.5V Vo= Vs= 14V 100 200 
Leakage Current (DG309) Vo=Vs= -14V -200 -200 

ls(off) Source OFF 
V;n = 3.5V 

Vs= 14V, Vo= -14V 100 100 
Loakage Currell! 

(DG30BA) Vs= -14V, Vo= 14V -100 -100 

lo(off) Drain OFF V;n = 11V Vs= -14V, Vo= 14V 100 100 
Leakage Current (DG309) 

Vs= 14V, Vo= -14V -100 -100 

INPUT 

l1NH Input Current V;n = 15V 
1 1 

w/ Voltage High 

l1NL Input Current V;n = OV -1 -1 
w/Voltage Low 

SUPPLY 

1+ Positive Supply Current V;n = OVor 15V 100 100 

1- Negative Supply Current -100 -100 

NOTES 1: Signals on Vg, Vo or Vin exceeding v+ or v- will be clamped by internal-ctiodes. Limit diode forward current to maximum current ratings. 

2: Typical. value_s,are for design aid only, not guaranteed and not subject to production testing. 

Units 

µA 

µA 

Units 

v 

.n 

nA 

nA 

nA 

µA 

µA 

µA 

µA 

3: The algebraic convention whereby the most negative value is a minimum, and the-mos1 positive_value is a maximum, is used in this data sheet. 

4: OFF isolation = 20 log Vo/Vs. where Vs = input to OFF switch. and Vo = output. 

SWITCHING INFORMATION 

V+ 
+15V . LOGIC INPUT 

t,< 20 ns 
tf<Wns 

LOGIC "1 " = SWITCH ON (Invert for DG309) 

Vs=3V 

GND v
-15V 

SWITCH INPUT ________ _ 

SWITCH 
OUTPUT 

RL 
Vo=Vs RL+ros(on) VINH=15V 

0110-4 VINL = DV 

Figure 3: t00 and t0 u Switching Test 

NOTE: All typical values have been characterized but are not tested. 
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DG308A/DG309 

0110-6 

Figure 4: DG308A Schematic Diagram (One Channel) 

NOTE All typical values have been characterized but are not "tested. 
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mHARRIS ffl-200 
Dual SPST CMOS Analog Switch 

Features Description 
• Analog Voltage Range ........................ ±15V Hl-200 is a monolithic device comprising two independent

ly selectable SPST switches which feature fast switching 
speeds (240ns) combined with low power dissipation 
(15mW at +250C). Each switch provides low "ON" 
resistance operation for input signal voltages up to the 
supply rails and for signal currents up to 80mA. Employing 
Dielectric Isolation and CMOS processing, Hl-200 
operates without any applications problems induced by 
latch-up or SCR mode phenomena. 

• Analog Current Range .. .. . .. . . .. .. . . . . . . . • .. 80mA 

• Turn-On Time ............................... 240ns 

• Low RoN ..................................... 550 

• Low Power Dissipation ...................... 15mW 

• TTL/CMOS Compatible 

Applications 
• High Frequency Analog Switching 

All devices provide break-before-make switching and are 
TTL and CMOS compatible for maximum application versa
tility. Hl-200 is an ideal component for use in high frequen
cy analog switching. Typical applications include signal 
path switching, sample and hold circuit, digital filters, and 
op amp gain switching networks. 

• Sample and Hold Circuits 

• Digital Filters 

• Operational Amplifier Gain Switching Networks Hl-200 is available in DIP and (T0-99) Metal Cans. 
Hl-200-2 is specified from -550C to +1250C while Hl-
200-5 operates from ooc to + 75oc. Hl:..200 is functionally 
and pin compatible with other available "200 series" 
switches. 

Pin outs 
TOP VIEWS 

Hl-200 DIP, SOIC 
TOP VIEW 

Az 

'~f" 
Al 

2 13 NC 

GND 3 12 

NC 4 : I 11 NC 

IN2 :~r>-·: IN1 

OUT2 OUTl 

VAEF 

Ordering Information 

Hl2-0200 
TOP VIEW 

OUTZ 

CASE TIED TO V-

Functional Diagram 

SWITCH OPEN 
FOR LOGIC HIGH 

PART NUMBER TEMPERATURE RANGE PACKAGE 

Hl2-0200-5 
Hl1-0200-5 
H12-0200-4 
H13-0200-5 
Hl2-0200-7 
Hl1-0200-7 
Hl1-0200-2 
Hl1-0200-4 
H12-0200-2 

o0cto+7s0c 
Q0Cto+750C 

-2soc to +ssoc 
Q0Cto+750C 

OOC to+ 75oc + 96 Hr. Burn-In 
OOC to+ 75oc + 96 Hr. Burn-In 

-ssocto+12soc 
-2soc to +ssoc 

-ssoc to +12soc 

10-Pln Metal Can 
14·Pln CERDIP 

10-Pln Metal Can 
14-Pln Plastic DIP 
10-Pln Metal Can 
14-Pln CERDIP 
14-Pln CERDIP 
14·Pln CERDIP 

10-Pln Metal Can 

CAUTION: These devices are sensitive to eleclroatatic discharge. ProPOI' l.C. handling prccedures should be followed. 
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Specifications H/-200 

Absolute Maximum Ratings 

Supply Voltage .................................... 44V (±22) 
VREftO Ground ..........•........................ +20V, -5V 
Digital Input Voltage .......................... +VsuPPL y +4V 

-VsuPPL y -4V 
Analog Input Voltage (One Switch) ............ +VsuPPLY +2.0V 

-VsuPPL y -2.0V 
Total Power Dissipation* ............................. 450mW 

Operating Temperature Range 

Hl-200-2 .................................. -550C to +1250C 
Hl-200-4 ................................... -25oc to +850C 
Hl-200-5 ...................................... ooc to +750C 
Storage Temperature ........................ -650C to+ 15ooc 

*Derate 6mW/OC Above TA = +750C 

Electrical Specifications Unless Otherwise Specified: Supplies = +15V, -15V; VREF = Open; VAH (Logic Level High) = 2.4V, 

VAL (Logic Level Low) = +a.av 

Hl-200-2 Hl-200-5** 
-55DC to +125DC ooc10+15oc 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

ANALOG SWITCH CHARACTERISTICS 

Vs. Analog Signal Range Full -15 - +15 -15 - +15 v 

RON· On Resistance (Note 1) +25°C - 55 70 - 55 80 n 
Full - 80 100 - 72 100 n 

IS(OFFJ• Off Input Leakage Current (Note 6) +250C - 1 5 - 1 50 nA 

Full - 100 500 - 10 500 nA 

ID(OFF)• Off Output Leakage Current (Note 6) +250C - 1 5 - 1 50 nA 

Full - 100 500 - 10 500 nA 

ID(ON)• On Leakage Current (Note 6) +250C - 1 5 - 1 50 nA 

Full - 100 500 - 10 500 nA 

DIGIT AL INPUT CHARACTERISTICS 

VAL• Input Low Threshold Full - - 0.8 - - 0.8 v 

V AH· Input High Threshold Full 2.4 - - 2.4 - - v 

IA, Input Leakage Current (High or Low) (Note 2) Full - - 1.0 - - 1.0 µA 

SWITCHING CHARACTERISTICS 

toPEN• Break-Before Make Delay (Note 3) +250C - 60 - - 60 - ns 

ION• Switch On Time +25°C - 240 500 - 240 - ns 

tofF, Switch Off Time +250C - 330 500 - 500 - ns 

"Off Isolation" (Note 4) +250C - 70 - - 70 - dB 

CS(OFF). Input Switch Capacitance +250C - 5.5 - - 5.5 - pf 

CD(OFFJ•} Output Switch Capacitance 
+25oc - 5.5 - - 5.5 - pf 

CD(ON). +250C - 11 - - 11 - pf 

CA. Digital Input Capacitance +250C - 5 - - 5 - pf 

CDS(OFFJ. Drain-To-Source Capacitance +250C - 0.5 - - 0.5 - pf 

POWER REQUIREMENTS (Note 5) 

Po, Power Dissipation +25oc - 15 - - 15 - mW 

Full - - 60 - - 60 mW 

1+,current +250C - 0.5 - - 0.5 - mA 

Full - - 2.0 - - 2.0 mA 

1-, Current +250C - 0.5 - - 0.5 - mA 

Full - - 2.0 - - 2.0 mA 

NOTES: 
1. VouT = ±10V, louT = 1mA 4. VA= sv, AL= 1kn, CL= 10pF, Vs= 3VRMS• f = 100kHz. 
2. Digital Inputs are MOS gates - Typical Leakage is Less Than 1 nA. 5. VA = +3V or VA = OV for Both Switches. 

3. V AH = 4.0V. 6. Refer to Leakage Current Measurement Diagram on Page 3-8. 

**NOTE: Hl-200-4 Has Same Specifications as Hl-200-5 Over the Temperature Range -2ooc to +asoc. 
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0 
~ Schematic Diagrams 
..!., TTL/CMOS REFERENCE CIRCUIT 
:J: V-REFCELL 

DIGITAL INPUT BUFFER 
AND LEVEL SHIFTER 

20on 

ALL N-CHANNEL BODIES TO V

ALL P-CHANNEL BODIES TO V+ 

EXCEPT AS SHOWN. 

H/-200 

SWITCH CELL 

OUTPUT 

V> 

V-
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Hl-200 

Performance Characteristics and Test Circuits 
Unless Otherwise Specified: TA = +25°C, VsUPPLY = ±15V, VAH = 2.4V, VAL = o.av and VREF = Open 

80 

70 

0 

~ 5 a 

4 0 -j 
6 

30 

-50 

ON RESISTANCE vs. ANALOG SIGNAL LEVEL, 
SUPPLY VOLTAGE AND TEMPERATURE 

lmA 

v, 

IN OUT 

Hl-200 

ON RESISTANCE vs. TEMPERATURE 

-25 +25 +50 +75 

Ambient Temperature - oc 

(Hl-200) 
ON RESISTANCE vs. ANALOG ·SIGNAL LEVEL 

AND POWER SUPPLY VOLTAGE 

+100 +125 

~~5~~'---~_~10'---~--'-~~_5'---~--'-~--'~~--'-~--'+5~~--'-~-+~10~~--'-~-;0+l5 
Analog Signal level - Vohs 
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Hl-200 

0 
~ Performance Characteristics and Test Circuits (Continued) 

..!., SWITCH LEAKAGE CURRENT vs. TEMPERATURE 
:C (Hl-200) 

OFF LEAKAGE CURRENT vs. 
100.-------r------.,.-----,----..,...-~ TEMPERATURE 

L v z ±.14V-=-

's(OFFJfla101;;7 

101------+----~~~---1------+---+ 
-r 

L L 
L L 

IOlZ': 
z 

Temperature 

SWITCH CURRENT vs: VOLTAGE 

90.-----.,.-----,---~---~--..----,----, 

BO f----t---+----+--+---+--::_"Fl--1'------l _...,r 
1of----+----+----+---~.,c.--1----+----l 

~ sot---;------t----t--,7"--t----+----t----1 

! sot----!-----+----,A~---t----+----t----1 
Lor-----+-----t17--Z---t---+-+-----+----t 
i 30t---;---~...Ll,,,,_t----!-----t-----t----!t-----i 

20 ,_____,..,,../_-+----+-----+---+---+----+ 
10 _,Lj 
olL" 

±1 ±2 ±3 ±5 ±6 ±1 

Voltage Across Switch - Volts 
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.I. 

ON LEAKAGE CURRENT vs. 
TEMPERATURE 

IN 

OUT 

Hl-200 

A lo (ONI 

...=- ±14V 

.I. 

SWITCH CURRENT vs. 
VOLTAGE 



Hl-200 

Performance Characteristics and Test Circuits (Continued) 

(Hl-200) 
SWITCH TIME vs. TTL LOGIC LEVEL 

500 ---------~------

:\.. r-+. BREAK-BEFORE-MAKE 

300 f---+--+'~_..rt--H--+-+--+--+--+---1 

'h L2.L -
""'1--

200 r 2 :--::-:e--+-tt---t-==t--i-=t=t::j 
MAKE-BEFORE~....___ 

f-- OREAK--+--+--+-+--+-H---4 

100 f---+--+---<--+--+--+-.._-+--+---4 

TTL Logic Level (VAHI - Volts 

Switching Waveforms 

DIGITAL VA= 4.0V 

INPUT 

toN. toFF (TTL INPUT) 
VAH = +4.0V 

w 

50% 

--IQN 

TOP: ITL Input VERTICAL: 2V/Div. 
BOITOM: Output HORIZONTAL: 200ns/Div. 

50% 
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ON/OFF SWITCH TIME vs. LOGIC LEVEL 

\ 

toN. toFF (CMOS INPUT) 
VREF =OPEN, VAH = +15V 

IT 

' 
{ 
u ~ 

IN 

OUT 

35pF 

TOP: CMOS Input VERTICAL: SV/Div. 
BOITOM: Output HORIZONTAL: 200ns/Div. 
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EllHARRIS ffl-201 
September 1991 Quad SPST CMOS Analog Switch 

Features Description 
• Analog Voltage Range ••••••.••••••••••••••••• ±1 SV Hl-201 ls a monolithic device comprising four independent· 

ly selectable SPST switches which feature fast switching 
speeds (185ns) combined with low power dissipation 
(15mW at +250C). Each switch provides low "ON" 
resistance operation for input signal voltages up to the 
supply rails and for signal currents up to 80mA. Employing 
Dielectric Isolation and CMOS processing, Hl-201 
operates without any applications problems induced by 
latch-up or SCR mode phenomena. 

• Analog Current Range • • • • • • • • • . • • . • • • • • • • • • • 80mA 

• Turn-OnTlme •••••.••••••••••••.•••••••••••• 185ns 

• Low RoN .••••••••.••••••••••••••••••••••••.•• ssn 
• Low Power Dissipation •••••.••••••••.••••••• 1 SmW 

• TTL/CMOS Compatible 

Applications 
• High Frequency Analog Switching 

• Sample and Hold Circuits 

• Digital Filters 

All devices provide break-before-make switching and are 
TTL and CMOS compatible for maximum application versa· 
tility. Hl-201 ls an ideal component for use In high frequen· 
cy analog switching. Typical applications Include signal 
path switching, sample and hold circuit, digital filters, and 
op amp gain switching networks. 

• Operational Amplifier Gain Switching Networks Hl-201 is available in a 16 lead Dual-In-Line package. 
Hl-201-2 is specified from -ssoc to +1250C while Hl-
201-5 operates from ooc to +750C. Hl-201 is functionally 
and pin compatible with other available "200 series" 
switches. 

Pin outs Hl1-201-X 
16 PIN DIP 
TOP VIEW 

Ordering Information 

IN2 

v+ 

VREF 

IN3 

OUT3 

Hl-201 
20 PIN PLCC, LCC 

TOP VIEW 

o o~ z ~ 

~~~~~~~~~~~~~~~~~~~~--,.--~~~~~~~-. 

PART NUMBER 

Hl1-0201-7 
Hll-0201-5 
Hl1-0201-4 
Hl4P0201-5 
H19P0201-5 
Hl9P0201-9 
Hl1-0201-2 
Hl3-0201-5 

TEMPERATURE RANGE 

oocto+7soc +96 Hr. Burn-In 
oocto+750C 

-2soc to +asoc 
OOCto+750C 
ooc1o+1soc 

-400C to +asoc 
-ssoc to +1250C 

oocto+750C 

PACKAGE 

16-Pin Ceramic DIP 
16-Pin Ceramic DIP 
16-Pin Ceramic DIP 

20-Pin PLCC 
16-Pin SOIC 
16-PinSOIC 

16-Pin Ceramic DIP 
16-Pin Plastic DIP 

CAUTION: These devices are sensitive to electrostatic discharge. Proper l.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications H/-201 

Absolute Maximum Ratings 

Supply Voltage Between Pins 4 and 13 ............... 44V (±22) 
VREF to Ground ................................... +20V, -5V 
Digital Input Voltage .......................... +VsuPPLY +4V 

-VsuPPL y -4V 
Analog Input Voltage (One Switch) ............ +VsuPPLY +2.0V 

-VsuPPLY -2.0V 
Analog Current - Continuous, Peak ............... 30mA, 80mA 
Total Dissipation* .................................... 750mW 

Operating Temperature Range 

Hl-201-2 .................................. -550C to +1250C 
Hl-201-4.. . . .. . . . . .. . . .. . .. . .. . . . .. . . . .. . . . -2soc to +asoc 
Hl-201-5 ...................................... ooc to + 75oc 
Storage Temperature ........................ -6soc to +15ooc 

*Derate 8mW/OC Above TA= +750C 

Electrical Specifications Unless Otherwise Specified: Supplies= +15V, -15V; VREF =Open; VAH (Logic Level High)= 2.4V, 
VAL (Logic Level Low) = +a.av 
For Test Conditions Consult Peformance Characteristics 

Hl-201-2 Hl-201-5** 
-ssoc10+12soc oocto+750C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

ANALOG SWITCH CHARACTERISTICS 

Vs, Analog Signal Range Full -15 - +15 -15 - +15 v 
RoN. On Resistance (Note 1) +250C - 55 70 - 55 80 n 

Full - 80 100 - 75 100 n 
IS(OFF)• Off Input Leakage Current (Note 6) +250C - 2 5 - 2 50 nA 

Full - - 500 - - 250 nA 
ID(OFF)> Off Output Leakage Current (Note 6) +25oc - 2 5 - 2 50 nA 

Full - 35 500 - 35 250 nl\ 

lo(ON). On Leakage Current (Note 6) +250C - 2 5 - 2 50 111\ 

Full - - 500 - - 250 nl\ 

DIGITAL INPUT CHARACTERISTICS 

VAL· Input Low Threshold Full - - 0.8 - - 0.8 v 
V AH· Input High Threshold Full 2.4 - - 2.4 - - v 

IA, Input Leakage Current (High or Low) (Note 2) Full - - 1.0 - - 1.0 µA 

SWITCHING CHARACTERISTICS 

toPEN· Break-Before Make Delay (Note 3) +25oc - 30 - - 30 - ns 

ION• Switch On Time +250C - 185 500 - 185 - ns 

Full - 1000 - - 1000 - ns 

toff, Switch Off Time +250C - 220 500 - 220 - ns 

Full - 1000 - - 1000 - ns 
"Off Isolation" (Note 4) +250C - 80 - - 80 - dB 

Cs(OFF)> Input Switch Capacitance +25oc - 5.5 - - 5.5 - pF 

Co(OFF)·} Output Switch Capacitance 
+250C - 5.5 - - 5.5 - pF 

Co(ON)> +25oc - 11 - - 11 - pF 

CA, Digital Input Capacitance +25oc - 5 - - 5 - pF 

Cos(OFF)• Drain-To-Source Capacitance +25oc - 0.5 - - 0.5 - pF 

POWER REQUIREMENTS (Note 5) 

Po, Power Dissipation +250C - 15 - - 15 - mW 

Full - - 60 - - 60 mW 

1+, Current (Pin 13) +250C - 0.5 - - 0.5 - mA 

Full - - 2.0 - - 2.0 mA 

1-, Current (Pin 4) +25oc - 0.5 - - 0.5 - mA 

Full - - 2.0 - - 2.0 mA 

NOTES: 

1. VouT = ±1DV, iouT = 1mA 4. VA= 5V, RL = 1k0, CL= 10pF, Vs= 3VRMS· f = 100kHz. 
2. Digital Inputs are MOS gates - Typical Leakage is Less Than 1 nA. 5. VA = +3V or VA = OV for All Switches, 

3. V AH = 4.0V. 6. Refer to Leakage Current Measurement Diagram on Page 3-8. 

**NOTE: Hl-201-4 Has Same Specifications as Hl-201-5 Over the Temperature Range -2soc to +asoc. 
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Schematic Diagrams 
TTL/CMOS REFERENCE CIRCUIT 

V-REF CELL 

DIGITAL INPUT BUFFER 
AND LEVEL SHIFTER 

20011 

ALL N-CHANNEL BODIES TO V
ALL P-CHANNEL BODIES TO V+ 
EXCEPT AS SHOWN. 

Functional Diagram 

V+ 

V-

TYPICAL SWITCH 

Hl-201 

SWITCH CELL 

OUTPUT 

----+---+-• A' 

'--+--+--+-+--+A' 

IN 

OUT 
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Hl-201 

Performance Characteristics and Test Circuits 
Unless Otherwise Specified: TA = +25°C, VsuPPL y = ±15V, VAH = 2.4V, VAL = o.av and VREF = Open 

80 

70 

60 

i 50 0 
I 

"' ~ ;; 40 

·~ 30 
a: 

"' 0 20 

10 

E 
-" 
0 

"' ~ ;; 
·~ 
a: 

"' 0 

ON RESISTANCE vs. ANALOG SIGNAL. LEVEL, ... 
SUPPLY VOLTAGE AND TEMPERATURE 

lmA 

V2 

IN OUT 

.. :!:VtN Hl-201 

ON RESISTANCE vs. TEMPERATURE 

... 

50 

-50 -25 +25 +50 +75 

Ambient Temperature - oc 

(Hl-201) 
ON RESISTANCE vs. ANALOG SIGNAL LEVEL 

AND POWER SUPPLY VOLTAGE 

v 

+100 

V•·•IOV Lv Y t--t--t-,.,..=---"" ..... i----r V-·-IOV ;i.' v ....... v ••• ,,v 
,.... r-1--.;--+-_:.,..._ I ,,,- V-··1!'.,v 

V+ = +12.5V t---J=.-'f~::__+~,P...-.....-"'-J'---j 
r--r-r--f::+!V-~·-~12~.5V!..j::::::f..-~ 

~,,~ -~--,_,70-~--,_,~~--c'c--~~.,~~-."""10~~-• .,,,, 

Analog Signal Level - Volts 
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Hl-201 
T"" 

~ Performance Characteristics and Test Circuits (Continued) 

..!. SWITCH LEAKAGE CURRENT vs. TEMPERATURE 
J: (Hl-201) 

100 
L' -z-

OFF LEAKAGE CURRENT vs. 
TEMPERATURE 

T-v 
L 

10 

lg(Off)/1010~ 

+14V-=... 

.I. 
-=...'±.14V 

.I. 

-z-z 
~ L 1 

/ L-! v 

~ z u 

1.0 

1 0~ 

ON LEAKAGE CURRENT vs. 
TEMPERATURE 

Hl-201 

IN 

OUT 

IL 

A lotDNI 

-=... ±14V' 

.I. 

o.1~L~~~ 
+25°c +so0 c +1s 0 c +100°c +125°C 

Temperature 

SWITCH CURRENT vs. VOLTAGE 

90 
SWITCH CURRENT vs. 

VOLTAGE 

80 
IN OUT 

70 

Hl-201 
<i 60 
E ]7' 
E 

50 

~ 40 
u 
.c 

30 ~ 
'ii 
en 20 

10 

z 
o~ 
0 ±1 ±2 ±3 ±4 ±5 ±6 ±7 

Voltage Across Switch - Volts 
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Switching Waveforms 

DIGITAL 
INPUT 

H/-201 

LOGIC "0" = SWITCH ON 

VAH =4.0V 

5~ VAL~ ov' .Jo% 

1-- 10FF--

90% 
SWITCH 
OUTPUT __ o_v _____ ..J ~ 

ION• toFF (TTL INPUT) 
V1N = +4.0V 

toN• toFF (CMOS INPUT) 
VREF =OPEN, V1N = +15V 

I I\ 

TOP: TTL Input VERTICAL: 2V/Div. TOP: CMOS Input VERTICAL: 5V/Div. 
BOTTOM: Output HORIZONTAL: 100ns/Div. BOTTOM: Output HORIZONTAL: 100ns/Div. 

OFF ISOLATION vs. FREQUENCY 

'"H~·IHlH-++HfHll--+Hfll!H-+l+Hffll 

lOOH-+tlttttt--t'f'f<!Hll--+Hfll!H-+1-tttttli 
~ 

~ so\--1 AL ~ 1kn --t'l"Hl:tttt--t-Htl'lttl 
~ 
~ aoH-++fll!l!-++HfHll--+Hfll!H--A~ 

O •oH-++fll!l!-++HfHll--+Hfll!H-+l+Hffll 

20H-++fll!l!-++HfHll--+Hfll!H-+l+Hffll 

• I u il :.rr 
100Hr lkHt lOkHz 100kHz 1MHt 

FREQUENCY - Ht 

For More Information See Application Notes 520, 521, 531, 532 and 557 in Section 10 of Data Book. 
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Features 
• Fast Switching Times ••.•..••.••.•.•••.. ION= 30ns 

IOFF = 40ns 

• Low "ON" Resistance •.••..•.••.•...•..•...... 300 

• Pin Compatible with Standard Hl-201 

• Wide Analog Voltage Range {±1 SV Supplies) .. ±1 SV 

• Low Charge Injection (±1 SV Supplies) .•..•...• 10pC 

• TTL Compatible 

• Symmetrical Switching Analog 
Current Range ••••••.....•..•....•...•..•... 80mA 

Applications 
• High Speed Multiplexing 

• High Frequency Analog Switching 

• Sample and Hold Circuits 

• Digital Filters 

• Operational Amplifier Gain Switching Networks 

• Integrator Reset Circuits 

Pin outs 

Hl-201HS 

Description 

High Speed Quad SPST 
CMOS Analog Switch 

The Hl-201 HS is a monolithic CMOS Analog Switch 
featuring very fast switching speeds and low ON resistance. 
This integrated circuit consists of four independently 
selectable SPST switches and is pin compatible with the 
industry standard Hl-201 switch. 

Fabricated using silicon-gate technology and the Harris 
Dielectric Isolation process, this TTL compatible device 
offers improved performance over previously available 
CMOS analog switches. Featuring maximum switching 
times of 50ns, low ON resistance of 500 maximum, and a 
wide analog signal range, the Hl-201 HS is designed for any 
application where improved switching performance, 
particularly switching speed, is required. (A more detailed 
discussion on the design and application of the Hl-201 HS 
can be found in Application Note 543). 

The Hl-201 HS is available in a 16 pin Ceramic DIP 
package. The Hl-201 HS-2 is specified over the 
temperature range from -ssoc to +12soc and the 
Hl-201 HS-5 version from ooc to + 75oc. Hl-201 HS-4 is 
also offered from -2soc to +asoc. 

Functional Diagram 
16 LEAD CERAMIC DIP 

TOP VIEW 
20 LEADLESS CERAMIC CHIP 

TOP VIEW 
v+ 

IN 1 

V· 

GND 

IN4 

TTL 
LOGIC 
INPUT 

LEVEL 
SHIFTER 

AND 
DRIVER 

INPUT 

OUTPUT 

v LOGIC SWITCH 

20 PLASTIC LEAD CERAMIC CHIP 

Ordering Information 

PART TEMP. 
NUMBER RANGE 

Hl1-0201HS-5 oocto+75oc 

Hl3-0201 HS-4 -25oc to +e5oc 

Hl1-0201 HS-2 -550C to+ 125oc 

Hl1-0201 HS-4 

Hl4P0201 HS-4 

Hl4P0201 HS-5 

Hl3-0201 HS-5 

Hl1-0201HS-7 

Hl4-0201 HS/883 

CAUTION: These devices are sensitive to electrostatic discharge. Proper l.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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-25oc to +e5oc 

-25oc to +e5oc 

ooc10+750C 

oocto+750C 

oocto+750C 

-550C to+ 1250C 

0 ON 

OFF 

PACKAGE 

16 Pin Ceramic DIP 

16 Pin Plastic DIP 

16 Pin Ceramic DIP 

16 Pin Ceramic DIP 

20 Pin PLCC 

20 Pin PLCC 
16 Pin Plastic DIP 

16 Pin Ceramic DIP 

20Pin LCC 



Specifications Hl-201 HS 

Absolute Maximum Ratings 
Supply Voltage (Between Pins 4 and 13) .................... 36V 
Digital Input Voltage (Pins 1, 8, 9, 16) ............ +VsuPPLY +4V 

-VsuPPL y -4V 
Analog Input Voltage (One Switch) ..•......... +VsUPPL y +2.0V 
Pins 2, 3, 6, 7, 10, 11, 14, 15 -VsuPPL v-2.0V 
Analog Current - Continuous Peak ................ 30mA, 80mA 
Total Power Dissipation (Note 2) ....................... 750mW 
Maximum Junction Temperature ................. __ .... +17SOC 

Operating Temperature Range. 
Hl-201 HS-2 ............................... -550C to +1250C 
Hl-201 HS-4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -25oc to +850C 
Hl-201 HS-5 ................................... ooc to + 75oc 
Storage Temperature ........................ -650C to +1500C 

Electrical Specifications Unless Otherwise Specified: Supplies= +15V, -15V; VAH (Logic Level High)= 3.0V, 
VAL (Logic Level Low) = +0.8V, GND = OV 

PARAMETER TEMP 

ANALOG SWITCH CHARACTERISTICS 

Vs, Analog Signal Range Full 
RoN. On Resistance (Note 3) +250C 

Full 

RoNMatch +250C 

IS(OFF)· Off Input Leakage Current +250C 

Full 
lo(OFF)• Off Output Leakage Current +250C 

Full 

lo(ON)• On Leakage Current +250C 

Full 

DIGITAL INPUT CHARACTERISTICS 

VAL· Input Low Threshold Full 
V AH· Input High Threshold +250C 

Full 
IAL· Input Leakage Current (Low) +250C 

Full 
IAH· Input Leakage Current (High) +250C 

Full 

SWITCHING CHARACTERISTICS 

toN. Switch On Time (Note 4) +250C 

toFFl, Switch Off Time (Note 4) +250C 

toFF2· Switch Off Time (Note 4) +250C 
Output Settling Time 0.1 % +250C 
"Off Isolation" (Note 5) +250C 
Crosstalk (Note 6) +25oc 
Charge Injection (Note 7) +250C 

Cs(OFF)· Input Switch Capacitance +250C 

Co(OFF)•} Output Switch Capacitance 
+250C 

Co(ON)• +250C 

CA, Digital Input Capacitance +250C 

Cos(OFF)• Drain-To-Source Capacitance +250C 

POWER REQUIREMENTS (Note 8) 

Po, Power Dissipation +250C 

Full 
1+, Current(Pin 13) +250C 

Full 
1-, Current (Pin 4) +250C 

Full 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, beyond 

which the serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 

2. Derate SmWJ<>C above TA= +15oc, Bja = 1oooc/W, Bjc = 32oc/W. 
3. VouT = ±10V, lour= 1 mA. 
4. RL = 1kn, CL= 35pF, V1N = +10V, VA= +3V. 

(See Switching Waveforms). 

Hl-201HS-2 Hl-201 HS-5/-4 

MIN TYP MAX MIN TYP MAX 

-15 - +15 -15 - +15 
- 30 50 - 30 50 
- - 75 - - 75 
- 3 - - 3 -
- 0.3 10 - 0.3 10 
- - 100 - - 50 
- 0.3 10 - 0.3 10 
- - 100 - - 50 
- 0.1 10 - 0.1 10 

- - 100 - - 50 

- - 0.8 - - 0.8 
2.0 - - 2.0 - -
2.4 - - 2.4 - -

- 200 - - 200 -
- - -500 - - -500 
- 20 - - 20 -

- - +40 - - +40 

- 30 50 - 30 50 
- 40 50 - 40 50 
- 150 - - 150 -
- 180 - - 180 -

- 72 - - 72 -
- 86 - - 86 -

- 10 - - 10 -
- 10 - - 10 -
- 10 - - 10 -
- 30 - - 30 -
- 18 - - 18 -
- 0.5 - - 0.5 -

- 120 - - 120 -
- - 240 - - 240 

- 4.5 - - 4.5 -
- - 10.0 - - 10.0 

- 3.5 - - 3.5 -
- - 6 - - 6 

5. v A = 3V, RL = 1 kn, CL = 1 OpF, V1N = 3VRMS· f = 1 OOkHz. 
6. VA= 3V, RL = 1kn, V1N = 3VRMSCf = 100kHz. 
7. CL= 1000pF, V1N =av, R1N =on, t!.Q =CL x ti.Vo. 
8. VA = 3V or VA = O for all switches. 
9.VA=4V. 
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Hl-201HS 

SWITCHING TEST CIRCUIT (toN, toFF1, toFF2) 

SWITCH 
INPUT 

V+ ""+15V 

13 

V1N = +10V 0-----+----0"'" 

LOGIC 
INPUT 

GND V-= -15V 

1K, 

SWITCH 
OUTPUT 

Vo= VtN RL =~ON 
Ct INCLUDES CFIXTURE + CPROBE 

Switching Waveforms 

DIGITAL VAH "" 3V 
INPUT 

SWITCH 
OUTPUT 

ov 

LOGIC "O" = SWITCH ON 

10N• 10ff(TTL INPUT) 
VAH = +3.0V 

---toFF2~ 

TOP: TTL Input (2V/Div.) 
BOTTOM: Output (5V/Div.) HORIZONTAL; 1 OOns/Div. 
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Typical Performance Curves 

80 

70 

160 
~ 50 

~ 
I;; 40 

iii 
~ 30 
0 

~ 20 

10 

"ON" RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND TEMPERATURE 

V+ .. +15V 
V-=-15V 

~ 
'"""' 

... 125oc ......-1 
~ t-- +25DC I--1 
"'--t-. _J,c ~ 

0 
-15 -10 -5 0 +5 

VIN - ANALOG INPUT (VOLTS! 

+10 +15 

1 
~ 
a: 
a: 
::> 

" i 

IS(OFF) OR ID(OFF) vs. TEMPERATURE* 

100.0 

! 10.0 ... 
ill 
a: 
a: 
::> 

" w 

~ .... 
' 

1.0 

.10 

.01 
25 

...., 
....}-1 

75 125 
T - TEMPERATURE (OC) 

SUPPLY CURRENT vs. TEMPERATURE 

I+ 

1-

~ 2f---f---f---f---f---f--~f----if----if--_, 

' 
± 

+V=+15V 
l--+---+---+----+--+---+--1--r-

T - TEMPERATURE (OC) 

"ON" RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 

~ •:l----+~-~--11"::---+---+/---+----I 

~ •• r--- ~ ---...:~;:_~.......... ---- ""'--
~ "-\... ----i---\!-I--r---i::.-----
z 30 A 
0 

A V+=+15V V-•-15V 

~ 20r--~ ~:::~~~ V-'" -12V--+---f----+----I 
V-=-10V 

0 V+=-+SV V-=-8V 

VIN -ANALOG INPUT (VOL TS) 

ID(ON) vs. TEMPERATURE* 

! 10.0 .. ·= .c°" 'c.:.c:I ... . - FF. -·-~ 

2 ·- -;....< w 
a: Ii".'.: a: JL ::> 1.0 " w 

"' .. 
~ " ~ .10[.....-I .... 

.! 

.01 
25 75 125 

T - TEMPERATURE (oC) 

LEAKAGE CURRENT vs. ANALOG INPUT VOLTAGE 

! 
' 

lZ 
w 
a: 
a: 
::> 

" w 

100 
80 

60 

40 
20 

0 

-20 

-40 
-60 

-80 

~ -100 
~ -120 
...I -140 

~ -160 

-180 

-200 

i..-
I--' 

IODN ~ I"" 
~ ~ 

...-I-" i..d"'" 
)- ISQFf/lo~b, ~ 

IZ 
I 

./ V+=+15V 
V-•-15V 
ISQFF-VD • OV 

10tJ.1si1 
-14-12-10-8 -6 "" -2 0 2 4 6 8 10 12 14 

YIN - ANALOG INPUT (VOLTS) 

•THEORETICALLY, LEAKAGE CURRENT WILL CONTINUE TO DECREASE BELOW +250C, BUT DUE TO ENVIRONMENTAL 
CONDITIONS, LEAKAGE MEASUREMENTS BELOW THIS TEMPERATURE ARE NOT REPRESENTATIVE OF ACTUAL 
SWITCH PERFORMANCE. 
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Hl-201HS 

Typical Performance Curves (Continued) 

DIGITAL INPUT LEAKAGE CURRENT vs. TEMPERATURE* 

20 
IAH1 

40 

60 

-20 
;; 

-40 3 
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-80 
~ -100 
::> 
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~ -140 

~ -160 IAH2 1 -180 
-200 IAL 

-220 
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-260 VAH1 =SV----1 
-280 

25 

100 

140 

120 

100 

80 

60 

40 

20 

35 45 55 65 75 85 95 105 115 
T-TEMPERATURE (OC) 

SWITCHING TIME vs. TEMPERATURE 

toFF1 

tON 

t---+--+--+---J_+--;--+-~=~:~ -1 
Rt•TKn 
Ct• 35pf 

-55 -35 -15 25 4!' 65 85 105 125 

T-TEMPERAluttE (oC) 

125 

SWITCHING TIME vs. POSITIVE SUPPLY VOLTAGE 

V-=-15V 

aoor-~~: ~:::--+~~"\.....,,_-1-~-+--f--+--+----< 
i 250f--T+A_"_~~·c--+-+-"<-l--+-+-__,~-+--I 
" 'l ~ 200 ~ 
~ >---+--+--t---+--+-~"'o-+-l'-..-+--tO~F~'2-t--< 

- 1151---l---1--1---1---1--l--=:+='*";..,+---I 

~ ~ 
~ 1~r---+--t--~l.:!l..>Q:-j---j--t---t--1r---t--; 

1ooi--t--t~t-~-t~-""f="'f~~~~J~,~1~=1:"====! 
~· ~~~-~~~~-~-~~-~-~~ 

101112131415 

V+ - POSITIVE SUPPLY (VOLTS) 

LEAKAGE CURRENT vs. ANALOG INPUT VOLTAGE 
MN> +14V, V1N < -14V) 

;; 

" ~ ffi 
~ 
::> 
u 
~ 
;l 

~ 

0 
9 

8 

7 

• 
5 

• 
3 
2 , 
0 1 / 
2 

-3 

-4 

5 
V+ •+T5V -I 

7 V-'"-15V -I TA'" +250C 
ISOFF-Vo .. OV ---J -8 

-1 0 -,, !o":J:"" ~v -I -9 

-16.0 -15.5 -15.0 -14.5 -14.0 +14.0 +14.5 +15.0 +15.5 +16.0 
V1N -ANALOG INPUT (VOLTS) 

SWITCHING TIME vs. POSITIVE AND NEGATIVE 
SUPPLY VOLTAGE 

350 ~ .. ,l 
300 f-~~:~~-+--t--t--+--t--t--t--1 

±5 ±6 '!:.7 ±8 ±9 ±10 ±11 ±12 ±13 ±14 ±15 
V+, V- - POSITIVE AND NEGATIVE SUPPLY (VOLTS) 

SWITCHING TIME vs. NEGATIVE SUPPLY VOLTAGE 

300 

!=+1Iv 
200 1--~L= 1Kn 

CL= 35pF 

0 

• 

TA=250C 

!"-... 

~ 
I'-i-. tQFF2 

~ 

~ tQJF1 

~N 

10 11 12 13 14 16 
V - NEGATIVE SUPPLY (VOL TSI 

* THEORETICALLY, LEAKAGE CURRENT WILL CONTINUE TO DECREASE BELOW +250C, BUT DUE TO ENVIRONMENTAL 
CONDITIONS, LEAKAGE MEASUREMENTS BELOW THIS TEMPERATURE ARE NOT REPRESENTATIVE OF ACTUAL 
SWITCH PERFORMANCE. 
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Typical Performance Curves (Continued) 
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Hl-201HS 

Switching Characteristics 
SWITCHING CHARACTERISTICS vs. INPUT VOLTAGE 

Typical delay, ION· lQff, settling time and switching transi
ents in this circuit. 

N 

LOGIC 
INPUT 

V+ = +15V 

GND V-=--15V 

OUT Vo 

1K 

If AL or CL is increased, there will be corresponding 
increases in rise and/or fall RC times. 

Vo - OUTPUT SWITCHING WAVEFORMS 

+10 

+5 +5 

+5 

0 

-5 -5 
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Hl-201HS 

Switching Characteristics (Continued) 

Vo - OUTPUT SWITCHING WAVEFORMS 

0 

-5 

-10 

Application Information 

LOGIC COMPATIBILITY 

The Hl-201 HS is TTL compatible. Its logic inputs (Pins 1 , 8, 
9, 16) are designed to react to digital inputs which exceed a 
fixed, internally generated TTL switching threshold. The Hl-
201 HS can also be driven with CMOS logic (0-15V), 
although the switch performance with CMOS logic will be 
inferior to that with TTL logic (0-5V). 

The logic input design of the Hl-201 HS is largely responsi
ble for its fast switching speed. It is a design which features 
a unique input stage consisting of complementary vertical 
PNP and NPN bipolar transistors. This design differs from 
that of the standard Hl-201 product where the logic inputs 
are MOS transistors. 

Although the new logic design enhances the switching 
speed performance; it also increases the logic input leakage 
currents. Therefore, the Hl-201 HS will exhibit larger digital 
input leakage currents in comparison to the standard 
Hl-201 product. 

CHARGE INJECTION 

Charge injection is the charge transferred, through the inter
nal gate-to-channel capacitances, from the digital logic 
input to the analog output To optimize charge injection 
performance for the Hl-201 HS, it is advisable to provide a 
TTL logic input with fast rise and fall times. 

If the power supplies are reduced from ±15V, charge injec
tion will become increasingly dependent upon the digital 
input frequency. Increased logic input frequency will result 
in larger output error due to charge Injection. 

VIN= -10V 

POWER SUPPLY CONSIDERATIONS 

The electrical characteristics specified in this data sheet are 
guaranteed for power supplies ±Vs = ±15V. Power supply 
voltages less than ±15V will result in reduced switch per
formance. The following information is intended as a design 
aid only: 

POWER SUPPLY VOLTAGES SWITCH PERFORMANCE 

±12<±Vs±15V Minimal Variation 
±Vs<±12V Parametric Variation becomes 

Increasingly Large 
(Increased ON Resistance, 
Longer Switching Times). 

±Vs<±10V Not Recommended. 
±Vs>±16V Not Recommended. 

SINGLE SUPPLY 

The switch operation of the Hl-201 HS is dependent upon 
an internally generated switching threshold voltage 
optimized for ±15V power supplies. The Hl-201 HS does 
not provide the necessary internal switching threshold in a 
single supply system. Therefore, if single supply operation 
is required, the Hl-300 series of switches is recommended. 
The Hl-300 series will remain operational to a minimum 
+5V single supply. 

Switch performance will degrade as power supply voltage 
is reduced from optimum levels (±15V). So it is 
recommended that a single supply design be thoroughly 
evaluated to ensure that the switch will meet the require
ments of the application. 

For Further Information See Application Notes 520, 521, 531, 532, 543 and 557 in Section 10 of Data Book. 
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Features 
•Wideband Operation ••.•.•••.••.••. 200 MHz 

• Differential Gain ..••.••.••.•••.•.••.•• 0.03% 

• Differential Phase ....•..•.•••. 0.003 Degrees 

• Switching Speed ....••....•••••.••••. 1 oons 

• RoN •.••••..•••••••.••.•.•••••••••••••• 35!1 

• Off Isolation @ 1 O MHz ••••.•..••.••.•• -65dB 

•Crosstalk@ 10 MHz .; ••..••••••.••.•. -80dB 

Applications 
• Routing Switchers • Medical Imaging 

•Heads-Up Displays 

• Simulators 

• Production Mixers 

• High Definition TV 

• Radar Signal 
Conditioning 

•Sonar 

Pinouts 
(CERAMIC/PLASTIC DIP) LOGIC "1" INPUT 

TOP VIEW 

N.C. VouT1 

VIN1 N.C. 

GND VA1 

V+ v-

N.C. VA2 

VIN2 N.C. 

N.C. VOUT2 

(LCC/PLCC) LOGIC "O" INPUT 
TOP VIEW 

GND 

N.C. 

v+ 

N.C. 

N.C. 

~ti ti§. 
~zz>o~ 

L 3 J LEJ t2J L2g tl.9.J 

41~~"foVA1 -.1 I I L. 

~l '"+--'- (1.:1 N.C. 
., r"" s·---- --------016 v-
-"' L. 

-, ~·-71 ~ '•15 N.C. ...a ,.. -, -
.. , I I r• 

~Jr ., r-., r-, r ., r-., 1.!.4 VA2 
19111 111111 11 

"' . f- u ::> • 
0 z 
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Hl-222 
High Frequency/Video Switch 

Description 
The Hl-222 is a high frequency analog switch that complements the Harris 
family of high speed op amps and buffers. Fabricated with our Dielectric 
Isolation process and using silicon gate technology, many key parameters 
have been enhanced. 

Crosstalk and off isolation are optimized with a T-switch configuration and the 
use of nonconnected pins for extended shielding. Other features of the Hl-222 
include wideband operation, low RoN. fast switching speeds and· low differen
tial gain and phase. The characteristics of this TIL compatible device make it 
ideal for designs where improved switching performance is required. 

The primary application of this dual SPST switch is the routing of high 
frequency signals in equipment ranging from video production mixers to 
military RF circuits. 

The Hl-222 is available in a 14 pin Ceramic DIP with -5, -9 and 
/883 temperature options, and in a Plastic DIP with a -5 option. A Plastic 
Leaded Chip Carrier (PLCC) with a -5 option and a Leadless Chip Carrier 
(LCC) with a /883 option are also offered. For additional information on the 
/883 products, please refer to the Harris Military Analog Product Data Book. 

Functional Diagram 

Q 

LEVEL SHIFTER AND 
DRIVER 

LOGIC INPUT 

Ordering Information 

PART NUMBER 

Hl4P0222-5 
Hl1-0222-5 
Hl3-0222-5 
Hl1-0222-9 

TEMPERATURE RANGE 

oocto+1soc 
ooc10+1soc 
ooc10+1soc 

-4ooc to +8soc 

V+ 

v-

PACKAGE 

20-Pin PLCC 
14-Pin CERDIP 

14-Pin Plastic DIP 
14-Pin CERDIP 

NOTE: Source and Drain are arbitrarily depicted as Analog Input and Output, respectively. They may be interchanged without affecting performance. 
All nonconnected pins should be tied to ground. 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1988 
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Specifications Hl-222 

Absolute Maximum Ratngs (Note 1) 
Voltage Between V+ and V-Terminals .•..•.......•....••.•. 36V 
±Vs to Ground {V+, V-) •......•.•...••••...•••..•..•••.• ±18V 
Digital and Analog Input Voltage (VA· Vs. Vo) ..••••..••• ±Vs ±2V 
lpeak (S to D) (Pulse at 0.8ms, 10% Duty Cycle Max). . • . . . • • • • 100mA 
lpeak (Any Pin, 50% Duty Cycle) .........•..•..•..•.••••. 28mA 
Continuous Current (Any Pin) .•....•..•....•.....•.•.•.. 15mA 
Junction Temperature •...•••.••...•.•..•..•..••..•••. +1750C 
Storage Temperature Range .................. -650C to +15ooc 
ESD Rating ....•..•...•.......••....•......•...•.... < 2000V 
Lead Temperature (Soldering 1 O sec) ...•.•......•••...•. 3oooc 

Thermal Information 
Thermal Resistance 0ja 

Ceramic/Plastic DIP Package .•.......•.•. 75ocrw 
Ceramic LCC Package •....•.•....•.••.•• 760CfW 

Package Power Dissipation Limit at + 75oc 
Ceramic/Plastic DIP and Ceramic LCC Package •...••••.• 1.0W 

Package Power Dissipation Derating Factor Above + 75oc 
Ceramic/Plastic DIP Package ......•..•..•••...•• 13.4mW/OC 
Ceramic LCC Package ..•••••••••....•••.••••.•. 13.2mW/OC 

Operating Temp. Range Hl-222-5 ..•....•. ooc :::;. TA:::;.+ 75oc 
H1-222-0 ....... -4ooc s. TA s. +s5oc 

D.C. Electrical Specifications· ±Vs= ±15V. VAH = 2.ov, VAL= o.sv, Unless Otherwise Specified 

Hl-222-9 Hl-222-5 

PARAMETER: TEMP MIN TYP MAX MIN TYP MAX UNITS 

ANALOG SWITCH CHARACTERISTICS 

Vs. Analog Signal Range Full -15 - +15 -15 - +15 v 

RoN• ON Resistance (Note 2) +250C - 35 50 - 35 50 n 
Full - - 75 - - 75 n 

lsoFF Leakage +250C - 0.1 2.5 - 0.1 2.5 nA 

Full - - 200 - - 200 nA 

I Do FF Leakage +250C - 0.1 2.5 - 0.1 2.5 nA 

Full - - 200 - - 200 nA 

IDoN Leakage +250C - 0.3 2.5 - 0.3 2.5 A 

Full - - 200 - - 200 nA 

DIGITAL INPUT CHARACTERISTICS 

VAL· Low Threshold Full - - 0.8 - - 0.8 v 
V AH· High Threshold Full 2.0 - - 2.0 - - v 

I AL• Low Level Leakage +250C - 0.1 1.0 - 0.1 1.0 µA 

Full - - 1.0 - - 1.0 µA 

IAH· High Level Leakage +250C - 0.1 1.0 - 0.1 1.0 µA 

Full - - 1.0 - - 1.0 µA 

SWITCHING CHARACTERISTICS 

toN(Note3) +250C - 100 200 - 100 200 ns 

toFF (Note 3) +250C - 70 200 - 70 200 ns 

Off-Isolation @10MHz (Note 4) +250C - -65 - - -65 - dB 

Crosstalk @10MHz (Nole 4) +250C - -80 - - -80 - dB 

Differential Gain (Note 5) +250C - 0.03 - - 0.03 - % 

Differential Phase (Nole 5) +250C - 0.003 - - 0.003 - degrees 

Gain Tolerance @1 MHz (Note 6) +250C - 0.05 - - 0.05 - dB 

@8MHz +250C - 0.15 - - 0.15 - dB 

Bandwidth (Note 6) +250C - 200 - - 200 - MHz 

Cs(OFF)• Switch Input Capacitance +250C - 12 - - 12 - pf 

CD(OFF)• Switch Output Capacitance +25oc - 28 - - 28 - pf 

CD(ON)• Switch Output Capacitance +25oc - 83 - - 83 - pf 

CA, Digital Address Capacitance +250C - 5 - - 5 - pf 

CDS(OFF)· Drain-to-Source Capacitance +250C - 0.2 - - 0.2 - pF 

POWER REQUIREMENTS 

I± @ ±15V Quiescent Current +250C - 2.5 4.0 - 2.5 4.0 mA 

Full - - 6.0 - - 6.0 mA 

Po, Quiescent Power Dissipation +250C - 75 120 - 75 120 mW 

Full - - 180 - - 180 mW 
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H/-222 

NOTES: 

1. As with all semiconductors, stresses listed under "Absolute Maximum 
Ratings" may be applied to devices (one at a time} without resulting in 
permanent damage. This is a stress rating only. Exposure to absolute 
maximum rating conditions for extended periods may affect de\lice relia· 
bilily. The conditions listed under "Electrical Specifications" are the only 
conditions recommended for satisfactory operation. 

3. V1N = +SV, AL= 2kn. CL= 40pF. VA levels are O.OV to 3.0V for switch 
under test. Switch not under test has VA= 4.0V. 

2. Vour = ±5V, lour= 1.smA 

Test Circuit 

v+ 

4. VIN= 300mVp-p• RL =son, VAH = +2.0V, VAL= 0.8, f = 10.0MHz. 

5. V1N= 300mVp-p• VoFFSET = 1.0, f = 3.SBMHz and 4.43MHz, VAL= OV, 
RL = 2KO. 

6. V1N = 300mVp-p· RL =500, VAL= a.av. 

SWITCHING TEST CIRCUIT (ION• IOFF1) 

+15V 

4 
SWITCH INPUT 2 14 

VIN = + 5 0--....::-1---0"f<>l-""-<o-...---+---o V OUT 

v- -15V 

Switching Waveforms LOGIC "0" = SWITCH ON 

DIGIT AL V AH = 3.0V 
INPUT 50% 

SWITCH OV 
OUTPUT--------~ 

ION• toFF, VAL= 0.0V, VAH = 3.0V 

Top: (2V/Div.) 
Bottom: Output (2V/Div.) 

Horizontal: 1 OOns/Div. 
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Test Circuits 
Ros 

7.5mA 

-V2-

IN OUT 

VIN= ±5V, I= 7.5mA, VA= O.BV 

lo(ON) 

IN OUT 

A lo(ON) 

-+sv 
~-

V1N = ±5V, VouT = ±5V, v A = o.av 

OFF ISOLATION 

V1N = 300mVp-p• I = 1 OM Hz, R1N = RL = 500, 
VA1=2.0V 

Hl-222 

IS(OFF) ID(OFF) 

15 (OFF) ID (OFF) 

~ 
=±sv +sv 

15 (OFF) lo (OFF) 

~ 
=±sv +sv = 

~ ~ ~ ~ 

V1N = ±5V, VouT = +5V, v A = 2.0V V1N = ±5V, VouT +5V, v A = 2.0V 

ADDRESS CURRENT SUPPLY CURRENTS 

+Vee 

IN 

GND -Vee 

VAH = 2.0V, VAL= o.av VA= o.av, 2.0V 

CROSSTALK [llFFERENTIAL GAIN, PHASE 

·<F 
I 

~-J 
VA2 

V1N """300mVp-p• f - 10MHz, R1N = RL =son 
VA1 = 2.0V, VA2 = o.av 
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Hl-222 

Typical Performance Curves Unless Otherwise Specified: TA= +25oc, VsuPPLY = ±15V 

STEADY STATE ADDRESS INPUT CURRENT vs. 
SUPPLY. CURRENT vs. TEMPERATURE vs. SUPPLY VOLTAGE 

+V= + 15V 

< t=:jt=1:"J::"1~~:f ::t~~3!~ _$ -1.0 +V= +10V 

~ 0.0 l--l---+-l--+--i--1---+--1--11--1 
a. 

< .s 

TEMPERATURE 

V1N = VouT = O.OV 

151----+--+----l""°"--iH 

.5101----1----+---ll--lf--f 

~ - 1.0 '=l=-i~-VJ:=~-~1~0*V:;F.!~~ti 
-2.0~ -V= -15V VAH= 2.0V 

-3.01--'.2"'2'"9-t-+-t--t-t-+-; 
- 4.0 i-:..iEf--+-+-+-+-+-+--+-lt--1 

-15 +25 +65 +105 +125 
TEMPERATURE (OC) 

SWITCHING TIME vs. TEMPERATURE SWITCHING THRESHOLD vs. ±SUPPLY VOLTAGE 

u. 
u. 
!? 
z 
0 

±V= ±15V 
_,..::;;..-----+-'--- VAH = 3.0V 

VAL= O.OV 
VtN= 5V 
RL = 2kA 
CL= 35pF 

+25 +125 
TEMPERATURE (OC) 

~ 
9 
0 
:i: 
(/) 
w a: 
:i: 
I-

2.0 

1.8 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 

VAtl 

l. DI. 

vlL ~ 
~ 

~ ' ~ 
t!t. 

"' 
15 14 13 12 11 10 9 8 7 6 5 

ADDRESS INPUT THRESHOLD vs. TEMPERATURE 

1.6~---""T""----.-----, 

> 1.5 t=::::j:::::::::s;;;::J J: 1.4 VAH 

~ 1.31----+-----+----1 

~ 1.2 i=====~=t===--+---.J VAL 
> 1.11----+----+----t 

··1.0 ,__ ___ ..._ ___ _._ ___ _, 

+25 +55 +85 +125 
TEMPERATURE (OC) 
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Typical Performance Curves Unless Otherwise Specified: TA= +2soc, VsuPPLY = ±15V 

RON vs. ANALOG INPUT vs. TEMPERATURE 

80 

70 

60 

- 50 c z40 
0 

a: 30 

20 

RoN vs. ANALOG INPUT vs. SUPPLY VOLTAGE 

+v= 1+1ov 

~ [7.L±V;;±12VJ 
..... ""'-"'-.{ 

L +V= +15V [ -
........._ .......... ..,,,,,,. - z 

±V= ±15V 
101----+----+---1---t-- I=± 7.5mA 10 1=±7.5mA -
O'-----'-----'-----'---"----'----' 
- 15 -10 - 5 0 + 5 +10 o 

-15 +15 -10 -5 0 +5 +10 
ANALOG INPUT (V) ANALOG INPUT (V) 

lsoFFllDOFF vs. TEMPERATURE vs. ANALOG INPUT IDoN vs. TEMPERATURE vs. ANALOG INPUT 

10.0 

< s. 
u.. 
"-
0 

1.0 ,El 
Li: 
u.. 
0 
_ui 

0.10 

+ 75oc + 125oc 
TEMPERATURE (OCJ 

~0.0 
UJ 
u 1.0 
z 
< ffi 2.0 
..J 

8 3.0 
z 
~ 4.0 

........ --
1--

100K 

1111111 I I 

BANDWIDTH 

] 
~kn 

!lfsn 
In:"'"" llll U I 1 

500 

.. . . 

""" 
........... 

10.0 r-:--,,.,.--.,.,..---=,.....,== 
A= Vs= Vo= +15V ~E 
B = Vs = Vo = ± 10V ==-
C =Vs= Vo= ±5V -Ii! 
O= Vs= Vo= ±1.26V~ 
- .l. .Li. 

1~ ~ 

0.001 ~ 
+ 2soc + 75oc + 12soc 

TEMPERATURE (OCJ 

t-1 

~ .. -- -t-· n 
500 

ilh'lbll)':t.-::i'::." • 
750 

~ 

~, 

~ \ .. 
J 

I\. 

o.oo en 
UJ 

5.0~ ~ 
UJ 

10.ooB 
UJ 

15.00~ 
:i: 

20.0°0.. 
1M 10M 100M 

FREQUENCY (Hz) 
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Hl-222 

Typical Performance Curves Unless Otherwise Specified: TA= +2s0c. VsuPPLY = ±15V 

GAIN TOLERANCE OFF ISOLATION 

0.0 ~~,._,,_,.,.,.-,-,.~~-,..,J..11.m-..,.-TTn--r--,.-n,.-,r-TTTl 

~ o.s t+tt-t-ir+tt-i-t+tt-+-+ 2k'n H-lfH-l-ttt-1-~i.tt 
w u 1.0H-tt-t-1H-tt-1--t-+tt--t---HHr-r-.,._,.tr-.,.._.,..,.,t-1r-TTTl 
z 
~ 1.St-t-tt-t-1cttt-1--t-+tt--t---HHr-r-.,._,.tr-t-1t-ttt-1r-T-r-t1 

~ 
0 2.0 l+lt-t-ir+tt-i-t+tt-+--HHf--t--t-Ttt-t-H1t-it-tTtt .... 
~ 2•5 I 0 I Ill .... II I 1111 Ill I I Ill IUI I is~ll 111 11 I 1111 Ill II I ...... 

·O 

-10 

- 20 

-30 

-40 -l-1t 
" 3.0 t· --i--1-l'h' ........ ~M>.;.~"'l"''i'i1l._t-.'-l-tlnr-tffi 

son 
~-50 

·60 
2k~ JI 

10 100 

s.oo ~ 
<( 
:i: 
a. 1K 10K lOOK 1 M 10M 

FREQUENCY (Hz) 

-70 
-80 

-90 

I' I"'" 
y 750 ~ 

Ii"' 500 ~ 
~ 

100K 1M 10M 
FREQUENCY (Hz) 

CROSSTALK 

-40H-Hf---l-1--1-+-H-!+l---+--t--+-+++tt+l-""'-::7"""-"'9 

-sol-l+H---+-+-++H-++f---+-~~-l~-+.Jo~~~ 

-601-+++~~-+--1--1-1-+f++I~~ ~--1,..=-"""-l--iH--!::l::Wot~-l 

_ 70 ,.......,...,...--~2knJ_.J_1-l-.U.IJ..~~'.'.J,~!;:::j;;;f~ltl+-~-J 
soriso~~ lo- ~ 

~ -80 
"'[>,,~ ~ 

• 90 l-H-H-v---:::;;;illt£~'-il?'i61'Tttlft--t--t-t-ttirttt-----J 
. 100 l-l"'FT+k...-:-.... !7"-Jl't--t-t+tttt--t--t--+-+TH-tt----1 

-110iloojootJl''P""'--"'t----jl-i-f"Ti~t--~;--;--;--i-rtttt~---1 

. 120"" ~++'H+---1-1--1-+-H-!+l---+--t--+-+++tt+--l 
" 130 L.J...U.1~M~~L--'--'-.L..L..l...l.1~0~M~--'~_.__._._._....._10u0~M:---' 

FREQUENCY (Hz) 
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N Schematic Diagram 
N 
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MN47 !--<VN 

GND 

LEVEL SHIFTER 

Hl-222 

BIAS NETWORK 
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llJHARRIS. 

Features 
• Analog Signal Range (±1 SV Supplies) ••••••••••••• ±15V 
• Low Leakage (Typical @ +250C) ••••••••••••••••• 40pA 
• Low Leakage (Typical @ +1250C) ••••••••••••••••• 1 nA 
• Low On Resistance (Typical @ +250C) ••••••••••••• 350 
• Break-Before-MakeDelay(Typlcal) .............. 60ns 
• Charge Injection ................................. 30pC 
• TTL, CMOS Compatible 
• Symetrlcal Switch Elements 
• Low Operating Power •••••••••••••••••••••••••• 1.0mW 

(Typical for Hl-300 ~ 303) 

Functional Diagram 

IN 

lYPICAL SWITCH 300 SERIES 

Pinouts" (SWITCH STATES ARE FOR A LOGIC "1" INPUT) 

NC 1 

LOGIC 

0 

DUAL SPST Hl-300 &'Hl-304 
TOP VIEWS 

DIP METAL CAN 

14 V+ 

SWITCH 

OFF 

ON 

V+ 

• The substrate and case are inter
nally tied to v-. (The case should 
not be used as the V- connection, 
however.) 

DUAL DPST Hl-302 & Hl-308 
TOP VIEW· 

DIP 

LOGIC SWITCH 

0 OFF 

1 ON 

Hl-300 thru 
Hl-307 

CMOS Analog.Switches 

Applications 
• Sample and Hold i.e. Low Leakage Switching 
• Op Amp Gain Switching I.e. Low On Resistanee 
• Portable, Battery Operated Circuits 

. • Low Level Switching Circuits 
• Dual or Single Supply Systems 

Description 
The Hl-300 through Hl-307 series of switches are monolithic 
devices fabricated using CMOS technology and the Harris 
dielectric isolation process. These switches feature· break- -
before-make switching, (Hl-301, 303, 305 & 307 only), low and 
nearly constant ON resistance over the full analog signal range, 
and low power dissipation, (a few milliwatts for the Hl-300 -
303, a few hundred microwatts for the Hl~304 - 307). 

The Hl-300 - 303 are TTL compatible and have a logic "Q': con
dition with an input less than a.av and a logic "1" condition with 
an input greater than· 4.0V. The Hl-304 - 307 switches are 
CMOS compatible and have a low state with an-input less than 
3.SV and a high state with an input greater than 11V. -(See 
pinouts for switch conditions with a logic "1" input) 

All the devices are available in a 14 pin Epoxy or Ceramic DIP. 
The Hl,-300, 301, 304 and 305 are also available in a 1 O pin 
Metal Can. Each of the switch types are available in either the 
-550C to +1250C or OOC to +750C operating ranges. 

LOGIC 

0 

DIP 

SW1 

OFF 

ON 

SPOT Hl-301 & Hl~305 
TOP VIEWS METAL CAN 

SW2 

ON 

OFF 

V+ 

'* The substrate and case are inter
nally tied to v-. (The case should 
not be used as the V- connection, 
however.) 

DUAL SPOT Hl-303 & Hl-307 
TOP VIEW 

DIP 

SW1 SW3 
LOGIC SW2 SW4 

0 OFF ON 

1 ON OFF 

CAUTION: These devices are sensttive to electrostatic discharge. Proper l.C. handling procedures should be followed. 
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Specifications H/-300 - Hl-307 

Absolute Maximum Ratings (Note 1) Operating Temperature Range 
Voltage Between Supplies ........................•. 44V (±22) Hl-3XX-2 ................................. -550C to +1250C 
Digital Input Voltage .......................... +VsuPPL y +4V 

-VsuPPL y -4V 
Hl-3XX-5 ..............................•...... ooc to +750C 
Storage Temperature. . . . . . . . . . . . . . . . . . . . . . . . -65oc to + 15ooc 

Analog Input Voltage ........................ +VsuPPL y + 1.5V 
-VsuPPLY -1.5V 

Total Power Dissipation* 14 Pin Epoxy DIP ......•..... 526mW 
14 Pin Ceramic DIP .......... 588mW 
1 O Pin Metal Can* ........... 435mW 

*Derate 6.9mW/OOC Above TA= +1ooc 

Electrical Specifications Unless Otherwise Specified: Supplies= +15V, -15V; V1N =Logic Input. 
Hl-300-303: V1N - for Logic "1" = 4V, for Logic "O" = 0.8V 
Hl-304-307: V1N - for Logic "1" = 11 V, for Logic "O" = 3.5V 

-ssoc To +12soc oocT0+1soc 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

ANALOG SWITCH CHARACTERISTICS 

Analog Signal Range Full -15 - +15 -15 - +15 v 
RON• On Resistance (Note 2) +250C - 35 50 - 35 50 n 

Full - 40 75 - 40 75 n 
ls(OFF). Off Input Leakage Current (Note 3) +250C - 0.04 1 - 0.04 5 nA 

Full - 1 100 - 0.2 100 nA 
ID(OFF)o Off Output Leakage Current (Note 3) +250C - 0.04 1 - 0.04 5 nA 

Full - 1 100 - 0.2 100 nA 
ID(ON)o On Leakage Current (Note 4) +250C - 0.03 1 - 0.03 5 nA 

Full - 0.5 100 - 0.2 100 nA 

DIGITAL INPUT CHARACTERISTICS 

V1NL. Input Low Level* Full - - 0.8 - - 0.8 v 
V1NH· Input High Level* Full 4 - - 4 - - v 
V1NL• Input Low Level** Full - - 3.5 - - 3.5 v 
V1NH· Input High Level** Full 11 - - 11 - - v 
llNL• Input Leakage Current (Low) (Note 5) Full - - 1 - - 1 µA 

· 11NH• Input Leakage Current (High) (Note 5) Full - - 1 - - 1 µA 

SWITCHING CHARACTERISTICS 

IOPEN· Break-Before Make Delay*** +2S0C - 60 - - 60 - ns 
ION· Switch On Time* +250C - 210 300 - 210 300 ns 
toFF· Switch Off Time* +250C - 160 250 - 160 250 ns 
ION• Switch Off Time** +250C - 160 250 - 160 250 ns 
IOFF• Switch Off Time** +250C - 100 150 - 100 150 ns 
"Off Isolation" (Note 6) +250C - 60 - - 60 - dB 
Charge Injection (Note 7) +250C - 3 - - 3 - mV 
Cs(OFF). Input Switch Capacitance +250C - 16 - - 16 - pf 
CD(OFF)o Output Switch Capacitance +250C - 14 - - 14 - pF 
CD(ON)o Output Switch Capacitance +250C - 35 - - 35 - pF 
C1N. (High) Digital Input Capacitance +250C - 5 - - 5 - pf 
GIN• (Low) Digital Input Capacitance +25oc - 5 - - 5 - pf 

POWER REQUIREMENTS 

1+, Current* (Note 8) +250C - 0.09 0.5 - 0.09 0.5 mA 
Full - - 1 - - 1 mA 

1-, Current* (Note 8) +250C - O.D1 ·10 - 0.01 100 µA 
Full - - 100 - - - µA 

1+, Current* (Note 9) +250C - 0.01 10 - O.D1 100 µA 
Full - - 100 - - - µA 

1-. Current* (Note 9) +250C - 0.01 10 - 0.01 100 µA 
Full - - 100 - - - µA 

1+, Current** (Note 10) +250C - O.D1 10 - O.D1 100 µA 
Full - - 100 - - - µA 

1-. Current** (Note 1 O) +250C - 0.01 10 - 0.01 100 µA 
Full - - 100 - - - µA 

1+, Current** (Note 11) +250C - O.D1 10 - O.D1 100 µA 
Full - - 100 - - - µA 

1-, Current** (Note 11) +250C - O.D1 10 - O.D1 100 µA 
Full - - 100 - - - µA 

*Hl-300 Thru Hl-303 Only; *'Hl-304 Thru Hl-307 Only; *''Hl-301, Hl-303, Hl-305, Hl-307 Only 
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Hl-300 - H/-307 

Electrical Specifications Notes: 

6. Vs = 1VRMS· f = 500kHz, CL = 15pF, AL = 1 k. 1. As with all semiconductors, stresses listed under "Absolute Maximum 
Ratings" may be applied to devices (one at a time) without resulting in 
permanent damage. This is a stress rating only. Exposure to absolute 
maximum rating conditions for extended periods may affect device reli
ability. The conditions listed under "Electrical Specifications" are the 
only conditions recommended for satisfactory operation. 

7. Vs = OV, CL = 1 O,OOOpF, Logic Drive = 5V pulse. (Hl-300 - 303) 
Switches are symmetrical; S and D may be interchanged. 

2. Vs= ±10V, lour= -10mA. On resistance derived from the voltage 
measured across the switch under the above conditions. 

3. Vs= ±14V, Vo= ±14V. 

Logic Drive = 15V (Hl-304 - 307). 

8. V1N = 4V (One Input) (All Other Inputs = OV). 

9. V1N = O.BV (All Inputs). 

10. V1N = 15V (All Inputs). 

4. Vs = Vo = ±14V. 11. V1N = ov (All Inputs). 

5. The digital inputs are diode protected MOS gates and typical leakages 12. To drive from DTL/TTL circuits, pull-up resistors to +5V supply are 
of 1 nA or less can be expected. recommended. 

Test Circuits 
SWITCHING TEST CIRCUIT (ION• toFFl 

SWITCH TYPE V1NH 

Hl-300thru Hl-303 4V 

Hl-304 thru Hl-307 15V 

D Vo SWITCH 
OUTPUT 

RL CL 

300133pF 

-= 

LOGIC "1" =SWITCH ON 

LOGIC~VINH ~ 
503 INPUT 503 

ov !------
' ' 

:~~ 
~~~~t~ ~t()N~ -1 toFF ;_ 

Ordering Information 

BREAK-BEFORE-MAKE TEST CIRCUIT (IBBMl 

SWITCH TYPE V1NH 

Hl-301, Hl-303 5V 

Hl-305, Hl-307 15V 

D1 
Vs1 =+JV OUT1 
Vs2 =+JV D2 

OUT2 
RL2 CL2 Ru cu 

LOGIC I r INPUT 

-= -::-

LOGIC LOGIC "1" =SWITCH ON 

INPUT _..::J 
ov 

RL1 • RL2•JOO!l 
CL 1=CL2=33pf 

50% 50% 
OV-----~: ! 

I I 

OUT1 

SWITCH 
OUTPUT 

I : ./::::, OUT 2 
ov\.50%~~: _______ :,___,/i 503 

I I : : 

tBBM --f r- ~ t- ts8M 

PART NUMBER TEMPERATURE RANGE PACKAGE 

H12-0304-5 oocto+7soc 10-Pin Metal Can 
Hl2-0304-2 -ssoc to+ 12soc 10-Pin Metal Can 
Hl1-0304-5 oocto+75oc 14-Pin CERDIP 
H11-0304-2 -ssocto+125oc 14-Pln CERDIP 

Hl1-0305-2 -ssocto+12soc 14-Pin CERDIP 
Hl2-0305-5 oocto+750C 10-Pln Metal Can 
Hl2-0305-2 -ssoc to+ 12soc 10-Pin Metal Can 
Hl1-0305-5 oocto+7soc 14-Pin CERDIP 

Hl1-0306-5 oocto +1soc 14-Pin CERDIP 
Hl1-0306-2 -ssoc to +1250C 14-Pin CERDIP 

Hl1-0307-5 oocto+7soc 14-Pin CERDIP 
Hl1-0307-2 -ssoc to+ 12soc 14-Pin CERDIP 
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Hl-300 - Hl-30 7 

Typical Performance Curves. 

RoS(ON) vs. Vo AND 
TEMPERATURE 

V••+11iV 
v---1w 

~~.--=--~~~--;,--"+-~!,---c.! 
YD·DIWNVOLTMIEIVOLTll 

DEVICE POWER DISSIPATION 
VS. SWITCHING FREQUENCY 

SINGLE LOGIC INPUT 

F~:: ~~•151/ 
t- llL•21i 7 

7 

.11-
Hl-3001hruHl-31D 

I I 
' 

Hl·:IC41hNHI-~ 
1 10 100 1111DK100ll 111 

lOGICSlll=::;:.:~:NC:YIHzt 

ls(OFF) OR lo(OFFI 
VS. TEMPERATURE• 

G.11.=---~,.=----= .. =----' 
TEMPEllAT\Mli-IC 

Ros(ONI VS. Vo AND 
POWER SUPPLY. VOLTAGE 

VO·ORAIHVOLTMHIVOLTll 

OFF ISOLATION 
VS. FREQUENCY 

WI 1o7 IOI 
1-FftEOUENCYIHI) 

IO(ON) VS. TEMPERATURE* 

v+•15V 
V-•-11V 
IVDI •!Vsl•MV 

.... =---~,.=---~.=.---' 
T-TEWERATUll!ICI 

•rhenetleakageintathaioun:&ordrainisthen-i:hannelteakageniinusthap-channetleiikage. Thisdifferencecanbepositive, 
negative,orurodependingonthe analogvoltageandtemperature,andwillvarvgreadyfromunittounit, 

OUTPUT ON CAPACITANCE 
VS. DRAIN VOLTAGE 

DIGITAL INPUT CAPACITANCE 
VS. INPUT VOLTAGE 

7-68 

Typical delay, rise, fall, settling times, and switching trans
ients in this circuit. 

RGEN •O S 

' I l ····-~·--~-J 
VLOGIC 

V
-15V 

If RGEN· RL or CL is increased, there will ba proportional 
increaminriseand/orfall RC tinies. 
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Hl-300 - H/-30 7 

Typical Performance Curves {Continued) 

SWITCHING TIME VS. 
TEMPERATURE 

Hl-300 thru Hl-303 

SWITCHING TIME VS. 
POSITIVE SUPPLY VOLTAGE 

Hl-304 tluu Hl-307 

3 l.ff----1----~~N~;SV 
> f---+---VINL"OV 

" 
~ "'f----Jl.--1----l 

~ ~ 
I ::~::::::~~~~~~~::~~;;;, 

~ 
6 H 111 

V+ l'OSITIVE$UPl'LYVOlTAGE(VI 

Schematic Diagrams 

SWITCHING TIME VS. SWITCHING TIME VS. 
TEMPERATURE 

Hl-304 thru Hl-307 
NEGATIVE SUPPLY VOLTAGE 

Hl-300 thru Hl-303 

SWITCHING TIME AND BREAK 
BEFORE MAKE TIME VS. 

POSITIVE SUPPLY VOLTAGE 
Hl-300 thru Hl-303 

15 II 215 415 M 8& IO!i 1211 

T-TEhf'ERATUREtUCI 

SWITCHING TIME VS. 
NEGATIVE SUPPLY VOLTAGE 

Hl-304 thru Hl-307 

0 5 10 15 
v. NEGATIVESUl'l'LYVOLTl\GEM 

" V- NEGATIVE SUl'f'L Y tVOLTii) 

~~ u'----+-----+------l 

u ::,1----1-1-~----I 
H .. l--+--'"21~--1 

INPUT SWITCHING THRESHOLD 
VS. POSITIVE SUPPLY VOLTAGE 

Hl-300 thru Hl-307 

1 V••-167 l'll-304tl>"'Hl-30!.A 

TA•250C l/V 
~ 

0 • IQ 11 
V• l"O:lllV•l.UfTlYYOll,\(Jll>'t)lTll 

SWITCH CELL ------------

DIGITAL INPUT BUFFER 
AND LEVEL SHIFTER 
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Features 
•Analog Signal Range (±15VSupplies) ••..•••...••• ±15V 
• Low Leakage (Typical @ +250C) •••••••••.•.••••• 40pA 
• Low Leakage (Typical @ +1250C) ••••...•••...•••. 1 nA 
• Low On Resistance (Typical @ +250C) ••••.••••••.• 350 
• Break-Before-Make Delay (Typical) •••...•••.•••• 60ns 
• Charge Injection ••••.••.•.••••.•••••••.••.••••••• 30pC 
• TTL Compatible 
• Symetrical Switch Elements 
• Low Operating Power. • • • • • • • • • • • • • • • • . • • • • • • • • 1.0mW 

Functional Diagram 

IN 

TYPICAL SWITCH 300 SERIES 

Pinouts (SWITCH STATES ARE FOR A LOGIC "1" INPUT) 

DUAL SPST Hl-381 

DIP 

LOGIC 

0 

DIP 

TOP VIEWS 
METAL CAN 

,, 

NC 

SW1-2 * The substrate and case are inter-

OFF 
nally tied to V-. (The case should 
not be used as the V- connection, 

ON however.) 

DUAL DPST Hl-384 
TOP VIEW 

LOGIC SW1-4 

0 OFF 

1 ON 

Hl-381/384/ 
387/390 

CMOS Analog Switches 

Applications 
• Sample and Hold i.e. Low Leakage Switching 
• Op Amp Gain Switching i.e. Low On Resistance 
• Portable Battery Operated Circuits 
• Low Level Switching Circuits 
• Dual or Single Supply Systems 

Description 
The Hl-381 through Hl-390 series of switches are monolithic 
devices fabricated using CMOS technology and the Harris 
dielectric isolation process. These devices are TIL compatible 
and are available in four switching configurations. (See device 
pinout for particular switching function with a logic "1" input.) 

These switches feature low leakage and supply currents, low 
and nearly constant ON resistance over the analog signal 
range, break-before-make switching and low power dissipa· 
lion. 

The Hl-381 and Hl-387 switches are available in a 14 pin 
Epoxy or Ceramic DIP or 10 pin Metal Can. The Hl-384 and 
Hl-390 are available in a 16 pin Epoxy or Ceramic DIP. Each of 
the individual switch types are available in the -550C to 
+1250C and ooc to +750C operating ranges. 

DIP 

LOGIC SW1 

0 OFF 

ON 

DIP 

SPOT Hl-387 
TOP VIEWS 

METAL CAN 

SW2 * The substrate and case are inter-

ON 
nally tied to V-. (The case should 
not be used as the V- connection, 

OFF however.) 

DUAL SPOT Hl-390 
TOP VIEW 

SW1 SW3 
LOGIC SW2 SW4 

0 OFF ON 

ON OFF 

CAUTION: These devices are sensitive to electrostatic discharge. Proper J.C. handling procedures should be followed. 
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Specifications H/-381/384/387 /390 

Absolute Maximum Ratings (Note 1) Operating Temperature Range 
Voltage Between Supplies . . . . . . . . . . . . . . . . . . . . . . . . . . 44V (±22) Hl-3XX-2 ................................. -550C to +1250C 
Digital Input Voltage .......................... +VsuPPL y +4V 

-VsuPPL y -4V 
Hl-3XX-5 ..................................... Q0Cto+750C 
Storage Temperature ........................ -650C to +15QOC 

Analog Input Voltage ........................ +VsuPPL y + 1.5V 
-VsuPPLY -1.5V 

Total Power Dissipation* 14 Pin Epoxy DIP ............ 526mW 'Derate 6.9mW/OC Above TA= +7QOC 
14 Pin Ceramic DIP ......•... 588mW 
16 Pin Epoxy DIP ............ 625mW 
16 Pin Ceramic DIP .......... 685mW 
1 O Pin Metal Can* ........... 435mW 

Electrical Specifications Unless Otherwise Specified: Supplies= +15V, -15V; v1N =Logic Input. 
V1N for Logic "1" = 4V, for Logic "O" = O.BV 

-ssoc to +12soc ooc to +1soc · 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX 

ANALOG SWITCH CHARACTERISTICS 

Analog Signal Range Full -15 - +15 -15 - +15 

RoN. On Resistance (Note 2) +250C - 35 50 - 35 50 

Full - 40 75 - 40 75 

IS(OFF)· Off Input Leakage Current (Note 3) +250C - 0.04 1 - 0.04 5 

Full - 1 100 - 0.2 100 

ID(OFF)• Off Output Leakage Current (Note 3) +250C - 0.04 1 - 0.04 5 

Full - 1 100 - 0.2 100 

ID(ON)• On Leakage Current (Note 4) +250C - 0.03 1 - 0.03 5 

Full - 0.5 100 - 0.2 100 

DIGITAL INPUT CHARACTERISTICS 

V1NL• Input Low Level Full - - 0.8 - - 0.8 

V1NH• Input High Level Full 4 - - 4 - -
l1NL• Input Leakage Current (Low) (Note 5) Full - - 1 - - 1 

l1NH· Input Leakage Current (High) (Note 5) Full - - 1 - - 1 

SWITCHING CHARACTERISTICS 

IOPEN· Break-Before Make Delay (Hl-387 /390 Only) +250C - 60 - - 60 -
ION• Switch On Time +250C - 210 300 - 210 300 

to ff, Switch Off Time +250C - 160 250 - 160 250 

"Off Isolation" (Note 6) +25DC - 60 - - 60 -
Charge Injection (Note 7) +250C - 3 - - 3 -
Cs(OFF)· Input Switch Capacitance +250C - 16 - - 16 -
CD(OFF)• Output Switch Capacitance +250C - 14 - - 14 -
CD(ON)• Output Switch Capacitance +250C - 35 - - 35 -
GIN• (High) Digital Input Capacitance +250C - 5 - - 5 -
CIN• (Low) Digital Input Capacitance +250C - 5 - - 5 -

POWER REQUIREMENTS 

1+, Current (Note 8) +250C - 0.09 0.5 - 0.09 0.5 

Full - - 1 - - 1 

1-, Current (Note 8) +250C - O.Q1 10 - O.Q1 100 

Full - - 100 - - -
1+, Current (Note 9) +250C - O.Q1 10 - 0.01 100 

Full - - 100 - - -
1-, Current (Note 9) +250C - Q.Q1 10 - 0.01 100 

Full - - 100 - - -
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H/-381 /384/387 /390 

Electrical Specifications Notes: 

1. As with all semiconductors, stresses listed under "Absolute Maximum 
Ratings" may be applied to devices (one at a time) without resulting in 
permanent damage. This is a stress rating only. Exposure to absolute 
maximum rating conditions for extended periods may affect device reli· 
ability. The conditions listed under "Electrical Specifications" are the 
only conditions recommended for satisfactory operation. 

5. The digital inputs are diode protected MOS gates and typical leakages 
of 1 nA or less can be expected. 

6. Vs = 1VRMS· f = 500kHz, CL = 15pF, RL = 1 k, CL = CflXTURE + 
CpROBE, "off isolation" = 2~09 VsfVo· 

7. Vs = OV, CL = 10,000pF, Logic Drive = 5V pulse. Switches are 
symmetrical; Sand 0 may be interchanged. 

2. Vs = ±10V, lour= -10mA. On resistance derived from the voltage 
<measured across the switch under the above conditions. 

8. V1N = 4V (One Input) (All Other Inputs = OV). 

3. ·Vs= ±14V, Vo= ±14V. 

4. Vs= Vo= ±14V. 

Test Circuits 
SWITCHING TEST CIRCUIT (toN. toFFl 

SWITCH TYPE 

Hl-381 thru Hl-390 5V 

9. V1N = a.av (All Inputs). 

10. To drive from DTLmL circuits, pull-up resistors to +5V supply are 
recommended. 

BREAK-BEFORE-MAKE TEST CIRCUIT (fBBMl 

SWITCH TYPE 

Hl-387, Hl-390 

+15V 

V+ 

5V 

D Vo SWITCH 

LOGIC 
INPUT 

LOGIC "1 "=SWITCH ON* 

LOGIC OV 
INPUT , 1 

: ' 

SWITCH 
OUTPUT OV I : : : 

-·flON :-- ---1 t()Ff 1--

*INVERTED LOGIC FOR Hl-381 

Ordering Information 

PART NUMBER 

Hl1-0381-5 
Hl1-03B1-2 
Hl2-0381-2 
Hl2-0361-5 

Hl1-0384-5 
Hl1-03B4-2 

Hl2-03B7-2 
Hl1-03B7-2 
Hl1-0387-5 
Hl2-0367-5 

Hl1-0390-5 
Hl1-0390-2 

OUTPUT Vs1 =+3V 
Vsz=+3V 

LOGIC 
INPUT 

LOGIC LOGIC "1" SWITCH ON 
RL1=RL2=300!l 
CL1=CL2=33pF 

INPUT V1NH r--1 
ov__J [___ 

~""' W~- ~OITT1 
' ' ' ' 
: : OUT2 

SWITC~50%: : ~ 
OUTPU-f OV !~/--·· 

' ' I 
taaM --! i- -t t- 1BBM 

TEMPERATURE RANGE PACKAGE 

oocto+15oc 14-Pin CERDIP 
-55oc to +1250C 14-Pin CERDIP 
-ssoc to +125oc 10-Pin Metal Can 

ooc1o+1soc 10-Pin Metal Can 

ooc1o+1soc 16-Pin CEROIP 
-550Cto+12soc 16-Pln CERDIP 

-ssoc to +1250C 10-Pin Metal Can 
-ssoc to +1250C 16-Pin CERDIP 

oocto+1soc 16-Pln CEROIP 
oocto+750C 10-Pin Metal Can 

oocto+750C 16-Pln CERDIP 
-550Cto+125oc 16-Pin CEROIP 

7-72 



H/-381/384/387/390 Typical Performance Curves 

Ros( ON) vs. Vo AND 
TEMPERATURE 

o.'o---'-c---_~,---7,--~'o---'.,--~ 
VO - DRAIN VOLTAGE lVOl TS) 

DEVICE POWER DISSIPATION 
VS. SWITCHING FREQUENCY 

SINGLE LOGIC INPUT 

~~~:~,,:~ 
/-TA•:ZSOC 
1---vs•ISV 

[ }--- RL•21< 

-r 
L'l 

}-Hl-381 lhfuHl-390 

I 
I 10 100 1K 10K !DOK 
LOGIC SWITCHING FREQUENCY IHd 

50'll.OUTYCYCLE 

ISoFF OR IDoFF VS. TEMPERATURE* 

t= ~~=~,,~ 

-i7-

Lf 

" ,,. 
T- TEMPERATURE-OC 

Ros(ON) vs. Vo AND 
POWER SUPPLY VOLTAGE 

~i 60 

ce 
"• 
i~ ~'f---P---l-::;:::-t-~~~~t---:1 

~~ 
j25 20 A V+•+15V, V-•-lSV 

8 V+•+10V, V-"·10V 
C V+•+7.5V, V-•-7.5V 

,,c_•_v•~--~~v.--'v---_-w::.__,_ _ _._ _ _i _ __, 

-16 -6 0 +5 
Vo-DRAIN VOLTAGE IVOLTSJ 

OFF ISOLATION 
VS. FREQUENCY 

''---~--~--_]_ __ _,_ __ ~ 
1o5 1o6 107 

f - FREQUENCY (Hd '"' 

looN vs. TEMPERATURE* 

~~~:!,s~ 
I- IVoJ ·IVS]"14V --1-----' 

7 

0.0126'-----,,'----,J.,. __ _J 

T-TEMl'ERATURE !OCJ 

*The net leakage into the source or drain is then-channel leakage minus the p-channel leakage. This difference can be positive, 
negative, or zero depending on the analog voltage and temperature, and will vary greatly from unit to unit. 

OUTPUT ON CAPACITANCE 
VS. DRAIN VOLTAGE 

zoo 2 4 6 a to 12 t4 16 
VO -DRAIN VOLTAGE lVOLTS) 
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H/-381/384/387/390 Typical Performance Curves (Continued) 

SWITCHING TIME vs. TEMPERATURE 
Hl-381 THRU Hll-390 

',-~,--~,,~_,,~,c--c,,o-,"'",-c0"~"~o-= 
T-TEMPERATURE(OCI 

SWITCHING TIME vs. POSITIVE SUPPLY VOLTAGE 
Hl-381 THRU Hl-390 

V- •-15V -TA•250C 
• VINH•4V 

-1 
Ii_ 

VINt•OV 

~ 
-~ •ON 

!Off'. b::::--d , 

' " V+ - POSITIVE SUPPLY IVI 

SWITCHING TIME vs. NEGATIVE SUPPLY VOLTAGE 
Hl-381 THRU Hl-390 

1' - V+•+15V --t---i 
TA•:ZSOC 
VINH•+4.0V 
VINt•OV 

V- NEGATIVE SUPPLY VOLTAGE (VOL TSI 

INPUT SWITCHING THRESHOLD vs. 
POSITIVE SUPPLY VOLTAGE 

Hl-381 THRU Hl-390 

0 5 10 15 
V+ POSITIVE SUPPLY VOLTAGE IVOLTSf 
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Typical delay, rise, fall, settling times, and switching trans
ients in this circuit. 

+15V 

If RGEN. RL or Cl is increased, there will be proportional 
increases in rise and/or fall RC times. 

0 
> 

. Hl-~41hru~l-190 
' Hl-381 INVERTED 

LOGIC 

' 
' ry'TIJ 

:I 

~ •sEENOTE 

JvoeN~ 1ov N 

j ....... 

t-1v~ri5V 

H--j_Tf 

La. 
1 

VGEN ~ -5V 

l 1--"'"1 

voeN· -1ov 
_I_l 

o.e 1.2 
I-TIME (µ.J 

•NOTE: The turn-off time is primarily limited 
here by the RC time constant (100ns) of the 
load. 



Schematic Diagrams 

DIGITAL INPUT BUFFER 
AND LEVEL SHIFTER 

Hl-381/384/387 /390 
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(II HARRIS Hl-5040 thru ffl-5051 
ffl-5046A and ffl•5047A 

September 1991 

Features 

• Wide Analog Signal Range .................... ±1 SV 

• Low "ON" Resistance (Typical) ..........•..... 250 

• High Current Capability (Typical) ............• SOmA 

• Break-Before-Make Switching 
~ Turn-On Time (Typical) ................... 370ns 

~ Turn-Off Time (Typical) ................... 280ns 

• No Latch-Up 

• Input MOS Gates Are Protected· From Electrostatic 
Discharge 

• DTL, TTL, CMOS, PMOS Compatible 

Applications 

• High Frequency Switching 

• Sample and Hold 

• Digital Fillers 

• Operational Amplifier Gain Switching 

CMOS Analog Switches 

Description 

This family of CMOS analog switches offers low-resistance 
switching performance for analog voltages up to the supply 
rails and for signal currents up to 80mA. "ON" resistance is 
low and stays reasonably constant over the full range of 
operating signal voltage and current. RoN remains excep· 
tionally constant for input voltages between +5V and -5V 
and currents up to 50mA. Switch impedance also changes 
very little over temperature, particularly between QOC and 
+750C. RON is nominally 250 for Hl-5048 through 
Hl-5051 and Hl-5046A/5047A and 500 for Hl-5040 
through Hl-5047. 

All devices provide break-before-make switching and are 
TTL and CMOS compatible for maximum application versa· 
tility. Performance is further enhanced by Dielectric Isola· 
lion processing which insures latch-free operation with very 
low input and output leakage currents (0.BnA at +250C). 
This family of switches also features very low power opera· 
lion (1.5mW at +250C). 

There are 14 devices in this switch series which are differ· 
entiated by type of switch action and value of RoN (see 
Functional Diagram). All devices are available in 16 pin DIP 
packages. The Hl-5040/5050 switches can directly replace 
IH-5040 series devices except IH5048, and are functionally 
compatible with the DG 180/190 family. Each switch type is 
available in the -550C to +1250C and ooc to +750C 
performance grades. 

Functional Description Functional Diagram 

PART NUMBER TYPE 

Hl-5040 SPST 

Hl-5041 DUALSPST 

Hl-5042 SPOT 

Hl-5043 DUALSPDT 

Hl-5044 DPST 

Hl-5045 DUALDPST 

Hl-5046 DPDT 

Hl-5046A DPDT 

Hl-5047 4PST 

Hl-5047A 4PST 

Hl-5048 DUALSPST 

Hl-5049 DUALDPST 

Hl-5050 SPOT 

Hl-5051 DUALSPDT 

RoN 

75!1 

75!1 

75!1 

75!1 

75!1 

75!1 

75!1 

25!1 

75'1 

25!1 

25!1 

25!1 

25!1 

25!1 

TYPICAL DIAGRAM 

Pin outs 
Hl-5043/51 20 LEAD PLCC 

TOP VIEW 
Hl-5045/49 20 LEAD PLCC 

TOP VIEW 

CAUTION: These devices are sensitive to electrostatic discharge. Proper l.C. handling procedures should be followed. 
Copyright © Harris Corporation 1 991 
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Specifications HJ-5040 Series 

Absolute Maximum Ratings 

Supply Voltage (V+, V-) ........•....•.................•.. 36V 
VR to Ground ..........•........................•..... V+, V-
Digital and Analog Input Voltage .•.............• +VsuPPLY +4V 

-VsuPPLY -4V 
Analog Current (S to D) Continous ...•....•....•........• 30mA 
Analog Current (S to D) Peak ......•....•...............• 80mA 
Total Power Dissipation• ...........•.......•....•..... 450mW 

Operating Temperature Range 

Hl-50XX-2 ............................•.•. -550C to +1250C 
Hl-50XX-5 .............................•....•. ooc to +750C 
Storage Temperature ......................•. -650C to +15QOC 

*Derate 6mw;oc Above TA = + 75oc 

Electrical Specifications Unless Otherwise Specified Supplies= +15V, -15V; VR = OV; VAH (Logic Level High)= 3.0V, 
VAL (Logic Level Low) = +0.8V, VL = +5V For Test Conditions, Consult Performance Characteristics, 
Unused Pins are Grounded. 

PARAMETER 

ANALOG SWITCH CHARACTERISTICS 

Analog Signal Range 

RON· On Resistance (Note 1 a) 

RON· On Resistance (Note 1 b) 

RoN• Channel-to-Channel Maleh (Note 1 a) 

RoN. Channel-to-Channel Match (Note 1 b) 

ls(OFF) = ID(OFF)- Off Input or Output 

Leakage Current 

ID(ON)> On Leakage Current 

DIGITAL INPUT CHARACTERISTICS 

VAL• Input Low Threshold 

V AH• Input High Threshold 

IA, Input Leakage Current (High or Low) 

SWITCHING CHARACTERISTICS 

toN. Switch On Time 

to FF• Switch Off Time 

Charge Injection (Note 2) 

"Off Isolation" (Note 3) 

"Crosstalk" (Note 3) 

Cs( OFF). Input Switch Capacitance 

CD(OFF)} 
CD(ON)> 

Output Switch Capacitance 

CA. Digital Input Capacitance 

Cos(OFF)> Drain-To-Source Capacitance 

POWER REQUIREMENTS 

Po, Quiescent Power Dissipation 

1+, +15V Quiescent Current 

1-, -15V Quiescent Current 

IL, +5V Quiescent Current 

IA, Ground Quiescent Current 

NOTESo 

1. VouT = ±10V, lour = 1 mA 
a). For Hl-5040 thru Hl-5047 
b). For Hl-5048 thru Hl-5051, Hl-5046A/5047A. 

TEMP 

Full 

+250C 

Full 

+25°C 
Full 

+250C 

+250C 

+250C 

Full 

+250C 

Full 

Full 

Full 

Full 

+25°C 
+25oc 

+250C 

+250C 

+25oc 

+25oc 

+250C 

+25oc 

+250C 

+25°C 

+250C 

Full 

Full 

Full 

Full 

-55oc To +1250C Q0CTo+750C 

MIN TYP MAX MIN TYP MAX UNITS 

-15 - +15 -15 - +15 v 
- 50 - - 50 - n 
- - 75 - - 75 n 
- 25 - - 25 - n 
- - 50 - - 50 n 
- 2 10 - 2 10 n 
- 1 5 - 1 5 n 
- 0.8 - - 0.8 - nA 
- 100 500 - 100 500 nA 
- O.D1 - - O.D1 - nA 

- 2 500 - 2 500 nA 

- - 0.8 - - 0.8 v 
3.0 - - 3.0 - - v 
- O.D1 1.0 - O.D1 1.0 µA 

- 370 1000 - 370 1000 ns 
- 280 500 - 280 500 ns 

- 5 20 - 5 - mV 

75 80 - - 80 - dB 

80 88 - - 88 - dB 

- 11 - - 11 - pF 

- 11 - - 11 - pF 

- 22 - - 22 - pF 

- 5 - - 5 - pF 

- 0.5 - - 0.5 - pF 

- 1.5 - - 1.5 - mW 

- - 0.3 - - 0.5 mA 

- - 0.3 - - 0.5 mA 

- - 0.3 - - 0.5 mA 

- - 0.3 - - 0.5 mA 

2. V1N = av. CL = , o.OOOpF. 

3. AL = 1oon, f = 100kHz. V1N = 2.0Vp-p• CL = SpF. 
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Hl-5040 Series 

;:!: Switch Functions SWITCH STATES ARE FOR LOGIC "1" INPUT 
'<::!' 5P5T DUAL 5P5T 5PDT 
0 Hl-5040 (75!1) Hl-5041 (75!1) Hl-5042 (75!1) It) 
..!. VL V+ VL V+ VL V+ 

:I: 12 11 12 11 12 11 
"C 16 16 16 s:: 5 D 51 D1 51 D1 co 
<( 

A1 
4 

CD 52 D2 
'<::!' A2 0 , 
It) I A 
..!. 

52 
9 

D2 :I: 
13 14 ..- 13 13 14 

Lt) 
VR v- VR v- VR v-

0 
Lt) 
..!. DUAL 5PDT DP5T DUAL DP5T 
:I: Hl-5043 (75!1) Hl-5044 (75!1) Hl-5045 (75!1) 

::J VL v+ ... VL V+ VL v+ 

.c .... 12 11 12 11 

0 16 16 

'<::!' 51 D1 S1 D1 S1 01 

0 S3 03 S3 03 
It) Al 4 3 A1 
..!. S2 D2 

:I: A2 A2 

s 2 02 A S2 02 

S4 04 S4 04 

13 14 

VR V- VR v- VR v -

DPDT 4PST DUAL5P5T 
Hl-5046 (75!1) Hl-5047 (75!1) Hl-5048 (25!1) 
Hl-5046A (25!1) Hl-5047A (25!1) 

VL v+ VL V+ VL V+ 

12 

4 
S1 01 S1 D1 S1 D1 

S2 D2 S2 02 

S3 03 S3 03 A1 

S4 D4 S4 04 A2 

A A 
5 

02 S2 

13 14 13 

VR V- VR v - VR v-

DUAL DPST SPDT DUAL SPDT 
Hl-5049 (25!1) Hl-5050 (25!1) Hl-5051 (25!1) 

VL v+ VL V+ VL v+ 

12 11 

16 
S1 D1 S1 D1 S1 01 

S3 D3 S3 D3 

A1 
4 3 A1 S2 D2 

A2 A2 

S2 D2 A S2 02 

S4 04 S4 04 

13 14 

VR v- VR v- VR v -
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Hl-5040 Series 

Pin Configurations SWITCH STATES ARE FOR LOGIC "O" INPUT 
SINGLE CONTROL 
SPST 
Hl-5040 (7Sn) 

DPDT 
Hl-5046 (7Sn) 
Hl-5046A (2Sn) 

DUAL CONTROL 
DUAL SPST 
Hl-5041 (75n) 

DUAL SPST 
Hl-5048 (2Sn) 

SPOT 
Hl-5042 (7Sn) 
Hl-5050 (25n) 

4PST 
Hl-5047 (7Sn) 
Hl-5047 A(25n) 

DUAL SPOT 
Hl-5043 (75n) 
Hl-5051 (25n) 

NOTE: Unused pins may be internally connected. 
Ground all unused pins. 
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DPST 
Hl-5044 (7Sn) 

DUAL DPST 
Hl-5045 (?Sn) 
Hl-5049 (2Sn) 

s, 

VR 

v, 

~ 
'<:I' 
0 
LO 
..!. 
J: 

" c 
C'CI 

~ 
'<:I' 
0 
LO 
..!. 
J: 
,... 
LO 
0 
LO 
..!. 
J: 
:l ... 
.c: -0 
'<:I' 
0 
LO 
..!. 
J: 
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~ 
-:t' 
0 
LO 
...!. 
::c 
"O 
c: 
ca 

~ 
-:t' 
0 
LO 
...!. 
::c 
..... 
LO 
0 
LO 
...!. 
::c 
:J ... 

.c: -0 
-:t' 
0 
LO 
...!. 
::c 

Hl-5040 Series 

Performance Characteristics and Test Circuits 
Unless Otherwise Specified: TA= +250C, V+ = +15V, V- = -15V, VL = +5V, VR = OV, VAH = 3.0V and VAL= O.BV 

UJ 
u 

"ON" RESISTANCE vs. ANALOG SIGNAL LEVEL, 
SUPPLY VOLTAGE AND TEMPERATURE 

1mA 

~---<mi----~ 
V2 ~ 

1mA -- 2 -
IN _,. l OUT 

J 

"ON" RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 

V+ = + 12V 

~ v+ = + 1ov L'~ - = - 12v 

g 40 '1--.."1-- v - = -1~ 1 .... 
ffi 
; 201--+r---,-+t--=:.i:::::t:==l=:=I:==!~:::):~;--~+ ,,::·~5V 
~ v- = -15V 

o~~~~~~~~~~l~ 
-15 -10 -5 0 +5 +10 +15 

ANALOG SIGNAL LEVEL {VOLTS) 

NORMALIZED "ON" RESISTANCE vs. TEMPERATURE 

~ G 1.2 t---+--+-----+-+--+---+----+-+--+---+----+-r-1r---~ sag 
r/l N 1.1 t---+--t---t--t---t---l--t---t--t---r--r- V1N= OV l-= 
~+ ~ 
z ~ 1.0 1-+-t-+-t=:::;:J:;~-+-l-+-T==f==t--t--t--1 
\'.) 8 o.9 1----+----+Vc:_-+.l----1---+----+---+--1---1--1---1---+-+---+-____, 
8~ y 
~ ~ 0.8 l---t--1---+---l--t--t--!--+-+--+-+--+-+--t-----t 
-.: UJ 
~ !E. 0. 7 t---+--t---+---l--t---+--t--r--r---r--r--t--T---t---1 

0 
z 0.6 '---'---"'---'---"--'---'--'-~-"---'--"---'--"---'--~ 

- 50° - 25° OO + 250 + 500 + 75o + 100° + 1250 

TEMPERATURE (0 c) 
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Hl-5040 Series 

Performance Characteristics and Test Circuits (Continued) 

ON/OFF LEAKAGE CURRENT vs. TEMPERATURE 

lOpA 7 
25° 500 75° 

TEMPERATURE (o C) 

1000 

NORMALIZED "ON" RESISTANCE vs. ANALOG CURRENT 

UJ 
() 
z 

1.4 

~;? 1.3 

ff].§ 
a: 0 
• t-
~ ~ 1-2 
• er 
c er 
UJUJ 

~tt 1-1 «er 
::;
er 
0 
z 1.0 

v 
0 20 40 60 80 

ANALOG CURRENT (mA) 
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OFF LEAKAGE CURRENT vs. TEMPERATURE 

~ 
±lov~ ~ +1ov 

(HI) 50XX ·03 

ON LEAKAGE CURRERT vs. TEMPERATURE 

IN OUT 

=. ±lOV 

~ 

"ON" RESISTANCE vs. ANALOG CURRENT 

IN 

:c ,, 
r:: 
m 

~ 
oqo 
0 
ll) 
...!. 
:c 
.,.... 
ll) 
0 
ll) 
...!. 
:c 
::J .... 

.r:: -0 
oqo 
0 
ll) 
...!. 
:c 

• 



T"" 
LO 
0 
LO 
..:. 
:c 

::::s ... 
..c -0 
'<:!' 
0 
LO 
..:. 
:c 

HJ-5040 Series 

Performance Characteristics and Test Circuits (Continued) 

-200 

- -160 

"' ~ 
z 
Q -120 

5 
0 
5Q - BO 
u. 
u. 
0 

-40 

200 

CQ160 
~ 

b, 

'J 120 

~ N 

~ BO 
u 

40 

0 
1 

~ 
§. 

z 
Q 
Ii: 
:; 
:::> 
Cfj 
z 
0 
u 
cc 
w 

~ 
Q. 

200 

160 

120 

BO 

40 

"OFF" ISOLATION vs. FREQUENCY 

! 

lid 

if [ :I 
RL= 10Kf! H iulllll.J_ 
[I 

10 100 1K 10K 100K 1M 
FREQUENCY (Hz) 

CROSSTALK vs. FREQUENCY 

r-
:__,. R L = 10on 

N -1 
t-- R L = 1Kf! N t--

-=r:IT N 
T~m~,:i jJKn~ 

1111 
10 100 1K 10K 100K 1M 

FREQUENCY (Hz) 

POWER CONSUMPTION vs. FREQUENCY 

t 
I! 

li 
L 

~ 
i-1--1 o~l='=,.,,bd:d:::::±:::::r:::...J_J_JL_L_L_L_J 

0 1K 10K 100K 1M 

TOGGLE FREQUENCY (50% DUTY CYCLE) (Hz) 
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IN I I OUT 
VIN E§""1 o---. 1 Ro VouT 

(2V)pp ~ 500 ~ L 

"OFF" ISOLATION = 20 LOG ~) 
\vouT 

"CROSSTALK"= 20 LOG(~) 
VOUT 

+ 10V 

-10V 

TOGGLE 
AT50% 

DUTY 

+5V + 15V -15V 



Hl-5040 Series 

Switching Characteristics 
ON/OFF SWITCH TIME vs. LOGIC LEVEL 

+ 10V 

VAL_J 
I 

I 
190% 
I 

VAH 

'-----VA 

----OUT1 
I 

~ 10FF,__ 
I .----OUT2 
I 90% 

SWITCHING TIMES FOR POSITIVE DIGITAL TRANSITION SWITCHING TIMES FOR NEGATIVE DIGITAL TRANSITION 
720 

660 

600 

540 

480 '.SJ 
420 ~ 

' N 360 

300 

240 

180 

120 

60 

2.4V 

" 1--- 1oN ,..._ 
r--- t OFF 

~ r-

3.0V 3.6V 4.2V 

DIGIT AL "HIGH" <VAH ) 

Switching Waveforms 

INPUT t--

OUTPUT 

Top: TIL Input (1 V/Div.) 
VAH = 3V, VAL= O.SV 

Bottom: Output (5V/Div.) 
Horizontal; 200ns/Div. 

'':4 ' 

L 
1 ~ 

4.8V 
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120~~~~~~~~~~~~~~~~~~--, 

660 

600 

540 

480 

420 

360 

300 
1---1-+---r1+-- I y 

240 

180 

120 

60 
ov 

INPUT 

OUTPUT 

t OFF i--::v 

0.5V 1.0V 

DIGITAL ·Low· (VAL) 

Top: CMOS Input (5V/Div.) 

VAH = 10V, VAL= av 
Botiom: Output (SV/Div.) 

Horizontal: 200ns/Div. 

1 
_l \ 

i 

1.SV 

~ 
o:J' 
0 
Lt) 
...!. 
:c: 
'tJ 
c: 
ca 

~ 
o:J' 
0 
Lt) 
...!. 
:c: 
,.. 
Lt) 
0 
Lt) 
...!. 
:c: 
:J ... 

..c: -0 
o:J' 
0 
Lt) 

I 

:r: 
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Hl-5040 Series 

Switching Characteristics 

TTL/CMOS REFERENCE CIRCUIT' 

v+ v+ R3 

TO (VR ') 20~: 
TO P2 

-
VL 

·connect V+ to VL for minimizing power consumption 
when driving from CMOS circuits 
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SWITCH CELL 

OUT 



DIGITAL INPUT BUFFER AND LEVEL SHIFTER 

ALL N-CHANNEL 
BODIES TO V-

ALL P-CHANNEL 
BODIES TO V+ 

EXCEPT AS SHOWN 

Hl-5040 Series 

v+ 

v-

For Further Information Refer to Application Notes 520, 521, 531, 532, and 557 in Section 10 of Data Book . 
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r:!: Ordering Information 
~ 
0 
It) 
..!. 
:I: 
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:I: 
,.... 
It) 
0 
It) 
..!. 
:I: 
:;, ... 
..c -0 
~ 
0 
It) 
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:I: 

PART NUMBER 

Hl1-5040-7 
Hl3-5040-5 
Hl1-5040-2 
Hl1-5040-5 

Hl3-5041-5 
Hll-5041-5 
Hll-5041-2 
Hl1-5041-7 

Hl3-5042-5 
Hl1-5042-5 
Hl1-5042-7 
Hl1-5042-2 

Hl1-5043-7 
Hl4P5043-5 
Hll-5043-2 
Hl3-5043-5 
Hll-5043-5 

Hl1-5044-7 
Hll-5044-5 
Hl3-5044-5 
Hl1-5044-2 

Hl1-5045-5 
Hl1-5045-7 
1111-5045-2 
1113-5045-5 
lll4P5045-5 

Hll-5046-2 
1111-5046-5 
1111-5046-7 
Hl3-5046-5 

Hl1-5046A-7 
Hl3-5046A-5 
Hl1-5046A-2 
Hl1-5046A-5 

Hll-5047-5 
Hl1-5047-7 
Hll-5047-2 
Hl3-5047-5 

Hl1-5047A-5 
Hl1-5047 A-2 
Hl3-5047A-5 
1111-5047A-7 

Hl1-5048-5 
Hl1-5048-7 
Hl3-5048-5 
Hll-5048-2 

Hl4P5049-5 
1111-5049-5 
Hll-5049-2 
Hl3-5049-5 
Hl1-5049-7 

Hl1-5050-5 
Hl1-5050-2 
Hl3-5050-5 
Hl1-5050-7 

Hl1-5051-5 
Hl1-5051-2 
Hl1-5051-7 
Hl4P5051-5 
Hl3-5d51-5 

Hl-5040 Series 

TEMPERATURE RANGE PACKAGE 

ooc to+ 75oc + 96 Hr. Burn-In 16-Pin CERDIP 
oocto +750C 16-Pin Plastic DIP 

-550C to +1250C 16-Pin CERDIP 
oocto+75oc 16-Pin CERDIP 

oocto +750C 16-Pin Plastic DIP 
oocto+750C 16-Pin CERDIP 

-55oc to+ 125oc 16-Pin CERDIP 
ooc to+ 75oc + 96 Hr. Burn-In 16-Pin CERDIP 

oocto +75oc 16-Pin Plastic DIP 
oocto +750C 16-Pin CERDIP 

ooc to+ 75oc + 96 Hr. Burn-In 16-Pin CERDIP 
-550C to +1250C 16-Pin CERDIP 

ooc to+750C + 96 Hr. Burn-In 16-Pin CERDIP 
oOCto +750C 20-Pin PLCC 

-550C to+ 125oc 16-Pin CERDIP 
oocto +750C 16-Pin Plastic DIP 
oocto+75oc 16-Pin CERDIP 

ooc to +750C + 96 Hr. Burn-In 16-Pin CERDIP 
ooc to+750C 16-Pin CERDIP 
00Cto+750C 16-Pin Plastic DIP 

-55oc to+ 125oc 16-Pin CERDIP 

oocto +75oc 16-Pin CERDIP 
ooc to+ 75oc + 96 Hr. Burn-In 16-Pin CERDIP 

-55oc to + 125oc 16-Pin CERDIP 
ooc to+750C 16-Pin Plastic DIP 
oocto+750C 20-Pin PLCC 

-550C to +1250C 16-Pin CERDIP 
oocto+75oc 16-Pin CERDIP 

ooc to +750C + 96 Hr: Burn-In 16-Pin CERDIP 
oocto+750C 16-Pin Plastic DIP 

ooc to +750C + 96 Hr. Burn-In 16-Pin CERDIP 
ooc to +750C 16-Pin Plastic DIP 

-550C to +1250C 16-Pin CERDIP 
oocto +750C 16-Pin CERDIP 

oocto +750C 16-Pin CERDIP 
ooc to +750C + 96 Hr. Burn-In 16-Pin CERDIP 

-550C to +1250C 16-Pin CERDIP 
oocto+750C 16-Pin Plastic DIP 

oocto +75oc 16-Pin CERDIP 
-550Cto+1250C 16-Pin CERDIP 

oocto +750C 16-Pin Plastic DIP 
ooc to+ 75oc + 96 Hr. Burn-In 16-Pin CERDIP 

oocto+75oc 16-Pin CERDIP 
ooc to +750C + 96 Hr. Burn-In 16-Pin CERDIP 

oocto +750C 16-Pin Plastic DIP 
-55oc to+ 125oc 16-Pin CERDIP 

oocto+750C 20-Pin PLCC 

oocto+750C 16-Pin CERDIP 

-55oc to+ 125oc 16-Pin CERDIP 

oocto+75oc 16-Pln Plastic DIP 

ooc to +750C + 96 Hr. Burn-In 16-Pin CERDIP 

oocto+75oc 16-Pin CERDIP 
-550C to+ 125oc 16-Pin CERDIP 

oocto +75oc 16-Pin Plastic DIP 
ooc to +750C + 96 Hr. Burn-In 16-Pin CERDIP 

oocto+750C 16-Pin CERDIP 
·-550C to +1250C 16-Pin CERDIP 

ooc to+ 75oc + 96 Hr. Burn-In 16-Pin CERDIP 
oocto +750C 20-Pin PLCC 
oocto+750C 16-Pin Plastic DIP 
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HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION 
The IH401A is made up of 4 monolithically constructed 

combinations of a varactor type diode and an N-channel 
JFET. The JFET itself is very similar to the popular 2N4391, 
and the driver diode is specially designed, such that its ca
pacitance is a strong function of the voltage across it. The 
driver diode is electrically in series with the gate of the N
channel FET and simulates a back-to-back diode structure. 
This structure is needed to prevent forward biasing the 
source-to-gate or drain-to-gate junctions of the JFET when 
used in switching applications. 

Previous applications of JFETs required the addition of 
diodes, in series with the gate, and then perhaps a gate-to
source referral resistor or a capacitor in parallel with the 
diode; therefore, at least 3 components were required to 
perform the switch function. The IH401A does this same job 
in one component (with a great deal better performance 
characteristics). 

Like a standard JFET, to practically perform a solid state 
switch function a translator should be added to drive the 
diode. This translator takes the TTL levels and converts 
them to voltages required to drive the diode/FET system 
(typically a OV to -15V translation and a 3V to + 15V shift). 
With ± 15V power supplies, the IH401A will typically switch 
22Vp-p at any frequency from DC to 20MHz, with less than 
son Roscon)· 

IH401A 
QUAD Varafet Analog Switch 

FEATURES 
• Ros(on) = 35!1 Typical 

• lo(off) of 10pA Typical 

• Switching Times of 25ns for Ion and 75ns tor 10 11 
(RL = 1k!l) 

• Built-In Overvoltage Protection ( ± 25V) 

• Charge Injection Error of 3mV Typical Into 0.01µF 
Capacitor 

• C;55 < 1 pf Typical 

• Can Be Used for Hybrid Construction 

ORDERING INFORMATION 

Part Number Package 

IH401A CERDIP 

0283-1 

Figure 1: Pin Configuration 
(Outline Dwg JE) 

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODl.JCT 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. 7-87 



-c .... 
0 
~ 

IH401A 

:!: ABSOLUTE MAXIMUM RATINGS 
Vs to Vo ......................................... 35V 
~~%~······································~ 
Operating Temperature ............... - 55°C to + 125°C 
Storage Temperature ................. -65°C to + 150°C 
Lead Temperature (Soldering, 1 Osec) .............. 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 operational sections of the specifications is not 
implied Exposure to absolute maximum rating conditions for extended peri
ods may affect device reliability. 

ELECTRICAL CHARACTERISTICS AT 25°C/125°C 

Symbol Characteristic Test Conditions 
IH401A 

Units 
Min Typ Max 

Ros( on) Switch "on" Resistance VDRIVE=15V, 
35 50 fl 

VoRAIN= -10V, lo= 10mA 

Vp Pinch-Off Voltage lo=1nA, Vos=10V 2 4 5 v 

lo(off) Switch "off" Current VDRIVE= -15V, 
or "off" Leakage VsouRcE= -1ov, 10 ±500 pA 

VoRAIN= +10V 

lo(off) Switch "off" Leakage VDRIVE= -15V, 
at 125°C VsouRcE= -1ov, 0.25 50 nA 

VoRAIN = + 10V 

ls(off) Switch "off" Current VoRIVE= -15V, 
VoRAIN= -10V, 10 ±500 pA 

VsouRcE= + 1ov 

ls(off) Switch "off" Leakage VoRIVE=-15V, 
at 125°C VsouRcE= -1ov, 0.3 50 nA 

VoRAIN= + 10V 

lo(on) + ls(on) Switch Leakage when Vo= Vs= -10V, 
0.02 ±2 nA 

Turned "on" VoRIVE = + 15V 

Vanalog AC Input Voltage Range See Figure 3 
20 22 Vp-p 

without Distortion 

Vinject Charge Injection Amplitude See Figure4 3 mVp-p 

BVdiode Diode Reverse Breakdown Vo=Vs= -V, 
Voltage. This Correlates to IDRIVE=1µA, -30 -45 v 

Overvoltage Protection DRIVE=OV 

BVGSS Gate to Source or Gate VoRIVE= -V, 
to Drain Reverse Vo=Vs=OV, 30 41 v 

Breakdown Voltage DRIVE=1µA 

loss Maximum Current Switch VoRIVE=15V, Vs=OV, 
35 55 mA 

can Deliver (Pulsed) o= +10V 

Ion Switch "on" time (Note 1) See Figure 2 50 ns 

Iott Switch "off" time (Note 1) See Figure 2 150 ns 

NOTE: Driving waveform must be > 100ns rise and·fall time. 

NOTE All typical values have been characterized but are not tested. 
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+15V 

-15V_fl__ 
STROSE 
INPUT 

0283-2 

t15V 

av 
-15V 

10% 
'5V 

90% 

•on 

loo 

IH401A er: ... 
0 .... 
~ 

90% 

STROSE INPUT 

av 
1()% •5V SIGNAL 

1011 
-5V SIGNAL 

0283-3 

Figure 2: Switching Time Test Circuit and Waveforms 

+15V 

VouT 

0283-4 

Figure 3: Analog Input Voltage Range 

APPLICATIONS 
IH401 Family 

Test Circuit 

. In general, the.IH401A family can be used in any applica
tion formally using a JFET /isolation diode combination 
(2N4391 or similar). Like standard FET circuits, the IH401 A 
requires a translator for normal analog switch function. The 
translator is used to boost the TTL input signals to the 
± 15V analog supply levels which allow the IH401 A to han
dle ± 10V analog signals. A typical simple PNP translator is 
shown in Figure 5. 

+15V 

FROM TTL 
OPEN COLLECTOR 
LOGIC 

-ISV 

+15V 

Figure 5 

NOTE Alf typical values have been characterized but are not tested. 

ANALOG 
SIGNALS 

IN 

0283-6 

7-89 

av LS 
-15V 

0283-5 

Figure 4: Charge Injection Test Circuit 

Although this simple PNP circuit represents a minimum of 
components, it requires open collector TTL input and t(afl) is 
limited by the collector load resistor (approximately 1.5µ.s 
for 1 Okfl). Improved switching speed can be obtained by 
increasing the complexity of the translator stage. 

A translator which overcomes the problems of the simple • 
PNP stage is the Harris IH6201.* This translator driving an 
IH401 A varafet produces the following typical features: 

• tan time of approx. 200ns } break before 
• taff time of approx. BOns make switch 

· +2.4V 
• TIL compatible strobing levels of l'""1 

o.cv--1 L-
• lo(on) + ls(an) typically 20pA up to ± 1 OV analog signals 
• lo(aff) or ls(aff) typically 20pA 
0 Quiescent current drain of approx. 1 OOnA in either "on" 

or "off''. case 
*The IH6201 is a dual translator (two independent trans

lators per package) constructed from monolithic CMOS 
technology. The schematic of one-half IH6201, driving one
fourth of an IH401A, is shown in Figure 6. 



2.4V 

r--1 TTL OR 
0.4V ....I 1.- CMOS 

INPUT 
STROBE 

8 

TRANSLATOR (IH6201) 

r----1 
I I 
I I 

I 
I I 
I s I 
L_V~A~_J 

+15V 

-15V 

+15V 

8 -15V..J1_ 
I I 
I I 
I I 

O +15Vi_j

-15V 

IH401A 

0283-8 

NOTE: Each translatoLoutput.has a 9 and 8 output. 8 is just the inverse of 8 i.e., (8 output is 180"·out of phase with respect to 8 output). 

Figure 6: IH6201 Driving An IH401A 

0283-9 

NOTE: Either switch is turned on when strobe input goes high. 

Figure 7: Dual SPST Analog Switch 

NOTE All typical values have been characterized but are not tested. 
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Figure 8: DPDT Analog Switch 

Figure 9: Dual SPOT Analog Switch 

A very useful feature of this system is that one-half of an 
IH6201 and one-half of an IH401A can combine to make a 
SPOT switch, or an IH6201 plus an IH401A can make a dual 
SPOT analog switch. (See Figure 9) 

Figure 10: Dual DPST Analog Switch 

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

IH5009-5012, 5014, 
5016-5020,5022,5024 

Virtual Ground 
Analog Switch 

0 
~ GENERAL DESCRIPTION 
11'1 
I 

co ... 
0 
11'1 

The IH5009 series of analog switches were designed to 
fill the need for an easy-to-use, inexpensive switch for both 
industrial and military applications. Although low cost is a 
primary design objective, performance and versatility have 
not been sacrificed. 

.; Each package contains up to four channels of analog gat
O ing and is designed to eliminate the need for an external 
in driver. The odd numbered devices are designed to be driv
ci en directly from TTL open collector logic (15 volts) while the 
..,. even numbered devices are driven directly from low level 
o TTL logic (5 volts). Each channel simulates a SPOT switch. 
11'1 SPST switch action is obtained by leaving the diode cathJ. ode unconnected; for SPOT action, the cathode should be 
o grounded (OV). The parts are intended for high performance 
O multiplexing and commutating usage. A logic "O" turns the 
11'1 channel ON and a logic "1" turns the channel OFF. 
:5 

ORDERING INFORMATION 

Basic 
Channels 

Logic 
Packages 

Part Number Level 

IH5009 4 +15 DD,PD 

IH5010 4 +5 DD,PD 

IH5011 4 +15 DE,PE 

IH5012 4 +5 DE.PE 

IH5014 3 +5 DD.PD 

IH5016 3 +5 DE,PE 

IH5017 2 +15 DD,PA 

IH5018 2 +5 DD,PA 

IH5019 2 +15 DE.PA 

IH5020 2 +5 DE.PA 

IH5022 1 +5 DD.PA 

IH5024 1 +5 DE,PA 

NOTE: Mil-Temperature range (-ss~c to +125°C) available in ceramic 
packages only. 

FEATURES 
• Switches Analog Signals Up to 20 Volts Peak-to-Peak 

• Each Channel Complete - Interfaces With Most 
Integrated Logic 
• Switching Speeds Less Than 0.5µs 

• lo(OFF) Less Than 500pA Typical at 70°C 

• Effective r ds(ON) - 5!1 to 50!1 
• Commercial and Military Temperature Range 

Operation 

IH50XX M DE 

LPackage 
PA - 8-pin PLASTIC DIP 
PD - 14-PIN PLASTIC DIP 
PE - 16·PIN PLASTIC DIP 
DD - 14-PIN CERAMIC DIP 
DE - 16-PIN CERAMIC DIP 

TEMPERATURE RANGE 
M = MILITARY(-55°Cto +125°C) 
c = COMMERCIAL (0°C to + 70°C) 

'------- BASIC PART NUMBER 

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. 7-92 



IH5009-5012,5014,5016-5020,5022,5024 

ABSOLUTE MAXIMUM RATINGS 
Positive Analog Signal Voltage ..................... 30V Lead Temperature (Soldering, 1 Osec) ............. 300°C 
Negative Analog Signal Voltage .................. -15V Operating Temperature 
Diode Current .................................. 1 OmA 5009C Series ......................... 0°c to + 70'C 
Power Dissipation (Note) ....................... 500mW 5009M Series . .. .. . . . . . . . . . . . . . . . . - 55°C to + 125°C 
Storage Temperature ................ -65°C to + 150°C Lead Temperature (Soldering, 10sec) ............. 300°C 

NOTE: Dissipation rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient temperature below 75°C. For higher 
temperature, derate at rate of Sm/W°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 operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

IH5009(ros(ON),;100!1) IH5010 
(ros(ON),; 150!1) 14 PIN DIP 

(OUTLINE DWGS DD, PD, JD) 

IH5011 (ros(ON),; 100!1) IH5012 
(ros(ON),; 150!1) 16 PIN DIP 

(OUTLINE DWGS DE, PE, JE) 

IH5014 
(ros(ON),; 150!1) 14 PIN DIP 

(OUTLINE DWGS DD, PE, JE) 

'If' 
N 
0 
11'1 

ci 
N 
0 
11'1 

0 
N 
0 
11'1 
I 

IO ... 
0 
11'1 

..; ... 
0 
11'1 

ci ... 
0 
11'1 
I 

OI 
0 
0 
11'1 

0284-3 :E 

0284-1 
IH5016 

(ros(ON),; 150!1) 16 PIN DIP 
(OUTLINE DWGS DE, PE, JE) 

0284-2 

IH5017(ros(ON),;100!1) IH5018 
(ros(ON),; 150!1) 8 PIN DIP 

(OUTllNE DWGS DD, PA, JD) 

' . 11•1 

IH5019 (ros(ON) < 100!!) IH5020 
(ros(ON)"· 150!!) 0 PIN DIP 

(OUTLINE DWGS DE, PA, JE) 

.;$ft 
[131 I I 

, ' 
11~1 

0284-5 0284-6 

IH5024(ros(ON),;150!1) 
0284-4 

IH5022(ros(ON),;150!1) 
8 PIN DIP (OUTLINE DWGS DD, PA, JD) O PIN DIP (OUTLINE DWGS DE, PA, JE) 

:: 

0284-7 0284-8 

(Note: Numbers in brackets refer to CEADIP packages.) 

Figure 1: Pin Connections 

NOTE· All typical values have been characterized but are not tested. 
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IH5009-5012,5014,5016-5020,5022,5024 

FOUR CHANNEL 

IH5009(ros(ON)S100!1) 
IH5010(ros(ON)S150!1) 

14PIN DIP 

0284-9 

IH5011 (ros(ON):;; 100!1) 
IH5012(ros(ON)S150!1) 

16 PIN DlP 

0284-10 
TWO CHANNEL 

IH5017(ros(ON)S100!1) 
IH5018(roS(ON)S150!1) 

8 PIN DIP 

'l~· 
,wL~ 

• 8 

0284-13 

IH5019(ros(ON)S100!1) 
IH5020(ros(ON)S150!1) 

8 PIN DIP 

3~1 

t. b, 

·~· t. L 
0284-14 

THREE CHANNEL 

IH5014 (ros(ON\:;; 150!1) 
14 PIN DP 

0284-11 

IH5016 (ros(ONl:;; 150!1) 
16 PIN DP 

,~, 

t. !, 
·~· t. 6, 
··~· 

!2 !10 
0284-12 

SINGLE CHANNEL 

IH5022(ros(ON)S150!1) 
8 PIN DIP 

'~· 
' ' ' 

0284-15 

IH5024(ros(ON):;;150!1) 
BPIN DIP 

0284-16 

Figure 2: Device Schematics and Pin Connections 

NOTE: All typical values have been characterized but are not tested. 
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IH5009-5012,5014,5016-5020,5022,5024 

ELECTRICAL CHARACTERISTICS (per channel) 

TEST 
Specification Limit 

Symbol 
Characteristic 

Type Conditions -55'C (M) 
25'C 

+ 125'C (M) 
Units (Note 1) (Note 4) (Note 2) O'C (C) +70'C (C) 

Min/Max Typ Min/Max Min/Max 

l1N(ON) Input Current-ON ALL V1N=OV, lo=2mA 0.01 ±0.5 100 µA 

l1N(OFF) Input Current,OFF 5V Logic Ckts V1N= +4.5V, VA=± 10V 0.04 ±0.5 20 nA 

l1N(OFF) Input Current-OFF 15V Logic Ckts V1N= + 11V, VA=± 10V 0.04 ±0.5 20 nA 

V1N(ON) Channel Control Voltage-ON 5V Logic Ckts See Figure 7, Note 3 0.5 0.5 0.5 v 
V1N(ON) Channel Control Voltage-ON 15V Logic Ckts See Figure 8, Note 3 1.5 1.5 1.5 v 
V1N(OFF) Channel Control Voltage-OFF 5V Logic Ckts See Figure 6, Note 3 4.5 4.5 v 
V1N(OFF) Channel Control Voltage-OFF 15V Logic Ckts See Figure 8, Note 3 11.0 11.0 v 
ID(OFF) Leakage Current-OFF 5V Logic Ckts V1N= +4.5V, VA=± 10V 0.02 ±0.5 20 nA 

ID(OFF) Leakage Current-OFF 15V Logic Ckts V1N= + 11V, VA=± 10V 0.02 ±0.5 20 nA 

ID(ON) Leakage Current-ON 5V Logic Ckts V1N=OV, ls=1mA 
0.30 ± 1.0 

1000 (M) 
nA 

200 (CJ 

ID(ON) Leakage Current-ON 15V Logic Ckts V1N=OV, ls=1mA 
0.10 ±0.5 

500(M) 
nA 

100 (CJ 

lo(ON) Leakage Current-ON 5V Logic Ckts V1N=OV, ls=2mA 1.0 10 /<A 

lo(ON) Leakage Current-ON 15V Logic Ckts V1N=OV, ls=2mA 2.0 100 µA 

rose ON) Drain-SourceON-Resistance 5V Logic Ckts lo=2mA, V1N=0.5V 
150 90 150 

385(M) 
!1 

240 (CJ 

ros(ON) Drain-Source ON-Resistance 15V Logic Ckts lo=2mA, V1N= 1.5V 
100 80 100 

250(M) 
!1 

160 (CJ 

t(on) Turn-ON Time All See Figures 5 & 6 150 500 ns 

t(off) Turn-OFF Time All See Figures 5 & 6 300 500 ns 

CT Cross Talk All f= 100Hz 120 dB 

NOTES: 1. (OFF) and (ON) subscript notation refers to the conduction state of the FET switch for the given test. 
2. Refer to Figure 2 for definition of terms. 
3. V1N(ON) and V1N(OFF) are test conditions guaranteed by the tests of ros(ON) and lo(OFF) respectively. 
4. "SV Logic CKTS" applies to even-numbered devices. "15V Logic CKTS" applies to odd-numbered devices. 

NOTE· A/J typical values have been characterized but are not tested. 
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IH5009~5012,5014,5016-5020,5022, 5024 

~ TYPICAL PERFORMANCE CHARACTERISTICS (per channel) 
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CROSSTALK AS A 
RoS(ON) vs. TEMPERATURE 

(NORMALIZED TO 25°C 
VALUE) FUNCTION OF FREQUENCY 
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:<l 
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::; 
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' 
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~ ::s rs:: 

tt 06 
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TCMPERATUAE I C\ FREQUENCY (Hi! 

0284-20 0284-21 

DETAILED DESCRIPTION 
The signals seen at the drain of a junction FET type ana

log switch can be arbitrarily divided into two categories; 
those which are less than ± 200mV, and those which are 
greater than ±200mV. The former category includes all 
those circuits where switching is performed at the virtual 
ground point of an op-amp, and it is primarily towards these 
applications that the IH5009 family of circuits is directed. 

By limiting the analog signal at the switching point to 
± 200mV, no external driver is required and the need for 
additional power supplies is eliminated. 

Devices are available with both common drains and with 
uncommitted drains. 

NOTE: All typical values hav8 been characterized but are not tested. 
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lo(OFF) vs. TEMPERATURE 
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CROSSTALK MEASUREMENT CIRCUIT 

10 kU 

VouT 

•SV (5010 ETC) 
• 15V !5009 ETC! 

0284-22 

Those devices which feature common drains have anoth
er FET in addition to the channel switches. This FET, which 
has gate and source connected such that VGs=O, is in
tended to compensate for the on-resistance of the switch. 
When placed in series with the feedback resistor (Figure 3) 
the gain is given by: 

1 Ok.O. + ros(ONl(compensator) 

1 Ok.O. + ros(switch) · 
GAIN 



IH5009-5012,5014,5016-5020,5022,5024 

0284-23 

Figure 3: Use of Compensation FET 

Clearly, the gain error caused by the switch is dependent 
on the match between the FETs rather than the absolute 
value of the FET on-resistance. For the standard product, 
all the FETs in a given package are guaranteed to match 
within 5011. Selections down to 511 are available however. 
Contact factory for details. Since the absolute value of 
ros(ON) is guaranteed only to be less than 10011 or 15011, a 
substantial improvement in gain accuracy can be obtained 
by using the compensating FET. 

DEFINITION OF TERMS 

.. 

0284-24 

Figure 4. 

NOISE IMMUNITY 
The advantage of SPDT switching is high noise immunity 

when the series elements is OFF. For example, if a ± 10V 
analog input is being switched by TTL open collector logic, 
the series switch is OFF when the logic level is at + 15 
volts. At this time, the diode conducts and holds the source 
at approximately +0.7 volts with an AC impedance to 
ground of 25 ohms. Thus random noise superimposed on 
the + 1 O volt analog input will not falsely trigger the FET 
since the noise voltage will be shunted to ground. 

When switching a negative voltage, the input further in
creases the OFF voltage beyond pinch-off, so there is no 
danger of the FET turning on. 

NOTE· All typical values have been characterized but are not tested. 
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SWITCHING CHARACTERISTICS 

0284-25 

\I• 15V 
PW"' 5µ1 

7.SV 7.SV tr <O lµs 
t1 <0.1;n ov 

OUTPUT 
VA"10V 

ov 

OV 

OUTPUT 
VA• -10V 

0204-26 

Figure 5: High Level Logic 

V1N SV r-----~ 
PW"' 5µ1 2.SV 2.SV 
t,<0.1µ1 IQff 

t1<0.fo1 OV 

ov 

ov 

0284-27 

Figure 6: Standard DTL, TTL, RTL 
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IH5009-5012,5014,5016-5020,5022,5024 

ti LOGIC INTERFACE CIRCUITS 
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Figure 7: Interfacing with + 5V Logic 
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Figure 8: Interfacing with + 15V 
Open Collector Logic 

NOTE All typical values have been characterized but are not tested. 
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APPLICATIONS (Note) 
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NOTE: Additional applications information is given in Appli
cation Bulletins A003 "Understanding and Applying the An
alog Switch" and A004 "The 5009 Series of Low Cost Ana
log Switches". 



m HARRIS '.&I SEMICONDUCTOR 
IH5043 

High-Level CMOS Analog Switch 
GENERAL DESCRIPTION 
The IH5043 analog switch uses an improved, high 
voltage CMOS monolithic technology. These devices 
provide ease-of-use and performance advantages not 
previously available from solid state switches. 

Key performance advantage is TTL compatibility and 
ultra low-power operation. The quiescent current 
requirement is less than 1 mA. Also, the IH5043 guaran
tees Break-Before-Make switching, accomplished by 
extending the Ion time (300ns TYP), so that it exceeds 
Iott time (200ns TYP}. This insures that an ON channel 
will be turned OFF before an OFF channel can turn ON. 
The need for external logic required to avoid channel to 
channel shorting during switching is eliminated. 

The IH5043 improves upon and is pin-for-pin and 
electrical replacement for other solid state switches. 

v• 

FEATURES 
•See Hl504X and IH514X for Other Functions 

•Dual SPOT 

•Switches Greater Than 20Vpp Signals With ±15V 
Supplies 

• Quiescent Current Less Than 1 µA 

• Break-Before-Make 
10 n 300ns Typical 

Switching 

• TTL, DTL, CMOS, PMOS Compatible 

200ns, 

ORDERING INFORMATION 

Figure 1: Functional Driver, Typical 
Driver, Gate - IH5043 

PART 
NUMBER 

IH5043MJE 

IH5043CJE 

IH5043CPE 

IH5043CY 

TEMPERATURE 
RANGE PACKAGE 

-ssoc to +12soc 16 Pin Ceramic DIP 

ooc10+7ooc 16 Pin Ceramic DIP 

ooc10 +7ooc 16 Pin Plastic DIP 

ooc10+7ooc 16 Pin SOIC 

HARRIS SEMICONDUCTOR'S SOLE ANO 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 characten'zed but are not tested. 7-99 
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~ ABSOLUTE MAXIMUM RATINGS 
I 

0 
'Ill' 
0 
in 
~ 

v+-v- ......................................... <36V 
v+-v0 ......................................... <30V 
v0-v- ......................................... <30V 
Vo-Vs ........................................ < ±22V 
VL-V- ......................................... <33V 
VL-VIN ......................................... <30V 
VL-GND ........................................ <20V 
V1wGND ....................................... <20V 

Current (Any Terminal) . . . . . . . . . . . . . . . . . . . . . . . . < 30mA 
Storage Temperature . . . . . . . . . . . . . . . . - 65°C to + 150°C 
Operating Temperature 

M ............................... -55°C to+ 125°C 
c .................................... 0°Cto +70°c 

Lead Temperature (Soldering, 10sec) ............. 300°C 
Power Dissipation ............................. 450mW 
(All Leads Soldered to a P.C. Board) 
Derate 6mWl°C Above 70°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 operational sections of the specifications is not implied Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (@ 25°C, v+ = + 15V, v- = -15V, VL = +5V) 

Per Channel Min/Max Limits 

Symbol Characteristic 
Test Conditions Military Commercial Units 

-ss·c +2s0 c + 12s0 c 0 +2s0 c +70°c 

l1N(ON) Input Logic Current V1N=2.4V ±1 ±1 10 ±1 ±1 10 µA 

l1N(OFF) Input Logic Current V1N=0.8V ±1 ±1 10 ±1 ±1 10 µA 

ros(on) Drain-Source On ls=10mA 
75 75 150 80 80 130 n Resistance VANALoG= '-10V to+ 10V 

Mos(ON) Channel to Channel 25 30 n 
ros(ON) Match (typ) (typ) 

VANALOG Min. Analog Signal ±11 ±10 v 
Handling Capability (typ) (typ) 

lo(OFF/ Switch OFF Leakage VANALoG= -10Vto +10V ±1 100 ±5 100 nA 
ls( OFF) Current 

lo(ON) Switch On Leakage Vo= Vs= -10Vto +10V 
±2 200 ±10 100 nA 

+ls(ON) Current 

ton Switch "ON" Time RL = 1k!l, VANALOG= -10V 1000 1000 
to+ 10V See Fig. 3 

ns 

Iott Switch "OEF" Time RL =1k!l, VANALOG= -10V 500 500 
to+ 10V See Fig. 3 

ns 

Q(INJ.) Charge Injection See Fig. 4 15 20 
mV 

(typ) (typ) 

OIRR Min. Off Isolation f= 1MHz, RL = 1000, CL:5:5pF 54 50 
dB 

Rejection Ratio See Fig. 5 (typ) (typ) 

1+ Q V + Power Supply 
±1 ±1 10 10 10 100 µA Quiescent Current 

1-a v- Power Supply v+ = +15V, v- = -15V, 
±1 ±1 10 10 10 100 µA Quiescent Current VL = +5V 

1- LQ +5VSupply 
±1 ±1 10 10 10 100 µA Quiescent Current 

IGND Gnd Supply 
±1 1 10 10 10 100 µA 

Quiescent Current 

CCRR Min. Channel to One Channel Off; Any Other 
Channel Cross Channel Switches as per Fig. 6 54 50 

dB 
Coupling Rejection (typ) (typ) 
Ratio 

Note: Typical values are for design aid only, not guaranteed and not subject to production testing. 

NOTE: All typical values have been characterized but are not tested. 
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NOTE· All typical values have been characterized but are not tested. 
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(ros(on) < 75fl) 
'· '. 

s, D, 

s, D, s, D, 
IN, s, o, 

IN, IN, 

s, D, 
IN, 

s, D, s, D, 

s, D, 

0286-15 GND 

0286-16 

DPDT IH5046 
'· (ros(ON)<75ll) 

,. 
'· 

,. 

s, D, s, D, 

s, o, s, D, 
s, D, 

s, D, 
s, D, 

s, D, 

GND 

0286-17 GND 

0286-18 

4PSTIH5047 
'· (ros (ON)<75!l) 

,. '· '. 

s, D, s, D, 

s, D, s, D, 
s, D, 

s, D, s, D, 

s, D, 

0286-19 
GND 

0286-20 

Figure 2: Switching State Diagrams {Cont.) 

NOTE: All typical values have been characterized but are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Per Channel) 

Ros(on) vs v ANALOG SIGNAL 

100 

I 80 

+12~"C L..-
§: 60 

Ill 
+25"C 

-5~·c -
a: 40 '== ....... 

+25"C 
+12r"C 

15.Jis = 1mA J: j_@ ± 15V SUPPLIES 

20 

0 
-6 -5 -2.5 0 2.5 5 7.5 ' • 10 

YANALOG (V) 

0286-21 

120 

100 
= :!:. 

80 c;;-
"' 0 

60 a: 
!:. 

~ N 
~ 
~ 

'""" >c 40 

20 20UmVpp 
CCRR = 20LOG Vou1 (mVpp) 

0 
1 10 100 lk 10k 100k 1M 

FREQUENCY (Hz) 

0296-24 

-120~ 

-100 >-+-.+-r--+-+-~>-+-+-+-i 

= ~ :!:. -801-+-+-+-t-f"~i-;;;-+-+-t-t-+-i 

ii:' ~ S -&Ol-l-l--l--1-+-1--1-1-4-1--Fi 

> c -40 t-t-+--+-+-+-++-t-t-++-i 

-20 ZUOOmVpp 
O OIRR = 20LOG V~ 

1Hz 10Hz 100Hz lk 10k 100k 1M 

FREQUENCY (Hzl 

0286-26 

Ros(on) vs POWER SUPPLY VOLTAGE 

1so I 
CHARGE INJECTION vs V ANALOG 

(SEE FIG. B) CL= 10,000pF 
40,......,.....,..-,.~.,.... .......... .....,..-~ 

140 .__.--+-I+--1----+--+--+-_. 
120 t---t--t----iT--t---+----t-t-::::;11 

+10V ~ 
- 100 l;;;;~-4--1~1-''T=-t-r-; 
S. +1kv j...-

a:~ eo1:;:;;1:;::;;f~§;-t-1'"-t"""f'"j~ 
~~;;j;~+1~5~V-t--1r-'f='=f~~=i 60 ... 

40 1 

Ci: 
30 

Q. 

§. 25 

~ 20 
z 

0 
15 

2: ~+1V-+--+---1-+--I 
-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 

VANALOG (V) 
1:t:l;;±=l::E::E:t:Jt:l 

0286-22 

-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 

VANALOG (V) 

0286-23 

,-----r.---i 
~~~NNEL ~ -1.F :: -::!::--= 

I r 
I I VouT 

I I 10on 
I I 

JV i LA-= I --y~~~-1 ov..I'L ----'..~- 1 w1Mc 
SWITCHED ~ -V- . f 
CHANNEL '- - - - - - ~oon ~ - 510 

0286-25 

"- :i:c srn 
7 -= 

OFF STATE 

100!! 

-= 0286-27 

NOTE All typical values have been characterized but are not tested. 
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IH5040-IH504 7 

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
POWER SUPPLY QUIESCENT CURRENT·vs LOGIC.FREQUENCY RATE 

- r-T""'T'"''T'"...,....,....,.....,......,_......, vr 
IL 

3V 

~ 
--lo.1rl- I J,......__,___. 

0286-29 

.. 100 "" 
LOGIC FREQUENCY@ 10"io DUTY CYCLE IHll 

0286-28 

TEST CIRCUITS 

AIALOG llPUT AllALOC llPUT 

)

IDV 

3V 

.. .fl. -
::;~~ --D--1>- h Vour 

10,f 1 .,,."" 
--0-~-I' 

llPUT L l -•aur 
l~l 

0286-30 
0286-31 

Figure 3 Figure 4 

m &10 

LOGIC llPUT 

·~-
':' l-•our 

toao 
0286-32 

Figure 5 

NOTE 1: Some channels are turned on by high "1'' logic inputs and other channels are turned on by low ''O" inputs; however O.BV to 2.4V describes the min. range 
for switching property. Refer to logic diagrams to see absolute value of logic input required to produce "ON" or "OFF" state. 

APPLICATIONS 

+15V 

-15V 

•JV " > SAMPl E MOOE 
rN • > HOLD MODE 

Figure 6: Improved Sample & Hold Using IH5043 

NOTE: All typical values have been Characterized but are not tested. 
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APPLICATIONS (Continued) 

EXAMPLE: If - V ANALOG = -1 OVDC and 

+ V ANALOG = + lOVOC then Ladder legs 
are switched between ± 1 OVDC, depending 
upon state of Logic Strobe. 

2R 

R 

IH5043 
2R 

R R 

Figure 7: Using the CMOS Switch to Drive an R/2R Ladder Network (2 Legs) 

100kU 

Constant gain. constant O. variable frequency filter which 
provides simultaneous Lowpass, Bandpass, and Highpass 
outputs. With the component values shown, center frequency 
will be 235Hz and 23.SHz for high and low logic inputs 
respectively, 0"" 100, and Gain; 100. 

1 
f 0 = ~nter Frequency = --

2rr RC 

100kH 

10,000pf 

Figure 8: Digitally Tuned Low Power Active Filter 

NOTE All typical values have been characterized but are not tested. 
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:Z:: APPLICATIONS (Continued) i' 
0 .. 
0 .,, 
:!: 

r>LJL 
LOGIC 

r - - - - - - - - I +15V 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

-=-I 
L~~~G~r_:_ ___ _j 

Figure 9: Interfacing with TTL Open Collector Logic 
(Typ. Example for + 15V Case Shown) 

v• 

1SV;;. vt ;i. SV 

ov;;.. v- ---15V 

IN 

JI~ 

~NO 
GNO 

Figure 10: Interfacing with CMOS Logic 

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

m.Jl 
LOGIC 

,----
1 
I 
I 
I 
I 
I 

+SV 

---1 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I I 
Ls~ 12L~~~ - - _ _J 

IH5040-IH504 7 

IN 

j +SV 

~++15VOR +Vcc<V1 TERMINAL) 

l1on 
0286-38 

Figure 11: TTL Logic Interface 

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

7-107 

.... 
'II' 
0 
in 
:z: 
'j 
0 
'II' 
0 
in 
~ 

• 



C') 
in 
0 
in 
:z: 
::::. 
Cll 
in 

HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION 

IH5052/IH5053 
QUAD CMOS Analog Switch 

FEATURES 
O The IH5052/3 analog switches use an improved, high •Switches Greater Than 20Vpp Signals With ± 15V 

Supplies in voltage CMOS technology, which provides performance ad
!: vantages not previously available from solid state switches. 

Key performance advantages are TTL compatibility and ul
tra low-power operation - the quiescent current require
ment is less than 1 OµA. 

The IH5052/3 also guarantees Break-Before-Make 
switching. This is accomplished by extending the toN time 
(400ns TYP.) such that it exceeds toFF time (200ns TYP.). 
This insures that an ON channel will be turned OFF before 
an OFF channel can turn ON, and eliminates the need for 
external logic required to avoid channel to channel shorting 
during switching. With a logical "O" (O.BV or less) at its con
trol inputs, the I H5052 switches are closed, while the 
IH5053 switches are closed with a logical "1" (2.4V or 
more) at its control inputs. 

• Quiescent Current Less Than 10µA 

• Break-Before-Make Switching t0 11 1 OOns, ton 250ns 
Typical 

• TTL, CMOS Compatible 

• IH5052 4 Normally Closed Switches 

• IH5053 4 Normally Open Switches 

• Low Ros(ON) son Typical 

ORDERING INFORMATION 
IH505X c DE 

~ '°~::'~016-P;o c.~;, DIP 

Temperature Range 
M =Military 
C = Commercial 

Basic Part Number 

Outline Dwgs DE 

Dual-In-Line Package 

v• 
(SUBSTRATE) 

v, ., 

Switch States are 
for Logic "1" Input 

, ... 

v• 

., 

0286-19 

0288-2 

Figure 2: Pin Configurations 

TYP. DRIVER-GATE 

0288-1 

Figure 1: Functional Diagram 

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 FITNESf> FOR A PARTICULAR USE. 

NOTE: All typical values have been characterized but are not tested. 7-108 



IH5052/IH5053 

ABSOLUTE MAXIMUM RATINGS 

C') 
II) 
0 
II) 

v+-v- ....................................... <36V 

:c 
::::::. Power Dissipation ............................. 450mW C-.. 

(All Leads Soldered to a P.C. Board) in v+-v0 ....................................... <30V 
Vo-V- ....................................... <30V Derate 6mWl°C Above 70°C 0 
Vo-Vs ...................................... < ±22V 
VL -V- ........................................ <33V 
VL -V1N ........................................ <30V 
VL-GND ...................................... <20V 
V1N-GND ..................................... <20V 
Current(Any Terminal) ........................ <30mA 

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 peri
ods may affect device reliability. 

Storage Temperature . . . . . . . . . . . . . . . . - 65°C to + 150°C 
Operating Temperature . . . . . . . . . . . . . . - 55°C to + 125°C 
Lead Temperature (Soldering, 1 Osec) ............. 300°C 

ELECTRICAL CHARACTERISTICS (TA=25°C, v+ = +15V, v- = -15V, vL = +5V) 

Per Channel 
Min/Max Limits 

Test Conditions 
Military Commercial 

Symbol Characteristic -55°C +25°C + 12s0 c 0 +25°C +70°C 

l1N(ON) Input Logic Current V1N=2.4V (IH5053)=0.8V (IH5052) 10 ±1 10 ±10 

l1N(OFF) Input Logic Current V1N = 0.8V (IH5053) =2.4V (IH5052) 10 ±1 10 ±10 

ros(ON) Drain-Source On Is= 10mA, Vanalog= -10V to + 10V 
75 75 100 80 80 100 

Resistance 

Mos(ON) Channel to Channel 25 30 

ros(ON) Match (typ) (typ) 

VANALOG Min. Analog Signal ±11 ±10 
Handling Capability (typ) (typ) 

lo(OFF) I Switch OFF Leakage VANALOG = -10V to + 10V 
±1 100 ±5 100 

ls(OFF) Current 

lo(ON) Switch On Leakage Vo= Vs= -10Vto +10V 
±2 200 ±10 100 

+ls(ON) Current 

toN Switch "ON" Time RL = 1kn, Vanalog= -1ov to + 10V 
See Fig. 3 

500 1000 

toFF Switch "OFF" Time RL = 1k!l, Vanalog= -10V to + 10V 
250 500 

See Fig. 3 

Q(INJ,) Charge Injection See Fig. 4 15 20 
(typ) (typ) 

OIRR Min. Off Isolation f= 1 MHz, RL = 1000, CL~5pF 54 50 

Rejection Ratio See Fig. 5 (typ) (typ) 

1+ + Power Supply 
10 10 

Quiescent Current 
100 10 10 100 

1- - Power Supply v+ = +15V, v-= -15V, VL = +5V 
10 10 100 10 10 100 

Quiescent Current withGND 

lvL +5V Supply 
Quiescent Current 

10 10 100 10 10 100 

CCRR Min. Channel One Channel Off 
54 50 

to Channel 
(typ) (typ) 

Cross Coupling 
Rejection Ratio 

NOTE 1: Typical values are for design aid only, not guaranteed and not subject to production testing. 

NOTE· All typical values have been characterized but are not tested 
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IH5052/IH5053 

:Z: TEST CIRCUITS ::::. 
Cll 
It) 
0 
It) 

:5 
ANALOG INPUT 

.. -0-o-01>--I' 
LOGIC L 
INPUT l -Your 

1•-1 
m TTL 110 

LOGIC INPUT 

(NO~-

':" l--•our 

1'000 

0288-5 

0288-3 0288-4 

Figure 3 Figure 4 Figure 5 

NOTE 1: The 5053 is turned on by high "1" logic inputs and the 5052 is turned on by low "O" inputs; however 0.8V to 2.4V describes the min. range for switching 
properly. Refer to logic diagrams to see absolute value of logic input required to produce /'ON" or "OFF" state. 

TYPICAL PERFORMANCE CHARACTERISTICS (Per Channel) 

ros(ON) VS v ANALOG SIGNAL 
100 .--.....----.-,..-.....----.-,..-~~ 

0 

re 40 t---+---+-+--+---55'C ~ 

a t---+--+-+--+---+-+--+---l 
IS"' 1mA 

O ~~~-.___._,@,_,_1.;;._5y'-S'-'U"-P'-'P :.:;IE:o=.JS 

-10 -7..5 -5 -2.5 0 2.5 5 7.5 10 
VANALOG (Y) 

0288-6 

CROSS COUPLING REJECTION vs FREQUENCY 
13 

100 

ii .. 
~ 

I 
IO 0 

~ 
~ 
~ 

~ 
: .. ~ 

a 

'.I" 
- ......... 
"j_aLJ'l_vour (mYpp) • 1 10 100 1k 10k 100k , .. 

FREQUENCY (Hz) 

0288-9 

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

ros(ON)vs 
POWER SUPPLY VOLTAGE 

1IO 

CHARGE INJECTION vs V ANALOG 
(SEE Figure B) CL= 10,000pF 
45r--.---.--,~~--.--,-,~~ 

140>--+---+-__,l---+---+--,1---+---c 4Dl--+--+-;f---1--+--;-,-1--1 

35 1---1--+--;f---1--+--1--1--1 
i 30 > 
! 
u 25 

i a 

" .. >--+---+--,l---+---+--,1---+---t 15 

mt--+--+-t---+--+-1--+--I 
1:t:;t;;;t:j::!::t:~:::t:J 

-10 -7.5 ~ -2.5 0 2.5 5 7.5 10 

VANALOG (V) 

-10 -7.5 ~ -2.5 0 2.5 5 7.5 10 

VANALOG (V) 

0288-7 

,-------, 
I f!l. 

g:,.NEL +D--t>--1. ! ~ 
I ry:•ouT 

TTL LEVELS SL 
SWITCHED 
CHANNEL 

I 1 1000 
I I 
I L-
I -~-,_,____-.-~~ 

-0--t>- I 
L ____ _:::1J 

2Ypp 
1oon @1MHz 

Cross Coupling Rejection 
Test Circuit 
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TYPICAL PERFORMANCE CHARACTERISTICS (Per Channell (Continued) 

OFF ISOLATION vs FREQUENCY 
-120 

-100 

ii -<IC) 

~ 

~ -<IC) 

~ 
~ 
~ ,..... 

,; .... 
-20 

OIRR "' 20LOG Your (mYpp) 
.1 _l _l i j 2000mYpp 

1Hz 10Hz 100Hz 1k 10. 100k 1M 

FREQUENCY (Hz) 

0288-11 

POWER SUPPLY QUIESCENT CURRENT vs 
LOGIC FREQUENCY RATE 

1 10 100 1k 1IHI; 1* 

LOGIC FREQUENCY@ 1D'llt DUTY CYCLE (Hz) 

L~.fl.. 
'""'' 

0288-13 

r---------..,., •• 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

I - - i 
L1~.!!~~.!.E ____ J 

Aur 
f111111TO 
.Z.U) 

LOGIC 
IN"l.IT 

..... 
@1MC 510 

-:- -=-
Off STATE 

1000 

0288-12 
011 Isolation Test Circuit 

TTLLEYEL~ 

t:_T_J 
021l!l-1·1 

Logic Input Waveform 

+15V 

0288-15 

Figure 6: + 15V Open Collector TTL Interface to IH5052/5053 

NOTE: All typical values have been characterized but are not tested 
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IH5052/IH5053 

APPLICATIONS 
PROGRAMMABLE GAIN NON-INVERTING AMPLIFIER WITH SELECTABLE INPUTS 

CH< 

>-----1'"-+-..--o.-<> Your 

.... 
II 

10CMl:tl 

1000 

-15V ••• 0288-16 

Figure 7: Active Low Pass Filter with Digitally Selected Break Frequency 

SEQUENCER 
(2 BIT BINARY COUNTER) 

MUX 
SEQUENCE 0-1----<I 

RATE 

DUAL J•K FLIP FLOP 
POSSIBILITIES 
TTL· SN5473 

CMOS • CD4027 

ENABLE o---------~ 

DECODER 

3 INPUT NANO 
POSSIBILITIES 

TTL· 1113 SN5410 
CMOS - 1 1/3 CD4023 

ANALOG SWITCH 

TRUTH TABLE (IH5052) 

Mux Sequencer Switch States 
Enable Sequence Output ( - Denotes Off) 

Rate 20 21 SW1 SW2 SW3 

0 0 0 0 - - -
1 0 0 0 ON - -
1 1 pulse 1 0 - ON -
1 2 pulses 0 1 - - -
1 3 pulses 1 1 - - -
1 4 pulses 0 0 ON - -

Figure 8: 4-Channel Sequencing MUX 

NOTE All typical values have been characterized but are not tested. 
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A LATCHING DPDT SWITCH 
The latch feature insures positive switching action in re

sponse to non-repetitive or erratic commands. The A1 and 
A2 inputs are normally low. A HIGH input to A2 turns S1 and 
s2 ON, a HIGH to A1 turns S3 and S4 ON. Desirable for use 
with limit detectors, peak detectors, or mechanical contact 
closures. 

d5V •SV 

13 12 

•SV v+ 

., 

A2 

OUAO 2 INPUT 
NANO GATES 
TTL - OM7400 

OR OM5400 
CMOS - C04011 

or OM74COO 

v- OND 

0288-18 

IH5052/IH5053 

TRUTH TABLE (IH5052) 

Command 
State of Switches 
After Command 

A2 A1 S3 &S4 S1 &S2 
0 0 same same 
0 1 on off 
1 0 off on 
1 1 INDETERMINATE 

Figure 9: A Latching DPDT 

NOTE: All typical values have been characterized but are nol tested 
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m HARRIS \&if SEMICONDUCTOR 

GENERAL DESCRIPTION 
The IH5140 Family of CMOS switches utilizes Harris' 

latch-free junction isolated processing to build the fastest 
switches currently available. These switches can be toggled 
at a rate of greater than 1 MHz with super fast Ion times 
(BOns typical) and faster toff times (50ns typical), guarantee
ing break before make switching. This family of switches 
combines the speed of the hybrid FET DG180 family with 
the reliability and low power consumption of a monolithic 
CMOS construction. 

OFF leakages are guaranteed to be less than 200pA at 
25°C. Very low quiescent power is dissipated in either the 
ON or the OFF state of the switch. Maximum power supply 
current is 1 µA from any supply and typical quiescent cur
rents are in the 1 OnA range which makes these devices 
ideal for portable equipment and military applications. 

The IH5140 Family is completely compatible with TTL 
(5V) logic, TTL open collector logic and CMOS logic. It is pin 
compatible with Harris' IH5040 family and part of the 
DG180/190 family as shown in the switching state dia
grams. 

ORDERING INFORMATION 
Order 

Function Package 
Temperature 

Part Number Range 

IH5140 MJE SPST 16 Pin CERDIP -55°C to 125'C 
IH5140 CJE SPST 16 Pin CERDIP O'Cto 70'C 
IH5140 CPE SPST 16 Pin Plastic DIP O'Cto 70'C 

IH5141 MJE Dual SPST 16 Pin CERDIP - 55'C to 125'C 
IH5141 CJE Dual SPST 16 Pin CERDIP O'Cto 70'C 
IH5141 CPE Dual SPST 16 Pin Plastic DIP O'Cto 70'C 

IH5142 MJE SPOT 16 Pin CERDIP - 55'C to 125'C 
IH5142 CJE SPOT 16 Pin CERDIP o·c to 70'C 
IH5142 CPE SPOT 16 Pin Plastic DIP O'Cto 70'C 

IH5143 MJE Dual SPOT 16 Pin CERDIP -55'C to 125'C 
IH5143 CJE Dual SPOT 16 Pin CERDIP O'Cto 70'C 
IH5143 CPE Dual SPOT 16 Pin Plastic DIP O'Cto 70'C 

IH5144 MJE DPST 16 Pin CERDIP -55'C to 125'C 
IH5144 CJE DPST 16 Pin CERDIP O'Cto 70'C 
IH5144 CPE DPST 16 Pin Plastic DIP O'Cto 70'C 

IH5145 MJE Dual DPST 16 Pin CERDIP -55'C to 125'C 
IH5145 CJE Dual DPST 16 Pin CERDIP O'Cto 70'C 
IH5145 CPE Dual DPST 16 Pin Plastic DIP O'Cto 70'C 

Note: 1. Ceramic (side braze) devices also available; consult factory. 
2. MIL temp range parts also available with MIL-STD-883 processing. 

IH5140- IH5145 
High-Level 

CMOS Analog Switch 
FEATURES 
• Super Fast Break-Before-Make Switching 

• t 0 n BOns Typ, t0 11 50ns Typ (SPST Switches) 
•Power Supply Currents Less Than 1µA 
• OFF Leakages Less Than 100pA @ 25°C Typical 

• Non-latching With Supply Turn-off 

• Single Monolithic CMOS Chip 
• Plug-in Replacements for IH5040 Family and Part of 

the DG180 Family to Upgrade Speed and Leakage 

•Greater Than 1MHz Toggle Rate 
•Switches Greater Than 20Vp-p Signals With ± 15V 

Supplies 
• TTL, CMOS Direct Compatibility 
• Internal Diode in Series with V + for Fault Protection 

0291-1 

Figure 1: Functional Diagram Typical Driver/ 
Gate - IH5142 

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 7-114 



ABSOLUTE MAXIMUM RATINGS 

IH5140-IH5145 .,, 
'Ill' ... .,, 

V+ -V- ...................................... <36V 

% 
"i 

Current (Any Terminal) ........................ <30mA o 
v+ -Vo ...................................... <30V Storage Temperature ................ -65'C to + 150'C 'Ill' 
Vo-V- ...................................... <30V 
Vo - Vs ..................................... < ±22V 

Operating Temperature .............. -55°C to + 125°C O 
Lead Temperature (Soldering 10sec) .............. 300'C :5 

VL -V- ....................................... <33V Power Dissipation ............................. 450mW 
VL - V1N ....................................... <30V (All Leads Soldered to a P.C. Board) 
VL ............................................ <20V Derate 6 mW/'C Above 70'C 
V1N ........................................... <20V 
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 condlfions above those indicated in the operational secNons of the specifications is not implied. Exposure to absolute 
maximum ra'ting conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (® 25'C, v+ = +15V, v- = -15V, vL = +5VJ 

Per Channel Min/Max Limits 

Symbol Characteristic Test Conditions Military Commercial Units 

-55'C +25'C +125'C 0 +25'C +70'C 

LOGIC INPUT 

l1NH Input Logic Current V1N = 2.4V Note 1 ±1 ±1 10 ±10 10 µA 

llNL Input Logic Current V1N = 0.8V Note 1 ±1 ±1 10 ±10 10 µA 

SWITCH 

ros(on) Drain-Source On Is= -10mA 
50 50 75 75 75 100 n 

Resistance VANALOG= -10V to + 10V 

Aros(on) Channel to Channel 25 30 n 
ros(on) Match (typ) (typ) 

VANALOG Min. Analog Signal ± 11 ±10 
v 

Handling Capability (typ) (typ) 

lo(ott)+ Switch OFF Leakage Vo= +10V, Vs= -10V ±.5 100 ±5 100 nA 
ls(oft) Current Vo= -10V, Vs=+ 10V ±.5 100 ±5 100 

lo(on)+ Switch On Leakage Vo=Vs= -10Vto + 10V ±1 200 ±2 200 nA 
ls(on) Current 

CCRR Min. Channel to One Channel Off; Any Other 54 50 dB 
Channel Cross Channel Switches (typ) (typ) 
Coupling Rejection See Performance Characteristics 
Ratio 

Ion Switch "ON" Time See switching time specifications and timing diagrams. 
1011 Switch "OFF" Time 

Q(INJ.) Charge Injection See Performance Characteristics 10 15 pC (typ) (typ) 

OIRR Min. Off Isolation I= 1MHz, RL = 100!1, CL:S:5pF 54 50 dB 
Rejection Ratio See Performance Characteristics (typ) (typ) 

SUPPLY 

1+ + Power Supply 1.0 1.0 10.0 10 10 100 µA 
Quiescent Current 

1- - Power Supply v+ = +15V, V -= -15V, 1.0 1.0 10.0 10 10 100 µA 
Quiescent Current VL = +5V 

IL +5VSupply 1.0 1.0 10.0 10 10 100 µA 
Quiescent Current See Performance Characteristics 

IGND Gnd Supply 1.0 1.0 10.0 10 10 100 µA 
Quiescent Current 

NOTES: 1. Some channels are turned on by high (1) logic inputs and other channels are turned on by low (0) inputs; however O.BV to 2.4V describes the min. 
range for switching properly. Refer to logic diagrams to find logical value of logic input required to produce ON or OFF state. 

2. Typical values are for design aid only, not guaranteed and not subject to production testing. 

NOTE: All typical values have been characterized but are not tested. 
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NOTE: All typical values have been charsctsrized but are not tested. 
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IH5140-IH5145 

SWITCHING TIME SPECIFICATIONS 
(Ion• Iott are maximum specifications and 10 n-1otf is minimum specifications) 

Part Number Symbol Characteristic Test Conditions 
Military Commercial 

Units 
-55°C +25°C + 125°C 0 +25°C +70°C 

Ion Switch "ON" lime 100 150 

Iott Switch "OFF" time Figure 2' 75 125 ns 
IH5140- Ion-loft Break-before-make 10 5 

5141 
lon Switch "ON" time 150 175 

Iott Switch "OFF" time Figure 3 125 150 ns 

ton-loft Break-before-make '10(typ) 5 

lon Switch "ON" time 175 250 

Iott Switch 'OFF" time Figure 2' 125 150 ns 

lon-totf Break-before-make 10 5 

ton Switch "ON" time 200 300 

loft Switch "OFF" time Figure 3 125 150 ns 
IH5142- Ion-Iott Break-before-make '10 (typ) 5 

5143 
Ion Switch "ON" lime 175 250 

Iott Switch "OFF" time Figure 4* 125 150 ns 

Ion-Iott Break-before-make 10 5 

Ion Switch "ON" lime 200 300 

tott Switch "OFF" time Figure 5* 125 150 llS 

ton-Iott Break-before-make 10 5 
- --

lon Switch "ON" time 175 250 

Iott Switch "OFF" time Figure 2* 125 150 ns 
IH5144- lon-lott Break-before-make 10 5 

5145 
ton Switch "ON" time 200 300 

tott Switch "OFF" time Figure 3 125 150 ns 

Ion-Iott Break-before-make *10 5 

NOTE: SWITCHING TIMES ARE MEASURED@ 90% PTS. • Typical values for design aid only, not guaranteed nor subject to production testing. 

0291-8 

Figure 2. 

NOTE All typical values have been characten'zed but are not tested. 

7-117 

Ill 
'It' .... 
Ill 
:5 
I 

0 
'It' .... 
Ill 
:5 

• 



NOTE· All typical values have 
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SPOT 
IH5142 (ros(on) < 75 !l) 

Figure 6: Switching State Diagrams 

NOTE: All typical values have been charactedzed but are not tested 
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Figure 6: Switching State Diagrams (Continued) 

NOTE: All typical values have been characterized but are not tested 
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IH5140-IH5145 

TYPICAL SWITCHING WAVEFORMS SCALE: VERT.= 5V /DIV. HORIZ. = 1 OOns/DIV. 

TTL OPEN COLLECTOR LOGIC DRIVE (Corresponds to Figure 8) 

-55°C +25°C +125°C 

0291-27 0291-28 0291-29 

TTL OPEN COLLECTOR LOGIC DRIVE (Corresponds to Figure 9) 

-55°C +25°C +125°C 

0291-30 0291-31 0291-32 

TTL OPEN COLLECTOR LOGIC DRIVE 
(Corresponds to Figure 10) 

+25°C 

NOTE: All typical values have been characterized but are not tested. 
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TTL OPEN COLLECTOR LOGIC DRIVE 
(Corresponds to Figure 11) 

+25°C 
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.,, 
'If' ... .,, 
~ APPLICATION NOTE 
I o To maximize switching speed on the IH5140 family, TIL 

'If' open collector logic (15V with a 1 kn or less collector resis
~ tor) should be used. This configuration will result in (SPST) 
~ Ion and 10 n times of 80ns and 50ns, for signals between 

-10V and + 10V. The SPDT and DPST switches are ap
proximately 30ns slower in both t0 n and t0n with the same 
drive configuration. 15V CMOS logic levels can be used (OV 
to + 15V), but propagation delays in the CMOS logic will 
slow down the switching (typical 50ns ~ 100ns delays). 

When driving the IH5140 Family from either +5V TTL or 
CMOS logic, switching times run 20ns slower than if they 
were driven from + 15V logic levels. Thus Ion is about 
105ns, and t0n 75ns for SPST switches, and 135ns and 
105ns (t0n. t011) for SPDT or DPST switches. The low level 
drive can be made as fast as the high level drive if ± 5V 
strobe levels are used instead of the usual OV ~ + 3.0V 
drive. Pin 13 is taken to -5V instead of the usual GND and 
strobe input is taken from + 5V to - 5V levels as shown in 
Figure 7. 

The typical channel of the IH5140 family consists of both 
P and N-channel MOSFETs. The N-channel MOSFET uses 
a "Body Puller" FET to drive the body to -15V ( ± 15V sup
plies) to get good breakdown voltages when the switch is in 
the off state (See Fig. 8). This "Body Puller" FET also al
lows the N-channel body to electrically float when the 
-switch is in the on state producing a fairly constant Ros(ON) 
with differ~mt signal voltages. While this "Body Puller" FET 
improves switch performance, it can cause a problem when 
analog input signals are present (negative signals only) and 
power supplies are off. This fault condition is shown in Fig
ure 9. 

Current will flow from - 10V analog voltage through the 
drain to body junction of 01, then through the drain to body 
junction of 03 to GND. This means that there is 1 OV across 
two forward-biased silicon diodes and current will go to 
whatever value the input signal source is capable of supply
ing. If the analog input signal is derived from the same sup
plies as the switch this fault condition cannot occur. Turning 
off the supplies would turn off the analog signal at the same 
time. 

This fault situation can also be eliminated by placing a 
diode in series with the negative supply line (pin 14) as 
shown in Figure 10. Now when the power supplies are off 
and a negative input signal is present this diode is reverse 
biased and no current can flow. 

Figure 10. 

NOTE: All typical values have been characten"zed but are not tested. 
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APPLICATIONS 
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Figure 11: Improved Sample and Hold Using IH5143 
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EXAMPLE: If -V ANALOG= -1 OVDC and + V ANALOG= + 10VOC then Ladder Legs are switched between ± 1 OVDC, depending upon state of Logic Strobe. 

Figure 12: Using the CMOS Switch to Drive an R/2R Ladder Network (2 Legs) 

NOTE: All typical values have been characterized but are not tested. 
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APPLICATIONS (Continued) 
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CONSTANT GAIN, CONSTANT Q, VARIABLE FREQUENCY FILTER WHICH PROVIDES SIMULTANEOUS LOWPASS, BANDPASS, AND HIGHPASS OUT
PUTS. WITH THE COMPONENT VALUES SHOWN, CENTER FREQUENCY WILL BE 235Hz AND 23.5Hz FOR HIGH AND LOW LOGIC INPUTS RESPEC
TIVELY, Q ~ 100, AND GAIN~ 100. 

fn=CENTER FREQUENCY=-1-
27T RC 

Figure 13: Digitally Tuned Low Power Active Filter 

NOTE: All typical values have been characterized but are not tested. 
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IH5151 ~ ... 
High-Level CMOS ~ 
Analog Switches l 

GENERAL DESCRIPTION 
The IH5151 family of solid state analog switches are de

signed using an improved, high voltage CMOS technology. 
Destructive latchup has been eliminated. Early CMOS 
switches were destroyed when power supplies were re
moved with an input signal present; the IH5151 CMOS tech
nology has eliminated this problem. 

Key performance advantages of the 5151 series are TTL 
compatibility and ultra low-power operation. Ros(on) switch 
resistance is typically in the 14fi To 18fi Area, for signals in 
the -10V to + 1 OV range. Quiescent current is less than 
10µA. The 5151 also guarantees Break-Before-Make 
switching which is logically accomplished by extending the 
toN time (200nsec typ.) such that it exceeds toFF time 
(120nsec typ.). 'rhis insures that an ON channel will be 
turned OFF before an OFF channel can turn ON. The need 
for external logic required to avoid channel to channel 
shorting during switching is thus eliminated. 

See Hl-514X for other functions. 

ORDERING INFORMATION 

ORDER PART 
NUMBER FUNCTION PACKAGE 

IH5151MJE DualSPDT 16 Pin Cerdip 

IH5151CJE DualSPDT 16 Pin Cerdip 

FEATURES 
• Low Ros(ON) - 2sn 
•Switches Greater Than 20Vpp Signals With ± 15V 

Supplies 
• Quiescent Current Less Than 100µA 
• Break-Before-Make Switching toFF 120nsec Typ., toN 

200nsec Typical 

• TTL, CMOS Compatible 
• Non-Latching With Supply Turn-Off 
• Complete Monolithic Construction 
• ± 5V to ± 15V Supply Range 

CMOS ANALOG SWITCH PRODUCT 
CONDITIONING 
• The Following Processes Are Performed 100% in 

Accordance With MIL-STD-883 
• Precap Visual- Method 2010, Cond. B 
• Stabilization Bake - Method 1008 
• Temperature Cycle - Method 1010 
• Centrifuge - Method 2001, Cond. E 
• Hermeticity- Method 1014, Cond. A, C 
•(Leak Rate<Sx 10-1 atm eels) 

HARRIS 
TEMPERATURE RANGE EQUIVALENT 

-55oc to +1250C Hl-5051 

oocto1ooc Hl-5051 

IH5151CPE DualSPDT 16 Pin Plastic DIP oocto1ooc Hl-5051 

NOTES: 1. Ceramic (side braze) devices also available; consult factory. 
2. MIL temp range parts also available with MIL-STD-883 processing. 

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. 304300-003 
NOTE: All typical valu9S have been characterized but are not tested. 7-125 
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... .,, ... .,, 
~ ABSOLUTE MAXIMUM RATINGS 
CD v+, v- ....................................... <36V :!: v+, v0 ........................................ <30V 
in Vo, v- ........................................ <30V 
:!: Vo. Vs ...................................... < ±22V 

VL, v- ........................................ <33V 
VL, VtN ........................................ <30V 
VL ............................................ <20V 
VtN ........................................... <20V 
Current (Any Terminal) ........................ <50mA 
Storage Temperature ................ -65'C to+ 150'C 

+15V(V+) 
11 

IH5148-IH5151 

Operating Temperature .............. -55'C to+ 125'C 
Lead Temperature (Soldering, 10sec) ............. 300'C 
Power Dissipation ............................. 450mW 
(All Leads Soldered to a P.C. Board) 
Derate 6mW/'C Above 70'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 operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri
ods may affect device reliability. 

S2 

18 

S1 

0292-1 

Figure 1: Functional Diagram (Typical Switch Schematic- IH5150 in 16 pin DIP PKG.) 

NOTE: Alf typical values have been characterized but are not tested. 
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IH5148-IH5151 

ELECTRICAL CHARACTERISTICS (TA® 25°C, v+ = + 15V, v- = -15V, vL = +5Vl 

Per Channel Min/Max Limits 

Symbol Characteristic 
Test Conditions Military Commercial Units 

-ss·c +25°c +125"C 0 +2s0 c +1o·c 
ln~{_Ol'-il_ Input Logic Current V1N=2.4V (Note 1) ±1 ±1 ±10 ±1 ±10 µA 

lll'!l_OFEL Input Logic Current V1N=O.BV (Note 1) ±1 ±1 ±10 ±1 ±10 µA 

Ros(ON) Drain-Source On Vo= ±10V, Is= -10mA 
25 25 50 30 n Resistance 

~Ros(ON) Channel to Channel Ros(ON) Match 10 15 n 
(Typ) (Typ) 

VANALOG Min. Analog Signal ±14 ±14 
v 

Handling Capability (Typ) (Typ) 

ID(OFF) Switch OFF Leakage Current VANALOG= -10Vto + 10V ±1.0 100 ±2.0 100 nA 
lql_OFEL 

lo(ON) + Switch On Leakage Current Vo=Vs= -10Vto +10V 
±1.0 100 ±2.0 100 nA 

lql_Ol'-i)_ 

Q(INJ) Charge Injection SeeFigure4 (10) (10) 
mV 

(Typ) (Typ) 

OIRR Min. Off Isolation Rejection Ratio 1=1MHz, AL= 100!1, 54 50 
dB 

CL:0:5pF, See Figure 5 (Typ) (Typ) 

~UPPLY 
1+ + Power Supply Quiescent Current 10 10 100 10 11A 

1- - Power Supply Quiescent Current V1=+15V,V2=-15V. 10 10 100 10 µA 

IL + 5V Supply Quiescent Current VL = +5V, VR=O 10 10 100 10 µA 

IGND Gnd Supply Quiescent Current 10 10 100 10 µA 

CCRR Min. Channel to Channel One Channel Off; 
54 50 

Cross Coupling Rejection Ratio Any Other Channel 
(Typ) (Typ) 

dB 
Switches as per Figure B 

NOTE 1. Some channels are turned on by high "1" logic inputs and other channels are turned on by low "O" inputs; however a.av to 2.4V describes the min. range 
for switching properly. Refer to logic diagrams to find·logical value of logic input required to produce "ON'' or "OFF" state. 

SWITCHING TIME SPECIFICATION 
IH5148 SPST SWITCH 

Symbol Parameter Test Conditions 

Ion Switch "on" time AL =1K!1, VANALOG= -10V 

loll Switch "off" time To+ 1 OV; See Figures 3 and 6 

IH5149 DPST SWITCH 

Symbol Parameter Test Conditions 

Ion Switch "on" time AL =1K!1, VANALoG= -10V 

loll Switch "off" time To+ 10V; See Figures 3 and 6 

IH5150 & IH5151 SPOT SWITCH 

Symbol Parameter Test Conditions 

Ion Switch "on" time AL =1K!1, VANALOG= -10V 

loft Switch "off" time To + 1 OV; See Figures 3 and 6 

Min Max Units 

250 ns 

200 ns 

Min Max Units 

350 ns 

250 ns 

Min Max Units 

500 ns 

250 ns 

NOTE 2. For IH5150 & IH5151 devices, channels which are offfor logic input;, 2.4V (Pins·3 & 4 on 5150, & Pins 3 & 4, 5 & 6 on 5151) have slower l,,n time, than 
channels on Pins 1, 16, & B, 9. This is done so switch will maintain break-before-make action when connected in OT configuration, i.e. Pin 1 connected in 

Pin 3. 

NOTE: All typical values have be6n charactmized but ars not tested. 
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Figure 2: Switching State Diagrams 

NOTE: All typical values have been characterized but am not tested. 
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TEST CIRCUITS 
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Figure3 Figure 4 

TYPICAL PERFORMANCE CHARACTERISTICS (Per Channel) 
Ros(ON) @ ± 15V, ± 5V SUPPLIES 

Ros (ON).--..---....--~~~-.--.-~~-..--..---. 
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Figure 5 
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NOTE: All typical values have been characterized but are not testod. 
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~ TYPICAL PERFORMANCE CHARACTERISTICS (Per Channel) (Continued) 
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POWER SUPPLY QUIESCENT CURRENT vs 
LOGIC FREQUENCY RATE 

... 
Cl 

+ ... w ::c 
!: 
!!!. .... 
ili 
u 

"' ... 
;; 
.!i! 

10 100 1k 10k 100k 

LOGIC FREQUENCY @ 10% DUTY CYCLE (Hz) 

0292-20 

10pF 

J 

10pF 

OFF STATE ~-
DEPENDS ON PART~ 

510 

1-----ovour 

11000 

0292-19 
OFF ISOLATION TEST CIRCUIT 

LOGIC INPUT WAVEFORM 

f = I 
1 

0292-21 

0292-22 

Figure 6: Switching Time Test Circuit 

NOTE: All typical valU8S have been characterized but are not tested. 
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Nulling Out Charge Injection: 
Charge injection (Oinj. on spec. sheet) is caused by gate 

to drain, or gate to source capacitance of the output switch 
MOSFET. The gates of these MOSFETs typically swing 
from - 15V to + 15V as a rapidly changing pulse; thus this 
30Vpp pulse is coupled through gate capacitance to output 
load capacitance, and the output "step" is a voltage divider 
from this combination. For example: 

Oinject (Vpp) "" Cgate x 30V step. 
Cload 

i.e. 

Cgate= 1.5pF, Cload= 1000pF, then 

. . 1.5pF 
01n1ect(Vpp)= 1000pFX30V step=45mVpp 

Thus if you are using switch in a Sample & Hold applica
tion with Csample = 1 OOOpF, a 45mVpp "Sample to Hold er
ror step" will occur. 

To null this error step out to zero the following circuit can 
be used: 

+3V 

Jl_ 
TTL STROBE 

50K POT 

-15Y 

0292-23 

Figure 7: Adjustable Charge Injection 
Compensation Circuit 

The circuit shown above nulls out charge injection effects 
on switch pins 1 and 16; a similar circuit would be required 
on switch pins B and 9. 

Simply adjust the pot until Vour=OmVpp pulse, with 
VANALOG=OV. 

If you do not desire to do any adjusting, but wish the least 
amount of charge injection possible, then the following cir
cuit should be used: 

+3Y 

Jl_ 
TTL STROBE 

10KO 

39K!l 

-15V 

0292-24 

Figure 8: No-Adjust Charge Injection 
Compensation Circuit 

NOTE: All typical values have been characterized but are not tested. 
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IH5148-IH5151 ... .,, ... .,, 
of ~~~;~n~i8~~~~~n7~11t~~o1d0u~;p~ ~~c~I c~~~~~o~n~~~~~ j 
Fault Condition Protection :!: 

If your system has analog voltage levels which are inde- 11> 
pendent of the ± 15V (Power Supplies), and these analog :§ 
levels can be present when supplies are shut off, you 
should add fault protection diodes as shown below: 

0292-25 

Figure 9: Adding Diodes Protects Switch 

If the analog input levels are below ± 15V, the pn junc
tions of 013 & 015 are reversed biased. However if the 
± 15V supplies are shut off and analog levels are still pres
ent, the configuration becomes: 

~ROM DRIVER 

OUTPUT SWITCH PAIR 

-15V 

~--~013 p ~--~ 
N 

AFRDM DRIVER 

Figure 10 

ANALOG INPUT 
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.. .,, .. .,, 
Z The need for these diodes, in this circumstance, is shown 
i below: co .. .. .,, 
:!: J..015 

OVWHEN 
+ 15V SUPPLY 

SHUT OFF 

OV WHEN 
-15VIS 

SHUT OFF 

Figure 11 

16 ANALOG INPUT 
SAY -10V TO + 10V 

0292-27 

If ANALOG in is greater than 1V, then the pn junction of 
015 is forward biased and excessive current will be drawn. 
The addition of IN914 diodes prevents the fault currents 
from destroying the switch. A similar event Yo(Ould occur if 
ANALOG in was less than or equal to -1V, wherein 013 
would become forward biased. The IN914 diodes form a 
"back to back" diode arrangement with 013 & 015 bodies. 

NOTE: All typical values have been characterized but are not tested. 
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IH5148-IH5151 

This structure provides a degree of overvoltage protec
tion when supplies are on normally, and analog input level 
exceeds supplies . 

This circuit will switch up to about ± 1 BV ANALOG over
voltages. Beyond this drain(N) to body(P) breakdown VOLT
AGE of 013 limits overvoltage protection . 

.L 

+15V 

-15V 

Figure 12 

OVERVOLTAGE 
ANALOG 
INPUT 
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m HARRIS 
...., SEMICONDUCTOR 

GENERAL DESCRIPTION 
The IH5341 is a dual SPST, CMOS monolithic switch 

which uses a "Series/Shunt" ("T'' switch) configuration to 
obtain high "OFF" isolation while maintaining good frequen
cy response in the "ON" condition. 

Construction of remote and portable video equipment 
with extended battery life is facilitated by the extremely low 
current requirements. Switching speeds are typically 
t0 n = 150ns and taff = BOns, and "Break-Before-Make" 
switching is guaranteed. 

Switch "ON" resistance is typically 400.-500. with ± 15V 
power supplies, increasing to typically 1750. for ± 5V sup
plies. The devices are available in T0-100 and 14-pin epoxy 
DIP packages. 

ORDERING INFORMATION 

Part Number 
Temperature 

Package 
Range 

IH5341CPD Oto +1o·c 14-pin 
PLASTIC DIP 

IH53411TW - 2o·c to + 85'C 10-pin T0-1 00 

IH5341MTW - 55'C to + 125'C 10-pin T0-1 00 

S1 o ~ o D1 
I 

-·~ 
Sz o cr-10 O Dz 

I 

··~ 
0295-1 

Figure 1: Functional Diagram 
(Switches are open for a logical "O" control 
input, and closed for a logical "1" control input.) 

IH5341 ; 
(') 

Dual SPST CMOS .,, :!: RF /Video Switch 
FEATURES 
• Ros(on) < 750. 
• Switch Attenuation Varies Less Than 3dB From DC 

to 100MHz 
•"OFF" lsolation>70dB Typical@ 10MHz 
•Cross Coupling lsolation>60dB@ 10MHz 
• Compatible With TTL, CMOS Logic 
• Wide Operating Power Supply Range 
•Power Supply Current:o: 1µA 
• "Break-Before-Make" Switching 
•Fast Switching (80ns/150ns Typ) 

PD 

s, 

T0·100 

"1. 

GND 

TOP VIEW 

TOP VIEW 

.. 

0295-2 

Outline dwg: PD Outline dwg: TW 

Figure 2: 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. 305528-003 
NOTE: All typical valuos have b66n characterized but are not tested. 7-133 
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"" .,, 
:!: ABSOLUTE MAXIMUM RATINGS 

v+ to Ground ................................. + 18V 
v-toGround .................................. -18V 
VL to Ground ............................... v+ to v-
Logic Control Voltage ........................ v+ to v-
Analog Input Voltage ........................ v+ to v-
Current (any Terminal) ........................... 50mA 
Operating Temperature: 

(M Version) ....................... -55'C to+ 125'C 
(I Version) ......................... -25'C to + 85'C 
(C Version) ........................... O'C to + 70'C 

+15V 

IH5341 

Storage Temperature ................ -65'C to+ 150'C 
Lead Temperature (Soldering, 10sec) ............. 300'C 
Power Dissipation ............................. 250mW 

Derate above 25'C@ ..................... 7.5mW/'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 operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri-
ods may affect device reliability. -

0295-3 

Figure 3: Equivalent Schematic Diagram IH53411TW f'l:i of actual circuit on chip shown) 

NOTE: Alf typical values have been characterized but are not tested. 
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IH5341 

DC ELECTRICAL CHARACTERISTICS 
v+ = + 15V, VL = +5V, v- = -15V, TA=25°C unless otherwise specified. 

M Grade Device l/C Grade Device 
Symbol Parameter Test Conditions Typ -25/ +85/ Units 

-55°c +25°C +125°C 
O"C 

+25°c +1o·c 
Supply Voltage 
Ranges 

v+ Positive Supply 4.5>16 
VL Logic Supply (Note3) 4.5>V+ v 
v- Negative Supply -4> -16 

Switch"ON" Vo= ±5V 75 75 100 75 75 100 

Ros(on) Resistance Is= 10mA, V1N:;o,2.4V 
(Note4) Vo= ±10V 125 125 175 150 150 175 

Ros(on) Switch"ON" V+=VL= +5V, 250 250 350 300 300 350 n 
Resistance V1N=3V 

v-= -5V, Vo= ±3V 
ls=10mA 

~Ros(on) On Resistance ls=10mA, 5 
Match Between Vo= ±5V 
Channels 

V1H Logical "1" Input Voltage >2.4 
v 

V1L Logical "O" Input Voltage <0.8 

lo(off) Switch "OFF" Vs/D= ±5V ±0.5 50 I: 1.0 100 
or Leakage V1N,;:o.8V 
ls( off) (Notes 2 and 4) Vs/D= ±14V ±0.5 50 l: 1.0 100 

nA 
lo(on) Switch"ON" Vs/D= ±5V ±1 50 ±2 100 
+ Leakage V1N:;o,2.4V 
ls( on) Vs10= ±14V ±1 100 ±2 100 

l1N ,t: Input Logic Current V1N:;o,2.4Vor<OV 0.1 ±1 ±1 10 ±1 ±1 10 

1+ Positive Supply V1N=OV 0r +5V 0.1 1 1 10 1 1 10 
Quiescent Current µA 

1- Negative Supply V1N=OVor +5V 0.1 1 1 10 1 1 10 
Quiescent Current • IL Logic Supply V1N=OVor +5V 0.1 1 1 10 1 1 10 
Quiescent Current 

NOTES: 1. Typical values are not tested in production. They are given as a design aid only. 
2. Positive and negative voltages applied to opposite sides of switch, in both directions successively. 
3. These are the operating voltages at which the other parameters are tested, and are not directly tested. 
4. The logic inputs are either greater than or equal to 2.4V or less than or equal to O.BV, as required, for this test. 

AC ELECTRICAL CHARACTERISTICS 
v+ = + 15V, VL = +5V, v- =OV, TA=25°C unless otherwise specified (Note 5). 

Symbol Parameter Test Conditions Min Typ Max Units 

Ion Switch "ON" Time See Figure 4 150 300 
ns 

Iott Switch "OFF" Time See Figure 4 80 150 

OIRR "OFF" Isolation Rejection Ratio See Figure 5 (Note 6) 70 
dB 

CCRR Cross Coupling Rejection Ratio See Figure 6 (Note 6) 60 

lsdB Switch Attenuation 3dB Frequency See Figure 7 (Note 6) 100 

NOTES: 5. All AC parameters are sample tested only. 
6. Test circuit should be built on copper clad ground plane board, with correctly terminated coax leads, etc. 

NOTE: AH typical values have bean characterized but are not tested. 
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IH5341 

i!: TEST CIRCUITS 

Your 

+1SV 
3 

+: ::f"l..!rL IN -i--+"'-1 

1000 
RL = 

-ISV 

+SY 

10 

Note: Only one channel shown. Other acts identically. 
0295-4 

TTL +3V-~--------. 
INPUT OV 50% 

•+~5V-;---..------t. 

Vour 90% 
VANAlOG+5V 

Your 
VANALOG= -SY 

ov 

• -3.SV----"-90%'-'-----"' 

0295-5 

Figure 4: Switching Time Test Circuit and Waveforms 

V1N= ±5V (10Vp-p)@ 1=10MHz 

OIRR=201og ViN 
VouT 

Note: Only one channel shown. Other acts identically. 

Figure 5: OFF Isolation Test Circuit 

Note: Only one channel shown. Other acts identically. 

0295-6 

0295-B 

+15V 
3 

V1N=225mVrms@f=10MHz 

CCRR=201og VIN 
VouT 

+5V 
10 

0295-7 

Figure 6: Cross-Coupling Rejection Test Circuit 

Nominally, at DC, this ratio is equal to -4dB. When the attenuation 
reaches -1d8, the frequency at which this occurs is fsdB· 

Figure 7: Switch Attenuation Versus Frequency, Test Circuit 

NOTE: All typical values have been charaefflrized but are not tested. 
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IH5341 

TYPICAL PERFORMANCES CHARACTERISTICS 
RDS(onl Versus Analog Input 

Voltage w th ± 15V Power Supplies 
RDs(onl Versus Analog Input Level 

with ± 5V Power Supplies 
OIRR (OFF Isolation Rejection) Versus 

Frequency (See Figure 5) 
70 180 .--------------.--.--.--. 

PIN 3=PIN 10= +5V 
100 r-ir-nrrmm-..,.-,-rn....,......,....,.,..,.,,,,, 

1 r~= +2s~c1 PIN 3= +15V, PIN 7= -15V 

60 

e: 
! 50 

O! 

40 

PIN10= +5V 1 TA=25°C 

I 
1 

IL 
k1 

Y" 

PIN7=-SV 
160 TA=25°C 

m s 
a: 
a: 
0 

90 t-

80 

70 

60 
N 

50 

40 

30 80 '--'--'---''---''---'--'--'--'--'--' 30 
-15 -10 -5 0 10 15 -5 0 +5 0.1 10 100 

ANALOG INPUT VOLTAGE LEVEL (V) ANALOG INPUT VOLTAGE LEVEL (V) FREQUENCY (MHz) 
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CCRR (Cross Coupling Rejection) Versus 
Frequency (See Figure 6) 
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a: 
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8 
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TA=25°C 
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SWITCH /~ SWITCH SOURCE <>-----0"1 C 0--0 DRAIN 

(IN) L - - - J (OUT) 

I 
CONTROL~ r-'\__~0-
IN~ 

DRIVER 
TRANSLATOR -::-

0295-14 

Figure 8: Internal Switch Configuration 

DETAILED DESCRIPTION 
As can be seen in Figure 8, the switch circuitry is of the 

so-called "T" configuration, where a shunt switch is closed 
when the switch is open. This provides much better isola
tion between the input and the output than a single series 
switch does, especially at high frequencies. The result is 
excellent performance in the Video and RF region com
pared to conventional Analog Switches. 

The input level shifting circuit is similar to that of the 
IH5140 Series of Analog Switches, giving very high speed 
and guaranteed "Break-before-Make" action, with negligi
ble static power consumption and TTL compatibility. 

NOTE: All~ values havs bsen characterized but are not tested 
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Typical Switch Attenuation Versus Frequency 
(RL = 75.n, See Figure 7) 

- 3.3r-r-rnnm-,-,-rnmr--rTTT"lml 
TA= +25°C 

iii" - 3.4 t-t-+tttllft-+t+ttflll---t-t+fflll 
!!. 
c - 3.51--t-+tttllft-+ t+<+lffl--+-++fllfll 
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j!! - 3.7,_,,_ .... _....._. ·Hi-rlffl-+-++
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.<: - 3.81--H,t-!ttlttt-+++ttlltl---1 
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rn 
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FREQUENCY (MHz) 
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NOT WIRE 
WOUND• 

.,,. 
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'Adjust pot for OmVp-p step@ Vour with no analog (AC) signal present 

Figure g: Charge Injection Compensation 

• 



DC BIAS 750 
VOLTAGE 0-..JY.,..,_-, 

=-SV 
ANALOG '------1 t--+-1-" 

INPUT/I 
1pf 

22pf-35pf 

+3V:r-L 
ov TT!. 

CONTROL IN 

IH5341 

+SV 
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Figure 10: Alternative Compensation Circuit 

APPLICATIONS 
Charge Compensation Techniques 

Charge injection results from the signals out of the level 
translation circuit being coupled through the gate-channel 
and gate-source/drain capacitances to the switch inputs 
and outputs. This feedthrough is particularly troublesome in 
Sample-and-Hold or Track-and-Hold applications, as it 
causes a Sample (Track) to Hold offset. The IH5341 devic
es have a typical injected charge of 30pC-50pC (corre
sponding to 30mV-50mV in a 1 OOOpF capacitor), at Vs10 of 
about OV. 

This Sample (Track) to Hold offset can be compensated 
by bringing in a signal equal in magnitude but of the oppo
site polarity. The circuit of Figure 9 accomplishes this 
charge injection compensation by using one side of the de
vice as a S & H (T & H) switch, and the other side as a 
generator of a compensating signal. The 1 k!l potentiometer 
allows the user to adjust the net injected charge to exactly 
zero for"any analog voltage in the -5V to +5V range. 

Since individual parts are very consistent in their charge 
injection; it is possible to replace the potentiometer with a 
pair of fixed resistors, and achieve less th.an 5mV error for 
all devices without adjustment. 

An alternative arrangement, using a standard TTL inverter 
to generate the required inversion, is shown in Figure 10. 
The capacitor needs to be increased, and becomes the only 
method of adjustment. A fixed value of 22pF is good for 
analog values referred to ground, while 35pF is optimum for 
AC coupled signals referred to - 5V as shown in the figure. 
The choice of - 5V is based on the virtual disappearance at 
this analog level of the transient component of switching 
charge injection. This combination will lead to a virtually 
"glitch-free" switch. 

NOTE: AN typical vsluos have been characterized but are not tested. 
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1Nt14 
+15V 

+5V 'J" 1pf 
10 

y+ VL 

1N914 ':"" 
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Figure 11: Overvoltage Protection Circuit 

Overvoltage Spike Protection 
If sustained operation with no supplies but with analog 

signals applied is possible, it is recommended that diodes 
(such as 1 N914) be inserted in series with the supply lines 
to the IH5341. Such conditions can occur if these signals 
come from a separate power supply or another location, for 
example. The diodes will be reverse biased under this type 
of operation, preventing heavy currents from flowing from 
the analog source through the IH5341. 

The same method of protection will provide over ± 25V 
overvoltage protection on the analog inputs when the sup
plies are present. The schematic for this connection is 
shown in Figure 11. 



HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION 
The IH5352 is a QUAD SPST, CMOS monolithic video 

switch which uses a "Series/Shunt" ("T" switch) configura
tion to obtain high "OFF" isolation while maintaining good 
frequency response in the "ON" condition. 

Construction of remote and portable video equipment 
with extended battery life is facilitated by the extremely low 
current requirements. Switching speeds are typically 
tan= 150ns and t0 11=80ns, and "Break-Before-Make" 
switching is guaranteed. 

Switch "ON" resistance is typically 40!!-50.n with ± 15V 
power supplies, increasing to typically 175.n for ± 5V sup
plies. 

ORDERING INFORMATION 

Part Temperature 
Number Range Package 

IH5352CPE oocto+7ooc 16-Pin Plastic DIP 

IH53521JE -2soc to +asoc 16-Pin CERDIP 

IH5352MJE -ssoc to + 12soc 16-Pin CERDIP 

IH5352CBP oocto+7ooc 20-PinSOIC 

IH53521BP -12soc to +asoc 20-PinSOIC 

0296-1 

Figure 1: Functional Diagram 
(Switches are open for a logic "O" control input, 

and closed for a logic "1" control input.) 

IH5352 S: 
QUAD SPST CMOS :: 

RF /Video Switch !: 

FEATURES 
• Ros(on) <75.n 
• Switch Attenuation Varies Less Than 3dB From DC 

to 100MHz 
•"OFF" lsolation>70dB Typical@ 10MHz 
•Cross Coupling Isolation >60dB@ 10MHz 
• Directly Compatible with TTL, CMOS Logic 
• Wide Operating Power Supply Range 
• Power Supply Current< 1µA 
• "Break-Before-Make" Switching 
•Fast Switching (80ns/150ns Typ) 

APPLICATIONS 
• Video Switch 
• Communications Equipment 
• Disk Drives 
• Instrumentation 
•CATV 

D2 

GND 

D3 

v-

D4 

VL 

l1N1 

S1 

NC 

11N2 

82 

11N3 

S3 

NC 

11N4 

20 Lead SOIC 
TOP VIEW 

Figure 2: Pin Configurations 
Package Outline Drawing.: PE, JE 

D1 

v+ 

D2 

GND 

D3 

v-
NC 

D4 

VL 

• 

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. 305529-004 
NOTE: All typical values have been characterized but are not tested. 7-139 
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IH5352 

:!:; ABSOLUTE MAXIMUM RATINGS (TA=25'CUnlessOtherwiseNoted) 
v+ to Ground ................................. + 1 BV 
v- to Ground .................................. -18V 
VL to Ground ............................... v+ to v-
Logic Control Voltage ........................ v+ to v-
Analog Input Voltage ........................ v+ to v-
Current (any terminal) ......................... <50mA 
Operating Temperature: 

(M Version) ....................... -55'C to + 125'C 
(I Version) ......................... -20'C to + 85'C 
(C Version) ........................... O'C to + 70'C 

Storage Temperature . . . . . . . . . . . . . . . . -65'C to + 160'C 
Lead Temperature 

(Soldering, 1 Osec) ........................... , 300'C 
Power Dissipation: 

CERDIP ................................... 450mW 
derate 4mW /'C above 25'C 

Plastic ..................................... 350mW 
derate 3mW/'C above 25'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 operational sections of the specifications is not implied Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

DC ELECTRICAL CHARACTERISTICS 
v+ = + 15V, v- = -15V, VL = + 5V, TA= 25'C unless otherwise noted. 

Maximum Ratings 

Symbol Parameter Test Conditions 
Typ M Grade Device l/C Grade Device 

Units @25'C 
+85/ -55'C +25'C + 125'C -25/0'C +25'C 
+70'C 

Supply Voltage 
Ranges: 

v+ Positive Supply 5 to 15 

VL Logic Supply (Note 3) 5 to 15 v 

v- Negative Supply -5 to -15 

Roscon) Switch"ON" ls=10mA1Vo= ±5V 50 75 75 100 75 75 100 
Resistance (Note 4) v 1N:>2.4vJv0 = ±10V 100 125 125 175 150 150 175 

Roscon) Switch"ON" Is= 10mA, v+ = 
Resistance vL = +5vv-= -5V, 175 250 250 350 300 300 350 n 

Vo= ±3V, VrN= 3V 

ilRoscon) On Resistance 1v1atch 
Is= 10mA, Vo= ±5V 

5 
Between Channels 

VrH Logical "1" 
>2.4 

Input Voltage 
v 

VrL Logical "O" 
<0.8 

Input Voltage 

lo(off) Switch 'OFF' Vs/D= ±5V ±1.0 50 ±2.0 100 
or Leakage Vs10= ± 14V 
ls( off) (Note 2 and 4) VrNsO.BV ±1.0 50 ±2.0 100 

nA 
lo(on) Switch 'ON' Vs10= ±5V ± 1.0 100 ±2.0 100 
+ Leakage Vs10= ±14V 
lscon) VrN:>2.4V ±1.0 100 ±2.0 100 

lrN Logic Control 
VrN:>2.4Vor <OV 0.1 ±1 ±1 10 ±1 ±1 10 

Input Current 

1+ Positive Supply 
VrN=OVor +5V 0.1 1 1 10 1 1 10 

Quiescent Current 
µA 

1- Negative Supply 
VrN=OVor +5V 0.1 1 1 10 1 1 10 

Quiescent Current 

IL Logic Supply 
V1N=OVor +5V 0.1 1 1 10 1 1 10 

Quiescent Current 

NOTE: All typical values have been characterized but are not tested. 
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IH5352 

AC ELECTRICAL CHARACTERISTICS 
v+ = + 15V, VL = + 15V, v- = -15V, TA=25°C unless otherwise specified (Note 5). 

Symbol Parameter Min Typ Max Unit 

Ion Switch "ON" Time 150 300 
ns 

Ion Switch "OFF" Time BO 150 

OIRR "OFF" Isolation Rejection Ratio 70 
dB 

CCRR Cross Coupling Rejection Ratio 60 

f3dB Switch Attenuation 3dB Frequency 100 MHz 

Notes: 1. Typical values are not tested in production. They are given as a design aid only. 
2. Positive and negative voltages applied to opposite sides of switch, in both directions successively. 
3. These are the operating voltages at which the other parameters are tested, and are not directly tested. 
4. The logic inputs are either greater than or equal to 2.4V or less than or equal to a.av, as required, for this test. 
5. All AC parameters are sample tested only. 

CIRCUIT OF SWITCH CHANNEL 

SWITCH ./ 
SOURCE o-----if ! CJ.-----<r' 
1v1oeo 1NPun I 

L---
1 

LOGIC~I 
CONTROL -

INPUT 
DRIVER 

TRANSLATOR 

NOTE: 1 CHANNEL OF 4 SHOWN 

SWITCH 
O--ODRAIN 

!VIDEO OUTPUn 
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DETAILED DESCRIPTION 
Figure 3 shows the internal circuit of one channel of the 

IH5352. This is identical to the IH5341 "T-Switch" configu
ration. Here, a shunt switch is closed, and the two series 
switches are open when the video switch channel is open or 
off. This provides much better isolation between the input 
and output terminals than a simple series switch does, es
pecially at high frequencies. The result is excellent off-isola
tion in the Video and RF frequency ranges when compared 
to conventional analog switches. 

Figure 3: Internal Switch Configuration 

The control input level shifting circuitry is very similar to 
that of the IH5140 series of Analog Switches, and gives 
very high speed, guaranteed "Break-Before-Make" action, 
low static power consumption and TTL compatibility. 

3V rJ 
ov_J L... 

LOGIC CONTROL SIGNAL 
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13 
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Voun 
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+sv 
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1000 INPUT 

1000 Vour 
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Your 
100!) VANALOG = -5V 

1000 
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Figure 4: Switching Time Test Circuit and Waveforms 

NOTE: All typical values havs been characterized but are nol tested. 
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Figure 5: Off Isolation Test Circuit 

IH5352 
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3 14 
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-: 
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+5V 

Figure 6: Cross-Coupling Rejection Test Circuit 

NOTE: All typical values have been charactsrized but are not tested 
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IH5352 
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OIRR~20LOG~ 
VouT 

V1N~5Vpn SINEWAVE@ 10MHz 
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0296-7 

CCRR ~ 20 LOG~ 
VouT 

V1N ~ 225mV RMS SIN EWA VE @ , OMHz 
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f-3dB ~FREQUENCY WHERE DC SWITCH 

ATTENUATION IS DOWN 3dB 

V1N~225mV RMS@ 10-100MHz 

Figure 7: Switch Attenuation -3dB Frequency Test Circuit 

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

GENERAL DESCRIPTION 
The IH6201 is a CMOS, Monolithic, Dual Voltage Transla

tor; it takes low level TTL or CMOS logic signals and con
verts them to higher levels (i.e. to ± 15V swings). This trans
lator is typically used in making solid state switches, or ana
log gates. 

When used in conjunction with the IH401 A Varafets, the 
combination makes a complete solid state switch capable 
of switching signals up to 22Vpp and up to 20MHz in fre
quency. This switch is a "break-before-make" type (i.e. 
t011 time< Ion time). The combination has typical 10 11 :::: 
sons and typ. t0 n :::: 200ns for signals up to 20Vpp in ampli
tude. 

A TTL "1" input strobe will force the ii driver output up to 
v+ level; the O output will be driven down to the v- level. 
When the TTL input goes to "O", the II output goes to v
and O goes to V +; thus II and O are 180° out of phase with 
each other. These complementary outputs can be used to 
create a wide variety of functions such as SPOT and DPDT 
switches, etc.; alternatively the complementary outputs can 
be used to drive N and P channel MOSFETs, to make a 
complete CMOS analog gate. 

The driver typically uses + 5V and ± 15V power supplies, 
however a wide range of V 1 and v- is also possible. It is 
necessary that v+ > 5V for the driver to work properly, how
ever. 

+5V +15V DRIVER +5V +15V 
OUTPUT 

81 LOGIC 

81 
STROBE 
INPUT2 

Figure 1: Functional Diagram 

IH6201 
Dual CMOS 

Driver /Voltage Translator 
FEATURES 
• Driven Direct From TTL or CMOS Logic 

• Translates Logic Levels Up to 30V Levels 

• Switches 20V ACPP Signals When Used in 
Conjunction With the IH401A Varafet (As An Analog 
Gate) 

• t 0 N,;:aoons & toFF,;:2oons for aov Level Shifts 
•Quiescent Supply Current,;: 100µA for Any State 

(D-C.) 
• Provides Both Normal & Inverted Outputs 

ORDERING INFORMATION 

Part Number 
Temperature 

Package 
Range 

IH6201CJE 0°C to 70°C 16 Pin CERDIP 

IH6201MJE - 55°C to 125°C 16 Pin CERDIP 

IH6201CPE 0°C to 70°C 16 Pin Plastic 

DRIVER 
OUTPUT 

82 

82 
0299-1 

0299-2 
(Outline dwgs DE,JE,PE) 

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- Alf typical values have been characterized but are not tested. 7-144 



ABSOLUTE MAXIMUM RATINGS 
v+tov- ....................................... 35V 
V+ ............................................. 35V 
v- ............................................. 35V 
V+ to V1N ....................................... 40V 
Operating Temperature .............. -55°C to + 125'C 
Storage Temperature . . . . . . . . . . . . . . . . -65'C to + 150'C 
Lead Temperature (Soldering, 1 Osec) ............. 300'C 

IH6201 

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 peri
ods may affect device reliab1lity. 

ELECTRICAL SPECIFICATIONS v+ = +15V, v-= -15V, vL = +5V 

Item Test Conditions 
IH6201CDE IH6201MDE 

Units 
-25'C +25'C +85'C -55'C +25'C + 125'C 

() or () driver output swing V1N=OV ...f1.. +3V Fig. 58 28 28 Vpp 

V1N strobe level ("1 ")for 0'214V 
3.0 3.0 3.0 2.4 Vo.c. proper translation 7h-14V 

V1N strobe level ("O")for IJ'.2-14V 
0.4 0.4 0.4 0.8 Vo.c. proper translation 0'214V 

l1N input strobe current draw V1N=OV 0r +5V ±1 ±1 10 ±1 ±1 10 µA 
(for OV - 5V range) 

t0 n time V1N = OV ...f1.. CL= 30pF 
500 500 ns 

switching turn-on time fig. 58 

Iott time V1N = OV ...f1.. CL= 30pf 500 500 ns 
switching turn-off time fig. 58 

1+ (V+) power supply V1N=OV 0r +5V 
100 100 100 100 100 100 µA 

quiescent current 

1- cv-i power supply v,N =OV or+ 5V 
100 100 100 100 100 100 µA quiescent current 

IL (VL) power supply V1N=OVor +5V 
100 100 100 100 100 100 µA 

quiescent current 

NOT£· Afl typical values have been characterized but are not tested. 
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Figure 3: Schematic Diagram (One Channel) 

APPLICATIONS 
Input Drive Capability 

The strobe input lines are designed to be driven from TTL 
logic levels; this means 0.8V to 2.4V levels max. and min. 
respectively. For those users who require 0.8V to 2.0V oper
ation, a pull-up resistor is recommended from the TTL out
put to + 5V line. This resistor is not critical and can be in the 
1 kn to 1 Ok!1 range. 

When using 4000 series CMOS logic, the input strobe is 
connected direct to the 4000 series gate output·and·no pull 
up resistors, or any other interface, is necessary. 

When the input strobe voltage level goes below Gnd (i.e. 
to -15V) the circuit is unaffected as long as v+ to V1N 
does not exceed absolute maximum rating. 

NOTE: All typiCaf values have been characterized but are not tested. 
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Output Drive Capability 
The translator output is designed to drive the IH401 A Va

rafets; these are N-channel JFETS with built-in driver di
odes. Driver diodes are necessary to isolate the signal 
source from the driver/translator output; this prevents a for
ward bias condition between the signal input and the + V cc 
supply. The IH6201 will drive any JFET provided some sort 
of isolation is added. 



You will notice in Figure 4 that a "referral" resistor has 
been added from 2N4391 gate to its source. This resistor is 
needed to compensate for the inadequate charge area 
curve for isolation diode i.e. if C vs. V plot for diode,; 2 [C 
vs. V plot for output JFET] switch won't function; then add
ing this resistor overcomes this condition. The "referral" re
sistor is normally in the 1 OOk!l to 1 Mn range and is not too 
critical. 

ffilNPUT 

Figure 4 

SIGNAL 
INPUT 

SWITCH 
OUTf'UT 

0299-4 

Making a Complete Solid State Switch 
That Can Handle 20Vpp Signals 

The limitation on signal handling capability comes from 
the output gating device. When a JFET is used, the pinch
off of the JFET acting with the v- supply does the limiting. 
In fact max. signal handling capability= 2 (Vp + (V-)) Vpp 
where Vp =pinch-off voltage of JFET chosen. i.e. Vp = 7V, 
v- = -15V .'. max. signal handling= 2 (7V + (-15V)) 
Vpp=2(7V-15)Vpp=2(-8Vpp)= 16Vpp. Obviously to 
get220Vpp, Vp25V with v- = -15V. Another simple way 
to get 20Vpp with Vp=?V, is to increase v- to -17V. In 
fact using v+=+12V or +15V and setting v-=-18V 
allows one to switch 20Vpp with the IH401A. The advan
tage of using the Vp = 7V pinch-off (along with unsymmetri
cal supplies), over the Vp = 5V pinch-off (and ± 15V sup
plies), is that you will have a much lower Ros(ON) for the 
Vp = 7 JFET (i.e. for the 2N4391 ). 

ros(ON) ::::: 22n, ros(ON) ::::: 35!l) 
Vp=?V Vp=5V 

The IH6201 is a dual translator, each containing 4 CMOS 
FET pairs. The schematic of one-half of an IH6201, driving 
one-quarter of an IH401 A, is shown in Figure 5A. 

NOTE Alf typical values have been characterized but are not tested 
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NOTE: Each translator output has a e and 0 output. e is just 
the inverse of 0. 

A very useful feature of this system is that one-half of an 
IH6201 and one-half of an IH401A can combine to make a 
SPOT switch, or an IH6201 plus an IH401A can make a dual 
SPOT analog switch (See Figure 8). 
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:!: APPLICATIONS (Continued) 

Figure 6: Dual SPST Analog Switch 

Figure 7: DPDT Analog Switch 

NOTE: Either switch is turned on when strobe input goes high. 

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

IH6201 

0299-7 
0299-9 

Figure 8: Dual SPOT 

0299-8 

0299-10 

Figure 9: Dual DPST 
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ANALOG MULTIPLEXERS SELECTION GUIDE 

GENERAL PURPOSE 
DEVICE NUMBER (S) CONFIGURATION Rds (ON)-OHMS 

DG508A, Hl508, IH6108 8-CHANNEL SINGLE ENDED 450 
DG506A, Hl506 16-CHANNEL SINGLE ENDED 450 
DG509A, Hl509, IH6208 4-CHANNEL DIFFERENTIAL 450 
DG507A, Hl507 8-CHANNEL DIFFERENTIAL 450 

FAULT PROTECTED 
DEVICE NUMBER (S) CONFIGURATION Rds (ON)-OHMS 

HI-SOSA, IH5108 8-CHANNEL SINGLE ENDED 1800 
Hl-506A, IH5116 16-CHANNEL SINGLE ENDED 1800 
Hl-509A, IH5208 4-CHANNEL DIFFERENTIAL 1800 
Hl-507A, IH5216 8-CHANNEL DIFFERENTIAL 1800 

µPROCESSOR COMPATIBLE 
OEVICE NUMBER(S) CONFIGURATION Rds (ON)- OHMS 

DG526 16-CHANNEL SINGLE ENDED 400 
DG527 8-CHANNEL DIFFERENTIAL 400 
DG528 8-CHANNEL SINGLE ENDED 450 
DG529 4-CHANNEL DIFFERENTIAL 450 

MODE PROGRAMMABLE PROGRAMMABLE 
DEVICE NUMBER (S) CONFIGURATION Rds (ON)-OHMS 

Hl-516 16-CHANNEL/DUAL 8-CHANNEL 750 
Hl-518 8-CHANNEL/DUAL 4-CHANNEL 750 

SPECIAL PURPOSE 
DEVICE NUMBER CONFIGURATION Rds (ON)-OHMS 

Hl-524 4-CHANNEL VIDEO, LOW CROSSTALK 1500* 
Hl-539 DIFF., 4-CHANNEL, LOW LVL MATCHED 900 

NOTE: MOST Rds (ON) VALUES ARE MAXIMUM AT 25oc. 
*THIS IS THE MAXIMUM VALUE OVER THE ENTIRE oo TO 7ooc TEMP RANGE 
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HARRIS 
SEMICONDUCTOR 

DG506A/DG507 A ~ 
16-Channel/Dual 8-Channel CMOS ~ a 

Analog Multiplexer a 

GENERAL DESCRIPTION • 
The DG506A/DG507A are CMOS monolithic 16-channel 
and dual 8-channel analog multiplexers, which can also be 
used as demultiplexers. The DG506A uses 4 address inputs 
to control its 16 channels, and the DG507A uses 3 address 
inputs to control its dual 8 channels. An enable input is pro
vided. When the enable input is high, a channel is selected 
by the address inputs, and when low, all channels are off. 
A channel in the ON state conducts current equally well in 
both directions. In the OFF state each channel blocks volt
ages up to the supply rails. The address inputs and the en
able input are TTL and CMOS compatible over the full spec
ified operating temperature range. Both DG506A and 
DG507 A are available in the military, industrial, and com
mercial temperature ranges. 
The DG506A/507 A are pin-out compatible with the industry 
standard devices. 

DG506A 

TO OECOOER LOGIC 
CONTROlllHG BOTH 
TIERS or MUX!J'IG 

ADDRESS DECODER 
1 ol 16 

4 Line Binary Address Inputs 
(0 0 0 1) and EN@ 5V 

, ..... , 
1 of 4 

EH 

Above Example Shows Channel 9 Turned ON. 

0434-1 

FEATURES 
• Low Power Consumption 
• TTL and CMOS Compatible Address and Enable 

Inputs 
• 44V maximum Power Supply Rating 
• HIGH Latch-Up Immunity 
• Break-Before-Make Switching 
• Alternate Source 

APPLICATIONS 
• Data Acquisition Systems 
• Communication Systems 
• Signal Multiplexing/Demultiplexing 
• Audio Signal Multiplexing 

ORDERING INFORMATION 

Part Number 

DG506AAK/507 AAK 

DG506ABK/507ABK 

DG506ACK/507 ACK 

DG506ACJ/507 ACJ 

Temperature 
Range 

-55°C to + 125°C 

- 25°C to + 85°C 

o•c to + 70"C 

o•c to +70°c 

DG507A 

TO DECODER LOGIC 
CONTROLLING 8011-t 
TIERS or MUXING 

ADDRESS OECOOER 
1 of 8 

ENABLE. 
1or2 

3 Line Binary Address Inputs 
(0 0 0) and EN ~ 5V 
Above Example~Shows Channels 1 a & 1 b ON. 

Package 

28-Pin CERDIP 

28-Pin CERDIP 

28-Pin CERDIP 

28-Pin Plastic DIP 

0434-2 

Figure 1: Functional Diagrams 

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. 307050-002 
NOTE: All typical values have been characterized but are not tested. 8-3 
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ci: ... 
0 .,, 

DG506A/DG507A 

g ABSOLUTE MAXIMUM RATINGS 
' v+ to v- ........................................ 44V 

Storage Temperature 
C Suffix ........................... - 65°C to + 125°C 

ci: 

'° 0 .,, 
g 

A & B Suffix ........................ -65°C to+ 150°C 
v- to Ground ................................... -25V 

V1N to Ground (Note 1) ............ (V- - 2V), (V+ + 2V) 
Lead Temperature (Soldering, 10 Sec.) ............. 300°C 

Power Dissipation' 
Vs or Vo to v+ (Note 1) ................. +2, (V- - 2V) 28-Pin CERDIP Package** .................. 1200 mW 
Vs or Vo to v- (Note 1) ................. -2, (V+ + 2V) 28-Pin Plastic Package'*' .................... 625 mW 

Current, Any Terminal except S or D ............... 30 mA 

Continuous Current, S or D ....................... 20 mA 

*Device mounted with all leads soldered or welded to PC board. 
"*Derate 16 mWl°C above 75°C 

**"'Derate 8.3 mVl°C above 75°C 
Peak Current, S or D 

(Pulsed at 1 ms, 1 0% Duty Cycle Max) ........... 40 mA 

Operating Temperature 
C Suffix ............................... 0°C to + 70°C 
B Suffix ............................ - 25°C to + 85°C 
A Suffix ........................... - 55°C to + 125°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 operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri
ods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (Note 3) 

v+ = -15V, v- = -15V, VEN= 2.4V, GND = OV, TA= 25°C, unless otherwise specified. 

DG506AA, DG506AB/C, 

Symbol Parameter Test Conditions 
DG507AA DG507AB/C 

Units 

Min 
Typ 

Max Min 
Typ 

Max 
(Note 2) (Note 2) 

SWITCH 

VANALOG Analog Signal (Note 6) 
-15 15 -15 15 v 

Range 

Ros( ON) Drain-Source ON Sequence Each Is= -200 µA, Vo= + 10V 
270 400 270 450 

Resistance Switch On 

VAL = 0.8V and 
n 

Is= -200 µA, Vo= -10V 
VAH = 2.4V 230 400 230 450 

liRos(ON) Greatest Change in -10V s:: Vs s:: +10V 
Drain Source ON 

liR _ Ros(on)max-Ros(on)min 6 6 % 
Resistance 

OS(on) - Ros(on)avg. 
between Channels 

ls( OFF) Source OFF VEN= OV Vs= +10V, Vo= -10V -1 0.002 1 -5 0.002 5 
nA 

Leakage Current 
Vs= -10V, Vo= +10V -1 -0.005 1 -5 -0.005 5 

lo( OFF) Drain OFF DG506A VEN= OV Vs= -10V, Vo= +10V -10 0.02 10 -20 0.02 20 
Leakage 

Vs= +10V,Vo= -10V -10 -0.03 10 -20 -0.03 20 
Current nA 

DG507A Vs= -10V, Vo= +10V -5 0.007 5 -10 0.007 10 

Vs= +10V, Vo= -10V -5 -0.015 5 -10 -0.015 10 

lo( ON) Drain ON DG506A Sequence Each Vo= Vs(ALL) = + 10V -10 0.03 10 -20 0.03 20 
(Note 5) Leakage Switch On 

Vo= Vs(ALL) = -10V -10 -0.06 10 -20 -0.06 20 
Current v AL = 0.8V and nA 

DG507A VAH = 2.4V Vo = Vs(ALL) = + 1 ov -5 0.015 5 -10 0.015 10 

Vo= Vs(ALL) = -10V -5 -0.03 5 -10 -0.03 10 

NOTE: All typical values have been characterized but are not tested. 
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DG506A/DG507A 

ELECTRICAL CHARACTERISTICS (Continued) 

v+ = 15V, v- = -15V, GND = OV, VEN= 2.4V, TA= 25°C, unless otherwise specified. 

DG506AA, DG506AB/C, 

Symbol Parameter Test Conditions 
DG507AA DG507AB/C 

Units 

Min 
Typ 

Max Min 
Typ 

Max 
(Note2) (Note 2) 

INPUT 

IAH Address Input Current, VA= 2.4V -10 -0.002 -10 -0.002 
µ,A 

Input Voltage High VA= 15V 0.006 10 0.006 10 

IAL Address Input Current VEN= 2.4V J AllVA = OV -10 -0.002 -10 -0.002 
µ,A 

Input Voltage Low 
VEN= OV 1 -10 -0.002 -10 -0.002 

DYNAMIC 

!transition Switching Time See Figure3 
0.6 1 0.6 µ,s 

of Multiplexer 

topen Break-Before- See Figure 5 
0.2 0.2 

Make Interval 
µ,s 

IQN(EN) Enable Turn-ON Time See Figure 4 1 1.5 1 µ,s 

toFF(EN) Enable Turn-OFF Time 0.4 1.0 0.4 µ,s 

OIRR OFF Isolation VEN = OV, AL = 1 k!l, 
(Note4) CL= 15 pF, Vs= 7 VRMS· 68 68 dB 

f = 500kHz 

Cs(OFF) Source OFF Capacitance Vs= OV VEN= OV, 6 6 

Co( OFF) Drain OFF l DG506A Vo= OV f = 140 kHz 45 45 pF 

Capacitance J DG507A 23 23 

Q Charge Injection See Figure 8 6 6 pC 

SUPPLY 

1+ Positive Supply Current VEN= 5.0V AllVA = OV 1.3 2.4 1.3 2.4 

1- Negative Supply Current -1.5 -0.7 -1.5 -0.7 
mA 

1+ Standby Positive Supply Current VEN= OV 1.3 2.4 1.3 2.4 

1- Standby Negative Supply Current -1.5 -0.7 -1.5 -0.7 

NOTE All typical values have been characterized but are not tested. 
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DG506A/DG507A 

g ELECTRICAL CHARACTERISTICS (Continued) 
4' TA= over Operating Temperature Range, v+ = 15V, v- = -15V, GND = OV, VEN = 2.4V, unless otherwise specified. 

co 
0 .,, 
g 

DG506AA, DG506AB/C, 

Symbol Parameter Test Conditions 
DG507AA DG507AB/C 

Min 
Typ 

Max Min 
Typ 

Max 
(Note 2) (Note 2) 

SWITCH 

VANALOG Analog Signal (Note 6) 
-15 15 -15 15 

Range 

Ros( ON) Drain-Source Sequence Each Is= -200 µA, Vo= 10V 
500 550 

ON Resistance Switch On 
VAL= 0.BV Is= -200 µA, Vo= -10V 
VAH = 2.4V 500 550 

ls(OFF) Source OFF VEN= OV Vs= +10V, Vo= -10V 50 50 
Leakage Current Vs= -10V, Vo= +10V -50 -50 

lo(OFF) Drain OFF DG506A VEN= OV Vs= -10V, Vo= +10V 300 300 
Leakage Vs= +10V, Vo= -10V -300 -300 
Current t--------1 

DG507A Vs= -10V, Vo= +10V 200 200 

Vs= +10V,Vo= -10 -200 -200 

lo(ON) Drain ON DG506A Sequence Each Vo= Vs(ALL) = + 10V 300 300 
(Note 5) Leakage Switch On 

Vo= Vs(ALL) = -10V -300 -300 
Current !----VAL = O.BV and 

DG507A VAH = 2.4V Vo= Vs(ALL) = +10V 200 200 

Vo= Vs(ALL) = -10V -200 -200 

INPUT 

IAH Address Input VA= 2.4V -30 -30 
Current, Input VA= 15V 30 30 
Voltage High 

IAL Address Input VEN= 2.4V AllVA = OV -30 -30 
Current, Input VEN= OV -30 -30 
Voltage Low 

SUPPLY 

1+ Positive Supply VEN= 5.0V AllVA = OV 2.4 2.4 
Current 

1- Negative Supply -1.5 -1.5 
Current 

1+ Standby Positive Supply VEN= OV 2.4 2.4 
Current 

1- Standby Negative Supply -1.5 -1.5 
Current 

NOTES 1: Signals on Vs. Vo or V1N exceeding v+ or v- will be clamped by internal diodes. Limit diode forward current to maximum current ratings. 

2: Typical values are for design aid only, not guaranteed and not subject to production testing. 

Units 

v 

!l 

nA 

nA 

nA 

µA 

µA 

mA 

3: The algebraic convention whereby the most negative value is a minimum, and the most positive value.is a maximum, is1Jsed in this data sheet. 

4: OFF isolation ~ 20 log IVsltlVol. where Vs ~ input to OFF switch, and Vo ~ output due to Vg. 

5: lo{ON) is leakage from driver into "ON" switch. 

6: Parameter not tested. Parameter guaranteed by design or characterization. 

NOTE: All typical values have been characterized but are not tested. 
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DG506A/DG507A c .... 
0 .,, 

DG506A DG507A 0 
28 Lead DIP 28 Lead DIP Cl .... 

28 Lead SOIC 28Lead SOIC c 
Top View Top View co 

0 .,, 
0 

V+ 28 0 V+ 28 oa Cl 

NC 27 v- ob 27 v-

NC 26 Sa NC 26 Saa 

S15 25 S7 Sab 25 S1a 

S15 24 S5 S7b 24 s6a 

S14 23 S5 s6b 23 Ssa 

S13 22 s, Ssb 22 s4a 

S12 21 S3 s,b 8 S3a 

S11 20 S2 S3b Sza 

S10 19 S1 Szb 10 S1a 

Sg 18 EN S1b 11 EN 

GNO 12 17 Ao GNO 12 Ao 

NC 13 A1 NC 13 Al 

A5 14 Az 0434-3 NC 14 Az 0434-4 

Figure 2: Pin Configurations 

TRUTH TABLES 
DG506A DG507A 

Aa A2 A1 Ao EN 
ON 

Switch 
A2 A1 Ao EN 

ON 
Switch 

x x x x 0 NONE x x x 0 NONE 
0 0 0 0 1 1 0 0 0 1 1 
0 0 0 1 1 2 0 0 1 1 2 
0 0 1 0 1 3 0 1 0 1 3 
0 0 1 1 1 4 0 1 1 1 4 
0 1 0 0 1 5 
0 1 0 1 1 6 
0 1 1 0 1 7 

1 0 0 1 5 
1 0 1 1 6 
1 1 0 1 7 • 0 1 1 1 1 8 1 1 1 1 8 

1 0 0 0 1 9 
1 0 0 1 1 10 
1 0 1 0 1 11 
1 0 1 1 1 12 
1 1 0 0 1 13 
1 1 0 1 1 14 
1 1 1 0 1 15 

1 1 1 1 1 16 

Logic "O" ~ VAL· VENL " 0.8V, Logic "1" ~ VAH· VENH " 2.4V. 

NOTE All typical values have been characterized but are not tested. 
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c ... 
0 
in g 
c co 
0 
in g 

SWITCHING INFORMATION 

+2.4V +1SV 

V+ s, EN 
DG506A 

A3 
52 THRU 515 

Az 

... , 515 

LOGIC Ao v-
INPUT 

son 

+2.4V +1SV 

V+ 
s,b 

DG507A 

S1a THRU 
saa,o •. 

Sib THRU Srb 

... , Sab 

LOGIC Ao 
INPUT 

son 

t10V 

+10V 

1Mn 

t10V 

+10V 

1Mn 

SWITCH 
OUTPUT 

Vo 

I3SpF 

0434-5 

SWITCH 
OUTPUT 

Vo 

I3SpF 

0434-6 

DG506A/DG507A 

LOGIC 
t,<20ns 

INPUT 
so:; ti<20ns 

ov 

Vs, 
SWITCH 

OUTPUT ov 
Vo 

S80N 

0434-7 

Figure 4: ttransition Switching Time Test Circuit and Waveforms 

NOTE: AH typical values haw been charscterizsd but Bl'B not testsd. 
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SWITCHING INFORMATION (Continued) 

EN 

EN 

50 
.ll 

50 
.ll 

EN 

Al 

GND 

EN 

A2 

GND 

+15V 

V+ 
s, -5V 

DG506A 

52 THRU 515 

v- ob 

1K.ll 

+15V 

V+ 
s,b -5V 

DG507A 

510 THRU 

saa,o •• 
Szb THRU Ssb 

v- Db 

1K.ll 

DG506A/DG507A 

EN 

SWITCH 
OUTPUT 

Vo 0.9V0 
Vo 

0434-10 

SWITCH 
OUTPUT 

Vo 

I35pF 

0434-8 

SWITCH 
OUTPUT 

Vo 

I35pF 

0434-9 

Figure 5: Enable ton and t0 tt Switching Time Test Circuit and Waveforms 

NOTE: All typical valu8s hav9 been chatactsrizsd but are not testsd. 
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c .... 
0 
II) 

DG506A/DG507 A 

g SWITCHING INFORMATION (Continued) 

• co 
0 
II) 

g 

+2.4V +15V 
LOGIC 
INPUT 

3V~,<20ns 
t1<20ns 

OV 

LOGIC 
INPUT 

A1 

A7 

A3 GND 

V+ 

All S & D0 

DG506A 
DG507A 

Db 

v-

+SY 

1k.ll 

SWITCH 
OUTPUT 

Vo 

I35pF 

0434-11 

SWITCH 
OUTPUT 

Vo 

Figure 6: topen (Break-Before-Make) Switching Time Test Circuit and Waveforms 

LOGIC 
TRIP 

POINT 
REF 

GNDo--_._ __ _. 

~;:ii!~o----+-----'V'tl'lt-' 
EN 

v-0-~~-.... ~~~~~~~-<1 ...... ~~-<1..._~~~~._~~~~~--' 
LOGIC INTERFACE 

AND LEVEL SHIFTER 

LOGIC INPUTS 

Figure 7: Schematic Diagram 

TYPICAL 
SWITCH 

The address and enable inputs are fully TTL/CMOS compatible over the full supply range of ± 5V to ± 20V. 

These inputs are protected from positive and negative transients by clamping diodes. 

NOTE· All typical values havo boon characterized but are not tested 
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LOGIC 
INPUT 

LOGIC 
INPUT 

EN 

A3 

EN 

~ 

DG506A 

GND 

OG507A 

+15V 

V+ 

s, 

v-

-15V 

+15V 

V+ 

s, •. S'1b 

Yo 

I1000pF 

0434-14 

0434-15 

DG506A/DG507A 

0434-16 

!:No is the measured voltage error due to charge injec· 
tion. The error voltage in Coulombs is Q = CL x ll. Vo. 

Figure 8: Charge Injection Test Circuit and Waveforms 

NOTE: AH typical values have besn characterized but are not tested. 
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c 
""' 0 .,, 
CJ 
D ... c 
IO 
0 .,, 
CJ 
D 

DG506A/DG507A 

cl 
z 
0 

,.'f!. 

550 
525 
500 
475 
450 
425 
400 
375 
350 
325 
300 
275 
250 
225 
200 
175 
150 
125 
100 
75 
50 
25 

f--l--+--+--+---+--+-+-+-f--l--+--+-+---+--+-+-+-<"'"o -+--+--+);-1--+--~-+-l-+-+-+-r-< 

J..-1.L lL PJ 

A\V+=+15V V-=-15V 
8 V+ :+12V V- :-12V 1------++-----
C V+=+IOV V-=-10V 

1 v~tT i-I'i -1------++----l 

o~+-+-+--+-+--+--+--t--+--1--1--1---1---+-+-+-+~--+~~~~~+-+-+-+-+-~ 

-1s-u-13-12-11-10 -9 -a -1 -6 -s -4 -3 -2 -1 o 1 2 3 4 s s 7 s 9 10 11 12 13 14 1s 

V1N ANALOG SIGNAL VOLTAGE (VJ 

Figure 9: Ros(on) vs Analog Signal Voltage vs Supply Voltage 

400~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

3001-+-t-+-t-+-+-t--l-+-t-+-t-+-+-t-+f--t-+-t-+-+-+-t-+f--t-+-t-+-+-t--l-+-t-t--tc:~ 
3Mf--!=1--~~~-+d--+-+-t-+-+-+--l-+-H-+-+-+-t-+--+-+--+-+-t-+-+-t-+-f"ll--1f-+-I 
340 t- ~;"-:i.~~-+v-_-f---t1-5v+-+-f--l-+-+-+-+-+-t-1--+-+-t--+-+-+-t-1--+-t-'-+y-+l--1-+-+--b+4 
'20 lo=-200µA v+-- j..--Y 

'°°l-+-+-l-+-1-+-t-·+-t-+-~+-+-1-+-+-+-t-+-t-::+--~v-4!--1-+-b+"'j--f-tl--1-+f-'+-+-1-+-+-+-l 
2001-+-+-t-+-1-+-t-+-t-+-':-;-t;-~cc+-t-::P-r+l---_-t.voi-"F'lf---1-+Y-+-+-t-+-+-t-+-1-+-t-+-l 
2Ml--J-+-+-+--l-+-+-t--t-+-+•-10~V1Sl/g"+"c''J:-:-::f-c:Jr1f--t'""ff--1-+-l----l-+-+-t--t-+-+-+--l-+-+-t--t-+-+-I-~ 
2401-++-+-++-+-++-+='-~v~rt-l'=l:::J---+r-H-++-H-+-H-+-+-++-+-+-1-+-++-t-+ 

S 220H-+-+-+--+-+-~1--:J~j::--++--1-+-+---t1o_v+s1~9"~"~''H-+-t--+-+-+-t-+-+-+-+--+-+-+--1-+-+-+-t-4 
z 2001-+--ho~J::::::'°+f::1+P--+-+--t-++-+-++-+-+-+-1-+-+-+-t-+-+-+-t-++--++-+-+-+-+--t J 1001--i-+!-1-+-+-+--t-+-+--+-+-+-r-t-+-+--+-+--+--r-t-+-+-~t-+--+--t-+-+--+-+-+-t--+ 

1Mf--t-t-+-t--+--t-+-t-1~f-t--t-+-+-+-f--t-+-t--+-+-+-t-1-t-+-t--+-+-+-t-1-+-t--+--t 

140>-;-+-i--l--t-+-+-l--l-+-l--t--+--+-+--l--l-+-l--t--+-+-l--11--1-+-l--t-+-+-l--l-+-l--t--t 

1W-+-+-+-t--t-+-+--+-+-+-t--+--+-+-l--l-+-+--+--+-+-+--+-+-+--t--+-+--+-+-+-t--t 

100-+-+-l--+--t--+-+--+-+-l--+--+--+-+--+-+--+--+--+-+-t-i-+-+--+--+--+-+--+-+-+-+--+ 

001--1--+-+-+--t--+-+--+--+-+-+--t--+-+--+-+--+--+--t-+-+--+-+--+--+--+-+--+-+-+-+--+ 

Mf--t-t-+-t--+-+-+-t-1-t-t--t--+-+-+-f--t-+-t--+-+-+-+-f--t-+-t--+-+-+-t-1-t-l--t--t 
40f--t--+-+-l---+-+-+-l--l--+-l--t--+--+-+--l--l-+-l--t--+-+-+-l--l-+-l---t--+-+--l--l-+-l--t--t 

20f--t--+-+-l---+-+-+--+--+-+--+--+--+-+-l--l-+-l--t---!--+-+--+-+-+--+--+-+-l--l--+-l--t--t 

-55 -25 25 70 100 125 
Temperature (oC) 

Figure 10: Typical Ros(on) Variation with Temperature 

NOTE: A// typical values have been characterized but are not tested. 
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HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION 
The DG508A/DG509A are CMOS monolithic 8-channel 

and dual 4-channel analog multiplexers, which can also be 
used as demultiplexers. The DG508A uses 3 address inputs 
to control its 8 channels, and the DG509A uses 2 address 
inputs to control its dual 4 channels. An enable input is pro
vided. When the enable input is high, a channel is selected 
by the address inputs, and when low, all channels are off. 

A channel in the ON state conducts current equally well in 
both directions. In the OFF state each channel blocks volt
age up to the supply rails. The address inputs and the en
able input are TTL and CMOS compatible over the full spec
ified operating temperature range. Both DG508A and 
DG509A are available in the military, industrial, and com
mercial temperature ranges. 

ORDERING INFORMATION 
Part Number Temp. Range Package 

DG508AAK/509AAK -ssoc10+12soc 16-Pin CERDIP 

DG508ABK/509ABK -25oc to +85oc 16-Pin CERDIP 

DG508ACK/509ACK ooc10+1ooc 16-PinCERDIP 

DG508ACJ/509ACJ ooc10+1ooc 16-Pin Plastic DIP 

DG508ACY /509ACY ooc10+1ooc 16-PinSOIC 

DG508A DG509A 

-~ ~~ ,,.,__.,...... .............. 
,,.,__.,...... .............. ,,.,__.,...... .............. .. ,,.,__.,...... . 
'• ... ~, ,,.,__.,...... ,,..........,. 
,,.,__.,...... ,,..........,. 

~ 
.............. 

• 0186-2 

Ao .... Ai [H(OO.M.!ta'Ut) 2 Line Binary Address Inputs 

0186-1 (OO)andEN = 1 
Above Example Shows Chan-

3 Line Binary Address Inputs nels la and lb on. 
(1Ol)andEN=1 
Above Example Shows Chan· 
nel 6 Turned on. 

Figure 1: Functional Diagrams 

DG508A/DG509A = 
8-Channel/Dual 4-Channel ~ .... 
CMOS Analog ·Multiplexer : 

0 

'° g FEATURES 
• Low Power Consumption 
• TTL and CMOS Compatible Address and Enable 

Inputs 
• 44V Maximum Power Supply Rating 
• High Latchup Immunity 
• Break-Before-Make Switching 
• Alternate Source 

APPLICATIONS 
• Data Acquisition Systems 
• Communication·:Systems 
• Signal Multiplexing/Demultiplexing 
• Audio Signal Multiplexing 

DG508A DG509A 
16 Lead DIP 16Lead DIP 

18 LeadSOIC 16LeadSOIC 

• V+ 

51 

•2 

s, 
0 

0186-3 0186-4 

Top View Top View 

Figure 2: 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. 307100-003 
NOTE: AH typical valuss have be8n characteriz8d but are not tested. 8-13 



c 
Cl 
0 
in 

DG508A/509A 

;c ABSOLUTE MAXIMUM RATINGS 
Storage Temperature g v+ to v- ........................................ 44V 

in V-c to Ground ................................... -25V c Suffix ........................... -65°C to + 125•c 

g , V1N to Ground (Note 1) ............ (V- - 2V), (V+ + 2V) 
A & B Suffix ........................ -65°C to + 15o·c 

Vs or Vo to v+ (Note 1) .................. + 2, (V- - 2V) 
Lead Temperature (Soldering, 10 sec) .............. 300°C 

Power Dissipation• VsorV0 toV-(Note1) .................. -2,(V+ + 2V) 

Current, Any Terminal except Sor D ............... 30 mA 
CERDIP Package•• .......................... 900 mW 
Plastic Package••• .......................... 470 mW 

Continuous Current, S or D ....................... 20 mA •Device mounted with all leads 
Peak Current, S or D soldered or welded to PC board. 

(Pulsed at 1 ms, 10% duty cycle max) ........... .40 mA .. Derate 12 mWl°C above 75°C 
Operating Temperature 

c Suffix ............................... O"C to + 1o·c •••oerate 6.3 mWl°C above 75°C 

B Suffix ............................ - 25°C to + 85°C 
A Suffix ........................... -55°C to + 125°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 operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri
ods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (Note 3) 

v+ = 15V, v- = -15V, VEN = 2.4V, GND = OV, TA= 25°C, unless otherwise specified. 

DG508AA, DG508AB/C, 

Symbol Parameter Test Conditions 
DG509AA DG509AB/C 

Units 

Min 
Typ 

Max Min 
Typ 

Max 
(Note2) (Note 2) 

SWITCH 

VANALOG Analog Signal Range (Note6) -15 15 -15 15 v 

Rose on) Drain-Source ON Resistance Sequence Each Is= -20011A. Vo= +10V 
270 400 270 450 

Switch On n 
VAL = O.BV and Is= -20011A. Vo= -10V 
VAH = 2.4V 230 400 230 450 

11.Roscon) Greatest Change in Drain -10V,;; Vs,;; 10V 
Source ON Resistance II.A _ Rosion)max - Ros(on)min 6 6 % 
between Channels OS(ON) - Roscon)avg 

I scoff) Source OFF Leakage Current VEN= OV Vs= 10V, Vo= -10V 0.002 1 0.002 5 
nA 

Vs= -10V, Vo= 10V -1 -0.005 -5 -0.005 

locoff) Drain OFF Leakage DG50BA VEN= OV Vs= -10V, Vo= 10V 0.01 10 0.01 20 
Current Vs= 10V, Vo= -10V -10 -0.015 -20 -0.D15 

nA 
DG509A Vs= -10V, Vo= 10V 0.005 10 0.005 20 

Vs= 10V, Vo= -10V -10 -0.008 -20 -0.008 

locon) Drain ON Leakage DG50BA Sequence Each v 0 = v~llJ.. = 1ov 0.015 10 0.015 20 
(Note5) Current Switch On Vo= Vfil_allJ.. = -10V -10 -0.03 -20 -0.03 

v AL = O.BV and nA 
DG509A VAH = 2.4V Vo = Vfil.allj_ = 10V 0.007 10 0.007 20 

Vo= Vfil_allJ.. = -10V -10 -0.015 -20 -0.015 

INPUT 

IAH Address Input Current, VA= 2.4V -10 -0.002 -10 -0.002 ,.A 
Input Voltage High VA= 15V 0.006 10 0.006 10 11A 

IAL Address Input Current, VEN= 2.4V AllVA = OV -10 -0.002 -10 -0.002 11A 
Input Voltage Low VEN= OV -10 -0.002 -10 -0.002 11A 

NOTE: All typical values have been characterizfJd but are not tested. 
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DG508A/509A 

ELECTRICAL CHARACTERISTICS (Continued) 

v+ = 15V, v- = -15V, VEN = 2.4V, GND = OV, TA= 25'C, unless otherwise specified. 

DG508AA, DG508AB/C, 

Symbol Parameter Test Conditions 
DG509AA DG509AB/C 

Units 

Min 
Typ 

Max Min 
Typ 

Max 
(Note 2) (Note 2) 

DYNAMIC 

!transition Switching Time of Multiplexer See Figure4 0.6 1 0.6 µ.s 

tQEE>n Break-Before-Make Interval See Figure 5 0.2 0.2 µ.s 

lon(EN) Enable Turn-ON Time SeeFigure6 1 1.5 1 µ.s 

lott(EN) Enable Turn-OFF Time 0.4 1 0.4 µ.s 

OIRR OFF Isolation VEN= OV, 
(Note 4) RL = 1k!l,CL=15pF 

68 68 dB 
Vs= 7VRMS, 
f = 500kHz 

c~ffl Source OFF Capacitance Vs= OV VEN= OV, 5 5 

Co( off) Drain OFF Capacitance 1 DG508A Vo= OV f=140kHz 25 25 pF 

loG509A 12 12 

Q Charge Injection SeeFigure7 4 4 pC 

SUPPLY 

1+ Positive Supply Current VEN= 2.4V AllVA = OV 1.3 2.4 1.3 2.4 

1- Negative Supply Current or2.4V -1.5 -0.7 -1.5 -0.7 
mA 

1+ Standby Positive Supply Current VEN= OV 1.3 2.4 1.3 2.4 

I- Standby Negative Supply Current -1.5 -0.7 -1.5 -0.7 

• 

NOTE: AH typical values have been characterized but am not tested 
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= 
DG508A/509A 

0 
IO c ELECTRICAL CHARACTERISTICS 
CD TA = over operating temperature range, V + = 15V, V
O 
IO 

-1 SV, VEN = 2.4V, GND = OV, unless otherwise specified. 

g DG508AA, DG508AB/C, 

Symbol Parameter Test Conditions 
DG509AA DG509AB/C 

Min 
Typ 

Max Min 
Typ 

Max 
(Note2) (Note2) 

SWITCH 

VANALOG Analog Signal Range (Note6) -15 15 -15 15 

Ros(on) Drain-Source Sequence Each Is= -200µA, 
500 

Switch On Vo= 10V 
550 

ON Resistance VAL = 0.BV and Is= -200µA, 
VAH = 2.4V Vo= -10V 

500 500 

ls(oH) Source OFF VEN= OV Vs= 10V, Vo= -10V 50 50 
Leakage Current Vs= -10V, Vo= 10V -50 -50 

lo(oH) Drain OFF DG50BA VEN= OV Vs= -10V, Vo= 10V 200 200 
Leakage Vs= 10V, Vo= -10V -200 -200 
Current 

DG509A Vs= -10V, Vo= 10V 100 100 

Vs= 10V, Vo= -10V -100 -100 

lo( on) Drain ON DG50BA Sequence Each Vo= Vs(all) = 10V 200 200 

(Note5) Leakage Switch On 

VAL= O.BVand 
Vo= Vs(all) = -10V -200 -200 

DG509A VAH = 2.4V Vo = Vs(all) = 10V 100 100 

Vo= Vs1a111 = -1ov -100 -100 

INPUT 

IAH Address Input Current, VA= 2.4V -30 -30 
Input Voltage High 

VA= 15V 30 30 

IAL Address Input Current, VEN= 2.4V AllVA = OV -30 -30 

Input Voltage Low 
VEN= OV -30 -30 

SUPPLY 

1+ Positive Supply Current VEN= 5.0V AllVA = 0 2.4 2.4 

1- Negative Supply Current -1.5 -1.5 

1+ Standby Positive Supply Current VEN= OV 2.4 2.4 

1- Standby Negative Supply Current -1.5 -1.5 

NOTE 1: Signals on Vs, Vo, or V1N exceeding v+ or v- will be clamped by internal diodes. Limit diode forward current to maximum current ratings. 

2: Typical values are for design aid only, not guaranteed and not subject to production testing. 

3: The algebraic convention whereby the rr19st negative value is a minimum, and the most positive value is a maximum, is used in this data sheet. 

4: OFF isolation = 20 log IVsltlVol. where Vs = input to OFF switch, and Vo = output due to Vs. 

5: locon) is leakage from driver into "ON" switch. 

6: Parameter not tested. Parameter guaranteed by design or characterization. 

NOTE: All typicsJ values have b6en characfetiz!KJ but Bf9 not tested. 
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nA 

nA 

nA 
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DG508A/509A 

TRUTH TABLES 

DG508A 

A2 A1 Ao 
x x x 
0 0 0 
0 0 1 
0 1 0 
0 1 1 

1 0 0 
1 0 1 

1 1 0 
1 1 1 

Ao. A,, A,, EN 
Logic"1" ~ VAH ~ 2.4V 
Logic "O" ~ v AL ,;; o.ev 

EN 

0 
1 

1 
1 
1 

1 
1 

1 
1 

LOGIC Ax o-----::::!t::--"""VVlr-' 
INPUT or 

EN 

ON Switch 

NONE 
1 
2 
3 
4 

5 
6 
7 
8 

DG509A 

A1 Ao 

x x 
0 0 
0 1 
1 0 
1 1 

Ao. A,, EN 
Logic "1" ~ VAH ;;, 2.4V 
Logic "O" ~ VAL ,;; o.ev 

EN 

0 
1 
1 

1 
1 

v-o-----1~--------+----+------..,_ _____ __, 
LOGIC INTERf ACE 

AND LEVEL SHIFTER 

Figure 3: Schematic Diagram 

LOGIC INPUTS 
The address and enable inputs are fully TTL/CMOS com

patible over the full supply range of ± 5V to ± 20V. 

These inputs are protected from positive and negative 
transients by clamping diodes. 

NOTE: A// typical valuss have been characterized but are not tested 
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TYPICAL 
SWITCH 

ON Switch 
Pair 

NONE 
1a, 1b 
2a, 2b 
3a, 3b 

4a,4b 

0186-18 
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c 
OI 
0 .,, 

DG508A/509A 

j° SWITCHING INFORMATION 

0 .,, 
8 

+2.4V +15V 
LOGIC INPUT 3V 

t,.<2Dns 50:1 

EN v+ s, tlOV 

lj<2Dns 0 

V51 

S2 
THRU 

Ao DG508A S7 

D.8V51 
SWITCH OUTPUT 

Vo 
TRANSITIDN 

., s. TillE Ysa 
o.av58 

,,ov 

LOGIC ~---<l .. GND v-
INPUT 

-15V 

-= 
0186-7 

+2 • .4.V +ISV 

EN 
V+ 

s,. tlOV 

518 THRU 

s ..... 
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Figure 4: ttransltlon Switching Time Test Circuit and Waveforms 
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Figure 5: lopen (Break-Before-Make) Switching Time Test Circuit and Waveforms 

NOTE: All typical 11alu6s have been characteriz6d but are not teslsd. 
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SWITCHING INFORMATION .(Continued) 
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Figure 6: Enable t0 n and toff Switching Time Test Circuit and Waveforms 
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D..Vo is the measured voltage error due to charge injection. 
The error voltage in Coulombs is Q = CL x !:i.Vo. 

Figure 7: Charge Injection Test Circuit and Waveforms 

NOTE· All typical values have been characterized but are not tested. 
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Figure 9: Typical Ros(on) Variation with Temperature 

NOTE: AH typical values have been characterized but are not tsstsd. 
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HARRIS 
SEMICONDUCTOR 

DG526/DG527 ~ 
16-Channel/Dual 8-Channel CMOS (; a 

Latchable Multiplexers ~ 
GENERAL DESCRIPTION 
The DG526/DG527 are CMOS monolithic 16-channel ·and 
dual 8-channel analog multiplexers, with on-chip address 
and control latches to simplify design in microprocessor 
based applications. The DG526 uses 4 address inputs to 
control its 16 channels and the DG527 uses 3 address in
puts to control its 8 pairs of channels. The enable pin is 
used to enable the address latches during the WR pulse. It 
can be hard wired to the logic supply if one of the channels , 
will always be used (except during a reset) or it can be tied 
to address decoding circuitry for memory mapped opera
tion. The RS pin is used to clear all latches regardless of the 
state of any other latch or control line. The WR pin is used 
to transfer the state of the address control lines to their 
latches, except during a reset or when EN is low. 
A channel in the ON state conducts current equally well in 
both directions. In the OFF state each channel blocks volt
age up to the supply rails. The address inputs, WR, RS and 
the enable input are TTL and CMOS compatible over the 
full specified operation temperature range. Both DG526 and 
DG527 are available in the military, industrial, and commer
cial temperature ranges. 

DG526 
16 Channel Single Ended Multiplexer 

V• v- GND 

s, 
s, 
s, 
s, 
s, 
s, 

s, 
s, 

s, 
s,. 

s,, 
s,, 
s,, 
s,. 

S15 

s,. 

WR RS 

,, 
" A1 .. "' 

0435-1 

FEATURES 
• Direct RESET 
• TTL and CMOS Compatible Address and Enable 

Inputs 
• 44V Maximum Power Supply Rating 
• Break-Before-Make Switching 

• Alternate Source 

APPLICATIONS 
• Data Acquisition Systems 
• Communication Systems 
• Automatic Test Equipment 

• Microprocessor Controlled System 

ORDERING INFORMATION 

Part Number 
Temperature 

Package 
Range 

DG526AK/527 AK -55°C to+ 125°C 28-Pin CERDIP 

DG526BK/527BK - 25°C to + 85°C 28-Pin CERDIP 

DG526CK/ 527CK 0°C to+ 70°C 28-Pin CERDIP 

DG526CJ/527CJ 0°Cto +70'C 28-Pin Plastic DIP 

DG527 
Differential 8 Channel Multiplexer 

V• v- GND 

s,. 
s,. 
s,. 
s., 
s,. '• 
s .. 
s,. 
s,. 

Sib 

s,, 

'" s,. 

'" 
0,, 

'" 
'" 
s,b 

WR 0£COOER LOGIC a: UTCH[S RS 

., A1 .. "' 
0435-2 

Figure 1: Functional Diagrams 

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. 307060-002 
NOTE· All typical values have been characterized but are not tested. 8-21 
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... 
Cl! .,, DG526/DG527 

g ABSOLUTE MAXIMUM RATINGS .... Storage Temperature 

IO 
Cl! .,, 
g 

v+ tov- ........................................ 44V 
v- to Ground ................................... -25V 

V1N to Ground (Note 1) ............ v- - 2V), (V+ + 2V) 
VsorVotoV+(Note1) ................. +2,(V- -2V) 

Vs or Vo to v- (Note 1) ................. -2, (V+ + 2V) 

Current, any Terminal except S or D ............... 30 mA 
Continuous Current, S or D ....................... 20 mA 
Peak Current, S or D (Pulsed at 1 ms, 

10% DutyCycle Max) .......................... 40 mA 
.,,operating Temperature 

.C Suffix ............................... O'C to + 70'C 
. B Suffix ............................ - 25'C to + 85'C 

A Suffix ........................... -55'C to + 125'C 

ELECTRICAL CHARACTERISTICS (Note 3) 

C Suffix ........................... -65'C to+ 125'C 
A & B Suffix ........................ -65'C to+ 150'C 

Lead Temperature (Soldering, 10 Sec) ......... , ... 300'C 
Power Dissipation• 
28 Pin-CERDIP Package•• .................... 1200 mW 

28 Pin-Plastic Package'•• ...................... 625 mW 

•oevice mounted with all leads soldered or welded to PC board. 
.. Derate 16 mWl°C above +75°C. 

•••oerate 8.3 mWl°C above + 75°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 operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions tor extended pen·
ods may affect device reliability. 

V+ = 15V, v- = -15V, GND = OV, WR= OV, RS= 2.4V, EN= 2.4V, TA= 25'C, unless otherwise specified 

DG526, DG527 

Symbol Parameter Test Conditions 
Min 

Typ 
Max 

Units 
(Note 2) 

SWITCH 

VANALOG Analog Signal Range (Note?) -15 15 v 

Ros( ON) Drain-Source Sequence Each is= -200 µA, 
270 400 

ON Resistance Switch On Vo= +10V n 
v AL = 0.8V and Is= -200 µA, 
VAH = 2.4V Vo= -10V 

230 400 

h.Ros(ON) Greatest Change in Drain -10V 0:: Vs,;; +10V 
Source ON Resistance h.R _ Ros(on)max - Ros(on)min 6 % 
between Channels OS(on) - Ros(on)avg. 

ls(OFF) Source OFF Leakage VEN= OV Vs= +10V, -1 0.02 1 
Current Vo= -10V 

nA 
Vs= -10V, 

-1 0.02 1 
Vo= +10V 

lo(OFF) Drain OFF Leakage DG526 VEN= OV Vs= -10V, 
-10 0.2 10 

Current Vo= +10V 

Vs= +10V, 
-10 0.2 10 

Vo= -10V 
nA 

DG527 Vs= -10V, 
-5 0.2 5 

Vo= +10V 

Vs= +10V 
-5 0.2 5 

Vo= -10V 

lo(ON) Drain ON Leakage DG526 Sequence Each Vo = Vs(All) = + 1 ov -10 0.2 10 
(Note 5) Current Switch On 

Vo = Vs(All) = -1 ov -10 0.2 10 
VAL= o.8V nA 

DG527 and Vo= Vs(All) = + 10V -5 0.2 5 

VAH = 2.4V Vo = Vs(All) = -1 ov -5 0.2 5 

NOTE· All typical values have been characterized but are not tested. 
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DG526/DG527 

ELECTRICAL CHARACTERISTICS (Continued) 
TA = 25"C, v+ = 15V, v- = -15V, GND = OV, WR = OV, RS= 2.4V, EN = 2.4V, unless otherwise specified 

DG526, DG527 

Symbol Parameter Test Conditions 
Min 

Typ 
Max 

Units 
(Note 2) 

INPUT 

IAH Address Input Current, VA= 2.4V -10 0.02 µA 
Input Voltage High VA= 15V 0.02 10 µA 

IAL Address Input Current, VEN= 2.4V AllVA = OV -10 0.01 µA 
Input Voltage Low 

VEN= OV 
RS = OV, WR = OV -10 0.01 µA 

DYNAMIC 

ttransition Switching Time of Multiplexer See Figure 6 0.65 1 µs 

lo pen Break-Before-Make Interval See Figure 7 0.2 µs 

Ion (EN, WR) Enable and Write Turn-ON Time See Figures 4 and 9 (Note 7) 0.7 1.5 µs 

l0 tt (EN, RS) Enable and Reset See Figures 5 and 1 O (Note 7) 
0.4 1 

Turn-OFF Time 
µs 

OIRR OFF Isolation VEN = OV, R = 1 k!l, 
(Note 4) CL= 15pF, Vs= 7VRMS, 55 dB 

f = 500 kHz 

C;n Logic Input Capacitance f = 1 MHz 6 pF 

Cs( off) Source OFF Capacitance Vs= OV VEN = OV, f = 140 kHz 10 

Co(ott) Drain OFF Capacitance l DG526 Vo= OV 65 pF 

l DG527 35 

Q Charge Injection See Figure 11 6 pC 

SUPPLY 

1+ Positive Supply Current VEN= OV AllVA = OV 2.0 3.0 
mA 

1- Negative Supply Current -2.0 -1.2 

NOTE: AfJ typical valuos have been characterized but are not tested. 
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.... 
N .,, DG526/DG527 

g ELECTRICAL CHARACTERISTICS (Continued) 
U; TA = over operating temperature range, v+ = 15V, v- = -15V, GND = OV, WR = OV, RS = 2.4V, EN = 2.4V, unless 
: otherwise specified 

g DG526, DG527 

Symbol Parameter Test Conditions 
Min 

Typ 
Max 

Units 
(Note 2) 

SWITCH 

VANALOG Analog Signal Range (Note 7) -15 15 v 
ARos(on) Greatest Change in -10V::; Vs~ +10V 

Drain Source ON 6 % 

Resistance between Channels 

Ros(on) Drain-Source Sequence Each Is= -200 µA, Vo= 10V 
500 

ON Resistance Switch On 
VAL= o.av n 
VAH = 2.4V 

Is= -200 µA, Vo= -10V 
500 

ls(Off) Source OFF VEN= OV Vs= +10V, Vo= -10V -50 50 
nA 

Leakage Current Vs= -10V, Vo= +10V -50 50 

lo(ott) Drain OFF DG526 VEN= OV Vs= -10V, Vo= +10V -300 300 
Leakage Current Vs= +10V,Vo= -10V -300 300 

nA 
DG527 Vs= -10V, Vo= +10V -200 200 

Vs= +10V,Vo= -10V -200 200 

lo(ON) Drain ON Leakage DG526 Sequence Each Vo= Vs(ALL) -300 300 
(Note 5) Current Switch On = +10V 

v AL = o.av and 
Vo= Vs(ALL) 

VAH = 2.4V = -10V 
-300 300 

nA 
DG527 Vo= Vs(ALL) -200 200 

= +10V 

Vo= Vs(ALL) -200 200 
= -10V 

INPUT 

IAH Address Input Current VA= 2.4V -30 µA 
Input Voltage High VA= 15V 30 µA 

IAL Address Input Current, VEN= 2.4V AllVA = OV -10 µA 
Input Voltage Low VEN= OV RS= OV, WR= OV -10 µA 

SUPPLY 

1+ Positive Supply Current VEN= OV,AllVA = OV 4.5 
mA 

1- Negative Supply Current -3.2 

NOTE 1. Signals on Vs. Vo or ViN exceeding v+ or v- will be clamped by internal diodes. L1m1t diode forward current to maximum current rating. 

2. Typical values are for design aid only, not guaranteed and not subject to production testing. 

3. The algebraic convention whereby the most negative value is a minimum, and the most positive value is a maximum, is used in this data sheet. 

4. OFF isolation ~ 20 log IVsl!IVol. where Vs ~ input to OFF switch, and Vo ~ output due to Vs. 

5. lo(ON) is leakage from driver into "ON" switch. 

6. Period of Reset (RS) pulse must be at least 50 µs during or after power ON. 
7. Parameter not tested. Parameter guaranteed by design or characterization. 

NOTE: All typical values have been characterized but are not tested. 
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DG526 
28 Lead DIP 

28 Lead SOIC 

.. ,,. 

DG526 

Latching 

Reset 

Transparent 
Operation 

A3 

x 

x 

x 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

A2 A1 

x x 

x x 

x x 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

Ao EN WR 

x x _/" 

x x x 

x 0 0 
0 1 0 
1 1 0 
0 1 0 
1 1 0 
0 1 0 
1 1 0 
0 1 0 
1 1 0 
0 1 0 
1 1 0 
0 1 0 
1 1 0 
0 1 0 
1 1 0 
0 1 0 
1 1 0 

Logic "O" ~ VAL· VENL ,;; O.BV 

Parameter 

tww WRITE Pulse Width 

tow A,EN Data Valid to WRITE 

two A,EN Data Valid after WRITE 

IRS RESET Pulse Width 

RS 

1 

0 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

DG526/DG527 

Dual-In-Line Packages 

0435-3 

Figure 2: Pin Configurations 

Truth Tables 

ON Switch 

Maintains Previous 
Switch State 

None (Latches 
Cleared) 

None 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Latching 

Reset 

Transparent 

Operation 

A2 

x 

x 

x 
0 
0 

0 
0 

1 

1 
1 

1 

A1 

x 

x 

x 
0 
0 
1 
1 

0 
0 

1 

1 

DG527 
28 Lead DIP 

28 Lead SOIC 

o, 

"' 
v-

iiS 

'" OC527 s., 
s,, 
s,, ,,. 10 s,, 

'" 11 £H 

DG527 

Ao EN WR RS 

x x _/" 1 

x x x 0 

x 0 0 1 
0 1 0 1 

1 1 0 1 
0 1 0 1 
1 1 0 1 
0 1 0 1 
1 1 0 1 
0 1 0 1 
1 1 0 1 

11 
12 

Logic "1" ~ VAH· VENH ;, 2.4V 

13 
14 
15 
18 

Minimum Input Timing Requirements 

Measured Min Limits Over 
Unit 

Terminal Full Temp Range 

WR 300 

Ao, A1, A2, (A3), EN, WR 180 
ns 

Ao, A1, A2, (A3), EN, WR 30 

RS 500 

0435-4 

ON Switch 

Maintains Previous 

Switch State 

None (Latches 

Cleared) 

None 

1 
2 
3 
4 
5 
6 

7 

8 

Test 
Circuit 

See Figure4 

See Figure 5 
Vs= 5V 

NOT£: All typical values have been charactenZed but are not tested 
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DG526/DG527 

Logic Interface and level shifter Decoder and switch 

Ax, EN,o-----+--'WI..-' 
R5. \YR 
v-o----~-------~ 

0435-21 0435-22 

Figure 3: Schematic Diagrams 
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Figure 4: WR Timing Waveforms 
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+2.4V 

50.ll 

+2.4V 

_3V~ RS I.SY 
tr<20ns 0 -
it<20 ns V RS lwf (RS) ;=-+I 
SWITCH 0 O.BVo"-.. 
OUlPUT OV 

0435-6 

Figure 5: RS Timing Waveforms 

+15V 

EN V+ S1 tlOV 

RS 

Ao s2 THRU s15 

DG526 
A1 

S15 '10V 
Az 

A5 v-

SWITCH 
OUlPUT 

1--0-----0 Vo 

0435-8 

+15V 

EN t10V 

R5 Sia lhru 

Seao. 
Ao Szb and S7b 

DG527 Ssb '10V 

SWITCH 
OUTPUT 

r--<l>----0---t Az GND WR v- Db Yob .... - ..... -----..-~ 
1M.ll I35pF 

-15v 
50.ll 

0435-9 

Figure 6: ttransition Switching Time Test Circuit and Waveforms 

NOTE All typical values have been characterized but are not tested 
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DG526/DG527 

LOGIC INPUT 3V 
+2.4V 

t,< 20ns 50% 
t1<20ns OV 

EN 
SWITCH OUTPUT Vs r----1-. 

Yo 80% 

R'S ov 

0435-10 

+15V 

V+ 

ALL S AND Da 

DG526 
DG527 

+5V 

SWITCH 
OUTPUT 

.----0--t Ao· At' A2, (A3) 
Db(D) 1---0-___ o Yo 

GND WR v-

IKll 

-15V 

Figure 7: topen (Break-Before-Make) Switching Time Test Circuit and Waveforms 

EN 3V 
tr< 20ns 
t1<20ns 

SWITCH OUTPUT 
Vo 

0435-12 

EN 

EN 

EN 

2.4V 

RS 

GND 

2.4V 

RS 

GND 

+\SV 

V+ 
St 

S2 
OG526 THRU 

S15 

WR v-

-tSV 

+15V 

V+ 
Sib 

S10 THRU S80 } 
o •. 

s2b THRU Ssb 

OG527 

WR v- Db 

·\SV 

Figure 8: Enable ton and t0 11 Switching Time Test Circuit and Waveforms 

NOTE: All typical values have been characterized but are not tested 
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DG526/DG527 

_3V~ WR 1.5V 50% 
t,<20ns OV 
ti<20 ns 

SWITCH 1on (WR)~ 
OUTPUT 

v0 ov o.2v0 
0435-15 

Device must be reset prior to applying WA pulse 

+2.4V 

RS LOGIC 
INPUT 

+15V 

V+ 
EN s1 OR 

s,b 

Ao,A1, REMAINING 
Az. {A3) SWITCHES 

OG526 

RS OG527 

WR Ob{O) 
GNO v-

-15V 

Figure 9: Write ton Switching Time Test Circuit and Waveforms 

_3V~ RS 1.5V 50% 
t,<20 ns OV 
t1<20 ns 

'•tt (RS)! 
SWITCH O.BV 0 

OUTPUT ~ 
Vo 

+2.4V +15V 

V+ 
EN s1oR 

s,b 

Ao•A1, REMAINING 
0435-17 Az, (A3) SWITCHES 

OG526 
OG527 

RS Ob(O) 
GNO WR v-

-15V 

+5V 

Figure 10: Reset toff Switching Time Test Circuit and Waveforms 

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

Vo 
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-15V 

0435-19 

DG526/DG527 

0435-20 

tJ. Vo is the measured voltage error due to 
charge injection. The error voltage in Cou
lombs is Q ~ CL X l>Vo. 

Figure 11: Charge Injection Test Circuit and Waveforms 

Logic Inputs These inputs are protected from positive and negative tran
sients by clamping diodes. 

The address, enable WR and RS inputs are fully TTL/ 
CMOS compatible over the full supply range of ± 5V to 
±20V. 

Cl 
'Z 
e 
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300 

275 

250 

225 

200 

175 

150 

125 

100 

75 

50 

25 

la=-200µA 
1--+-+--+- VEN= SV 

t-+-+--+--+--+--t~l-t-+-+--+--+-+--t~t--+-+--h~~D --t~t--+-+--+--+-+--t-;f--l 
f ~ 

.,,.,.. 

A~Y+=+15V V-=-15V 
D V+::a+12V Y-=-12Y 
C Y+=+IOY V-=-10V 
D V+=+7.5V V-=-7.SV .+--l-+--l 

J_LJlll 
O'---'---'--'---'--'---'--''--'--.J..--'--'---'---'---'~'---'---'--'---'--'---'---'~'--.J..--'--'---'--'---'--' 
-15-14-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -I 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

VIN ANALOG SIGNAL VOLTAGE (V) 

Figure 12: Ros(on) vs Analog Signal Voltage vs Supply Voltage 

NOTE: All typical values have been characterized but are not Jested. 
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DG526/DG527 

380>-+-+--+--+---+---+--+-----l~+--+-+--+--+---+---+--+-----l~+--+-+--+--+---+---+--+-----l~+--+-+--+--+---+---+--+-----l-----i 

---t--F1 360 1--!-v~+~-~.~,~sv;-;,v~---~-1~s~v-----i~t---t-+-+--t--t--+--+-----i~t---t-+-+--t--t--+--+-----i~t---t-+-+--+--l-:b--f'-+--+--t 
340 f-- VEN= 2.4V V 

la=-200µA 1 __j...-- ~ 

320f--!--t--!--\--t--t---+-----i~t---\--t--!--\--t--t---+-----i,.---t---\--t--!--\--t--t-~-"i,-f--t---\--t-.,,J,.-F':::+-t---+-----i--J 

3001--11-t--+-+-+-+-+-+-+-+--t-11-t--+-+-+-+-+-+-+--:,,.....J---F--lj--l-t+-'-l:""'"'""-9-1----l--t-li---1-t-+-+-t--+--+--t 
__i--+-- i--1---280 

260 
+ 1 OV Signals i--1--

240 

~ 220 
~ -1ov Signals 

j 200 

l--' I-' 180 

160 

140 

120 

100 

80 

60 

40 

20 

a 
-55 -25 25 70 100 125 

Temperature (oC) 

0435-24 
Figure 13: Typical Ros(on) Variation with Temperature 

NOTE: All typical values have been charactsrized but Bf8 not t9stsd. 
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HARRIS 
SEMICONDUCTOR 

DG528/DG529: 
8-Channel/Dual 4-Channel g 

Latchable Multiplexers ~ 
GENERAL DESCRIPTION 

The DG52B/DG529 are CMOS monolithic a-channel and 
dual 4-channel latchable analog multiplexers, with on-chip 
address and control latches to simplify design in microproc
essor based applications. The DG52B uses 3 address in
puts to control its B channels and the DG529 uses 2 ad
dress inputs to control its dual 4 channels. The enable pin is 
used to enable the address latches during the WR pulse. It 
can be hard-wired to the logic supply if one of the channels 
will always be used (except during a reset) or it can be tied 
to address decoding circuitry for memory mapped opera
tion. The RS pin is used to clear all latches regardless of the 
state of any other latch or control line. The WR pin is used 
to transfer the state of the address control lines to their 
latches, except during a reset or when EN is low. 

A channel in the ON state conducts current equally well in 
both directions. In the OFF state each channel blocks volt
age up to the supply rails. The address inputs and the en
able input are TTL and CMOS compatible over the full spec
ified operating temperature range. Both DG52B and DG529 
are available in the military, industrial, and commercial tem
perature ranges. 

... 
•.. 

.. s,, ., ... 

.. . .. .. . .. 
'• s,. 
s, ... .. . .. 

0185-1 

FEATURES 
• Low Power Consumption 

• TTL and CMOS Compatible Inputs 

• 44V Maximum Power Supply Rating 

• High Latchup Immunity 

• Break-Before-Make Switching 

• Alternate Source 

APPLICATIONS 
• Data Acquisition Systems 

• Communications Systems 

• Automatic Test Equipment 

• Microprocessor Controlled System 

ORDERING INFORMATION 
Part Number Temp.Range Package 

DG52BAK/529AK -ssoc to +125oc 18-PinCERDIP 

DG528BK/529BK -2soc to +8soc 18-PinCERDIP 

DG528CK/529CK ooc10+1ooc 18-PinCERDIP 

DG528CJ/529CJ ooc10+1ooc 18-Pin Plastic DIP 

DG528CY/529CY ooC10+1ooc 18-PinSOIC 

DG528 

"" 

0185-2 

DG529 

18Lead DIP 
18 LeadSOIC 

s, 
.. 0185-3 

DG529 
18Lead DIP 

18Lead sore 

DG528 
8-Channel Single-Ended 
Multiplexer with Latches Dual 4-Channel Multiplexer 

with Latches 

0185-4 

Top View 

Figure 1: Functional Diagrams Figure 2: Pin Configurations 

HARRIS SEMICONDUCTOR'S SOLE ANO 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. 307125-003 
NOTE: All typical vs/ues have b6en characterized but are not tested. 8-31 
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OI 
(II .,, DG528/DG529 

8 ABSOLUTE MAXIMUM RATINGS .... 
CD 
(II .,, 
8 

V+ toV- ....•................................... 44V 
V- to Ground .................................. -25V 
V1N to Ground (Note 1) ............ (V- - 2V), (V+ + 2V) 
VsorVotoV+ (Note1) ................. +2,(V- - 2V) 
VsorVotoV- (Note1) ................. -2,(V+ + 2V) 
Current, Any Terminal except Sor D ............... 30 mA 
Continuous Current, S or D ....................... 20 mA 
Peak Current, S or D 

(Pulsed at 1 ms, 10% duty cycle max) ............ 40 mA 
Operating Temperature 

C Suffix ............................... O'C to + 70'C 
B Suffix ............................ -25'C to + 85'C 
A Suffix ........................... -55'C to + 125'C 

Storage Temperature 
C Suffix ........................... -65'C to + 125'C 
A & B Suffix ........................ -65'C to + 150'C 

ELECTRICAL CHARACTERISTICS (Note 3) 

Lead Temperature (Soldering, 10 sec.) ............. 300'C 
Power Dissipation• 

CERDIP Package•• .......................... 900 mW 
Plastic Package••• .......................... 470 mW 

*Device mounted with all leads 
soldered or welded to PC board 

.. Derate 12 mW/'C above 75'C 
•••Derate 6.3 mW/'C above 75'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 operational sections of the specifications is not 
implied Exposure to absolute maximum rating conditions for extended peri
ods may affect device reliability. 

V+ = 15V, V- = -15V, GND = OV, WR = OV, RS= 2.4V, EN = 2.4V, TA= 25'C unless otherwise specified. 

DG528A, DG528B/C, 

Symbol Parameter Test Conditions 
DG529A DG529B/C 

Units 
(Note6) 

Min 
Typ 

Max Min 
Typ 

Max 
(Note 2) (Note 2) 

SWITCH 

VANALOG Analog Signal Range (Note 7) -15 15 -15 15 v 

Ros( on) Drain-Source ON Vo= ±10V, VAL= 0.8V, 
Resistance VAH = 2.4V, Is= -200µ.A 270 400 270 450 n 

Sequence Each Switch ON 

aRos(on) Greatest Change in -10V s; Vs s; 10V 
Drain Source ON 

aR _ Ros{on}max - Ros{on}min 6 6 % 
Resistance between 

OS(on) - Ros(on)avg. 
Channels 

ls(off) Source OFF VEN= OV Vs=±1ov,v0 = +1ov -1 -0.005 1 -5 -0.005 5 
Leakage Current 

lo(ofO Drain OFF ~ VEN= OV Vs= +10V,Vo= ±10V -10 -0.015 10 -20 O.Q15 20 
Leakage Current DG529 Vs= +10V,Vo= ±10V -10 -0.008 10 -20 -0.008 20 

nA 
lo( on) Drain ON DG528 Sequence Each 

Vs1a11) = Vo = ± 10V -10 -0.03 10 -20 -0;03 20 
(Note5) Switch On 

Leakage Current I- VAL= o.av, DG529 
VAH = 2.4V Vs(all) = Vo = ± 10V -10 -0.015 10 -20 -0.015 20 

INPUT 

IAH Address Input Current, VA= 2.4V -10 -0.002 -10 -0.002 µ.A 
Input Voltage High VA= 15V 0.006 10 0.006 10 µ.A 

IAL Address Input Current, VEN= 2.4V VA(all) = OV -10 -0.002 -10 -0.002 µ.A 
Input Voltage Low VEN= OV RS = OV, WR = OV -10 -0.002 -10 -0.002 µ.A 

NOTE: AH typical va/ues hal/8 been chsract6fized but am not tBSt6d. 
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DG528/DG529 

ELECTRICAL CHARACTERISTICS (Continued) 
V+ = 15V, V- = -15V, GND = OV, WR= OV, RS= 2.4V, EN= 2.4V, TA= 25'C unless otherwise specified. 

DG528A, DG528B/C, 

Symbol Parameter Test Conditions 
DG529A DG529B/C 

Units 
(Note6) 

Min 
Typ 

Max Min 
Typ 

Max 
(Note 2) (Note 2) 

DYNAMIC 

ttransition Switching Time See Figure 6 
0.6 1 0.6 µs 

of Multiplexer 

ta pen Break-Before-Make See Figure 7 
0.2 0.2 

Interval 
µs 

tan(EN, WR) Enable and Write See Figures 8 and 9 (Note 7) 
1 1.5 

Turn-ON Time 
1 µs 

taff(EN, RS) Enable and Reset See Figures 8 and 9 (Note 7) 
Turn-OFF Time 

0.4 1 0.4 µs 

OIRR OFF Isolation VEN= OV, RL = 1 kn, CL= 15 pF 
(Note4) Vs = 7 VRMS, f = 500 kHz 

68 68 dB 

C1N Logic Input Capacitance f = 1 MHz 2.5 2.5 pF 

Cs(off) Source OFF Capacitance Vs= OV VEN = OV, f = 140 kHz 5 5 

Co( off) Drain OFF 

~ Vo= OV 25 25 pF 
Capacitance 12 12 9 

--
a Charge Injection See Figure 11 4 4 pC 

SUPPLY 

I+ Positive Supply Current VEN = OV, VA(all) = OV 2.5 2.5 
rnA 

I- Negative Supply Current -1.5 -1.5 

ELECTRICAL CHARACTERISTICS TA= over operating temperature range, V+ = 15V, V- = -15V, GND 

= OV, WR = OV, RS = 2.4V, EN = 2.4V unless otherwise specified. 

DG528A, DG528B/C, 

Symbol Parameter Test Conditions 
DG529A DG529B/C 

Units 
(Note6) 

Min 
Typ 

Max Min 
Typ 

Max 
(Note 2) (Note 2) 

SWITCH 

VANALOG Analog Signal Range (Note?) -15 15 -15 15 v 
Ros(on) Drain-Source ON Vo= ±10V, VAL= 0.8V, 

Resistance VAH = 2.4V, Is= -200 µA 500 500 n 

Sequence Each Switch ON 

ls(off) Source OFF VEN= OV Vs= ± 10V, Vo= + 10V 
-50 50 -50 50 

Leakage Current 

lo(off) Drain OFF DG528 
VEN= OV 

Vs= +10V,Vo= ±10V -200 200 -200 200 

Leakage Current r----
DG529 Vs= +10V,Vo = ±10V -100 100 -100 100 

nA 
lo(on) Drain ON DG528 Sequence Each 

Vs(all) =Vo= +10V -200 200 -200 200 
(Note5) Switch On 

Leakage Current ~ VAL= 0.8V, DG529 
VAH = 2.4V Vs(all) =Vo= -10V -100 100 -100 100 

NOTE: All typical values have been characterized but are not tested 
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O> 
N .,, DG528/DG529 
C:J e, ELECTRICAL CHARACTERISTICS {Continued) 
CXI TA = over operating temperature range, V + = 15V, V- = -15V, GND = OV, WR = OV, RS = 2.4V, EN 2.4V unless 
: otherwise specified. 

g DG528A, DG528B/C, 

Symbol Parameter Test Conditions 
DG529A DG529B/C 

{Note 6) 
Min 

Typ 
Max Min 

Typ 
Max 

(Note 2) (Note 2) 

INPUT 

IAH Address Input Current, VA= 2.4V -30 -30 
Input Voltage High VA= 15V 30 30 

IAL Address Input Current, VEN= 2.4V JvA(all) = ov -30 -30 
Input Voltage Low VEN = OV }Rs = OV, WR = OV -30 -30 

SUPPLY 

1+ Positive Supply Current VEN= OV, VA(all) = OV 2.5 2.5 

1- Negative Supply Current -1.5 -1.5 

NOTES 1: Signals on V5, Vo. or V1N exceeding V+ or v~ will be clamped by internal diodes. Limit diode forward current to maximum current ratings. 

2: Typical values are for design aid only, not guaranteed and not subject to production testing. 

Units 

µA 

µA 

µA 

µA 

mA 

3: The algebraic convention whereby the most negative value is a minimum, and the most positive value is a maximum, is used in this data sheet. 

4: OFF isolation ~ 20 log :~~:. where Vs ~ input to OFF switch, and Vo ~ output due to Vg. 

5: lo(ori) is loakago from driver into "ON" switch. 

6: Poriod of Reset (R'S) pulse must be at least 50 µs during or after power ON. 

7: Parameter not tested. Parameter guaranteed by design or characterization. 

TRUTH TABLES 

DG528 

A2 A1 Ao EN WR RS On Switch 

x x x x _,,- 1 Maintains previous 
switch condition 

x x x x x 0 NONE 
{latches cleared) 

x x x 0 0 1 NONE 
0 0 0 1 0 1 1 
0 0 1 1 0 1 2 
0 1 0 1 0 1 3 
0 1 1 1 0 1 4 
1 0 0 1 0 1 5 
1 0 1 1 0 1 6 
1 1 0 1 0 1 7 
1 1 1 1 0 1 8 

NOTE: All typical values have been characterized but are not tested. 
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A1 Ao EN WR 

x x x _,,-

x x x x 

x x 0 0 
0 0 1 0 
0 1 1 0 
1 0 1 0 
1 1 1 0 

Logic"1":VAH" 2.4V 

Logic "O": v AL ,;: 0.BV 

RS On Switch 

1 Maintains previous 
switch condition 

0 NONE 
{latches cleared) 

1 NONE 
1 1 
1 2 
1 3 
1 4 



GNDO---+---' 

Ax, EN, 
R5, Wii o---..-----'Vll"'""' 

Logic Interface and Level Shifter 

TO 
DECODER 

0165-25 

v+o------. 

... 
EN' 

RS' 
WR' 

DG528/DG529 

0165-26 

Decoder and Switch 

Figure 3: Schematic Diagrams 

Minimum Input Timing Requirements 

Symbol Parameter Measured Termlnal 
Min. Limits over 

Units Test Circuit 
Full Temp. Range 

tww WRITE Pulse Width WR 300 

tow A, EN Data Valid to WRITE 
Ao, A1, {A2), EN, WR 180 

{Stabilization Time) 
ns 

See Figure4 

two A, EN Data Valid after WRITE Ao. A1, {A2). EN, WR 30 
{Hold Time) 

IRS RESET Pulse Width 
RS 500 

See Figure 5 
{Note6) Vs= 5V 

JV~ .JV~ WN ·l.5V RS · ·l.5V . 

0 - -· 1 •• -· .. 0 -•s-

~ 
v t.tt(R5)-:::J 

/\o•A1,(A7) JV SWITCH O 0.6Vo'-._ 
EN O 0165-5 OUTPUT OV 0105-6 

Figure 4: WR Timing Waveforms Figure 5: RS Timing Waveforms 

NOTE: AH typical va/uss have been charactedzed but 8J'8 not tested. 
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"" .,, e SWITCHING INFORMATION. 
CD 

"" .,, 
g 

LOGIC INPUT 
tr<20ns 
lj<20ns 

SWITCH OUTPUT 
Vo 

3V 
50% 

0 

Ys1,....--+-. 
0.8Vs1 

0.8 V58 
Vss 

transition 

SI ON 
transition 

0165-7 

LOGIC 
INPUT 

+2."4-V 

EN 

+2.4V 

EN 

DG5.28/DG529 

+ISV 

(a) 

+15V 

V+ s,. 
S1a THRU 

S"1.Da 
s2b,AND s3b 

DG529 

(b) 

tlOV 

Figure 6: t1ransition Switching Time Test Circuit and Waveforms 

LOGIC INPUT 
tr<20ns 
t1< 20 ns 

SWITCH OUTPUT 
Vo 

3V 
50% 

Vs 
80% 

ov 

0185-10 

LOGIC 
INPUT 

+2.4V 

EN 

+15V 

V+ 

A.LL SAND 06 

DG528 
OG529 

+SV 

--~--' Ao.Ap(Az) 
SWITCH 

0.(D) l--<>-4----DOUTPUT 
Vo GND WR 

50!1 IK!l I3Spr 
-1sv 

0165-11 

Figure 7: topen (Break-Before-Make) Switching Time Test Circuit and Waveforms 

NOTE· All typical values have been charactedzed but are not tested. 
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DG528/DG529 

SWITCHING INFORMATION (Continued) 

2.4V +ISV 

RS V+ 
EH S1 -sv 

Ao DG528 

A1 

Ai GND WR v-
EH 3V 

tr<20ns 50% IK.O. 

t1<20ns -15V 

SWITCH OUTPUT 
(a) Vo 

0.9V0 2.4V +ISV 

Vo 
Vs 

0185-12 EH 
RS V+ 

S1b -sv 

S10 THRU 

S4a• Os, 

S2b• S3b• S4b 

DG529 

Ao 

A1 GNO WR v- ~ 
EH 50 

.0. 1K.O. 

-ISV 

(b) 

Figure 8: Enable toN and toFF Switching .Time Test Circuit and Waveforms 

_JV~ WR 1.5V 50% 
ov 

tr<20ns 

11<20 ns lon(WR)~ 
SWITCH 

OUTPUT o.2v0 v0 av -------"! 
0185-15 

Device must be reset prior to applying WR pulse. 

Figure 9: Write toN Switching Time Test Circuit and Waveforms 

NOTE· All typical values have been characterized but are not tested 
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SWITCH 
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Cl> 
Cll .,, 
e. SWITCHING INFORMATION (Continued) 
CD 
Cll .,, 
g 

RSl.~~~O> ov 
tr< 20ns 
~< 20ns l0tt(RS)4 

SWITCH - I 0 8V 
OUTPUT '. 0 

Vo '-

0185-17 

+2 . .4.V 

EN 

A,,.A1,(A2) 

DG528 
OG529 

RS 
GHD WR 

DG528/DG529 

+15V 

V+ 
s1 OR 

s,, +5V 

REMAINING 
SWITCHES 

SWITCH 
Db (D) OUTPUT 

v- Vo 

IK!l I35pF 
-15V 

0185-18 

Figure 10: Reset toFF Switching Time Test Circuit and Waveforms 

+15V 

V+ 

Ao,A1, 
(A2) OG528 

00529 

Sx 

EN 

GHD WR 

EN 

RS 2.-4V 

Vo 

v-

I c, = 10oopr 

0185-19 

0185-20 

6.Vo is the measured voltage error due to charge injection. The error 
voltage in Coulombs is Q = CL x A. Vo. 

Figure 11: Charge Injection Test Circuit and Waveforms 

NOTE· All typical vafues have been characterized but are not tested 
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DG528/DG529 

SWITCHING INFORMATION (Continued) 

z 
0 

1 

1 

r+-rr-rr+++t?N~t::;l;;-+--rv-l-+-+-+-·i:f'-1--~c--+v-~~-~ 
VI LI B 

01--1--1--1--~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-15-U-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -I 0 1 2 3 4 5 6 7 8 9 10 11 12 13 U. 15 

VIN ANALOG SIGNAL VOLTAGE (V) 

Figure 12: Ros(ON) vs Analog Signal Voltage vs Supply Voltage 
0185-23 

3801--+-+--+--+--+-+--+-l--+--+-+--+--+--+-+--+-l--+--+-+--+--+--+--+--+l--+--+-+--+--+--+--+--+-I--+--! 
_y-P 

360J--J--c1__l_~__L_J_-cc1-l--+-+-+--+-+-+-+--l-l--+-+-+--+-+--+-l-il--+-+-+-+--+--+---t--+~--+-'-+--+ 
V+-+15V V---15V i---J----

340 r- ~[~:io~:A H 
= ~ j---

3001--1--1--1--c--ic--ic--ic--ic--i~ -f--t--t--t--t--t--t--t--t--t--t-::i-41----' -+j-----t+----±~-=tj--j--tl---'--t+--1-+-+--l--l--I--+--+ 

~ I -t--+--1 
20or-t-t-+--t--+-+-+--t-r-t-+-~-+--+--+--+--±~r----+'-t-=:c1--r~-+~-1---t-r-t-t-+--t--+-+-+--t-t--i 

+10V Signal• ~ i ~ 
2so1--+-t-+--t--+-+-+--t-f--t-t-+--C--t-"'t-±~-""rf--t-'+-+--+-+-+--t-f--t-t-+--t--+-+-+--t-t--i 
240 f--t-+-+-+-+-+-+-+~*-"i---~t-1-:::H-t--+j----+-t--t-+-+-l---t--t--t-+-+-+-+--+-+-f--t-+-t--t--1 J---r -+-I -1 OV Signal• 
2201--+-+-+--+·-+~-1~~-==rf--

J--n--1 
2001---1--+e"""-4~1'-4'°-+-+-+-+--+--t--+--t---ll--+-+-+--+-+--+-+--t-+-+-+-+--+--+-+--+--1-1--+-+-+--t--1 
180~ 
1601--+--+-+--+--+--+-+--+-+--+--+-+--+--+--+--+--+-+--+-+--+--+--+--+--+-l--+--+-+--+--t--+-+--t-t--1 

1401--+--+-+--+--+--+-+--+-l---l-+-+--+--t---+--+--t-+--+-+--+--+--+-+--+--t--"-+--+-l--+--+-+--+--+-I 

1201--+--+-+--+--t--+-+--+-l--l--+--+--+--+--+-+--+--tl--+--+--+--+-·-l--t--l--+--+--+--+-+--+--l---+--+--tc--< 

100 l--+-+-+--+-·-t--+-+--1-t- ·-1-1-1-+--+-+--+--+--+-+--+-1--+--+--+--+--+-+-+--l-t--+-+--+--l--I 

801--+-+-+--+--+--+-+--+-+- t--+-+--+-l--+-+--+--+--+-1-4-+--+--+~I--+-+-+--+ 

sor--+-+-+--+--t--+--J·--i-t-+--+-+--t-+--+-+-+--t--1--+-t-1--t-+-+--+--+-1--+--+-+-4--+--+-+--+ 

40t--t-+-+--+--+-+-+--l-t--l-+-+--t--+-+--t--ll--t--t-+--t--t--r-t--l-+-+--+-1--+--+-+--+--+--+--+ 

20r--+-+--t--+---t---t--+--+-t- r·-+-+--l-t--t--t--t--t--+-t--t-l--t-+-+--+--+-+-+--l-f--+-1--+-+--+ 

o'-+--+--'--+--+--L--+---l-'-+--+--'--'--'----'---'---l-'--+--'--+--+--L--+---l-'-+--+--+--+--+---'---+--"-'--' 
-ss -25 25 70 100 125 

Temperature (oC) 

0185-24 

Figure 13: Typical Ros(ON) Variation with Temperature 

NOTE: All typical values have been characten'zed but are not tested 
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;!) HARRIS Hl·181BA/182BA 

Features 
• Signal Range ............................................................ ±15V 
• "ON" Resistance (Typ.) ........................................... 250!1 
• Input Leakage (Max) ................................................ SOnA 
• Access Time (Typ.) ................................................. 350ns 
• Power Consumption (Typ.) ..................................... SmW 
• DTL/TTL Compatible Address 
• -ssoc to +1250C Operation 

Description 
The Hl-1818A/1828A are monolithic high performance 
CMOS analog multiplexers offering built-in channel 
selection decoding plus an inhibit (enable) input for 
disabling all channels. Dielectric Isolation (DI) proces
sing is used for enhanced reliability and performance (see 
Application Note 521 ). Substrate leakage and parasitic 
capacitance are much lower, resulting in extremely low 
static errors and high throughput rates. Low output leak
age (typically 0.1 nA) and low channel ON resistance 
(250!1) assure optimum performance in low level or 
current mode applications. 

Pinouts Hl-1818A CERAMIC/PLASTIC DIP 
TOP VIEW 

ADDRESS Al 1 16 ADDRESS Ao 

+5.0VSUPPLV 2 15 -VsUPPLY 

ENABLE 3 14 +VsUPPL V 

ADDRESS A2 4 13 IN 1 

IN 8 5 12 OUT 

IN 7 6 11 IN 2 

IN 6 7 10 IN 3 

IN 5 8 

Hl-1818A PLASTIC LEADED CHIP CARRIER 
TOP VIEW 

i 
~ ;;: u 0 !§ . z < 

Low Resistance Single 8/Differential 
4 Channel CMOS Analog Multiplexers 

Applications 
• Data Acquisition Systems 
• Precision Instrumentation 
• Demultiplexing 
• Selector Switch 

The Hl-1818A is a single-ended 8 channel multiplexer, 
while the Hl-1828A is a differential 4 channel version. 
Either device is ideally suited for medical instrumentation, 
telemetry systems, and microprocessor based data acqui
sition·systems. 

The Hl-1818A/1828A is offered in a 16 pin Ceramic or 
Plastic DIP and a 20 pin Plastic Leaded Chip Carrier 
(PLCC). For MIL-STD-883 compliant parts, request the 
Hl-1818A/883; Hl-1828A/883 data sheet. 

Hl-1828A CERAMIC/PLASTIC DIP 
TOP VIEW 

16 ADDRESS Ao 

15 -VSUPPLY 

14 +VSUPPLY 

13 IN1 

12 OUT 1 THRU 4 

11 IN 2 

10 IN 3 

Hl-1828A PLASTIC LEADED CHIP CARRIER 
TOP VIEW 

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Functional Diagrams 

ADDRESS ( 
INPUT 

BUFFERS 

ADDRESS ( 
INPUT 

BUFFERS 

DIGITAL ADDRESS 

Die Characteristics 

Hl-1818A/1828A 

TRUTH TABLES 

Hl-1818A Hl-1818A 

ADDRESS "ON" 

Hl-1828A 

OUT 
.----_,_~ IN B 

A2 

L 

L 

L 

L 

H 

H 

H 

H 

x 

A1 

L 

L 

H 

H 

L 

L 

H 
H 

x 

Ao EN CHANNEL 

L L 1 

H L 2 

L L 3 

H L 4 

L L 5 

H L 6 

L L 7 

H L 8 

x H NONE 

Hl-1828A 

ADDRESS "ON" 

MULTIPLEX 
SWITCHES IN 1 

INS 

A1 

L 

L 

H 
H 

x 

Transistor Count ............................................................. 210 

Die Dimensions' ........................................ 67.7 x 103.5 mils 

Substrate Potential' ........................................... -VsLJPPL y 
Process: ................................................................. CMOS-DI 

Thermal Constants (OCfW) 

Ceramic DIP 
Plastic DIP 

Oja 
111 

81 

Bjc 
41 

33 

*The substrate appears resistive to the -VsuPPLY terminal, therefore it 
may be left floating (Insulating Die Mount) or it may be mounted on a con
ductor at -VsuPPLY potential. 
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L L 3 and 7 

H L 4 and 8 
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Specifications Hl-1818A/1828A 

Absolute Maximum Ratings (Note 1) 

Voltage Between Supply Pins ................................. 40.0V Storage Temperature Range .................. -650C to +1500C 
Logic Supply Voltage ................................................ 30.0V Digital Input Voltage .................. -VsuPPLY to +VsuPPLY 
Analog Input Voltage: Operating Temperature Ranges: 

+V1N ........................................................ +VsLJPPL y +2V Hl-1818A/1828A-2, -8 ......................... -ssoc to +1250C 
-V1N··························································-VSLJPPLY -2V Hl-1818A/1828A-5 .................................... ooc to 75oc 

Junction Temperature (Max) .................................... 1750C 

Electrlcal Specifications Unless Otherwise Specified: Supplies= +15V, -15V, +5V; 
VAL = 0.4V, VAH = 4.0V 

Hl-1818A/1828A Hl-1818A/1828A 
-2, -8 -5 

PARAMETER TEMP MIN TYP MAX MIN TYP 

ANALOG CHANNEL CHARACTERISTICS 

'VIN· Analog Signal Range Full -15 +15 -15 
'RON· ON Resistance (Note 2) +25oc 250 400 250 

Full 500 

'ls(OFF), Input Leakage Current Full 50 
'ID(ON), On Channel Leakage Current 

(Hl-1818A) Full 250 
(Hl-1828A) Full 125 

lo(OFF) Output Leakage Current 
(Hl-181BA) Full 250 
(Hl-1828A) Full 125 

DIGITAL INPUT CHARACTERISTICS 

VAL· Input Low Threshold Full 0.4 
V AH· Input High Threshold (Note 3) Full 4.0 4.0 
IA, Input Leakage Current Full 1 

SWITCHING CHARACTERISTICS 

Ts, Access Time (Note 4) +25oc 350 500 350 
Full 1000 

Break-Before-Make Delay +25oc 25 100 
Settling Time (0.1%) •2soc 1.08 1.08 

(0.025%) +25oc 2.8 2.8 
C1N. Channel Input Capacitance +25oc 4 4 
CouT. Channel Output Capacitance 

(Hl-1818A) +25oc 20 20 
(Hl-1828A) +25oc 10 10 

CDs(OFF). Drain-To-Source 
Capacitance •2soc 0.6 0.6 
Co, Digital Input Capacitance •2soc 5 5 
toN(EN), Enable Delay (ON) •2soc 300 500 300 

Full 1000 
tofF(EN), Enable Delay (OFF) +25oc 300 500 300 

Full 1000 

POWER REQUIREMENTS 

Po, Power Dissipation Full 27.5 
*I+, Current Full 0.5 
'I-, Current Full 1 
'IL, Current Full 1 

*100% Tested for Dash 8. Leakage currents not tested at -ssoc. 

NOTES: 1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the cir-
cuit may be impaired. Functional operation under any of these conditions is not necessarily implied. 

2. VouT = ±10v, iouT = -1mA. 

3. To drive from DTLfTTL circuits, 1k0 pull-up resistors to +5.0V supply are recommended. 

4. Time measured to 90% of final output level; VouT = -5.0V to +5.0V, Digital Inputs= OV to +4.0V. 
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MAX UNITS 

+15 v 
400 !l 
500 !l 

50 nA 

250 nA 
125 nA 

250 nA 
125 nA 

0.4 v 
v 

1 µA 

ns 
1000 ns 

ns 
µs 
µs 
pF 

pF 
pF 

pF 
pF 
ns 

1000 ns 
ns 

1000 ns 

27.5 mW 
0.5 mA 
1 mA 
1 mA 



Hl-1818A/1828A 

Performance Characteristics 

ON RESISTANCE vs. ANALOG SIGNAL LEVEL 

- lmA 

N 
T 

I 

-:- AON= _!!L 
1mA 

1~1~0--_79---e-7--~-4~_,_20----0--.72--+4~-~+B~_,+ec..__+..,,10 

V1 - SIGNAL LEVEL (VOLTS) 

ON CHANNEL CURRENT vs. VOLTAGE 

v~ 

' 
~+201---1---+---+--+---t---+"7'~"°"'=-t-c::l:c:i-'-='=J 
a: 
a: 
il 
~ 
i 
~ 
~ 

VOLTAGE ACROSS SWITCH 

--------------------------------------· ······-···· 
LEAKAGE CURRENTS vs.-.TEMPERATURE * 

OFF LEAKAGE ON LEAKAGE 

4V 

T 

lolDFFI 

tlOV J. i'10V 

f5(0FFI~: OUT 

±1DV-=.. 
_I-:-'. ii 4V 

*Two measurements per channel: 
+10V/-10V and -10V/+10V. 
(Two measurements per device 
for lo(OFF)' .,,. ~'10V 
+10V/-10V and -10V/+10V). 

IODnA ~~~~~~~~~~~ 
r-1o(ONl-lolDFFI -t--zJL..L... 

10nA ~!_:1111A ·IL __ L_ 
~~Hl-1121A 

= 

IOpA ~-~--~--~-~ 
15 " " , .. 

"' TEMPERATURE -"C 
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ACCESS TIME 

..SVDC IN1 

-5VDC INZ 

*Hl-1811A 

11Vto4V 

PROBE r----1 
I 
I 
I 
I 
I 
I 

L_=-._J 

*Similar connection for Hl-1828A. 

100ns/DIV 



PART NUMBER TEMPERATURE RANGE 

Hl3-1818A-5 o<>c 10 +7soc 
Hl1-1818A-2 -ssoc to + 12soc 

· Hl1-1818A-5 ooc1o+1soc 
· Hl1-1818A-7 OOC lo+ 75oc + 96 Hr. Burn-In 

Hl4P1818A-5 ooc1o+1soc 

Hl1-1828A-5 o<>c 1o +75oC 
Hl1-1828A-7 OOC lo+ 75oc + 96 Hr. Burn-In 
Hl3-1828A-5 ooc1o+1soc 
Hl4P1828A-5 ooc1o+1soc 
Hl1-1828A-2 -ssoc lo +12soc 

8-44 

~ f-

.w. ill 

ENABLE DELAY 
(ION(EN)• IOFF(EN)l 

:t 
ENABLE J DRIVE 
2V/DIV 

"~ luu. llw 
··~ 

Jw_ 

_/-j ~~~~~J .... r'--r-
~ I!!!! 

....: 
50ns/DIV 

BREAK-BEFORE-MAKE 
DELAY (toPEN) 

: 

t- V~INP~T t-, 2VIDIV 
:I: 

lw_ 
~,, r 

I'" f' t1 OUTPUT 

l __: ~.rro'.J. 
LI I 

10Dns/DIV 

PACKAGE 

16-Pln Plastic DIP 
16-Pln CERDIP 
16-Pln CERDIP 
16-Pln CERDIP 
20-Pln PLCC 

16-Pln CERDIP 
16-Pln CERDIP 

16-Pln Plastic DIP 
20-Pln PLCC 

16-Pln CERDIP 

t-



Schematic Diagrams 

All N-Channel Bodies to V
Aii P-Channel Bodies to V+ 
Unless Otherwise Indicated 

Ali N-Channel Bodies to V
Aii P-Channel Bodies to V+ 
A2 or A2 not used tor Hl-1828A 

All N-Channel Bodies to V
Aii P-Channel Bodies to V+ 
Unless Otherwise Indicated 

A20RA2° 

Hl-1818A/1828A 

ADDRESS INPUT BUFFER 

ADDRESS DECODER 

,----------, 

A1 OR Ai 

i 
' 
I 
' 
I 

TO 
I' CHANNEL 
SWITCH 

' 
TO I 
N CHANNEL 
SWITCH 

I 
I ' 

~~ITCH':E~ ___ _J 

MULTIPLEXER SWITCH 
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Features 
• Low On Resistance (Typ.) ••••••••• 18011 

• WldeAnalogSlgnalRange .••.•••• ±15V 

• TTLJCMOS Compatible •.• 2.4V (Logic "1 ") 

• Access Time (Typ) . . • . • • • • .. • • .. • 250ns 

• 44V Maximum Power Supply 

• Break-Before-Make Switching 

• No Latch-up 

• Replaces DG506AIDG506AA and 
DG507 A/DG507 AA 

Applications 
• De.ta Acquisition Systems 

• Precision Instrumentation 

• Demultiplexing 

• Selector Switch 

Pin outs 
H11-506 (CERAMIC DIP) 
Hl3-506 (PLASTIC DIP) 

TOP VIEW 

H14-506.(CERAMIC LCC) 
Hl4P506 (PLCC) 

TOP VIEW 

".; > 
~ ~ f ~ 

z ~ ~ 
~ ;; ~ 0 

.,,,t~J t?J t~~ ! 1 : l,2_8; t2!J t2..6; ,., ,-, 
IN 15 .,.1 1.. • .1 1... 

IN 14 ~J [2} 

IN13 j] 
IN 12 BJ TOP\l\EW 

IN11 jJ [2J 
IN10 j}l] IN2 

IN9 m m INI 

r,2~ r;;~ r;41 ~i~ r,·e1 r1j! ~i1 

fff-506/507 
Single 16/Differential 8 Channel 

CMOS Analog Multiplexers 

Description 
These monolithic CMOS multiplexers each include an array of sixteen analog switches, 
a digital decode circuit for channel selection, a voltage reference for logic thresholds, 
and an ENABLE input for device selection when several multiplexers are present. 

The Dielectric Isolation (DI) process used in fabrication of these devices eliminates the 
problem of latch-up. Also, DI offers much lower substrate leakage and parasitic capaci· 
tance than conventional junction-isolated CMOS (See Application Note 521 ). With the 
low ON resistance (180fl typical), this allows low static error, fast channel switching 
rates, and fast settling. 

The switching threshold tor each digital input is established by an internal +5V refer
ence, providing a guaranteed minimum 2.4V for "1" and maximum 0.8V tor "O". This 
allows direct interface without pull-up resistors to signals from most logic families: 
CMOS, TTL, DTL and some PMOS. For protection against transient overvoltage, the 
digital inputs include a series.200fl"resistor and diode clamp to each supply. 

The Hl-506 is a sixteen channel single-ended multiplexer, and the Hl-507 is an eight 
channel differential version. Each device is available in a 28 pin Ceramic or Plastic DIP, 
28 pad Leadless Chip Carrier (LCC), and 28 pin Plastic Leaded Chip Carrier (PLCC) 
packages. If input overvoltage protection is needed, the Hl-546/547 multiplexers are 
recommended. For further information see Application Notes 520 and 521 • 

. The Hl-506/507 is.offered in both. commercial and military grades. For additional Hi
Rel screening including 160 hour burn-in specify the "-8" suffix. For MIL-STD-883 
compliant parts, request the Hl-506/883 or Hl-5071883 data sheet. 

IN lB 

Hl1-507 (CERAMIC DIP) 
H13-507 (PLASTIC DIP) 

TOP VIEW 

IN IB 

GND 

ENABLE 
ADDRESS A(I 

16 ADDRESS Al 

15 ADDRESS Az 
~---

Hl4-507 (CERAMIC LCC) 
Hl4P507 (PLCC) 

TOP VIEW 

> > 

g ~ ~ 
~ 

2 ~ ~ z 

IN7A 

JN6A 

IN5A 

TOP VIEW IN 4A 

[2J INJA 

IN2A 

lN1A 

0 ~ ~ :; ;; :i z 

~ 

Functional Diagrams 

Hl-506 

Hl-507 

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Specifications, Hl-5061507 

Absolute Maximum Ratings (Note 1) 

VsuPPLY(+) 10 VsUPPL Y(-) .........•......•............•. 44V 
VsuPPL Y(+) to GND ..•.•..........•......•............•. 22V 
VsuPPLY(-)IOGND ..•...........•...•.•................. 25V 
Digital Input Overvoltage 

+VEN•+VA •·· ·•··•·· · ·· ·•··· ··· ··•···· ··· · +VsUPPLY+4V 
-VEN· -VA ....•..............•.............. -VsuPPL y-4V 

or 20mA, whichever occurs first 
Analog Signal Overvoll6ge (Note 7) 

+Vs ... ·•·•·· ....•.. ··•·•·· ... ···•··· ...... +VsuPPLY+2V 
-Vs .•...........•...•......•....•...•...... -VsuPPL y-2V 

Electrical Specifications Unless Otherwise Specified: 
Supplies= +15V, -15V; VAH (Logic Level High)= +2.4V; 

Continuous Current, Sor D:. . . . • . . . . . • . . . . . . . . . • . . . . . . . . • 20mA 
Peak Current, S or D 

(Pulsed at 1 ms, 10% duty cycle max): . • . . . . • . . . . . . . . . . . . 40mA 
Junction Temperature ..........•............•........ +175oC 
Operating Temperature Ranges: 

Hl-506/507-2, -B •...•..................... -55oC to +125oC 
Hl-506/507-4 .....•...•.•...........•..•... -2soc to +B5oC 
Hl-506/507-5 .•..••.•••.•.••.••.•••.•..•...•. OOC to +75oC 

Storage Temperature Range .•.•.....•...•..... -650C to + 15CJOC 

VAL (Logic Level Low) = +o.SV. For Test Conditions, consult Perfonnance Characteristics Section. 

Hl-506.iHl-507 Hl-506/507 
-2, -8 -4, -5 TRUTH TABLES 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. ~ITS 
ANALOG CHANNEL CHARACTERISTICS 
·vs. Analog Signal Range Full -15 +15 -15 +15 v Hl-506 
•RoN. On Resistance (Note 2) +25°C 180 300 180 400 !} 

Full 400 500 !} "ON" 
!:IRON. (Any Two Channels) +25°C 5 5 % Aa A2 Ai Ao EN CHANNEL 
•is (OFF), Off Input Leakage Current (Note 3) +25°C OD3 0.03 nA x x x x L NONE Full 50 50 nA L L L L H 1 •10 (OFF), Off Output Leakage Current (Note 3) +25°C 0.3 0.3 nA L L L H H 2 • Hl-506 Full 300 300 nA L• L H L H 3 Hl-507 Full 200 200 nA L. L H H H 4 •10 (ON), On Channel Leakage Current (Note 3) +25°C 0.3 0.3 nA L H L L H 5 Hl-506 Full 300 300 nA L H L H H 6 Hl-507 Full 200 200 nA L H H L H 7 •101FF. Differential Off Output Leakage Current Full 50 50 nA L H H H H 8 (Hl-507 Only) H L L L H 9 
DIGITAL INPUT CHARACTERISTICS H L L H H 10 
-VAL, Input Low Threshold Full +O.S +0.8 v H L H L H 11 
·v AH,. Input High Threshold Full +2.4 +2.4 v H L H H H 12 
·1A Input Leakage Current (High or Low) (Note 4) Full 1.0 1D µA H H L L H 13 

SWllCHING CHARACTERISTICS H H L H H 14 

•tA, Access Time +25°C 500 250 
H H H L H 15 

250 ns H H H H H 16 
Full 1000 1000 ns 

'!OPEN, Break-Before-Make Delay +25°C 25 80 25 80 ns 
'ION (EN), Enable Delay (ON) +25°C 250 500 250 ns 

Full 1000 1000 ns Hl-507 
•toFF (EN), Enable Delay (OFF) +25°C 250 500 250 ns 

Full 1000 1000 ns 
"ON" Settling Time (0.1%) +25°C 1.2 1.2 µS CHANNEL (0.01%) +25°C 2.4 2.4 µS A2 A1 Ao EN PAIR "Off Isolation" (Note 5) +25°C 50 68 50 68 dB 

Cs (OFF), Channel Input Capacitance +25°C 5 5 pF x x x L NONE 
Co (OFF), Channel Output Capacitance Hl-506 +2s0 c 44 44 pF L L L H 1 

Hl-507 +25°C 22 22 pF L L H H 2 
CA, Digital Input Capac~ance +25•c 5 5 pF L H L H 3 
Cos J_Offh. Input to Output Capacitance +2s•c 0.08 ODS pF L H H H 4 

POWER REQUIREMENTS H L L H 5 
H L H H 6 

'I+, Current, Pin 1 (Note 6) Full 1.5 3D 1.5 3D mA H H. L H 7 
'I-, Current Pin 27 (Note 6) Full 0.4 1D 0.4 1.0 mA H H H H 8 

*100% tested for Dash a Leakage currents not tested at -55°C. 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, be- 5. VEN= o.ev. RL = 1K. CL= 15pF. Vs= 7VRMS· f = 100kHz. 

yond which the serviceability of the circuit may be impaired. Functional 6. VEN• VA q OV or 2.4V. 
operation under any of these conditions is not necessarily implied. 7. Stgnal voltage al any analog input or output (Sor D) will be clamped to the 

2. Vour = ±10V, 'our= -1mA. supply rail by internal diodes. Limit the resulting currant as shown under 
3. Ten nanoamps Is the practical lower limit for high speed measurement in absolute maximum ratings. If an ovarvoltage condition is anticipated 

the production test environment. (analog input exceeds either power 11upply voltage), the Harris Hl-546/ 
4. Digital input leakage is primarily due to the clamp diodes (see Schematic). 547 multiplexers are recommended. ' 

TypicaJ leakage is less than 1 nA at 25oc. 
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Hl-5061507 

ON RESISTANCE vs. 
Performance Characteristics and Test Circuits 

Unless Otherwise Specified; TA = 25°C, VSupply = ±15 V. 
VAH = 2.4 V, VAL= 0.8 V. 

INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 

ON RESISTANCE 

TEST CIRCUIT 
N0.1 

vs. ANALOG INPUT VOLTAGE, TEMPERATURE NORMALIZED ON RESISTANCE 
vs. SUPPLY VOLTAGE 

400 .--,--..,---,--....,--±,--±-r---.--....,-~-...--....---. 

~ Joo r--+--+--J!--+--1-t---il-+---+---+--1--.....-1-vl-70<! 

e. TA=+125DC ~ _,,,--

~ lOO TA= +25DC _.-1-- V J t---t-~~=l===j;;:;::=1:i:==i,p;..-r--;:==t __ --:::::;j;;:.""4~~ 

S \O:~~-~~-~-±~-±~~-TA-·~-5-5•-C~~-~~ 

2.2 

;; 2.0 

~~ 1.8 

!~ 1.6 

~ "iij 1.4 
.~ > 1¥ 1.2 
z ,.! 1.0 

~ 0.8 

o.• 

+12soc?:TA?:-ssoc 
V1N = OV 

" =sl 
~ 

r--. 

-15 -10 -5 0 -+5 +10 
±] ±8 ±9 ±10 ±11 ±12 ±13 ±14 ±15 

V1N Analog lnput(Volts) 

LEAKAGE CURRENT VS. TEMPERATURE 
IOOnA 

, ... 0110,~.. ::2J 
L11kag1C11rrent 

10mm~101on1 -I 
L. Dnle~ Current 

z v ,,,. 

IL z [S ~!~~::~urren1 -l 
~ Js/Ott> 

IODpA 

IZ 

10,A 

TEST CIRCUIT 
N0.2* 

1f_31:,,, 
±10V ...=... -::- :+10V 

J- "J 
TEST CIRCUIT 

NO. 4* 

l5{0Ff) 

±10V 

Supply Voltage(Vottsl 

TEST CIRCUIT 
N0.3* 

I - +0.BV .,,. J +1ov 

*Two measurements per channel: 
+10 V/-10 V and -10 V/+10 V. 

(Two measurements per device for lo(OFF) 
+10 V/,.-10 V and -10 V/+10 V.) 

zso soo 750 1000 1250 
TemperatureOC 

-=-±10V 

!1 

0 

LOGIC THRESHOLD 
vs. POWER SUPPLY 

VOLTAGE 

1--1 -~ -
!6 la ±10 ±12 ±t4 ±16 ±ts ±2D 

Power Supply Voltage !Volts) 

., 
• 

+2.4V 

POWER SUPPLY 
CURRENT 

vs. TEMPERATURE 

~ 2.0 ~f---l--t--+-+-+-+-+---l 

a VEN• 2.4V -1 

~ 1-+-t- VEN• OV ~ 
w• 1.0 l t--~f---l--t--+-+-+-+-l 
.. 

.f 

OL--'--''-''-'--'----'--'---'--' 
-55 -35-15 -5 25 45 65 85 105 125 

TemperalUrelD.C} 
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Hl-5061507 

Performance Characteristics and Test Circuits (continued) 

ON CHANNEL CURRENT vs. VOLTAGE TEST CIRCUIT 
N0.5 

i 
I 

+. 

30 

20 

10 

0 
0 ±2 ±4 ±6 ±8 ±10 ±12 ±14 ±16 

V1N - Voltage Across Switch 

TEST CIRCUIT 
N0.6 

ON CHANNEL CURRENT 
vs. VOLTAGE 

SUPPLY CURRENT 

SUPPLY CURRENT vs. TOGGLE FREQUENCY vs. TOGGLE FREQUENCY 

< 
~ 61--~--+~~-t-~~---~-----~~~ 

1 
1 

I 

+. 

1K 

Vsupply = ± 1ov 

10K 1DOK 1M 10M 
Toggle Frequency. (Hz) 

±10/±5V 

{
High= 3.5V 

VA Low= fN 
50% DUTY CYCLE -:-

•similar connection for Hl-507 

TEST CIRCUIT 

ACCESS TIME VS. LOGIC LEVEL (HIGH) NO ·7 

600 

~ 400 

j 
I 200 

:5 

0 
2 

f;;;: 

Lf c_ 
7J. 13 

Logic Level (High). (Vol1s) 

14 15 

+15V ACCESS TIME 
vs. LOGIC LEVEL (HIGH) 

V+ 
IN 1 

~-1--........... A2 IN 2 THRU IN 15 

~~ *H 1-506 IN 16 

500 EN GND V- OUTl-<C>+---, 

-15V 

= 
•similar connection for Hl-507 

Switching Waveforms 
ACCESS TIME 

3.5V ADDRESS 

~ov t--V~NPUT t- j'1DIV. ~ 
~DV OUTPUT 

I 90% 
I I -1DV 

I I 
-..J IA I-

S1 ON 

OUTPUT t---1 1--f'D'l 
S150N IJ 

200 NS/DIV 
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Switching Waveforms (continued) 

3.5V 

ll•noRESS 

~ ~VEIVAI 

% 

I 
-+I J+

toPEN 

OUTPUT A 

Hl-5061507 

TEST CIRCUIT 
N0.8 

BREAK-BEFORE-MAKE 
DELAY (tOPEN) 

•similar connection for Hl-507 

TEST CIRCUIT 
N0.9 

3.5V 
ENABLE DELAY tON(EN),tOFF(EN) 

5~- __ ~ENABLE DRIVE 

I DV 

~UTA 
--+I 'ON(ENJ ;.-- I 'OFF I 

I I --+I IENI I+-

Schematic Diagrams 

ADDRESS DECODER 

V-

Delete A3 or A3 Input for Hl-507 

*Similar connection for Hl-507 

TO P..CHANNEL 
DEVICE OF 
THE SWITCH 

TO N·CHANNEL 
DEVICE OF 
THE SWITCH 

8-50 

BREAK-BEEORE-MAKE 
DELAY(tOPEN) 

'--f-VA INPUT--+--1-0---t--t---l---I 
I I/DIV 

ENABLE DELAY tON(EN),tOFF(EN) 

l 
I)_ 

ENABLE 
DRIVE I 
2V~rv. 

J" I" l''"' L 
S2THRU 

OUTPUT' 1--- S1sOFF 1---t---o 
l 2V/DIV. ['.. 
] 

ADDRESS INPUT BUFFER 
LEVER SHIFTER 

•V 

V-

Aii N-Channel Bodies to V
Aii P-Channel Bodies to V+ 
Unless Otherwise Indicated 



Hl-5061507 

TTL REFERENCE CIRCUIT MULTIPLEX SWITCH 

Die Characteristics 

Transistor Count .................................. 421 

Die Dimensions .......................... 129 x 82 mils 

Substrate Potential* ........................ -VsUPPL y 

Process .................................... CMOS-DI 

Thermal Constants (OCfW) 

Ceramic DIP 

CeramicLCC 

8ja 

51 

81 

Sjc 

20 

40 

*The substrate appears resistive to the-VsuPPLY terminal, therefore it may 
be left floating (Insulating Die Mount) or it may be mounted on a conductor 
at -VsUPPL y potential. 

Ordering Information 

PART NUMBER TEMPERATURE RANGE PACKAGE 

Hl9P0506-9 -4ooc to +a5oc 28-Pln SOIC 
Hl3-0506-!i oocto +750C 28-Pln Plastic DIP 
Hl1-0506-7 OOC to+ 75oc + 96 Hr. Burn-In 28-Pln CERDIP 
Hl9P0506-5 oocto +750C 28-Pln SOIC 
Hl4P0506-5 ooc10+1soc 28-Pln PLCC 
H11-0506-5 ooc1o+1soc 28-Pln CERDIP 
Hl1-0506-4 -25oc to +a5oc 28-Pln CERDIP 
Hl1.0506-2 -550C to +1250C 28-Pln CERDIP 

H11-0507-4 -25oc to +asoc 28-Pln CERDIP 
H14P0507-5 oocto+15oc· 28-Pln PLCC 
Hl9P0507-5 ooc1o +15oc 28-Pln SOIC 
Hl1-0507-5 oocto+15oc 28-Pln CERDIP 
H13-0507-5 Q0Cto+750C 28-Pln Plastic DIP 
Hl1-0507-7 ooc to+ 75oc + 96 Hr. Burn-In 28-Pln CERDIP 
H19P0507-9 -4QOC to +850C 28-Pln SOIC 
Hl1-0507-2 -5soc to +12soc 28-Pln CERDIP 
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.ff f-506A/507 A 
Single 16/Differential 8 Channel 

. CMOS Analog Multiplexers with Active Overvoltage Protection 

Features 
• Analog Overvoltage Protection ••• 70Vp-p 
• No Channel Interaction During 

Overvoltage 
• ESD Resistant •••••••••• ; ••••••• >4,000V 
• 44V Maximum Power Supply 
• Fail Safe with Power Loss (No Latch-Up) 
• Break-Before-Make Switching 
• Analog Signal Range •••••••••••••• ±1 SV 
• Access Time (Typlcal) • • • • • • • • • • • • 500ns 
• StandbyPower(Typical) •••••••••• 7.5mW 

Applications 
•Data Acquisition 
• Industrial Controls 
•Telemetry 

Pinouts 

Description 
The Hl-506A and Hl-507A are analog multiplexers with Active Overvoltage 
Protection. Analog input levels may greatly exceed either power supply with
out damaging the device or disturbing the signal path of other channels. 
Active protection circuitry assures that signal fidelity is maintained even un
der fault conditions that would destroy other multiplexers. Analog inputs can 
withstand conStant 70 volt peak-to-peak levels and typically survive static 
discharges beyond 4,000 volts. Digital inputs will also sustain continuous 
faults up to 4 volts greater than either supply. In addition, signal sources are 
protected from short circuiting should multiplexer supply loss occur; each 
input presents 1 kO of resistance under this condition. These features make 
the Hl-506A and Hl-507 A Ideal for use in systems where the analog inputs 
originate from external equipment or separately powered circuitry. Both 
devices are fabricated with 44 volt dielectrically isolated CMOS technology. 
The Hl-506A is a 16 channel device and the Hl-507 A is an 8 channel differ
ential version. If input overvoltage protection is not needed, the Hl-506 and 
Hl-507 multiplexers are recommended. For further information see Applica
tion Notes 520 and 521. 

Each device is available in a 28 pin Plastic or Ceramic DIP and a 28 pad 
Ceramic LCC package. 

The Hl-506N507 A are offered in both commercial and military grades. Ad
ditional Hi-Rel screening including 160 hour burn-in is specified by the 
"-8" suffix. For MIL-STD-883 compliant parts, request the Hl-546/883 or 
Hl-547/883 data sheets. 

H11-506A (CERAMIC DIP) 
H13-506A (PLASTIC DIP) 

TOP VIEW 

Hl1-507A (CERAMIC DIP) 
Hl3-507A (PLASTIC DIP) 

TOP VIEW 

•VsuPPLY 
NC 

"' "" """ 15 ADDRESSA3 ~--~ 

-VSUPPLV 
INS 

,., 
'"' ,., ,., 
ENABLE 
ADDRESS Ao 
ADDRESSA1 
ADDRESSA2 

. Hl4-508A (CERAMIC LCC) 
TOP VIEW 

IN15 

IN14 

IN1l 

IN12 TOP VIEW 

'"' 
'"' (z] INS 

[zl , .. 
IN11 (zj IN3 

[2~ INZ 

LwJ m IN1 

riz~ r,31 r,41 ii!: r,11 ~1! 1il 
... N - 0 

c "" c "" 

INBA 
IN5A 

IN4B INJA 
IN3B IN2A 
IN2B INIA 
INH ENABLE 

ADDRESS Ao 
ADORESSA1 

15 ADDRESSA2 

. Hl4-507A (CERAMIC LCC) 
TOP VIEW IN IA 

• 
~ j • 1118A 

~ f " :ii 

"' ~ ~ z INIB 

• 
IN7B IN7A • 

INBB 
IN&B IN&A 

IN5B IN5A 

IN48 TOP VIEW , ... 
INlB INlA ,.,. 

IN1A 

c 

i ~ :: :; :t ; ill 

CAUTION:- These devices are sensitive to electrostatic· discharge. Proper IC handling procedures should be followed. 

8·52 

VREF AQ AIA2 A3 EN 

Hl-508A 

VREF A() Al A2 EN 

Hl-507A 



Specifications Hl-506A/507A 

Absolute Maximum Ratings (Note i) 

VsuPPLY(+)loVsuPPLY(-) .............................. 44V 
VsuPPLY(+)loGND .... - . - .......... - ................. - . 22V 
VsuPPL Y(-) to GND .. -.... - .............................. 25V 
Digital Input Overvoltage 

+VEN· +VA ...............................• +VsuPPL y +4V 
-VEN· -VA .................................. -VsuPPL y-4V 

or 20mA, whichever occurs first 
Analog Signal Overvoltage 

+Vs . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +VsuPPL y +20V 
-Vs ...... - ...•...................... - .... -VsuPPL y -20V 

Electrical Specifications Unless Otherwise Specified: 

Continuous Current, Sor D: ....•.•.......•.............. 20mA 

Peak Current, S or D 
(Pulsed at i ms, i 0% duty cycle max): .................. 40mA 

Junction Temperature ............................... _ +115oc 
Operating.Temperature Ranges: 

Hl-506A/507A-2, -8 ...................... -550C to +i 2soc 
H 1-506A/507 A-4 . . . . . . . . . . . . . . . . . . . . . . . . . . -25oc to +asoc 
Hl-506A/507A-5 ............................. ooc to +750C 

Storage Temperature Range ................. -650C to +15ooc 

Supplies= +i5V, -i5V; VREF pin= Open; VAH (logic Level High)= +4.0V; 
VAL (Logic Level Low)= +0.8V. For Test Conditions, consult Performance Characteristics Section. 

Hl-506A/Hl-507A Hl-506A/507A TRUTH TABLES 
-2, -8 -4,-5 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS HI-SOSA 
ANALOG CHANNEL CHARACTERISTICS 
"Vs. Analog Signal Range Full -i5 +i5 -is +15 v "ON" 
•RoN. On Resistance (Note 2) +25°C 1.2 1.5 1.5 i.a kr2 

A3 A2 Ai Ao EN CHANNEL 
Full 1.5 i.a 1.8 2D kr2 

•is (OFF), Off Input Leakage Current (Note 3) +25°C OD3 0.03 nA x x x x L NONE 
Full 50 50 nA L L L L H 1 

·10 (OFF), Off Output Leakage Current (Note 3) +25°C o.i 0.1 nA L L L H H 2 
Hl-506A Full 300 300 nA L L H L H 3 
Hl-507A Full 200 200 nA L L H H H 4 

•10 (OFF), with Input OveJVOltage Applied (Note 4~ +25°C 4D 4.0 nA L H L L H 5 
Full 2D pA L H L H H 6 

•10 (ON), On Channel Leakage Current (Note 3) +25°C o.i 0.1 nA L H H L H 7 
Hl-506A Full 300 300 nA L H H H H 8 
Hl-507A Full 200 200 nA H L L L H 9 

IOIFF. Differential Off Output Leakage Current Full 50 50 nA H L L H H 10 
(Hl-507A Only) H L H L H ii 

DIGITAL INPUT CHARACTERISTICS H L H H H 12 
H H L L H 13 

•v AL, Input Low Threshold TILDrive Full 0.8 0.8 v H H L H H 14 
"V AH,.lnput High Threshold (Note-a) Full 4D 4.0 v H H H L H 15 
VAL MOS DJive (J\10\e 9) +25°C 0.8 0.8 v H H H H H i6 
VAH MOS Drive (Note 9) +25°C 6.0 6.0 v 
'IA Input Leakage Current (High or Low) (Note 5) Full i.o iD pA 

SWITCHING CHARACTERISTICS Hl-507A 
'IA, Access Time +25°C 0.5 0.5 µS 

Full 1D iD µS 
•toPEN, Break-Before-Make Delay +25°C 25 BO 25 80 ns "ON" 
'ION (EN), Enable Delay (ON) +25°C 300 500 300 ns CHANNEL 

Full iooo 1000 ns A2 Ai Ao EN pAIR 

'IOFF (EN), Enable Delay (OFF) +25°C 300 500 300 ns x x x L NONE 
Full 1000 iooo ns L L L H i 

Settling Time (0.1%) +25°C 1.2 1.2 µS L L H H 2 
(0.01%) +25°C 3.5 3.5 µS L H L H 3 

"Off Isolation" (Note 6) +25°C 50 68 50 68 dB L H H H 4 
Cs (OFF), Channel Input Capacitance +25°C 5 5 pf H L L H 5 
Co (OFF), Channel Output Capacitance HI-SOSA +25°C 50 50 pf H L H H 6 

Hl-507A +25°C 25 25 pf H H L H 7 
CA, Digital Input Capacitance +25°C 5 5 pf H H H· H 8 
CosJ_Offl,_ Input to Output Capacitance +25°C 0.1 o.i pf 
POWER REQUIREMENTS 
Po, Power Dissipation Full 7.5 7.5 mW 
•1+, Current Pin i (Note 7) Full 0.5 2D 0.5 2D mA 
•1-, Current Pin 27 (Note 7) Full OD2 1D OD2 1D mA 
~100% tested for Dash a Leakage currents not tested at -55°C. 

NOTES: 

1. =w:1v~~~~:.=~3~~i~~i~~~~:·uf&" speed measurement in the production test 6. VEN= o.ev. R1 "'1 K, CL= 15pF, 
environment. Vs_"" 7VRMS, f =.~0.01kHz. 

~~~h~nc~~ru:n';8J t~~:::g:~n:~~~~~::Sr. 4. Anal~ Overvoltage = ±33 V. ~ ¥~~r·i~ ~r;m0 ~5frt ~lrcuits, 1 kO pull-up 5. Digita input leakage is primar!!r due to the clamp 
ilyimplied. diodes (see Schematic). Typic leakage is less resistors to +5.0 V supply are recommended. 

i ¥~Un~£:·~q~lP~.cii~'!?1~r limit for high 
than 1 nA at 25°C. 9. VAEF ... +10 V. 
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Hl-506A/507A 

Performance Characteristics and Test Circuits 

Unless Otherwise Specified: TA= 25°C, Vsupply = ±15 V, 
VAH = +4 V, VAL= 0.8 V And VRef =Open. 

1.4 

1.3 

c: 1.2 

"" ~ 1. 1 

j 1.0 

ON RESISTANCE 
vs. ANALOG INPUT VOLTAGE 

TA =125°c 

I 
TA= +25°c 

TA= -55°C 

~ 

TEST 
CIRCUIT 

N0.1 

"E 1.5 
0 

~ 1.4 

;: 1.3 

~ 1.2 

E 1. I 

""' 

ON RESISTANCE vs. 
INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 

---=-IDDµA 

V1-

OUT 

NORMALIZED ON RESISTANCE 
vs. SUPPLY VOLTAGE 

+i25oc ~TA ~-ss 0 c 
VIN =+5V - -

h 
....... 

_:s 
~ 0.9 

g 0.8 1 l 1.0 

....... 
~ 

l 
e:. 0.9 

0.8 
-10 -8 -6 -4 -1 10 ±5 ±6 !7 ±8 ±9 ±-10 ±11 ±12 ±13 ±14 ±15 

V1N ·Analoglnput(Volts) Supply Voltage-Volts 

LEAKAGE CURRENT VS. TEMPERATURE 
TEST 

CIRCUIT 
NO. 2* 

1oonAE~~~~~~~~~~~ 

LEAKAGE 

1---t----t=OFF OUTPUT r::.::£.....Z 
~ L______]_~LEAKAG; _____ CURRENT~ 
- r--cuRRENT---+-V:'"""'V'-,,,,_--i i 1nA lo(ON~ 

-z- :z 

v 

l0pA.2L5-0 --5'-0.---7L-5° ___ 100"L,,.---' 

Temperature -oC 

TEST 
CIRCUIT 
N0.3* 

TEST 
CIRCUIT 
NO. 4* 

'Two measurements per channel: 
+10 V/-10 V and -10 V/+10 V. 

(Two measurements per device for lo(OFF): 
+10 V/-10 V and -10 V/+10 V.) 

... av 
T 

IO(OFFI 

~1ov-=- -:-:<:1ov 

J- * 

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS ANALOG INPUT 
OVERVOLTAGE CHARACTERISTICS 

VIN - Analog Input Overvoltage (Volts) 

TEST 
CIRCUIT 

N0.5 
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Hl-506A/507A 

Performance Characteristics and Test Circuits (continued) 

ON CHANNEL CURRENT vs. VOLTAGE 
!14 -ss0 c 

" !12 E +25°C 
±10 

+125°c j ±8 

E ±ti 
~ !4 

f6 ±8 tlO !12 ±:14 
VIN - Voltage Across Switch 

.SUPP~Y CURRENT vs. TOGGLE FREQUENCY 

" E 

8,----,.----.----r---..----. 

EGr----+---+--+----H----i 

~ 
i4 

VsuPPLY. ±10V 

:!..' 2~---1---J----l-'..,,..__, __ ---I 

1K 10K 10M 
Toggle Frequency, Hz 

ACCESS TIME VS. LOGIC LEVEL (HIGH) 

] 
e 
.:: 
§ 
ii. 
~ 

900 

BOO 

VREF= OPEN for Logic High level'S 6V 

VREF= Logic High for Logic High Levels>SV 

300 3.___,_4 __.5_6.___,_7 __.8_9.___,_10-'-'11-1'"1 -1-'-3--l.14-'15 

logic Level (High), Volts 

Switching Waveforms 

~~' 
·~ OUTPUT 

~ ~ I I ·10V 

I I 
--+I 'A 1-

TEST 
CIRCUIT 

N0.6 

TEST 
CIRCUIT 

NO. 7 

TEST 
CIRCUIT 

N0.8 

ON CHANNEL CURRENT 
vs. VOLTAGE 

SUPPLY CURRENT 
vs. TOGGLE FREQUENCY 

ACCESS,-IME 
vs. LOGIC LEVEL (HIGH) 

+15V 

., 
IN 2THRU IN15 ., 

Ao •H(-506A IN 16 
PROBE 

500 EN OUT 
----.., 

"::' "::' GNO v-

-15V 

•similar Connection for Hl-507A 

I 
I 
I 
I 
I 

- I 
L----.J 

r--1 t----1 
VA ~PUT 1 1V/DIV. 

7 
OUTPUT A 

l ~IDIJ_ 1 

" J 
200ns/Div. 
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Hl·506A/507A 

Switching Waveforms (continued) 

ENABLE DRIVE 
V AH - 4.0 V 

5~- - - -t, __ _ 
I ov 

~UT 
-->\ 1DNIENI 1- I 'OFF I 

I I -1 IENll+--

Schematic Diagrams 

TEST 
CIRCUIT 

N0.9 

BREAK-BEFORE-MAKE 
DELAY (!OPEN) 

•similar Connection for Hl-507A 

TEST 
CIRCUIT 
N0.10 

ENABLE DELAY (ION(EN),IOFF(EN)) 

•similar Connection for Hl-507A 

TTL REFERENCE CIRCUIT .-------- ---, 
I V• I 
I I 
I I 
I I 

BREAK-BEFORE-MAKE DELAY(IOPEN) 

VA l~PUT l 
t-t- 2V/OIV. 

1 ON 16 ON 

ll' OJTPU~ i. f llL 0.5V/OIV. 1 

JL [ 

100ns/D1v. 

ENABLE DELAY (tON(EN),lOFF(EN)) 

n 
[l 

1 ON 

II__ OUTPUT 'S.. 
t- IN 1 THRU I'D'l ['::: IN 16 OFF 

100ns/01v. 

I ADDRESS INPUT BUFFER 
AND LEVEL SHIFTER 

LEVEL 
SHIFTED 

ADDRESS 
ID DECODE 

LEVEL 

.--1-.,+......,.- ~~~~ 
TO DECODE 

L - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -
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Hl-506A/507A 

Schematic Diagrams (continued) 

Oelete AJ or Aj 
lnµut for Hl-5D7A 

Die Characteristics 

MULTIPLEX SWITCH 

Transistor Count ...•.............................. 485 

Die Dimensions .......................... 159 x 84 mils 

Substrate Potential* ........................ -VsuPPLY 

Process ..................................... CMOS-DI 

Thermal Constants (OCfW) 

Ceramic DIP 

CeramicLCC 

0ja 

50 

81 

0jc 

18 

40 

*The substrate appears resistive to the-VsuPPLY terminal, therefore it may 
be left floating (Insulating Die Mount) or ii may be mounted on a conductor 
at -VsUPPL y potential. 
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mHARRls 

Features 
• LowOnReslstance(Typ) •••••••••• 1800 

• Wide Analog Signal Range ........ ±1 SV 

• TTLJCMOS Compatible •••••••••••• 2.4V 
(Logic "1") 

• Fast Access ..................... 250ns 

• Fast Settling (0.01%) ............ 600ns 

• 44V Maximum Power Supply 

•Break-Before-Make SWltchlng 

• No Latch-Up 

• Replaces DG508A/DG508AA and 
DG509A/DG509AA 

Applications 
• Data Acquisition Systems 

• Precision Instrumentation 

• Domultiplexlng 

• Selector Switch 

Pin outs 
Hl1-508 (CERAMIC DIP) 
Hl3-508 (PLASTIC DIP) 

TOP VIEW 

Ao Al 
ENABLE A1 

-VSUPPLV GNO 
IN I +VsuPPLY 
IN2 IN 5 
INJ IN 6 

IN4 IN 1 

OUT IN 8 

Hl4-508 (CERAMIC LCC) 
Hl4P508 (PLCC) 

TOP VIEW 

:: 
~~~ 

Hl-508/509 

Description 

Single 8/Differential 4 Channel 
CMOS Analog Multiplexers 

These monolithic CMOS multiplexers each include an array of eight analog switches, a 
digital decode circuit for channel selecticin, a voltage reference for logic thresholds, and 
an ENABLE input for device selection when several multiplexers are present. 

The Dielectric Isolation (DI) process used .in fabrication of these devices eliminates the 
problem of latch-up. Also, DI offers much lower substrate leakage and parasitic 
capacitance than conventional junction-isolated CMOS (see Application Note 521 ). 
Combined with the low ON resistance (1800 typical), these benefits allow low static 
error, fast channel switching rates, and fast settling. 

Switches are guaranteed to break-before-make, so that two channels are never 
shorted together. 

The switching threshold for each digital input is established by an. internal +5V refer· 
ence, providing a guaranteed minimum 2.4V for "1" and maximum 0.8V for "O". This 
allows direct interface without pull-up resistors to signals from most logic families: 
CMOS, TTL, DTL and some PMOS. For protection against transient overvoltage, the 
digital inputs include a series 2000 resistor and a diode clamp to each supply. · 

The Hl-508 is an eight channel single-ended multiplexer, and the Hl-509 Is a four. 
channel differential version. Each device is available in a 16 pin Plastic or Ceramic DIP, 
a 20 pin Plastic Leaded Chip Carrier (PLCC) or 20 pad Ceramic Leadless Chip Carrier 
(LCC). If input overvoltage protection is needed, the Hl-548/549 multiplexers are 
recommended. 

The Hl-508/509 is offered in both commercial and military grades, suitable for space· 
craft/military applications. For additional Hi-Rel screening including 160 hour burn-in, 
specify the "-8" suffix. For further information see Application Notes 520 and 521. For 
MIL-STD-883 compliant parts, request the Hl-508/883 or Hl-509/883 data sheets. 

H11-509 (CERAMIC DIP) 
Hl3-509 (PLASTIC DIP) 

TOP VIEW 

AO Al 

ENABLE GNO 

-VSUPPLY +VSUPPLY 
IN 1A IN 18 
IN 2A IN 28 

INJA IN 38 

IN4A IN48 
OUT A OUT B 

Hl4-509 (CERAMIC LCC) 
Hl4P509 (PLCC) 

TOP VIEW 

1311211 1•20• ~~~ 131•2• 1 1 1201 
• ..,L.-J L • .J It 1 L.J 

-VSUPPLY ~_: L-J [~ GNO -VSUPPLV 
~JL.J l..J L!J L.J 

[1~ +VSUPPLV 

IN 1 !J 
NC 

IN2 

INJ 
r-., r-, ,. . ., .--, 
191110• •11••12• •131 

z 

[(? +VSUPPLY 

L.1.!i NC 

[(s IN 5 

[[4 IN 6 

IN tA ~J [1j IN 18 

NC ~J L.1.!i NC 

IN 2A !J [1}; IN2B 

IN JA !J [1} IN 38 ,.., ,.., ,.., ,.-, 
191110• •11••12• :;Ji 

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Specifications, Hl-5081509 

Absolute Maximum Ratings (Note 1) 

VsuPPLY(+) to VsuPPLY(-) .............................. 44V 
VsuPPL Y(+) to GND ..................................... 22V 
VsuPPLY(-) to GND ..................................... 25V 
Digital Input Overvoltage 

+VEN· +VA ................................ +VsuPPLY +4V 

-VEN· -VA .................................. -VsuPPL v-4V 
or 20mA, whichever occurs first 

Analog Signal Overvoltage (Note 7) 

+Vs ...................................... +VsuPPLY +2V 
-Vs ........................................ -VsuPPL v-2V 

Electrical Specifications Unless Otherwise Specified: 
Supplies= +15V, -15V; VAH (Logic·Level High)= +2.4V; 

Continuous Current, Sor D: ............................. 20mA 
Peak Current, S or D 

(Pulsed at 1 ms, 10% duty cycle max): .................. 40mA 

Junction Temperature ................................ +175oC 
Operating Temperature Ranges: 

Hl-508/509-2, -8 ........................ ..:55oc to+ 125oC 
Hl-508/509-4 . . . . . . . .. . . . . . . .. .. . . . . .. . .. -25oc to +05oc 
Hl-508/509-5 ................ . ......... ooc to+ 75oC 

Storage Temperature Range ................. -650C to+ 1500C 

VAL (Logic Level Low)= +0.BV. For Test Conditions, consult Performance Characteristics Section. 

Hl-508/Hl-509 Hl-508/509 
-2, -8 

PARAMETER TEMP. MIN. TYP. 

ANALOG CHANNEL CHARACTERISTICS 

·vs, Analog Signal Range Full -15 
•RoN, On Resistance (Note 2) +25°C 180 

Full 
6RON. Any Two Channels +25°C 5 
·is (OFF), Off Input Leakage Current (Note 3) +25°C 0.03 

Full 
•1D (OFF), Off Output Leakage Current (Note 3) +25°C 0.3 

Hl-508 Full 
Hl-509 Full 

·10 (ON), On Channel Leakage Current (Note 3) +25°C 0.3 
Hl-508 Full 
Hl-509 Full 

·101FF, Differential Off Output Leakage Current Full 
(Hl-509 Only) 

DIGITAL INPUT CHARACTERISTICS 

·v AL, Input Low Threshold Full 
·vAH,, Input High Threshold Full 2.4 
·1A Input Leakage Current (High or Low) (Note 4) Full 

SWITCHING CHARACTERISTICS 

•tA, Access Time +25°C 
Full 

250 

•toPEN, Break-Before-Make Interval +25°C 25 80 
•toN (EN), Enable Turn-On +25°C 250 

Full 
•toFF (EN), Enable Turn-Off +25°C 

Full 
250 

ts, Settling Time to 0.1% +25°C 360 
to0.01% +25°C 600 

"Off Isolation" (Note 5) +25°C 50 68 
Cs (OFF), Channel Input Capacitance +25°C 5 
Co (OFF), Channel Output Capacitance Hl-508 +25°C 22 

Hl-509 +25°C 11 
CA, Digital Input Capacitance +25°C 5 
CoS_LOIB Input to Output Capacitance +25°C .08 

POWER REQUIREMENTS 
•1+, Positive Supply Current (Note 6) Full 15 
•1-, Negative Supply Current (Note 6)) Full 0.4 
Po, Power Dissipation Full 

"100% tested for Dash a Leakage currents not tested at -55°C. 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, be~ 

yond which the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

2. VouT = ±10V, louT = -1 mA. 
3. Ten nanoamps is the practical lower limit for high speed measurement in 

the production test environment. 
4. Digital input leakage is primarily due to the clamp diodes (see Schematic). 

Typical leakage ls less than 1 nA at 2soc. 

-4, -5 

MAX. MIN. TYP. MAX. ~NITS TRUTH TABLES 

+15 -15 +15 v Hl-508 
300 180 400 n 
400 500 ll 

5 % "ON" 
0.03 nA A2 A1 Ao EN CHANNEL 

50 50 nA 
0.3 nA x x x L NONE 

200 200 nA L L L H 1 

100 100 nA L L H H 2 

0.3 nA L H L H 3 

200 200 nA L H H H 4 

100 100 nA H L L H 5 

50 50 nA H L H H 6 
H H L H 7 
H H H H 8 

0.8 0.8 v 
2.4 v 

1.0 1.0 pA Hl-509 

500 250 ns 
1000 1000 ns "ON" 

25 80 ns A1 Ao EN CHANNEL 
500 250 ns PAIR 
1000 1000 ns x x L NONE 
500 250 ns L L H 1 
1000 1000 ns L H H 2 

360 ns H L H 3 
600 ns H H H 4 

50 68 dB 
5 pF 
22 pF 
11 pF 
5 pF 

.08 pF 

2.4 15 2.4 mA 
1 0.4 1 mA 
51 51 mW 

5. VEN= a.av, RL = 1 K, CL= 15pF, Vs = 7VRMS· f = 1 OOkHz. Worst case 
isolation occurs on channel 4 due to proximity of the output pins. 

6. VEN• VA = OV or 2.4V. 
7. Signal voltage at any analog input or output (Sor D) will be clamped to the 

supply rail by internal diodes. Limit the resulting current as shown under 
absolute maximum ratings. If an overvoltage condition is anticipated (ana
log input exceeds either power supply voltage), the Harris Hl-548/549 
multiplexers are recommended. 
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Hl-5081509 

ON RESISTANCE vs. Performance Characteristics and Test Circuits 
Unless Otherwise Specified;. TA = 25°C, Vsupply = ± 15 V, 
VAH = 2.4 V, VAL = 0.8 V. 

INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 

ON RESISTANCE 

TEST CIRCUIT 
N0.1 

vs. ANALOG INPUT VOLTAGE, TEMPERATURE 

i300 %' 
~ f---+~+---J~-f---:T~A-.-,1~25~oc:-J~-j---1~r--j--,~~'-l---l -
~ 200 F==t==9F-+-+-...__;;;::..:...+"""f=+--±..-f<....-g ! TA=+250C ~ V 

I--
TA= -55DC 

OL---'-~-'----'~-'--~-'----'~--'-~'---'-~-'----'~-' 
-15 -10 -5 +5 +10 +15 

V1N Analog lnput(Voltsl 

RoN=~ 
lmA 

NORMALIZED ON RESISTANCE 
vs. SUPPLY VOLTAGE 

2.2 

-:? 2.0 .. 
a; 1.8 

~ 1.6 

~ 1.4 

!'! 1.2 

l 10 

~ 0.8 

o.• 

~ 
+125DC?:TA?:~soc 

V1N = OV 

~ 

"""' "t--. 

±1 !8 ±9 :!:10 !11 ±12 ±13 ±14 ±15 

Supply Voltage (Volts} 

LEAKAGE CURRENT VS. TEMPERATURE 
J0011A 

IOnA 0110"''"' ~ 
t---Leakage Current 

10 IOffl ~loiOol -I 
z ""oolo~ V Current 

j 
loA ,. 7 v 

~ 
ir z 

z ~-Off Input 

v Leakage Current ___, 

to Op A 

~ 

10pA 
15° 500 

Is !Off) 

750 
Temperature OC 

100° 

LOGIC THRESHOLD 
vs. POWER SUPPLY VOLTAGE 

1--i ---
~1 

a 
±6 ±a ±10 ±12 ±14 ±16 ±18 ±20 

Power Supply Voltage (Volts) 

1250 

TEST CIRCUIT 
NO. 2* 

T 

>O.BV 

lo(OFF) 

±10V -=- -:- ±10V 

.L I 
-=- -=-

+tov-=-

~ 

TEST CIRCUIT 
NO. 3* 

+2.4V 

-=..±10V 

f 

POWER SUPPLY CURRENT 
vs. TEMPERATURE 
3.o~~~~~~~~~ 

a.__~~~~~~~~ 

-55-35 -15 -5 25 45 65 85 105125 
Temperature ioc) 

8-60 

l5IOFF) 

:!:10V 

TEST CIRCUIT 
NO. 4* 

I - +0.8V 

7 J, +1ov 

*Two measurements per channel: 
+10 V/-10 Vand -10 V/+10 V. 

(Two measurements per device for lo(OFF): 
+10 V/-10 V and -10 V/+10 V.) 

OFF ISOLATION vs. 
FREQUENCY 

Frequency {Hz) 



Hl-5081509 

Performance Characteristics and Test Circuits (continued) 

ON CHANNEL CURRENT vs. VOLTAGE 

V1N - Voltage Across Switch 

SUPPLY CURRENT vs. TOGGLE FREQUENCY 

.., 

e 
>= • ~ 
~ 
$ 

"' E 6 
~ 

Vsupply"±15~ 

Vs"''''~ ±1ov '627 L 
j_ v 

lK lOK 100K JM lOM 

Toggle Frequencv,Hz 

ACCESS TIME vs. LOGIC LEVEL (HIGH) 

600 

400 

b>.. 
200 

0 
2 

N 

13 

VAH - logic level (High), Volts 

14 15 

Switching Wav 

~-
~ OUTPUT 

: ~-10V 
I 

I 
--+I IA 1~ 

TEST 
CIRCUIT 

N0.5 

TEST 
CIRCUIT 

N0.6 

ON CHANNEL CURRENT 
vs. VOLTAGJ:_ 

SUPPLY CURRENT 
vs. TOGGLE FREQUENCY 

:i:101:i:SV 

GNU -r;i 
VA Low :QV {

Higti:HV 
IOMIJY 

50% DUTY CYCLE A -!SUPPLY ~ 

·similar connection for Hl-509 

TEST 
CIRCUIT 

NO. 7 

ACCESS TIME 
vs. LOGIC LEVEL (HIGH) 

+15V 

V+ 
IN 1 

IN 2 THRU IN 7 

Hl-508 INB 

*Hl-508 OUTt--u-•-~~ 
GND V-

-15V 

"Similar connection for Hl-509 

ACCESS TIME 

I 
~J-VA INPUT_+--+--+-!)_f-f-t---t---i ' ' JIOIV I 

200NS/DIV 
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Switching Waveforms (continued) 

Hl-5081509 

TEST 
CIRCUIT 

N0.8 

ADDRESS DRIVE BREAK-BEFORE-MAKE DELAY (!OPEN) BREAK-BEFORE-MAKE 
DELAY(IOPEN) 

3.5V 

1---i AOORESS 

~ ~VEIVAI 

I 
--+l i+----

10PEN 

0 

OUTPUT A 

ENABLE DRIVE 

H5V 

•V 

THAU 

Ai *Hl-508 IN 1 
IN 8 

•5V 

VouT 
OUT f---+---0 

-V 

~ 15V 

200 
n 

"Similar connection for Hl-509 

TEST 
CIRCUIT 

N0.9 

12.5pF 

VA INPUT 
I--+-_r101v -+--'f--..._--1-----+--l-----' 

S 8 ON 

' 'JUTPUT rz 
f---+--+---ll--J--1!-----+-r1 ---v-+--

100 NS/DIV 

ENABLE DELAY (!ON(EN),IOFF(EN) 

ENABLE DELAY 
(!ON(EN),IOFF(EN)} 

I 3.5V 

5~- - - - t.._ __ _ 
I ov 
I I 
~UTA 

--->j 10N.IENI )+- I 'OFF I 
I I -+I !ENI I+--

Schematic Diagrams 

ENABLE 

ADDRESS DECODER 

Delete A2 or A2 
Input for Hl-509 

+15V 

•V 
IN 1 

"Similar connection for Hl-509 

TOP-CHAN. 
DEVICE OF 
THE SWITCH 

TON-CHAN. 
DEVICE OF 
THE SWITCH 

+lOV 

f----------1-- ENABLE -+--+--__.___,___,f--,__. 
DRIVE 

~ 1J101v -+---+--l>-...l-._.1-...j 

I LL ttf 
} S1 ON 

f- S2 THAU Ss +----+------+--OUTPUT f-------i-
_l OFF]_ I 1V/OIV 

I 
100 NS/DIV. 

ADDRESS INPUT BUFFER 
LEVER SHIFTER 

All N-Channel Bodies to V-
Aii P-Channel Bodies to V+ Unless Otherwise Indicated 
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Schematic Diagrams (continued) 

TTL REFERENCE CIRCUIT 

Applications 

Hl-5081509 

MULTIPLEX SWITCH 

32 CHANNEL BUFFERED MULTIPLEXER *HI-SOB 

CHANNEL 
4 Hl-508 

1~. OUT . 
A2 . . A1 . 

8 0 
. 9 Ao I------. 

EN 

,... 4 Hl-508 

'"· OUT 9 . 
A2 . . A1 . 
Ao . 9 ,.._,- EN 16 

4 Hl-508 
'O. OUT 17 . . A2 . A1 . 
·~ Ao 

EN 24 

o~ 
Hl-508 

OUT ~ ~ t . 
A2 31 4 1 J 8 7 6 ~200 . . A1 . 
Ao HA-2405 

o-§1 PRAM OUT 10 
EN 

OUTr 

25 

32 

4 7 6 1 Do D1 EN COMP 

A 10 -L-15pF 
4028A B 13 

DECODER* c 12 

6 6 '.> :'.:> 6 ~ 

CHANNEL SELECT 
*Optional; Provides Greater Isolation for AC Signals. 
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Hl-5081509 

g Applications (continued) 

a5 
0 
Lt) 
...!.. 
:c 

ONE OF 8 DECODER 

ACTIVE LOW ACTIVE HIGH 
+5V +5V 

EN 

Hl-508 

OUT 

Die Characteristics 

Transistor Count .................................. 243 
Die Dimensions ........................ 81.9 x 90.2 mils 

Substrate Potential* ........................ -VsUPPL y 
Process .................................... CMOS-DI 

Thermal Constants (OCfW) 

Ceramic DIP 

Plastic DIP 

CeramicLCC 

0ja 

110 

80 
82 

0jc 

41 
31 
24 

*The substrate appears resistive to the -VsUPPL y terminal, therefore it may 
be left floating (Insulating Die Mount) or it may be mounted on a conductor 
at -VsuPPL y potential. 

Ordering Information 

PART NUMBER TEMPERATURE RANGE PACKAGE 

Hll-0508-5 oocto+750C 16-Pln CERDIP 
Hl3-0508-5 00Cto +750C 16-Pln Plastic DIP 
Hll-0508-4 -25oc to +ssoc 16-Pln CERDIP 
Hll-0508-2 -550C to+12soc 16-Pln CERDIP 
Hl4P0508-5 oocto+1soc 20-Pln PLCC 
Hl1-0508-7 OOC to+ 75oc + 96 Hr. Burn-In 16-Pln CERDIP 
Hl9P0508-9 -4ooc to +ssoc 16-Pln SOIC 
Hl9P0508-5 00Cto+750C 16-Pln SOIC 

Hll-0509-4 -2soc to +8soc 16-Pln CERDIP 
Hll-0509-5 oocto+1soc 16-Pln CERDIP 
Hl3-0509-5 oocto+750C 16-Pln Plastic DIP 
Hl4P0509-5 oocto+750C 20-Pln PLCC 
Hll-0509-2 -ssoc to + 12soc 16-Pln CERDIP 
Hl1-0509-7 ooc to+ 75oc + 96 Hr. Burn-In 16-Pln CERDIP 
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Features 
• Analog Overvoltage Protection : .. 70V p-p 

• No Channel Interaction During 
Overvoltage 

• ESD Resistant ................. > 4,000V 

• 44V Maximum Power Supply 

• Fail Safe with Power Loss (No Latch-Up) 

• Break-Before-Make Switching 

• Analog Signal Range ......•....... ± 1 SV 

• Access Time (Typical). . . . . . . . . . . . 500ns 

•Standby Power (Typical) ..•...•.. 7.SmW 

Applications 
• Data Acquisition 

• Industrial Controls 

•Telemetry 

Pin outs 
Hl1-508A (CERAMIC DIP) 
Hl3-508A (PLASTIC DIP) 

TOP VIEW 

Ao Al 

ENABLE A2 

-VSUPPLY GNO 

IN 1 +VsuPPLY 
IN 2 IN 5 

IN 3 IN 6 

IN 4 IN 7 

OUT IN 8 

Hl4-508A (CERAMIC LCC) 
TOP VIEW 

ff l-508A/509A 
Single 8/Differential 4 Channel CMOS Analog 

Multiplexers with Active Overvolta_ge Protection 

Description 
The Hl-508A and Hl-509A are analog multiplexers with Active Overvoltage Protection. 
Analog input levels may greatly exceed either power supply without damaging the de· 
vice or disturbing the signal path of other channels. Active protection circuitry assures 
that signal fidelity is maintained even under fault conditions that would destroy other 
multiplexers. Analog inputs can withstand constant 70 volt peak-to-peak levels and 
typically survive static discharges beyond 4,000 volts. Digital inputs will also sustain 
continuous faults up to 4 volts greater than either supply. In addition, signal sources are 
protected from short circuiting should multiplexer supply loss occur; each input pre· 
sents 1 k!l of resistance under this condition. These features make the Hl-508A and 
Hl-509A ideal for use in systems where the analog inputs originate from external 
equipment or separately powered circuitry. Both devices are fabricated with 44 volt 
dielectrically isolated CMOS technology. The Hl-508A is an 8 channel device and the 
Hl-509 is a 4 channel differential version. If input overvoltage protection is not needed, 
the Hl-508 and Hl-509 multiplexers are recommended. For further information see 
Application Notes 520 and 521. 

Each device is available in a 16 pin Plastic or Ceramic DIP and a 20 pad Ceramic LCC 
package. 

The Hl-508A/509A are offered in both commercial and military grades. Additional Hi
Rel screening including 160 hour burn-in is specified by the "-8" suffix. For MIL-STD-
883 compliant parts, request the Hl-548/883 or Hl-549/883 data sheets. 

Hl1-509A (CERAMIC DIP) 
Hl3-509A (PLASTIC DIP) 

TOP VIEW 

Ao Al 

ENABLE GNO 

-VSUPPLY +VSUPPLY 
IN 1A IN 1B 

IN 2A IN 2B 

IN JA IN JB 

IN 4A IN 4B 

OUT A OUT B 

Hl4-509A (CERAMIC LCC) 
TOP VIEW 

Functional Diagrams 

IN2 

• DECODER/ 

• '' 
DRIVER 

• '' ,, 
INS 

HI-SOSA 

IN 1AO-'-Ml--... -~··----ofoooOOUT A 

-VSUPPLY 

131 '2 1 • 1 1201 
-.,L-J l.J I 11 L-J 
~j L_J +VSUPPLY 

IN 1B 

• • 
IN 1 ~J 
NC §J 

IN2 !J 

IN J ~J .... , ... -, ,..-, ... -, ,.., 
191110• 111••121 •131 

[1} +VsuPPL y 

[1~ NC 

[~5 IN 5 

[~ ING 

IN1A ~J 

NC §J 
IN2A !J 

IN JA ~J ,.., ,.., ,..., ... -, 
I 9 I 1101 111' '121 '13 1 

UJi NC 

[1~ IN 2B 

[~ INJB 

IN 4AO-~N\t-.. _Y1'..._ .. 

IN 18 0-f-./ll\l-"1°r-"-:<=1'; ..... ~==:-'t-OOUTB 
• • 

Hl-509A 

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Specifications Hl-508A/509A 

Absolute Maximum Ratings (Note 1) 

VsuPPLY(+) to VsuPPLY(-) .............................. 44V 
VsuPPLY(+) to GND ..................................... 22V 

VsuPPLY(-) to GND ..................................... 25V 
Digital Input Overvoltage 

+VEN.+VA ................................ +VsuPPLv+4V 

-VEN· -VA .................................. -VsuPPL v-4V 
or 20mA, whichever occurs first 

Continuous Current, Sor D: ............................. 20mA 

Peak Current, S or D 
(Pulsed at 1 ms, 10% duty cycle max): ...............•.. 40mA 

Junction Temperature ...............................• +175oC 
Operating Temperature Ranges: 

Hl-508N509A-2, -8 .•.................... -55oC to +125oC 
Hl-508A/509A-4 .......................... -250C to +850C 

Analog Signal Overvoltage (Note 7) Hl-508N509A-5 ............................. OoC to + 75oC 
+Vs .................................... +VsuPPLY +20V Storage Temperature Range ................. -ssoc to +1500C 

-Vs ...................................... -VsuPPL y-20V 

Electrical Specifications Unless Otherwise Specified: 

Supplies = +15V, -15V; VAH (Logic Level High) = +4.0V; 
VAL (Logic Level Low)= +0.8V. For Test Conditions, consult Performance Characteristics Section. 

Hl-508A/Hl-509A 1. Hl-508A/509A 
-2, -8 -5 TRUTH TABLES 

PARAMETER TEMP. MIN. TYP. MAA. MIN. TYP. MAX. ~NITS 
ANALOG CHANNEL CHARACTERISTICS 

·vs, Analog Signal Range Full -15 +1S -1S +1S v HI-SOSA 
•RoN, On Resistance (Note 2) +2s0 c 1.2 1.5 1.5 1.8 kn 

Full 1.5 1.8 1.8 2.0 k!l "ON" 

'Is (OFF), Off Input Leakage Current (Note 3) +25°C O.Q3 0.03 nA A2 A1 Ao EN CHANNEL 

Full so so nA x x x L NONE 
'lo (OFF), Off Output Leakage Current (Note 3) +2s0 c 0.1 0.1 nA L L L H 1 

HI-SOSA Full 200 200 nA L L H H 2 
Hl-509A Full 100 100 nA L H L H 3 

·1o(OFF) with Input Overvoltage Applied (Note 4) +2SoC 4.0 4.0 nA L H H H 4 
Full 2.0 µA H L L H s 

·10 (ON), On Channel Leakage Current (Note 3) +2s0 c 0.1 0.1 nA H L H H 6 
HI-SOSA Full 200 200 nA H H L H 7 
Hl-509A Full 100 100 nA H H H H 8 

IDIFF. Differential Off Output Leakage Current Full so 50 nA 
(H l-S09A Only) 

DIGITAL INPUT CHARACTERISTICS 

·v AL, Input Low Threshold (Note8) Full 0.8 0.8 v Hl-509A 
·vAH,, Input High Threshold Full 4.0 4.0 v 
·1A, Input Leakage Current (High or Low) (Note 5) Full 1.0 1.0 µA "ON" 

SWITCHING CHARACTERISTICS A1 Ao EN CHANNEL 

•tA, Access Time +2s0 c 0.5 0.5 
PAIR µs 

Full 1.0 1.0 µs x x L NONE 

•toPEN, Break-Before-Make Delay +2s0 c 2S 80 2S 80 ns L L H 1 

•toN (EN), Enable Delay (ON) +25°C 300 500 300 ns L H H 2 
Full 1000 1000 ns H L H 3 

•toFF (EN), Enable Delay (OFF) +25°C 300 500 300 ns H H H 4 
Full 1000 1000 ns 

Settling lime (0.1%) +2s 0 c 1.2 1.2 µs 
(0.01%) +2s0 c 3.S 3.5 µs 

"OFF Isolation" (Note 6) +25°C so 68 50 68 dB 
Cs (OFF), Channel Input Capacitance +25°C s s pF 
Co (OFF), Channel Output Capacitance HI-SOSA +2s0 c 25 25 pF 

Hl-509A +2s0 c 12 12 pF 
CA, Digital Input Capacitance +2s0 c s s pF 
Cos J_Ofil Input to Output Capacitance +25°C 0.1 0.1 pF 

POWER REQUIREMENTS 

Po, Power Dissipation Full 7.5 7.S mW 
·1 +, Current (Note 7) Full O.S 2.0 0.5 2.0 mA 
·1-, Current (Note 7) Full 0.02 1.0 0.02 1.0 mA 

*100% tested for Dash 8. Leakage currents not tested at -55°C. 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, be· 5. Digital input leakage is primarily due to the clamp diodes (see Schematic). 

yond which the serviceability of tfle circuit may be impaired. Functional Typical leakage is less than 1 nA at 2s0 c. 
operation under any of these conditions is not necessarily implied. 6. VEN= O.BV, RL = 1K, CL= 15pF, Vs= 7VRMS• f = 100kHz. Worst Case 

2. VouT = ±10v, louT = -10oµA. isolation occurs on channel 4 due to proximity of the output pins. 
3. Ten nanoamps is the practical lower limit for high speed measurement in 7. VEN• VA = OV or 4.0V. 

the production test environment. 8. To drive from DTL(TTL Circuits, 1 kO pull-up resistors to +5.0V supply are 
4. Analog Overvoltage = ±33V. recommended. 
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Hl-508A/509A 

Performance Characteristics and Test Circuits 
Unless Otherwise Specified TA = 25°C, VSupply = ±15 V, 
V AH = +4 V, VAL = 0.8 V 

ON RESISTANCE vs. 
INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 

1.4 

1.3 

c: 1.2 

" ~ 1.1 

.i LO 

~ 0.9 

~ 0.8 

ON RESISTANCE 
vs. ANALOG INPUT VOLTAGE 

TA"" +125oc 

± 
TA= +25°c 

TA= -ss0c 

± 
l 

-10 -8 -6 -4 -2 

VIN -Analog Input (Volts) 

LEA~GJ;.Q(.JRRENT VS. TEMPERATURE 
100nA - . -

LEAKAGE 

z 
OFF OUTPUT~ 

" f-----0-N L-EA-KAl-G-E ----l""cuRRENT 

3 1--""cURRENi--t-v:1-v--,;'-~ 
f 1nA lo{ON~ 
3 

L 
L ZJ"::orFINPUT L k'.'.: LEAKAGE CURRENT--! 

ls(OF~ 

100pA ~~~~~§~~§~~§ 
JC 

lOpA 2~5 :---~sa'=-0 --~75"""0 --~100==---~ 
Temperature -°C 

ANALOG INPUT 
OVERVOLTAGE CHARACTERISTICS 

!rn !+---+-+---1--+-+--t---,,i 
~ 15 5· ~ +-----!-~-f---+-+.....,q.-..1 
~12 4.r.;~ 
a !e 
~ 9 3 • .3 ..=i-+--t---b'"-t--:;--t---; 
~ 6 2·1'+---t--J7"':::i .... "±:=-::±:--+---t 
0: -z 3 1 . .e-=-i~::+--f-= 0 

±24 ±27 ±30 ±33 
V1N -Analog Input Overvolta11e (Volts) 

TEST CIRCUIT 
N0.1 

J......d. 
...-I 

~ ~ 1.5 

.i ~I 1.4 

£'<a 1.3 
0 • 

~; 1.2 

:fJ e t1 
E~ 
~~ 1.0 

~ 0.9 

0.8 

R - Vz 
ON - 100µA 

NORMALIZED ON RESISTANCE· 
vs. SUPPLY VOLTAGE 

71~0c;::i"A2:-55°c --I 
VIN =+5V 

'!-... 
~ 

:--.: 
........ r-

10 ±5 ±£ ±1 ±8 !9 ±10 ±11 ±12 ±13 ±14 !15 

TEST CIRCUIT 
NO. 2* 

T 

ttl.BV 

lo!OFF) 

±10V-=- -=- +tOV 

J- "J 
TEST CIRCUIT 

NO. 4* 

+•v 

- ±10V 

.l 

Supply VoltJyu -Volt' 

l5(0FF) 

±10V 

TEST CIRCUIT 
NO. 3* 

1- +0.BV -::- J +tov 

•1wo measurements per channel: 
+10 V/-10 V and -10 V/+10 V. 
(Two meas.urements per device for lo( OFF): 
+10 V/-10 V and -10 V/+10 V.) -

TEST CIRCUIT 
N0.5 

ANALOG INPUT 
OVERVOLTAGE CHARACTERISTICS 

8·67 

<( 
O> 
0 
It) 

~ co 
0 
It) 

..!. 
:c 



~ 
0 
It) 

~ 
0 
It) 
..!. 
:c 

Hl-508A/509A 

Performance Characteristics and Test Circuits (continued) 

ON CHANNEL CURRENT vs. VOLTAGE 
±14;._~-~-~-~-~-~-'-->r_~55~oc~ 

+25°C 
E ±101--1--+--+--t--7f<--7"9---=t---i 

~ ~1----1--+--+-~'7'-:;a..""--+--r---I 
~ 

~ ffil--+~+--..,.~~"'----t-~+---t~~ 

~ i4 l--+-..,.!S~"+-+-+--+--t--1 

VIN - Voltage Across Switch 

SUPPLY CURRENT vs. TOGGLE FREQUENCY 

"' E i 61---,__ __ ,__ __ ,__ __ ,_._ _ __. 

~ 
14 

lK 

VsuPPLY = ±lOV 

lOK lOM 

TEST CIRCUIT 
N0.6 ON CHANNEL CURRENT 

vs. VOLTAGE 

SUPPLY CURRENT 
vs. TOGGLE FREQUENCY 

TEST CIRCUIT 
NO. 7 

VAH = 4V 
VAL= O.SV 
50% DUTY CYCLE 

*Hl-508A 

GND 

Toggle Frequency, Hz 
"Similar connection for Hl-509A -15/-1()1/ 

ACCESS TIME VS. LOGIC LEVEL (HIGH) 

90 

c 80 

E ;:: 70 

~ 60 
:;_ 

0 

0 

0 

o~ 
' 500 

:!-
400 

0 30 3 4 

....... 

"""" 
5 6 8 9 10 11 12 13 14 15 

Logic Level (High). Volts 

Switching Waveforms 

VAH = 4.D ADDRESS 
DRIVE IV Al 

DV 

I 

'~ OUTPUT A 

:~ I I -lDV 

I I 
--+I 1A 1-

TEST CIRCUIT 
N0.8 

ACCESS TIME 
vs. LOGIC LEVEL (HIGH) 

*Hl-508A 
son 

OUT 
GND 

-=-
"Similar connection for Hl-509A 

ACCESS TIME 

t--t-- VA l~PUT t 2V/DIV. 

J v 
I 

OUTPUT A 

i 51'°11] 

" J 
200ns/Oiv. 
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Hl-508A/509A 

Switching Wav:etorms (continued) 

TEST CIRCUIT 
N0.9 

BREAK-BEFORE-MAKE DELAY(IOPEN) 

ENABLE DRIVE 

VAW 4.0 

5~----\~_ 
I I av 

~UT 
--+t 10NIENI :- I 'OFF I 

I I -11EN1I+--

Schematic Diagrams 

r-
1 
I 
I 

'Similar connection for Hl-509A 

TEST CIRCUIT 
N0.10 

ENABLE DELAY (ION(EN),IOFF(EN)) 

IN 1 +rnv 
• , • Hl-508A IN 2 ., 

THRU 

IN 8 

'Similar connection for Hl-509A 

TTL REFERENCE CIRCUIT 
r-------- ---, 
I V+ I 
I I 
I I 
I I 
I I 

I 
I 
I 
I 

I I 
L--G_!!o ______ ...J 

LEVEL SHIFTER 

BREAK-BEFORE-MAKE DELAY (IOPEN) 

t--I---' 
VA l~PUT 

2V/DIV. 

Ir 
OUTPUT ~ f [IJ .5V/OIV. 

J/_ ~ 
lOOnsJOiv. 

ENABLE DELAY (ION(EN),IOFF(EN)} 

t--l .....__, ENisLE ~ ORIVE 
2VIOIV . 

~ [ OUTPUT 
2V/DIV. 

]'.. 

100ns.ID1v. 

ADDRESS INPUT BUFFER 
AND LEVEL SHIFTER 

LEVEL 
SHIFTED 
ADO RESS 
TO DECODE 

LEVEL 
..--+-,,-+---t-+ SHIFTED 

AODRESS 
TO DECODE 

L - - - - - - - - - - - - --~ -·- - - - - - - - - - - - - - - - - -
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Hl-508A/509A 

Schematic Diagrams (continued) ADDRESS DECODER 

TO P·CHANNEL 
DEVICE OF 
THE SWITCH PAIR, 

TON-CHANNEL 
DEVICE Of 
THE SWITCH PAIR 

MU_1"(1PLEX SWITCH 
OE~~g~ >,»------------<>----------...-~ 

OVERVOLTAGE PROTECTION r--------

V-

L---------- -----~ 
DE~~~~)»----------------------' 

Die Characteristics 

Transistor Count .................................. 253 

Die Dimensions .......................... 108 x 83 mils 

Substrate Potential* ........................ -VsUPPL y 

*The substrate appears resistive to the-VsuPPLY terminal, therefore it may 
be left floating (Insulating Die Mount) or it may be mounted on a conductor 

at -VsuPPL y potential. 

Process .................................... CMOS_-DI 

Thermal Constants (OCJW) 0ja 0jc 

Ceramic DIP 

Plastic DIP 
CeramicLCC 

Ordering Information 

104 

75 

76 

PART NUMBER 

Hl1-508A-5 
Hl3-508A-5 

Hl1-508A-2 

Hl1-508A-7 

Hl1-509A-5 
Hl3-509A-5 

Hl1-509A-2 
Hl1-509A-7 

35 

23 
19 

TEMPERATURE RANGE 

ooc1o +7soc 
ooc1o+75oc 

-2soc to +ssoc 
-ssoc to + 12 soc 

oocto+750C 
ooc to+ 75oc + 96 Hr. Burn-In 

-2soc to +ssoc 
oocto +7soc 
oocto+7soc 
oocto+7soc 

-ssoc to +12soc 
OOC to+ 75oc + 96 Hr. Burn-In 

8-70 

PACKAGE 

16-Pin CERDIP 
16-Pln Plastic DIP 

16-Pin CERDIP 
16-Pln CERDIP 
20-Pln PLCC 

16-Pin CERDIP 

16-Pin CERDIP 
16-Pln CERDIP 

16-Pin Plastic DIP 
20-Pln PLCC 

16-Pln CERDIP 
16-Pln CERDIP 



m HARRIS 

Features 
• Access Time (Typical) . . . . . . . . . . . . . . • . . . . • • . . 130ns 
• Settling Time (0.1%) ......................... 250ns 
• Low Leakage (Typical) 

.. ls(OFF) .................................... 10pA 

.. lo( OFF) .................................... 30pA 
•Low Capacitance (Max) 

.. Cs(OFF) ................................... 10pF 

.. Co(OFF) .• , ................................ 25pF 
• High Off Isolation at SOOkHz (Min) ••........... 55dB 
• Low Charge Injection Error ................... 20mV 
• Single Ended to Differential Selectable (SOS) 
• Logic Level Selectable (LLS) 

Applications 
• Data Acquisition Systems 
• Precision Instrumentation 
• Industrial Control 

Pinouts 

CERAMIC/PLASTIC DIP 
TOP VIEW 

1N 1sn1 

IN 14/68 

IN 13/58 

IN IZ/48 

IN11/JB 

IN 10/28 

IN9/1B 

~ 
~ 

LCC/PLCC 
TOP VIEW 

. 
~ ; ;. 

. :;: 

51:..!J l~J L!~ bj lz_a~ tz!~ t~~rzs .... ..._ 

N - 0 • < < 
< 

[z~ 

IN7nB 

JN 6f6A 

IN 5/SA 

IN4/4A 

IN J/lA 

IN Z/ZA 

IN 1/1A 

Hl-516 
16 Channel/Differential 8 Channel 

CMOS High Speed Analog Multiplexer 

Description 
The Hl-516 is a monolithic dielectrically isolated, high 
speed, high performance CMOS analog multiplexer. It 
offers unique built-in channel selection decoding plus an 
inhibit input for disabling all channels. The dual function 
of address input A3 enables the Hl-516 to be user pro
grammed either as a single ended 16-channel multiplexer 
by connecting 'out A' to 'out B' and using A3 as a digital 
address input, or as an 8-channel differential multiplexer 
by connecting A3 to the V- supply. The substrate leakages 
and parasitic capacitances are reduced substantially by 
using the Harris Dielectric Isolation process to achieve 
optimum performance in both high and low level signal 
applications. The low output leakage current (IDOFF < 
100pA at 250C) and fast settling (!SETTLE ~ 800ns to 
0.01 %) characteristics of the device make it an ideal 
choice for high speed data acquisition systems, precision 
instrumentation, and industrial process c~mtrol. 

The Hl-516 is available in 28 pin Ceramic or Plastic DIPs 
or in 28 pin Ceramic LCC or PLCC packages. For Mil-Std-
883 compliant parts, request the Hl-516/883 data sheet. 

Functional Diagram 

Voo/LLS 

,------
I 
I 

EN>-t-----~H 

Ao>-t-----H-H 
A1>-t----~H-H 

A2>-t----rt-H-H 
AJ 

A3 Decode 

A3 Q Q 

H 

H 

v· L 

IN 1A 

CAUTION: These devices are sensitive to electrostatic discharge. Proper l.C. handling procedures should be followed. 
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Specifications Hl-516 

Absolute Maximum Ratings (Note 1) 
Voltage Between Supply Pins ...................................... 33V 
Analog Input Voltage 

+V1N ························································ +VsUPPLY +2V 
-VIN··························································-VSUPPLY -2V 

Digital Input Voltage 
TTL Levels Selected (Voo/LLS Pin = GND or Open) 

+VA··············································································+6V 
-VA···············································································-6V 
+A3/SDS ················································· +VsuPPL y +2V 
-A3/SDS .................................................. -VsuPPL y -2V 

CMOS Levels Selected (Voo/~LS Pin = Voo) 
+VA·························································· +VsuPPL y +2V 
-VA···············································································-2V 

Junction Temperature (Max) .................................... 1750C 
Operating Temperature Ranges: 

Hl-516-2, -s .......................................... -550C to +125oc 
Hl-516-5 ..................................................... ooc to +15oc 

Storage Temperature Range .................. -650C to +1500C 

Electrical Specifications (Unless otherwise specified) Supplies= +15V, -15V; VAH (Logic Level High)= +2.4V, 
VAL (Logic Level Low) = +O.BV; Voo/LLS = GND. (Note 2) 

PARAMETER 

ANALOG CHANNEL CHARACTERISTICS 

V1 N. Analog Signal Range (Note 3) 
RoN. On Resistance (Note4) 

IS (0 FF), Off Input Leakage Current 

ID(OFF). Off Output Leakage Current 

ID(ON). On Channel Leakage Current 

DIGITAL INPUT CHARACTERISTICS 

VAL Input Low Threshold (TTL) 

TEMP 

Full 
+250C 

Full 
+250C 

Full 
+250C 

Full 
+250C 

Full 

MIN 

-14 

Hl-516-2, -8 Hl-516-5 

TYP MAX 

620 

0.01 

0.03 

0.04 

+14 
750 

1,000 

50 

100 

100 

MIN TYP MAX 

-15 
620 

0.01 

0.03 

0.04 

+15 
750 

1,000 

50 

100 

100 

0.8 0.8 

UNITS 

v 
n 
n 
nA 
nA 
nA 
nA 
nA 
nA 

VAH Input High Threshold (TTL) 

Full 
Full 
Full 
Full 
Full 
Full 

2.4 2.4 
v 
v 
v 
v 

µA 
µA 

o.3VDo o.3VDD VAL Input Low Threshold (CMOS) 

VAH Input High Threshold (CMOS) 
IAH Input Leakage Current (High) 

0.7VDD o.7VDD 

IAL Current'( Low) 
SWITCHING CHARACTERtSTICS 

IA, Access Time 

!OPEN, Break before make delay 
toN(EN). Enable Delay (ON) 
IOFF(EN), Enable Delay (OFF) 

Settling Time (0.1%) 
(0.01%) 

Charge Injection' Error (Note 5) 
Off Isolation (Note 6) . . 

Cs(OFF), Channel Input Capacitance 
Co(OFF), Channel Output Capacitance 
CA, Digital Input Capacitance 
CDs(OFF). Input to Output Capacitance 
POWER REQUIREMENTS 

PD, Power Dissipation 
1+, Current (Note 7) 
1-. Current (Note 7) 

+250C 
Full 

+250C 
+250C 
+250C 
+250C 
+250C 
+250C 
+250C 
+250C 
+250C 
+250C 
+250C 

Full 
Full 
Full 

10 

55 

NOTES: 1. Absolute maximum ratings are limiting values, applied indi
vidually, beyond which the serviceability of the circuit may be im
paired. Functional operation under any of these conditions is not 
necessarily implied. 

2. Voo/LLS pin = open or grounded for TTL compatibility. 
VDD/LLS pin= VDD for CMOS Compatibility 

3. At temperatures above sooc, care must be taken to fassure VIN 
remains at least 1.0V below the VSUPPLY for proper operation. 
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25 25 

130 17.!i· 130 175 
225 225 

20 
120 
140 
250 
800 

0.02 

175 
175 

20 

10 
25 
10 

750 
25 
25 

10 

55 

4. VIN= ±10V, IQUT = -100µA 

20 
120 
140 
250 
800 

0.02 

175 
175 

20 

10 
25 
10 

900 
30 
30 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
mV 
dB 
pF 
pF 
pF 
pF 

mW 
mA 
mA 

5. VIN = OV, CL = 100pF, Enable input pulse = 3V. f = 500kHz. 
6. VEN = o.ev. Vs = 3VRMS. f = 500kHz, CL = 40pF, RL = 1 K, 

Pin 3 grounded. 
7. VEN= +2.4V 



Hl-516 

TRUTH TABLES 

Hl-516 USED AS A 16-CHANNEL MULTIPLEXER OR 

8 CHANNEL DIFFERENTIAL MULTIPLEXER• 

USE A3 AS DIGITAL 

ADDRESS INPUT ON CHANNEL TO 

ENABLE A3 A2 Al Ao OUT A OUT B 

L x x x x NONE NONE 

H L L L L 1A NONE 

H L L L H 2A NONE 

H L L H L 3A N,ONE 

H L L H H 4A NONE 

H L H L L 5A NONE 

H L H L H 6A NONE 

H L H H L 7A NONE 

H L H H H BA NONE 

H H L L L NONE 1B 

H H L L H NONE 2B 

H H' L H L NONE 3B 

H H L H H NONE 4B 

H H H L L NONE 5B 

H H H L H NONE 6B 

H H H H L NONE 7B 

H H H H H NONE SB 

* For 16-Channel single-ended function, tle 'out A' to 
'out 8', for dual 8-channel function use the A3 address 
pin to select between MUX A and MUX B, where MUX A 

is selected with A3 low. 

Ordering In formation 

Hl-516 USED AS A DIFFERENTIAL 

8-CHANNEL MULTIPLEXER 

A3 CONNECT TO v-suPPL y ON CHANNEL TO 

ENABLE A2 Al Ao OUT A OUT B 

L x x x NONE NONE 

H L L L 1A 1B 

H L L H 2A 2B 

H L H L 3A 3B 

H L H H 4A 4B 

H H L L 5A 5B 

H H L H 6A 6B 

H H H L 7A 7B 

H H H H 8A SB 

Die Characteristics 

Transistor Count ............................................................ 647 

Die Dimension ............................................... 89 x 146 mils 

Substrate Potential· ........................................... -VsLJPPL y 

Process: ................................................................. CMOS-DI 

Thermal Constants (OCfW) 

Ceramic DIP 

Ceramic LCC 

Bja 
50 
81 

Ojc 
18 

40 

*The substrate appears resistive to the -VsUPPLY terminal, therefore it 
may be left floating {Insulating Die Mount) or it may be mounted on a con
ductor at -VsUPPLY potential. 

PART NUMBER TEMPERATURE RANGE PACKAGE 

Hl4P0516-5 ooc10+75oc 28·Pln PLCC 
Hl3-0516-5 oocto+750C 28-Pln Plastic DIP 
Hl1-0516-5 o0cto+75°c 28·Pln CERDIP 
H11-0516-2 -ssoc to +1250C 28-Pln CERDIP 
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Hl-516 

Performance Characteristics and Test Circuits 

TEST CIRCUIT NO. 1 

ON RESISTANCE vs. INPUT SIGNAL LEVEL 

-rouT 1ooµA 

~v2 

IN 

±10V 

OUT 

RoN~ _.Y_L 
100µA 

TEST CIRCUIT NO. 3* 

OUT 

±10V-=-
+0.BV l _i +10v 

±10V-=-

.1 

+10v-=-

T 
-=-

TEST CIRCUIT NO. 5 
ACCESS TIME 

3.SV AOORESS 
ORIVE !VAi 

A3/SDS 

A2 
50l1 

A1 

Ao 

= - 2.4V 

ov 
I 

'~ OUTPUT 

: ~-10V 
I 

I I 
--+I 1A I-

TEST Cl RCUIT NO. 2* 

+o.BV 

lo(OFF) 

-=-+10V 

T 

TEST CIRCUIT NO. 4* 

EN 

Ao A1 

+15V 

V+ 
IN 1 

IN 2THRU 
IN 15 

IN 16 

OUT 
V-

-15V 

OUT 

A lo(ON) 

±10V --
.I. 
-=-+2.4V 

±10v 

+1ov 
PROBE -----, 

I 
I 

12.51 
pF I 

I 
- I 

L-----' 
*Two measurements per channel: +10V/-10V and -10V/+10V. 

(Two measurements per device for lo(OFF)' +10V/-10V and -10V/+10V) 
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Performance Characteristics and Test Circuits (Continued) 

TEST CIRCUIT NO. 6 

ENABLE DRIVE BREAK-BEFORE MAKE DELAY (tOPENl 

I 
->l i--

10PEN 

0 

OUTPUT A 

TEST CIRCUIT NO. 7 

+15V 

+5V 

VouT 
OUTf---<I,__~._...() 

V-

soon 12.SpF 

-15V 

ENABLE DRIVE ENABLE DELAY (tON(EN), tOff(EN)l 

3.5V 

5~ 
I OV 
I I • i 90%~ OUTPUT A 

~:1~ 
--+j 10NIENI :- I 'OFF I 

I I -+I IENI I+--

AJ 

Az 

Al 

Ao 

EN 
Voo/LLS 

-=-

TEST CIRCUIT NO. 8 
CHARGE INJECTION TEST CIRCUIT 

3.0V 

EN~ 
~ ~ 

Vo "---./ _ 

T 

l>Vo IS THE MEASURED VOLTAGE ERROR 
DUE TO CHARGE INJECTION. THE ERROR 
VOLTAGE IN COULOMBS IS a" CLX l>Vo. 

+2.4V 

8·75 

+15V 

V+ 
IN 1 +10V 

IN2 
lHRU 
IN16 

-=-
OUT 

V-

-15V 

+15V 

(C) 
...... 
It) 

.!. 
:::c 
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m HARRIS Hl-518 
8 Channel/Differential 

4 Channel CMOS High Speed Analog Multiplexer 

Features 
• Access Time (Typical) ....................... 130ns 
• Settling Time (0.1 %) •....••...••..•.•..•....• 250ns 
• Low Leakage (Typical) 

.. ls(OFF) ..................................... 5pA 

.. ID(OFF) .................................... 15pA 
• Low Capacitance (Max) 

.. Cs(OFF) .................................... 5pF 

.. Co(OFF) ................................... 10pF 
• High Off Isolation at 500kHz (Min) •....•....... 45dB 
• Low Charge Injection Error ...•.•.•..••......• 25mV 
• Single Ended to Differential Selectable ($DS) 
• Logic Level Selectable (LLS) 

Description 

The Hl-518 is a monolithic dielectrically isolated, high 
speed, high performance CMOS analog multiplexer. It 
offers unique built-in channel selection decoding plus an 
inhibit input for disabling all channels. The dual function 
of address input A2 enables the Hl-518 to be user 
programmed either as a single ended 8-channel multi
plexer by connection 'out A' to 'out B' and using A2 as a 
digital address input, or as a 4-channel differential multi
plexer by connecting A2 to V- supply. The substrate 
leakages and parasitic capacitances are reduced sub
stantially by using the Harris dielectric isolation process 
to achieve optimum performance in both high and low 

Pinouts 
CERAMIC/PLASTIC DIP 

TOP VIEW 
LCC/PLCC 
TOP VIEW 

.. 
>- >-
0 > ~ 0 

131121 I 1'201 
_ .,L-.1 L.J I I 1. .. J 

> 
1191 ._, 

Applications 
• Data Acquisition Systems 
• Precision Instrumentation 
• Industrial .Control 

level signal applications. The low output leakage current 
(IDOFF < 100pA@ +250C) and fast settling (!SETTLE~ 
800ns to 0.01 %) characteristics of the device make it an 
ideal choice for high speed data acquisition systems, pre
cision instrumentation, and industrial process control. 

The Hl-518 is available in an 18 lead Ceramic or Plastic 
dual-in-line package and a 20 pin LCC or PLCC package. 
It is offered in two operating ranges: -550C to +125oc and 
ooc to +75oc. For MIL-STD-883 compliant parts, request 
the Hi-518/883 data sheet. 

Functional Diagram 

INB/48 4 • _,,, L!J [~ IN4/4A ., .,_____,_ ___ ..._.. ....... 
16 IN4/4A 

15 IN 3/JA 

14 IN2!2A 

13 tN 1/IA 
,., 
1131 

~ 
0 

~ 
~ :; .'I 

r;; .. _ INJ/JA 

[1! IN2/2A 

r,-5 IN111A .. _ 
r-
LI~ ENABLE 

., 

I 
I 
i L ___________ _i_ ______ ~ 

INPUT BUFFER AND DECODERS 

CAUTION; These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Specifications Hl-518 

Absolute Maximum Ratings (Note 1) 

Analog Input Voltage 
+V1N ........................................................ +VsuPPL y +2V 
-V1N .......................................................... -VsuPPL y -2V 

Digital Input Voltage 
TTL Levels Selected (Voo/LLS Pin = GND or Open) 

+VA .............................................................................. +6V 
-VA ............................................................................... -6V 
A2/SDS ................................................... +VsuPPLY +2V 
A2/SDS .................................................... -VsuPPL y -2V 

Voltage Between Supply Pins ...................................... 33V 

CMOS Levels Selected (Voo/LLS Pin = Vool 
+VA .......................................................... +VsuPPL y +2V 
-VA ............................................................................... -2V 

Operating Temperature Ranges 
Hl-518-2/-8 ........................................... -550C to +125oc 
Hl-518-5 ..................................................... ooc to +75oc 

Storage Temperature Range .................. -650C to +15ooc 
Junction Temperature (Max) .................................... 1750C 

Electrical Specifications (Unless Otherwise Specified) Supplies= +15V, -15V; v AH (Logic Level High) = +2.4V, 
VAL (Logic Level Low) = +Q.8V; Voo/LLS = GND (Note 2) 

Hl-518-2, -8 Hl-518-5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

ANALOG CHANNEL 
CHARACTERISTICS 

VIN Analog Signal Range (Note 3) Full -14 +14 -15 +15 v 

RON On Resistance (Note 4) +25DC 480 750 480 750 n 
Full 1000 1000 n 

IS (OFF) Off Input +250C 0.01 0.01 nA 
Leakage Current Full 50 50 nA 

lo (OFF) Off Output +250C O.o15 0.015 nA 
Leakage Current Full 50 50 nA 

lo (ON) On Channel +25DC 0.015 0.015 nA 
Leakag~ Current Full 50 50 nA 

DIGITAL INPUT 
CHARACTERISTICS 

VAL Input Low Threshold (TTL) Full 0.8 0.8 v 

VAH Input High Threshold (TTL) Full 2.4 2.4 v 

VAL Input Low Threshold (CMOS) Full 0.3Voo o.3Voo v 

VAH Input High Threshold (CMOS) Full 0.7Voo 0.7Voo v 

IAH Input leakage Current (High) Full µA 

IAL Input Leakage Current (Low) Full 20 20 µA 

SWITCHING CHARACTERISTICS 

IA, Access Time +25DC 130 175 130 175 
Full 225 225 

IQPEN. Break before make Delay +25DC 10 20 10 20 ns 

ION (ENI, Enable Delay (ON) +25DC 120 175 120 175 

lOFF (ENI, Enable Delay (OFF) +25DC 140 175 140 175 ns 

1 Settling Time (0.1%) +25DC 250 250 ns 

(0.01%) +25DC 800 800 

Charge Injection Error {Note 5) +25DC 25 25 mV 

Off Isolation (Note 6) +25DC 45 45 dB 

Cs (OFF) Channel Input Capacitance +25DC pf 

Go (OFF) Channel 
OutptJt Capacitance +25DC 10 10 pf 

CA, Digital Input Capacitance +25DC 5 pf 

CDS (OFF) Input to Output 
Capacitance +250C 0.02 0.02 pf 

POWER REUUIREMENTS 

Po, Power Dissipation Full 450 540 mW 

I+, Current (Note 7) Full 15 18 mA 

1-, Current (Note 7) Full 15 lB mA 

NOTES: 

1. Absolute maximum rating's are limiting values, applied individually, 4. v 1N = ±10V, lour= -1ooµA. 
beyond which the serviceability of the circuit may be impaired. 5. VIN = OV, CL = 100pF, Enable Input Pulse = 3V, f = 500kHz. 
Functional operation under any of these conditions is not necessarily 6. CL= 40pF, AL= 1k. Due to the pin to pin capacitance between IN 8/48 
implied. and OUT 8 channel 8/48 exhibits 60d8 of OFF Isolation under the 

2. Voo/LLS Pin =Open or Grounded for TTL compatibility. Voo/LLS above test conditions. 
pin = Voo for CMOS compatibility. 7. VEN= 2.4V. 

3. At temperatures above +9QOC, care must be taken to assure V1N re-
mains at least 1.0V below the VsuPPLY· 
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Hl-518 

Truth Tables 

Hl·518 USED AS A 8 CHANNEL MULTIPLEXER OR 
4 CHANNEL DIFFERENTIAL MULTIPLEXER 

USE A2 AS DIGITAL 
ADDRESS INPUT ON CHANNEL TO 

ENABLE A2 A1 Ao OUTA OUT B 

L x x x NONE NONE 

H L L L 1A NONE 

H L L H 2A NONE 

H L H L 3A NONE 

H L H H 4A NONE 

H H L L NONE 1B 

H H L H NONE 2B 

H H H L NONE 3B 

H H H H NONE 4B 

Performance Characteristics andTest Circuits 

TEST CIRCUIT NO. 1 
ON RESISTANCE vs. INPUT SIGNAL LEVEL 

±10V 

-1ouT 1ooµA 

-v2--~-

IN 

VIN 

OUT 

RoN~~ 
100µA 

Hl-518 USED AS DIFFERENTIAL 
4 CHANNEL MULTIPLEXER 

A2 CONNECT TO 
v-suPPLY ON CHANNEL TO 

ENABLE A1 Ao OUTA OUT B 

L x x NONE NONE 

H L L 1A 1B 

H L H 2A 2B 

H H L 3A 3B 

H H H 4A 4B 

TEST CIRCUIT NO. 2• 

+o.av 

±10V-=-

l 

·Two measurements per channel: +10V/-10V and -10V/+10V. (Two 
measurements per device for to(OFF): +1QV/-10V and -10V/+10V) 

Ordering Information 

PART NUMBER TEMPERATURE RANGE PACKAGE 

Hl3-0518-5 oocto+15oc 18-Pln Plastic DIP 
Hl1-0518-5 Q0Cto+750C 18-Pln CERDIP 
Hl1-0518-2 -ssocto +1250C 18-Pln CERDIP 
Hl4P0518-5 CJOC to + 75oc 20-Pln PLCC 
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Hl-518 

Performance Characteristics and Test Circuits (Continued) 

±10V-=-

l 

I 

TEST CIRCUIT NO. 3' TEST CIRCUIT NO. 4' 

OUT 
OUT 

EN 

A2 Ao 

+1ov-:-

T 
.l_ +1ov 

-::-
+2.4V 

"Two measurements per channel: +10V/-10V and -10V/+10V. (Two 
measurements per device for lo{OFF): +10V/-10V and -10V/+10V) 

J.SV ADDRESS 
DRIVE IV Al 

ov 

TEST CIRCUIT NO. 5 

ACCESS TIME 

..--..--... --! A2/SDS 
50ll 

At 

Ao 

+15V 

V+ 
IN t ± 10V 

IN 2 THRU 1---CI----, 
IN 7 

IN 8 +10V 

A ID(ON) 

±10V 

.I. 
-= 

PROBE 
•~ OUTPUT 

: ~-10V OUT 
-v 

-----, 
I 

I I 
-1 1A I-

ENABLE DRIVE 

3.5V 

llAnORESS 

~ ~VEIVAI 

~ 

I 

---+l t+-
'OPEN 

OUTPUT A 

-::- -::- 2.4V 

-15V 

TEST CIRCUIT NO. 6 

I 
I 
I 
I 
I 

- I L ____ _, 

BREAK-BEFORE MAKE DELAY (IOPEN) 

+15V 

V+ +5V 
A2/SDS IN t 

IN 2THRU 

At IN 7 -= 
Ao IN 8 

50'2 
EN OUT 

VouT 

-= -= 2.4V Voo/LLS V-

GND soon t2.5pF 

-= 
-15V 

-= 
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Hl-518 

~ Performance Characteristics and Test Circuits (Continued) 
ll) i= TEST CIRCUIT NO. 7 

ENABLE DRIVE ENABLE DELAY (ION(EN)• IOFF(ENJ) 

A2/SDS 

A1 

Ao 

EN 

TEST CIRCUIT NO. 8 

CHARGE INJECTION TEST CIRCUIT 

+2.4V 

-=-

+15V 

AVo IS THE MEASURED VOLTAGE ERROR 
DUE TO CHARGE INJECTION. THE ERROR 
VOLTAGE IN COULOMBS IS U = CLX AVo. 

Die Characteristics 

Transistor Count ............................................................. 356 

Die Dimensions ............................................... 89 x 93 mils 
Substrate Potential' ........................................... -VSUPPLY 
Process: ................................................................. CMOS-DI 

Thermal Constants (OC/W) Bja Bjc 
Ceramic DIP 64 25 

Plastic DIP 61 33 

Ceramic LCC 76 21 

*The substrate appears resistive to the -VsuPPLY terminal, therefore it 
may be left floating (Insulating Die Mount) or it may be mounted on a con
ductor at -VsuPPLY potential. 
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+15V 

V+ 
IN 1 +10V 

IN 2 
THRU 

INS -=-
OUT 

V-

-15V 
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;fl HARRIS Hl-524 
4 Channel Wideband and Video Multiplexer 

Features 
• Crosstalk (1 OMHz) .............................................. < -SOdB 
• Fast Access Time .................................................... 1 SOns 
• Fast Settling Time ................................................... 200ns 
• TTL Compatible 

Description 
The Hl-524 is a four channel CMOS analog multiplexer 
designed to process single-ended signals with band
widths up to 1 OM Hz. The chip includes a 1of4 decoder for 
channel selection and an enable input to inhibit all 
channels (chip select). 

Three CMOS transmission gates are used in each 
channel, as compared to the single gate in more conven
tional CMOS multiplexers. This· provides a double barrier 
to the unwanted coupling of signals from each input to the 
output. In addition, Dielectric Isolation (DI) processing 
helps to insure the Crosstalk is less than -60dB at 1 OM Hz. 

The Hl-524 is designed to operate into a wideband buffer 
amplifier such as the Harris HA-2541. The multiplexer 

Applications 
• Wideband Switching 
• Radar 
• TV Video 
• ECM 

chip includes two "ON" switches in series, for use as a 
feedback element with the amplifier. This feedback 
resistance matches and tracks the channel RoN 
resistance, to minimize the amplifier Vos and its variation 
with temperature. 

The Hl-524 is well suited to the rapid switching of video 
and other wideband signals in telemetry, instrumentation, 
radar and video systems. It is packaged in an 18 pin 
ceramic or plastic DIP and a 20 pin plastic leaded chip 
carrier or a 20 pin ceramic leadless chip carrier and 
operates on ±15V supplies. 

For MIL-STD-883 compliant parts, request the Hl-524/883 
data sheet. · 

Pinouts Functional Diagram 
CERAMIC/PLASTIC DIP 

TOP VIEW 

IN 1 >-1:..::2+--""t>---.,..........-"t>--, 

SIG GND >--+-----' 
IN 2 "--.!::!..!-' 

SIG GND >---<,___--~ 

FB[IN) 

16 
FB!OUT) 

IN 3 0--+---1~-< OUTPUT 

LCC/PLCC 
TOP VIEW 

~ 
~>u;D'> 
0 + z LI.. ' 

t~J t3J t2J t~ t1_9J 
SIG GND ~] ff a FB (OUT) 

SIG GND ~] [i7 SIG GND 

IN4 ~] 

SIG GND fi 
[i6 IN 2 

[[s SIG GND 

IN 3 l_!J r-., r-'I r-., r-., r-., [!_4 IN 1 
1 9 11101111 1112111 
0 .... u 0 z 
z < z < UJ 
<!l 

~ 
a. 
a. 
:::> 
(/) 

SIG GND >---<---~ 

IN 4 

SIG GND >----<---~ 

SIG GND 
17 

1 OF 4 
DECODER 

·15V SUP +15V EN Ao At 
GNO 

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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TRUTH TABLE 

ON 
A1 Ao EN CHANNEL 

x x L NONE 
L L H 1' 
L H H 2 
H L H 3 
H H H 4 

'Channel 1 is shown selected in 
the diagram 

o::I' 
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Specifications Hl-524 

Absolute Maximum Ratings (Note 1) Operating Temperature Range 
Voltage Between Supply .............................................. 33V Hl-524-2/-8 ................................................ -550C to +1250C 
Digital Input Voltage: Hl-524-5 ......................................................... ooc to +750C 

+VA .............................................................................. + 6V Storage Temperature Range .................. -650C to +1500C 
~ ............................................................................. -w 

Analog Input Voltage 
+V1N ........................................................ +VsLJPPL y +2V 
-V1N .......................................................... -VsuPPL y -2V 

Either Supply to Ground ............................................ 16.5V 
Junction Temperature (Max) .................................... 1750C 

Electrical Specifications (Unless otherwise specified) Supplies= +1SV, -15V; VAH (Logic Level High) = +2.4V, 
VAL = (Logic Level Low) = +Q.8V; VEN = +2.4V. 

Hl-524 Hl-524 
-2/-8 -5 

PARAMETER TEMP MIN TYP MAX I MIN TYP MAX UNITS 

ANALOG CHANNEL SPECIFICATIONS 

V1N. Analog Signal Range Full 
RoN. On Resistance (Note 2) +2soc 

Full 
Is (OFF). Off Input Leakage Current (Note 3) +2soc 

Full 

lo (OFF)· Off Output Leakage Current (Note 3) +2SOC 

Full 
lo (ON), On Channel Leakage Current (Note 3) +2soc 

Full 
3dB B~dwidth: (Note 4) +2soc 

DIGITAL INPUT SPECIFICATIONS 

VAL Input Low Threshold (TTL) Full 
VAH Input High Threshold (TTL) Full 
IAH Input Leakage Current (High) Full 
AL Current (Low) Full 

SWITCHING SPECIFICATIONS 

IA, Access Time (Note S) +25oc 

toPEN· Break-Before-Make Delay (Note S) +2s0 c 
toN (EN), Enable Delay (ON). AL =soon +2soc 

toFF (EN), Enable Delay (OFF), AL= soon +2soc 

Settling Time (0.1%) (Note S) •2s0 c 
(0.01%) +2soc 

Crosstalk (Note 6) +25°c 
Cs(OFF), Channel Input Capacitance +2soc 

Co(OFF), Channel Output Capacitance •2soc 
CA, Dig)tal Input Capacitance •2soc 

P.OWER REQUIREMENTS 

Po, Power Dissipation Full 
I+, Current (Note 7) Full 
1-, Current (Note 7) Full 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. Func
tional operation under any of these conditions is not necessarily 
implied. 

2. V1N = OV; louT = 100µA 
(See Test Circuits #1) 

3. Vo= ±10V; V1N = ±10V 
(See Test Circuits #2, 3, 4,) 

4. MUX output is buffered with HA-5033 amplifier. 

-10 

2.4 

8-82 

+10 -10 +10 v 
700 700 fl 

1.SK 1.SK fl 
0.2 0.2 nA 

so so nA 
0.2 0.2 nA 

so so nA 
0.7 0.7 nA 

so so nA 

8 8 MHz 

0.8 0.8 v 
2.4 v 

o.os 1 o.os 1 µA 

2S 25 µA 

1SO 300 1SO 300 ns 
20 20 ns 
180 300 180 ns 
180 2SO 180 ns 
200 200 ns 
600 600 ns 
-65 -6S dB 
4 4 pF 
10 10 pF 

s s pF 

7SO 750 mW 
2S 2S mA 
2S 2S mA 

5. 6V Step, ±3V to ±3V, See Test Circuit #5. 
6. V1N = 1DMHz, 3Vp-p on one channel, with any other channel 

selected. (Worst case is channel 3 selected with input on channel 
4). MUX output is buffered with HA-2541 as shown in Applications 
section. Terminate all channels with 75D. 

7. Supply currents vary less than O.SmA for switching rates from DC 
to 2MHz. 



Hl-524 

Performance Characteristics and Test Circuits Unless otherwise specified TA= +2soc, 

ON RESISTANCE 

TEST CIRCUIT NO. 1 

_lour IOOµA 

R _ V2 
ON - IOOµA 

LEAKAGE CURRENT 

. TEST CIRCUIT NO. 2* 

+O.BV 
T 

lalOFFI 

±lOV-=- -=-'!'10V 

J- ~ 

TEST CIRCUIT NO. 3* 

''""~ ±IOV~ ~+O.BV 
J i-rnv 

TEST CIRCUIT NO. 4* 

VsUPPL y = ±1 SV, VAH = 2.4V, VAL = 0.8V 

ON RESISTANCE vs. ANALOG INPUT VOLTAGE 
1,000 

900 TA= +125DC 

BOO 

RoN ill! 700 
TA=+25DC 

RoN 1n1 

LEAKAGE 
CURRENT 

lnAJ 

600 

500 TA =-55DC 

400 +-~--~~--.--..-'--! 
-10 -B -6 -4 -2 0 2 4 6 8 10 

V1N IVOLTSI 

ON RESISTANCE vs. SUPPLY VOLTAGE 
I.ODO~------------~ 

900 

BOO 

TA= +25DC 

VIN = OV 

700 +--~--~~----~--="' 
9.0 10.0 11.0 12.0 13.0 14.0 15.0 

!VOLTS! 

LEAKAGE CURRENT vs. TEMPERATURE 

1.0 
0.9 
O.B 
0.7 
0.6 
0.5 

0.4 

0.3 

0.2 

0.1 

-- ---.-~ 

r- z 

j7 -z 
L V 

lslDFFI~, v loiDFFI 

LJ l 
25 50 75 IOO 

TEMPERATURE 1oc1 
125 150 

"Two measurements per channel: 
+1QV/-10V and -10V/+10V 
(Two measurements and per device for lo(OFF): 
+1QV/-10V and -10V/+10V.) 
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Hl-524 

Performance Characteristics and Test Circuits (Continued) 

TEST CIRCUIT NO. 5 

SETTLING TIME 
ACCESS TIME 

BREAK-BEFORE-MAKE DELAY* 

Hl-524 

±JV D--+--<r-r)--, 
HA-2541 

'-----o+5V 

-= 

This test requires channel inputs 1 and 4 at the same level. 
° Capacitor value may be selected to optimize AC performance. 

OUTPUT 

750 

(Use Differential comparator plug-in on scope for settling time measurement) 

+JV 

HA-2541 
OUTPUT 

-------- - - -VAH = 2.4V 
ADDRESS DRIVE (VA) 

-------------~~=~~ 

ov 

2.4V 

r-Y 

rm 

ACCESS TIME. IA 

SETTING TIME, ts 

±0.01% OF F/S 
(OR ±0.01%) 

-JV 

ACCESS TIME 

T 
5V/Dlv. +--r--c-1 

::1 1--i jr-c_ 
1 1 lV/Dlv~ 
1 "~ '[ ""!"'" 

~I!"' 
50ns/Dlv. 
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Hl-524 

Applications 

Often it is desirable to buffer the Hl-524 output, to avoid 
loading errors due to the channel "ON" resistance: 

plus 90ns settling (to ±0.1%) and ±10V output swing. 
Also, the Hl-524 includes a feedback resistance for use 
with the HA-2541. This resistance matches and tracks the 
channel "ON" resistance, to minimize offset voltage due 
to the buffer's bias currents. 

Hl-524 

HA-2541 

BUFFERED 
OUTPUT 

* Capacitor value may be selected to optimize AC performance. 

The buffer amplifier should offer sufficient bandwidth and 
slew rate to avoid degradation of the anticipated signals. 
For video switching, the HA-5033 and HA-2542 offer good 
performance plus ±100mA output current for driving 
coaxial cables. For general wideband applications, .the 
HA-2541 offers the convenience of unity gain stability 

Note that the on-chip feedback element between pins 16 
and 18 includes two switches in series, to simulate a chan
nel resistance. These switches open for VEN; Low. This 
allows two or more Hl-524's to operate into one HA-2541, 
with their feedback elements connected in parallel. Thus, 
only the selected multiplexer provides feedback, and the 
amplifier remains stable. 

All Hl-524 DIP package pins labeled 'SIG GND' (pins 3, 4, 
6, 13, 15) should be externally connected to signal ground 
for best crosstalk performance. 

Bypass capacitors (0.1 to 1.0µF) are recommended from 
each Hl-524 supply pin to power ground (pins 1 and 17 to 
pin 8 DIP package). Locate the buffer amplifier near the 
Hl-524 so the two capacitors may bypass both devices. 

If an analog input 1V or greater is present when supplies 
are off, a low resistance is seen from that input to a supply 
line. (For example, the resistance is approximately 160!1 
for an input of -3V.) Current frow may be blocked by a 
diode in each supply line, or limited by a resistor in series 
with each channel. the best solution, of course, is to 
arrange that no digital or analog inputs are present when 
the power supplies_are.off. 

Die Characteristics 

Transistor Count ............................................................. 599 

Die Dimensions ........................................... 146 x 88.6 mils 

Substrate Potential' ........................................... -VsuPPL y 
Process: ................................................................ CMOS-DI 

Thermal Constants (OCfW) Oja Bjc 
Ceramic DIP 81 22 

Plastic DIP 78 30 

Ceramic LCC 76 19 

*The substrate appears resistive to the -VsuPPLY terminal, therefore it 
may be left floating {Insulating Die Mount) or it may be mounted on a con

ductor at -VsuPPLY potential. 

Ordering Information 

PART NUMBER TEMPERATURE RANGE PACKAGE 

Hl1-0524-5 ooc10+1soc 10·Pln CERDIP 
Hll-0524-2 -ssoc to + 12soc 16-Pln CERDIP 
Hl4P0524-5 ooc10+1soc 20-PinPLCC 
Hl3-0524-5 00Cto+7soc 18-Pln Plastic DIP 
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m HARRIS 

Features 
• Differential Performance, Typical: 

~ Low 6RQN, +1250C .............................................. 5.5!l. 
~ Low 61D(ON). +1250C ....................................•.. 0.6nA 
~ Low 6(Charge lnjection) .................................... 0.1pC 
~ Low Crosstalk ................................................... -124dB 

• Settling Time, ±0.01% ............................................. 900ns 

• Wide Supply Range .................................... ±SV to ±18V 

• Break-Before-Make Switching 

• No Latch-Up 

Applications 

• Low Level Data Acquisition 

• Precision Instrumentation 

• Test Systems 

fff-539 
Monolithic, 4 Channel, 

Low Level, Differential Multiplexer 

Description 
The Harris Hl-539 is a monolithic, four channel. 
differential multiplexer. Two digital inputs are provided 
for channel selection, plus an Enable input to disconnect 
all channels. 

Performance is guaranteed for each channel over the vol
tage range ±10V. but is optimized for low level differential 
signals. Leakage current, for example, which varies 
slightly with input voltage, has its distribution centered at 
zero input volts. 

In most monolithic multiplexers. the net differential offset 
due to thermal effects becomes significant for low level 
signals. This problem is minimized in the Hl-539 by sym
metrical placement of critical circuitry with respect to the 
few heat producing devices. 

Supply voltages are ±15V and power consumption is only 
2.5mW. The Hl-539 is packaged in a 16 pin Ceramic or 
Plastic DIP, and a 20 pin Plastic Leaded Chip Carrier. 

Pinouts Functional Diagram 

Ao 

EN 

-V 

IN 1A 

IN 2A 

IN JA 

IN 4A 

DUT A 

H11-539 CERAMIC DIP 
Hl3-539 PLASTIC DIP 

TOP VIEW 

16 Al 

15 GND 

14 +V 

13 IN 18 

12 IN 28 

11 IN 38 

10 IN48 

OUT 8 

Hl4P539 PLCC 
TOP VIEW 

Q 

" ffi < z z ~ 

~ < " m ~ ~ z 
8 ~ 5 ~ 

+v 

IN 18 

NC 

IN28 

IN38 

DIGITAL 
ADDRESS !Ao 

A1 

EN 
L ____ J 

ADDRESS INPUT 
BUFFER ANO 

LEVEL SHIFTER 

CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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IN 1A 

OUTA 
(T03 
OTHER 
SWITCHES) 

OUTB 
(T03 
OTHER 
SWITCHES) 

IN 18 

IN4A 

IN 48 



Specifications Hl-539 

Absolute Maximum Ratings lsource or Drain · · · · · · ................................. 20mA 

Voltage Between Supply Pins (-V, +V) ... 40V Operating Temperature Range 
Voltage From Either Supply to Gnd ............... . 20V Hl-539-2, -8 ........... -5soc to +125oc 
Analog Input Voltage, V1N .. -V :S V1N :S +V Hl-539-4.. ..................... . .. -25oc to +35oc 
Digital Input Voltage, VA ....................... -V :S VA :S +V Hl-539-5... . ............................................ ooc to +75oc 
Junction Temperature (Max) ................................... 1750C Storage Temperature Range .................. -650C to +15ooc 

Electrical Specifications (Unless otherwise specified) Supplies= ±15V. VEN= +4.0V, VAH (Logic Level High)= +4.0V, 
VAL (Logic Level Low) = +Q.8V. See the "Performance Characteristics and Test Circuits". 
Selected parameters are defined in "Definitions". 

Hl-539-2, -8 H 1-539-4, -5 

PARAMETER TEMP TYP MAX (MIN) TYP MAX (MIN) UNITS 

ANALOG CHANNEL CHARACTERISTICS 

VIN. Analog Signal Range Full (-10)/+10 (-10)/+10 v 

RoN. On Resistance VtN = OV +250C 650 850 650 850 D. 
VIN d lOV +250C 700 900 700 900 D. 
VIN= av Full 950 1.3k 800 lk D. 
V[N=±.lOV Full 1.lk 1.4k 900 1.lk D. 

6RoN [Side A-Side Bl 
VIN= OV +25oc 4.0 24 4.0 24 D. 
VtN=±lOV +25oc 4.5 27 4.5 27 D. 
V1N = OV Full 4.75 28 4.0 24 D. 
V1N=±10V Full 5.5 33 4.5 27 D. 

IS(OFF), Off Input Leakage Current 
(Note 1) 

Condition OV +250C 30 30 pA 
Condition:!:. lOV +250C 100 100 pA 

Condition OV Full 2 10 0.2 nA 

Condition± lOV Full 25 0.5 2.5 nA 

6 ls(OFF), [Side A -Side Bl 
Condition OV +250C pA 

Condition± lOV +25oc 10 10 pA 
Condition OV Full 0.2 0.02 0.2 nA 

Condition±. lOV Full 0.5 0.05 0.5 nA 

lo(OFF). Off Output Leakage Current 

DI (Note 1) 

Condition OV +250C 30 30 pA 

Condition±. lOV +250C 100 100 pA 

Condition OV Full 2 10 0.2 nA 

Condition±. 10V Full 25 0.5 2.5 nA 

6 IQ(OFF), [Side A -Side Bl 
Condition OV +250C pA 

Condition± 10V +250C 10 10 pA 

Condition OV Full 0.2 0.02 0.2 nA 

Condition i 10V Full 0.5 0.05 0.5 nA 

ID(ON), On Clrnnnel Leakage Current 
(Note 1) 

Condition OV +250C 50 50 pA 

Condition± lOV +250C 150 150 pA 

Condition OV Full 25 0.5 2.5 nA 

Condition± lOV Full 40 0.8 4.0 nA 

6 lo(ON) [Side A -Side Bl 
Condition OV +250C 10 10 pA 

Coodition :!: 1 OV +25°C 30 30 pA 

Condition OV Full 0.5 0.05 0.5 nA 

Condition :!: lOV Full 0.6 0.08 0.8 nA 

LlVos. Differential Offset Voltage +250C 0.02 0.02 µV 
(Note 2) Full 0.70 0.08 µV 
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Specifications H/-539 

PARAMETER TEMP 

DIGITAL INPUT CHARACTERISTICS 

VAL Input Low Threshold Full 

VAH. Input High Threshold Full 

IAH. Input Leakage Current (High) Full 

IAL Input Leakage Current (Low) Full 

SWITCHING CHARACTERISTICS 

TA, Access Time +25oc 
Full . 

T open. Break-Before-Make Delay +25oc 
Full 

TON( EN), Enable Delay On +25oc 
Full 

TOFF(EN), Enable Delay Off +25oc 
Full 

Settling Time, to ±0.01% +25oc 

Charge Injection (Output) Full 

t. Charge Injection (Output) Full 

Charge Injection (lilput) Full 

Differential Crosstalk (Note 3) +250C 

Single Ended Crosstalk (Note 3) +25oc 

Cs(OFF), Channel Input Capacitance Full 

Co(OFF), Channel Output Capacitance Full 

Co(ON), Channel On Output Capacitance Full 

Cos. Input to Output Capacitance (Note 4) Full 

CA. Digital Input Capacitance Full 

POWER REUUIREMENTS 

Po, Power Dissipation +250C 
Full 

I+ Current +25DC 
Full 

I-Current +25DC 
Full 

±. V,Supply Voltage Range Full 

NOTES: 
1. See Test Circuits# 2, 3, 4. The condition ±1 OV meuns: 

ls(OFF) and lo(OFFI' (Vs= +10V, Vo= -10V), then 
(Vs= -10V, Vo= +10V) 

lo(ONI' l+lOV, then -lOV) 

2. .1Vos (Exclusive of thermocouple effects)= 

RoN t.lo(ON) + IO(ONI t.RoN. 

Hl-539-2, -8 H 1-539-4, -5 

TYP MAX (MIN) TYP MAX (MINI UNITS 

0.8 0.8 v 

(4.0) (4.0) v 

1 1 µA 

1 1 µA 

250 750 250 750 ns 
1,000 1,000 ns 

85 (30) 85 (30) ns 
(30) 130) ns 

250 • 750 250 750 ns 
1,000 1,000 ns 

160 650 160 650 ns 
900 900 ns 

0.9 0.9 µs 

3 3 pC 

0.1 0.1 pC 

10 10 pC 

124 124 dB 

100 100 dB 

5 5 pF 

7 7 pF 

17 17 pF 

0.08 0.08 pF 

3 3 pF 

2.3 2.3 mW 
45 45 mW 

0.150 0.150 mA 
2.0 2.0 mA 

0.001 0.001 mA 
1.0 1.0 mA 

:t 15 (:!:5)/ :!: 18 :!: 15 (± 5)/ ± 18 v 

See Applications section for discussion of additional Vos 
error. 

3. V1N = 1kHz, 15Vp-p on all but the selected channel. See 
Test Circuit# 9. 

4. Calculated from typical Single-Ended Crosstalk performance. 

8-88 



Hl-539 

Performance Characteristics and Test Circuits 
(Unless otherwise specified TA= 250C, +V = +15V, -V = -15V, VAH = +4V and VAL= +O.BV) 

ON RESISTANCE MEASUREMENT 

TEST 
CIRCUIT 

N0.1 .-v2---+ 

OUT 

Hl-539 

ON RESISTANCE vs. ANALOG INPUT VOLTAGE 

BOO 

~ 
§SOD 
z 
IE 100 

~· 600 

!;; 
~ 500 

i!J 
......... ..,...-.~.,.--.--r~~~-r~~~-r~ 

-12 -10 -8 -6 .... -2 0 2 4 8 8 10 12 
ANALOG INPUT, VIN IVOL TS) 

ON RESISTANCE vs. TEMPERATURE 

800 

-26 +26 +50 +76 +100 +126 
TEMPERATURE oC 

ON RESISTANCE vs. SUPPLY VOLTAGE 

t7 ±9 ±11 t13 %.15 :t.17 
SUPPLY VOLTAGE (VOLTS) 

LEAKAGE CURRENT 

LEAKAGE CURRENT vs. TEMPERATURE 

11lnA 

-z, 

~ 
ID(O~ 

z ZL-
l?!o10FF) • ls10FF) 

~ 
25 50 76 100 

TEMPERATURE oC 

•Three measurements= +10V/-1 OV, 
-10V/+10V, and OV 

125 

TEST 
CIRCUIT 

NO. 2* 

TEST 
CIRCUIT 
N0.3* 

TEST 
CIRCUIT 
N0.4* 
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Test Circuits (Continued) 

Hl-539 

TEST CIRCUIT 
N0.5 

SUPPLY CURRENT vs. TOGGLE FREQUENCY 

100Hz 

320 

300 

! 280 

"' " en 260 
:ti 
" 

1kHz 10kHz 1DOkHz 
TOGGLE FREQUENCY, Hz 

A1 Hl-539 

Ao 

•on 

EN 

-=- -=- +5V GNO 

VA LOW=OV {
Hrgh· 4.0V 

50% DUTY CYCLE 

(SIMILAR CONNECTIONS FOR "B" SIDE 

TEST CIRCUIT 
N0.6 

ACCESS TIME vs. LOGIC LEVEL (HIGH) 
+15V 

v+ 
A1 IN1A 

~----<l>---tA() IN2A, 

Hl-539 IN3A 

son IN4A 

~ 240 EN OUTAl---0-+-...-~~ 

' 
" I- 220 

200~---------------
3 4 7 9 10 11 12 13 14 15 

LOGIC LEVEL (HIGH), VOL TS 

:: -= +5V GND v-

-15V 

(SIMILAR CONNECTIONS FOR "B" SIDE) 

VAH =•V ADDRESS 

~Al 

+~ OUTPUT 

:~) 
I I -10V 

ACCESS TIME 

l 
I I 

t r---i r- ~A INPUT 
y101v. 

CH10N 
...... 

I I 
--+I tA 1- OUTPUT 

5V/DIV. 

Example: tA for 4V logic level 
CH40N J 

200ns/DIV. 
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Test Circuits (Continued) 

ADDRESS DRIVE 

~
OUTPUTA 

% 

' --.. ..-
(lQPEN) 

Hl-539 

TEST CIRCUIT 
NO. 7 

BREAK-BEFORE-MAKE DELAY (tOPENl 

+15V 

•5V •V 
IN1Af----+--U 

IN2A 

vaur 

12.SpF 

-15V 

CH1 ON CH40N 

100nt/DIV. 

(SIMILAR CONNECTION FOR "8" SIDE) 

ENABLE DRIVE 

VAH'"4V 

·~ I J OV 
I I 

~
UTA 

0% 
I 

lON{EN) --f1 I+- I toFF I 
I l --l(ENll-

TEST CIRCUIT 
NO. 8 

+lSV 

+V 
IN1A 

ENABL:E DELAY (toN(EN), tOFF(EN)l 

I I 
+10\I ENABLE 

l--1 DRIVE -+~>-+--t---+-;c--; 
J_ 2\1/DIV. 

l l CH10N 

10001/DIV. 

(SIMILAR CONNECTION FOR "8" SIDE) 

SINGLE-ENDED CROSSTALK 

Hl-539 INSTRUMENTATION 
AMPLIFIER" 

r 

TEST CIRCUIT 
NO. 9 

DIFFERENTIAL CROSSTALK 

Hl-539 INSTRUMENTATION 
AMPLIFIER• 

mVp-p 

I 
*AD606 or 883630, FOR EXAMPLE 
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H/-539 

Definitions 

CHARGE INJECTION - Charge (in pC) transferred, during a 
transition between channels, through the internal gate-to
channel capacitance. The resulting voltage error varies in
versely with the output (or input) capacitance. 

CROSSTALK - Signal at the multiplexer output, coupling 
though the Cos capacitance of an OFF channel. Amplitude 
is proportional to. source resistance for the ON channel. See 
Test Circuit # 9 for single-ended and differential versions 
of crosstalk. 

DIFFERENTIAL LEAKAGE CURRENT ( Li ls(OFF). 
Lilo(OFF), Li lo(ON)) - The absolute difference in leakage 
for the two sides of a channel. 

Applications 

GENERAL 

The Hl-539 accepts inputs in the range -15V to +15V, with 
performance guaranteed over the ±lOV range. At these higher 
levels of analog input voltage it is comparable to the Hl-509, 
and is plug-in compatible with ·that device (as well as the 
Hl-509A). However, as mentioned. earlier, .the Hl"539 was 
designed to introduce minimum error when switching low level 
inputs. 

Special care is required in working with these low level signals. 
The main concern with signals below 100mV is that noise, 
offset voltage, and other aberrations can represent a large 
percentage error. A shielded, differential signal path is essen
tial, especially to maintain a noise level below 50 µVrms. 

LOW LEVEL SIGNAL TRANSMISSION 

The transmission cable carrying the transducer signal is critical 
in a low level system. It should be as short as practical·and 
rigidly supported. Signal conductors should be tightly twisted 
for minimum enclosed area, to guard against pickup of electro
magnetic interference, and the twisted pair should be shielded 

DIFFERENTIAL OFFSET VOLTAGE ( Li Vosl - Voltage 
between the multiplexer output terminals with both channel 
input terminals shorted to gro.und. 

DIFFERENTIAL ON RESISTANCE (LiRON) -The absolute 
difference in On Resistance for the two sides of a channel. 

INPUT TO OUTPUT CAPACITANCE (Cos) - Capacitance 
from one input terminal of a channel to the corresponding 
output of the multiplexer. This parameter is responsible 
for Crosstalk. 

against capacitively coupled (electrostatic) interference. 
A braided wire shield may be satisfactory, but a lapped foil 
shield is better since it allows only one tenth as much leakage 
capacitance to ground per foot. A key requirement for the 
transmission cable is that it presents a balanced line to sources 
of noise interference. This means an equal series impedance 
in each conductor plus an equally distributed impedance from 
each conductor to ground. The result should be signals equal 
in magnitude but opposite in phase at any transverse plane. 
Noise will be coupled in phase to both conductors, and may 
be rejected as common mode voltage by a differential amplifier 
connected to the multiplexer output. 

Coaxial cable is not-suitable.for low-level signals because the 
two conductors (center and shield) are unbalanced. Also, 
ground loops are produced if the shield is grounded at both 
ends by standard BNC connectors. If coax must be used, carry 
the signal on the center conductors of two equal-length cables 
whose shields are terminated only at the transducer end. As 
a general rule, terminate (ground) the shield at one end only, 
preferably at the end with greatest noise interference. This is 
usually the transducer end for both high and low level signals. 

TABLE 1. 

EQUIVALENT IMPEDANCE 
WIDTH OF P.C. D.C. PER FOOT 

WIRE CONDUCTOR RESISTANCE INDUCTANCE 
GAGE (2 oz. Cu.) PER FOOT PER FOOT AT 60Hz AT 10kHz 

18 0.47" 0.0064S1 0.36µH 0.0064S1 0.0235S1 

20 0.30" o.0102n 0.37µH o.0102n 0.0254S1 

22 0.19" 0.0161S1 0.37µH 0.0161S1 o.0288S1 

24 0.12" 0.0257S1 0.40µH o.omn 0.0345S1 
26 0.075" 0.041S1 0.42µH 0.041S1 0.0488S1 
28 0.047" 0.066S1 0.45µH 0.066 S1 o.0118n 
30 0.029" 0.105S1 0.49µH 0.105Q o.11on 
32 0.018" 0.168S1 0.53µH 0.168Q o.111n 
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Applications (Continued) 

WATCH SMALL !:N ERRORS 

Printed circuit traces and short lengths of wire can add sub
stantial error to a signal even after it has traveled hundreds of 
feet and arrived on a circuit board. Here, the small voltage 
drops due to current flow through connections of a few 
milliohms· must be considered, especially to meet an accuracy 
requirement of 12 bits or more. 

Table 1 is a useful collection of data for calculating the effect 
of these short connections. (Proximity to a ground plane will 
lower the values of inductance.) 

As an example, suppose the Hl-539 is feeding a 12 bit con
verter system with an allowable error of±l/2 LSB (±1.22mV). 
If the interface logic draws lOOmA from the 5V supply, this 
current will produce 1.28mV across 6 inches of #24 wire; 
more than the error budget. Obviously, this digital current 
must not be routed through any portion of the analog ground 
return network. 

PROVIDE PATH FOR IBIAS 

The input bias current for any DC-coupled amplifier must have 
an external path back to the amplifier's power supply. No 
such path exists in Figure 1A, and consequently the amplifer 
output will remain in saturation. 

A single large resistor (1M !l to 1 OM!l) from either signal line 
to power supply common will provide the required path, 
but a resistor on each line is necessary to preserve accuracy. 
A single pair of these bias current resistors on the Hl-539 
output may be used if their loading effect can be tolerated 
(each forms a voltage divider with RON). Otherwise, a resistor 
pair on each input channel of the multiplexer is required. 

Ordering Information 

The use of bias current resistors is acceptable only if one is 
confident that the sum of signal plus common-mode voltage 
will remain within the input range of the multiplexer/amplifier 
combination. 

Another solution is to simply run a third wire from the low 
side of the signal source, as in Figure 1 B. This wire assures a. 
low common-mode voltage- as well as providing the path for 
bias currents. Making the connection near the multiplexer 
will save wire, but it will also ·unbalance the line and reduce 
the amplifier's common-mode rejection. 

DIFFERENTIAL OFFSET, Li Vos 

There are two major sources of Li Vos. That part, due to the 
expression (RoN Lilo(ON) + lo(ON) LiRoNl becomes signif
icant with increasing temperature, as,shown in the Electrical 
Characteristics section. The other source of offset is the 
thermocouple effects due to dissimilar materials in the. signal 
path. These include silicon, aluminum, tin, nickel-iron and 
(often) gold, just to exit the package. 

For the thermocouple effects in the package alone, the con
straint on Li Vos may be stated in terms of a limit on the 
difference in temperature for package pins leading to any 
channel of the Hl-539. For example, a difference of 0.130C 
produces a 5µV offset. Obviously, this LiT effect can domin
ate the Li Vos parameter at any temperature unless care is 
taken in mounting the Hl-539 package. 

Temperature gradients across the Hl-539 package should be 
held to a minimum in critical applications. Locate the Hl-539 
far from heat producing components, with any air currents 
flowing lengthwise across the package. 

PART NUMBER TEMPERATURE RANGE PACKAGE 

Hl4P0539 ooc10+7soc 20-Pin PLCC 
Hl1-0539-2 -ssoc to +1250C 16-Pln CERDIP 

Hl3-0539-5 Q0Cto+750C 16-Pln Plastic DIP 
H11-0539-4 -250C to +850C 16·Pln CERDIP 
H11-0539-5 ooc10+7soc 16-Pln CERDIP 

6-93 



O'> 
C") 
It) 
..:. 
:::c 

Applications (Continued) 

"FLOATING" 
SOURCE 

Hl-539 

FIGURE 1A 

0----,, 
~..--...,.-....--..1~------l-',,V,.r-t--~ 

I I - --_1/ --, --+1--+-'""'""""1---t 

._'> J 
1 T0.10M ._~ ._> 

<i. <i. 
I I 

~ 7 

FIGURE 1B 

POWER SUPPL V 
COMMON 

-V 

+V 

-V 

POWER SUPPL V 
COMMON 

The amplifier in Figure lA is unusable because its bias currents cannot return to the power supply. Figure 18 
shows two alternative paths for these bias currents: either a pair of resistors, or (better) a third wire from the low 
side of the signal source. 

Die Characteristics 

Transistor Count ............................................................. 236 

Die Dimensions .............................................. 92 x 100 mils 

Substrate Potential• ........................................... -VsUPPLY 

Process: ................................................................. CMOS-DI 

Thermal Constants (OC/W) 

Ceramic DIP 

Plastic DIP 

Oja 
103 

75 

Bjc 

34 

22 

*The substrate appears resistive to the -VsuPPLY terminal, therefore it 
may be left floating (Insulating Die Mount) or it may be mounted on a con
ductor at -VsuPPLY potential. 
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mHARRls ffl-546/547 
Single 16/Differential 8 Channel CMOS Analog 

Multiplexers with Active Overvoltage Protection 

Features 
• Analog Overvoltage Protection •.••• 70Vp-p 
• No Channel Interaction During Overvoltage 

• ESD Resistant •••••.••••••••..•.•. >4,000V 

• Guaranteed RoN Matching 

• 44V Maximum Power Supply 

• Break-Before-Make Switching 

• Analog Signal Range ................. ±15V 

• Access Time (Typical).... • • • • • • • • • • • 500ns 

• Standby Power (Typical) ••••••.••... 7 .5mW 

Applications 
• Data Acquisition· 

• Industrial Controls 
•Telemetry 

Pin outs 

Description 
The Hl-546 and Hl-547 are analog multiplexers with Active Overvoltage Protection 
and guaranteed AoN matching. Analog input levels may greatly exceed either 
power supply without damaging the device or disturbing the signal path of other 
channels. Active protection circuitry assures that signal fidelity is maintained even 
under fault conditions that would destroy other multiplexers. Analog inputs can with· 
stand constant 70 volt peak-to-peak levels and typically survive static discharges 
beyond 4,000 volts. Digital inputs will also sustain continuous faults up to 4 volts 
greater than either supply. In addition, signal sources are protected from short 
circuiting should multiplexer supply loss occur; each input presents 1 kO of 
resistance under this condition. These features make the Hl-546 and Hl-547 ideal 
for use in systems where the analog inputs originate from external equipment or 
separately powered circuitry. Both devices are fabricated with 44 volt dielectrically 
isolated CMOS technology. The Hl-546 is a 16 channel device and the Hl-547 is a 
8 channel differential version. If input overvoltage protection is not needed, the 
Hl-506 and Hl-507 multiplexers are recommended. For further information see 
Application Notes 520 and 521. 

The Hl-546/547 are offered in both commercial and military grades. Additional 
Hi-Rel screening to MIL-STD-883 is avajlable when specified by the "/883" suffix. 
For details, request the Hl-546/883 or Hl-547/883 data sheets. 

Each device is available in a 28 pin Plastic or Ceramic DIP, and a 28 pin Plastic 
Leaded Chip Carrier (PLCC). 

Functional Diagrams 
H11-546 (CERAMIC DIP) Hl1-547 (CERAMIC DIP) lk • Hl3-546 (PLASTIC DIP) 

-+VsuPPLV 
NC 
NC 

IN 15 

IN 12 

IN 11 
IN 10 
IN9 

GNO 

VREF 
ADDRESS AJ 

TOP VIEW 

OUT 

-VSUPPLY 
IN 8 
IN 1 
IN 5 

IN 5 
IN4 
INJ 
IN2 
IN I 
ENABLE 

ADDRESS Ag 
ADDRESS A1 
ADDRESS A2 

Hl4P546 (PLCC) 
TOP VIEW 

Hl3-547 (PLASTIC DIP) 
TOP VIEW 

+VSUPPLY OUT A 
OUTB -VSUPPLV 

NC IN BA 
INBB IN 7A 
IN 78 IN6A 
IN6B IN5A 
IN5B IN4A 
IN48 INJA 
IN JB IN 2A 
IN2B IN 1A 

IN 18 ENABLE 
GNO ADDRESS Ao 

VneF ADORESSA1 
NC ADORESSA2 

Hl4P547 (PLCC) 
TOP VIEW 

INI 

lk 
IN2 

• • • 
INl6 

11 
11 
11 

DECODER/ 
DRIVER 

VREF AO Al A2 AJ EN 

Hl-546 

OUT 

IN IAO-t-M1--.--cr.• .. ----+.aour A • • IN BAO-t-M--..;.c:7r1.i.,ji 

IN 1eo-t-M-,.;..j.-~T,· .. ~~~~+o0ouTB 

• • 

Hl-547 

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Specifications Hl-546/54 7 

.Absolute Maximum Ratings (Note 1) 

VsUPPL Y(+) to VsuPPL Y(-) .............................. 44V Continuous Current, Sor D: ............................. 20mA 
VsuPPLY(+) to GND ..................................... 22V 

"vsuPPLY(-)tOGND ..................................... 25V 
Peak Current, S or D 

(Pulsed at 1 ms, 10% duty cycle max): .................. 40mA 
Digital Input Overvoltage Junction Temperature ................................ +175oC 

+vEN.+VA ................................ +VsLJPPLY+4V Operating Temperature Ranges: 

-VEN· -VA································· · -VsUPPLY -4V Hl-546/547-2 .......•................... -550C to +125oC 
or 20mA, whichever occurs first Hl-546/547-4 ............................ -25oc to +85oc 

Analog Signal Overvoltage (Note 7) Hl-546/547-5 ............................... ooe to +75oC 
+Vs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +VsuPPL y +20V Storage Temperature Range ................. -650C to +1500C 
-Vs ...................................... -VsuPPL y-20V 

Electrical Specifications Unless Otherwise Specified: 

Supplies= +15V, -15V; VREF Pin = Open; VAH (Logic Level High)= +4.0V; 
VAL (Logic Level Low)= +0.8V. For Test Conditions, consult Performance Characteristics Section. 

Hl-546/Hl-547 Hl-546/547 
TRUTH TABLES -2 -4, -5 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. ju NITS 
ANALOG CHANNEL CHARACTERISTICS Hl-546 
Vs, Analog Signal Range Full -15 +15 -15 +15 v 
RoN. On Resistance (Note 2) +25°C 1.2 1.5 15 1.8 kn "ON" 

Full 1.5 1.8 1.8 2.0 kl1 113 A2 A1 Ao EN CHANNEL 
6RoN. Any Two Channels +25°C 7.0 7.0 % x x x x L NONE 
IS (OFF), Off Input Leakage Current (Note 3) +25°C 0.03 0.03 nA L L L L H 1 

Full 50 50 nA L L L H H 2 
ID (OFF), Off Output Leakage Current (Note 3) +25°C 0.1 0.1 nA L L H L H 3 

Hl-546 Full 300 300 nA L L H H H 4 
Hl-547 Full 200 200 nA L H L L H 5 

ID (OFF), with Input Overvoltage Applied (Note 4) +25°C 4.0 4.0 nA L H L H H 6 
Full 2.0 pA L H H L H 7 

ID (ON), On Channel Leakage Current (Note 3) +25°C 0.1 0.1 nA L H H H H 8 
Hl-546 Full 300 300 nA H L L L H 9 
Hl-547 Full 200 200 nA H L L H H 10 

IDIFF. Differential Off Output Leakage Current Full 50 50 nA H L H L H 11 
(Hl-547 Only) H L H H H 12 
DIGITAL INPUT CHARACTERISTICS H H L L H 13 

VAL, Input Low Threshold TTL Drive Full 0.8 0.8 v H H L H H 14 
H H H L H 15 VAH, Input High Threshold (Note 8) Full 4.0 4.0 v 
H H H H H 16 VAL MOS Drive (Note 9) +25°C 0.8 0.8 v 

VAH MOS Drive (Note 9) +25°C 6.0 6.0 v 
IA, Input Leakage Current (High or Low) (Note 5) Full 1.0 1.0 pA 

SWITCHING CHARACTERISTICS Hl-547 
IA, Access Time +25°C 05 0.5 µs 

Full 1.0 1.0 µs "ON" 
!OPEN, Break-Before-Make Delay +25°C 25 80 25 80 ns CHANNEL 
ION (EN), Enable Delay (ON) +25°C 300 500 300 ns A2 A1 Ao EN PAIR 

Full 1000 1000 ns x x x L NONE 
IOFF (EN), Enable Delay (OFF) +~oc 300 500 300 ns L L L H 1 

Full 1000 1000 ns L L H H 2 
Settling Time (0.1%) +25°C 1.2 1.2 µs L H L H 3 

(0.01%) +25°C 35 35 µs L H H H 4 
"Off Isolation" (Note S) +25°C 50 68 50 68 dB H L L H 5 
Cs (OFF), Channel Input Capacitance +25°C 5 5 pf H L H H 6 
Co (OFF), Channel Output Capacitance Hl-546 +25°C 50 50 pf H H L H 7 

Hl-547 +25°C 25 25 pf H H H H 8 
CA, Digital Input Capacitance +25°C 5 5 pf 
CDSJ.Offi, Input to Output Capacitance +25°C 0.1 0.1 pf 

POWER REQUIREMENTS 

Po, Power Dissipation Full 7.5 7.5 mW 
I+, Current Pin 1(Note7) Full 05 2.0 05 2.0 mA 
1-, Current Pin 27 (Note 7) Full 0.02 1.0 0.02 1.0 mA 

NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, be· 5. Digital input leakage is primarily due to the clamp diodes (see Schematic). 

yond which the serviceability of the circuit may be impaired. Functional Typical leakage is less than 1 nA at 2soc. 
operation under any of these conditions is not necessarily implied. e. VEN = 0.8\/, RL = 1 K, CL = 15pF, Vs = 7VRMS· I = 100kHz. 

2. v 0 u1 = ±10V, lour= -1ooµA. 7. VEN• VA = OV or 4.0V. 
3. Ten nanoamps is the practical lower limit for high speed measurement in a. To drive from DTLmL Circuits, 1 kn pull-up resistors to +5.0VsuPPLY 

the production test environment. are recommended. 
4. Analog Overvoltage = ±33V. 9. VREF = +10V. 
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Hl-5461547 

Performance Characteristics and Test Circuits 

Unless Otherwise Specified: TA= 25°C, VSupply = ±15 V, 
VAH = +4 V, VAL= 0.8 V And VRef = Open. 

1.4 

1.3 

1.1 

1.1 

1.0 

0.9 

0.8 

ON RESISTANCE 
vs. ANALOG INPUT VOLTAGE 

TA= +12s0c 
_l 

l 
TA= +2s0c 

TA" -55°C 

l 

1 
-10 -8 -6 -4 -2 

VIN -Analog Input fVoltsJ 

LEAKAGE CURRENT VS. TEMPERATURE 
100nA 

LEAKAGE 

z 
FF OUTPUT 

~ ~e~=i__, 
CURRENT 

IQ(ON~ r-v v 
L.ZZ 

m~~TCURRENT-z i.c:: l5(0FF) 
100pA 

izL 

_., 

i 
10 

TEST 
CIRCUIT 

N0.1 

ON RESISTANCE vs. 
INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 

_._:100µA 

Vz-

OUT 

NORMALIZED ON RESISTANCE 
vs. SUPPLY VOLTAGE 

l.4F"oco-t--+--+--+--J---+--+--I---+~ 

1.3 "'h.. 
"I 

1.2t---+---i .. ~.---+-+---+-+--+-+--+~ 

: ~:==:==:==:~~::i-:::;:::==:===:==:=~ 
0.91---t---+---<---+--+--+--+--+---+--< 

0.8 'o----'--""---L---'----J..,----'--...._.__JL,,-_--L.__J_ 
!5 t6 t.1 t.B t.1 :!"10 !11 !12 nJ !14 !15 

TEST 
CIRCUIT 
N0.2* 

TEST 
CIRCUIT 
NO. 3* 

TEST 
CIRCUIT 
N0.4* 

Supply Voltage - Vnlls 

•<lllV 

T 

lolOFFJ 

·1ov-=- -=-. IOV 

l5IOFF1 

·1ov 

.J. ~ 

l - -o.sv -:- J. '10V 

'Two measurements per channel: 
+10 V/-10 V and -10 V/+10 V. - ·1ov .f -10pA 

25° so• 75• 
Temperature -oC 

100• 
(Two measurements per device for IO(OFF): 

+10 V/-10 V and -10 V/+10 V.) 4.0V 

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS 

lia !r----t--t--t---t-+--t--:::i 
~ 15 ,. I +--+--+--+--+--h~i:-.,.1 
~ 12 4-~:E 
~ .!'e 
.;_ 9 3-3 E-t---t---t;.""-t-::;;of~-t--t 
.!! -~ 6 1·;; +--t---!..C-.:l.-""'4---1---j._-J 
"' -z 3 1. S.-=....-1.,,.,,.=+-+-= c5 

~7.-;~+..--<~-.,1~•~,~11,---,~30,--~,3~3---,1!36 

V1N - Analog Input Overvoltage !Volts) 

TEST 
CIRCUIT 

N0.5 
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Hl-5461547 

Performance Characteristics and Test Circuits (continued) 

ON CHANNEL CURRENT vs. VOLTAGE 
!1 4~""""-~-~~~~-~~r_~55~•~c 

~ ±121--+--+--+---1r--+---,,,.'l-,-=2"'s•~c 

E ±1D~-+~+-+---t--:A'7"'1-=rt---t 
j ~l---+--+--+--..!S.-'9o~+--T''-2s_•~c 
~ ~f---+-f--71!!~""""'-t--t---11--~ 
~ 

N~-+---:.!Si!~t---t--+--+--t---t 

±Zr·--::;i~"-l--+-+--t---tr--t-~ 

!6 ±8 tlO ±12 ±14 
V1N -Volta.ge Across Switch 

SUPPLY CURRENT vs. TOGGLE FREQUENCY 

"' E 

i6t----t---+---+----!+---l 

~ 
14 

IK 

VsuPPL y = tlOV 

lOK lDM 
Toggle Frequency, Hz 

ACCESS TIME VS. LOGIC LEVEL (HIGH) 

900t-+--+--+-+--t-l-+--+--+-+-+---I 

300~3 ~4__.5_6,__,,,,J __.8_9,__,,,,10--'11-1L2 --'-13---'14---115 

l:ogic Level (High), Volts 

Switching Waveforms 

V AH 4.0V ADDRESS 

'" ;--\ DRIVEIVAI 

~ ·. _\__ov 
I 

·~ OUTPUT 

:~ I I -10V 

I I 
-I 'A 1-

TEST 
CIRCUIT 

N0.6 

TEST 
CIRCUIT 

NO. 7 

TEST 
CIRCUIT 

N0.8 

ON CHANNEL CURRENT 
vs. VOLTAGE 

SUPPLY CURRENT 
vs. TOGGLE FREQUENCY 

•Hl-546 

GNO 

'Similar Connection for Hl-547 

ACCESS TIME 
vs. LOGIC LEVEL (HIGH) 

-= 

-= 
'Similar Connection for Hl-547 

f---1-----1 VA l~PUT l 
1VIOIV. l 

] T 
OUTPUT A 

l sr101\ 1 
!'.... J 

200ns/Div. 
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Hl-5461547 

Switching Waveforms (continued) 

ENABLE DRIVE 

Schematic Diagrams· 

TEST 
CIRCUIT 

N0.9 BREAK-BEFORE-MAKE DELAY(tOPEN) 

BREAK-BEFORE-MAKE 
DELAY (!OPEN) VA l~PUT 

t----t-- 2V/OIV t--±-·l--t--t---t---1 

lA ON BA ON 

·similar Connection for Hl-547 100ns/Oiv 

TEST 
CIRCUIT 
N0.10 ENABLE DELAY (tON(EN),lOFF(EN) 

ENABLE DELAY (ION(EN),lOFF(EN)) 

~ 
12.SpF 

lA ON 

~IN I THRU rr- OUTPUT A~ 

To'j I" IN 8 OFF 

100ns/O 1v 

'Similar Connection,for Hl-547 

TTL REFERENCE CIRCUIT .------- ---, 
I V+ I 
I I 
I I 
I I 
I I 

<-.->---~ I 
I 
I 

DJ I 
I I L __ G_!!O __ ..:. ___ ...J 

ADDRESS INPUT BUFFER 
AND LEVEL SHIFTER 

LEVEL SHIFTER - - - -- - - - - - - - - - - - - - - - -- - - - - - - - - -, 
v. I 

I 

l 
I 

• I 
- - -- - - - - - - - - - - - - - - - - -- - - - - - - - - - -- __ J 
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SHIFTED. 

ADDRESS 
TO DECODE 

LEVEL 
SHIFTED 

ADDRESS 
TO DECODE 



H/-5461547 

Schematic Diagrams (continued) 

ADDRESS DECODER MULTIPLEX SWITCH 
DE~~i~ .>.?--------------------~ 

ENABLE 

AzOA Az 

A3DRA3 

DeleteA3 or AJ 
lnputlorH!-547 

v-

TON CHANNEL 
DEVICE OF 
THE SWITCH 

Die Characteristics 

Transistor Count •....•...............•........•.. .485 

Die Dimensions ..••.....•................ 159 x 84 mils 

Substrate Potential* ...........•............ -VsUPPLY 

Process .......................... - ......... CMOS-DI 
Thermal Constants (OCJW) 

Ceramic DIP 

0ja 

50 

0jc 

18 

*The substrate appears resistive to the-VsUPPLY terminal, therefore it may 
be left floating (Insulating Die Mount) or it may be mounted on a conductor 
at -VsuPPLY potential. 

Ordering Information 

PART NUMBER TEMPERATURE RANGE PACKAGE 

Hll-0546-4 -25oc to +e5oc 28-Pln CERDIP 
Hll-0546-5 oOCto+750C 28-Pin CERDIP 
Hll-0546-2 -55oc to + 125oc 28-Pln CERDIP 
Hl3-0546-5 ooc1o+75oc 28-Pln Plastic DIP 
H14P0546-5 oocto+75oc 28-Pln PLCC 

Hll-0547-4 -25oc to +e5oc 28-Pln CERDIP 

Hll-0547-2 -550C to +1250C 28-Pln CERDIP 
Hl1-0547-5 oocto+75oc 28-Pln CERDIP 
Hl4P0547-5 oocto+750C 28-Pln PLCC 
Hl3-0547-5 oocto+75oc 28-Pln Plastic 
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IJHARRIS fff-548/549 
Single 8/Differential 4 Channel CMOS Analog 

Multiplexers with Active Overvoltage Protection 

Features 
• Analog Overvoltage Protection ....• 70Vp-p 

• No Channel Interaction During Overvoltage 

• ESD Resistant .................... >4,000V 

• Guaranteed RON Matching 

• 44V Maximum Power Supply 

• Break-Before-Make Switching 

• Analog Signal Range ......•.......... ±15V 

• Access Time (Typical). . . . . . . . . . . . . • . 500ns 

• Standby Power (Typical) ............ 7 .5mW 

Applications 
• Data Acquisition 

• Industrial Controls 

•Telemetry 

Pin outs 

Description 
The Hl-548 and 549 are analog multiplexers with Active Overvoltage Protection and 
guaranteed RQN matching. Analog input levels may greatly exceed either power 
supply without damaging the device or disturbing the signal path of other channels. 
Active protection circuitry assures that signal fidelity is maintained even under fault 
conditions that would destroy other multiplexers. Analog inputs can withstand 
constant 70 volt peak-to-peak levels and typically survive static discharges beyond 
4,000 volts. Digital inputs will also sustain continous faults up to 4 volts greater than 
either supply. In addition, signal sources are protected from short circuiting should 
multiplexer supply loss occur; each input presents 1 kn of resistance under this 
condition. These features make the Hl-548 and Hl-549 ideal for use in systems 
where the analog .inputs originate from external equipment or separately powered 
circuitry. Both devices are fabricated with 44 volt dielectrically isolated CMOS 
technology. The Hl-548 is an 8 channel device and the Hl-549 is a 4 channel 
differential version. If input overvoltage protection is not needed, the Hl-508 and 
Hl-509 multiplexers are recommended. For further information see Application 
Notes 520 and 521. 

The Hl-548/549 are offered in both commercial and military grades. Additional 
Hi-Rel screening to MIL-STD-883 is available, when specified by the "/883" suffix. 
For details, request the Hl-548/883 or Hl-549/883 data sheets. 

, Each device is available in a 16 pin Plastic or Ceramic DIP, and a 20 pin Plastic 
Leaded Chip Carrier (PLCC). 

Functional Diagrams 
Hl1-548 (CERAMIC DIP) 
Hl3-548 (PLASTIC DIP) 

TOP VIEW 

Hl1-549 (CERAMIC DIP) 
Hl3-549 (PLASTIC DIP) 

TOP VIEW 
INI 

Ao 
ENABLE 

-VSUPPL Y 
IN 1 

IN 2 

IN 3 

IN 4 

DUT 

Hl4P548 (PLCC) 
TOP VIEW 

A1 

A2 
GND 

+VsUPPL Y 
IN 5 

IN 6 

IN 7 

IN 8 

Ao 

ENABLE 

-VSUPPL Y 
IN lA 

IN 2A 

IN JA 

IN 4A 

OUT A 

Hl4P549 (PLCC) 
TOP VIEW 

IH2 
Al .. 
GND .. 
+VSUPPL Y • 
IN lB IHB 

IN 2B 

IN JB 

IN 4B 

OUT B 

lk 
JN IA 

• • " IN 4A 

" IN lB .. 
I> 

lk 
IN48 

CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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OUT A 

OUT B 
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Specifications H/-548/549 

Absolute Maximum Ratings_ (Note 1) 

VsuPPL Y(+) to VsUPPL Y(-) .............................. 44V Continuous Current, S or D: ............................. 20mA 
VsuPPL Y(+) to GND ..................................... 22V Peak Current, S or D 
VsuPPL Y(-) to GND ..................................... 25V (Pulsed at 1 ms, 10% duty cycle max): .................. 40mA 
Digital Input Overvoltage Junction Temperature ................................ +175oC 

+VEN.+VA ................................ +VsuPPLv+4V Operating Temperature Ranges: 

-VEN. -VA··· · · · · · · · · · · · · · · · · · · · · · · · · .... · · · -VsUPPL y -4V Hl-548/549-2 . . . . . . .................... -55oc to +125oc 
or 20mA, whichever occurs first Hl-548/549-4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . -25oc to +05oc 

Analog Signal Overvoltage (Note 7) Hl-548/549-5 ............................... QOC to + 75oC 
+Vs .................................... +VsuPPL y +20V Storage Temperature Range ................. -650C to +1 SOOC 
-Vs ...................................... -VsuPPL y -20V 

Electrical Specifications Unless Otherwise Specified: 

Supplies= +15V, -1 SV; VAH (Logic Level High)= +4.0V; 
VAL (Logic Level Low)"' +0.8V. For Test Conditions, consult Performance Characteristics Section. 

PARAMETER 

ANALOG CHANNEL CHARACTERISTICS 

Vs, Analog Signal Range 
•RoN. On Resistance (Note 2) 

6RON, Any Two Channels 
IS (OFF), Off Input Leakage Current (Note 3) 

lo (OFF), Off Output Leakage Current (Note 3) 
Hl-548 
Hl-549 

lo(OFF) with Input Overvoltage Applied (Note 4) 

ID (ON), On Channel Leakage Current (Note 3) 
Hl-548 
Hl-549 

IDIFF. Differential Off Output Leakage Current 
(Hl-549 Only) 

DIGITAL INPUT CHARACTERISTICS 

VAL, Input Low Threshold (Note 8) 
V AH .• Input High Threshold 
IA, Input Leakage Current (High or Low) (Note 5) 

SWITCHING CHARACTERISTICS 

tA, Access Time 

tOPEN, Break-Before-Make Delay 
ION (EN), Enable Delay (ON) 

tOFF (EN); Enable Delay (OFF) 

Settling Time (0.10/o) 
(0.010/o) 

"OFF Isolation" (Note 6) 
Cs (OFF), Channel Input Capacitance 
Co (OFF), Channel Output Capacitance 

CA, Digital Input Capacitance 
Cos (OFF), Input to Output Capacitance 

POWER REQUIREMENTS 

Po, Power Dissipation 
I+, Current (Note 7) 
.1-, Current (Note 7) 

NOTES: 

Hl-548 
Hl-549 

Hl-548/Hl-549 Hl-548/549 
-2 -4, -5 

TEMP. MIN. TYP. MAX. MIN. TYP. MAX.~NITS 

Full 
+25°C 

Full 
+25°C 
+25°C 

Full 
+25°C 

Full 
Full 

+25°C 
Full 

+2s0 c 
Full 
Full 
Full 

Full 

-15 

Full 4.0 
Full 

+2s0 c 
Full 

+25°C 25 
+25°C 

Full 
+25°C 

Full 
+25°C 
+25°C 
+25°C 50 
+25°c 
+25°C 
+25°C 
+25°C 
+2s 0 c 

Full 
Full 
Full 

1.2 
1.5 

0.03 

0.1 

4.0 

0.1 

05 

80 
300 

300 

1.2 
35 
68 
5 

25 
12 
5 

0.1 

7.5 

+15 
1.5 
1.8 
7.0 

50 

200 
100 

2.0 

200 
100 
50 

OB 

1.0 

1.0 

500 
1000 
500 
1000 

05 2.0 
0.02 1.0 

-15 

4.0 

25 

50 

1.5 
1B 

0.03 

0.1 

4.0 

0.1 

0.5 

80 
300 

300 

1.2 
3.5 
68 
5 

25 
12 
5 

0.1 

+15 
1.8 
2.0 
7.0 

50 

200 
100 

200 
100 
50 

OB 

1.0 

1.0 

1000 

1000 

v 
kO 
kn 
% 
nA 
nA 
nA 
nA 
nA 
nA 
µA 
nA 
nA 
nA 
nA 

v 
v 
µA 

µS 

µS 
ns 
ns 
ns 
ns 
ns 
µS 
µS 
dB 
pF 
pF 
pF 
pF 
pF 

7.5 mW 
0.5 2.0 mA 
0.02 1.0 mA 

TRUTH TABLES 

Hl-548 

x x 
L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 

Ao EN 

X L 
L H 
H H 
L H 
H H 
L H 
H H 
L H 
H H 

"ON" 
CHANNEL 

NONE 
1 
2 
3 
4 
5 
6 
7 
8 

Hl-549 

A1 Ao EN 

X X L 
L L H 
L H H 
H L H 
H H H 

"ON" 
CHANNEL 

PAIR 

NONE 
1 
2 
3 
4 

1. Absolute maximum ratings are limiting values, applied individually, be
yond which the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

5. Digital input leakage is primarily due to the clamp diodes (see Schematic). 
Typical leakage is less than 1 nA at 2soc. 

6. VEN = O.BV, RL = 1 K, CL= 15pF, Vs = 7VRMS• I= 100kHz. Worst case 
isolation occurs on channel 4 due to proximity of the output pins. 2. vouT = ±10V, iouT = -100µ11. 

3. Ten nanoamps is the practical lower limit for high speed measurement in 
the production test environment. 

4. Analog Overvollage = ±33V. 

7. VEN• VA = OV or 4.0V. 
B. To drive from DTL/TTL Circurts, 1 kCl pull-up resistors to +5.0VsuPPLY 

are recommended. 
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H/-5481549 

Performance Characteristics and Test Circuits 
Unless Otherwise Specified TA = 25°C, Vsupply = ±15 V, 
V AH = +4 V, VAL = 0.8 V 

ON RESISTANCE vs. 
INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 

1.4 

1.3 

1.2 

1.1 

1.0 

0.9 

O.B 

ON RESISTANCE 
vs. ANALOG INPUT VOLTAGE 

TA=12s0 c 

l 
TA=+2s 0c 

TA=-55°c 

l 

1 
-10 -8 -6 -4 -2 

V1N -Analog Input (Volts) 

LEAKAGE CURRENT VS. TEMPERATURE 

100nA~~~~~~~~~~~~ 

LEAKAGE 

OFF OUTPUT LL-A 
1----0-N l-EA-<KAGl--E ----1~·CURAENT ~ 
r-""cURRENT---+-v:,....,..v-~-i 

lnA lo(ON~ 

L 
_L ZJS:: OFF INPUT L V LEAKAGE'CURRENT--1 

l5(0FF) 

100pA~~~~~~~~~~~§ 
~ 

lOpA 2-'=',.:---=-so=·---=75""·--"'"1oo':'o----' 
Temperature -°C 

ANALOG INPUT 
OVERVOLTAGE CHARACTERISTICS 

VIN - Analog Input Overvol1age (Voll~) 

TEST CIRCUIT 
N0.1 

R _ V2 
ON - lOOµA 

l---1 

10 

NORMALIZED ON RESISTANCE 
vs. SUPPLY VOLTAGE 

- 1 5 t--t--+---+--+-+---+-+125oc ~TA ~-ss 0 c --1 I ~. 1:4 ~ V1N ,+5V 

c:: i'7i 1.31-----+-"""""""""r-+--+---l----+---+---1----+--+----I 

~ ~ l.21-----+-------I---+--+--+---+--+---+--< 

~ E 1.1 t--t---t::si-"'l"..::--t--t---t---,t--t--+---+ 

j] i.ol---1---1---l-~-'-i-:::::~--+--<,_-l-_~-I 
~ 0.91-----+--+----I---+--+--+---+--+--+--< 

0.81--......1... _ _c___J _ _.__,,__--'~-',,-.L,-----'-~""". 
±5 ±6 !7 ±8 t-1 !10 :!:11 :!:12 :!:13 :!:14 :!:15 

TEST CIRCUIT 
NO. 2* 

T 

.... v 

lolOFF) 

Supply Volta11e - Volh 

l5{0FF) 

±10V 

TEST CIRCUIT 
.NO. 3* 

:!:lOV-=- -=-+lOV I -=-- +0.BV 

i ~ -:- -=lo- +10V 

+1ov-=-

~ 

TEST CIRCUIT 
NO. 4* 

+•v 

TEST CIRCUIT 
N0.5 

8-103 

...., :!:lOV 

.I. 

•Two measurements per channel: 
+10 V/-10 V and -10 V/+10 V. 
(Two measurements per device for Jo(OFF): 
+·10 V/-10 V and -10 V/+10 V.) 

ANALOG INPUT 
OVERVOLTAGE CHARACTERISTICS 

• 



Hl-5481549 

Performance Characteristics and Test Circuits (continued) 

ON CHANNEL CURRENT vs. VOLTAGE 
±14~~--..---,--.---.---.--..,..-_,,,55"'oc=i 

~ ±12~-+--+--+--+--+-~,.__,,,,,,_+~25"'0.,,.ic 

E ±10 f--+--+--+-+--,"'4"'..,,9-=t-.1-2-50-;c 

j :!81--+--+~+--71"'~.....,,'-t----;--l 
~ 

~ ±6 
~f--+--:..l:l!:i~t---t~-t-~t--t~~ 

±6 :!8 ±10 ±12 
VIN - Voltage A.cross Switch 

SUPPLY CURRENT vs. TOGGLE FREQUENCY 

<( 
E 
iS>----1----1----1----1+----< 

3 
14 
' 

VsuPPLY = ±lOV 

±I 2J----J----!----t--'"'"~!-----l 

lK lOK lOM 
Toggle Frequency, Hz 

ACCESS TIME VS. LOGIC LEVEL (HIGH) 

900 

] 800 

El ;:: 700 

§ 600 
.';' 
' 500 
5-

400 

~ 

L' 

0 30 3 4 

...... 
""""' 
5 6 8 9 10 11 12 13 14 15 

Logic level (High), Volts 

Switching Waveforms 

VAH=4.0 ADDRESS 
DRIVE (VA) 

ov 
I 

'~ DUTPUTA 

:~ I I -lOV 

I I 
--.I 1A I+--

TEST CIRCUIT 
N0.6 ON CHANNEL CURRENT 

vs. VOLTAGE 

SUPPLY CURRENT 
vs. TOGGLE FREQUENCY 

TEST CIRCUIT 
NO. 7 

500 EN 

0 
-=- -=- +4V 

VAH = 4V 
VAL= 0.8V 
50% DUTY CYCLE 

*Hl-548 

GNO 

•similar connection for Hl-549 

ACCESS TIME TEST CIRCUIT 
N0.8 vs. LOGIC LEVEL (HIGH) 

OUT 
GNO 

'Similar connection for Hl-549 

ACCESS TIM~ 

r----1 t- VA l~PUT 1 
2V/DIV. l 

~ v-
OUTPUT A 

_i T0'J_ 1 
\. 1 

200ns/Oiv. 
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Hl-5481549 

Switching Waveforms (continued) 

ENABLE DRIVE 

Schematic Diagrams 

TEST CIRCUIT 
NO. 9 

BREAK-BEFORE-MAKE DELAY(lOPEN) 

•similar connection for Hl-549 

TEST CIRCUIT 
N0.10 

ENABLE DELAY (tON(EN),lOFF(EN)) 

IN I 

IN 2 
THRU 

IN B 

+lOV 

•similar connection for Hl-549 

TTL REFERENCE CIRCUIT ,-----------, 
I V+ I 
I I 
I I 
I I 
I I 

I 
I 
I 
I 

~--G!!D ______ J 
LEVEL SHIFTER 

BREAK-BEFORE-MAKE DELAY (!OPEN) 

I--f---i 
VA l~PUT 

2V/OIV 

Ir OUTPUT ~ f IL .5V/DIV. 

JL [ 

100ns/01v. 

ENABLE DELAY (ION(EN),lOFF(EN)) 

t----1 t--1 
ENislE ~ DRIVE 
2VIOIV. 

:1 z OUTPUT 

~ 2V/OIV. 

f'-.. 
100ns/01v. 

ADDRESS INPUT BUFFER 
AND LEVEL SHIFTER 

LEVEL 
SHIFTED 
AO DRESS 
TO OECOOE 

LEVEL 
...._-+--!--SHIFTED 

I 

I 

ADDRESS 
TO DECODE 

L--------------- -------------------J 
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Hl-5481549 

Schematic Diagrams (continued) 

MULTIPLEX SWITCH 
DE~~g~ /.'>--------------<>------------+-~ 

OVERVOL TAGE PROTECTION r--------

V-

ENABLE L---------~ -----~ 
Di~~~~ >.»-----------4-------__, 
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Hl-5481549 

Die Characteristics 

Transistor Count .........•........................ 253 

Die Dimensions ...............•......•... 108 x 83 mils 

Substrate Potential* ..................•..... -VsuPPL y 
Process .................................... CMOS-DI 

Thermal Constants (OCfW) 

Ceramic DIP 

Plastic DIP 

Oja 

104 

75 

Bjc 

35 

23 

*The substrate appears resistive to the-VsuPPLY terminal, therefore it may 
be left floating (Insulating Die Mount) or it may be mounted on a conductor 
at -VsUPPL y potential. 

Ordering Information 

PART NUMBER TEMPERATURE RANGE PACKAGE 

H13-0548-5 ooc10+1soc 16-Pin Plastic DIP 
Hl4P0548-5 ooc10+1soc 20-Pln PLCC 
Hl1-0548-2 -ssoc to +1250C 16-Pln CERDIP 
Hl1-0548-4 -2soc to +ssoc 16-Pln CERDIP 
Hl1-0548-5 Q0Cto+750C 16-Pln CERDIP 

Hl1-0549-5 ooc10+1soc 16·Pin CERDIP 
Hl1-0549-4 -2soc to +asoc 16-Pln CERDIP 
Hl1-0549-2 -ssoc to +1250C 16-Pin CERDIP 
Hl3-0549-5 oocto+750C 16-Pin Plastic DIP 
Hl4P0549-5 oocto+7soc 20-Pln PLCC 
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CIO 
0 .... 
in 

!: 

m HARRIS \.Ill.I SEMICONDUCTOR 

GENERAL DESCRIPTION 
The IH5108 is a dielectrically isolated CMOS monolithic 

analog multiplexer, designed as a plug-in replacement for 
the H1548 and similar devices, but adds fault protection to 
the standard performance. A unique serial MOSFET switch 
ensures that an OFF channel will remain .OFF when the 
input exceeds the supply rails by up to ± 25V, even with the 
supply voltage at zero. Further, an ON channel will be limit
ed to a throughput of about 1.5V less than the supply rails, 
thus affording protection to any following circuitry such as 
op amps, DI A converters, etc. 

A binary 3-bit address code together with the ENable in
put allows selection of any one channel, or none at all. 
These 4 inputs are all TTL compatible for easy logic inter
face; the ENable input also facilitates MUX expansion and 
cascading. 

ORDERING INFORMATION 

Part Temperature 
Package 

Number Range 

IH5108MJE - 55°C to + 125°C 16 pin CERDI P 

IH510BIJE - 25°C to + 85°C 16 pin CERDIP 

IH510BCPE 0°C to 70°C 16 pin plastic DIP 

..... 
~ 

~I,, 

~v-
~,... 

~ 

~I,, 
..... ~ 

~ 

o-----o_.._..,, 
~ 

~o 

ADDRESS DECODER 
1 OF 8 

ENABLE 
INPUT 

~ 

Ao Ai A1 EN (ENABLE INPUT) 

3 LINE BINARY ADDRESS INPUTS 
(1 0 1) AND EN HI 

D 

0289-1 

ABOVE EXAMPLE SHOWS CHANNEL 6 TURNED ON 

Figure 1: Functional Diagram 

IH5108 
8-Channel Fault Protected 

CMOS Analog ·Multiplexer 
FEATURES 
• All Channels OFF When Power OFF, for Analog 

Signals up to ± 25V 
•Power Supply Quiescent Current Less Than 1mA 
• ± 13V Analog Signal Range 
• No SCR Latchup 
• Break-Before-Make Switching 
• Pin Compatible With Hl-548 
• Any Channel Turns OFF if Input Exceeds Supply 

Rails by Up to ± 25V 
• TTL and CMOS Compatible Binary Address and 

ENable Inputs 

A2 At 

x x 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

Ao. A,_ A2, EN 
Logic "1"~VAH°"2.4V 
Logic "O" ~VAL,;; O.BV 

Ao 

EN 

v-
s, 
S2 

S3 

S4 

D 

TRUTH TABLE 

Ao EN 

x 0 
0 1 
1 1 
0 1 
1 1 
0 1 
1 1 
0 1 
1 1 

(outline dwg JE, PE) 

IH510B 

V + Common to Substrate 

On Switch 

NONE 
1 
2 
3 
4 
5 
6 
7 
8 

0289-2 

Figure 2: Pin Configuration 

HARRIS SEMICONDUCTOR'S SOLE ANO EXCLUSIVE WARRANTY OBUGATlON 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. 3042QQ~QQ4 

NOTE Alf typical values have been characterized but are not tested. 8-108 



ABSOLUTE MAXIMUM RATINGS 
V1N(A, EN) to Ground . . . . . . . . . . . . . . . . . . . . . -15V to 15V 
VsorV0 tov+ .......................... +25V, -40V 
VsorVotov- .......................... -25V, +40V 
v+ to Ground .................................... 20V 
v- to Ground .................................. -20V 
Current(Any Terminal) .......................... 20mA 
Operating Temperature 

C Suffix ............................... o·c to + 1o·c 
I Suffix ............................. - 25"C to + 85°C 
M Suffix ........................... -55°C to+ 125°C 

IH5108 

Storage Temperature 
C Suffix ........................... - 65°C to + 125°C 
I & M Suffix ........................ -65°C to+ 150°C 

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

CERDIP Package ............................ 900 mW 
Plastic Package••• ......................... .470 mW 

*Device mounted with all leads soldered or welded to PC 
board. 

**Derate 12 mWl°C above 75°C 
•••Derate 6.3 mWl°C above 75°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 operational sections of the specifications is not 
implied. Exposure to absolute maximum rating ·conditions for extended peri
ods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (V+ = 15V, v- = -15V, VEN =2.4V, unless otherwise specified.) 

No Max Limits 

Characteristic 
Measured Tests 

Test Conditions 
Typ M Suffix CSuffix Units 

Terminal Per 25°C -25°C/ 85°C/ 
Temp -55°C 25°C 125°C 

O"C 
25°C 1o·c 

SWITCH 

Ros(ON) StoD 8 Vo=10V, Sequence each 
900 1200 1200 1800 1500 1500 2000 

Is= -100µA switch on n 
8 Vo= -10V VAL =0.8V, 

900 1200 1200 1800 1500 1500 2000 
Is= -100µA VAH=2.4V 

llRos(ON) aR _ Ros(on)max-Ros1on)min 5 o/o 
OS(on)- Ros(on)avg. 

Vs= ±10V 

ls( off) s 8 Vs=10V, Vo= -10V ±0.02 ±0.5 ±50 ±1.0 ±50 

8 Vs= -10V, Vo= 10V ±0.02 ±0.5 ±50 ±1.0 ±50 

lo( off) D 1 Vo=10V, Vs= -10V VEN=0.8V ±0.02 ±1.0 ±100 ±2.0 ±100 

1 Vo= -10V, Vs=10V ±0.05 ±1.0 ±100 ±2.0 ±100 
nA 

lo( on) D 8 Vs(All)=Vo= 10V Sequence each 
±0.1 ±2.0 ±100 ±5 ±100 

switch on 

8 Vs(All)=Vo= -10V VAL =0.BV, ±0.1 ±2.0 ±100 ±5 ±100 
VAH=2.4V 
VEN=2.4V 

FAULT 

ls with s 8 Vsupp=OV, V1N= ±25V, 
±1.0 ±2.0 ±5.0 

Power OFF VEN=Vo=OV, Ao. A1, A2=0V 
µA 

ls(olf) with s 8 V1N= ±25V, Vo= ±10V 
±1.0 ±5.0 ±10 

Overvoltage 

NOTE: All lypica/ values have been characterized but ars not tested. 
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~ ELECTRICAL CHARACTERISTICS 

(V+ = 15V, v- = -15V, VEN= 2.4V,,unless otherwise specified.) (Continued) 

No 

Characteristic Measured 
Terminal 

Tests 
Per 

Test Conditions 

Temp 

INPUT 

IEN(on) IA(on) Ao,A1.A2 4 VA=OV 
or or EN 4 VA=15V 
IEN(off) IA(off) 

DYNAMIC 

t1ransition D SeeFigure3 

~en D See Figure4 

lon(EN) D SeeFigure5 

loff(EN) D 

Ion-toll Break- D 6 VEN= +5V, Ao. A1, A2 Strobed 
Before-Make V1N= ± 10V, see Figure 6 
Delay Settling 
Time 

"OFF" D VeN=OV, AL =2000, CL =3pF, 
Isolation Vs=3VAMS, f=500kHz 

Cs( off) s Vg=OV VEN=OV, 

c[){clffl D Vo=OV f=140kHz 
to 1 MHz 

Co~off) DtoS Vs=OV, Vo=OV 

SUPPLY 

Supply 1+ 1 VEN=5V 
Current 1- 1 AllVA=OV/5V 

Note 1. Readings taken 400ms after the overvoltage occurs. 

SWITCHING TIME TEST CIRCUITS 

+15V 

:10V 

0'10V 

PROBE 

~ Rp .::;.~: Cp 

-15V 1 ....... J PROBE IMPEDANCE ":/:: ~~=F 
0289-3 

Typ 
25°C 

0,01 

0,01 

0.3 

0.2 

0.6 

0.4 

10 

60 

5 

25 

1 

0.5 

0.02 

Vour 
Vs1. +10V 
Vu• -10V 

Vour 
Vs1• -10V 
Vu• +10V 

IH5108 

Max Limits 

M Suffix CSufflx Units 

-55'C 25'C 125'C 
-25'C/ 

25'C 
85'C/ 

O'C 70'C 

-10 -30 -10 -30 
µ.A 

10 30 10 30 

1 

µ.s 
1.5 

1 

ns 

dB 

pF 

0.7 0.6 0.5 1.0 
mA 

0.7 0.6 0.5 1.0 

0289-4 

Figure 3: ttransltlon Switching Test Circuit and Waveforms 

NOTE: AH typical values have bsen charact6rizsd bul ars not tested. 
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SWITCHING TIME TEST CIRCUITS (Continued) 

S1-Ss 
:t10V 

Ao 
A1 
Az 
EN 

+5V 

y+ 
+15V 

IH5108 

GND -1sv 
'{" 

s 
1--o------o-2v 
s2 THRU s7 

Sa 

D 

0289-5 

VA 
tr<100na ~ 
'• < 100na o.av 

3V 

\...__......;;o;;;..av .. 

~% 
-I ·- I- -I ..... I-

0289-6 

Figure 4: topen (Break-Before-Make) Switching Test Circuit and Waveforms 

y+ 
+15V 

IH5108 

GND 
-15V 
v· 

Vs1 

D 
Your 

0289-7 

VEN 3V 
tr<100na 
It< 1oona a.av 50% 

VoUr 
ov 

90% 

0289-8 

Figure 5: Enable t0 n and t0 tt Switching Test Circuit and Waveforms 

y+ 
+15V 

IH5108 

GND 
-15V 
v-

D 

0289-9 

i..•ndlott LOGIC 
INPUh10na 

+3V I ::i Ao.A1,A2 _ov ____ --•·· ._ ___ SE_..OUENCED 

BREAK·BEFORE : : 1 : INPUT 
llAKEDELAY-v- _, 1-+1ov 

v : w ov 
~-------r----~------

BREAK·BEFoRe ~ w. INPUT 
llAKEDELAY- - - --1ov 

0289-10 

Figure 6: tconrtcott) Break-Before-Make Delay Test Circuit and Waveforms 

NOTE: All typical valu9s have bsen characterized but ars not tested. 
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:5 DETAILED DESCRIPTION -15V +15V -15V 

The IH5108, like all Harris multiplexers, contains a set of 
CMOS switches that form the channels, and driver and de
coder circuitry to control which channel turns ON, if any. In 
addition, the IH5108 contains an internal regulator which 
provides a fully TTL compatible ENable input that is identi
cal in operation to the Address inputs. This does away with 
the special conditions that many multiplexer enable inputs 
require for proper logic swings. The identical circuit condi
tions of the ENable and Address lines also helps ensure the 
extension of break-before-make switching to wider multi
plexer systems (see applications section). 

Another, and more important difference lies in the switch
ing channel. Previous devices have used parallel n- and p
channel MOSFET switches. While this scheme yields rea
sonably good ON resistance characteristics and allows the 
switching of rail-to-rail input signals, it also has a number of 
drawbacks. The sources and drains of the switch transistors 
will conduct to the substrate if the input goes outside the 
supply rails, and even careful use of diodes cannot avoid 
channel-to-output and channel-to-channel coupling in cases 
of input overrange. The I H5108 uses a novel series arrange
ment of the p- and n-channel switches (Figure 7) combined 
with a dielectrically isolated process to eliminate these 
problems. 

-25V 
OVERVOLTAGE 

SIGNAL 
INPUT 

I I 
-15VFROM +15VFROM 

DRIVER DRIVER 

T 
COMMON 
OUTPUT 

"0289-11 

Figure 7: Series Connection of Channel Switches 

Within the normal analog signal range, the inherent varia
tion of switch ON resistance will balance out almost as well 
as the customary parallel configuration, but as the analog 
signal approaches either supply rail, even for an ON chan
nel, either the p- or the n-channel will become a source 
follower, disconnecting the channel (Figure 8). Thus protec
tion is provided for any input or output channel against over
voltage, even in the absence of multiplexer supply voltages. 
This applies up to the breakdown voltage of the respective 
switches. Figure 9 shows a more detailed schematic of the 
channel switches, including the back-gate driver devices 
which ensure optimum channel ON resistances and break
down voltage under the various conditions. 

+25V FORCED 
ON COMMON 
OUTPUT 

s G LINEBY 

N·CHANNEL MOSFET-r/1D 
IS TURNED ON 

BECAUSE Vas= + 25V - -- -
EXTERNAL To""' CIRCUITRY 

.l N·CHANNEL 
-::' MOSFET IS OFF 

P·CHANNEL 
MOSFET IS OFF 

(a) OVERVOLTAGE WITH MUX POWER OFF 

-15V +15V 

(b) OVERVOL TAGE WITH MUX POWER ON 
Figure 8: Overvoltage Protection 

NOTE: All typ;cal values have been characterized but are not tested. 
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DETAILED DESCRIPTION (Continued) 

Under some circumstances, if the logic inputs are present 
but the multiplexer supplies are not, the circuit will use the 
logic inputs as a sort of phantom supply; this could result in 
an output up to that logic level. To prevent this from occur
ring, simply ensure that the ENable pin is LOW any time the 
multiplexer supply voltages are missing (Figure 10). 

+15V 

0289-14 

Figure 9: Detailed Channel Switch Schematic 

2600 

2500 

2400 
2300 
2200 

2100 

2000 
1900 

1800 
1700 

D A c 
1600 
1500 

Ros( on) 
1400 

1300 
{.ll) 

1200 

1100 

1000 
900 

800 
700 
600 

500 

400 
300 

200 

1,--lOOµA ]'-,. ]'-,. 

r"j..., 
A) V+-+15V, V---15V 

B) V+=+12V, V-=-12V 
C) V+=+10V, V-=-IOV 

0) V+ =+7.5V, V- = -7.5V 

E) v+ = +5V, v- = -5v 

IH5108 

+1SV 

100pF 

0289-15 

Figure 10: Protection Against Logic Input 

MAXIMUM SIGNAL HANDLING 
CAPABILITY 

The IH5108 is designed to handle signals in the ± 1 OV 
range, with a typical ros(on) of 900!1; it can successfully 
handle signals up to ± 12V, however, ros(on) will increase to 
about 1.Bk!l. Beyond ± 12V the device approaches an 
open circuit, and thus ± 12V is about the practical limit, see 
Figure 11. 

Figure 12 shows the input/ output characteristics of an 
ON channel, illustrating the inherent limiting action of the 
series switch connection (see Detailed Description), while 
Figure 13 gives the ON resistance variation with tempera
ture. 

u 

u 
v 

100 

.!'15-14-13-12-11-10~9fa-1 -6 -5 -4 -3 -2 -1 o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Y1N-Analog Input Voltage (volts) 
0289-16 

Figure 11: Ros(on) vs Analog Signal Voltage 

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

11 

10 
Yoor 

v,. 

-24 -22 -20-11 - I -14 -12 -10 -· -I -4 -2 4 • I w u " w w 20 22 24 

-a 
-8 

-w 
-12 

-VoUT 

Figure 12: MUX Output Voltage vs Input Voltage (Channel 1 Shown; All Channels Similar) 

Ros( on) 
(Ohms) 

1500 
1400 

1300 
1200 
1100 

1000 

900 -I--800 
700 
i- ---600 

500 

400 

300 
200 

100 
0 
-55 

---
V+ =+15V 
V- =-15V 
V;0 =t10V 

-25 

+ \ O~ S\gnals ---\0~~ --i---
J--- --i--- ------

25 45 70 100 125 

Temperature °C 

Figure 13: Typical ros(on) Variation With Temperature 

NOTE: Alf typical values have been characterized but are not tested. 
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USING THE IH5108 WITH SUPPLIES 
OTHER THAN ±15V 

APPLICATION NOTES :5 

The IH510B will operate successfully with supply voltages 
from ±5V to ±15V, however ros(on) increases as supply 
voltage decreases, as shown in Figure 11. Leakage cur
rents, on the other hand, decrease with a lowering of supply 
voltage, and therefore the error term product of ros(on) and 
leakage current remains reasonably constant. ros(on) also 
decreases as signal levels decrease. For high system accu
racy [acceptable levels of ros(on)l the maximum input signal 
should be 3V less than the supply voltages. The logic levels 
remain TIL compatible. 

IH5108 APPLICATIONS INFORMATION 

+15V -1SV 

EN 

IH5108 

Ao 

,., Se St 

+15V -15V ,., 
Your 

"' TTL OR 
CMOS 

IH510I ":" 
INVERTER 

S11 Se 

0289-20 

Further information may be found in: 
A003 "Understanding and Applying the Analog Switch" 
ADO& "A New CMOS Analog Gate Technology" 

A020 "A Cookbook Approach to High Speed Data Acquisi
tion and Microprocessor Interfacing" 

TRUTHT~BLE 

A3 A2 A1 Ao On Switch 

0 0 0 0 S1 
0 0 0 1 S2 
0 0 1 0 S3 
0 0 1 1 S4 
0 1 0 0 S5 
0 1 0 1 S6 
0 1 1 0 S7 
0 1 1 1 SB 
1 0 0 0 S9 
1 0 0 1 S10 
1 0 1 0 S11 
1 0 1 1 S12 
1 1 0 0 S13 
1 1 0 1 S14 
1 1 1 0 S15 
1 1 1 1 S16 

Figure 14: 1of16 Channel Multiplexer Using Two IH510Bs- Overvoltage Protection Is Maintained Between 
All Channels, As Is Break-Before-Make Switching_ 

NOTE· All typical values have been characterized but are not tested. 
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! IH5108 APPLICATIONS INFORMATION (Continued) 

A4 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-t><r--
TTUCMOS INVERTER 

:[)o--
TTUCMOS NOR GATE 

"30--~...-~~~-r--....:: 

IH5108 
10UTOF8 

MUX 
A, X>----i'-+-+-+'-1 

....,..-r--r-t.....,.......-,......,.....1 

TRUTH TABLE 

Aa A2 A1 Ao On Switch A4 

0 0 0 0 S1 1 
0 0 0 1 S2 1 
0 0 1 0 S3 1 
0 0 1 1 S4 1 
0 1 0 0 S5 1 
0 1 0 1 S6 1 
0 1 1 0 S7 1 
0 1 1 1 SB 1 
1 0 0 0 S9 1 
1 0 0 1 S10 1 
1 0 1 0 S11 1 
1 0 1 1 S12 1 
1 1 0 0 S13 1 
1 1 0 1 S14 1 
1 1 1 0 S15 1 
1 1 1 1 S16 1 

v, 
+sv 

A3 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

+15V 

IH5053 

-15V 

TRUTH TABLE 

A2 A1 Ao 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

IH5108 

Vour 

0289-21 

On Switch 

S17 
S18 
S19 
S20 
S21 
S22 
S23 
S24 
S25 
S26 
S27 
S28 
S29 
S30 
S31 
S32 

Figure 15: 1 Of 32 Multiplexer Using 4 IH5108s and An IH5053 As A Submultiplexer. 
Note That The IH5053 ls Protected Against Overvoltages By The IH5108s. 

Submultiplexing Reduces Output Leakage and Capacitance. 

NOTE: Alf typical values have been characterized but are not tested. 
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m HARRIS \&I SEMICONDUCTOR 
IH5116 ~ ... 

16-Channel Fault Protected ~ 
CMOS Analog Multiplexer 

GENERAL DESCRIPTION 
The IH5116 is a dielectrically isolated CMOS monolithic 

analog multiplexer, designed as a plug-in replacement for 
the Hl546 and similar devices, but adding fault protection to 
the standard performance. A unique serial MOSFET switch 
ensures that an OFF channel will remain OFF when the 
input exceeds the supply rails by up to ± 25V, even with the 
supply voltage at zero. Further, an ON channel will be limit
ed to a throughput of about 1.5V less· than the supply rails, 
thus affording protection to any following circuitry such as 
op amps, DI A converters, etc. Cross talk onto "good" 
channels is also prevented. 

A binary 4-bit address code together with the ENable in
put allows selection of any channel or none at all. These 5 
inputs are all TIL compatible for easy logic interface. The 
ENable input also facilitates MUX expansion and cascading. 

ORDERING INFORMATION 

Part 
Number 

IH5116MJI 

IH5116CJI 

IH5116CPI 

Temperature 
Package 

Range 

-55°C to + 125°C 28 pin CERDIP 

0°C to + 70°C 28 pin CERDIP 

0°C to + 70°C 28 pin Plastic DIP 

• 

IH5116 

0290-1 

TOP VIEW 

v+ COMMON TO SUBTRATE 

Figure 1: Pin Configuration 
(Outline dwg JI, Pl) 

FEATURES 
o All Channels OFF When Power OFF, for Analog 

Signals Up to ± 25V 

• Power Supply Quiescent Current Less Than 1 mA 

• ± 13V Analog Signal Range 

o No SCR Latchup 

• Break-Before-Make Switching 

.. TTL and CMOS Compatible Strobe Control 

• Pin Compatible With Hl546 

• Any Channel Turns OFF If Input Exceeds Supply 
Rails By Up to ± 25V 

• TTL and CMOS Compatible Binary Address and 
ENable Inputs 

TRUTH TABLE 

Aa A2 A1 Ao 

x x x x 
0 0 0 0 

0 0 0 1 

0 0 1 0 
0 0 1 1 

0 1 0 0 

0 1 0 1 

0 1 1 0 

0 1 1 1 
1 0 0 0 

1 0 0 1 
1 0 1 0 
1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 

1 1 1 1 

Logic "1"=VAH:?2.4V VENH;c,2.4V 

Logic "O"=VAL,;;o.av 

EN On Switch 

0 NONE 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 
1 9 
1 10 
1 11 
1 12 
1 13 
1 14 
1 15 
1 16 

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 ANO SHALL BE IN LIEU OF All OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 304500-004 
NOTE- All typical values have been characterized but are not tested. 8-117 
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NOT£: A// typical values have been characterized but are not tested. 

S1~ 

S2~ 
S3~ 
S4~ 
S5~ 
sso---t: 

S7~ 
Sa~ ------D 
Sg 0----too---t 

S10~ 
S11~ 
S12~ 
S13~ 
S1~~ 
S1s~ 
S1so---t: 

ADDRESS DECODER 
1 OF 16 

ENABLE 
_INPUT 

EN 

4 LINE BINARY ADDRESS INPUTS 
(0001) AND EN ~ 5V 
ABOVE EXAMPLE SHOWS CHANNELS 9 
TURNED ON. 

Figure 2: Functional Diagram 
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ABSOLUTE MAXIMUM RATINGS 
V1N (A, EN) to Ground .................. -15V to + 15V 
VsorV0 tov+ ........................ +25Vto -40V 
VsorV0 tov- ........................ -25Vto +40V 

V + to Ground .................................... 20V 
v- to Ground .................................. -20V 
Current(Any Terminal) .......................... 20mA 
Operating Temperature 

C Suffix ............................... O'C to + ?O'C 
M Suffix ........................... - 55'C to + 125'C 

Storage Temperature . . . . . . . . . . . . . . . . . . -65 to + 150'C 

Storage Temperature 
C Suffix ........................... - 65'C to + 125'C 
M Suffix ........................... - 65'C to + 150'C 

IH5116 

Lead Temperature (Soldering, 10 Sec.) ............. 300'C 

Power Dissipation• 
28-Pin CERDIP Package .................... 1200 mW 
28-Pin Plastic Package• ...................... 625 mW 

•oevice mounted with all leads soldered or welded to PC board. 

••oerate 16 mWl°C above 75°C 

0 '0erate 8.3 mWl°C above 75°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 operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended peri
ods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (V+ = 15V, v- = -15V, VEN= 2.4V, unless otherwise specified.) 

No Max Limits 

Characteristic Measured Tests Test Conditions Typ M Suffix C Suffix Units 
Terminal Per 25'C 

Temp -55'C 25'C 125'C O'C 25'C ?O'C 

SWITCH 

Ros(on) Sta D 16 Vo= 10V, Sequence each 
900 1200 1200 1800 1500 1500 2000 

Is= -100µA switch on 
!l 

16 Vo=-10V VAL =0.8V, 
900 1200 1200 1800 1500 1500 2000 

Is= -100µA VAH=2.4V 

ii Ros( on) iiR _ RoS!on)max-RoS!on)min 5 % 
OS( on)- Ros(on)avg. 

Vs= ±10V 

ls( off) s 16 Vs= 10V, 
±0.02 ±0.5 ±50 ±1.0 ±50 

Vo= -10V 

16 Vs= -10V, 
±0.02 ±0.5 ±50 ± 1.0 ±50 

Vo=10V 

lo( off) D 1 Vo= 10V, VEN=O.BV 
±0.05 ±1.0 ±100 ±2.0 ±100 

Vs= -10V 
nA 

1 Vo= -10V,Vs=10V ±0.05 ±1.0 ±100 ±2.0 ±100 

lo(on) D 16 Vs(All)=Vo= 10V Sequence each 
±0.1 ±2.0 ±100 ±4.0 ±100 

switch on 

16 Vs(All)=Vo= -10V VAL =0.8V, 
VAH=2.4V ±0.1 ±2.0 ±100 ±4.0 ±100 

FAULT 

ls with s 16 Vsupp=OV, V1N= ±25V, 
±1.0 ±2.0 ±5.0 

Power OFF VEN=Vo=OV, Ao, A,, A2=0Vor 5V 
µA 

ls(off)With s 16 V1N= ±25V, Vo= ±10V 
±1.0 ±2.0 ±5.0 

Overvoltage 

INPUT 

IEN(on) IA(on) Ao.Ai. 4 VA=OV 
O.Q1 -10 -30 -10 -30 

A2,A3 
µA 

or or EN 4 VA=15V 
IEN(off) IA(off) 0.01 10 30 10 30 

NOTE All typical values have been characterized but are not tested. 
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~ ELECTRICAL CHARACTERISTICS 
(V+ = 15V, v- = -15V, VEN=2.4V, unless otherwise specified.) (Continued) 

No 

Characteristic Measured Tests Test Conditions Typ 
Terminal Per 25'C 

Temp 

DYNAMIC 

1transition D See Figure 3 0.3 

t~n D See Figure 4 0.2 

ton(EN) D See Figure 5 0.6 

tolf(EN) D 0.4 

ton-tot! Break- D VEN= + 5V, Ao. A1, A2 Strobed 25 
Before-Make V1N= ±10V, 
Delay Settling See Figure 6 
Time 

"OFF" D VEN=OV, RL =200!1, CL =3pF, 
60 

Isolation Vs=3VRMS, f=500kHz 

Cs( off) s Vg=OV VEN=OV, 5 

Co( off) D Vo=OV f= 140kHz 25 
to 1 MHz 

Cos(off) DtoS Vg=OV, Vo=OV 1 

SUPPLY 

Supply l + 1+ 1 AllVA=OV/5V 0.5 

Curren1 - 1- 1 VEN=5V 0.02 

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

M Suffix C Suffix Units 

-55'C 25'C 125'C O'C 25'C 70'C 

1 

µs 
1.5 

1 

ns 

dB 

pF 

0.6 1.0 
mA 

0.6 1.0 



v, 

IH5116 

3V 
v, 

tr < 100 ns 50% --->-
t1 < 1 00 ns ;;;O."'BV'---' 1 

Your 
V51 =+10V 

v516 =-10V 

Your 
v51 :::-tov 

v516 =+10V 

----~·10V 

ttrans(16-1) 

Rp ... ~ ... Cp l._..,. __ _i 

-.L. PROBE IMPEDANCE 
Rp~1 t.f.(}. 
Cp:S30pF' 

0290-3 

[.---- S 1 ON ----j f---s1s oN-

-9V 

Figure 3: tiransition Switching Test Circuit and Waveforms 

y+ 
+15V 

1--<i-+---+--o Vou1 ------.-
0290-5 

v, 
tr< IOOns 
t1< IOOns 

Your v 1 =-2V 

s1 ON 

lV 

IH5116 

0290-4 

O.BV 

0290-6 

Figure 4: topen (Break-Before-Make) Switching Test Circuit and Waveforms 

NOTE All typical values have been characterized but are not tested 
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IO ... ... .,, 
! 

EN 
t,<tDOns 
ti<tDOns 

Vom 

0.8V 

ov 

V51 =-SV 

V+ 
+tSV 

IH5116 

t---o-~ ...... - .... -ovom .... ____ ,... ... 
GND 

-tsv 
v-

+3V 

35pF 

0290-7 

0290-8 

Figure 5: ENABLE t0 n and toff Switching Test Circuit and Waveforms 

y+ 
+tSV 

+3V 

o_v ________ ~t==== 4 µ•-====J 

BREAK-BEFORE 
MAKE DELAY 

Vom BREAK-BEFORE 
MAKE DELAY 

~ 

0290-9 

Ao· At• A2, A3 
SEQUENCED 

INPUT 
-1ov 

0290-10 

Figure 6: Break-Before-Make Delay Test Circuit and Waveforms 

NOTE: All typical ~have been characterizsd but 1119 not tested. 
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DETAILED DESCRIPTION 
The IH5116, like all Harris multiplexers, contains a set of 

CMOS switches that form the channels, and driver and de
coder circuitry to control which channel turns ON, if any. In 
addition, the IH5116 contains an internal regulator which 
provides a fully TTL compatible ENable input that is identi
cal in operation to the Address inputs. This does away with 
the special conditions that many multiplexer enable inputs 
require for proper logic swings. The identical circuit condi
tions of the ENable and Address lines also helps ensure the 
extension of break-before-make switching to wider multi
plexer systems (see applications section). 

Another, and more important difference lies in the switch
ing channel. Previous devices have used parallel n- and p
channel MOSFET switches. While this scheme yields rea
sonably good ON resistance characteristics and allows the 
switching of rail-to-rail input signals, it also has a number of 
drawbacks. The sources and drains of the switch transistors 
will conduct to the substrate if the input goes outside the 
supply rails, and even careful use of diodes cannot avoid 
channel-to-output and channel-to-channel coupling in cases 
of input overrange. The IH5116 uses a novel series arrange
ment of the p- and n-channel switches (Figure 7) combined 
with a dielectrically isolated process to eliminate these 
problems. 

Within the normal analog signal range, the inherent varia
tion of switch ON resistance will balance out almost as well 
as the customary parallel configuration, but as the analog· 
signal approaches either supply rail, even for an ON chan
nel, either the p- or the n-channel will become a source 

-25V 
OVERVOLTAGE 

SIGNAL 
INPUT 

-15V +15V 

-15V FROM + 15Y FROM 
DRIVER DRIVER 

-15V 

IH5116 

COMMON 
OUTPUT 

0290-11 

Figure 7: Series Connection of Channel Switches 

follower, disconnecting the channel (Figure 8). Thus protec
tion is provided for any input or output channel against over
voltage, even in the absence of multiplexer supply voltages. 
This applies up to the breakdown voltage of the respective 
switches. Figure 9 shows a more detailed schematic of the 
channel switches, including the back-gate driver devices 
which ensure optimum channel ON resistances and break
down voltage under the various conditions. 

Under some circumstances, if the logic inputs are present 
but the multiplexer supplies are not; the circuit will use the 
logic inputs as a sort of phantom supply; this could result in 
an output up to that logic level. To prevent this from occur
ring, simply ensure that the ENable pin is LOW any limo tho 
multiplexer supply voltages aro missing (Figuro t 0). 

N.CHANNELMOSFET-r/lo 
IS TURNED ON 

BECAUSE Vos• + 25V 
'::" '::" 

+25VFORCED 
ON COMMON 
OUTPUT 
LINEBY 
EXTERNAL 

To"'- CIRCUITRY 

.l N·CHANNEL 
":" MOSFET IS OFF 

P·CHANNEL 
MOSFET IS OFF 

(a) OVERVOLTAGE WITH MUX POWER OFF 

-15V +ISV -15V 

(b) OVERVOLTAGE WITH MUX POWER ON 

Figure 8: Overvoltage Protection 

NOTE: AH typical values have beBn characterized but ar8 not tested. 
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IH5116 

! DETAILED DESCRIPTION (Continued) 

-15V 

FROM 
DECODER 

-15V 

+fSV 

0290-14 

Figure 9: Detailed Channel Switch Schematic 

MAXIMUM SIGNAL HANDLING 
CAPABILITY 

Tl1e IH5116 is designed to handle signals in the ±10V 
rango, with a typical Ros(on) of 900!1; it can successfully 
handle signals up to ± 12V, however, Ros(on) will increase 
to about 1.Bk!L Beyond ± 12V the device approaches an 
open circuit, and thus ± 12V is about the practical limit, see 
Figure 11. 
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~OOµA -~ 
A) V+=+15V, V-=-15V 

B) V+ =+12V, V- =-12V 

C) V+ =+10V, v- = -1ov 

D) V+ =+7.5V, V- =-7.5V 
E) V+=+5V, V-=-5V 

JJ 

D 

~ 
1 

~ t--... 
t--, 

E\ 

\] 
!'-.... 

• 

10K.O. 

EN 
INPUT 

0290-15 

Figure 10: Protection Against Logic Input 

Figure 12 shows the input/output characteristics of an 
ON channel, illustrating the inherent limiting action of the 
series switch connection (see Detailed Description), while 
Figure 13 gives the ON resistance variation with tempera
ture. 

~-+-; 

7 
t t 'VI I 

~ IL 
] 11 

VI 7 
N-1 21 7_ 

k"i ~ y 
v 

. 

-15-14-13-12-11-10-9-8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

V1N-Analog Signal Input Voltage (volts) 
0290-16 

Figure 11: Roston) vs Analog Signal Voltage 

NOTE: All typical values have been characterized but are not tested. 
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0290-17 

+Your 

16 

14 

12 

10 

-4 

-6 

-8 

-10 

-12 

-14 

-16 

-Vou1 
0290-18 

Figure 12: MUX Output Voltage vs Input Voltage (Channel 1 Shown; All Channels Slmllar) 

NOTE: AH typical values haWI been chsracleriztld but am not tosted. 
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:E IH5116 APPLICATIONS 

1500 
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1300 

IH5116 
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1000 ...i----
...i-- ---900 

800 -~·· ----700 i--
~ 

600 

500 

400 

300 
200 

100 
0 
-55 

---
V+=+15V 
V-=-15V ' 
Vin =:t10V· 

-25 

---
0 25 45 

Temperature "C 

~ 

70 

Figure 13: Typical Ros(ON) Variation with Temperature 

NOTE: All typical values hsvs been characterized but are not testsd. 
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IH5116 APPLICATIONS (Continued) :!: 

+15V -15V 

EN VL v+ 
+SV +15V 

IH5041 S1 
D1 

Ao 
A1 S1s S1 
A2 +15V -15V 
A3 Vou1 

IH5116 
D2 

D 

EN 
GND 

S32 S17 v-
A4 -15V 

0290-20 

TRUTH TABLE TRUTH TABLE 

A4 A3 A2 A1 Ao ON SWITCH A4 A3 A2 A1 Ao ON SWITCH 

0 0 0 0 0 51 1 0 0 0 0 S17 
0 0 0 0 1 S2 1 0 0 0 1 S18 
0 0 0 1 0 S3 1 0 0 1 0 S19 
0 0 0 1 1 54 1 0 0 1 1 S20 
0 0 1 0 0 S5 1 0 1 0 0 s21 
0 0 1 0 1 56 1 0 1 0 1 S22 
0 0 1 1 0 S7 1 0 1 1 0 S23 
0 0 1 1 1 58 1 0 1 1 1 S24 
0 1 0 0 0 S9 1 1 0 0 0 S25 
0 1 0 0 1 510 1 1 0 0 1 S26 
0 1 0 1 0 511 1 1 0 1 0 S27 

1 1 0 1 1 S28 
1 1 1 0 0 S29 

1 1 1 0 1 S30 • 0 1 0 1 1 512 
0 1 1 0 0 513 
0 1 1 0 1 514 
0 1 1 1 0 515 1 1 1 1 0 S31 
0 1 1 1 1 S16 1 1 1 1 1 532 

Figure 15: 1 of 32 Channel Multiplexer Using 2 IH5116's and an IH5041 for Submultiplexing 

N_OTE: All typical values have been characterized but are not tested. 
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:!: IH5116 APPLICATIONS (Continued) 

+15V -15V 

EN 

Ao D 

A1 515 51 
A2 

+15V -15V 
Your 

A4 

IH5116 

EN D 

532 517 
0290-21 

TRUTH TABLE TRUTH TABLE 

A4 As A2 A1 Ao ON SWITCH A4 As A2 A1 Ao ON SWITCH 

0 D 0 0 0 81 1 0 0 0 0 817 
0 0 0 0 1 82 1 0 0 0 1 818 
0 0 0 .1 0 83 1 0 0 1 0 819 
0 0 0 1 1 84 1 0 0 1 1 820 
0 0 1 0 0 85 1 0 1 0 0 821 
0 0 1 0 1 86 1 0 1 0 1 822 
0 0 1 1 0 87 1 0 1 1 0 823 
0 0 1 1 1 SS 1 0 1 1 1 824 
0 1 0 0 0 89 1 1 0 0 0 825 
0 1 0 0 1 810 1 1 0 0 1 826 
0 1 0 1 0 811 1 1 0 1 0 827 
0 1 0 1 1 812 1 1 0 1 1 828 
0 1 1 0 0 813 1 1 1 0 0 829 
0 1 1 0 1 814 1 1 1 0 1 830 
0 1 1 1 0 815 1 1 1 1 0 831 
0 1 1 1 1 816 1 1 1 1 1 832 

Figure 16: 1 of 32 Channel Multiplexer Using 2 IH5116's 

NOTE: All typical values have been characterized but are not tested. 
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IH5116 APPLICATIONS (Continued) 

Aoo--------1 
•,o---e-+-----1 
•20---t-+-----I 

IH5116 
1 OUT OF 16 

MUX 

IH5116 

As<>::;:+:===c>;··~-::r1rr~r1::r!i!'""~q A,o ._,...,...,...,...,....,..., ..... .,..., ..... ...-...,...,... .... 

(9 

IH5116 
1 OUT OF 16 

MUX 

IH5053 
Your 

0290-22 

Figure 17: 1 of 64 Multiplexer Using 4 1/16s and IH5053 As Submultiplexer 

voltage decreases, as shown in Figure 11. Leakage cur
rents, on the other hand, decrease with a lowering of supply 

co ... ... .,, 
:5 

General note on expandability of IH5116 
Figures 15, 16, and 17 show how the IH5116 can be ex

panded. 

Figure 15 shows a 1 of 32 multiplexer, using 2 IH5116s. 

Figure 16 shows the 1 of 32 MUX of Figure 15, with a 
second tier of submultiplexing added to further reduce leak
age and output capacitance. The IH5041 has typical ON 
resistances of son (max. is 75n) so it only increases thru
put channel resistance from the soon of Figure 15 to about 
950n for Figure 16. 

voltage, and therefore the error term product of ros(on) and B 
leadkage current remains reasonably constant. ros(on) also 
decreases as signal levels decrease. For high system accu-

Figure 17 shows a 1 of 64 MUX using 2 tier MUXing (simi
lar to Figure 16). The Vour point will see 15 OFF channels 
and 1 ON channel at any one time, so that the typical leak
ages will be about 0.05 nA. Throughput channel resistance 
will be in the 950n range. 

USING THE IH5116 WITH SUPPLIES 
OTHER THAN ± 15V 

The IH5116 will operate successfully with supply voltages 
from ± 5V to ± 15V, however, ros(on) increases as supply 

NOTE: All typical values haVB been charactBrizsd but are not tested. 
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racy [acceptable levels of ros(on)l the maximum input signal 
should be 3V less than the supply voltages. The logic levels 
remain TTL compatible. 

APPLICATION NOTES 
Further information may be found in: 

A003 "Understanding and Applying the Analog Switch" 

A006 "A New CMOS Analog Gate Technology" 
A020 "A Cookbook Approach to High Speed Data Acquisi

tion and Microprocessor Interfacing" 

R009 "Reduce CMOS Multiplexer Troubles Tbrough Prop
er Device Selection" 



GENERAL DESCRIPTION 
The IH5208 is a dielectrically isolated CMOS monolithic 

analog multiplexer, designed as a plug-in replacement for 
the H1549 and similar devices, but adds fault protection to 
the standard performance. A unique serial MOSFET switch 
ensures that an OFF channel will remain OFF when the 
input exceeds the supply rails by up to ±25V, even with the 
supply voltage at zero. Further, an ON channel will be limit
ed to a throughput of about 1.5V less than the supply rails, 
thus affording protection to any following circuitry such as 
op amps, DI A converters, etc. 

A binary 2-bit address code together with the ENable in
put allows selection of any channel pair or none at all. 
These 3 inputs are all TTL compatible for easy logic inter
face; the ENable input also facilitates MUX expansion and 
cascading. 

ORDERING INFORMATION 

Part Number 
Temperature 

Range 

IH5208MJE - 55'C to + 125'C 

IH520BIJE - 25'C to + 85'C 

IH5208CPE O'Cto 70'C 

2 LINE BINARY ADDRESS INPUTS 

(OO)ANDEN = 1 

Package 

16 pin CERDIP 

16 pin CERDIP 

16 pin plastic DIP 

0293-1 

ABOVE EXAMPLE SHOWS CHANNELS 1a AND 1b ON 

Figure 1. Functional Diagram 

IH5208 
4-Channel Differential 

Fault Protected 
CMOS Analog Multiplexer 

FEATURES 
•All Channels OFF When Power OFF, for Analog 

Signals Up to ± 25V 
• Power Supply Quiescent Current Less Than 1p.A 
• ± 13V Analog Signal Range 
• No SCR Latchup 
• Break-Before-Make Switching 
• TTL and CMOS Compatible Strobe Control 
• Pin Compatible With Hl549 
• Any Channel Turns OFF If Input Exceeds Supply 

Ralls by Up to ±25V 
• TTL and CMOS Compatible Binary Address and 

ENable Inputs 

TRUTH TABLE 

A1 Ao 

x x 
0 0 
0 1 
1 0 
1 1 

Ao, A1, EN 
Logic "1"=VAH;;,2.4V 
Logic "O"=VALS:0.8V 

V + Common to Substrate 

EN 

0 
1 
1 
1 
1 

IH5208 

TOP VIEW 

On Switch 
Pair 

NONE 
1a,1b 
2a,2b 
3a,3b 
4a,4b 

0293-2 

· Figure 2: Pin Configuration 
(Outline dwg JE, PE) 

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 ANO FITNESS FOR A PARTICULAR USE. 304250-004 
NOTE: All typical values have been characterized but are not tested. 8-130 



ABSOLUTE MAXIMUM RATINGS 
V1N (A, EN) to Ground .................... -15V, + 15V 
V8 orV0 tov+ .......................... +25V, -40V 
VsorV0 tov- .......................... -25V, +40V 
V + to Ground .................................... 20V 
v.- to Ground .................................. -20V 
Current (Any Terminal) .......................... 20mA 
Operating Temperature 

C Suffix ............................... o·c to + 70"C 
I Suffix ............................. - 25"C to + 85"C 
M Suffix ........................... -55"C to + 125"C 

IH5208 

Storage Temperature 
C Suffix ........................... - 65"C to + 125"C 
I & M Suffix ........................ -65"C to+ 150"C 

Lead Temperature (Soldering, 10 sec) .............. 300"C 
Power Dissipation• 

CERDIP Package ............................ 900 mW 
Plastic Package• ............................ 470 mW 
•Device mounted with all leads soldered or welded to PC board. 

.. Derate 12 mW/°C above 75"C 

•noerate 6.3 mWl°C above 75°C 

NOTE: Stresses above those listed under "'Absolute Maximum Ratings" 
may cause permanent damage lo 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 peri
ods may affect device reliability. 

ELECTRICAL CHARACTERISTICS v+ = 15V, v- = -15V, VEN= 2.4V, unless otherwise specified. 

No Max Limits 

Characteristic Measured Tests 
Test Conditions Typ 

M Suffix CSuffix 
Units 

Terminal Per 
25"C -25"C/ 85"C/ 

Temp -55"C 25"C 12s·c 
O"C 

25"C 1o·c 

!SWITCH 

Ros(on) StoD 8 Vo=lOV, Sequence each 
900 1200 1200 1800 1500 1500 2000 

Is= -lOOµA switch on n 
8 Vo= -lOV VAL =0.8V, 900 1200 1200 1800 1500 1500 2000 

ls=-lOOµA VAH=2.4V 

ARos(onJ AR _ Ros(on)max-Ros1on)min 
OS(on)- 5 % RosJon)avg. 

Vs= ±10 

ls( off) s 8 Vs=lOV, 
±0.02 ±0.5 ±50 ±1.0 ±50 

Vo= -lOV 

8 Vs=-lOV, 
±0.02 ±0.5 ±50 ±1.0 ±50 

Vo=lOV 
nA 

lo(off) D 1 Vo=lOV, VEN=0.8V ±0.02 ±1.0 ±100 ±2.0 ±100 
Vs= -lOV 

1 Vo= -10V,Vs=10V ±0.05 ±1.0 ±100 ±2.0 ±100 

lo(on) D 8 Vs(All)=Vo=lOV Sequence each 
±0.1 ±2.0 ±100 ±5.0 ±100 

switch on 

8 Vs(AllJ=Vo= -lOV VAL =0.8V, 
VAH=2.4V ±0.1 ±2.0 ±100 ±5.0 ±100 

FAULT 

ls with s 8 Vsupp=OV, V1N= ±25V, ±1.0 ±2 ±5 
Power OFF VEN=Vo=OV, Ao. A1. A2=0V µA 
ls(off) with s 8 
jovervoltage 

V1N= ±25V, Vo= ±lOV ±1.0 ±5 ±10 

INPUT 

IEN(on) IA(on) or Ao,A1,AA2 4 VA=OV 0.01 -10 -30 -10 -30 
µA 

IEN(off) IA(off) or EN 4 VA=15V 0.01 10 30 10 30 

NOTE: AH typical valufJs have been charactsrized but are not testsd. 
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IO 
~ ELECTRICAL CHARACTERISTICS 

v+ = 15V, v- = -15V, VEN=2.4V, unless otherwise specified. (Continued) 

No 
Characteristic Measured Tests 

Test Conditions 
Terminal Per 

Temp·· 

DYNAMIC 

transition D See Figure3 

!open D SeeFigure4 

on(EN) D SeeFigure5 

~ff(EN) D 

f~n-lo!f Break- D VEN= +5V, Ao. A1, A2 Strobed 
Before-Make V1N= ±10V, 
Delay Settling· 
jTime 

See Figure6 

"OFF" D VEN=OV, RL =2000, CL =3pF, 
Isolation Vg=3VRMS, 1=500kHz 

Cs( off) s Vs=OV VEN=OV, 

Co(off) D Vo=OV 1=140kHz 
to 1 MHz 

Cos( off) DtoS Vs=OV, Vo=OV 

SUPPLY 

Supply l+ 1+ 1 VEN=5V 
!current l- 1- 1 AllVA=OV/5V 

Note 1. Readings taken 400ms after the overvoltage occurs; 

SWITCHING INFORMATION· 

+15V 

PROBE 

' ":RP ··=·Qt ) ..... , .. 
• I 
l---e--.J -15V 

-~ 

PROBE IMPEDANCE 
Rp>:1MD 
Cps30pf 

0293-3 

Typ 
25°C 

0.3 

0.2 

0.6 

0.4 

10 

60 

5 

25 

1 

0.5 

0.02 

IH5208 

Max Limits 

MSuffix CSuffix Units. 

-ss·c 2s·c 12s·c 
-20'C/ 

2s·c 
ss·c1 

0.7 

0.7 

a.av 
1AV 

o.av 

1.5 

1 

0.6 

0.6 

O'C 

0.5 1.0 

0.5 1.0 

o~~-+~~~-+~~~ 

Vs•• 

70'C 

µ.s 

ns 

dB 

pF 

mA 

0293-4 

Figure 3: ttransltion Switching Test Circuit and Waveforms 

NOTE: AH typical values hal/9 blJen charactstiz8d but are not tBsted. 
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SWITCHING INFORMATION (Continued) 

s,.-s .... 
s,b-s4b 

tlOV ..., 
A1 

EN 
+5V 

Y+ 
+15V 

0293-5 

+3.0V 
VA 

SWITCH OUTPUT 
+~ 

I' 
vouT 01---.....,.J--'---~..,..,...,,,~--''

o.9Vo 
Vo 
Vs 

0293-6 

Figure 4: topen (Break-Before-Make) Switching Test Circuit and Waveforms 

Y+ 
+ISV 

0293-7 

+3Y 
YEN ..... ~-~., 

t,ANDlts100na ~-- 50% -~ 
ov IENcooi ,....1£NCOll) 

0.1Vo 

SWITCH OUTPUT 
VOUT 

Vo 
-sv 

0293-0 

Figure 5: Enable Ion and Ion Switching Test Circuit and Waveforms 

v+ 
+15V 

VouT 

0293-9 

to.andi.. LOGIC 
INPUT'51CJM 

+3V 

.;.ov.;..... __ ~i= •.. ::i .. __ .....;:o;;;E~Q~.ENCED 
I I 

IREAK·BEFORE I : o INPUT 
MAKEDELAY-~1 J - --1 1-+IOV 

:v ¥ 
1~1 'w.r BREAK-BEFORE I 1 -' 1_1_N1POVUT 

MAKEDELAY-. -------·. 

0293-10 

Figure 6: Break-Before-Make Delay Test Circuit and Waveforms 

NOTE: AH typical valutls have bB8n characlfltized.but are not tBSltKI.. 
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! DETAILED DESCRIPTION 

The IH5208, like all Harris' multiplexers, contains a set of 
CMOS switches that form the channels, and driver and de
coder circuitry to control which channel turns ON, if any. In 
addition, the IH5208 contains an internal regulator which 
provides a fully TTL compatible ENable input that is identi
cal in operation to the Address inputs. This does away with 

·the special conditions that many multiplexer enable inputs 
require for proper logic swings. The identical circuit condi
tions of the ENable and Address lines also helps ensure the 
extension of break-before-make switching to wider multi
plexer systems (see applications section). 

Another, and more important difference lies in the switch
ing" channel. Previous devices have used parallel n- and p
channel MOSFET switches. While this scheme yields rea
sonably good ON resistance characteristics and allows the 
switching of rail-to-rail input signals, it also has a number of 
drawbacks. The sources and drains of the switch transistors 
will conduct to the substrate if the input goes outside the 
supply rails, and even careful use of diodes cannot avoid 
channel-to-output and channel-to-channel coupling in cases 
of input overrange. The IH5208 uses a novel series arrange
ment of the p- and n-channel switches (Figure 7) combined 
with the dielectrically isolated process to eliminate these 
problems. 

SIGNAL 
INPUT 

-ISV +15V 

-15V FROM + 15V FROM 
DRIVER DRIVER 

-15V 

COMMON 
OUTPUT 

0293-11 

Figure 7: Serles Connection of Channel Switches 

Within the normal analog signal range, the inherent varia
tion of switch ON resistance will balance out almost as well 
as the customary parallel configuration, but as the analog 
signal approaches either supply rail, even for an ON chan
nel, either the p- ·or the n-channel will become a source 
follower, disconnecting the channel (Figure 8). Thus protec
tion is provided for any input or output channel against over
voltage, even irrthErabsence of multiplexer supply voltages. 
This applies up to the breakdown voltage of the respective 
switches. Figure 9 shows a more detailed schematic of the 
channel switches, including the back-gate driver devices 
which ensure optimum channel ON resistances and break
down voltage under the various conditions. 

NOTE: AH typical values have btHJn characlerized but are not 18sted. 
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IH5208 

0293-12 
(a) OVERVOLTAGE WITH MUX POWER OFF 

0293-13 
(b) OVERVOLTAGE WITH MUX POWER ON 

Figure 8: Overvoltage Protection 

Under some circumstances, if the logic inputs are present 
but the multiplexer supplies are not, the circuit will use the 
logic inputs as a sort of phantom supply; this could result in 
an output up to that logic level. To prevent this from occur
ring, simply ensure that the ENable pin is LOW any time the 
multiplexer supply voltages are missing (Figure 10). 



-15V 

FROM 
DECODER 

-1SV 

+1SV 

IH5208 

+15V 

100pF 

0293-15 

Figure 10: Protection Against Logic Input 

MAXIMUM SIGNAL HANDLING 
CAPABILITY 

0293-14 

i;'igure 9: Detailed Channel Switch Schematic 

The IH5208 is designed to handle signals in the ± 1 OV 
range, with a typical ros(on) of 9000; it can successfully 
handle signals up to ± 12V, however, ros(on) will increase to 
about 1.8kf1. Beyond ± 12V the device approaches an 
open circuit, and thus ± 12V is about the practical limit, see 
Figure 11. 

Ros( on) 

(ll) 

Figure 12 shows the input/output characteristics of an 
ON channel, illustrating the inherent limiting action of the 
series switch connection (see Detailed Description), while 
Figure 13 gives the ON resistance variation with tempera
ture. 

2600 

2500 

2400 

2300 
2200 

2100 
2000 I-+--
1900 

1800 
A 

1700 

1600 

1500 

1400 -1 1300 

1--t--+-t-t-t~8tt-t~C1l1l-+-+=rl-~-·t-lc-+-Ht-t-1--+-r-1-+-1f-+-1--t 
D U tl r--t-1 · ·t--t-·tt-+-tc-t-+-f--t-.,._, 

~ ~ IS±Z l~l i 
1200 ll L 
1100 l---+--l-+-ftic-+-f.--Hl+-+Ll¥-+--~f--'JS:'-+--1-+-+!Zl-,,_!-+iJ+--+.1,_t-+--h!Zlr+-+--+--+-l 
1 ~~~ ~::~:::=s~.::;;;~K~;~[SJ~~:.::i;_-:-N~+-;.;.:;:;.::;cz;~.=;-11;;-;.::i;:~1;;.::;~;-i-j 
aoo +--n'·~=-=125iOC""i";;Atf'...~H--1h.."t:t!S4'-8::l:::F1-1k'.'-t:, ~Yl-t-ylZ-t-tilH 
100 t1 ;'·~=~-·~00~µi•Eb-.J~~ffr-..J$~§~i~~t---EB=l!f8Jjj soo :I N H 
500 A) V+:::+ISV, V- -15V 

(OOl---8~)~~-=-•~12~V~,V~--=--1~2V"'--+-+-+-+-t-+-+-+-+-t-+-+-+-+-t-t-+-+-+-t-t--t 
300 ,__~q_v_+_=+_1_ov_._~_=_-_1o_v-+-+-t-+--+--+-+-+-+-+-+-+--+-+-+-+--+-+-+-+-+-1 
200 ,__~o)_V•_=_+_7._5V~,_v-_=_-_7.s_v+--+-+--r-+--+-+-+-+-+--+-f-ft-+--+--+-+-t-+-r-1-1 
100 1--E~)_v•_=_•_sv~·~v-_=_-_sv-+-+-+-+-r-+--+-+-+-+-+--+-+-jt-+--+--+-+-t-+--+--+-1 

~s~-~1.~-~,3~-~1t~-,~1-~10I~_~9~~.~-~1~-s~-~s~-.~-~3--~2~-1,...,_o~,,.....,.2-3,__.•......,..s~s~1-a,,_,•_1~0~1~1~12~,~,~1.~1s 
Output Voltage (volts) 

Figure 11: Ros( on) vs Analog Signal Voltage 
0293-16 

NOTE- AIJ typical values have been characterized but are not tested 
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IH5208 

+VouT 

16 

-14 

-16 

-Your 

0293-17 

Figure 12: MUX Output Voltage vs Input Voltage Channel 1 Shown; All Channels Similar 

Ras( on) 
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1soo~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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1300 
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500 

400 
V+ = +15V 

300 V- =-15V 
200 

V1n=:t:10V 
100 

0 
-55 -25 25 45 70 100 125 

Temperature oC 

Figure 13: Typical Ros(on) Variation with Temperature 

NOTE· All typical values have been characterized but are not tested. 
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USING THE IH5208 WITH SUPPLIES 
OTHER THAN ± 15V 

The IH5208 will operate successfully with supply voltages 
from ± 5V to ± 15V, however ros(on) increases as supply 
voltage decreases, as shown in Figure 11. Leakage cur
rents, on the other hand, decrease with a lowering of supply 
voltage, and therefore the error term product of ros(on) and 
leakage current remains reasonably constant. ros(on) also 
decreases as signal levels decrease. For high system accu
racy [acceptable levels of ros(on)l the maximum input signal 
should be 3V less than the supply voltages. The logic 
thresholds remain TIL compatible. 

IH5208 APPLICATIONS INFORMATION 

Aoo-----l 
A1 o---<t-+--< 

TTUCMOS 
INVERTER 

EN 

+15V -15V 

IH5208 

IH5208 

IH5208 

APPLICATION NOTES 
Further information may be found in: 
A003 "Understanding and Applying the Analog Switch" 
A006 "A New CMOS Analog Gate Technology" 
A020 "A Cookbook Approach to High Speed Data Acquisi

tion and Microprocessor Interfacing" 

+5V +15V 

IH5043 : 
I 
I , 

, 
I 
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A2 

0 
0 
0 
0 
1 
1 
1 
1 

TRUTH TABLE 

On 

A1 Ao Switch 
Pair 

0 0 1 
0 1 2 
1 0 3 
1 1 4 
0 0 5 
0 1 6 
1 0 7 
1 1 8 

Figure 14: 2 of 16 Channel Multiplexer Using Two IH5208s. Overvoltage Protection and 
Break-Before-Make Switching Are Extended to All Channels. 

NOTE All typical values have been characterized but are not tested. 
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:?: IH5208 APPLICATIONS INFORMATION (Continued) 

A3 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

Aoo---~ 
A•0--1--~ 

A2 A1 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

+15V 

Ao 

0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 

+sv +15V 

+SY +15V 

IH5043 

TRUTH TABLE 
0293-21 

On Switch On Switch 

S1a S1b 
S2a S2b 
S3a S3b 
S4a S4b 
S5a S5b 
S6a S6b 
S7a S7b 
S8a VouTa S8b Vourb 
S9a S9b 
510a 510b 
511a 511b 
512a 512b 
513a 513b 
514a 514b 
S15a 515b 
S16a 516b 

Figure 15: Submultiplexed 2 of 32 System. The Two IH5043s Are Overvoltage Protected By The IH5208s. 
Submultiplexing Reduces Output Capacitance and Leakage Currents. 

NOTE: All typical values have been characten'zed but are not tested. 
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HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION 
The IH5216 is a dielectrically isolated CMOS monolithic 

analog multiplexer, designed as a plug-in replacement for 
the Hl547 and similar devices, but adding fault protection to 
the standard performance. A unique serial MOSFET switch 
ensures that an OFF channel will remain OFF when !He 
input exceeds the supply rails by up to ± 25V, even with the 
supply voltage at zero. Further, an ON channel will be limit
ed to a throughput of about 1.5V less than the supply rails, 
thus affording protection to any following circuitry such as 
op amps, D/ A converters, etc. Cross talk onto "good" 
channels is also prevented. 

A binary 3-bil address code together with the ENable in
put allows selection of any channel pair or none at all. 
These 4 inputs are all TTL compatible for easy logic inter
face. The EN able input also facilitates M UX expansion and 
cascading. 

ORDERING INFORMATION 

Part 
Number 

IH5216MJI 

IH5216CJI 

IH5216CPI 

Temperature 
Range 

-55°C to + 125°C · 

o·c to+ 1o·c 
o•cto +1o·c 

v+ 
Db 
NC • 
S8b 
S7b 
S6b 1 

SSb 
S4b 
S3b • 

Package 

26 pin CERDIP 

26 pin CERDIP 

26 pin Plastic DIP 

Da 
v
S8a 
S7a 
S6a 
SSa 

S4a 
S3a 
S2a 
S1a 
EN 
Ao 
A• 
A2 

V + Common to Substrate 0294-1 

Figure 1: Pin Configuration 
(Outline dwgs JI, Pl) 

IH5216; 
8-Channel Differential ~ 

Fault Protected 
CMOS Analog Multiplexer 

FEATURES 
• All Channels OFF When Power OFF, for Analog 

Signals Up to ± 25V 
• Power Supply Quiescent Current Less Than 1 mA 
• ± 13V Analog Signal Range 
• No SCR Latchup ,,, 

• Break-Before-Make Switching . 
• TTL and CMOS Compatible Strobe Control 

• Pin Compatible With Hl547 
• Any Channel Turns OFF If Input Exceeds Supply 

Ralls By Up to ± 25V 

• TTL and CMOS Compatible Binary Address and 
ENable Inputs 

TRUTH TABLE 

A2 A1 Ao 

x x x 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

Logic "1"~VAH<!2.4V VENH<!2.4V 
Logic "O"~VALsO.BV 

EN 
On Switch 

Pair 

0 NONE 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 6 

• 

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. 

NOT£: All typical values have bBen characlerizsd but are not tested. 8-139 



S1ao---.o---. 

S2a~ 

S6a~ 

S7a~ 

SBa~ 

S1 b o---o---. 

S2b~ 

S3b~ 

S7b~ 

S8b~ 

.__ __ _,.Oa 

----Db 

ADDRESS DECODER ENABLE 
1 or 8 LOGIC 

Ao A1 A2 EN (ENABLE INPUT) 

3 LINE BINARY ADDRESS INPUTS 
(OOO}ANDEN =5V 

ABOVE EXAMPLE SHOWS CHANNELS 1 a AND 1 b ON. 

Figure 2: Functional Diagram 

NOTE: All typical values havo been characterized but are not tested 
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ABSOLUTE MAXIMUM RATINGS 
V1N (A, EN) to Ground . .. . . . . .. .. . . .. .. . - 15V to + 15V 
VsorV0 toV+ ........................ +25Vto -40V 
Vs or Vo to v- ........................ -25V to +40V 
v+ to Ground .................................... 20V 
v- to Ground .................................. -20V 
Current (Any Terminal) .......................... 20mA 
Operating Temperature 

C Suffix .............................. O'C to + 70'C 
M Suffix .......................... -55'C to + 125'C 

IH5216 

Storage Temperature 
C Suffix .......................... -65°C to + 125'C 
M Suffix .. .. .. .. .. .. .. .. .. . .. .. .. . - 65°C to + 150°C 

Lead Temperatur.e (Soldering, 10 sec) ............. 300°C 
Power Dissipation' 

28-Pin CERDIP Package'~ .................. 1200mW 
28-Pin Plastic Package"• ................... 625mW 

•oevice mounted with all leads soldered or welded to PC board. 

.. Oerate 16mW/°C above 75°C 

"•Derate 8.3mVl°C above 75°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 operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for·extended peri
ods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (V+ = 15V, v- = -15V, VEN= 2.4V, unless otherwise specified.) 

No Max Limits 

Characteristic Measured Tests Test Conditions Typ M Suffix C Suffix Units 
Terminal Per 25'C 

Temp -55°c 25'C 125'C o·c 25°C 70°C 

SWITCH 

Ros(on) Sto D 16 Vo=10V, Sequence each 
900 1200 1200 1800 1500 1500 2000 

Is= -100µA switch on n 
16 Vo=-10V VAL =0.8V, 

Is= -100µA VAH=2.4V 900 1200 1200 1800 1500 1500 2000 

~Ros(on) ~R _ Ros(on)max-Ros(on)min 5 % 
DS(on) - Ros(on)avg. 

Vs= ±10V 

ls(off) s 16 Vs=10V, 
±0.02 ±0.5 ±50 ±1.0 ±50 

Vo= -10V 

16 Vs= -10V, 
±0.02 ±0.5 ±50 ±1.0 ±50 

Vo=10V 

lo(off) D 1 Vo=10V, VEN=0.8V 
±0.05 ±1.0 ±100 ±2.0 ±100 

Vs=-10V 
nA 

1 Vo= -10V,Vs=10V ±0.05 ±1.0 ±100 ±2.0 ±100 

lo( on) D 16 Vs(All)=Vo= 10V Sequence each 
±0.1 ±2.0 ±100 ±4.0 ±100 

switch on 

16 Vs(All)=Vo= -10V VAL =0.8V, 
VAH=2.4V ±0.1 ±2.0 ±100 ±4.0 ±100 

FAULT 

ls with s 16 Vsupp=OV, V1N= ±25V, 
±1.0 ±2.0 ±5.0 

Power OFF VEN=Vo=OV, Ao. A1, A2=0Vor 5V 
µA 

ls(off)with s 16 V1N= ±25V, Vo=± 10V 
±1.0 ±2.0 ±5.0 

Overvoltage 

NOTE: AH typical values have been characteriz9d but aro not tested. 
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~ ELECTRICAL CHARACTERISTICS 

(V+ = 15V, v- = -15V, VEN=2.4V, unless otherwise specified.) (Continued) 

No 

Characteristic Measured Tests Test Conditions Typ 
Terminal Per 2s·c 

Temp 

INPUT 

IEN(on) IA(on) Ao,A1 4 VA=OV 
0.01 

or A2,A3 

IEN(off) IA(off) or EN 4 VA= 15V 0.01 

DYNAMIC 

!transition D See Figure3 0.3 

lo pen D See Figure 4 0.2 

lon(EN) D See Figure 5 0.6 

lott(EN) D 0.4 

10 n-loff Break- D VEN= + 5V, Ao, A,' A2 Strobed 25 
Before-Make V1N= ±10V. 
Delay Settling See Figure6 
Time 

"OFF" D VEN=OV, RL =200!1, CL =3pF, 
60 

Isolation Vg=3VRMS, f=500kHz 

Cs( off) s Vg=OV VEN=OV, 5 

Co(ott) D Vo=OV 
f=140kHz 25 
to 1 MHz 

Cos(off) DtoS Vg=OV, Vo=OV 1 

SUPPLY 

Supply l + 1+ 1 AllVA=OV/5V 0.5 

Curren~ - 1- 1 VEN=5V 0.02 

NOTE· All typical values have been characterized but are not tested 
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Max limits 

M Suffix C Suffix Units 

-ss·c 2s·c 12s·c o·c 2s·c 1o·c 

-10 -30 -10 -30 
µA 

10 30 10 30 

1 

µs 
1.5 

1 

ns 

dB 

pF 

0.6 1.0 
mA 

0.6 1.0 



50.Cl 

VA 

01 
S1 
s21--+-~ 

S3 
S4 
S5 

Ao S6 
Al S7 

IH5216 SB 

GND 

3V 

Rp •J• Cp 

-r PROBE IMPEDANCE 
Rp;,,:; 1 M!l 
Cp :$ 30 pF 

t,< 1 oo ns o.av 
t1< 100ns ----11 

Vou1 
Ys1=+10V 

v516 =-10V 

+10V 

ltrans{1-16) 

i('i;;;;::;;;.,;-:J;9!::'.,V __ JJ-10V 

IH5216 

0294-3 

f-s1 ON---! f---516 ON-+-

Vou1 
Vs1 =-10V 

v516 =+10V 

____ __, -1ov 

+9V +10V 

lirans{ 1-16) 

ltrans{16-1) 

Figure 3: t1ransition Switching Test Circuit and Waveforms 

NOTE All typical values have been charactenZed but are not tested 
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+15V 

0294-5 

VA 
tr< 100ns 
t1< 100ns 

O.BV 

Vour V51 =-2V 

SI ON 

3V 

S16 ON 

Figure 4: topen (Break-Before-Make) Switching Test Circuit and Waveforms 

+ISV 3V 

IH5216 

1--o-~.----oVou1 
'-.....----.......... 02 

35pf 

Sla-SBa 
Slb-SBb 

i10V 

GND 
-ISV 

0294-7 

v51 =-SV 

Figure 5: Enable t 0 n and t0 11 Switching Test Circuit and Waveforms 

y+ 
+ISV 

t 0 n and toff LOGIC 
INPUT s: 10ns 

+3V 

"'°'ov ___ _.F4µs==t 

IH5216 

O.BV 

0294-6 

0294-8 

Ao, A1, A2 
SEQUENCED 

D 10kJl 
b 

BREAK-BEFORE 
MAKEDELAY I I INPUT 

+IOV ;---

-15V 
I(" 

0294-9 

BREAK-BEFORE 
MAKEDELAY 

Figure 6: t0 n and toff (Break-Before-Make) Delay Test Circuit and Waveforms 

NOTE: All typical values have been characteriZed but are not tested. 
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DETAILED DESCRIPTION 
The IH5216, like all Harris' multiplexers, contains a set of 

CMOS switches that form the channels, and driver and de
coder circuitry to control which channel turns ON, if any. In 
addition, the IH5216 contains an internal regulator which 
provides a fully ITL compatib)e ENable input that is identi
cal in operation to the Address inputs. This does away with 
the special conditions that many multiplexer enable inputs 
require for proper logic swings. The identical circuit condi
tions of the ENable and Address lines also helps ensure the 
extension of break-before-make switching to wider multi
plexer systems (see applications section). 

Another, and more important difference lies in the switch
ing channel. Previous devices have used parallel n- and p
channel MOSFET switches. While this scheme yields rea
sonably good ON resistance characteristics and allows the 
switching of rail-to-rail input signals, it also has a number of 
drawbacks. The sources and drains of the switch transistors 
will conduct to the substrate if the input goes outside the 
supply rails, and even careful use of diodes cannot avoid 
channel-to-output and channel-to-channel coupling in cases 
of input overrange. The IH5216 uses a novel series arrange
ment of the p- and n-channel switches (Figure 7) combined 
with the dielectrically isolated process to eliminate these 
problems. 

SIGNAL 
INPUT 

-15V +15V -15V 

I I T 
-15VFROM +15VFROM 

DRIVER DRIVER 

COMMON 
OUTPUT 

0294-11 

Figure 7: Series Connection of Channel Switches 

Within the normal analog signal range, the inherent varia
tion of switch ON resistance will balance out almost as well 
as the customary parallel configuration, but as the analog 
signal approaches either supply rail, even for an ON chan
nel, either the p- or the n-channel will become a source 
follower, disconnecting the channel (Figure 8). Thus protec
tion is provided for any input or output channel against over
voltage, even in the absence of multiplexer supply voltages. 
This applies up to the breakdown voltage of the respective 
switches. Figure 9 shows a more detailed schematic of the 
channel switches, including the back-gate driver devices 
which ensure optimum channel ON resistances and break
down voltage under the various conditions. 

NOTE· Alf typical values have been characterized but are not tested. 
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-25V 
OVERVOLTAGE 

N·CHANNEL MOSFET ___,_I/Jo 
IS TURNED ON 

BECAUSEVasz +25V 
':"' ~ 

P·CHANNEL 
MOSFET IS OFF 

IH5216 

0294-12 
(a) OVERVOL TAGE WITH MUX POWER OFF 

--:::lll~"= /J t'~'-- EXTERNAL 

N·CHANNEL MOSFET ·---1---,_,,_.,.. N'.c~~:~uE~RY 
IS TURNED ON MOSFET IS OFF 

BECAUSE Vas• +10V -15VFROM +15VFROM P·CHANNEL 
DRIVERS DRIVERS MOSFET IS OFF 

0294-13 
(b) OVERVOLTAGE WITH MUX POWER ON 

Figure 8: Overvoltage Protection 

Under some circumstances, if the logic inputs are present 
but the multiplexer supplies are not, the circuit will use the 
logic inputs as a sort of phantom supply; this could result in 
an output up to that logic level. To prevent this from occur
ring, simply ensure that the ENable pin is LOW any time the 
multiplexer supply voltages are missing (Figure 10). 

• 



-15V 

FROM 
DECODER 

-15V 

+15V 

0294-14 

Figure 9: Detailed Channel Switch Schematic 

• 

EN 
INPUT 

0294-15 

Figure 10: Protection Against Logic Input 

NOTE: All typical values have been charactenzed but are not tested. 
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MAXIMUM SIGNAL HANDLING 
CAPABILITY 

The IH5216 is designed to handle signals in the ± 10V 
range, with a typical ros(on) of 900!!; it can successfully 
handle signals up to ± 12V, however, ros(on) will increase to 
about 1.8k.n. Beyond ± 12V the device approaches an 
open circuit, and thus ± 12V is about the practical limit, see 
Figure 11. 

Figure 12 shows the input/output characteristics of an 
ON channel, illustrating the inherent limiting action of the 
series switch connection (see Detailed Description), while 
Figure 13 gives the ON resistance variation with tempera
ture. 

USING THE IH5216 WITH SUPPLIES 
OTHER THAN ± 15V 

The IH5216 will operate successfully with supply voltages 
from ± 5V to ± 15V, however ros(on) increases as supply 
voltage decreases, as shown in Figure 11. Leakage cur
rents, on the other hand, decrease with a lowering of supply 
voltage, and therefore the error term product of ros(on) and 
leakage current remains reasonably constant. ros(on) also 
decreases as signal levels decrease. For high system accu
racy [acceptable levels of ros(on)l the maximum input signal 
should be 3V less than the supply voltages. The logic 
thresholds remain TTL compatible. 
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IH5216 
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~ ~ i-1-1""'" _L] 1 

T8 -25°C 

~ b.. ~ ~ .L ~ 15 -100µA b.J J...1 ....,..,, ~ 
A) V+-+15V, V---15V 

B) V+=+12V, V-=-12V 

C) V+=+10V, V-=-10V 

D) V+=+7.5V, V-=-7.5V 

E) V+ = +5V, V- = -5V 

I I 
215-14-13-12-11-10-9-8-7-6 -5 -4-3-2 -1 0 1 2 3 4 5 6 7 8 9 10 111213 14 15 

VIN -Analog Signal Input Voltage {volts) 

Figure 11: ros(on) vs Signal Input Voltage ®TA= + 25'C 
0294-16 

NOTE· All typical values have been characterized but are not tested. 
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IH5216 

• 
IHS216 

16 

-2• -22 .. zo -18 -16 -14 -12 -10 -8 -6 14 16 18 20 22 24 

-6 

-8 

-10 

-12 

-14 

-16 

0294-17 

Figure 12: MUX Output Voltage vs Input Voltage Channel 1 Shown; All Channels Similar 

NOTE All typical values have been characterized but are not tested. 
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1500 
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1300 

1200 

1100 

1000 i--- -----
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Ros( on) 800 
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---------500 
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300 
V+ =+15V 
V- =-15V 

200 
V;0 =:t10V 

100 
o 
-55 -25 o 25 45 70 100 125 

Temperature <>c 
0294-18 

Figure 13: Typical Ros(on) Variation vs Temperature 

NOTE· All typical values have been characterized but are not tested. 
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:5 IH5216 APPLICATIONS 

A3 A2 
0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 
1 1 
1 1 

+15V ,,,, ______ __ 
,., __ ....._.,__ ... 
Az 0----1--1--EN~ 

TTL/
lllYllRftR 

81• 

+15V 

-

IH52UI 

88o S1b 

IH52UI 

818o Sib 

-15V 

Sib 

-15V 

S11b 

Your1 YouT2 

0294-19 

Figure 14: 2 of 32 Channel Multiplexer Using 2 IH5216s 

A1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 

TRUTH TABLE 

Ao On Switch 

0 S1a 
1 S2a 
0 S3a 
1 S4a 
0 S5a 
1 S6a 
0 S7a 
1 SB a 
0 S9a 
1 S10a 
0 S11a 
1 S12a 
0 S13a 

''1 S14a 
0 S15a 
1 S16a 

+15Y 
,,,, ______ -! 

"' __ __,,__ ... 
Az --~'"°=EN.,f 

TTL/CMOS 
INVERTER 

A3 

0 
0 
0 
0 
0 
0 
0 

Vour1 0 
1 
1 
1 
1 
1 
1 
1 
1 

TRUTH TABLE 

A2 A1 Ao On Switch 

0 0 0 S1b 
0 0 1 S2b 
0 1 0 S3b 
0 1 1 S4b 
1 0 0 S5b 
1 0 1 S6b 
1 1 0 S7b 
1 1 1 SBb 
0 0 0 S9b 
0 0 1 S10b 
0 1 0 S11b 
0 1 1 S12b 
1 0 0 S13b 
1 0 1 S14b 
1 1 0 S15b 
1 1 1 S16b 

-15Y +15V 

Figure 15: 2 of 32 Multiplexer Using Two IH5216s, and An IH5043 for Submultiplexing 

Vour2 

0294-20 

NOTE: All typical values have been characterized but are not tested 
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General note on expandability 
Fig.ures 14, 15, and 16 show how the IH5216 is expand

ed. Figure 14 shows a 2 of 32 multiplexer, using 2 IH5216s. 
Corresponding output points of each of the IH5216s are 
connected together, and the ENable input strobe is used as 
the A3 input. Since each output (pins 2 and 28) corresponds 

IH5216 

to an "ON" FET and an "OFF" FET, the overall system 
looks like 1 "ON" FET and 7 "OFF" FETs for each of the 
Vaut1 and V 0ut2 outputs. Thus the output leakage will be 1 
locan) plus 7 lo(oll)s or about 0.45nA at room temperature. 
Throughput speed will be typically 0.6µs for tan and 0.4µs 
for t011. with throughput channel resistance in the 950.0. 
area. 

0294-21 

Figure 16: 2 of 64 Multiplexer Using 4 IH5216s and 2 IH5043s as Submultiplexers 

NOTE: All typical values have been characterized but are not tested 
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!: Figure 15 shows the 2 of 32 MUX, with a second tier of 

submultiplexing added to reduce leakage and output capac
itance. The IH5043 has typical ON resistance of 50!1 (max. 
is 75!1) so it only increases throughput channel resistance 
from the 900 ohms of Figure 14 to about 950 ohms for 
Figure 15. Throughput channel speed is a little slower by 
about 0.5µs for both ON and OFF time, and output leakage 
is about 0.2nA. 

Figure 16 shows a 2 of 64 MUX using 2 tier MUXing (simi
lar to Figure 15). The IH5043 is used for the second tier of 
MUXing. Each Vout point will see 7 OFF channels and 1 ON 
channel at anytime, so that the typical leakages will be 
about 0.45nA. Throughput channel resistance will be in the 
950!1 area and throughput switching speeds about 1.3µs 
for ON time and O.Bµs for OFF time. 

The IH5043 was chosen as the second tier of the MUX 
because it will switch the same AC signals as the 5216 (typi
cally plus and minus 15V) and uses break before make 
switching. Also power supply quiescent currents are typical
ly 1-2µA so that no excessive system power is generated. 
Note that the logic of the 5043 is such that it can be tied 
directly to the ENable input (as shown in the figures) with no 
extra logic being required. 

NOTE All typical values have been characterized but are not tested. 
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Enable input strobing levels 
The ENable input acts as an enabling or disabling pin for 

the 5216 when used as a 2 out of 16 channel MUX, howev
er when expanding the MUX to more than 16 channels, the 
EN pin acts as another address input. Figures 14 and 15 
show the EN pin used as the A3 input. TTL and the Enable 
input is CMOS compatible. 

APPLICATION NOTES 
Further information may be found in: 
A003 "Understanding and Applying the Analog Switch" 

A006 "A New CMOS Analog Gate Technology" 
A020 "A Cookbook Approach to High Speed Data Acquisi

tion and Microprocessor Interfacing" 

R009 "Reduce CMOS Multiplexer Troubles through Proper 
Device Selection" 



HARRIS IH6108 Cll) 
0 

SEMICONDUCTOR ... 
8-Channel CMOS co :!: Analog Multiplexer 

GENERAL DESCRIPTION 
The IH6108 is a CMOS one of 8 multiplexer. The part is a 

plug-in replacement for the DG508A. Three line decoding is 
used so that the 8 channels can be controlled by 3 Address 
inputs; additionally a fourth input is provided for use as a 
system enable. When the ENable input is high (5V), a chan
nel is selected by the three Address inputs, and when low 
(OV) all channels are off. The 3 Address inputs are TTL and 
CMOS logic compatible, with a "1" corresponding to any 
voltage greater than 2.4V. 

ORDERING INFORMATION 

Part Temperature 
Package 

Number Range 

IH6108MJE - 55'C to + 125'C 16 pin CERDIP 

IH6108CJE O'Cto70'C 16 pin CERDIP 

IH6108CPE O'Cto70'C 16 pin plastic DIP 

..,. 

~,.._ 
~ 

~..,. 

~o 

~--
~ 
~ ~ 

~,.,. 
~ 

~o 

ADDRESS DECODER 
1 ors 

ENABLE 
INPUT 

EN 

3 LINE BINARY ADDRESS INPUTS 
( 1 0 1) AND EN @ 5V 

~ 

Your 
D 

ABOVE EXAt.tPLE SHOWS CHANNEL 6 TURNED ON. 
0297-1 

Figure 1: Functional Diagram 

FEATURES 
• Ultra Low Leakage - lo( off),;; 100pA Typical 

• ros(on)<400 Ohms Over Full Signal and Temperature 
Range 

• Power Supply Quiescent Current Less Than 100µA 

• ± 14V Analog Signal Range 

• No SCR Latchup 

• Break-Before-Make Switching 

• Binary Address Control (3 Address Inputs Control 8 
Channels) 

• TTL and CMOS Compatible Strobe Control 

• Pin Compatible With DGSOBA, Hl-508 & ADG508A 

•Internal Diode In Series With v+ for Fault Protection 

TRUTH TABLE 

A2 A1 Ao EN 

x x x 0 
0 0 0 1 
0 0 1 1 
0 1 0 1 
0 1 1 1 
1 0 0 1 
1 0 1 1 

1 1 0 1 
1 1 1 1 

Ao, A1, A2 
Logic "1"~VAH~2.4V, VENH~4.5V 
Logic "O" ~ v AL<; 0.8V 

A. 
EN 
v-

s. 

On Switch 

NONE 
1 
2 
3 
4 
5 
6 
7 
8 

A, 

s. 

0297-2 

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. 305530-004 
NOTE: All typical values have been characterized but are not tested. 8-153 
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~ IH6108 ... 
co 
:!: ABSOLUTE MAXIMUM RATINGS 

V1N (A, EN) to Ground .................... -15V to 15V Lead Temperature (Soldering, 10 sec) ............. 300'C 

VsorVotoV+ .............................. 0, -36V Power Dissipation' 

Vs or Vo to V- ................................ O, 36V CERDIP Package'* ......................... 900 mW 
V+ to Ground ................................... 18V 
V- to Ground ................................. -18V 

Plastic Package"* ......................... 470 mW 

Current (Any Terminal) .......................... 30 mA • Device mounted with all leads soldered or welded to PC 
board. 

Current (Analog Source or Drain) ................. 20 mA 
Operating Temperature 

C Suffix ............................... O'C to + 70'C 
M Suffix .. . . . .. .. . .. .. . .. . .. . . . .. . - 55°C to + 125'C 

Storage Temperature ..................... -65 to 150'C 
C Suffix. . . .. . .. . . . . . .. . . . . .. . . . .. . - 65'C to + 125'C 
M Suffix . . . . . . . . . . .. . . . .. . . .. .. . . . - 65'C to + 150'C 

'* Derate 12 mW/'C above 75°C 

••• Derate 6.3 mW/'C above 75'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 operational sections of the specifications is not implied. Exposure to absolute 
maximum raHng conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 
v+ = 15V, v- = -15V, VEN= +5V (Note 1), Ground=OV, unless otherwise specified. 

No Max limits 

Characteristic Measured Tests Typ Test Conditions MSuffix CSuffix Units 
Terminal Per 25°C 

Temp -55°C 25°C 125'C o·c 25'C 70'C 

SWITCH 

Rosian) StoD B 180 Vo= +10V, Is= -1.0mA Sequence each switch on 300 300 400 350 350 450 n 
B 150 Vo= -10V, Is= -1.0mA VAL =O.BV, VAH=2.4V 300 300 400 350 350 450 

ll.Ros(on) 20 Ros(on)= Ros1on)max-Ros(on)min, Vs= ±1ov 
Ros(on)avg. 

% 

8 0.002 Vs=10V, Vo= -10V ±.5 ±50 ±1 ±50 

ls(OFF)_ s 8 0.002 Vs= -10V, Vo= 10V ±.5 ±50 ±1 ±50 

1 0.03 Vo=10V, Vs= -10V VEN=O.BV ±2 ±100 ±5 ±100 nA 

lo(OFF) D 1 0.03 Vo= -10V, Vs= 10V ±2 ±100 ±5 ±100 

B 0.1 Vs(ALL)=Vo= 10V Sequence each switch on ±2 ±100 ±5 ±100 

lo(ON) D B 0.1 Vs(ALL)=Vo= -10V VAL =O.BV, VAH=2.4V ±2 ±100 ±5 ±100 

INPUT 

IAN(ON) or IA(on) A0, A1 or A2 3 0.01 VA=OV -10 -30 -10 -30 

IAN(OFF)_l~tt) 
Inputs 3 0.01 VA=14V 10 30 10 30 

µA 
IA Ao, A1, A2 3 0.01 VEN=5V 

All VA= OV (Address pins) 
-10 -30 -10 -30 

EN 1 0.01 VEN=OV -10 -30 -10 -30 

DYNAMIC 

ltransition D 0.3 See Fig. 3 1 

~n D 0.2 See Fig. 4 

lo~~ D 0.6 
See Fig. 5 

1.5 µs 

toff(EN) D 0.4 1 

"OFF" Isolation D 60 
VEN=OV, RL =200!1, CL=3pF, Vs=3VRMS, 

dB 
1=500kHz 

Cel!>1n s 5 Vs=OV 

Cd(ott) D 25 Vo=OV VEN= OV, I= 140kHz to pF 
1MHz 

Co§l_off) DtoS 1 Vs=OV, Vo=OV 

NOTE 1: See "Enable Input Strobing Levels", in Application Section. 

NOTE: All typical values have been characterized but are not tested. 
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IH6108 

ELECTRICAL CHARACTERISTICS (Continued) 
v+ = 15V, v- = -15V, VEN=+ 5V (Note 1), Ground=OV, unless otherwise specified. 

No Max Limits 

Characteristic Measured Tests Typ Test Conditions MSulfix C Suffix Units 
Terminal Per 25°C 

Temp -55°C 25'C 125'C 0°C 

SUPPLY 

Supply + v+ 1 40 200 
Current - v- 1 2 VEN=5V 100 

Standby + v+ 1 1 All VA= OV or SV 100 
Current - v- 1 1 VEN=OV 100 

SWITCHING INFORMATION 

EN 
5V 

PROBE IMPEDANCE 

Rp ~ 1M!l 

Cp ,; 30pF 

0297-3 

VA 3V 
tr< 100ns 
lt < 100n• o.av SO°le------

ltrans(8-1) 

----+10V 

Vour 
Vs1 = +10V 
Vsa = -1ov 

11"=;;;..o::.:..._-jl -10V 

+9V 

~S80N_.., ~S10N_.., 

Your 
Vs1 = -10V 
Vsa = +10V 

-----1ov -9V 

ltrans{S-1) 

Figure 3: t1ransition Switching Test Circuit and Waveforms 

+15V 

S1 

• 
0297-5 

YA 
tr< 100n1 
t1<100n1 

V Vs1 = -2V 
OUT 

Figure 4: topen (Break-Before-Make) Switching Test Circuit and Waveforms 

NOTE: Afl typical values have been characterized but are not tested. 
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25°C 70°C 

1000 

1000 

1000 µA 

1000 

~SOON--

0297-4 

o.av 
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CD 
0 ... 
co 
! 

+15V 

S1 VEN 
Vs1 tr< 100na 

tr< 100na 
IH6108 

0.8V 
OUT 

Your 

VEN 35pF Vour 
GND -15V 

DY 

0297-7 

Figure 5: t 0 n and totf Switching Test Circuit and Waveforms 

IH6108 APPLICATION INFORMATION 
ENable Input Strobing Levels 

The ENable input on the IH6108 requires a minimum of 
+ 4.5V to trigger to the "1" state and a maximum of + O.BV 
to trigger to the "O" state. If the ENable input is being driven 
from TTL logic, a pull-up resistor of 1 k to 3k0 is required 
from the gate output to + 5V supply. (See Figure 6) 

DM7404N 
TTL LOGIC 

Vour 

Figure 6: ENable Input Strobing from TTL Logic 

When the EN input is driven from CMOS logic, no pullup is necessary, see Fig. 7. 

NOTE: All typical values have been characterized but are not tested. 
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IH6108 Cl) 
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IH6108 APPLICATION INFORMATION (Continued) ~ 

+5V 

0297-10 

Figure 7: ENable Input Driven from CMOS Logic 

The supply voltage of the CD4009 affects the switching 
speed of the IH6108; the same is true for TTL supply volt
age levels. The following chart shows the effect, on !trans 
for a supply varying from + 4.5V to + 5.5V. 

CMOS or TTL Typical ltrans 
Supply Voltage @ 25°C 

+4.5V 400ns 
+4.75V 300ns 
+5.00V 
+5.25V 
+5.50V 

250ns 
200ns 
175ns 

The throughput rate can therefore be maximized by using 
a + 5V to + 5.5V supply for the ENable Strobe Logic. 

The examples shown in Figures 6 and 7 deal with ENable. 
strobing when expansion to more than eight channels is 
required. In these cases the EN terminal acts as a fourth 
address input. If eight channels or less are being multi
plexed, the EN terminal can be directly connected to + 5V 
logic supply to enable the IH6108 at all times. 

Using the IH6108 with supplies other 
than ± 15V 

The IH6108 can be used with power supplies ranging 
from ± 6V to ± 16V. The switch ros(on) will increase as the 

NOTE: All typical values havs been characterized but are not tested 
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supply voltages decrease, however, the multiplexer error 
term (the product of leakage times ros(on)l will remain ap
proximately constant since leakage decreases as the sup
ply voltages are reduced. 

Caution must be taken to ensure that the enable (EN) 
voltage is at least 0.7V below v+ at all times. If this is not • 
done, the Address input strobing levels will not function : 
properly. This may be achieved quite simply by connecting 
EN (pin 2) to v+ (pin 13) via a silicon diode as shown in 
Figure 8. When using this type of configuration, a further 
requirement must be met: the strobe levels of AO and A 1 
must be within 2.5V of the EN voltage in order to define a 
binary "1" state. For the case shown in Figure 8 the EN 
voltage is 11.3V whicl) means that logic high at AO and A 1 
is= +8.8V (logic low continues to be=0.8V). In this config
uration the IH6108 cannot be driven by TTL (+5V) or 
CMOS ( + 5V) logic. It can be driven by TTL open collector 
logic or CMOS logic with + 12V supplies. 

If the logic and the IH6108 have common supplies, the 
EN pin should again be·connected to the supply through a 
silicon diode. In this case, tying EN to the logic supply di
rectly will not work since it violates the 0.7V differential volt
age required between v+ and EN, (See Figure 9). A 1µF 
capacitor can be placed across the diode to minimize 
switching glitches. 
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i!: IH6108 APPLICATION INFORMATION (Continued) 

0297-11 

- Figure 8: IH6108 Connection Diagram for less than± 15V Supply Operation 

1N914 OR ANY SILICON DIODE 

0297-12 

Figure 9: IH6108 Connecti()n Diagram with ENable Input Strobing for less than ± 15V Supply Operation 

Peak-to-Peak Signal Handling Capability 
The IH6108 can handle input signals up to ± 14V (actual

ly -15V to + 14.3V because of the input protection diode) 
when using ± 15V supplies. 

NOTE: All typical values have been characterized but are not tested. 
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The electrical specifications of the IH6108 are guaran
teed for ± 1 OV signals, but the specifications have very mi
nor changes for ± 14V signals. The notable changes are 
slightly lower ros(on) and slightly higher leakages. 



IH6108 APPLICATIONS INFORMATION 

A5 

Ao---.._. 
A1---t-+ .. 

Ai ---+-!!-+ .. 

ITLOR 
c~os 

INVERTER 

+15V 

s,. 

-15V 

IH6108 

Your 

IH6108 

Sg 

0297-13 

NOTE: TTL inverter must have pullup resistor to + SV to drive EN 
input. 

A3 A2 

0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 
1 1 
1 1 

IH6108 

TRUTH TABLE 

A1 Ao On Switch 

0 0 S1 
0 1 S2 
1 0 S3 
1 1 S4 
0 0 S5 
0 1 S6 
1 0 S7 
1 1 SB 
0 0 S9 
0 1 S10 
1 0 S11 
1 1 S12 
0 0 S13 
0 1 S14 
1 0 S15 
1 1 S16 

Figure 10: 1 of 16 Channel Multiplexer Using Two IH6108's. Overvoltage Protection Is 
Maintained Between All Channels, As Is Break-Before-Make Switching. 

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

8-159 

co 
0 .... 
co 
~ 

• 



Cl:) IH6108 0 .. 
co 
:5 IH6108 APPLICATIONS INFORMATION 

-t:»- +SV 

TTL/CMOS INVERTER 

:[)er- Ao VL GND v- V+ 

A1 IH6108 
TTL/CMOS NOR GATE 

A2 
10UTOF8 IH5053 

Al EN MUX 

A; S1 01 

1 ANALOG INPUTS B 

IH6108 
10UTOFB 

MUX S2 

9 ANALOG INPUTS IS Vour 

IH6108 
10UTOFB IH5053 

MUX 

17 ANALOG INPUTS 24 

IH6108 
10UTOFB 

MUX S4 

GND LV V+ v-

+SV +15V -15V 

0297-14 

NOTE: TTL NOR gate must have pullup resistor to + 5V to drive EN inputs. 

TRUTH TABLE TRUTH TABLE 

A4 A3 A2 A1 Ao On Switch A4 A3 A2 A1 Ao On Switch 

0 0 0 0 0 S1 1 0 0 0 0 S17 
0 0 0 0 1 S2 1 0 0 0 1 S18 
0 0 0 1 0 S3 1 0 0 1 0 S19 
0 0 0 1 1 S4 1 0 0 1 1 S20 
0 0 1 0 0 S5 1 0 1 0 0 S21 
0 0 1 0 1 S6 1 0 1 0 1 S22 
0 0 1 1 0 S7 1 0 1 1 0 S23 
0 0 1 1 1 sa 1 0 1 1 1 S24 
0 1 0 0 0 S9 1 1 0 0 0 S25 
0 1 0 0 1 S10 1 1 0 0 1 S26 
0 1 0 1 0 S11 1 1 0 1 0 S27 
0 1 0 1 1 S12 1 1 0 1 1 S28 
0 1 1 0 0 S13 1 1 1 0 0 S29 
0 1 1 0 1 S14 1 1 1 0 1 S30 
0 1 1 1 0 S15 1 1 1 1 0 S31 
0 1 1 1 1 S16 1 1 1 1 1 S32 

Figure 11: 1 of 32 Multiplexer Using 4 IH6108s and Two IH5053's As A Submultiplexer 

NOTE: Alf typical values have been characterized but are not tested 
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1) Ao' or Ao' 

2) A1' orA1' 

3) Ai or Ai 

t 
2 
3 

v
ADDRESS 
DECODER 

EN' GND 

INPUT BUFFER 
&: 

LEVEL SHIFTER 

GND V-

V++ 

Ax' 

v-

Figure 12: IH6108 Schematic Diagram 

NOTE: All typical values have been characterized but are not tested 
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IH6108 

V++ 

EN' 

0297-16 

Figure 13: Enable Input and Level Shifter 

V++ 

EN 

0297-18 

Figure 14: Address Input and Level Shifter 

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

GENERAL DESCRIPTION 
The IH6208 is a 2 of 8 CMOS multiplexer. The part is a 

plug-in replacement for the DG509A. Two line binary decod
ing is used so that the 8 channels can be controlled in pairs 
by the binary inputs; additionally a third input is provided to 
use as a system enable. When the ENable input is high (5V) 
the channels are sequenced by the 2 line binary inputs, and 
when low (OV) all channels are off. The 2 Address inputs 
are controlled by TIL logic or CMOS logic elements with a 
"O" corresponding to any voltage less than O.BV and a "1" 
corresponding to any voltage greater than 2.4V. Note that 
the ENable input must be taken to 5V to enable the system, 
and less than O.BV to disable the system. 

ORDERING INFORMATION 

Part Number Temperature Range 

IH6208MJE - 55'C to + 125'C 

IH6208CJE O'C to 70'C 

IH6208CPE O'Cto 70'C 

S1a o----o--+o----. 

52a~o---.. 

S3a~o--
S.o1a~o---

s, b o----o---+<:>----• 

S2b~o--

S3b~o--
S4b~o----' 

ADDRESS DECODER 
1 or 4 

ENABLE 
INPUT 

EN 

Package 

16 pin CERDIP 

16 pin CERDIP 

16 pin Plastic DIP 

..----Db 

0300-1 

2.LINE BINARY ADDRESS INPUTS 

(0 0) AND EN ~ 5V (EN ~ "1" FOR + 5V, "O" FOR OV) 

ABOVE EXAMPLE SHOWS CHANNELS 1 a AND 1 b ON 

Figure 1: Functional Diagram 

IH6208 ~ 
4-Channel Differential : 

CMOS Analog Multiplexer :5 

FEATURES 
• Ultra Low Leakage - lo(off) :s: 100pA Typical 

• ros(on)<400 Ohms Over Full Signal and Temperature 
Range 

• Power Supply Quiescent Current Less Than 100µA 

• ± 14V Analog Signal Range 
• No SCR Latchup 
• Break-Before-Make Switching 

• Binary Address Control (2 Address Inputs Control 2 
Out of 8 Channels) 

• TIL and CMOS Compatible Address Control 

• Pin Compatible With Hl509, DG509A & ADG509A 
• Internal Diode In Series With V+ For Fault 

Protection 

TRUTH TABLE 

A1 Ao EN 

x x 0 
0 0 1 
0 1 1 
1 0 1 
1 1 1 

Ao, Ai 
LOGIC "1"~VAH;>2.4V VENH;>4.5V 
LOGIC "O"~VAL~O.BV 

0 

IH6208 

On 
Switch 

Pair 

NONE 
1a, 1b 
2a,2b 
3a, 3b 
4a,4b 

A1 

GND 

Y+ 

S1b 

S2b 

11 S3b 

S4b 

Figure 2: Pin Configuration 
0300-2 

• 

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WJTH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE 
CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE ANO 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. 8-163 
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! ABSOLUTE MAXIMUM RATINGS 
V1N (A, EN) to Ground ...................... -15V, 15V Storage Temperature 
v 8 orV0 tov+ .............................. o, -36V C Suffix ........................... -65°C to + 125°C 
VsorVotov- ................................ 0,36V M Suffix ........................... -65°C to + 150°C 
v+ to Ground .................................... 18V Lead Temperature (Soldering, 10 sec) .............. 300°C 
v- to Ground . . .. . . . . .. . . .. . . . . .. . .. . .. .. . . . .. . -18V Power Dissipation• 
Current (Any Terminal) .......................... 30mA CERDIP Package•• .......................... 900 mW 
Current (Analog Source or Drain) ................. 20mA Plastic Package••• ....•......•.............. 470 mW 
Operating Temperature *Device mounted with all leads soldered or welded to PC board. 

C Suffix ............................... 0°C to + 70°C .. Derate 12 mW/°C above 75"C 
M Suffix ........................... -55°C to+ 125°C • •"' Derate 6.3 mW /°C above 75gC 

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 
v+ = 15V, v- = -15V, VEN= +5V (Note 1), Ground=OV, unless otherwise specified. 

No Max Limits 

Characteristic Measured Tests 
Terminal Per 

Typ 
25°C 

Test Conditions M Suffix c Suffix Units 

Temp -55°C 25°C 125°C 0°C 25°C 70°C 

\sWITCH 

Ros( ON) StoD 8 180 Vo= +10V, Is= -1.0mA Sequence each switch on 300 300 400 350 350 450 
n 

8 150 Vo= -10V, Is= -1.0mA VAL =0.8V, VAH= 2.4V 300 300 400 350 350 450 

il.Ros(ON) 20 il.R = Ros(on)max-Ros(on)min V = +lOV 
OS(on) Ros(on)avg. ' s -

% 

8 0.002 Vs= 10V, Vo= -10V ±.5 ±50 ±1 ±50 

lfil_OFI')_ s 8 0.002 Vs= -10V, Vo= 10V ±.5 ±50 ±1 ±50 

2 0.03 Vo=10V, Vs= -10V VEN=0.8V ±2 ±50 ±5 ±100 nA 

IQLOFI')_ D 2 0.03 V0 = -1ov, Vs=1ov ±2 ±50 ±5 ±100 

8 0.1 vfil_AL!J.. =Vo= 1 ov Sequence each switch on ±2 ±50 ±5 ±100 

IQ.Lo~ D 8 0.1 V~ALy_= -10V VAL =0.8V, VAH=2.4V ±2 ±50 ±5 ±100 

INPUT 

IA(on) Ao,A1 2 0.01 VA=OV -10 -30 -10 -30 

I~ 2 0.01 VA=14V 10 30 10 30 
µA 

IA Ao,A1 2 0.01 VEN=5V AllVA=OV -10 -30 -10 -30 

EN 1 0.01 VEN=OV (Address Pins) -10 -30 -10 -30 

DYNAMIC 

transition D 0.3 See Fig. 3 1 

flooen D 0.2 See Fig.4 

Efi!9!)1 D 0.6 See Fig. 5 1.5 µs 

E~ D 0.4 1 

"OFF" Isolation D 60 VEN=OV, RL =200n, CL =3pF, Vs=3VRMS, dB 
1=500kHz 

c~!!!. s 5 Vs=OV VEN=OV, I= 140kHzto 

C<!Lol.!l.. D 12 Vo=OV 1MHz pf 

led~ DtoS 1 Vs=OV, Vo=OV 

SUPPLY 

Supply + v+ 1 40 200 1000 

!current - v- 1 2 VEN=5V 100 1000 

Standby + v+ 1 1 All VA=OVor5V 100 1000 µA 

Current - v- 1 1 VEN=OV 100 1000 

NOTE 1: See ''Enable Input Strobing Levels'', in Application Section. 

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

3.0V 

1.4V 

O.BV t------1 

ltrans 

0300-3 

S4b 

IH6208 

IH6208 

Your 
y- 021-'"'-f.~~...--<PROBE 

<RP :t: Cp 

~-~-~ PROBEIMPEDANCE 
Rp 21MO 

Cp S 30pF 0300-4 

Figure 3: t1rans Switching T.est Circuit and Waveforms 

+15V 

-2V 

IH6208 

VouT 
02 

35pf v. 
GND 

-15V 
":" 0300-6 

0300-5 

Figure 4: topen (Break-Before-Make) Switching Test Circuit and Waveforms 

VEN 
Ir & tt :5100n1 

SWITCH OUTPUT 
Your 
(SEE FIG. 3) 

0.9Vo 
Vo 
~v 

+5V 

0300-7 

Figure 5: Enable t0 n and toff Switching Test Circuit and Waveforms 

NOTE: All typical values have been characterized but are not tested. 
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~ · IH6208 APPLICATION INFORMATION 

ENable Input Strobing Levels 
The ENable input on the IH6208 requires a minimum of 

+ 4.5V to trigger it into the "1 " state and a maximum of 
+ o.av to trigger it into the "O" state. If the ENable input is 
being driven from TTL logic, a pull-up resistor of 1 k to 3kfi 
is required from the gate output to + 5V supply. (See Figure 
6). 

Figure 6: ENable Input Strobing From TTL Logic 

When the EN input is driven from CMOS logic, no pullup is necessary. (See Fig. 7) 

+5V 

Figure 7: CMOS Logic Driving ENable Pin 

NOTE: All typicaf values have been characterized but are not tested 
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IH6208 

IH6208 APPLICATION INFORMATION (Continued) 
The supply voltage of the CD4009 affects the switching 

speed of the IH6208; the same is true for TTL supply volt
age levels. The chart below shows the effect on ltrans for a 
supply varying from + 4.5V to + 5.5V. 

CMOS OR TYPICAL ltrans 
TTL SUPPL y @ 25°C 

+4.5V 
+4.75V 
+5.0V 

+5.25V 
+5.50V 

400ns 
300ns 
250ns 
200ns 
175ns 

The throughput rate can therefore be maximized by using 
a + 5V to + 5.5V supply for the EN able Strobe Logic. 

The examples shown in Figures 6 and 7 deal with ENable 
strobing when expansion to more than four differential 
channels is required; in these cases the EN terminal acts as 
a third address input. If four channel pairs or less are being 
multiplexed, the EN terminal can be directly connected to 
+ 5V to enable the I H6208 at all times. 

Using the IH6208 with supplies other 
than ± 15V 

The IH6208 can be used with power supplies ranging 
from ± 6V to ± 16V. The switch ros(on) will increase as the 

1N914 

• ~~'" 00~~ "~' [ 

supply voltages decrease, however, the multiplexer error 
term (the product of leakage times ros(on)l will remain ap
proximately constant since leakage decreases as the sup
ply voltages are reduced. 

Caution must be taken to ensure that the enable (EN) 
voltage is at least 0. 7V below V + at all times. If this is not 
done the Address Input strobing levels will not function 
properly. This may be achieved quite simply by connecting 
EN (pin 2) to V + (pin 14) via a silicon diode as shown in 
Figure 8. A further requirement must be met when using this 
type of configuration; the strobe levels at AO and A 1 must 
be within 2.5V of the EN voltage in order to define a binary 
"1" state. For the case shown in Figure 8 the EN voltage is 
11.3V, which means that logic high at AO and A 1 is= + 8.8V 
(logic low continues to be= 0.8V). In this configuration the 
IH6208 cannot be driven by TIL ( + 5V) or CMOS ( + 5V) 
logic. It can be driven by TIL open collector logic or CMOS 
logic with + 12V supplies. 

If the logic and the IH6208 have common supplies, the 
EN pin should again be connected to the supply through a 
silicon diode. In this case, tying EN to the logic supply di
rectly will not work since it violates the 0.7V differential volt
age required between v+ and EN (See Figure 9). A 1µF 
capacitor can be placed across the diode to minimize 
switching glitches. 

+12V 

) . ~"·-· '~"" 
A CHANNELS 

COMMON DRAIN OUTPUT = D1 1 9 D2 = B CHANNEL DRAIN OUTPUT a..------ (COMMON) 

0300-11 

Figure 8: IH6208 Connection Diagram for Less Than ± 15V Supply Operation 

NOTE: All typical values have been characterized but are not tested. 
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! IH6208 APPLICATION INFORMATION (Continued) 

1N914 

I I 
I u I 
---~~--' 

Figure 9: IH6208 Connection Diagram With ENable Input Strobing 
for Less Than ± 15V Supply Operation 

Peak-to-Peak Signal Handling Capability 
The IH6208 can handle input signals up to ± 14V (actual· 

ly -15V to + 14.3V because of the input protection diode) 
when using ± 15V supplies. 

The electrical specifications of the I H6208 are guaran
teed for ± 10V signals, but the specifications have very mi· 
nor changes for ± 14V signals. The notable changes are 
slightly lower ros(on) and slightly higher leakages. 

NOTE All typical values have been characterized but are not tested. 
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IH6208 APPLICATION INFORMATION (Continued) 

1) J.o' OR~ 
2) A1' OR A,' 

ADDRESS 
DECODER 

GND V-

GHD V- v-
V++ 

Figure 10: % IH6208 Schematic Diagram 

NOTE: AH typical values havs been characterized but are not tesled. 
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V++ 

Figure 11: Enable Input and Level Shifter 

V++ 

Figure 12: Address Input and Level Shifter 

NOTE: All typieal values have been charact6rized but are not tested. 
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m HARRIS w SEMICONDUCTOR 

Features: 

• TTL-compatible input logic level~ 
• 25-mA [ typ.] "onstant-current 

segment outputs 
• Eliminates need for output current

limiting resistors 
• Pin compatible wit/1 other industry 

standard decoders 
• Low standby power dissipation -

18 mW (typ.) 

The RCA-CA3161E is a monolithic intergrated circuit that 
performs the BCD-to-seven-segment decoding function 
and features constant-current segment drivers. When used 
with the CA3162E AID Converter· the CA3161 E provides a 
complete digital readout system with a minimum number of 
external parts. 

The CA3161 is supplied in the 16-lead dual-in-line plastic 
package (E suffix). The CA3161 is also available in chip 
form (H suffix). 

•The CA3162E is described in RCA data bulletin File No. 
1080. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Interface Circuits 

CA3161 

BCD-to-Seven-Segment 
Decoder /Driver 

BCD { 21 I 
INPUTS 22 

NC 3 

NC 

NC 

BCD { z> 6 
INPUTS 20 

GND 
TOP VIEW 

y+ 

:tSEGllENT b DRIVER 
OUTPUTS 

c 

• . 
HCS·3034!HU 

TERMINAL ASSIGNMENT 
CA3161E 

DC SUPPLY VOLTAGE (between terminals 1 and 10) .............................................•.......••.••.•..•....•..... +7 V 

INPUT VOLTAGE (terminals 1, 2, 6, 7) .......................•.............•....••................•.....•..........•.....•.. +5.5 V 

OUTPUT VOLTAGE: 

Output "Off" ..•..........................•........................••........................•.•..............•......... +7 V 

Output "On" (See note 1) . . . . . . . . . . . • . . . . • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . • . . . . . • • . . • • • . . +10 V 

DEVICE DISSIPATION: 

Up to T• = +55°C ...........................................................................•..•..........•...........•.. 1 W 

Above T. = +55° C ................................................................•............. derate linearly at 10.5 mW/° C 

AMBIENT TEMPERATURE RANGE: 

Operating .........................................................................................•.....•....•.•.. O to+ 75° C 

Storage ......................................................................................•.•....•.......... -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 seconds max ...•.............•.....•.•........•..•...••• +265°C 

NOTE 1: This is the maximum output voltage for any single output. The output voltage must be consistent with the maximum dissipation and 
derating curve for worst-case conditions. Exart)ple: All segments "on". 100% duty cycle. 

File Number 1079 
9-2 



TRUTH TABLE 

BINARY INPUTS 

STATE 23 22 21 20 a 

0 L L L L L 

1 L L L H H 

2 L L H L L 

3 L L H H L 

4 L H L L H 

5 L H L H L 

6 L H H L L 

7 L H H H L 

8 H L L L L 

9 H L L H L 

10 H L H L H 

11 H L H H L 

12 H H L L H 

13 H H L H H 

14 H H H L L 

15 H H H H H 

OUTPUTS 

b c d e 

L L L L 

L L H H 

L H L L 

L L L H 

L L H H 

H L L H 

H L L L 

L L H H 

L L L ' 

L L L H 

H H H H 

H H L L 

L L H L 

H H L L 

L H H L 

H H H H 

9.3 

f 9 

L H 

H H 

H L 

H L 

L L 

L L 

L L 

H H 

L L 

L L 

H L 

L L 

L L 

L H 

L L 

H H 

DISPLAY 

0 
I 

2 
3 
y 
5 
5 
1 
B 
g 
--

E 
H 
L 
p 

BLANK 

Interface Circuits 

CA3161 u; ... 
C') 
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Interface Circuits 

; CA3161 .... 

B 
{ 

.. 6 
BCD 22 

INPUTS z' 
zO 

~SEGMENT q ·-· 
SEGMENT DRIVER 

BCD TO 
7-SEGMENT 

DECODER 

a 

•G_/• 
·/ /c -.-

SEGMENT 
IDENTIFICATION 

CO!iSTANT 
CURRENT 
SEGMENT 
DRIVERS 

3 • 1 : SEGMENT 
DRIVER 

e OUTPUTS 

f 

• 

Fig. I-Functional block diagram of the CA3161E. 

ELECTRICAL CHARACTERISTICS at TA= 25°C 

CHARACTERISTIC LIMITS UNITS 
Min. TY_p. Max. 

Supply Voltage Operating Range, v+ 4.5 5 5.5 v 
Supply Current, 1+ (all inputs high) - 3.5 8 mA 

Output Current Low (Vo = 2 V) 18 25 32 mA 

Output Current High (Vo= 5.5 V) - - 250 µA 

Input Voltage High (logic "1" level) 2 - - v 
Input Voltage Low (logic "O" level) - - 0.8 v 
Input Current High (logic "1 ") 2V -30 - - µA 

Input Current Low (logic "0") OV -40 - -· µA 

tPHL - 2.6 -
Propagation Delay Time µs 

tPLH - 1.4 -

9-4 
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30-
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Interface Circuits 

10 
I 

20 30 40 50 60 

ll1 ll~1l!!!ll~1 llll1~•' 
70 
I 

B2 
BO 

"l .. 
II 931-2.1331 

The photographs and dimensions represent 
a chip when it is part of the wafer. When tne 

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. 

k ·-10 I {Q.102- 0 254) 

(4------~12.0~97~:~~0~9,---------<•"< 

D1menst0ns in parentheses are in millimeters and 
are derived from the basic inch dimensions as in
dicated. Gnd graduations are in mils (1(13 inch). 

92CM-3l009 

Dimensions and pad layout for the CA3161H. 

CA3161 

ORDERING INFORMATION 

Part Number Temperature Range Package 

CA3161E ooc to + 7ooc 16-Pin Plastic Dip 

9-5 
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HARRIS 
SEMICONDUCTOR 

2-Digit BCD-to-7-Segment 
Decoder/Driver 
For Common-Anode LED Displays 

Features 
• Separate BCD inputs and segment outputs for each digit 
• Input loading lass than 15 µA 
• 12L logic with buffered inputs and outputs 
• Internal input ovarranga protection circuit 
• 5-V supply operation 
• Internal biasing circuits 
• Output drive capability of 25 mA par segment 
• Open collector outputs drive indicators directly 

The RCA-CA3168E•is a monolithic integrated circuit 
intended for 2-digit display such as "numbers" for TV and 
"CB" channel selection, and other 0-99 numerical or 
counting for consumer or industrial indicator applications. 
It consists of two independent BCD-to-7-segment 
decoder/drivers. Two sets of BCD inputs are buffered with 
p-n-p differential amplifier stages internally referenced to 
1. 7 V. Each of the eight input terminals draws less than 15 
µA and is provided with·an internal protection circuit. 

Decoding is accomplished with 12L ROM's. The fourteen 
output terminals are buffered with Darlington pairs driving 
common-emitter output transistors. Each output is capable 
of sinking 25 mA for an LED common-anode display 
device. The supply-voltage range (Vccl is intended to be 
4.5 V to 6 V. The output voltage (VO) must not exceed 12 V, 
which provides for a wide range of common-anode voltage 
sources. 

The CA3168E is supplied in the 24-lead dual-in-line plastic 
package. 

•Formerly RCA Dev. Type No. TA10337 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Interface Circuits 

CA3168 

ORDERING INFORMATION 

Part Number Temperature Range Package 

CA3168 ooc to + 7ooc 24-Pin Plastic Dip 

CA3168E 

TERMINAL ASSIGNMENT 

MSD BCO 
INPUTS 

MSD SEGMENT 
OUTPUTS 

TOP VIEW 

LSD SEGMENT 
OUTPUTS 

92CS- 31032 

SUPPLY-VOLTAGE, Vee .................................................................................................. 6 v 
INPUT-VOLTAGE (MIN.IMAX.) ..................................................................................... -0.3/Vcc v 
INPUT CURRENT (PROTECTION CIRCUIT) ........................................................................... ±10 mA 
OUTPUT VOLTAGE, Vo ................................................................................................. 12 V 
OUTPUT SEGMENT CURRENT, IDISPLAY· .............................................................................. 25 mA 
AMBIENT TEMPERATURE RANGE: 

Operating ....................................................................................................... Oto +70°C 
Storage ... '. .................................................................................................. -55 to +150°C 

POWER DISSIPATION: 
Up to +70°C •......•................................................................................................ 400 mW 
Above +70°C .................................................................................... derate linearly at 8.7 mW/'C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 
10 seconds max ..................................................................................................... +265° C 

File Number 1140 
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Interface Circuits 

TYPICAL ELECTRICAL CHARACTERISTICS at Vee= 5 V, v, = GND, 
VDISP. = 12 V, and TA= 25°C, See Fig. 2 
Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITIONS LIMITS 

Min. Typ. Max. 

Input Voltage High, V1H 2.4 5 Vee 

Input Voltage Low, VIL 0 - 0.6 

Input Current High, l1H All BCD Inputs= 5 V - - 15 

Input Current Low, l1L All BCD inputs= 0 V -10 - -

On·State Output Voltage, Vol lo(Sink) = 25 mA - - 1 

Off-State Output Current, loH - 5 50 

Power Supply Drain Current, I CC Vee= 6 v - 17 25 

Input Capacitance, C1 - 5 -

TRUTH TABLES 

Most Significant Digit (MSD) Least Significant Digit (LSD) 

INPUTS OUTPUTS DISPLAY INPUTS OUTPUTS 

DCBA a b c d e f g DCBA a b c d e f 

0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 I I 0 0 I I I I I 0 0 0 I I 0 0 I I I 

0 0 I 0 0 0 I 0 0 I 0 2 0 0 I 0 0 0 I 0 0 I 

0 0 I I 0 0 0 0 I I 0 3 0 0 I I 0 0 0 0 I I 

0 I 0 0 I 0 0 I I 0 0 y 0 I 0 0 I 0 0 I I 0 

0 I 0 I 0 I 0 0 I 0 0 5 0 I 0 I 0 I 0 0 I 0 

0 I I 0 0 I 0 0 0 0 0 6 0 I I 0 0 I 0 0 0 0 

0 I I I 0 0 0 I I I I 1 0 I I I 0 0 0 I I I 

I 0 0 0 0 0 0 0 0 0 0 8 I 0 0 0 0 0 0 0 0 0 

I 0 0 I 0 0 0 0 I 0 0 9 l 0 0 I 0 0 0 0 I 0 

I 0 I 0 0 I I 0 0 0 I [ I 0 I 0 I 0 0 I 0 0 

I 0 I I 0 0 0 I 0 0 0 R I 0 I I I 0 0 0 0 I 

I I 0 0 0 0 I I 0 0 0 p I I 0 0 I I I 0 0 0 

I I 0 I 0 I I 0 0 0 0 E I I 0 I 0 I I I 0 0 

I I I 0 I I I I I I 0 - I I I 0 I I I I I I 

I I I I I I I I I I I BLANK I I I I I I I I I I 

9.7 
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UNITS 

v 
v 

µA 

µA 

v 
µA 

mA 

pF 

DISPLAY 

g 

I 0 
I I 
0 2 
0 3 
0 4 
0 5 • 0 6 
I 1 
0 B 
0 9 
0 H 
I J 

I L 
0 F 
0 -
I BLANK 
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Interface Circuits 

CA3168 

Vee 
13»------< MSD BIAS 

CIRCUIT 

MSD 
ROM I 

ADDRESS 
DECODER 

MSD 
ROM 2 

ADDRESS t-t+t-1---i 
DECODER 

OUTPUT 
BIAS CIRCUIT 
112-FOR MSD 

MSD SEGMENT 
OUTPUTS 

92CM- 310~4 

NOTE: Functional diagram for least significant digit 1s identical 
to functional diagram used for MSD with the exception 
of Terminal Assignments (see Terminal Assignment dia-

d gram). A separate LSD Bias circuit, and Y, of the Output 
DISPLAY SEGMENT 1DENTIFICATION Bias Circuit is used for LSD. 

"' .... 
:::> 
a. 
~ 
0 
0 

"' 

0 

"' ,._ 

Fig. 1 - Functional diagram for Most Significant Digit (MSD). 

INPUT 
SUFFERS 

OUTPUT vo(PINS 6-12( MSD), 
CA 3IGSE SUFFERS PINS 14-2DILSDI] 

6 oM RLOAD 
Io 

bM 

"' >-
:::> 
a. .... 
:::> 
0 

UJ 
> 
ii: 
0 

.... 
z 
UJ 

"' "' UJ 

"' 

Vo1SPLAY 
Vee GNO (DISPLAY SUPPLY) 92CS-31033 

NOTE: See truth table for test sequence of input/output logic tests and 
Minimum RLOAD = VDISPLAY - Vol for each of the 14 segment 

Max. I DISPLAY 
drive output terminals. (LED is not used in test circuit) 

Fig. 2 - Test circuit. 
9-B 



Ax 

AL,BL,CL,DL 
AM,BM,CM,DM 

Fig. 3 - Schematic diagram of CA3168E. 

Qll Ql5-Ql8 
+5V (501£0) l.9V 

Interface Circuits 

CA3168 

Vee +5 

GND 
OUTPUT CELL 

92CS.34698 

Fig. 4 - Schematic diagram of CA3168E input cell. Fig. 5 - Schematic diagram of CA3168E output cell. 
9-9 
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g;m~~T~ ICM7211/12 
4-Digit LCD/LED 

Display Driver 
.. 
~ ._ 
• g 

GENERAL DESCRIPTION 
The ICM7211 (LCD) and ICM7212 (LED) devices consti

tute a family of non-multiplexed four-digit seven-segment 
CMOS display decoder-drivers. 

The ICM7211 devices are configured.to drive convention
al LCD displays by providing a complete RC oscillator, divid
er chain, backplane driver, and 28 segment outputs. 

The ICM7212 devices are configured to drive common
anode LED displays, providing 28 current-controlled, low 
leakage, open-drain n-channel outputs. These devices pro
vide a BRighTness input, which may be used at normal logic 
levels as a display enable, or with a potentiometer as a 
continuous display brightness control. 

These devices are available with multiplexed or micro
processor input configurations. The multiplexed versions 
provide four data inputs and four Digit Select inputs. This 
configuration is suitable for interfacing with multiplexed BCD 
or binary output devices, such as the ICM7217, ICM7226 
and ICL7135. The microprocessor versions provide data' in
put latches and Digit Address latches under.control of high
speed Chip Select inputs. These devices simplify the task of 
implementing a cost-effective alphanumeric seven-segment 
display for microprocessor systems, without requiring exten
sive ROM or CPU time for decoding and display updating. 

The standard devices will provide two different decoder 
configurations. The basic device will decode the four bit bi
nary inputs into a seven-segment alphanumeric hexadeci
mal output. The "A" versions will provide the "Code B" out
put code, i.e., 0-9, dash, E, H, L, P, blank. Either device will 
correctly decode true BCD to seven-segment decimal out
puts. 

Devices in the ICM7211 /7212 family are packaged in a 
standard. 40 pin plastic dual-in-line and 44 pin plastic sur
face mount packages and all inputs are fully protected 
against static discharge. · 

ORDERING INFORMATION 

Part Number 
Temperature 

Package 
Range 

ICM72111PL -40°Cto +85°C 40-Pin Plastic DIP 

ICM7211MIPL -40°Cto +85°C 40-Pin Plastic DIP 

ICM7211AIPL -40°C to + 85°C 40-Pin Plastic DIP 

ICM7211AMIPL -40°Cto +85°C 40-Pin Plastic DIP 

ICM7211AIM44 -40°c to + 85°C 44-Pin P. Flatpack 

ICM7211AMIM44 -40°c to + 85°C 44-Pin P. Flatpack 

ICM7212AMIPL -40°c to + 85°C 40-Pin Plastic DIP 

ICM7211 (LCD) FEATURES 
• Four Digit Non-Multiplexed 7 Segment LCD Display 

Outputs With Backplane Driver 
• Complete Onboard RC Oscillator to Generate 

Backplane Frequency 
• Backplane Input/Output Allows Slmple 

Synchronization of Slave-Devices to a Master 
• ICM7211 Devices Provide Separate Digit Select 

Inputs to Accept Multiplexed BCD Input (Pinout and 
Functionally Compatible With Siliconlx DF411) 

• ICM7211M Devices Provide Data and Digit Address 
Latches Controlled by Chip Select Inputs to Provide 
a Direct High Speed Processor Interface 

• ICM7211 Decodes Binary to Hexadecimal; ICM7211A 
Decodes Binary to Code B (0-9, Dash, E, H, L, P, 
Blank) · 

• ICM7211A Available In Surface Mount Package 

ICM7212AM (LED) FEATURES 
• 28 Current-Limited Segment Outputs Provide 4·Digit 

Non-Multiplexed Direct LED Drive at>5mA Per 
Segment 

• Brightness Input Allows Direct Control of LED 
Segment Current With a Single Potentiometer or 
Dlgitally as a Display Enable 

• ICM7212AM Device Provides Same Input 
Configuration and Output Decoding Options as the 
ICM7211AM 

Display Dis play Input Display Drive 
Type Decoding· Interfacing Type 

LCD Hexadecimal Multiplexed Direct Drive 

LCD Hexadecimal Microprocessor Direct Drive 

LCD CodeB Multiplexed Direct Drive 

LCD CodeB Microprocessor Direct Drive 

LCD CodeB Multiplexed Direct Drive 

LCD CodeB Microprocessor Direct Drive 

LED CodeB Microprocessor Common Anode 

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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OSCILLATOR 
INl'UT 

DATA 
IWUlll 

CHIP Sl!UECT 1 
CiilP iiLiCf 2 

llNADUI 

ICM7211 (A) 

Dll 
llt-OUTPUTS 

OSCILLATOR 
191CHz 
FR&

RUNNINQ 

IJACIC· 
PUNE 
OAIVEn 

DZTllCTORt---------------~ 

D4 --

INAllLE 

ICM7211(A)M 

OSCILLATOR 
19KHz 
FREE· 

RUNNING 

+128 

BACK· 
PLANE 
ORIV!ll 

DEnCTOR r----------------' 

Figure 1: Functional Diagrams 

NOTE: All lyplcal va/uBs hsVB bssn characf8rizsd but 1U6 not testsd. 
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CP INPUT/ 
OUTPUT 

BP INPUT/ 
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Figure 1: Functional Diagrams (Cont.) 
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ICM7211/12 Cll ... .... ... ... 
Cll .... 

Voe 1 • 40 d1 Voe 40 d1 Voe 1• d1 :I 
e1 39 c1 e1 39 c1 e1 c1 !:! 
g1 38 b1 g1 38 b1 g1 b1 

fl 37 a1 11 37 a1 fl a1 

BP 36 osc BP 36 osc BRT Vss 
a2 35 Vss a2 35 Vss a2 Vss 
b2 7 34 

wl 
b2 34 Chip Select 2 b2 Chip Select 2 

c2 8 33 D3 Digit c2 33 Chip Select 1 c2 Chip Select 1 
Select 

d2 32 D2 Inputs d2 32 Digit Address Bit 2 d2 Digit Address Bit 2 

e2 10 7211 31 D1 e2 7211M 31 Digit Address Bit 1 e2 10 
7212AM 

Digit Address Bit 1 

g2 11 721 lA 30 "] g2 721 lAM 30 "] g2 11 "] 12 12 29 B2 Data 12 29 B2 Data 12 12 B2 Data 

a3 13 28 B1 Inputs a3 28 B1 Inputs a3 13 B1 Inputs 

b3 14 27 BO b3 27 BO b3 14 BO 

c3 15 26 14 c3 26 14 c3 15 14 

d3 16 25 g4 d3 25 g4 d3 16 g4 

e3 17 24 e4 e3 24 e4 e3 17 e4 

g3 18 23 d4 g3 23 d4 g3 18 d4 

13 19 22 c4 13 22 c4 13 19 c4 

a4 20 21 b4 a4 b4 a4 20 b4 

0364-5 0364-6 0364-B 

DIP Packages Outline (PL) 

2lo ~ 0.. g <.> <.> 
0.. c. 0 :;; u :;; a " c. 0 :;; u :;; a ~ 
"' " > z 0 "' > z 

a2 V55 •2 Yss 

b2 

wl 
b2 Chip Select 2 

c2 D3 Digit c2 Chip Select 1 

Select d2 Digit Address Bit 2 
d2 02 Inputs 

•2 Digit Address Bit 1 
•2 D1 

NC NC 
NC NC 

g2 "] g2 

") 12 B2 Data 
12 B2 Data d3 81 Inputs 

d3 Bl Inputs 
b3 BO Ill b3 BO c3 14 

c3 14 

., ., ., !:? ... <.> ... ~ ~ 1 ... 
" . .. " z ..0 .. ., 

':l 
.., !!! ... 0 ::;'; ~ ~ 1 ... 

0364-7 " .. " z .. 
0364-2 

Surface Mount Packages (M44) 

Figure 2: Pin Configurations (Outline Drawing PL) 

NOTE: All typical values have been charact9fizod but are not testod. 
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ICM7211/12 

~ ABSOLUTE MAXIMUM RATINGS 

~ 
Power Dissipation (Note 1) ................. 0.5W@70'C Operating Temperature Range ......••. -40'C to +85'C 
SupplyVoltage(Voo-Vss) ....................... 6.5V Storage Temperature Range .......... -55'C to+ 125'C 
Input Voltage (Any Terminal) (Note 2) Lead Temperature (Soldering, 10sec) .•.......••.. 300'C 
............................. Vss -0.3VtoVoo+0.3V 

NOTE 1: This limit refers to that of the package and will not be realized during normal operation. 
NOTE 2: Due to the SCA structure inherent in the CMOS process, connecting any terminal to voltages greater than Voo or less than Vss may cause destructive 

device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same power supply be applied to the device 
before its supply is established, and that in multiple supply systems, the supply to the ICM7211/ICM7212 be turned on first. 

NOTE: Stresses above those listed und8f ''Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functions/ 
operation of the device st these or any oth8f oondilions 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 
ICM7211 CHARACTERISTICS (LCD) Voo= 5V ± 10%, TA= 25'C, Vss= OV unless otherwise specified. 

Symbol Parameter Test Conditions Min Typ Max Units 

VsuPPLY Operating Supply Voltage Range <Voo-Vssl 3 5 6 v 
loo Operating Current Test circuit, Display blank 10 50 

µA 
losc1 Oscillator Input Current Pin36 ±2 ±10 

tR, tF Segment Rise/Fall Time CL =200pF 0.5 
p.S 

tR, tF Backplane Rise/Fall Time CL=5000pF 1.5 

fosc Oscillator Frequency Pin 36 Floating 19 kHz 

f9p Backplane Frequency Pin 36 Floating 150 Hz 

ICM7212 CHARACTERISTICS (COMMON ANODE LED) 

Symbol Parameter Test Conditions Min Typ Max Unfts 

VsuPPLY Operating Supply Voltage Range <Voo-Vss) 4 5 6 v 
lsTBY Operating Current Pin 5 (Brightness), 

10 50 µA 
Display Off Pins 27-34=Vss 

loo Operating Current Pin 5 at Voo. Display all B's 200 mA 

lsL~ Segment Leakage Current Segment Off ±0.01 ±1 µ.A 

lsEG Segment On Current Segment On, Vo= +3V 5 8 mA 

NOTE:All typicsl-havobHncharactlNizsdbutBnlnol-

9-14 
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INPUT CHARACTERISTICS (ICM7211 AND ICM7212) 

Symbol Parameter Test Conditions Min Typ 

V1H Logical "1" input voltage 4 

V1L Logical "O" input voltage 

l1LK Input leakage current Pins 27-34 ±.01 

C1N Input capacitance Pins27-34 5 

lsPLK BP/Brightness input leakage Measured at Pin 5 with Pin 36 at Vss ±.01 

Csp1 BP/Brightness input capacitance All Devices 200 

AC CHARACTERISTICS-MULTIPLEXED INPUT CONFIGURATION 

twH Digit Select Active Pulse Width Refer to Timing Diagrams 1 

tos Data Setup Time 500 

toH Data Hold Time 200 

t1os Inter-Digit Select Time 2 

AC CHARACTERISTICS- MICROPROCESSOR INTERFACE 

twL Chip Select Active Pulse Width other Chip Select either held active, or 
200 

both driven together 

tos Data Setup Time 100 

toH Data Hold Time 10 0 

tics Inter-Chip Select Time 2 

Yss 

1 Yoo 40 
2 39 
3 1Ct.t7211(A)(t.t) 38 
4 37 
5 BP osc 36 
6 Yss 35 
7 

{" 8 Digit/Chip 33 
Select 

y ( t.tlCROPROCESSOR) 
DD VERSION 

EACH SEGt.tENT 
OUTPUT TO 
BACKPLANE 

WITH A 200pF 
CAPACITOR 

NOTE: All typical values havo been charactorized but are not testod. 

9 Inputs 32 
10 31 
11 r 12 Data 29 
13 Inputs 28 

14 27 
15 26 
16 
17 
18 
19 
20 

Figure 3: Test Circuit 
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Yss (t.tULTIPLEXED) 
VERSION 

Max Units 

v 
1 

±1 µA 

pF 

±1 µA 

pF 

µs 

ns 

µs 

ns 

µs 
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~ TYPICAL PERFORMANCE CHARACTERISTICS 
I! 
!:! 

ICM7211 OPERATING SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 

ICM7211 BACKPLANE FREQUENCY AS A 
FUNCTION OF SUPPLY VOLTAGE 

L~D 0Jy1_cJs. 1.:e'sr clRCUIT 
25 f-DISPLAY BLANK -+--l--+--11--+---I 

180 -L~b-o-.l-1cI~Es-~-~~-~--J~7~--. 
l-~=25"C -+-!---+--+--+-~-+-......+-+-~ 

150 1---+--+--+-+--+--+---+-~...,P°:,,.Cosc-+--=+-0 ---t--1 

1---+--+--+-+--+--+---i,"_L_l'-+--(PIN 36 OPEN) -1 
PIN 36 OPEN 

, 
3 4 

Vsupp (VOLTS) 

L1 
1~1--1~-+-+---+-17~~~-+-+--t---+-~' 

~ .. -1 

30 1--+--+-t-+--+--+-t-+--!i..--<-±-=:-ri----! 
Cosc=220pf 

o..__.__.___._....__.__.___._....__._~~~ 

1 

0364-10 

ICM7212 LED SEGMENT CURRENT AS A 
FUNCTION OF OUTPUT VOLTAGE 

l--+--+-i-+--!--:::ol'""_:::;.........,1-V~ ! 8V 1--f--i r 
£ 10t---+--+--~~~r-1-+--t--+--t---1t--T--t---I 

i/iZ Vsupp • 5V 

lll'.l£vsupp • 4V 

.lL 
,_ 

3 4 
Vsupp (VOLTS) 

2 3 4 5 • 
Vo<VOLTS) 

0364-12 

0364-11 

NOTE: AH typical values hsvs bsBn charact8lized but are not tesf9d. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 

ICM7212 LED SEGMENT CURRENT AS A 
FUNCTION OF BRIGHTNESS CONTROL VOLTAGE 
12 

sJG11e1NT o~TPJ AT ~av I 7-f- TA=25°C 
_1J 

v 10 

lL 
I-_j,_ 

v 
IZl 

L1 
L 

_£ 
0 H 

0 2 3 4 
VOLTAGE ON BRT PIN 5 (VOLTS) 

0364-13 

INPUT DEFINITIONS 

ICM7212 OPERATING POWER (LED DISPLAY) AS A 
FUNCTION OF SUPPLY VOLTAGE 

1800 ,--L,.Jo_D_X.-1c-J,-...,T,-T.-,.T---,.-.--.---,...--.----. 
f- DISPLAY ALL EIGHTS [Tl 

LED FORWARD VOLTAGE DROP 
1500 f- VFLEO ~ 1.7V 

PINS AT Voo 1 
TA=25'C lT 

12001---+----l~+---+~+---+--4~+~~~+---+---'1--~ 

~ v 
~ 9001---+-----!~-+---+~+--,....i~j;7"~....---+~+--+-----!~ 

a. v 
600t---+--+-_,,,,-+l-"" __ ,__+--t--+--+---t~+--+--< 

3001---+----l~+---+~+---+--4~+--+~+---+----I 

5 
VsUPP (VOLTS) 

6 

0364-14 

In this table, Voo and Vss are considered to be normal operating input logic. levels. Actual input low and high levels are 
specified under Operating Characteristics. For lowest power consumption, input signals should swing over the full supply. 

Input Terminal Conditions Function 

BO 27 Voo =Logical One 
Vss =Logical Zero Ones (Least Significant) 

Voo=Logical One 
B1 28 V ss = Logical Zero Twos 

Data Input Bits 
Voo =Logical One 

B2 29 V ss =Logical Zero Fours 

Voo =Logical One 
B3 30 Vss =Logical Zero Eights (Most significant) 

osc 36 Floating or with ex- Oscillator input 
(LCD Devices Only) ternal capacitor to Voo 

Vss Disables BP output devices, allowing segments to be 
synchronized to an external signal input at the BP terminal (Pin 5) 

NOTE: All typical values haV9 b8en characterized but are not tested. 
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~ ICM7211 MULTIPLEXED-BINARY INPUT CONFIGURATION 
:I 
!:! Input Terminal Conditions Function 

D1 31 Yoo=Active D1 Digit Select (Least significant) 

D2 32 Yss =Inactive D2 Digit Select 

D3 33 D3 Digit Select 

D4 34 D4 Digit Select (Most significant) 

ICM7211M/ICM7212M MICROPROCESSOR INTERFACE INPUT CONFIGURATION 

Input 

DA1 

DA2 

CS1 

CS2 

Description Terminal 

Digit Address 31 
Bit 1 (LSB) 

Digit Address 32 
Bit2 (MSB) 

Chip Select 1 33 

Chip Select 2 34 

DIGIT SELECT 
DN·1 

DIGIT SELECT 
ON 

CS1 
(CS2) 

CS2 
(CS1) 

DATA AND 
DIGIT 
ADDRESS 

Conditions 

Yoo= Logical One 
Yss = Logical Zero 

Yoo= Inactive 
Yss=Active 

Dn·1 
DATA VALID 

Function 

DA 1 & DA2 serve as a two bit Digit Address Input 
DA2, DA1 =OO selects D4 
DA2, DA 1 = 01 selects D3 
DA2, DA1=10 selects D2 
DA2, DA 1 = 11 selects D1 

When both CS1 and CS2 are taken low, the data at the Data 
and Digit Select code inputs are written into the input latches. 
On the rising edge of either Chip Select, the data is decoded 
and written into the output latches. 

Dn 
DATA VA ID 

0364-15 

Figure 4: Multiplexed Input Timing Diagram 

- = DON'T CARE 

0364-16 

Figure 5: Microprocessor Interface Input Timing Diagram 

NOTE: All typical values havo been characterized but are not tested. 
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DESCRIPTION OF OPERATION 
LCD DEVICES 

The LCD devices in the family (ICM7211, 7211 A, 7211 M, 
7211 AM) provide outputs suitable for driving conventional 
four-digit, seven-segment LCD displays. These devices in
clude 28 individual segment drivers, backplane driver, and a 
self-contained oscillator and divider chain to generate the 
backplane frequency. 

The segment and backplane drivers each consist of a 
CMOS inverter, with the n- and p-channel devices ratioed to 
provide identical on resistances, and thus equal rise and fall 
times. This eliminates any DC component, which could arise 
from differing rise and fall times, and ensures maximum dis
play life. 

The backplane output devices can be disabled by con
necting the OSCillator input (pin 36) to Vss· This allows the 
28 segment outputs to be synchronized directly to a signal 
input at the BP terminal (pin 5). In this manner, several slave 
devices may be cascaded to the backplane output of one 
master device, or the backplane may be derived from an 
external source. This ·allows the use of displays with charac
ters in multiples of four and a single backplane. A slave 
device represents a load of approximately 200pF (compara
ble to one additional segment). Thus the limitation of the 
number of devices that can be slaved to one master device 
backplane driver is the additional load represented by the 
larger backplane of displays of more than four digits. A good 
rule of thumb to observe in order to minimize power con
sumption is to keep the backplane rise and fall times less 
than about 5 microseconds. The backplane output driver 
should handle the backplane to a display of 16 one-half
inch characters. It is recommended, if more than four devic
es are to be slaved together, the backplane signal be de
rived externally and all the ICM7211 devices be slaved to it. 
This external signal should be capable of driving very large 
capacitive loads with short (1-2µs) rise and fall times. The 
maximum frequency for a backplane signal should be about 
150Hz although this may be too fast for optimum display 
response at lower display temperatures, depending on the 
display type. 

ON Sfet.IENTS L------'r-
0364-17 

Figure 6: Display Waveforms 

NOTE: All typical vafuss have been characterized but are not tested. 
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ICM7211/12 N .. .... ... .. 
The onboard oscillator is designed to tree run at approxi- N 

mately 19kHz at microampere power levels. The oscillator "" 
frequency is divided by 128 to provide the backplane Ire- ::IE 
quency, which will be approximately 150Hz with the oscilla- S:! 
tor free-running; the oscillator frequency may be reduced by 
connecting an external capacitor between the OSCillator 
terminal and Voo. 

The oscillator may also be overdriven if desired, although 
care must be taken to ensure that the backplane driver is 
not disabled during the negative portion of the overdriving 
signal (which could cause a D.C. component to the display). 
This can be done by driving the OSCillator input between 
the positive supply and a level out of the range where the 
backplane disable is sensed (about one fifth of the supply 
voltage above Vss). Another technique for overdriving the 
oscillator (with a signal swinging the full supply) is to skew 
the duty cycle of the overdriving signal such that the nega
tive portion has a duration shorter than about one microsec
ond. The backplane disable sensing circuit will not respond 
to signals of this duration. 

LED DEVICES 
The LED device in the family (7212AM) provides outputs 

suitable for directly driving four-digit, seven-segment com
mon-anode LED displays. These devices include 28 individ
ual segment drivers, each consisting of a low-leakage, cur
rent-controlled, open-drain, n-channel transistor. 

The drain current of these transistors can be controlled 
by varying the voltage at the BRighTness input (pin 5). The 
voltage at this pin is transferred to the gates of the output 
devices for "on" segments, and thus directly modulates the 
transistor's "on" resistance. A brightness control can be 
easily implemented with a single potentiometer controlling 
the voltage at pin 5, connected as in Figure 7. The potenti
ometer should be a high value (1 OOK!l to 1 M!!) to minimize 
power consumption, which can be significant when the dis
play is off. 

The BRighTness input may also be operated digitally as a 
display enable; when high, the display is fully on, and low 
fully off. The display brightness may also be controlled by 
varying the duty cycle of a signal swinging between the two 
voltages at the BRighTness input. 

Note that the LED device has two connections for Vss; 
both of these pins should be connected. The double con
nection is necessary to minimize effects of bond wire resist
ance with the large total display currents possible. 

When operating LED devices at higher temperatures 
and/or higher supply voltages, the device power dissipation 
may need to be reduced to prevent excessive chip tempera
tures. The maximum power dissipation is 1 watt at 25°C, 
derated linearly above 35°C to 500mW at 70°C ( -15mW l°C 
above 35°C). Power dissipation for the device is given by: 

p = (Vsupp-VFLEol(lsEGHnsEGl 
where VFLED is the LED forward voltage drop, lsEG is seg
ment current, and nsEG is the number of "on" segments. It 
is recommended that if the device is to be operated at ele
vated temperatures the segment current be limited by use 
of the BRighTness input to keep power dissipation within 
the limits described above. 



-----4----Voo (LED ANODES) 

0364-18 

· Figure 7: Brightness control 

INPUT CONFIGURATIONS AND 
OUTPUT CODES 

The standard devices in the ICM7211 /12 family accept a 
four-bit true binary (ie, positive level= logical one) input at 
pins 27 thru 30, least significant bit at pin 27 ascending to 
the most significant bit at pin 30. The ICM7211 and 
ICM7211 M devices decode this binary input into a seven
segment alphanumeric hexadecimal output, while the 
ICM7211 A, ICM7211 AM, and ICM7212AM decode the bina
ry input into seven'Segment alphanumeric "Code B" output, 
i.e. 0-9, dash, E. H, L, P, blank. These codes are shown 
explicitly in Table 1. Either decoder option will correctly de
code true BCD to a seven-segment decimal output. 

.. TABLE 1: Output Codes 

BINARY HEXADECIMAL ·coDEB 
ICM7211 ICM7211A 

B3 B2 B1 BO ICM7211M ICM7212AM 

0 0 0 0 
,, ,-, 
L.• ,_, 

0 0 0 1 : I 
' 

0 0 1 0 1? =· ,_ 
0 0 1 1 =· 

;; _, _, 
0 1 0 0 ·-: ,_, 

I 
0 1 0 c .-

1 .J ;J 

0 1 1 0 
,- ,-
Q lj 

0 1 1 1 
-, -, 
' I 

1 0 0 0 8 '=' ,_, 
1 0 0 1 0 •.J _, -' 
1 0 1 0 ;~ -
1 0 1 1 b 

,-
c 

1 1 0 0 
,- :; ,_ 

1 1 0 1 
I I 

1:1 ,_ 
1 1 1 0 

,-
•: :=· 

1 1 1 1 
,-

IBLANKl ,-

0364-19 

These devices are actually mask-programmable to pro
vide any 16 combinations of the seven segment outputs 
decoded from the four input bits. For large quantity orders 
custom decoder options can be arranged. Contact the fac
tory for details. 

The ICM7211 and ICM7211 A devices are designed to ac
cept multiplexed binary or BCD input. These devices pro
vide four separate digit lines (least significant digit at 

NOTE: All typical values have been chatact6riz8d but are not tsst9d. 
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pin 31 ascending to most significant digit at pin 34), each of 
which when taken to a positive level decodes and stores in 
the output latches of its respective digit the character corre
sponding to the data at the input port, pins 27 through 30. 

The ICM7211M, ICM7211AM, and ICM7212AM devices 
are intended to accept data from a data bus under proces
sor control. 

In these devices, the four data input bits and the two-bit 
digit address (DA 1 pin 31, DA2 pin 32) are written into input 
buffer latches when both chip select inputs (CS 1 pin 33, 
CS2 pin 34) are taken low. On the rising edge of either chip 
select input, the content of the data input latches is decod
ed and stored in the output latches of the digit selected by 
the contents of the digit address latches. 

An address of 00 writes into D4, DA2 = 0, DA 1 = 1 writes 
into D3, DA2 = 1, DA 1 = O writes into D2, and 11 writes into 
D1. The timing relationships for inputting data are shown in 
Figure 5, and the chip select pulse widths and data setup 
and hold times are specified under Operating Characteris
tics. 

0364-20 

Figure 8: Segment Assignment 

APPLICATIONS 

S!LECTI ::============::::._j 
DIGIT! 5:====:'.._j 

···~------------~ 
···~-------------~ 

Figure 9: Ganged ICM7211's Driving 
8-Digit LCD Display 
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l-OfGIT 
LCD-.AY 

•IV BBBBBBBBJ 
_b _[!_ -· _il J_ _il _,,. • - Olllllll DIGITS LOW Olllllll DIGITI 
• a • P'IO 27 •6V I 2.JA I.IA Yoo I !I --- l ,.;::.::: -- .. .. -- .... p ... llTA&.t • - DATA .,... DATA.,... OIC-1 -

a uO ~llSt-5151 ~DSt-CiiaJ • 
l'I - aoec 17 a a a l'I • SI :M a a a St • D :M • SXTA&.S D 

~ Pl7JI 
•iiilT ..... 

t-- 7U• II 

-:;:- 80C48 21 

µCOMPUTER: 
llC- ... • ., ..,. t-110 

{ '" -·· ti •Tt •• 11 
•iiii .. .. .. 

09711 

~'!fliTll 

l l I [ 

0364-22 
Figure 10: 80C48 Microprocessor Interface 

NOTE: AH typlcaJ WlluBs have been charactstiztKJ but ars not tssltld. 
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HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION ~. 
The ICM7218 series of universal LED·dtlver systems pro

vide, in a single package, all the circuitry necessary to inter
face most common microprocessors or digital system~ to 
an LED display. Included on chip are an 8-byte static display 
memory, 2 types of 7-segment decoders, multiplex scan cir
cuitry, and high current digit and segment drivers for either 
common-cathode or common-anode displays. 

The ICM7218A and ICM7218B feature 2 control lines 
(WRITE and MODE) which write either 4 bits of control in
formation (DATA COMING, SHUTDOWN.DECODE, and 
HEXA/CODE B) or 8 bits of display input data. Display data 
is automatically sequenced into the 8-byte internal memory 
on successive positive going WRITE pulses. Data may be 
displayed either directly or decoded in Hexadecimal or 
Code B formats. 

The ICM7218C and ICM7218D feature 2 control lines 
(WRITE and HEXA/CODE B/SHUTDO¥\'N), 4 separate dis
play data input lines, and 3 digit address lines. Display data 
is written into the internal memory by setting up a digit ad
dress and strobing the WRITE line low. Only Hexadecimal 
and Code B formats are available for display outputs. 

ORDERING INFORMATION 

.Part Temperature 
Package 

Number Range 

ICM7218AIJI -40°Cto +85°C 28-PIN CERDIP 

ICM7218BIJI -40°Cto +85°C 28-PIN CERDIP 

ICM7218CIJI -40°Cto +85°C 28-PIN CERDIP 

ICM7218DIJI -40°cto +85°C 28-PIN CERDIP 

,; ICM7218 
, .. ·.n :, 8-Digit LED µP 

·<"Compatible Multiplexed 
,,: ,·~Displ'-Y Decoder Driver 

• Microprocessor Compatible 

• Total Circuit Integration On Chip Includes: 
a) Digit and Segment Drivers 
b) All Multiplex Scan Circuitry 
c) 8 Byte Static Display Memory 
d) 7 Segment Hexadecimal and Code B Decoders 

• Output Drive Suitable for LED Displays Directly 

• Common Anode and Common Cathode Versions 

• Single 5 Volt Supply Required 

• Data Retention to 2 Volts Supply 

• Shutdown Feature - Turns Off Display and Puts 
Chip Into Low Power Dissipation Mode 

• Sequential and Random Access Versions 

• Decimal Point Drive On Each Digit 

Display Type 

Common Anode 

Common Cathode 

Common Anode 

Common Cathode 

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 ANO 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 boen characterized but aro not testod. 9-22 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Voo-Vssl ......................... 6V Power Dissipation (28 Pin CERDJP) ......... 1 W (Note 2) 
Digit Output Current ............................ 300mA Operating Temperature Range . . . . . . . . . - 40'C to + 85'C 
Segment Output Current ......................... 50mA Storage Temperature Range .......... -65'C to + 150'C 
Input Voltage Lead Temperature (Soldering, 10sec) ............. 300'C 

(any terminal) ............... Vss -0.3VtoVoo+0.3V 
(Note 1) 

NOTE 1: Due to the SCA structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater than v00 or less 
than Vss may cause destructive device latchup. For this reason it is recommended that no inputs from sources operating on a different power supply be 
applied to the device before its own supply is established, and when using multiple supply systems the supply to the ICM721B should be turned on first. 

2: These limits refer to the package and will not be obtained during normal operation. Derate above 50"C by 25mW per "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 al 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. 

JCM7218A Common Anode 
ICM7218B Common Cathode 

-· _,., 
DATA 
I 

1 IHTUOIGIT 
.,.. ___ .... ILAMKING 

I OtQIT 
OAIYt:RI 

ICM7218C Common Anode 
ICM72180 Common Cathode 

HOAOl:CIMAU 
COOE8 

Dl!COOlll 

ISIQMINT 
OAIVElll 

Rl!AD 
ADORHa 

MUL TIPLEXIER 

I DKllT 
OfllVIRI 

llUL Tll'l.U 
OICILUTOll 

Figure 1: Functional Diagrams 

NOTE· All typieal va/uas hava b88n chatactarized but aro not tested. 
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ICM7218A 
(OUTLINE DWG JI) 

COMMON ANOOI! 

TOP VIEW 

ICM7218C 
(OUTLINE DRAWING JI) ·--.... ..... ..... 

D.P. 
DM (DIGIT -HS 0) I 
DAI (DIGIT -18 1) I 

ID7 (INPUT D.P.) 1 

Wlllft I 

HEIWCDDE 8/IROTIRIWli I 
DA2 (DIGIT ADDREH 2) 10 

ID111 

TDPYllEW 

NOTE: All typical wWes have btJerl charact8riz6d but are not lnf«I. 
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0365-4 

ICM7218 

ICM7218B 
(OUTLINE DRAWING JI) 

TDPYIEW 

ICM7218D 
(OUTLINE DRAWING JI) 

CDMMONCA-

DIQIT4 
DIGIT I 
DIGITS • 
DIGIT! 

DAO (DIGIT ADDREH 0) 
DAI (DIGIT ADDREl8 1) I 

ID7 (INPUT If.II.) 
WlllTI 

HEJWCODE eliilliftiil\iii I 
DA2 (DIGIT -18 2) 10 

IDI 11 

TDPYIEW 

0365-3 

0365-5 

Figure 2: Pin Configurations 
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ELECTRICAL CHARACTERISTICS Voo = 5V, Vss = OV, TA= 25'C, Display Diode drop= 1. 7V 

Symbol Parameter Test Conditions Min Typ Max Units 

VsuPPLY Supply Voltage Range Operating 4 6 v 
Power Down Mode 2 6 v 

la Quiescent Supply Current Shutdown (Note 3) 6 10 300 µA 

loo Operating Supply Current Common Anode SEGS On 2.5 mA 
SEGSOff Outputs 500 µA 

Common Cathode SEGS On Open Circuit 700 µA 
SEGSOff 500 µA 

Note4 

lrnG Digit Drive Current CommonAnodeV0ut=Voo -2.0V 140 200 mA 
CommonCathodeV0u1=Vss +1.0V 50 100 mA 

loLK Digit Leakage Current Shutdown Mode 

Common Anode V 0ut = 2V 100 µA 
Common Cathode Vout = 5V 100 µA 

lsEG Peak Segment Drive Current Common Anode Vout=Vss + 1.0V 20 40 mA 

Common Cathode V0u1=Voo -2.0V -10 -20 mA 

lsLK Segment Leakage Current Shutdown Mode 

Common Anode Vout = Voo 100 µA 
Common Cathode V 0ut = V ss 100 µA 

.IMUX Display Scan Ra1e Per Digit 250 Hz 

Three Level Input: Pin 9 ICM7218C/D 

VrH Logical "1" Input Voltage Hexadecimal 4.5 v 
V1F Floating Input Codes 2.0 3.0 v 
V1L Logical "O" Input Voltage Shutdown 0.4 v 
Z1N Three Level Input Impedance Note3 100 kn 

V1H Logical "1" Input Voltage 3.5 v 
V1L Logical "O" Input Voltage 0.8 v 
1wL Write Pulse Width (Low) 7218A, B 550 400 ns 

1wL Write Pulse Width (Low) 7218C,D 400 250 ns 

1MH Mode Hold Time 7218A,B 150 ns 

IMS Mode Set Up Time 7218A,B 500 ns 

tos Data Set Up Time 500 ns • toH Data Hold Time 7218A, B 50 ns 
7218 C, D 125 ns 

tAs Digit Address Set Up Time ICM7218C, D 500 ns 

1AH Digital Address Hold Time ICM7218C, D 0 ns 

Z1N Data Input Impedance 5-1 O pF Gate Capacitance 1010 Ohms 

NOTE: All typical values have boon charactarizsd but are not tested. 
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:I TABLE 1: INPUT DEFINITIONS ICM7218A and B H 
Input Terminal 

Logic 
Function 

Level 

WRITE 8 High Input Not Loaded 
Low Input Loaded 

MODE 9 High Load Control bits on Write P.ulse 
Low Load Input Data on Write Pulse 

ID4 SHUTDOWN 10 High Normal Operation 
Low Shutdown (Oscillator, Decoder and Display Disabled) 

ID5 (DECODE) 6 High No Decode 
MODE Low· Decode 

ID6 (HEXA/CODE B) High 5 High Hexadecimal Decoding 
Low Code B Decoding 

ID7 (DATA COMING) 7 High Data Coming } 
Low No Data Coming Control Word 

IDO-ID7 
MODE 11,12,13,14, 

Display Data Inputs (Notes 4, 5) 
Low 5,6,10,7 

TABLE 2: INPUT DEFINITIONS ICM7218C and D 

Input Terminal 
Logic 

Function 
Level 

WRITE 8 High Input Not Loaded Into Memory 
Low Input Loaded Into Memory 

9 High Hexadecimal Decoding 
Floating Code B Decoding 

HEXA/CODE B/SHUTDOWN (Note3) Low Shutdown (Oscillator, Decoder and Display Disabled) 

DAO -DA2 10,6,5 Digit Address Inputs 

IDO-ID3 14,13,11,12 Display Data Inputs 
ID (INPUT D.P.) 7 Decimal Point Input 

NOTE 3: In the ICM721 BC and D (random access versions) the HEXA/CODE 8/SAUTDOWN Input (Pin 9) has internal biasing resistors to hold It at Voo/2 when 
Pin 9 is open circuited. These resistors consume powar and result in a quiescent supply current (lo) of typically 50µA. 
The ICM7218A, 8, and E devices do not have these biasing resistors and thus are not subject to this condition. 

4: IDO-ID3 =Don't care when writing control data 
104-106 =Don't care when writing Hex/Code 8 data 
ID7 = Declmal Point data 
(The display blanks on ICM721 BA/8 versions when writing in data) 

5: In the No Decode format, .. Ones" represents .. on .. segments for all inputs except for the Decimal Point, where uzero" represents an .. on .. segment, (i.e. 
segments are positive true, decimal point is negative true). 

6: Common Anode segment drivers and Common cathode Digit Drivers have 20kn pullup resistors. 

NOTE: AH lypiclllva/uoshavobsencha,_but.,.notlBslsd. 
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Figure 3: Multiplex Timing (Common Cathode Version) 
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Figure 4: Segment Assignments 

NOTE: AH typ;cat vs/uss haWJ besn charactf!lrized but aro not test8d. 

9-27 

DETAILED DESCRIPTION 
DECODE Operation 

For the ICM7218A/B products, there are 3 input data for
mats possible; either direct segment and decimal point in
formation (8 bits per digit) or two Binary code plus decimal 
point information (Hexadecimal/Code B formats with 5 bits 
per digit). 

• 
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:Ii The 7 segment decoder on chip is disabled when direct 
§:! segment information is to be written. In this format, the in-

puts directly control the outputs as follows: 
Input Data: ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO 
Output Segments: D.P. a b c e g f d 

Here, "Ones" represent "on" segments for all inputs ex
cept the Decimal Point. For the Decimal Point "zero" repre
sents an "on" segment. 

HEXAdecimal/CODE B Decoding 
For all products, a choice of either HEXA or Code B d~ 

coding may be made, HEXA decoding provides 7 segment 
numeric plus six alpha characters while Code B provides a 
negative sign ( - ), a blank (for leading zero blanking), cer
tain useful alpha characters and all numeric formats. 

The four bit binary code is set up on inputs ID3-IDO, and 
decimal point data is set up on ID7. 

Decimal 0 123 4 5 6 7 8 910 111213 1415 

HEXACODE 0123456789 A b c d E F 
CODES 0 l 2 3 4 5 6 7 8 9 - E H L P (BLANK) 

SHUTDOWN 
SHUTDOWN performs several functions: it puts the de

vice into a very low dissipation mode (typically 10µA at 
Voo = 5V), turns off both the digit and segment drivers, and 
stops the multiplex scan oscillator (this is the only way the 
scan oscillator can be disabled). However, it is still possible 
to input data to the memory during shutdown - only the 
display output sections of the device are disabled in this 
mode. 

Powerdown 
In the Shutdown Mode, the supply voltage may be re

duced to 2 volts without data in memory being lost. Howev
er, data should not be written into memory if the supply 
voltage is less than 4 volts. 

Output Drive 
The common anode output drive is approximately 200 mA 

per digit at a 12% duty cycle. With segment peak drive cur
rent of 40mA typically, this results in 5mA average drive. 
The common cathode drive capability is approximately one 
half that of the common anode drive. If high impedance 
LED displays are used, the drive current will be correspond
ingly less. 

Inter Digit Blanking 
A blanking time of approximately 10µs occurs between 

digit strobes. This ensures that the segment information is 
correct before the next digit drive, thereby avoiding display 
ghosting. 

NOTE: All typical values have b89n charactorizsd but am not t9Stod. 
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Driving Larger Displays 
If a higher average drive current per digit is required, it is 

possible to connect digit drive outputs together. For exam
ple, by paralleling pairs of digit drives together to drive a 4 
digit display, 5mA average segment drive current can be 
obtained. 

Power Dissipation Considerations 
Assuming common anode drive at Voo=5 volts and all 

digits on with an average of 5 segments driven per digit, the 
average current would be approximately 200mA. Assuming 
a 1.8 volt drop across the LED display, there will be a 3.2 
volt drop across the ICM7218. The device power dissipation 
will therefore be 640mW, rising to about 900mW, for all 
'8' 's displayed. Caution: Position device in system such 
that air can flow freely to provide maximum cooling. 
The common cathode dissipation Is approximately one 
half that of the common anode dissipation. 

Sequential Addressing Considerations 
(ICM7218A/B) 

The control instructions are read from the input bus lines 
if MODE is high and WRITE low. The instructions occur on 4 
lines and are - iJECOi5E/no Decode, type of Decode (if 
desired), SHUTDOWN/no Shutdown and DATA COMING/ 
not Coming. After the control word has been written (with 
the Data Coming instruction), display data can be written 
into memory with each successive negative going WRITE 
pulse. After all 8 digit memory locations have been written 
to, additional transitions of the WRITE input are ignored un
til a new control word is written. It is not possible to change 
one individual digit without refreshing the data for all the 
other digits. 

Random Access Input Drive 
Considerations (ICM7218C/D) 

Control instructions are provided to the ICM7218C/D by a 
single three level input terminal (Pin 9), which operates in
dependently of the WRITE pulse. 

Data can be written into memory on the ICM721BC/D by 
setting up a 3 bit binary code (one of eight) on the digit 
address inputs and applying a low level to the WRITE pin. 
For example, it is possible to change only digit 7 without . 
altering the data for the other digits. (See Figure 7). 

Supply Capacitor 
A 0.1 µF plus a 4 7 µF capacitor is recommended between 

Voo and Vss to bypass display multiplexed noise. 
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MODE 

INPUT DATA 

0365-9 

Figure 5: Timing Diagram for ICM7218A/B 

llODI _n _____ rl_ 

;' 
CON!ROL WORD (111) 
TYN OF Dl!CODIR? IDI 
Dl!CODl!/NO Dl!CON7 105 
IHUTDOWN'l llM 
DATACOlllNOID7 

-'TCAlll \ 

CONTROL WORD 
TYPE OF DECODER? Ill& 
DECO-NO DECODE? 105 
SHUTDOWN? 104 
DATA NOT COlllNO 107 

Figure 6: Load Sequence ICM7218A/B 

DATA 

Figure 7: Timing Diagram for ICM7218C/D 

NOTE: AH typical vsJuss have bBBn characl6rizfld but arB not 19sted. 
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Figure 8: Functional Test Circuit ( # 1) 
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Figure 9: Functional Test Circuit ( # 2) 

NOTE: AH typical values havs bHn charllcfflrlz6d but llf9 not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
COMMON ANODE SEG. DRIVER 

lsEG vs. VouT AT 2s·c 
00.---...---""T:::---w 

0 1 
VOUT (VOl.111) 

0365-14 

COMMON CATHODE DIGIT DRIVER 
lmG vs. VouTAT 2s·c 

200 .-----..---~----. 

VouT (VOi. T8) 

0365-17 

... .... 
.... 

Vee Yoo v .. 

NC t A 

....... 
llllOC<ll .... -'"' ITC. 

COMMON ANODE SEG. DRIVER 
lsEG. vs. VouT 

• .----.----_..,..,,,..,c-,,-.,.. 
y 

0 1 

Your (VOi.Qi 
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COMMON CATHODE SEG. DRIVER 
lsEG vs. (Voo-VouTl 

0 
VDO -VOUT (VOLTO) 

0365-18 

... 

ICMT21IWll 

.. 
Figure 10: 8 Digit Microprocessor Display 

NOTE: All typical values have been charsct6rized but arB not tested. 
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COMMON ANODE DIGIT DRIVER 
lo1G vs. (Voo-VouT) 

1 2 
Voo -VOUT (VOl.Q) 

0365-16 

COMMON CATHODE DIGIT DRIVER 
lmG vs. VouT 

VouT (VOL Tl) 

o:rn~>-10 

.... 
• 

Yoo 

....... 

. .......... 
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:I APPLICATION EXAMPLES 
!:! 8 DIGIT MICROPROCESSOR DISPLAY 

play data from the 8048 1/0 bus (D87-D80) is transferred to 
both ICM7218's simultaneously. 

APPLICATION 
Figure 10 shows a display interface using the ICM7218A/ 

8 with an 8048 family microcontroller. The 8 bit data bus 
(D80/D87-IDO/ID7) transfers control and data information 
to the 7218 display interface on successive WRITE pulses. 
The MODE input to the 7218 is connected to one of the 1/0 
port pins on the microcontroller. When MODE is high a con
trol word is transferred; when MODE is low data is trans
fered. Sequential locations in the 8-byte static memory are 
automatically loaded on each successive WRITE pulse. Af
ter eight WRITE pulses have occurred, further pulses are 
ignored until a new control word is transferred. (See Figure 
6). This also allows writing to other peripheral devices with
out disturbing the ICM7218A/8. 

16 DIGIT MICROPROCESSOR DISPLAY 
In this application (see Figure 11), both ICM7218's are 

addressed simultaneously with a 3 bit word, DA2-DAO. Dis-

r 

The display digits from both ICM7218's are interleaved to 
allow adjacent pairs of digits to be loaded simultaneously 
from a single 8 bit data bus. 

Decimal point information is supplied to the ICM7218's 
from the processor on port lines P26 and P27. 

NO DECODE APPLICATION 
The ICM7218 can also be used as a microprocessor 

based LED status panel driver. The microprocessor select
ed control word must include "No Decode" and "Data 
Coming". The processor writes "Ones" and "Zeroes" into 
the ICM7218 which in turn directly drives appropriate dis
crete LEDs. LED indicators can be red or green (8 seg
ments X8 digits=64 dots +2 per red or green =32 chan
nels). 

• 
r LI l '-'I,~ I t:J Ju J Bl'' I ··1 · · 1 ,, J ,, •:J l LIJ BJ ''J •=> i U. I_/_ Cl. l_I. LI. . LI. 11. U. LI. Cl. I I. LI. l . ,-,_ 11. 
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Figure 11: 16 Digit Display 

NOTE: All typical valu8S have been Charact91iz8d but tllll not tested. 
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8-Digit µP Compatible & 
LED Display Decoder Driver g 

GENERAL DESCRIPTION FEATURES 
The Harris ICM7228 display driver interfaces microproc

essors to an 8 digit, 7 segment, numeric LED display. In
cluded on chip are two types of 7 segment decoder, multi
plex scan circuitry, LED display segment drvers, LED dis
play digit drivers and an 8-byte static memory as display 
RAM. 

• Improved 2nd Source to Maxim ICM7218 

• Fast Write Access Time of 200 ns 

• Multiple Microprocessor Compatible Versions 

• Hexadecimal, Code B and No Decode Modes 

• Individual Segment Control with "No Decode" 
Feature Data can be written to the ICM7228A and ICM7228B's 

display RAM in sequential 8 digit update or in single digit 
update format. Data is written to the ICM7228C and 
ICM7228D display RAM in parallel random access format. 
The ICM7228A and ICM7228C drive common anode dis
plays. The ICM7228B and ICM7228D drive common cath
ode displays. All versions can display the RAM data as ei
ther Hexadecimal or Code B format. The ICM7228A and 
ICM7228B incorporate a No Decode mode allowing each bit 
of each digit's RAM word to drive individual display seg
ments resulting in independent control of all display seg
ments. As a result, bargraph and other irregular display seg
ments and formats can be driven directly by this chip. 

o Digit and Segment Drivers On-Chip 

• Non-Overlapping Digits Drive 

• Common Anode and Common Cathode LED 
Versions 

• Low Power CMOS Architecture 

• Single 5V Supply 

• 8838/Rev C Compliant 

APPLICATIONS 
• Instrumentation 

• Test Equipment 

• Hand Held lnstrum~nts 

• Bargraph Displays 

The Harris ICM7228 is an alternative to-both the Maxim 
ICM7218 and the Harris ICM7218 display drivers. Notice 
that the ICM7228A/B has an additional single digit access 
mode. This could make the Harris ICM7218A/B software 

· incompatible with ICM7228A/B operation. As a result, the 
part is renamed the ICM7228 to eliminate this possible con
fusion. 

• Numeric and Non-Numeric Panel Displays 

• High and Low Temperature Environments whcro 
LCD Display Integrity Is Compromised 

All versions of the ICM7228 are offered in both industrial 
and military temperature ranges. 

ORDERING INFORMATION 

Part Number 
Tempertaure 

Package 
Data Entry 

Display Type 
Range Protocol 

ICM7228AIPI -40°Cto +85'C 28-Pin Plastic DIP Sequential Common Anode 

ICM7228BIPI -40'Cto +85'C 28-Pin Plastic DIP Sequential Common Cathode 

ICM7228CIPI -40'C to + 85'C 28-Pin Plastic DIP Random Common Anode 

ICM7228DIPI -40°Cto +85'C 28-Pin Plastic DIP Random Common Cathode 

ICM7228AIJI -40'C to + 85°C 28-Pin CERDIP Sequential Common Anode 

ICM722BBIJI -40'Cto +ss·c 28-Pin CERDIP Sequential Common Cathode 

ICM7228CIJI -40'C to + 85'C 28-Pin CERDIP Random Common Anode 

ICM7228DIJI -40'C to + 85°C 28-Pin CERDIP Random Common Cathode 

ICM7228AIBI -40'Cto +ss·c 28-PinSOIC Sequential Common Anode 

ICM7228BIBI -40'Cto +85'C 28-PinSOIC Sequential Common Cathode 

ICM7228CIBI -40°Cto +85'C 28-PinSOIC Random Common Anode 

ICM7228DIBI -40'C to + 85'C 28-PinSOIC Random Common Cathode 

ICM7228AMIJI -ss·c to+ 12s·c 28-Pin CERDIP Sequential Common Anode 

ICM7228BMIJI -55'Cto +125'C 28-Pin CERDIP Sequential Common Cathode 

ICM7228CMIJI -55'C to+ 125"C 28-Pin CERDIP Random Common Anode 

ICM7228DMIJI -ss•cto +125"C 28-Pin CERDIP Random Common Cathode 

•All MIJI velsions available compliant to 8830/Rev C. 

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 ANO SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 202820-002 
NOTE: All typical valuss haV9 been charactsrized but at8 not IBstsd. 9-33 
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ICM7228A 
Common Anode 

Seg c 1 

Seti• a 
Seti b 3 

D.P. • 
Ille (HEXA/CODE Bl s 

ID5(~1• 
ID7 (DATA COMING) 1 

WRITE a 

Top View 

ICM7228C 
Common Anode 

Seg c 
leg• 
Seg b 3 

D.P. 
DAO (DIGIT ADDRESS 0) 
DA1 (DIGIT ADDRESS 1) a 

ID7 (INPUT D.P.) 1 

WllifE I 

HEXA/CODE B/SHUTDOWN • 
DA2 (DIGIT ADDRESS 2) 10 

ID1 11 

Top View 

0086-2 

0086-4 

ICM7228 

ICM7228B 
Common Cathode 

DIGIT1 
106 (HEXA/e?JDn) 

IDS (D'ECODE) 
ID7 (DATA COMING) 

WRITE a 
MODE 

Top View 

ICM7228D 
Common Cathode 

DIGIT4 
DIGIT& 2 

DIGIT 3 3 

DIGIT 1 
DAO (DIGIT ADDRESS 0) 
DA1 (DIGIT ADDRESS 1) a 

ID7 (INPUT D.P.) 1 

WAlft 
HEXA/CODE 8/SHUTDOWN 

DA2 (DIGIT ADDRESS 2) 
ID1 
IDO 
ID2 
ID3 

Top View 

0086-3 

0086-5 

Figure 1: Pin Configurations 

NOTE: 28-Lead SOIC Package pin configurations are identical to DIP packages .• 

NOTE: AH typical values hsV9 bBBn Characterinld but llffJ not testsd. 

9-34 



ICM7228A, ICM7228B 

IDO·ID7 
INPUT 
DATA 

a 

a 

DECODE 

ID•-ID7 MODE WRiTE 
CONTROL 

INPUTS 

SHUTDOWN 
HEXA/CODE B 

CONTROL 
LOGIC 

B·BYTE 
STATIC 

RAM 

8 SEGMENT 
DRIVERS 

8 

3 

MULTIPLEX 
OSCILLATOR 

&DIGIT 
DRIVERS 

ICM7228 

ICM7228C, ICM7228D 

IDO·ID3 
HEXADECIMAL/ ID7 

CODE Bl DATA 
SHUTDOWN INPUT 

4 

B·BYTE 
STATIC 

RAM 

HEXADECIMAL/ 
CODE B 

DECODER 

5 

8 

8 

DECIMAL 8 
POINT 

8 SEGMENT 
DRIVERS 

a 

DAO-DA2 
DIGIT 

ADDRESS 

3 

WRITE 
ADDRESS 
DECODER 

SHUTDOWN 

READ 
ADDRESS 

MULTIPLEXER 

5 

MULTIPLEX 
OSCILLATOR 

INTERDIGIT 
BLANKING 

&DIGIT 
DRIVERS 

0086-1 

Figure 2: Functional Block Diagram 
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:I ABSOLUTE MAXIMUM RATINGS 
~ 

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 devicfJ 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 peri
ods may affect device reliability. 

Supply Voltage <Voo - Vssl ......................... 6V 
Digit Output Current ............................ 500 mA 
Segment Output Current ........................ 100 mA 
Input Voltage (Note 1) 

(Any Terminal) ..... (Vss - 0.3V) < V1N < <Voo + 0.3V) 
Power Dissipation (Note 2) 

28-Pin Plastic with Copper Leadframe ............. 1.0W 
28-Pin CERDIP ................................ 1.0W 
28-Pin SOIC ................................... 0.7W 

Operating Temperature Range 
IPI, IJI, 181 Packages ............ -40°C < TA < + 85°C 
MIJI Package ................. -55°C <TA< + 125°C 

Storage Temperature Range ..... -65°C <Ts< + 1eo·c 
Lead Temperature (Soldering 10 sec) .............. 300°C 

NOTE 1: Due to the SCA structure inherent in the CMOS process used to 
fabricate these devices, connecting any terminal to a voltage greater than 
Yoo or Jess than Vss may cause destructive device latchup. For this reason, 
it is recommended that no inputs from sources operating on a different pow· 
er supply be applied to the device before its own supply is established, and 
when using multiple supply systems the supply to the ICM7228 should be 
turned on first. 

NOTE 2: These limits refer to the package and will not be obtained during 
normal operation. Derate above so•c by 25 mW per 'C. 

ELECTRICAL CHARACTERISTICS (Voo = +5.ov ±10%, Vss = OV) 

INDUSTRIAL TEMPERATURE RANGE, IPI, IJI, 181 DEVICES 

Symbol Parameter Test Conditions 
TA= +25°C -40°c ~TA~ +ss·c 

Units 
Min Typ Max Min Typ Max 

VsuPPLY Supply Voltage Range Operating 4 6 4 6 
v 

Power Down Mode 2 2 

la Quiescent Supply Shutdown, 7228A, 72288 1 100 1 100 
µA 

Current Shutdown, 7228C, 7228D 2.5 100 2.5 100 

loo Operating Supply Common Anode, 7228A/C 
Current Segments = ON 200 450 200 450 

Outputs = OPEN 

Common Anode, 7228A/C 
Segments = OFF 100 450 100 450 
Outputs = OPEN 

µ.A 
Common Cathode, 72288/D 
Segments = ON 250 450 250 450 
Outputs = OPEN 

Common Cathode, 72288/D 
Segments = OFF 175 450 175 450 
Outputs = OPEN 

lo1G Digit Drive Common Anode, 7228A/C 
200 175 

Current VouT = Voo - 2.ov 
mA 

Common Cathode, 72288/D 
50 40 

VouT = Vss + 1.ov 

loLK Digit Leakage Shutdown Mode, VouT = 2.0V 
1 100 1 100 

Current Common Anode, 7228A/C 
µA 

Shutdown Mode, VouT = 5.0V 
1 100 1 100 

Common Cathode, 72288/D 

lsEG Peak Segment Common Anode, 7228A/C 
20 25 20 

Drive Current VouT = Vss + 1.ov 
mA 

Common Cathode, 72288/D 
10 12 10 

VouT = Voo - 2.ov 

NOTE: All typical valuBs havs be8n charsctBrized but are not tested 
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ELECTRICAL CHARACTERISTICS (Voo = +5.0V ±10%, Vss = OV) (Continued) 

INDUSTRIAL TEMPERATURE RANGE, IPI, IJI, 181 DEVICES 

Symbol Parameter Test Conditions 
TA= +25°C -4o·c s TA s +as·c 

Min Typ Max Min Typ Max 

lsLK Segment Leakage Shutdown Mode, Vour = Voo 
1 50 1 50 

Current Common Anode, 7228A/C 

Shutdown Mode, Vour = Vss 
1 50 1 50 

Common Cathode, 72286/D 

l1L Input Leakage All Inputs except Pin 9 
1 1 

Current 7228C, 7228D V1N = Vss 

All Inputs except Pin 9 
-1 -1 

7228C, 7228D V1N = 5.0V 

fMux Display Scan Rate Per Digit 390 390 

t1os Inter-Digit 
2 10 2 

Blanking Time 

V1NH Logical "1" Input Three Level Input: Pin 9 
Voltage 7228C, 7228D Hexadecimal 4.2 4.2 

Voo = 5V 

V1NF Floating Input Three Level Input: Pin 9 
7228C, 7228D Code B 2.0 3.0 2.0 3.0 
Voo = 5V 

V1NL Logical "O" Input Three Level Input: Pin 9 
Voltage 7228C, 7228D Shutdown 0.8 0.8 

Voo = 5V 

Z1N Three Level Input Vee= 5V 
50 50 

Impedance Pin 9 of 7228C and 7228D 

V1H Logical "1" Input All Inputs except 
2.0 2.0 

Voltage Pin 9 of 7228C, 7228D 

V1L Logical "O" Input Voo = 5V 

Voltage 
0.8 0.8 

SWITCHING CHARACTERISTICS (V00 = +5.0V ±10%, Vss = ov, v1L = +0.4V, V1H = +2.4V) 

INDUSTRIAL TEMPERATURE RANGE, IPI, IJI, 181 DEVICES 

Symbol Parameter Test Conditions TA= +2s0 c -40°c s TA s +as·c 

Min Typ Max Min Typ Max 

twL Write Pulsewidth (Low) 200 100 250 

twH Write Pulsewidth (High) 850 540 1200 

tMH Mold Hold Time 7228A,7228B 0 -65 0 

tMs Mold Setup Time 7228A, 72288 250 150 250 

tos Data Setup Time 250 160 250 

toH Data Hold Time 0 -60 0 

I As Digit Address 7228C,7228D 
250 110 250 

Setup Time 

tAH Digit Address 7228C, 7228D 
0 -60 0 

Hold Time 

NOTE: All typical valuss haVB been chsractoriz8d but sro not t9Sted. 
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: ICM7228 
(Iii ,.. 
:I ELECTRICAL CHARACTERISTICS (Voo = +5.0V ±10%, Vss = ov) (Continued) 
S! 

MILITARY TEMPERATURE RANGE, MIJI DEVICES 

Symbol Parameter Test Conditions 
TA= +25'C -55'C,;; TA,;; + 125'C 

Min Typ Max Min Typ Max 

VsuPPLY Supply Voltage Operating 4 6 4 6 
Range Power Down Mode 2 2 

lo Quiescent Supply Shutdown, 7228A, 72288 1 100 1 100 
Current Shutdown, 7228C, 7228D 2.5 100 2.5 100 

loo Operating Supply Common Anode, 7228A/C 
Current Segments = ON 200 450 200 550 

Outputs = OPEN 

Common Anode, 7228A/C 
Segments = OFF 100 450 100 450 
Outputs = OPEN 

Common Cathode, 7228C/D 
Segments = ON 250 450 250 550 
Outputs = OPEN 

Common Cathode, 7228C/D 
Segments = OFF 175 450 175 450 
Outputs = OPEN 

lo1G Digit Drive Common Anode, Voo = 5.0V 
200 170 

Current Your = Voo - 2.ov 

Common Cathode, Voo = 5.0V 
~ 50 35 

Your= Vss + 1.ov 

loLK Digit Leakage Shutdown Mode 
1 100 1 100 

Current Common Anode,, Your = 2.0V 

Shutdown Mode 
1 100 1 100 

Common Cathode, Your = 5.0V 

lsEG PeakSeg~nt Common Anode, Voo = 5.0V 
20 25 20 25 

Drive Current Your= Vss + 1.ov 

Common Cathode, Voo = 5.0V 
10 12 10 12 

Your = Voo - 2.ov 

lsLK Segment Leakage Shutdown Mode 
1 50 1 50 

Current Common Anode, Your = Yoo 

Shutdown Mode 
1 50 1 50 

Common Cathode, Your = Vss 

l1L Input Leakage All Inputs except Pin 9 
1 1 

Current 1220c, 7228D v 1N = Vss 

All Inputs except Pin 9 
-1 -1 

7228C, 7228D V1N = 5.0V 

fMux Display Scan Rate Per Digit 390 390 

t10B Inter-Digit 
2 10 2 10 

Blanking Time 

NOTE· All typical values have been characterized but aro not testod. 
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ICM7228 

ELECTRICAL CHARACTERISTICS (Voo = +5.ov ± 10%, Vss = ov) (Continued) 

MILITARY TEMPERATURE RANGE, MIJI DEVICES 

Symbol Parameter Test Conditions 
TA= +25'C -55'C 0:: TA,;; +125'C 

Min Typ Max Min Typ 

V1NH Logial "1" Input Three Level Input: Pin 9 
Voltage 7228C, 7228D Hexadecimal 4.2 4.2 

Voo = 5V 

V1NF Floating Input Three Level Input: Pin 9 
7228C, 7228D Code B 2.0 3.0 2.4 
Voo = 5V 

V1NL Logical "O" Input Three Level Input: Pin 9 
Voltage 7228C, 7228D Shutdown 0.8 

Voo = 5V 

Z1N Three Level Input Vee= 5V 
50 50 

Impedance Pin 9 of 7228C and 7228D 

V1H Logical "1" Input All Inputs except 
2.0 2.0 

Voltage Pin 9 of 7228C, 7228D 

V1L Logical "O" Input Voo = sv 

Voltage 
0.8 

SWITCHING CHARACTERISTICS (Voo = +5.0V ±10%, Vss = ov, V1L · 1 0.4V, V111 

MILITARY TEMPERATURE RANGE, MIJI DEVICES 

Max 

3.0 

0.4 

0.8 

I 2.'\V) 

Symbol Parameter Test Conditions 
TA= +25'C -55'C :o: TA :0: + 125'C 

Min Typ Max Min Typ Max 

twL Write Pulsewidth (Low) 200 100 250 115 

lwH Write Pulsewidth (High) 850 540 1200 840 

IMH Mode Hold Time 7228A, 72288 0 -65 0 -65 

IMS Mode Setup Time 7228A,72288 250 150 250 165 

tos Data Setup Time 250 160 250 160 

loH Data Hold Time 0 -60 0 -60 

tAs Digit Address 7228C, 7228D 
250 110 250 100 

Setup Time 

tAH Digit Address 7228C, 7228D 
0 -60 0 -60 

Hold Time 

NOTE: All typical values have b8en charactedzed but are not tested. 
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CD 
(II 
(II .... 
Ii TYPICAL PERFORMANCE CHARACTERISTICS 
!:? 

Common Anode Drivers: 

Common Anode Digit Driver 
lo1G vs (Yoo - Yo1G) @ T A°C 

1-+--+-+--+-+~fir--t-+---lf----t--+----l 500 

I"! -ss 0c 
5.0 4.0 3.0 2.0 1.0 

Voo - VDIG (VOLTS) 

Common Cathode Drivers: 

Common Cathode Digit Driver 
lolG VS YolG@ TA°C 

1 300 1-t--+-+--t-+---lf----t-+--t-+-1-+ 

0 0 1.0 2.0 3.0 4.0 5.0 

VDIG (VOLTS) 

NOTE: All typical values have been characterized but are not tested 
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Common Anode Segment Driver 
lsEG VS YsEG@ TA°C 

125"C 

O"-'-'--'--'--'--'--'-'--'--'--'--' 
0 1.0 2.0 3.0 4.0 5.0 

VsEG (VOLTS) 

Common Cathode Segment Driver 
lsEG vs (Yoo - YsEG) @ T A°C 

,-
1if{-t 

~'L_ 
~ 

55°c 
5°c 
25°C 
0 

10 

r/ 20 

~ 30 

lZl 
ll'1 

40 

JL 50 

5.0 4.0 3.0 2.0 1.0 0 

Voo - VsEG (VOLTS) 

< 
5 
8 

..!'.' 
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. 
sv 

ICM7228 

'ss f 
08 07 D6 05 D4 03 02 DI d .........J 

[,-lf,-jf ,-if ,-jf,-jf,-jf ,-lld : :=::...., 
C!:i!=~=~]J!=IJ!=~=IJ!=~ : o.:.===::'.J COMMON AHODC 

DISPLAY 

0006-11 

Figure 3: Functional Test Circuit ( # 1) 

~rm-~-+------. 
~ "~~·-+--------+--+--.., 

DIGIT~ U~li•-+--------t--t--t-t--1---i 
DIGITAOORESS~ ~ 

~--------------'°'-~='·'=·~·:" ICU7228D ~~~~ ==:=====:~ 
~---------,-,,,-/-OO_OC_B/SH~U~TOO~ .. ~~n.n 12~0J---+--, 

DIGIT ADORESS ~ JW_ 
ID~ ~ 

.---------~,00~,u=i•tl• ~~u-t-+--, r ~ !ID+-..___ 

l_ v., 

'ss 
L-g 08 07 06 D5 04 D3 02 DI 

....'.:::::: lnlnl nl nl nl r]I oTi-~ 
: CIJ!]J!::::~]J!=~=!:i!=~= L---: COMMON CATHODC _. 

~---DP. DISPLAY 

0086-16 

Figure 4: Functional Test Circuit ( #2) 

NOTE: All typical values have been chl1ftlcferized but aro not tostod. 
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Table 1: ICM7228A Pin Assignments and Descriptions 

Pin# Name Function Description 

1 Segc Output LED Display Segments c, e, b and Decimal Point Drive Lines. 
2 Sege 
3 Segb 
4 D.P. 

5 ID6, Input When "MODE" Low: Display Data Input, Bit 7. 
(HEXA/CODE B) When "MODE" High: Control Bit, Decoding Scheme'Selection: High, Hexadecimal 

Decoding. 
Low, Code B Decoding. 

6 ID5, (DECODE) Input When "MODE" Low: Display Data Input, Bit 6. 
When "MODE" High: Control Bit, Decode/No Decode Selection: High, No Decode. 

Low, Decode. 

7 ID7, Input When "MODE" Low: Display Data Input, Bit 8, Decimal Point Data. 
(DATA COMING) When "MODE" High: Control Bit, Sequential Data Update Select: High, Data Coming. 

Low, No Data Coming. 

8 WRITE Input Data Input Will Be Written to Control Register or Display RAM on Rising Edge of WRITE. 

9 MODE Input Selects Data to Be Loaded to Control Register or Display RAM: High, Loads Control 
Register. 
Low, Loads Display 
RAM. 

10 ID4, Input When "MODE" Low: Display Data Input, Bit 5. 
(SHUTDOWN) When "MODE" High: Control Bit, Low Power Mode Select: High, Normal Operation. 

Low, Oscillator and Display 
Disabled. 

11 ID1 Input When "MODE" Low: Display Data Input, Bit 2. 
When "MODE" High and "ID7 (DATA COMING)" Low: Digit Address, Bit 2, Single 

Digit Update Mode. 

12 IDO Input When "MODE" Low: Display Data Input, Bit 1. 
When "MODE" High and "ID7 (DATA COMING)" Low: Digit Address, LSB, Single 

Digit Update Mode. 

13 ID2 Input When "MODE" Low: Display Data Input, Bit 3. 
When "MODE" High and "ID7 (DATA COMING)" Low: Digit Address, MSB, Single 

Digit Update Mode. 

14 103 Input When "MODE" Low: Display Data Input, Bit 4. 
When "MODE" High: RAM Bank Select (Decode Modes Only): High, RAM Bank A. 

Low, RAM Bank B. 

15 DIGIT 1 Output LED Display Digits 1, 2, 5 and 8 Drive Lines. 
16 DIGIT2 
17 DIGIT5 
18 DIGITS 

19 Yoo Supply Device Positive Power Supply Rail. 

20 DIGIT 4 Output LED Display Digits 4, 7, 6 and 3 Drive Lines. 
21 DIGIT7 
22 DIGITS 
23 DIGIT3 

24 Segf Output LED Display Segments f, d, g and a Drive Lines. 
25 Segd 
26 Segg 
27 Sega 

28 Vss Supply Device Ground or Negative Power Supply Rail. 

NOTE: AU typical valUilS have bsen characterized but IU9 not tosted. 
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Table 2: ICM7228B Pin Assignments and Descriptions 

Pin# Name Function Description 

1 DIGIT4 Output LED Display Digits 4, 6, 3 and 1 Drive Lines. 
2 DIGIT6 
3 DIGIT3 
4 DIGIT 1 

5 ID6, Input When "MODE" Low: Display Data lnputrBit.7. 
(HEXA/CODE B) When "MODE" High: Control Bit, Decoding Scheme Selection: High, Hexadecimal 

Decoding. 
Low, Code B Decoding. 

6 ID5, (DECODE) Input When "MODE" Low: Display Data Input, Bit 6. 
When "MODE" High: Control Bit, Decode/No Decode Selection: High, No Decode. 

Low, Decode. 

7 ID7, Input When "MODE" Low: Display Data Input, Bit 8, Decimal Point Data. 
(DATA COMING) When "MODE" High: Control Bit, Sequential Data Update Select: High, Data Coming. 

Low, No Data Coming. 

8 WRITE Input Data Input Will Be Written to Control Register or Display RAM on Rising Edge of WRITE. 

9 MODE Input Selects Data to Be Loaded to-Control Register or Display RAM: High, Loads Control 
Register. 
Low, Loads 
Display RAM. 

10 ID4, Input When "MODE" Low: Display Data Input; Bit 5. 
(SHUTDOWN) When "MODE" High: Control Bit, Low Power Mode Select: High, Normal Operation. 

Low, Oscillator and Display 
Disabled. 

11 ID1 Input When "MODE" Low: Display Data Input, Bit 2. 
When "MODE" High and "ID7 (DATA COMING)" Low: Digit Address, Bit 2; Single Digit 

Update Mode. 

12 IDO Input When "MODE" Low: Display Data Input, Bit 1. 
When "MODE" High and "ID7 (DATA COMING)" Low: Digit Address, LSB, Single 

Digit Update Mode. 

13 ID2 Input When "MODE" Low: Display Data Input, Bit 3. 
When "MODE" High and "ID7 (DATA COMING)" Low: Digit Address, MSB, Single 

Digit Update Mode. 

14 ID3 Input When "MODE" Low: Display Data Input, Bit 4. 
When "MODE" High: RAM Bank Select (Decode Modes Only): High, RAM Bank A. 

Low, RAM Bank B . 

15 D.P. Output LED Display Segments c, e, b and Decimal Point Drive Lines. 
16 Sega • 17 Segb 
18 Segd 

19 Voo Supply Device Positive Power Supply Rail. 

20 Segc Output LED Display Segments c, e, f and g Drive Lines. 
21 Sege 
22 Segf 
23 Segg 

24 DIGITS Output LED Display Digits 8, 2, 5 and 7 Drive Lines. 
25 DIGIT2 
26 DIGIT5 
27 DIGIT? 

28 Vss Supply Device Ground or Negative Power Supply Rail. 

NOTE: All typical vaiuss havs b6en charactsrized but IU8 not tested. 
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Table 3: ICM7228C Pin Assignments and Descriptions 

Pin# Name Function Description 

1 Segc Output LED Display Segments c, e, b and Decimal Point Drive Lines. 
2 Sege 
3 Segb 
4 D.P. 

5 DAO Input Digit Address Input, Bit 1, LSB. 

6 DA1 Input Digit Address Input, Bit 2. 

7 ID7, Input Display Decimal Point Data Input, Negative True. 
(INPUT D.P.) 

8 WRITE Input Data Input Will Be Written to Display RAM on Rising Edge of WRITE. 

9 HEXA/CODE B/ Input Three Level Input. Display Function Control: High, Hexadecimal 
SHUTDOWN Decoding. 

Float, Code B Decoding. 
Low, Oscillator and 

Display Disabled. 

10 DA2 Input Digit Address Input, Bit 3, MSB. 

11 ID1 Input Display Data Inputs. 
12 IDO 
13 ID2 
14 ID3 

15 DIGIT1 Output LED Display Digits 1, 2, 5, and 8 Drive Lines. 
16 DIGIT2 
17 DIGIT5 
18 DIGITS 

19 Voo Supply Device Positive Power Supply Rail. 

20 DIGIT4 Output LED Display Digits 4, 7, 6, and 3 Drive Lines. 
21 DIGIT? 
22 DIGIT6 
23 DIGIT3 

24 Segi Output LED Display Segments f, d, g and a Drive Lines. 
25 Segd 
26 Segg 
27 Sega 

28 Vss Supply Device Ground or Negative Power Supply Rail. 

NOTE: All typical values hBVB been characterizfJd but aro not testsd. 
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Table 4: ICM7228D Pin Assignments and Descriptions 

Pin# Name Function Description 

1 DIGIT4 Output LED Display Digits 4, 6, 3, and 1 Drive Lines. 

2 DIGIT6 
3 DIGIT3 
4 DIGIT1 

5 DAO Input Digit Address Input, Bit 1, LSB. 

6 DA1 Input Digit Address Input, Bit 2. 

7 ID7, Input Display Decimal Point Data Input, Negative True. 
(INPUT D.P.) 

8 WRITE Input Data Input Will Be Written to Display RAM on Rising Edge of WRITE. 

9 HEXA/CODE B/ Input Three Level Input. Display Function Control: High, Hexadecimal 
SHUTDOWN Decoding. 

Float, Code B Decoding. 
Low, Oscillator and 

Display Disabled. 

10 DA2 Input Digit Address Input, Bit 3, MSB. 

11 ID1 Input Display Data Inputs. 
12 IDO 
13 ID2 
14 ID3 

15 D.P. Output LED Display Segments a, b, d and Decimal Point Drive Lines. 
16 Sega 
17 Segb 
18 Segd 

19 Yoo Supply Device Positive Power Supply Rail. 

20 Segc Output LED Display Segments c, e, f and g Drive Lines. 

21 Sege 
22 Segf 
23 Segg 

24 DIGITS Output LED Display Digits 8, 2, 5 and 7 Drive Lines. 

25 DIGIT2 
26 DIGITS 
27 DIGIT? • 28 Vss Supply Device Ground or Negative Power Supply Rail. 

NOTE· All typical values hsv9 been characterized but are not tested. 
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ICM7228 

:I DETAILED DESCRIPTION g 
System Interfacing and Data Entry 
Modes, ICM7228A and ICM7228B 

The ICM7228A/B devices are compatible with the archi
tectures of most microprocessor systems. Their fast switch
ing characteristics makes it possible to access them as a 
memory mapped 110 device with no wait state necessary in 
most microcontroller systems. All the ICM7228A/B inputs, 
including MODE, feature a 250 ns minimum setup and 0 ns 
hold time with a 200 ns minimum WRITE pulse. Input logic 
levels are TTL and CMOS compatible. Figure 7 shows a 
generic method of driving the ICM7228A/B from a micro
processor bus. To the microprocessor, each device appears 
to be 2 separate 110 locations; the Control Register and the 
Display RAM. Selection between the tWo is accomplished 
by the MODE input driven by address line AO. Input data is 
placed on the IDO-ID7 lines. The WRITE input acts as both 
a device select and write cycle timing pulse. See Figure 5 
and Switching Characteristics Table for write cycle timing 
parameters. 

MODE 

INPUT DATA 

The ICM7228A/B have three data entry modes: Control 
Register update without RAM update, sequential 8 digit up
date and single digit update. In all three modes a control 
word is first written by pulsing the WRITE input while the 
MODE input is high, thereby latching data into the Control 
Register. The logic level of individual bits in the Control 
Register select Shutdown, Decode/No Decode, Hex/Code 
B, RAM bank A/B and Display RAM digit address as shown 
in Tables 1 and 2. 

The ICM7228A/B Display RAM is divided into 2 banks, 
called bank A and B. When using the Hexadecimal or code 
B display modes, these RAM banks can be selected sepa
rately. This allows two separate sets of display data to be 
stored and displayed alternately. Notice that the RAM bank 
selection is not possible in No-Decode mode, this is be
cause the display data in the No-Decode mode has 8 bits, 
but in Decoded schemes (Hex/Code B) is only 4 bits (IDO
ID3 data). It should also be mentioned that the decimal 
point is independent of selected bank, a turned on decimal 
point will remain on for either banks. Selection of the RAM 
banks is controlled by ID3 input. The ID3 logic level (during 
Control Register update) selects which bank of the internal 
RAM to be written to and/ or displayed. 

0086-8 

Figure 5: ICM7228A/B Write Cycle Timing Diagram 

MODE .Jl n_ _..._ ______ _ 
WRITE 

CONTROL WORD 
TYPE OF DECODER? IDB 
DECODE/NO DECODE? ID5 
SHUTDOWN? ID4 
DATA COMING 107 

(DBI 

DON"TCARE \ 

CONTROL WORD 
TYPE OF DECODER? IDS 
DECODE/NO DECODE? ID5 
SHUTDOWN? ID4 
DATA NOT COMING ID7 

Figure 6: ICM7228A/B Sequential 8 Digit RAM Update Timing Diagram 

NOTE: All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTIONS (Continued) 

Control Register update without RAM update: 
The Control Register can be updated without changing 

the display data by a single pulse on the WRITE input, with 
MODE high and DATA COMING low. If the display is being 
decoded (Hex/Code B), then the value of ID3 determines 
which RAM bank will be selected and displayed for all eight 
digits. 
Sequential 8 digit update: 

The logic state of DATA COMING (ID7) is also latched 
during a Control Register update. If the latched value of 
DATA COMING (ID7) is high, the display becomes blanked 
and a sequential 8 digit update is initiated. Display data can 
now be written into RAM with 8 successive WRITE pulses, 
starting with digit 1 and ending with digit 8 (See Figure 6). 
After all 8 RAM locations have been written to, the display 
turns on again and the new data is displayed. Additional 
write pulses are ignored until a new Control Register update 
is performed. All 8 digits are displayed in the format (Hex/ 
Code B or No Decode) specified by the control word that 
preceded the 8 digit update. If a decoding scheme (Hex/ 
Code B) is to be used than the value of ID3 during the 
control word update determines which RAM bank will be 
written to. 

1/0 
OR 
MEMORY 
WRITE PULSE 

DATA BUS DO - D7 

DECODER 
ENABLE 

ADDRESS 
DECODER 

ADDRESS BUS AO - At 5 

ICM7228 

Single Digit update: 
In this mode each digit data in the display RAM can be 

updated individually without changing the other display 
data. First, with MODE input high, a control word is written 
to the Control Register carrying the following information; 
DATA COMING (ID7) low, the desired display format data 
on ID4-ID6, the RAM bank selected by ID3 (if decoding is 
selected) and the address of the digit to be updated on data 
lines IDO-ID2 (See Table 5). A second write to the 
ICM7228A/B, this time with MODE input low, transfers the 
data at the IDO-ID7 inputs into the selected digit's RAM lo
cation. In single digit update mode, each individual digit's 
data can be specified independently for being displayed in 
Decoded or No-Decode mode. For those digits which de
coding scheme (Hex/Code B) is selected, only one can be 
effective at a time. Whenever a control word is written, the 
specified decoding scheme will be applied to all those digits 
which selected to be displayed in Decoded mode. 

ilo 
ID7 HARRIS 

ICM722aA/B 

MODE 

SEGMENTS 
DRIVE 

DIGITS 
DRIVE 

LED DISPLAY 

II ·-------·II 
ll·---·----11 -· -· 

0086-24 

Figure 7: ICM7228A/B Microprocessor System Interfacing 

NOT£· All typical values have boen characterized but ar6 not tested. 
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"" I! DETAILED DESCRIPTIONS (Continued) 
!:! Table 5: Digits Address, ICM7228A/B 

Input Data Lines 

ID2 ID1 IDO 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

System Interfacing, 
ICM7228C and ICM7228D 

Selected 
Digit 

DIGIT1 
DIGIT2 
DIGIT3 
DIGIT4 
DIGIT5 
DIGIT6 
DIGIT7 
DIGITS 

The ICM7228C/D devices are directly compatible with 
the architecture of most microprocessor systems. Their fast 
switching characteristics make it possible to access them 
as a memory mapped 1/0 device with no wait state neces
sary in most microcontroller systems. All the ICM7228C/D 
inputs, excluding HEXA/CODE B/SHUTDOWN, feature a 
250 ns minimum setup and O ns hold time with a 200 ns 
minimum WRITE pulse. Input logic levels are TTL and 
CMOS compatible. Figure 9 shows a generic method of 
driving tho ICM722BC/D from a microprocessor bus. To the 
microprocessor, the 8 bytes of the Display RAM appear to 
be 8 separate 1/0 locations. Loading the ICM7228C/D is 
quite similar to a standard memory write cycle. The address 
of the digit to be updated is placed on lines DAO-DA2, the 
data to be written is placed on lines IDO-ID3 and ID7, then 
a low pulse on WRITE input will transfer the data in. See 
Figure 8 and Switching Characteristics Table for write cycle 
timing parameters. 

The ICM7228C/D devices do not have any control regis
ter, and also they do not provide the No Decode display 
format. Hexadecimal or Code B character selection and 
shutdown mode are directly controlled through the three-

DIGIT 
ADDRESS 
DAO·DAZ 

DATA 

ICM7228 

level input at Pin 9, which is accordingly called HEXA/ 
CODE B/SHUTDOWN. See Tables 3 and 4 for input and 
output definitions of the ICM7228C/D devices. 

Compatibility with the ICM7218 Series 
The Harris ICM7228 series devices are upwardly compati

ble with the ICM721 B series. The following are the differ
ences between two series. 
1. The ICM7228 versions A and B have two functions which 

are not available in 7218, the RAM bank select and sin
gle digit update. Software written for ICM7218A/B may 
not be directly compatible with ICM7228A/B operation. 
IDO-ID3 are "don't cares" when writing a control word to 
the ICM7218A/B, while for the ICM7228A/B, IDO-ID2 
select the digit address for a single digit RAM update and 
ID3 always selects either bank A or bank B for Hex and 
Code B data. Considering the ID3 input only, the software 
is compatible provided all control word updates use a 
consistent value for ID3, either high or low. The single 
digit update mode is upwardly compatible, it is an invalid 
operation with the ICM7218A/B and is unlikely to occur 
in software originally written for the ICM7218A/B. But de
pending on system hardware (address decoding and 
WRITE pulse generation) the software might not function 
properly if an ICM7228A/B is going to be inserted in the 
ICM7218A/B socket. Some minor modifications of the 
software may be necessary. 

2. The ICM7228 series has enhanced switching characteris
tics and is more than twice as fast as the ICM7218 se
ries. 

3. The ICM7228 series digit and segment drivers are im
proved compared to those of the ICM7218 series. Also 
the Typical display scan rate is increased from 250 Hz to 
390 Hz to enhance display performance. 

4. The ICM7228 series devices generally draw less current 
than the ICM7218 series. In the shutdown mode, the 
ICM7228A/B devices draw '/10 the current of the equiva
lent ICM7218 parts. The ICM7228C/D devices draw 114 
the current of the ICM7218 series part. 

0086-10 

Figure 8: ICM7228C/D Write Cycle Timing Diagram 

NOTE: All typical valuBs havo been characterized but are not tested. 
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DETAILED DESCRIPTIONS (Continued) 

1/0 
OR 
MEMORY 
WRITE PULSE 

DATA BUS DO - D7 

DECODER 
ENABLE 

ADDRESS 
DECODER 

ADDRESS BUS AO - A15 

HARRIS 
1cM722sC;D 

SEGMENTS 
DRIVE 

ICM7228 

LED DISPLAY 

0086-25 

Figure 9: ICM7228C/D Microprocessor System Interfacing 

Table 6: Display Character Sets 

Input Data Code Display Characters 

ID3 ID2 ID1 IDO Hexadecimal Codee 

0 0 0 0 0 0 
0 0 0 1 1 1 
0 0 1 0 2 2 
0 0 1 1 3 3 
0 1 0 0 4 4 
0 1 0 1 5 5 
0 1 1 0 6 6 
0 1 1 1 7 7 
1 0 0 0 8 8 
1 0 0 1 9 9 
1 0 1 0 A -
1 0 1 1 b E 
1 1 0 0 c H 
1 1 0 1 d L 
1 1 1 0 E p 

1 1 1 1 F (Blank) 

Display Formats 
The ICM7228A and ICM7228B have three possible dis

play formats; Hexadecimal, Code B and No Decode. Table 
6 shows the character sets for the decode modes and their 
corresponding input code. 

The display formats of the ICM7228A/B are selected. by 
writing data to bits ID4, IDS and ID6 of the Control Register 
(See Table 1 and 2 for input Definitions). Hexadecimal and 
Code B data is entered via ID0-103 and ID7 controls the 
decimal point. 

NOTE: All typical values have boon charactedzed but are not test6d. 
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Table 7: No Decode Segment Locations 

Data Input ID7 

Controlled Decimal 
Segment Point 

ID6 IDS ID4 

a b c 

,,-;;b .,-,c 
- GlD.P. 

d 

ID3 ID2 ID1 

e g f 

0086-7 

Figure 10: Digits Segment Assignments 

IDO 

d 

The No Decode mode of the ICM7228A and ICM7228B 
allows the direct segment-by-segment control of all 64 seg
ments driven by the device. In the No Decode mode, the 
input data directly controLthe outputs as shown in Table 7. 

An input high level turns on the respective segment, ex
cept for the decimal point, which is turned on by an input 
low level on 107. 

The No Decode mode can be used in different applica
tions such as bar graph or status panel driving where each 
segment controls an individual LED. 
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The ICM7228C and ICM7228D have only the Hexadeci
mal and .Code B character sets. The HEXA/CODE B/ 
SHUTDOWN input, pin 9, requires a three level input. Pin 9 
selects the Hexadecimal format when pulled high, the Code 
B format when floating or driven to mid-supply, and the 
shutdown mode when pulled low (See Tables 3 and 4). Ta
ble 6 also applies to the ICM7228C/D devices. 

Shutdown and Display Blanking 
When shutdown, the ICM.7228 enters a low power stand

.• by mode typically consuming only 1 µ.A of supply current for 
the ICM7228A/B and 2.5 µ.A for the ICM7228C/D. In this 
mode the ICM7228 turns off the multiplex scan oscillator as 
well as the digit and segment drivers. However, input data 
can still be entered when in the shutdown mode. Data is 
retained in memory even with the supply voltage as low as 
2V. 

The ICM7228A/B is shutdown by writing a control word 
with Shutdown (ID4) low. The ICM7228C/D is put into shut
down mode by driving pin 9, HEXA/CODE B/SHUTDOWN, 
low. 

The ICM7228 operating current with the display blanked 
is within 100 µ.A-200 µ.A for all versions. All versions of the 
ICM7228 can be blanked by writing Hex FF to all digits and 
selecting Code B format. The ICM7228A and ICM7228B 
can also be blanked by selecting No Decode mode and 
writing Hox 80 to all digits (See Tables 6 and 7). 

Common Anode Display Drivers, 
ICM7228A and ICM7228C 

The common anode digit and segment driver output 
schematics are shown in Figure 11. The common anode 
digit driver output impedance is approximately 40. This pro
vides a nearly. constant voltage to the display digits. Each 
digit has a minimum of 200 mA drive capability. The N-chan
nel segment driver's output impedance of 500 limits the 
segment current to approximately 25 mA peak current per 
segment.. Both the ·segment and digit outputs can directly 
drive the display, current limiting resistors are not required. 

Individual segment's current is not significantly affected 
by whether other segments are on or off. This is because 
the segment driver output impedance is much higher than 
that ofthe digit driver. This feature is important in bar graph 
applications where each bar graph element should have the 
same brightness, independent of the number of elements 
being turned on. 

NOTE: All typical values have b8en charactstiZ8d but IU9 not tsst8d. 
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Common Cathode Display Drivers, 
ICM7228B and ICM7228D 

The common cathode digit and segment driver output 
schematics are shown in Figure 12. The N-channel digit 
drivers have an output impedance of approximately 150. 
Each digit has a minimum of 50 mA drive capability. The 
segment drivers have an output·impedance of·approximate
ly 1000 with typically 1 O mA peak current drive for each 
segment. The common cathode display driver output cur
rents are only % of the common anode display driver cur
rents. Therefore, the ICM7228A and ICM7228C commn an
ode display drivers are recommended for those applications 
where high display brightness is desired. The ICM722BB 
and ICM7228D common cathode display drivers are suit
able for driving bubble-lensed monolithic 7 segment dis
plays. They can also drive individual LED displays up to 0.3" 
in height when high brightness is not required. 

Display Multiplexing 
Each digit of the ICM7228 is on for approximately 320 µ.s, 

with a multiplexing frequency of approximately 390 Hz. The 
ICM7228 display drivers provide interdigit blanking. This en
sures that the segment information of the previous digit is 
gone and the information of the next digit is stable before 
the next digit is driven on. This is necessary to eliminate 
display ghosting (a faint display of data from previous digit 
superimposed on the next digit). The·interdigit blanking time 
is 10 µ.s typical with a guaranteed 2 µ.s minimum. The 
ICM7228 turns off both the digit drivers and the segment 
drivers during the interdigit blanking period. The digit multi
plexing sequence is: D2, D5, D1, D7, DB, D6, D4 and D3. A 
typical digit's drive pulses are shown on Figure 13. 

Due to the display multiplexing, the driving duty cycle for 
each digit is 12% (100 x 1/s). This means the average cur
rent for each segment is 'la of its peak current. This must be 
considered while designing and selecting the displays. 
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Driving Larger Displays 
If very high display brightness is desired, the ICM7228 

display driver outputs can be externally buffered. Figures 14 
thru 16 show how to drive either common anode or com
mon cathode displays using the ICM7228 and external driv
er circuit for higher current displays. 

DIGIT 
STROBE 

INTERDIGIT 
BLANKING 

v,, 

COMMON 
ANODE 
DIGIT 
OUTPUT 

0086-26 

NOTE: When SHUTDOWN goes low INTERDIGIT BLANKING also 
stays low. 

Digit Driver 

ICM7228 

Another method of increasing display currents is to con
nect two digit outputs together and load the same data into 
both digits. This drives the display with the same peak cur
rent, but the average c_urrent doubles because each digit of 
the display 1s on for twice as long, i.e., % duty cycle versus 
'/a. 

SHUTOOWN-----1 

Vss 

Segment Driver 

COMMON 
ANODE 
SEGMENT 
OUTPUT 

0086-27 

Figure 11: Common Anode Display Drivers 

DIGIT 
STROBE 

INTEROIGIT 
BlJ.NKJNG 

Digit Driver 

COMMON 
CATHODE 
DIGIT 
OUTPUT 

0086-28 

SEGMENT 
DATA 

INTEROIGIT 
BLANKING 

COMMON 
CATHODE 
SEGMENT 
OUTPUT 

0086-29 

NOTE: When SHUTDOWN goes low INTERDIGIT BLANKING also 
stays low. 

. Segment Driver 
Figure 12: Common Cathode Display Drivers 

NOTE: All typical values have been characteriZBd but 81"8 not testad. 
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1-t- ~~ti:' R~NING r-------r- ~:~t~u~:ING (PER DIGIT) 
INTERDIGIT 81../.NKING rl rl rl rl rl rl rl rl I 

INTERNAL SIGNAL .....I YI--' YI--' YI--' YI--' YI--' YI--' YI--' YI--' 

Yoo 

ICM7228A/B 

Yoo 

TYPICAL 
DIGITS 

OUTPUT 
PULSES 

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

OS ~~B-1../.-NK-IN-G----------------------------------------~ 
DI 

-------------------' 
07 

04 

Figure 13: Display Digits Multiplex Timing Diagram (Common Anode Display) 

Yoo Voo Yoo 

DIGIT 
+ UPTO 

4A 

OUTPUT 

100.0. 

SEGMENT 

Voo OUTPUT 1 mA 
,,/ ,,/ ,,/ 

ICM7228C/D 

0086-6 

----i 10k Yoo 144 (100 mA PEAK) 

SEGMENT 
OUTPUT 

-l 
,,/ ,,/ ,,;' 

----i DIGIT 
OUTPUT 14mA 

2N8034 

Vss Vss -l l 1.4 AMP PEAK 

0086-30 

Figure 14: Driving High Current 
Display, Common Anode ICM7228A/C Yss Yss 

to Common Anode Display 
0086-31 

Figure 15: Driving High Current 
Display, Common Cathode ICM7228B/D 

to Common Cathode Display 

NOTE: All typical values have bflen characterized but 8f8 not test6d. 
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Three Level Input, 
ICM7228C and ICM7228D 

As mentioned before, pin 9 is a three level input and con
trols three functions: Hexadecimal display decoding, Code 
B display decoding and shutdown mode. In many applica
tions, pin 9 will be left open or permanently wired to one 
state. When pin 9 can not be permanently left in one state, 
the circuits illustrated in Figure 17 can be used to drive this 
three level input. 

Yoo Yoo 

100.ll 

SEGMENT 
OUTPUT 

#' #' #' 
Yoo 

-I 
25.ll 

DIGIT 
OUTPUT 

-I 

Yss Yss 

0066-32 

Figure 16: Driving High Current 
Display Common Cathode ICM7228B/D 

to Common Anode Display 

NOTE: All typical values have bBen charact811Z8d but are not tested. 
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Power Supply Bypassing 
Connect a minimum of 47 µ.F in parallel with 0.1 µ.F ca

pacitors between Voo and Vss of ICM7228. These capaci
tors should be placed in close proximity to the device to 
reduce the power supply ripple caused by the multiplexed 
LED display drive current pulses. 

HIGH= HEX 

LOW = SHUTDOWN 

74C126 
THREE-STATE 

BUFFER 

CD4016 
;;.Hl.;.;GH.;__= .;.;HEX.;.;;;. __ -1-0"""" o-+;:.CD:_4.;.;06:.;6 ___ PIN 9 
LOW = SHUTDOWN 

LOW= CODE B 

HIGH = CODE B 

LOW= HEX 

HIGH = SHUTDOWN 

LOW= CODE B 

HIGH = SHUTDOWN 

LOW= HEX 

HIGH = SHUTDOWN 

LOW= CODE B 

OPEN DRAIN OR 
OPEN COLLECTION 
OUTPUT 

0066-33 

Figure 17: ICM7228C/D Pin #9 Drive Circuits 
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HARRIS 
SEMICONDUCTOR 

ICM7231-ICM7232 
Numeric/ Alphanumeric Triplexed 

LCD Display Driver 
'°' GENERAL DESCRIPTION 
"" .... 

FEATURES 

:IE g 
The ICM7231-7232 family of integrated circuits are de

signed to generate the voltage levels and switching wave
forms required to drive triplexed liquid-crystal displays. 
These chips also include input buffer and digit address de
coding circuitry allowing six bits of input data to be decoded 
into 64 independent combinations of the output segments 
of the selected digit. 

The family is designed to interface to modem high per
formance microprocessors and microcomputers and ease 
system requirements for ROM space and GPU time needed 
to service a display. 

ORDERING INFORMATION 

Part Temperature 
Number Range 

ICM7231 BFIPL -2soc to +as0 c 

ICM7232AFIPL -2soc to +asoc 

ICM7232BFIPL -2soc to +ssoc 

ICM7232CRIPL -2soc to +ssoc 

NOTE: All versions intended for triplexed LCD displays 

• ICM7231: Drives 8 Digits of 7 Segments With Two 
Independent Annunciators Per Digit Address and 
Data Input in Parallel Format 

• ICM7232: Drives 10 Digits of 7 Segments With Two 
Independent Annunciators Per Digit Address and 
Data Input in Serial Format 

• All Signals Required to Drive Rows and Columns of 
Triplexed LCD Display Are Provided 

• Display Voltage Independent of Power Supply 
• On-Chip Oscillator Provides All Display Timing 
•Total Power Consumption Typically 200µW, 

Maximum 500µW at 5V 
•Low-Power Shutdown Mode Retains Data With 5µW 

Typical Power Consumption at 5V, 1µW at 2V 
• Direct Interface to High-Speed Microprocessors 

Number of Input 
Package Digits Format 

-4if Pin Plastic DIP 8Digit Parallel 

40 Pin Plastic DIP 10 Digit Serial 

40 Pin Plastic DIP 10 Digit Serial 

40 Pin Plastic DIP 10 Digit Serial 

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. 203299-003 
NOTE: All typical valutJS have been charactsrizod but are not t6St8d. 9-54 



ICM7231-ICM7232 

DO 07 05 04 03 02 

i ~ i 
...... :I 
~~2 

DATA INPUTS 

NOTE: See Figure 17 for display segment connections. 

01 

"O :; 
~ u . ~ 

DISPLAY 
TIMING 

GENERATOR 

Figure 1: ICM7231 Functional Diagram 

010 DO 07 06 

"" / SHIFT REGISTER 
SHIFTS RIGHT TO LEFT 

ON RISING EDGE OF DATA CLOCK 

NOTE: See Figures 17 and 18 for display segment connections. 

05 04 03 

DATA DATA iilift DATA 
IWUT CLOCK l~T ACCEPTED 

lt#UT OUTf'UT 

01 

CMPlAV 
TIUINQ 

G!NERATOR 

Figure 2: ICM7232 Functional Diagram 

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

VH :~!~ 
VOLTAGE 
LEVEL 

yL GENERATOR 

.... 
PIN2UNPUn 

Voo 

VH =. 
v, 

VOLTAGE 
LEVEL 
GENERA.TOA 

OPI 

OP2 

BP3 

03GG-1 

0366-2 



"" C') ICM7231-ICM7232 
"" ""' I! 
() 

'i cs Yoo DATA CLOCK INPUT Voo .. 
YrnsP 2 C') AZ Vo1sP WRITE INPUT 

"" BP1 3 

""' I! BP2 4 

A1 BP1 DATA INPUT 

37 AO BP2 DATA ACCEPTED OUTPUT 

!::! BP3 5 

b1,c1,an11 

36 Yss 
BP3 Vss 

803 
b1,c1,an11 f10,e10,an210 

a1,g1,d1 34 802 
a1,g1,d1 a10,g10,d10 

f1,e1,an21 b10,c10,an110 
f1,e1,an21 8 33 801 b2,c2,an12 7232 f9,e9,an29 

b2,c2,an12 
7231 

32 BOO a2,g2,d2 AF a9,g9,d9 
a2,g2,d2 BF 31 AN2 f2,e2,an22 BF b9,c9,an19 

f2,e2,an22 

b3,c3,an13 12 
(DIP) 

30 AN1 b3,c3,an13 (DIP) f8,a8,an28 

29 f8,a8,an28 a3,g3,d3 a8,g8,d8 

a3,g3,d3 13 a8,g8,d8 f3,e3,an23 b8,c8,an18 

f3,e3,an23 14 27 b8,c8,an18 b4,c4,an14 fl,e7,an27 

b4,c4,an14 15 26 f7,e7,an27 a4,g4,d4 a7,g7,d7 

a4,g4,d4 16 a7,g7,d7 f4,e4,an24 b7,c7,an17 

f4,e4,an24 17 24 b7,c7,an17 b5,c5,an15 f6,e6,an26 

b5,c5,an15 18 23 f6,e6,an26 
a5,g5,d5 a6,g6,d6 

a5,g5,d5 19 22 a6,g6,d6 
f5,e5,an25 b6,c6,an16 

f5,e5,an25 20 21 b6,c6,an16 0366-6 

0366-5 

DATA CLOCK INPUT 40 Voo 

Vo1sP 39 WRITE INPUT 

BP1 38 DATA INPUT 

BP2 37 DATA ACCEPTED OUTPUT 

BP3 36 V55 
b1,c1,an11 35 b6,c6,an16 

a1,g1,d1 34 a6,g6,d6 

f1,e1,an21 33 f6,e6,an26 

b2,c2,an12 
7232 

32 b7,c7,an17 

a2,g2,d2 
CR 

31 a7,g7,d7 

f2,e2,an22 
(DIP) 

30 fl,e7,an27 

b3,c3,an13 b8,c8,an18 

a3,g3,d3 28 a8,g8,d8 

f3,e3,an23 14 27 f8,a8,an28 

b4,c4,an14 15 b9,c9,an19 

a4,g4,d4 a9,g9,d9 

f4,e4,an24 19,e9,an29 

b5,c5,an15 18 b10,c10,an110 

a5,g5,d5 19 a10,g10,d10 

f5,e5,an25 20 f10,e10,an210 

0366-7 

Figure 4: Pin Configuration (Outline dwg PL) 

NOTE: All typical valuos have bean charactorized but are not tested. 
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g; ii: ~ m 

b1,c1,an11 

al,gl,dl 

f1,e1,an21 

b2,c2,an12 

•2,g2,d2 

NC 

f2,e2,an22 

b3,c3,an13 

o3,g3,d3 

f3,e3,an23 

b4,c4,an14 

>~ll'.l u >8 ~ :;: ~ ,El z 

7231BF 
(Flatpack) 

b1,c1,an11 

a1,g1,d1 

fl,e1,e.n21 

b2,c2,an12 

a2,g2,d2 

NC 

f2,e2,an22 

b3,c3,ant3 

a3,g3,d3 

f3,e3,an23 

b4,c4,an14 

33 

32 

31 

30 

29 

28 

27 

26 

25 

2• 

23 

BOO b1,cl,antt 

BD2 n1,g1,d1 

BD1 f1,e1,an21 

BOO b2,c2,ant2 

AN2 •2,g2,d2 

NC NC 

AN1 f2,e2,an22 

f8,e8,an28 b3,c3,an13 

a8,g8,d8 a3,g3,d3 

b8,c8,an18 f3,e3,an23 

f1,e7,an27 b4,c-4,an1"4 

~ ~ ~ ~ <C 

g; ii: g; ~ j:! sl~ ;!i ;!i 
>ti ~ > ., ti ti 

7232CR 
(Flatpack) 

~ '1i 
~ ::; ~ ~ 

0 0 e 
';! ;; 

'! '! 0 c 

~ 'Ii ~ 
G -: ~ '3 ~ 2 

::! ~ !!! 
~ 'ii ~ 

,El 

ICM7 231-ICM7 23 2 

g; 

~ 
"' ti ~ 

~ 

d 
~ z 

ii: ~ >~ ~ u sl~ m z > ., 

7232BF 
(Flatpack) 

b6,c6,an16 

a6,g6,d6 

f6,e6,an26 

b7,c7,11n27 

a7,g7,d7 

NC 

f/,a7,an27 

b8,c8,e.n18 

a8,g8,d8 

f8,e8,an28 

b9,c9,an19 

0366-8 

i 
~ 

~ 

~ ~ 
~ 

"' ~ ;!i ,El ti 

fl O,et 0,an210 

o10,g10,d1D 

b10,c10,an110 

f9,e9,an29 

a9,g9,d9 

NC 

b9,c9,anl9 

f8,e8,an28 

a8,g8,d8 

b8,c8,an18 

f7,e7 ,e.n27 

0366-4 

Figure 4: Pin Configuration (Continued) 

NOTE: All typical valu6s haVB been challlcterized but ars not tosted. 
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"" C') 

"" 
ICM7231-ICM7·2-32· 

.,. ABSOLUTE MAXIMUM RATINGS 
:::E u 
"j 

Supply Voltage (VDD -Vssl ........•....•.•....... 6.5V Power Dissipationl1l •..............•...... 0.5W @ 70'C 
Operating Temperature Range . . . . • • . . . - 25'C to + B5'C lnputVoltagel2) .................... Vss-0.3'5:V1N'5:6.5 
Storage Temperature Range .......... -65'C to+ 150'C (; DisplayVoltagel21 ................. ~o.3::;;;V01sps+0.3 
Lead Temperature (Soldering,10sec) •............. 300'C 

Notes: 1. This limit refers to that of the package· and will not be obtained during.normal operation . "" ... 
:IE 
S! 

2. Due to the SCA structure inherent in these devices, connecting any display terminal or the display voltage terminal to a voltage outside the power supply 
to the chip may cause destructive device latchup. The digital inputs should never be connected to a voltage less than ~ 0.3 volts below ground, but may 
be connected to voltages above Voo but not more than 6.5 volts above Vss-

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress raUngs only and functional 
operation of the device at these or any other conditions above those indicatqd 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' (V+ = 5V ± 10%, Vss=OV, TA= -25'C to +85'C unless otherwise 

specified) 

Symbol Parameter Test Conditions/Description 

Voo Power Supply Voltage 

Voo Data Retention Supply Voltage Guaranteed Retention at 2V 

loo Logic Supply Current Current from V oo to Ground excluding 
Display. Vo1sp=2V 

Is Shutdown Total Current Vo1sP Pin 2 Open 

VotSP Display Voltage Range Vss5:Vo1sp5:Voo 

lotSP Display Voltage Setup Vo1sp=2V Current from Voo to 
Current Vo1SP On-Chip 

Ro1sp Display Voltage Setup Resistor Value One of Three Identical Resistors in String 

DC Component of Display Signals (Sample Test only) 

frnsp Display Frame Rate See Figure6 

V1L Input Low Level ICM7231 

V1H Input High Level Pins 30-35, 37-39, 1 

ltLK Input Leakage ICM7232, 

C1N Input Capacitance 
Pins 1, 38, 39 (Note 1) 

VoL Output Low Level Pin 37, ICM7232, loL = 1 mA, 

VoH Output High Level Voo=4.5V, loH= -500µA 

Top Operating Temperature Range Industrial Range 

AC CHARACTERISTICS (VDD=5V±10% Vss=OV, -20°c,;;TA,;;+a5°CJ 

PARALLEL INPUT (ICM7231) See Figure 14 

Symbol Parameter Test Conditions Min 

lcs Chip Select Pulse Width (Note 1) 500 

Ids Address/Data Setup Time (Note1) 200 

l.:!h Address/Data Hold Time (Note1) 0 

tics Inter -Chip Select Time (Note1) 3 

SERIAL INPUT (ICM7232) See Figures 15, 16 

Symbol Parameter Test Conditions Min 

ta Data Clock Low Time (Note1) 350 

let Data Clock High Time (Note 1) 350 

l.:!s Data Setup Time (Note 1) 200 

l.:!h Data Hold Time (Note 1) 0 

lwp Write Pulse Width (Note1) 500 

lwn Write Pulse to Clock at Initialization (Note 1) 1.5 

loot Data Accepted Low Output Delay (Note 1) 

lodh Data Accepted High Output Delay (Note1) 

lcws Write Delay After Last Clock (Note 1) 350 

NOTE 1: For design reference only, not 100% tested. 

NOTE: All typical values have been characterized but are not tested. 
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Min Typ Max Units 

4.5 >4 5.5 v 
2 1.6 v 

30 100 µA 

1 10 µA 

0 Voo v 
15 30 µA 

40 75 kfi 

y. 1 % (Voo - Vo1sp) 

60 90 120 Hz 

0.8 v 
2.0 v 

0.1 1 µA 

5 pF 

0.4 v 
4.1 v 
-25 +85 'C 

Typ Max Units 

350 ns 

ns 

-20 ns 

µs 

Typ Max Units 

ns 

ns 

ns 

-20 ns 

350 ns 

µs 

200 400 ns 

1.5 3 µs 

ns 



TABLE OF FEATURES 

Type Number Output Code Annunciator 
Locations 

ICM7231BF Codes Both Annunciators 
on BP3 

ICM7232AF Hexadecimal Both Annunciators 

ICM7232BF Codes on BP3 

ICM7232CR Codes 1 Annunciator BP1 
1 Annunciator BP3 

TERMINAL DEFINITIONS 
ICM7231 PARALLEL INPUT NUMERIC DISPLAY 

Terminal 

AN1 
AN2 

BOO 
801 
802 
803 

AO 
A1 
A2 

Pin 
No. 

30 
31 

32 
33 
34 
35 

37 
38 
39 

Description 

Annunciator 1 Control Bit 
Annunciator 2 Control Bit 

Least Significant l 
Most Significant J 
Least Significant } 

Most Significant 

4 Bit Binary 
Data Inputs 

3 Bit Digit 
Address Inputs 

Data Input Strobe/Chip Select (Note 3) 

ICM7231-ICM7232 

Input Output 

Parallel Entry 8 Digits 
4 bit Data plus 
2 bit Annunciators 16 Annunciators 
3 bit Address 

Serial Entry 10 Digits 
4 bit Data plus 

2 bit Annunciators 20 Annunciators 

4 bit Address 

Function 

High=ON 
Low= OFF 

Input 
Data 
(See Table 1) 

Input 
Address 
(See Table 2) 

SeeTable3 

HIGH= Logical One (1) 

LOW= Logical Zero (0) 

Trailing (Positive going) edge latches data, 
causes data input to be decoded and sent 
out to addressed digit 

NOTE: 3. CS has a special." mid·levelH sense circuit that establishes a test mode if it is held near 3V for several msec. Inadvertent triggering of this mode can be 
avoided by pulling it high when inactive, or ensuring frequent activity. 

ICM7232 SERIAL DATA AND ADDRESS INPUT 

Pin 
Terminal No. Description Function 

Data Input 38 Data+ Address Shift Register Input HIGH= Logical One (1) 
LOW= Logical Zero (0) 

WRITE Input 39 Decode, Output, and Reset Strobe When DATA ACCEPTED Output is LOW, positive 
going edge of WRITE causes data in shift register 
to be decoded and sent to addressed digit, then 
shift register and control logic to be reset. When 
DATA ACCEPTED Output is HIGH, positive going 
edge of WRITE triggers reset only. 

Data Clock 1 Data Shift Register and Control Positive going edge advances data in shift register. 
Input Logic Clock ICM7232: Eleventh edge resets shift register and 

control logic. 

DATA 37 Handshake Output Output LOW when correct number of bits entered 
ACCEPTED into shift register; ICM7232 8, 9 or 10 bits 
Output 

NOTE: All typical values have boon characterized but am not tostod. 
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C\I 
Cl) 
C\I ... 

ICM7231-ICM7232 

:I ALL DEVICES 
!:! 

I ... 
Cl) 
C\I ... 
:I 
!:! 

Pin 
Terminal No. Description Function 

Display 2 Negative end of on-chip resistor Display voltage control. When open (or less than 
Voltage Vo1sP string used to generate intermediate 1 V from Voo chip is shutdown; oscillator stops, all 

voltage levels for display. Shutdown Input. display pins to Voo. 

Common 3,4,5 
Line Driver 
Outputs 

Segment 6-29 (On ICM7231) 
Line Driver 6-35 (On ICM7232) 
Outputs 

Voo 40 Chip Positive Supply 

Vss 36 Chip Negative Supply 

ICM7231 FAMILY DESCRIPTION 
The ICM7231 drives displays with 8 seven-segment digits 

with two independent annunciators per digit, accepting six 
data bits and three digit address bits from parallel inputs 
controlled by a chip select input. The data bits are subdivid
ed into four binary code bits and· two annunciator control 
bits. 

The ICM7232 drives 10 seven-segment digits with two 
independent annunciators per digit. To write into the dis
play, six bits of data and four bits of digit address are 
clocked serially into a shift register, then decoded and writ
ten to the display. 

Input levels are TTL compatible, and the DATA ACCEPT
ED output on the serial input devices will drive one LSTTL 
load. The intermediate voltage levels necessary to drive the 
display properly are generated by an on-chip resistor string, 
and the output of a totally self-contained on-chip oscillator 
is. used to generate all display timing. All devices in this 
family have been fabricated using Harris' MAXCMOS® pro
cess and all inputs are protected against static discharge. 

TRIPLEXED (1/3 MULTIPLEXED) 
LIQUID CRYSTAL DISPlAYS 

Figure 5 shows the connection diagram for a typical 7-
segment display with two annunciators such as would be 
used with an ICM7231 or ICM7232 numeric display driver. 
Figure 6 shows the voltage waveforms of the common lines 
and one segment line, chosen for this example to be the "a, 
g, d" segment line. This line intersects with BP1 to form the 
"a" segment, BP2 to form the "g" segment and BP3 to 
form the "d" segment. Figure 6 also shows the waveform of 
the "a, g, d" segment line for four different ON/OFF combi
nations of the "a", "g" and "d" segments. Each intersec
tion (segment or annunciator) acts as a capacitance from 
segment line to common line, shown schematically in Figure 
7. Figure 8 shows the voltage across the "g" segment for 
the same four combinations of ON/OFF segments used in 
Figure 6. 

NOTE: All typical valuss haVB been charsctsrized but llf8 not f9sted. 

Drive display commons, or rows. 

Drive display segments, or columns. 

The degree of polarization of the liquid crystal material 
and thus the contrast of any intersection depends on the 
RMS voltage across the intersection capacitance. Note 
from F.igure 8 that the RMS OFF voltage is always Vp/3 and 
that the RMS ON voltage is always 1.92 Vp/3. 

For a 1 /3 multiplexed LCD, the ratio of RMS ON to OFF 
voltages is fixed at 1.92, achieving adequate display con
trast with this ratio of applied RMS voltage makes some 

· demands on·the liquid crystal material used. 
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Figure 9 shows the curve of contrast versus applied RMS 
voltage for a liquid crystal material tailored for Vp = 3.1V, a 
typical value for Ya-multiplexed displays in calculators. Note 
that the RMS OFF voltage Vp/3z 1V is just below the 
"threshold" voltage where contrast begins to increase. This 
places the RMS ON voltage at 2.1V, which provides about 
85% contrast when viewed straight on. 

All members of the ICM7231/ICM7232 family use an in
ternal resistor string of three equal value resistors to gener
ate the voltages used to drive the display. One end of the 
string is connected on the chip to Voo and the other end 
(user input) is available at pin 2 (Vo1sp) on each chip. This 
allows the display voltage input (Vo1sp) to be optimized for 
the particular liquid crystal material used. Remember that 
Vp = Voo - Vo1sp and should be three times the threshold 
voltage of the liquid crystal material used. Also it is very 
important that pin 2 never be driven below Vss- This can 
cause device latchup and destruction of the chip. 

. 
... ~ 

u~u· ... ~ 
.. ,""' 9 'ls?U, 2··· 

SEGMENT UNE CONNECTION BACKPLANE CONNECTION 

0366-9 

Figure 5: Connection Diagrams for 
Typical 7-Segment Displays 
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Figure 6: Display Voltage Waveforms 
NOTE: q,1, </>2. <f>3-BP HIGH WITH RESPECT TO SEGMENT. 

q,1., :f2., <f>3• - BP LOW WITH RESPECT TO SEGMENT. 

BP1 ACTIVE DURING </>1 AND </>1• 

BP2 ACTIVE DURING </>2 AND </>2· 

BP3 ACTIVE DURING <f>3 AND <f>3• 

. 
:__sEGMENT 

LINES 

0366-11 

Figure 7: Display Schematic 

NOT£: AH typical values havs b6f.Jn characterized but aro not tosted. 
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SEGMENT PEAK TO 
PEAK VOLTAGE 

r-r rr -'H ~ •VRMSOFF All OFF .LJ. 0 YAMS • J .J _ __L.J - - . 
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Figure 8: Voltage Waveforms on 
Segment g(Vg) 
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VAMsON ./IT 
VOLTAGECONTRASTRATIO=VAMsOFF= ./3 =1.92 

NOTE: q,1, <f>2, <f>3 - BP HIGH WITH RESPECT TO SEGMENT. 

<f>l'• q,2., <f>3• - BP LOW WITH RESPECT TO SEGMENT. 

BP1 ACTIVE DURING </>1 AND </>1• 

BP2 ACTIVE DURING </>2 AND </>2· 

BP3 ACTIVE DURING <f>3 AND <f>3· 
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Figure 9: Contrast vs. Applied RMS Voltage 

AMBIENT TEMPERATURE ("CJ 

0366-14 

Figure 10: Temperature Dependence 
of LC Threshold 

TEMPERATURE EFFECTS AND 
TEMPERATURE COMPENSATION 

The performance of the LCD material is affected by tem
perature in two ways. The response time of the display to 
changes of 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 O'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. On high temperature, effect to consider 
deals with plastic materials used to make the polarizer. 

NOTE: All typical values havs bs6n chatact9fized but Br6 not tested. 
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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
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 10 
shows the temperature dependence of peak voltage for the 
same liquid crystal material of Figure 9. 

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 Voisp (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 2. The simplest means for generating a display volt
age suitable to a particular display is to connect a potenti
ometer from pin 2 to Vss as shown in Figure 11. A potenti
ometer with a maximum value of 200 k!l 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 

~ 
2 VOJSP 40 +5 200k0 > 

+10nF 

~ 
36 

* ICM 
7231-
7232 

0366-15 

Figure 11: Simple Display 
Voltage Adjustment 



Figure 12(a) shows another method of setting up a dis
play voltage using five silicon diodes in series. These di
odes, 1 N914 or equivalent, will each have a forward drop of 
approximately 0.65V, with approximately 20µA flowing 
through them at room temperature. Thus, 5 diodes will give 
3.25V, suitable for a 3V display using the material properties 
shown in Figures 9 and 10. For higher voltage displays, 
more diodes may be added. This circuit provides reason
able temperature compensation, as each diode has a nega
tive temperature coefficient of - 2 mV /'C; five in series 
gives -10 mV /'C, not far from optimum for the material 
described. 

The disadvantage of the diodes in series is that only inte
gral multiples of the diode voltage can be achieved. The 
diode voltage multiplier circuit shown in Figure 12(b) allows 
fine-tuning the display voltage by means of the potentiome
ter; it likewise provides temperature compensation since the 
temperature coefficient of the transistor base-emitter junc
tion (about -2 mV/'C) is also multipled. The transistor 
should have a beta of at least 100 with a collector current of 
10 µA. The inexpensive 2N2222 shown in the figure is a 
suitable device. 

1N914 
DIODES 

2 vo1sP 40t----+5 

36~---

10nF 

40k0 I 

ICM 
7231-
7232 

Figure 12(a): String of Diodes 

200k0 
POTENTIOMETER 

Voo 

40k0 
10nF 

T 

2 Vo15p 

ICM 
7231-
7232 

40 

36 

Figure 12(b): Transistor-Multiplier 

Figure 12: Diode-based Temperature 
Compensation 

NOTE: All typical values have /)(J(Jn charactsrized but aro not tested. 
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0366-17 

+5V 
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LOGIC 
SYSTEM 

PROCESSOR, 
ETC. 

V1H+ 
Vou11,i-.----1 Yoo 

You12 
ICL7663S 

Vm 

Yrc ICM7233 

GND 

GND 

DATA BUS 

Figure 13: Flexible Temperature 
Compensation 
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ICM7231-ICM7232 

t---tk:s---i 
I I 

DATA 
ADDRESS 
INPUT 

PARALLEL INPUT TIMING ICM7233 

----"' ADDRESS 
ANO DATA 1 

I INPUTS VALID 

l I I --, ,__ ... 
1-,-... ---1-i 

(ICM7231 HAS ONLY ONE CHIP SELECT. IT APPEARS AT PIN 1.) 

ADDRESS 
ANO DATA 

INPUTS VALID 

- DO NOT CARE 
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Figure 14: Parallel lnputTlming 

DATA 
CLOCK 
INPUT 
(PER BIT 
OF DATAI 

DATA 
INPUT 

DATA 
ACCEPTED 
OUTPUT 

0366-20 

Figure 15: ICM7232 One Digit Input Timing Diagram, Writing Both Annunciators 

For battery operation, where the display voltage is gener
ally the same as the battery voltage (usually 3-4.5V), the 
chip may be operated at the display voltage, with Vo1SP 
connected to Vgg. The inputs of the chip are designed such 
that they may be driven above Voo without damaging the 
chip. This allows, for example, the chip and display to oper
ate at a regulated 3V, and a microprocessor driving its in
puts to operate with a less well controlled 5V supply. (The 
inputs should not be driven more than 6.5V above GND 
under any circumstances.) This also allows temperature 
compensation with the ICL76635, as shown in Figure 13. 
This circuit allows independent adjustment of both voltage 
and temperature compensation. 

NOTE: All typical values havo been characterized but are not tested. 
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DESCRIPTION OF OPERATION 
PARALLEL INPUT OF DATA AND ADDRESS 
(ICM7231) 

The parallel input structure of the ICM7231 device is or
ganized to allow simple, direct interfacing to all microproc
essors, (see functional diagram Figure 1 ). In the ICM7231, 
address and data bits are written into the input latches on 
the rising edge of the Chip Select input. 



ICM7 231-ICM7 23 2 

AN1 
ENTER 
FIRST 

AN2 8DO 8D1 8D2 8D3 Ao A1 A2 Aa 
ENTER 
LAST 

ICM7232 WRITE ORDER 

t-tc;-1--tc;---, 

DATA ----11 I 
CLOCK 
INPUT 

DATA 
INPUT 

DATA 
ACCEPTED 
OUTPUT 

--i 1-l-twp = ..., !r- RESETS SHIFT REGISTl;R 
~ANO CONTROL LOGIC 
I I WHEN DATA ACCEPTED 
• I ISHIGH ~OONOTCARE 

Figure 16: ICM7232 Input Timing Diagram, Leaving Both Annunciators Off 0366-21 

The rising edge of the Chip Select also triggers an on
chip pulse which enables the address decoder and latches 
the decoded data into the addressed digit/character out
puts. The timing requirements for the parallel input device 
are shown in Figure 14, with the values for setup, hold, and 
pulse width times shown in the AC Characteristics section. 
Note that there is a minimum time between Chip Select 
pulses; this is to allow sufficient time for the on-chip enable 
pulse to decay, and ensures that new data doesn't appear 
at the decoder inputs before the decoded data is written to '. 
the outputs. 
SERIAL INPUT OF DATA AND ADDRESS. 
(ICM7232) 

The ICM7232 trades six pins used as data inputs on the 
ICM7231 for six more segment lines, allowing two more 9-
segment digits. This is done at the cost of ease in interfac
ing, and requires that data and address information be en
tered serially. Refer to functional diagram, Figure 2 and tim
ing diagrams, Figures 15 and 16. The interface consists of 
four pins: DATA Input, DATA CLOCK Input, WRITE Input 
and DATA ACCEPTED Output. The data present at the 
DATA Input is clocked into a shift register on the rising edge 
of the DATA CLOCK Input signal, and when the correct 
number of bits has been shifted into the shift register (8 in 
the ICM7232), the DATA ACCEPTED Output goes low. Fol
lowing this, a low-going pulse at the WRITE input will trigger 
the chip to decode the data and store it in the output latch
es of the addressed digit/character. After the data is 
latched at the outputs, the shift register and the control logic 
are reset, returning the DATA ACCEPTED Output high. Af
ter this occurs, a pulse at the WRITE input will not 

NOTE: All typk:aJ values havs b66n charact9fizsd but are not tested. 
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change the outputs, but will reset the control logic and shift 
register, assuring that each data bit will be entered into the 
correct position in the shift register depending on subse
quent DATA CLOCK inputs. 

The shift register and control logic will also be reset if too 
many DATA CLOCK INPUT edges are received; this pre
vents incorrect data from being decoded. In the ICM7232, 
the eleventh clock resets the shift register and control logic. 

The recommended procedure for entering data is shown 
in the serial input timing diagram, Figure 15. First, when 
DATA ACCEPTED.is high, send a WRITE pulse. This resets 
the shift register and control logic· and initializes the chip for 
the data input sequence. Next clock ia the appropriate num-
ber of correct data and address bits. The DATA ACCEPTED m 
Output may be monitored if desired, to determine when the • 
chip is ready to output the decoded data. When the correct 
number of bits has been entered, and the DATA ACCEPT-
ED Output is low, a pulse at WRITE will cause the data to 
be decoded and stored in the latches of the addressed dig-
it/ character. The shift register and control logic are reset, 
causing DATA ACCEPTED to return high, and leaving the 
chip ready to accept data for the next digit/character. 

Note that for the ICM7232 the eleventh clock resets the 
shift register and control logic, but the DAT A ACCEPTED 
Output goes low after the eighth clock. This allows the user' 
to abbreviate the data to eight bits, which will write the cor
rect character, to the 7-segment display, but will leave the 
annunciators off, as shown in Figure 16. 

If only AN2 is to be turned on, nine bits are clocked in; if 
AN1 is to be turned on, all ten bits are used. 



"" &"> 

"" ... 
Ii The DATA ACCEPTED Output will drive one low-power 
U Schottky TTL input, and has equal current drive capability 
"i pulling high or low. 
ft Note that in the serial input devices, it is possible to ad· 
C'ol dress digits/characters which don't exist. As shown in Ta
..,. bles 2 and 5, when an incorrect address is applied together 
3_ with a WRITE pulse, none of the outputs will be changed. 

.DISPLAY FONTS AND OUTPUT CODES 
The standard versions of the ICM7231 and ICM7232 

chips are programmed to drive a 7-segment display plus 
two annunciators per digit. See Table 3 for annunciator in
put controls. 

The "A" and "B" suffix chips place both annunciators on 
BP3. The display connections for one digit of this display 
are shown in Figure 17. The "A" devices decode the input 
data into a hexadecimal 7-segment output, while the "B" 
devices ·supply Code B outputs (see Table 1 ). 

The "C" devices place the left hand annunciator on BP1 
and the right hand annunciator (usually a decimal point) on 
BP3. (See Figure 18). The "C" devices provide only a 
"Code B" output for the 7-segments. 

TABLE 1. BINARY DATA DECODING (ICM7231/32) 

CODE DISPLAY 
INPUT OUTPUT 

BO BO BO BO HEX CODE 
3 2 1 0 B 

0 0 0 0 
,-, ,-, ,_, ,_, 

0 0 0 1 I I 
I I 

0 0 1 0 .:· c.· 
0 0 1 1 3 :1 
0 1 0 0 '-I ·-: 
0 1 0 1 

,-
=· '=· 

0 1 1 0 .- ,-
C1 C1 

0 1 1 1 
-, -, 

I I 

1 0 0 0 •::O ,_, i:l 
1 0 0 1 ·:: ":I 
1 0 1 0 :=: -
1 0 1 1 1:1 

,-
c 

1 1 0 0 
,- :-: ,_ 

1 1 0 1 cl I ,_ 
1 1 1 0 

,-
c p 

1 1 1 1 
,-,- BLANK 

0366-23 

NOTE: All typical values hBV6 bflen characterized but are not tosted. 
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TABLE 2.ADDRESS DECODING (ICM7231/32) 

Code Input 
Display 
Output 

ICM7232 
Digit 

Only A2 A1 AO 
A3 

Selected 

0 0 0 0 D1 

0 0 0 1 D2 

0 0 1 0 D3 

0 0 1 1 D4 

0 1 0 0 D5 

0 1 0 1 D6 

0 1 1 0 07 

0 1 1 1 DB 

1 0 0 0 09 

1 0 0 1 010 

1 0 1 0 NONE 

1 0 1 1 NONE 

1 1 0 0 NONE 

1 1 0 1 NONE 

1 1 1 0 NONE 

1 1 1 1 NONE 

TABLE 3. ANNUNCIATOR DECODING 

CODE 
DISPLAY OUTPUT INPUT 

AN AN ICM7231 A/B ICM7231C 

2 1 ICM7232A/B ICM7232C 
BOTH an2 

jANNUNCIATORS ANNUNCIATOR 
ONBP3 BP1 

ant 
ANNUNCIATOR 

BP3 

0 0 .-. 
Q 

.-. 
1-1 

0 1 :=: ,-, 
11._ 

1 0 .-. 
C_i._ 

·,-, 
0 

1 1 ,-, 
J:\ 

·,-, 
o. 

0366-24 



SEGMENT LINES 

SE GU ENT LINE CONNECTIONS BACKPLANE CONNECTIONS 

0366-25 

Figure 17: ICM7231 and ICM7232 
Display Fonts ("A" and "B" Suffix Versions) 

SEGMENT LINES 

.. , h· 

BP2 

SE QM ENT LINE CONNECTIONS BACKPLANE CONNECTIONS 

•ANNUNCIATORSCANBE: IllQf], ~, .6,, + -ARRCWIS 
THAT POINT TO INFORMATION PRINTED AROUND THE DISPLAY 
OflENING, ETC., WHATEVER THE DESIGNER CHOOSES TO INCORPORATE 
IN THE LIQUID CRYSTAL DISPLAY. 

Figure 18: ICM7231 Display 
Fonts ("C" Suffix Versions) 

NOTE: All typical vatuss hsvs bsen chsmctmizsd but ars not tsstsd. 

0366-26 

9-67 

ICM7 231-ICM7 23 2 

COMPATIBLE DISPLAYS 
Compatible displays are manufactured by: 

G.E. Displays Inc., Beechwood, Ohio 

(216)831-8100 (#356E3A99HJ) 

Epson America Inc., Torrance CA 

(Model Numbers LDB726/7/8). 

Seiko Instruments USA Inc., Torrance CA 

(Custom Displays) 

Crystaloid, Hudson, OH 
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Figure 23: 10MHz Frequency/Period Pointer with LCD Display. 
The annunciators show function and the decimal points indicate the range of the current operation. The 

system can be efficiently battery operated. 

.. 05 .. 03 02 01 

~ e .. e .. e .. e. ye .. e. ye .. e. COM I 

COM2 

COM3 

ICM7231AF/8f 
TQPVIEW 

~}·-
Figure 24: "Forward" Pin Orientation and Display Connections 

NOTE: All typical valuss have been characterized but sre not testsd. 
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Figure 25: "Reverse" Pin Or.!Jntation and Display Connections 

NOTE: All typical values have bsen characterized but ars not test8d 
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HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION 
The ICM7243 is an 8-character alphanumeric display driv

er and controller which provides all the circuitry required to 
interface a microprocessor or digital system to a 14- or 16-
segment display. It is primarily intended for use in micro
processor systems, where it minimizes hardware and soft
ware overhead. Incorporated on-chip are a 64-character 
ASCII decoder, 8X6 memory, high power character and 
segment drivers, and the multiplex scan circuitry. 

Six-bit ASCII data to be displayed is written into the mem
ory directly from the microprocessor data bus. Data location 
depends upon the selection of either Sequential 
(MODE= 1) or Random access mode (MODE=O). In the 
Sequential Access mode the first entry is stored in the low
est location and displayed in the "left-most" character posi
tion. Each subsequent entry is automatically stored in the 
next higher location and displayed to the immediate "right" 
of the previous entry. A DISPiay FULL signal is provided 
after 8 entries; this signal can be used for cascading devic
es together. A CLeaR pin is provided to clear the memory 
and reset the location counter. The Random Access mode 
allows the processor to select the memory address and dis
play digit for each input word. 

The character multiplex scan runs whenever data is not 
being entered. It scans the memory and CHARacter drivers, 
and ensures that the decoding from memory to display is 
done in the proper sequence. lntercharacter blanking is pro
vided to avoid display ghosting. 

16-Segment Character 

0368-1 
Common Cathode Display Driver 

ICM7243 
8-Character µP-Compatible 
LED Display Decoder Driver 

FEATURES 
• 14- and 16-Segment Fonts With Decimal Point 
• Mask Programmable For Other Font-Sets Up to 64 

Characters 
• Microprocessor Compatible 
• Directly Drives LED Common Cathode Displays 
• Cascadable Without Additional Hardware 
• Standby Feature Turns Display Off; Puts Chip in Low 

Power Mode 
• Sequential Entry or Random Entry of Data Into 

Display 
• Single + SV Operation 
• Character and Segment Drivers, All MUX Scan 

Circuitry, 8X6 Static Memory and 64-Character ASCII 
Font Generator Included On-Chip 

ORDERING INFORMATION 

Part Temperature Range Package 
Number 

ICM7243AIPL - 20'C to + 85'C 40 Pin PLASTIC 

ICM7243BIPL - 20'C to + 85'C 40 Pin PLASTIC 

14-Segment Character 

0368-2 
Common Cathode Display Driver 

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 ANO 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. 9-70 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Voo-Vssl ......................... 6V Operating Temperature Range. . . . . . . . . . - 25°C to + 85°C 
CHARacter Output Current ..................... 300mA Storage Temperature Range . . . . . . . . . . - 55°C to + 125°C 
SEGment Output Current ........................ 30mA Lead Temperature (Soldering, 10sec) ............. 300°C 
Input Voltage (Any Terminal) .. (Voo + 0.3V) to (Vss-0.3V) 
Power Dissipation ................................. 1W 

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. 

MODE 

Ao/SEN 

DATA INPUT 
Do-5 

WR-~"--•cs 
•cs cs-_.r--

8 x 6 
DI DATA 

MEMORY DO 

CLR 
CL ADR 

64 x 17' 17' 
ROM 

SEL 

SEGMENT 
DRIVERS 

8 
CHARACTER 

DRIVERS 

SEGMENT OUTPUTS 
SECJx 

CHA RN 
CHARACTER OUTPUTS 

EN CL 
SEQUENTIAL 

ADDRESS 
COUNTER 

l-+-------0-+1 CLR 

ADDRESS 
MULTIPLEXER 

AND 
DECODER 

'ICM7243A HAS ONLY ONE CS AND 
NO CS, ICM7243B HAS 15 SEGMENTS 

A2/DISP FULL OVERFLOW 

CHARACTER 
MULTIPLEX 
COUNTER 

Figure 2: Functional Diagram 

DC ELECTRICAL CHARACTERISTICS (Voo = 5V, Vss = OV, TA= 25°C unless otherwise stated) 

Symbol Parameter Test Conditions 
Limits 

Min Typ Max 

VsuPP Supply Voltage (Voo-Vss) 4.75 5.0 5.25 

loo Operating Supply Current VsuPP = 5.25V, 10 Segments ON, All 8 Characters 180 

lsTBY Quiescent Supply Current Vsupp=5.25V, OSC/OFF Pin<0.5V, CS=Vss 30 250 

V1H Input High Voltage 2 

V1L Input Low Voltage 0.8 

l1N Input Current -10 +10 

NOTE: All typical values havo been characterized but aro not tsstBd. 
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ICM7243 

:I DC ELECTRICAL CHARACTERISTICS 
!:! 

(Voo = 5V, Vss = OV, TA= 25°C unless otherwise stated) 

(Continued) 

Symbol Parameter Test Conditions Limits 
Units 

Min Typ Max 

lcHAR CHARacter Drive Current Vsupp=5V, Vour=1V 140 190 mA 

lcHLK CHARacter Leakage Current 100 µA 

lsEG SEGment Drive Current Vsupp=5V, Vour=2.5V 14 19 mA 

lsLK SEGment Leakage Current 0.01 10 µA 

Vol DISPiay FULL Output Low loL=1.6mA 0.4 v 
VoH DISPiay FULL Output High l1H=100µA 2.4 v 
fds Display Scan Rate 400 Hz 

AC ELECTRICAL CHARACTERISTICS (Drive levels 0.4V and 2.4V, timing measured at 0.8V and 2.0V. 

Voo= 5V, TA= 25°C unless otherwise stated). 

Symbol Parameter 

twp1 WR, CLeaR Pulse Width Low 

twPH WR, CLeaR Pulse Width High (Note 1) 

loH Data Hold Time 

tos Data Setup Time 

tAH Address Hold Time 

tAs Address Setup Time 

tcs CS, CS Setup Time 

tr Pulse Transition Time 

ts EN SEN Setup Time 

twoF Display Full Delay 

CAPACITANCE 

Symbol Test 

C1N Input Capacitance (Note 2) 

Co Output Capacitance (Note 2) 

NOTES: 1. In Sequential mode WR high must be 2TSEN +TwoF· 
2. For design reference only, not 100% tested. 

~est Conditions 

Min 

TYPICAL PERFORMANCE CHARACTERISTICS 
SEGment Current vs Output Voltage 

30 .-----,-----.~...,---,.~..,..---. 

0 1 2 

SEGment Voll•ge (V) 
0368-4 

NOTE: All typical values have boen characterized but ars not tBSlsd. 
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Min Typ Max Units 

300 250 

250 

0 -100 

250 150 
ns 

125 

40 15 

0 

100 

0 -25 

700 480 

Typ Max Units 

5 pF 

5 pF 

1400 i 300 I--+-+~~::.+.-~ 

2 200 1-+..,;ii;-+-+--1r---1 

0 2 3 
CHAR•cler Voltoge (V) 0368-5 
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ICM7243A/B DISPLAY FONT AND SEGMENT ASSIGNMENTS 
Note: Some display manufacturers use different designations for some of the segments. Check data sheets carefully . 

. , ., 

·I~ ~] b 
Dt 

•14~c 
., dt 

0 0 f5l R BC ][ FG HI JI-< LM NO 
0 •P QR 5T UV wx yz [ \ J /' ... °' , ,, f 9j % J, , () * + / 1 0 - ./ 
1 1 lZJ /2 3Y S5 lag / L - ,? 

0, 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 

0, 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 

Dt 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 

Do 0 1 0 1 0 1 0 1 0 ' 0 1 0 1 0 1 

0368-6 

Figure 3: ICM7243A 16-Segment 
Character Font with Decimal Point 

I 

I r:x ~ b 
Dt 

. 'Aj ~j c 

d 

0 0 f5l R BC ][ FG HI iJI-< LM NO 
Ds.114' 0 •P QR 5T UV wx yz ~ \ j 7' 

1 0 
, ,, :H Cfi% Z' () *+ / - ./ 

1 ' lZJ /2 3Y S5 18 g. 
/ L. - .'.',? 

~· 0 0 0 0 0 0 0 1 1 1 1 1 ' ' 1 

[ii. 0 0 0 0 ' ' 1 1 0 0 0 0 ,. 1 .1 1 

Dt 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 ' ji>o 0 1 0 1 0 1 0 1 0 ' 0 ' 0 1 0 ' 
0368-7 

NOTE: Segments a and d appear as 2 segments each, but both halves 
are driven together. 

Figure 4: ICM7243B 14-Segment 
Character Font with Decimal Point 

NOTE: All typical valuss havs been characterized but are not tested. 
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VDO 

Figure 5: Segment and Character 
Drivers Output Circuit 

Figure 6: Random Access Timing 

0368-8 
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SEN 

DISPLAY FULL \_ 
0368-10 

Figure 7: Sequential Access Mode Timing (Mode= 1) 

TABLE 1: PIN DESCRIPTIONS, ICM7243A(BJ 

Signal Pin Function 

Do-D5 10 -15 Six-Bit ASCII Data input pins (active high). 
(8 -13) 

cs.cs 16 Chip Select from µP address decoder, etc. 
(14-16) 

WR 17 WRite pulse input pin (active low). For an active high write pulse, 
CS can be used, and WR can be used as CS. 

MODE 31 Selects data entry MODE. High selects Sequential Access (SA) 
mode where first entry is displayed in "leftmost" character and 
subsequent entries appear to the "right". Low -selects the Ran-
dom Access (RA) mode where data is displayed on the charac-
ter addressed via A0-A2 Address pins. 

Ao/SEN 30 In RA mode it is the LSB of the character Address. In SA mode it 
is used for cascading devices for displays of more than 8 charac-
ters (active high enables device controller). 

A1/CLeaR 29 In RA mode this is the second bit of the address. In SA mode, a 
low input will CLeaR the Serial Address Counter, the Data Mem-
ory and the display. 

A2/DISPlay FULL 28 In RA mode this is the MSB of the Address. In SA mode, the 
output goes high after eight entries, indicating DISPiay FULL 

OSC/OFF 27 OSCillator input pin. Adding capacitance to Voo will lower the 
internal oscillator frequency. An external oscillator can be ap-
plied to this pin. A low at this input sets the device into a (shut 
down) mode, shutting OFF the display and oscillator but retain-
ing data stored in memory. 

SEGa -SEGm. D.P. 2-9, 32-40 SEGment driver outputs. 
(2 - 7), (32-40) 

CHARacter 1 - 8 18 -21, CHARacter driver outputs. 
23-26 

NOTE: All typical values have b6en.characterizsd but aro not f6Sted. 
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17 
SEGMENTS 

Fll-tll-m-1*!-~-m-~-m 
CHAR/9 7 4 

0368-11 
Figure 8: Test Circuit 

DETAILED DESCRIPTION 
WR, CS, CS. These pins are immediately functionally 

ANDed, so all actions described as occurring on an edge of 
WR, with CS and CS enabled, will occur on the equivalent 
(last) enabling or (first) disablirm edge of any of these in
puts. The delays from CS pins are slightly (about 5ns) great
er than from WR or CS due to the additional inverter re
quired on the former. 

MODE. The MODE pin input is latched on the falling edge 
of WR (or its equivalent, see above). The location (in Data 
Memory) where incoming data will be placed is determined 
either from the Address pins or the Sequential Address 
Counter. This is controlled by MODE input. MODE also con
trols the function of Ao/SEN, A1 /CLR, and A2/DISPlay 
FULL lines. 

Random Access Mode. When the internal mode latch is 
set for Random Access (RA) (MODE latched low), the Ad
dress input on Ao, A1 and A2 will be latched by the falling 

NOTE· All typical values havs been characterized but are not tested. 
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edge of WR (or its equivalent). Subsequent changes on the 
Address lines will not affect device operation. This allows 
use of a multiplexed 6-bit bus controlling both address and 
data, with timing controlled by WR. 

Sequential Access Mode. If the internal latch is set for 
Sequential Access (SA), (MODE latched high), the Serial 
ENable input or SEN will be latched on the falling edge of 
WR (or its equivalent). The CLR input is asynchronous, and 
will force-clear the Sequential Address Counter to address 
000 (CHARacter 1 ), and set all Data Memory contents to 
100000 (blank) at any time. The DISPiay FULL output will 
be active in SA mode to indicate the overflow status of the 
Sequential Address Counter. If this output is low, and SEN 
is (latched) high, the contents of the Counter will be used to 
establish the Data Memory location for the Data input. The 
Counter is then incremented on the rising edge of WR. If 
SEN is low, or DISPiay FULL is high, no action will occur. 
This allows easy "daisy-chaining" of display drivers for mul
tiple character displays in a Sequential Access mode. 



~ ICM7243 
"" .... 
::I g ~ 1 ... 300µ~ I 

INTERNAL INTERCHARACTER....., rt rt .rt rt rt rt rt r 
BLANKING SIGNAL Yr-.J Yr-.J Yr-.J Yr-.J Yr-.J Yr-.J Yr-.J Yr-.J 

CHARACTERS 
ORIVE 

SIGNALS 

CHARI~ 

CHAR2 

CHAR3 

CHAR4 

CHAR 5 

CHARS 

CHAR7 

CHARS 

Figure 9: Display Characters Multiplex Timing Diagram 

NOTE: All typical values havt1 b6en charscteriz9d but 8f'8 not tBsted. 
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INTERCHARACTER BLANKING 

r--11 
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Changing Modes. Care must be exercised in any appli
cation involving changing from one mode to another. The 
change will occur only on a falling edge of WR (or its equiv
alent). When changing mode from Sequential Access to 
Random Access, note that A2/DISPlay FULL will be an 
output until WR has fallen low, and an Address drive here 
could cause a conflict. When chan~ from Random Ac
cess to Sequential Access, A1/CLR should be high to 
avoid inadvertent clearing of the Data Memory and Sequen
tial Address Counter. DISPiay FULL will become active im
mediately after the rising edge of WR. 

the display, disables the DISPiay FULL output (if active), I! 
and clears the pre-divider and Mutliplex Counter. This puts !:! 
the circuit in a low-power-dissipation mode in which all out
puts are effectively open circuits, except for parasitic diodes 

Data Entry. The input Data is latched on the rising edge 
of WR (or its equivalent) and then stored in the Data Memo
ry location determined as described above. The six Data 
bits can be multiplexed with the Address information on the 
same lines in Random Access mode. Timing is controlled 
by the WR input. 

OSC/OFF. The device includes a relaxation oscillator 
with an internal capacitor and a nominal frequency of 
200kHz. By adding external capacitance to Voo at the 
OSC/OFF pin, this frequency can be reduced as far as de
sired. Alternatively, an external signal can be injected on 
this pin. The oscillator (or external) frequency is pre-divided 
by 64, and then further divided by 8 in the Multiplex Counter, 
to drive the CHARacter drive lines (see Figure 9). An inter
character blanking signal is derived from the pre-divider. An 
additional comparator on the OSC/OFF input detects a lev
el lower than the relaxation oscillator's range, and blanks 

APPLICATIONS 

a CHARACTER LED DISPLAY 

CLR--...... -CLR 

cs 

T~-lE 

CHAR 
SEG 

DISP FULL 1------..i 

... 

to the supply lines. Thus a display connected to the output 
may be driven by another circuit (including another 
ICM7243) without driver conflicts. 

Display Output. The output of the Multiplex Counter is 
decoded and multiplexed into the address input of the Data 
Memory, except during WR operations (in Sequential Ac
cess mode, with SEN high and DISPiay FULL low), when it 
scans through the display data. The address decoder also 
drives the CHARacter outputs, except during the inter-char
acter blanking interval (nominally about 5µ.s). Each CHAR
acter output lasts nominally about 300µ.s, and is repeated 
nominally every 2.5ms, i.e., at a 400Hz rate (times are 
based on internal oscillator without external capacitor). 

The 6 bits read from the Data Memory are decoded in the. 
ROM to the 17 (15 for ICM7243B) segment signals, which 
drive the SEGment outputs. Both CHARacter and SEGment 
outputs are disabled during WR operations (with SEN high 
and DISPiay FULL Low for Sequential Access mode). The 
outputs may also be disabled by pulling OSC/OFF low. 

The decode pattern from 6 bits to 17 (15) segments is 
done by a ROM pattern according to the ASCII font shown. 
Custom decode patterns can be arranged, within these limi
tations, by consultation with the factory. 

a CHARACTER LED DISPLAY I CHARACTER LEO DISPLAY 

HARRIS 

• 

cs cs 

D:~:--J~ ..... -----+-----.'----..._.>-------lf-----+
Wii. <C51-4-----+-------------1r-----

FIRST 8 CHARACTERS 
CS.IWAI-------...._--------------<>-----

SECOND 8 CHARACTERS n .. a CHARACTERS 

0 17 lor ICM7243A.1Slor1CM724311 

0368-12 

Figure 10: Multlcharacter Display using Sequential Access Mode 

NOTE: All typical values have bHn charachiriztld but are not testsd. 
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:I! APPLICATIONS (Continued) 
!:! 

RBR8 
---+ RRI 

RBR7 
ETC. 

IM6403 
UART 

RBR1-e 
ORR DR 

+sv 

20k 
OUT y+ 

TR 

ICL7555 
ETC. DELAY 

TH 

0368-13 

Figure 11: Driving Two Rows of Characters from a Serial Input. 

UART converts data stream to parallel bytes. Bit 7 of each word sets which row data will be entered into. 
Bit 8 will blank and reset whole display if low. Each MODE pin should be tied high. ICM7243A can also be 

used, with inverter on RBR7 for one row. 

COMPONENT SELECTION 
Displays suitable for use with the ICM7243 may be ob

tained from the following manufacturers; among others: 
Hewlett Packard Components, Palo Alto, California (415) 

857-6620 (part #HDSP6508, HDSP6300) 
General Instruments Inc., Palo Alto, California (415) 493-

0400 (part #MAN2815) 

NOTE: All typical values ha'VfJ b8en charscteriz9d but are not 19st6d. 
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Texas Instruments Inc., Dallas, Texas (214) 995-6611 
(part # HDSP6508) 

A.N.D., Burlingame, California (415) 347-9916 (part 
#AND370R) 

IEE Inc., Van Nuys, California (213) 787-0311 (part 
#LR3784R) 
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I ~1243M ] ~1243M J . ~M72~ J ~M7243NB l 
CS Aa A1Ao 0s-o WR CS Aa A1 Ao Ds-o WR CS Aa A1 Ao 0s-o WR CS Aa A1 Ao Ds-o WR 

Paa I IL"}.._ JJ [,..( ~ 1 I..: ~1 12'~ 
1 ~1 "21 

I t I> IDC35 1'21 
80C4I 

087 
oe. 

D8s-o S.BITllUS 
WR 

r 
0368-14 

Figure 12: Random Access 32-Character Display in a 80C48 system. 

One port line controls A2, other two are CS lines. 8-bit data bus drives 6 data and 2 address lines. MODE 
should be GrouNDed on each part. 
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I 
I 
I 
I 
I 
I 
I 
I 

1000 : 

(a) 

+5V 

140 (100mA PEAK) 

0368-15 

+5V 

1000 

ICM7243 

-I 

"::" GND 

I 
I 

+5V 

1k 

:3000 
I 
I 
I 
I 

+5V 

1.4 AMP PEAK 

(1 OOmA PEAK) 

1k 

GND '::" '::" GND 

0368-16 

(b) 

Common Cathode Displays Common Anode Displays 

Figure 13: Driving Large Displays. 

The circuits of Figures 13a and 13b can be used to drive 0.5" or larger alphanumeric displays, either common cathode (13a) or common anode (13b). 

NOTE: All typical values have b6en characterized but are not test9d. 
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REAL-TIME CLOCK 

ICM7170 µP-Compatible Real-Time Clock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-2 
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HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION 
The ICM7170 real time clock is a microprocessor bus 

compatible peripheral, fabricated using Harris' silicon gate 
CMOS LSI process. An 8-bit bidirectional bus is used for the 
data 1/0 circuitry. The clock is set or read by accessing the 
8 internal separately addressable and programmable coun
ters from 1/100 seconds to years. The counters are con
trolled by a pulse train divided down from a crystal oscillator 
circuit, and the frequency of the crystal is selectable with 
the on-chip command register. An extremely stable oscilla
tor frequency is achieved through the use of an on-chip reg
ulated power supply. 

The device access time (taccl of 300ns eliminates the 
need for wait states or software overhead with most micro
processors. Furthermore, an ALE (Address Latch Enable) 
input is provided for interfacing to microprocessors with a 
multiplexed address/ data bus. With these two special fea
tures, the ICM7170 can be easily interfaced to any available 
microprocessor. 

The ICM7170 generates two types of interrupts, periodic 
and alarm. The periodic interrupt (1 OOHz, 1 OHz, etc.) can be 
programmed by the internal interrupt control register to pro
vide 6 different output signals. The alarm interrupt is set by 
loading an on-chip 51-bit RAM that activates an interrupt 
output through a comparator. The alarm interrupt occurs 
when tho real time counter and alarm RAM time are equal. 
A status register is available to indicate the interrupt source. 

An on-chip Power-Down Detector eliminates the need for 
external components to support the battery back-up func
tion. When a power-down or power failure occurs, internal 
logic switches the on-chip counters to battery back-up oper
ation. Read/write functions become disabled and operation 
is limited to time-keeping and interrupt generation, resulting 
in low power consumption. 

Internal latches prevent clock roll-over during a read cy
cle. Counter data is latched on the chip by reading the 
1 OOth-seconds counter and is held indefinitely until the 
counter is read again, assuring a stable and reliable time 
value. 

ORDERING INFORMATION 
Part Temperature 

Package 
Number Range 

ICM71701PG -40°Cto +85°C 24-Pin Plastic Dip 

ICM7170IDG -40°Cto +85°C 24-Pin Ceramic 

ICM7170IBG -40°Cto +85°C 24-PinSOIC 

ICM7170MDG - 55°C to + 125°C 24-Pin Ceramic 

ICM7170AIPG -40°C to + 85'C 24-Pin Plastic Dip 

ICM7170AIDG -40°Cto +85'C 24-Pin Ceramic 

ICM7170AIBG -40'Cto +85°C 24-Pin SOIC 

ICM7170AMDG -55'C to+ 125'C 24-Pin Ceramic 

"A" Parts Screened to < 5 µA lsTBY @ 32 KHz 

ICM7170 
µP-Compatible 

Real-Time Clock 
FEATURES 
• 8-Bit µP Bus Compatible 

-Multiplexed or Direct -Addressing 
• Regulated Oscillator Supply Ensures Frequency 

Stability and Low Power 
• Time From 1/100 Seconds to 99 Years 
•Software Selectable 12/24 Hour Format 
• Latched Time Data Ensures No Roll-Over During 

Read 
• Full Calendar With Automatic Leap Year Correction 
• On-Chip Battery Backup Switchover Circuit 
• Access Time Less Than 300ns 
• 4 Programmable Crystal Oscillator Frequencies over 

Industrial Temp Range 
• 3 Programmable Crystal Oscillator Frequencies over 

Military Temp Range 
• On-Chip Alarm Comparator and RAM 
• Interrupts from Alarm and 6 Selectable Periodic 

Intervals 
• Standby Micro-Power Operation: 1.2µA Typical at 

3.0V and 32kHz Crystal 

APPLICATIONS 
" Portable and Personal Computers • Data Logging 
• Industrial Control Systems • Point Of Sale 

Plastic & Ceramic 

Rii 
Yoo 

D7 

•• •• 
Al 05 

•• 
Dl 

AO DZ 

DSC OUT DI 

DO 

Vucll:UP 
Vss!GHDI 

0372-1 

S.0.1.C. 

Al A2 

AO A3 

OSC OUT A4 

OSC IN 21 cs 
INT SOURCE AL[ 

iNT Wii 
ICM7170 

Rii Vss 

VBACKUP Yoo 

DO D7 

01 06 

02 05 

03 04 

0372-11 

Figure 1: Pin Configurations 

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WlTH 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. 301680-008 
NOTE: Aft typical values have been characterized but are not tested 10-2 



ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .................................... 8V 
Power Dissipation (Note 1) ...................... 500mW 
Input Voltage (Any Terminal) 
(Note 2) ..................... Voo +0.3V to Vss -0.3V 

NOTE 1: TA~ 25°C. 

ICM7170 

Operating Temperature . . . . . . . . . . . . . . . -40°C to + 85°C 
Storage Temperature . . . . . . . . . . . . . . . . -65°C to + 150°C 
Lead Temperature (Soldering, 10sec) ............. 300°C 

NOTE 2: Due to the SCA structure inherent in the CMOS process, connecting any terminal at voltages greater than Voo or less than Vss may cause destructive 
device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same power supply be applied to the device before its 
supply is established, and that in multiple supply systems, the supply to the ICM7170 be turned on first. 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings on/yand 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. 

OSClll.lTOR 
CRYSTAl 

Figure 2: Functional Diagram 

ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 
(TA= -40°C to +85°C, V00 = +5V ±10%, VsAcKuP=V00, Vss =av unless otherwise specified) 
All loo specifications include all input and output leakages (7170 and 7170A) 

0372-2 

Symbol Parameter Test Conditions 
Specification 

Min Typ Max 

Voo Voo Supply Range 
Fosc = 32kHz 1.9 5.5 

Fosc = 1, 2, 4MHz 2.6 5.5 

Fosc = 32kHz 
7170 1.2 20.0 

ISTBY(1) Standby Current Pins 1-8, 15-22 & 24 = Voo 

Voo = Vgg; VsACKUP = Voo - 3.0V 
For 7170A See General Note (5) 7170A 1.2 5.0 

Fosc = 4MHz 

isTBY(2) Standby Current Pins 1-8, 15-22 & 24 = Voo 20 150 

Voo = Vgg; VsACKUP = Voo - 3.0V 

100(1) Operating Supply Current 
Fosc = 32kHz 

0.3 1.2 
Read/Write Operation at 100Hz 

100(2) Operating Supply Current 
Fosc = 32kHz 

1.0 2.0 
Read/Write Operation at 1 MHz 

"A" Parts Screened to < 5 µA lsTBY @ 32 KHz 

NOTE· All typical values have been characterized but are not tested 
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2 ELECTRICAL CHARACTERISTICS 
!::! DC CHARACTERISTICS 

CTA= -40'C to +85'C, Voo= + 5V ± 10%, VsACKup=Voo. Vss = OV unless otherwise specified) (Continued) 
All loo specifications include all input and output leakages (7170 and 7170A) 

Symbol Parameter Test Conditions Specification 

Min Typ Max 

V1L Input low voltage (Except Osc.) v00 =5.0V 0.8 

V1H Input high voltage (Except Osc.) Voo=5.0V 2.4 

VoL Output low voltage (Except Osc.) loL =1.6mA 0.4 

VoH 
Output high voltage except 

loH= -400µA 2.4 
INTERRUPT (Except Osc.) 

l1L Input leakage current V1N=VooorVss -10 0.5 +10 

loL(1) Tristate leakage current (Do-D1) Vo=VooorVss -10 0.5 +10 

VsATTERY Backup Battery Voltage Fosc= 1, 2, 4MHz 2.6 Voo-1.3 

VsATTERY Backup Battery Voltage Fosc=32kHz 1.9 Voo-1.3 

INT SOURCE loL(2) Leakage current INTERRUPT Vo=Voo connected to V ss 
0.5 10 

C110 CAPACITANCE Do-D7 8 

CADDRESS CAPACITANCE Ao-A4 6 

CcoNTROL CAP. RD, WR, CS ALE 6 

C1NOsc. Total Osc. Input Cap. 3 

AC CHARACTERISTICS (TA= -40'Cto +85'C, Voo= +5V ±10%, VsAcKup=Voo. Do-D7 Load 
Capacitance= 150pF, V1L =0.4V, V1H=2.8Vunless otherwise specified) 

Units 

v 
v 
v 

v 

µA 

µA 

v 
v 

µA 

pF 

pF 

pF 

pF 

Symbol Parameter Min Max Units 

READ CYCLE TIMING 

trd READ to DATA valid 250 ns 

lace ADDRESS valid to DATA valid 300 ns 

tQY9 READ cycle time 400 ns 

trh Read high time 150 ns 

lrx RD high to bus tristate 25 ns 

las ADDRESS to READ set up time 50 ns 

tar ADDRESS HOLD time after READ 0 ns 

WRITE CYCLE TIMING 

lad ADDRESS valid to WRITE strobe 50 ns 

twa ADDRESS hold time for WRITE 0 ns 

lw1 WRITE pulse width, low 100 ns 

lwh WRITE high time 300 ns 

tdw DATA IN to WRITE set up time 100 ns 

twd DATA IN hold time after WRITE 30 ns 

tQY9 WRITE cycle time 400 ns 

MULTIPLEXED MODE TIMING 

tu ALE Pulse Width, High 50 ns 

ta1 ADDRESS to ALE set up time 30 ns 

t1a ADDRESS hold time after ALE 30 ns 

NOTE: AJ/ typical values have been characteriz8d but are not tested. 
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READ CYCLE TIMING FOR NON-MULTIPLEXED BUS (ALE = VIH• WR = V1H) 

ADDRESS VALID, CS LOW 

... 

Do-D1 OUTPUT DATA VALID 

0372-3 

WRITE CYCLE TIMING FOR NON-MULTIPLEXED BUS (ALE = V1H• RD = V1H) 

Ao-A4 CS ADDRESS VALID.CS LOW 

r•wa 
i--------r.ro---------

.... ---tm----1~ 

i.------~w----.i 

Do-D1 

0372-4 

Figure 3: Timing Diagrams - Nonmultiplexed Bus 

m 

NOTE· All typical values have been characterized but are not tested 
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READ CYCLE TIMING FOR MULTIPLEXED BUS (WR= V1Hl 

Ao-A4. Do-DJ cs ADDRESS VALID, CS LOW OUTPUT DATA VALID 

'•u-----
'" ALE 

..,._ _________ ,,. 

0372-5 

WRITE CYCLE TIMING FOR MULTIPLEXED BUS (RD=V1Hl 

Ao-4 Do-D7 cs 

ALE 

i----•11 

!4----------~t1d--.io.,_ ___ ..,. __ -t--+-----------i 

twl 

0372-6 

NOTE: The AO to A4 address inputs may be connected to the DO to 04 data lines when a multiplexed bus is used. 

Signal 

WR 

ALE 

cs 
A4-AO 

OSC OUT 

OSCIN 

INT SOURCE 

INTERRUPT 

Vss(GND) 

VBACKUP 

D0-07 

Voe 

RD 

Figure 4: Timing Diagrams - Multiplexed Bus 

Table 1: Pin Description 
DETAILED DESCRIPTION 
Oscillator 

Pin# 
SOIC 
Pin# 

1 19 

2 20 

3 21 

4-8 22-2 

9 3 

10 4 

11 5 

12 6 

13 7 

14 8 

15-22 9-16 

23 17 

24 18 

Description 

Write input 

Address latch enable input 

Chip select input 

Address inputs 

Oscillator output 

Oscillator input 

Interrupt source 

Interrupt output 

Digital common 

Battery negative side 

Data 1/0 

Positive digital supply 

Read input 

The ICM7170 has an onboard CMOS Pierce oscillator 
with an internally regulated voltage supply for maximum ac
curacy, stability, and low power consumption. It operates at 
any of four popular crystal frequencies: 32. 768kHz, 
1.048576MHz, 2.097152MHz, and 4.194304MHz. * The 
crystal should be designed for the parallel resonant mode of 
oscillation. In addition to the crystal, 2 or 3 load capacitors 
are required, depending on the circuit topology used. 

The oscillator output is divided down to 4000Hz by one of 
four divider ratios, determined by the two frequency selec
tion bits in the Command Register (DO and 01 at address 
$11 ). This 4000Hz is then divided down to 1 OOHz, which is 
used as the clock for the counters. 

Time and calendar information is provided by 8 consecu
tive, programmable counters: 1 OOths of seconds, seconds, 
minutes, hours, day of week, date, month, and year. The 
data is in binary format with 8 bits per digit. See Table 4 for 
address information. Any unused bits are held to a logic "O" 
during a read and ignored during a write operation. 
"NOTE: 4. 194304MHz is not available over military temperature range. 

NOTE All typical values have been characterized but are not tested. 
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Alarm Compare RAM 
On the chip are 51 bits of Alarm Compare RAM grouped 

into words of different lengths. These are used to store the 
time, ranging from 1 OOths of seconds to years, for compari
son to the real-time counters. Each counter has a corre
sponding RAM word. In the Alarm Mode an interrupt is gen
erated when the current time is equal to the alarm time. The 
RAM contents are compared to the counters on a word by 
word basis. If a comparison to a particular counter is unnec
essary, then the appropriate 'M' bit in Compare RAM should 
be set to logic "1". 

The 'M' bit, referring to Mask bit, causes a particular RAM 
word to be masked off or ignored during a compare. Table 4 
shows addresses and Mask bit information. 

Periodic Interrupts 
The interrupt output can be programmed for 6 periodic 

signals: 1 00 Hz, 10 Hz, once per second, once per minute, 
once per hour, or once per day. The 100 Hz and 10 Hz 
interrupts have instantaneous errors of ± 2.5% and 
± 0.15% respectively. This is because non-integer divider 
circuitry is used to generate these signals from the crystal 
frequency, which is a power of 2. The time average of these 
errors over a 1 second period, however, is zero. Conse
quently, the 100 Hz or 10 Hz interrupts are not suitable as 
an aid in tuning the oscillator; the 1 second interrupt must 
be used instead. 

See General Note (6). 

ICM7170 0 .... ... .... 
The periodic interrupts can occur concurrently and in ad- :I 

dition to alarm interrupts. The periodic interrupts are con- !::! 
trolled by bits in the interrupt mask register, and are enabled 
by setting the appropriate bit to a "1" as shown in Table 5. 
Bits D1 through D6 in the mask register, in conjunction with 
bits D1 through D6 of the status register, control the gener
ation of interrupts according to Figure 5. 

The interrupt status register, when read, indicates the cause 
of the interrupt and resets itself on the rising edge of the RD 
signal. When any of the counters having a corresponding bit 
in the status register increments, that bit is set to a "1" 
regardless of whether the corresponding bit in the interrupt 
mask register is set or not. 

Consequently, when the status register is read it will always 
indicate which counters have increments and if an alarm 
compare occurred, since the last time it was read. This re
quires some special software considerations. If a slow inter
rupt is enabled (i.e. hourly or daily), the program must al
ways check· the slowest interrupt that has been enabled 
first, because all the other lower order bits in the status 
register will be set to "1" as well. 

Bit D7 is the global interrupt bit, and when set to a "1 ", 
indicates that the 7170 did indeed generate a hardware in
terrupt. This is useful when other interrupting devices in ad
dition to the 7170 are attached to the system microproces
sor, and all devices must be polled to determine which one 
generated the interrupt. 
See General Note (6). 

Table 2: Command Register Format 

COMMAND REGISTER ADDRESS (10001b, 11h) WRITE-ONLY 

D7 D6 D5 D4 D3 D2 01 DO 

n/a n/a 
Normal/Test Interrupt 

Run/Stop 
12/24 Hour Crystal Crystal 

Mode Enable Format Frequency Frequency 

Table 3: Command Register Bit Assignments 

D5 Test Bit D4 
Interrupt 

D3 Run/Stop D2 
24/12 Hour 

D1 DO 
Crystal 

Enable Format Frequency 

0 Normal Mode 0 Interrupt disabled 0 Stop 0 12 hour mode 0 0 32.768kHz 

1 Test Mode 1 Interrupt enable 1 Run 1 24 hour mode 0 1 1.048576MHz 

1 0 2.097152MHz 

1 1 4.194304MHz 

NOTE All typical valuos have boon characterized but are not tested. 
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Table 4: Address Codes and Functions 

Address 
Function 

DATA 

A4 A3 A2 A1 AO HEX D7 D6 

0 0 0 0 0 00 Counter-1/100 seconds -
0 0 0 0 1 01 Counter-hours - -

12 Hour Mode . -
0 0 0 1 0 02 Counter-minutes - -
0 0 0 1 1 03 Counter-seconds - -
0 0 1 0 0 04 Counter-month - -
0 0 1 0 1 05 Counter-date - -
0 0 1 1 0 06 Counter-year -
0 0 1 1 1 07 Counter-day of week - -
0 1 0 0 0 08 RAM-1 /100 seconds M 
0 1 0 0 1 09 RAM-hours - M 

12 hour Mode . M 
0 1 0 1 0 QA RAM-minutes M -
0 1 0 1 1 OB RAM-seconds M -
0 1 1 0 0 QC RAM-month M -
0 1 1 0 1 OD RAM-date M -
0 1 1 1 0 OE RAM-year M 
0 1 1 1 1 OF RAM-day of week M -
1 0 0 0 0 10 

Interrupt Status 
+ 

and Mask Register 
1 0 0 0 1 11 Command register - -

NOTES: Addresses 1001 O to 111 1 1 ( 12h to 1 Fh) are unused. 

'+'Unused bit for Interrupt Mask Register, MSB bit for Interrupt Status Register. 
'-'Indicates unused bits. 

'*' AM/PM indicator bit in 12 hour format. Logic "O" indicates AM, logic "1" indicates PM. 
'M' Alarm compare for particular counter will be enabled if bit is set to logic "O". 

D5 D4 D3 

-
- -

- -
-

- - -

-
- -

- -
-

- - -

Table 5: Interrupt and Status Registers Format 

INTERRUPT MASK REGISTER ADDRESS (1 OOOOb, 1 Oh) WRITE-ONLY 

D7 D6 D5 D4 D3 D2 D1 

Not Used Day Hour Min. Sec. 1110 sec. 1/100 sec. 

+-- Periodic Interrupt Mask Bits -+ 

D2 

INTERRUPT STATUS REGISTER ADDRESS (10000b, 10h) READ-ONLY 

D7 D6 D5 D4 D3 D2 D1 

Global 
Day Hour Min. Sec. 1/10 sec. 1/100 sec. 

Interrupt 

Periodic 
and 

Periodic Interrupt Flags -+ +--
Alarm 
Flags 

NOTE: All typical values have been characterized but are not tested. 
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Value 
D1 DO 

0-99 
0-23 
1-12 
0-59 
0-59 
1-12 
1-31 
0-99 
0-6 

0-99 
0-23 
1-12 
0-59 
0-59 
1-12 
1-31 
0-99 
0-6 

DO 

Alarm 

Alarm/Compare 
Mask Bit 

DO 

Alarm 

Alarm 
Compare 

Flag 



Interrupt Operation 
The Interrupt Output N-channel MOSFET (Figure 5) is 

enabled whenever both the Interrupt Enable bit (04 of the 
Command Register) and a mask bit (D0-06 of the Interrupt 
Mask Register) are set. The transistor is turned ON when a 
flag bit is set that corresponds to one of the set mask bits. 
This also sets the Global Interrupt Flag Bit (07 of the Inter
rupt Status Register). It is turned OFF when the Interrupt 
Status Register is read. An interrupt can occur in both the 
operational and standby modes of operation. 

Since system power is usually applied between Voo and 
Vss. ·the user can connect the Interrupt Source (pin # 11) to 
Vss· This allows the Interrupt .Output to turn on only while 
system power is applied and will not be pulled to Vss during 
standby operation. If interrupts are required only during 
standby operation, then the interrupt source pin should be 
connected to the. battery's negative side (VBACKUPl· In this 
configuration, for example, the interrupt could be used to 
turn on power for a cold boot. 

Power-Down Detector 
The ICM7170 contains an on-chip power-down detector 

that eliminates the need for external components to support 

ICM7170 0 ... ... ... 
the battery-backup switchover function, as shown in Figure ::E 
6. Whenever the voltage from the Vss pin to the VBACKUP !:! 
pin is less than approximately 1.0V (the Vth of the N-chan-
nel MOSFED. the data bus 1/0 buffers in the 7170 are au
tomatically disabled and the chip cannot be read or written 
to. This prevents random data from the microprocessor be-
ing written to the clock registers as the power supply is go-
ing down. 

Actual switchover to battery operation occurs when the 
voltage on the VBACKUP pin is within ±50 mV of Vss. This 
switchover uncertainty is due to the offset voltage of the 
CMOS comparator that is used to sense the battery voltage. 
During battery backup, device operation is limited to time
keeping and interrupt generation only, thus achieving micro
power current drain. If an external battery-backup switch
over circuit is being used with the 7170, or if standby battery 
operation is not required, the VsACKUP pin should be pulled 
up to Voo through a 2k resistor. 

.-----ALARM MASK Bl'r 

INTERRUPT MASK D7 
REGISTER .._.....,...,..._,._._ .... ...,.."-ir-'-..... ""'T"' 

INTERRUPT STATUS 
REGISTER 

t 
Not 
used 

PERIODIC INT' rLAGS 

GLOBAL INTERRUPT rLAG BIT 

---- RD or ADD HEX 10 => RESET 

Figure 5: Interrupt Output Circuit 

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

10-9 

INTERRUPT 
ENABLE 
COMMAND 
REGISTER 
BIT D4 

0372-8 



0 .... ... .... 
~ Time Synchronization 

Time synchronization is achieved through bit D3 of the 
Command Register, which is used to enable or disable the 
1 OOHz clock from the counters. A logic "1" allows the coun
ters to function and a logic "O" disables the counters. To 
accurately set the time, a logic "O" should be written into D3 
and then the desired times entered into the appropriate 
counters. The clock is then started at the proper time by 
writing a logic "1" into D3 of the Command Register. 

Latched Data 
To prevent ambiguity while the processor is gathering 

data from the registers, the ICM7170 incorporates data 
latches and a transparent transition delay circuit. 

By accessing the 1 OOths of seconds counter an internal 
store signal is generated and data from all the counters is 
transferred into a 36-bit latch. A transition delay circuit will 
delay a 1 OOHz transition during a READ cycle. The data 
stored by the latches is then available for further processing 
until the 100ths of seconds counter is read again. If a RD 
signal is wider than 0.01 sec., 100Hz counts will be ignored. 

Control Lines 
. The RD, WR, and CS signals are active low inputs. Data 
1s placed on the bus from counters or registers when RD is 
a logi~O". Data is transferred to counters or registers 
when WR is a logic "O". RD and WR must be accompanied 
by a logical "O" CS as shown in Figures 3 and 4. The 7170 
will also work satisfactorily with CS grounded. In this mode, 
access to the 7170 is controlled by RD and WR only. 

POSITIVE SUPPLY RAIL 
(+SV} 

+ 
BAfilRY = 

DIGITAL GROUND 

Yoo 

Pin 23 

Pin 14 Yoo 

Vss 

Pin 13 

ICM7170 

With the ALE (Address Latch Enable) input, the ICM7170 
can be interfaced directly to microprocessors that use a 
multiplexed address/ data bus by connecting the address 
lines AO-A4 to the data lines DO-D4. To address the chip, 
the address is placed on the bus and ALE is strobed. On the 
falling edge, the address and CS information is read into the 
address latch and buffer. RD and WR are used in the same 
way as on a non-multiplexed bus. If a non-multiplexed bus is 
used, ALE should be connected to Vo0 . 

Test Mode 
The test mode is entered by setting D5 of the Command 

Register to a logic "1". This connects the 100Hz counter 
directly to the oscillator's output. 

Oscillator Considerations 
. ~ad Design: A new oscillator load configuration, shown 
m F1g~re 7, has been found that eliminates startup problems 
sometimes encountered with 32kHz tuning fork crystals. 

Two conditions must be met for best oscillator performance: 
the capacitive load must be matched to both the inverter and 
crystal to provide the ideal conditions for oscillation, and the 
resonant frequency of the oscillator must be adjustable to the 
desired frequency. In the original design (Figure 8), these two 
goals were often at odds with each other; either the oscillator 
was trimmed to frequency by detuning the load circuit or 
stability was increased at the expense of absolute freque~cy 
accuracy. 

0372-9 

Figure 6: Simplified 7170 Battery Backup Circuit 

NOTE: All typical values have been characterized but are not tested 
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The new load configuration (Figure 7) allows these two 
conditions to be met independently. The two load capaci
tors, C1 and C2, provide a fixed load to the oscillator and 
crystal. C3 adjusts the frequency that the circuit resonates 
at by reducing the effective value of the crystal's motional 
capacitance, C0 • This minute adjustment does not appreci
ably change the load of the overall system, therefore stabili
ty is no longer affected by tuning. Typical values for these 
capacitors are shown in Table 6. C1 and C2 must always be 
greater than twice the crystal's recommended load capaci
tance in order for C3 to be able to trim the frequency. Some 
experimentation may be necessary to determine the ideal 
values of C1 and C2 for a particular crystal. 

This three capacitor tuning method will be more stable than 
the original design and is mandatory for 32 kHz tuning fork 
crystals: without it they may leap into an overtone mode when 
power is initially applied. 

The original two-capacitor circuit (Figure 8) will continue to 
work as well as it always has, and may continue to be used 
in applications where cost or space is a critical considera
tion. It is also easier to tune to frequency since one end of 
the trimmer capacitor is fixed at the AC ground of the circuit 
(VDD), minimizing the disturbance cause by contact between 
the adjustment tool and the trimmer capacitor. Note that in 
both configurations the load capacitors are connected bet
ween the oscillator pins and VDD-do not use Vss as an 
AC ground. 

Table 6: Typical Load Capacitor Values 

Crystal Load Caps Trimmer Cap 
Frequency (C1,C2) (C3) 

32 kHz 33 pF 5-50 pF 
1 MHz 33 pF 5-50 pF 
2 MHz 25 pF 5-50 pF 
4MHz 22 pF 5-100pF 

Layout: Due to the extremely low current (and therefore 
high impedance) design of the JCM7170's oscillator, special 
attention must be given lo the layout of this section. Stray 
capacitance should be minimized. Keep the oscillator traces 
on a single layer of the PCB. Avoid putting a ground plane 
above or below this layer. The traces between the crystal, 
the capacitors, and the 7170 OSC pins should be as short 
as possible. Completely surround the oscillator components 
with a thick trace of Voo to minimize coupling with any digi
tal signals. The final assembly must be free from contami
nants such as solder flux, moisture, or any other potential 
sources of leakage. A good solder mask will help keep the 
traces free of moisture and contamination over time. 

Oscillator Tuning 
Trimming the oscillator should be done indirectly. Direct 

monitoring of the oscillator frequency by probing OSC IN or 
OSC OUT is not accurate due to the capacitive .loading of 
most probes. One way to accurately trim the 7170 is by 
turning on the 1 second periodic interrupt and trimming the 
oscillator until the interrupt period is exactly one second. 
This can be done as follows: 
1) Turn on the system. Write a $00 to the Interrupt Mask 

Register (location $10) to clear all interrupts. 

2) Set the Command Register (location $11) for the appro
priate crystal frequency, set the Interrupt Enable and 
Run/Stop bits to 1, and set the Test bit to o. 

NOTE: All typical va/uos havB been characterized but aro not tested 
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3) Write a $08 to the Interrupt Mask Aegister lo turn on the ::II! 

1 second interrupt. 2 
4) Write an interrupt handler to read the Interrupt Status 

Register after every interrupt. This resets the interrupt 
and allows it to be set again. A software loop that reads 
the Interrupt Status Register several limes each second 
will accomplish this also. 

5) Connect a precision period counter capable of measur
ing 1 second within the accuracy desired to the interrupt 
output. If the interrupt is configured as active low, trigger 
on the falling edge. If the interrupt is active high, trigger 
on the rising edge. Be sure to measure the period be
iween when the transistor turns ON, and when the·tran
sistor turns ON a second later. 

6) Adjust c3 (C2 for the two-capacitor load configuration) 
for an interrupt period of exactly 1 .000000 seconds. 

C1 C2 

Yoo 23 

ICM7!70 

0372-13 

Figure 7: New Oscillator Configuration 

Yoo 

ICM7170 

y 23 
DD 

C1=2xLoad 
C2 = 5-35 pF 

0372-14 

Figure 8: Original Oscillator Configuration 

APPLICATION NOTES 
Digital Input Termination During Backup 

To ensure low current drain during battery backup opera
tion, none of the digital inputs to the 7170 sho"uld be al
lowed to float. This keeps the input logic gates out of their 
transition region, and prevents crossover current from flow
ing which will shorten battery life. The address, data, CS, 
and ALE pins should be pulled to either Voo or Vss. and the 
RD and WR inputs should be pulled to Voo· This is neces
sary whether the internal battery switchover circuit is used 
or not. 
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:I IBM/PC Evaluation Circuit g 

Figure 9 shows the schematic of a board that has been 
designed to plug into an IBM PCIXT" or compatible computer. 
In this example CS is permanently tied low and access to 
the chip is controlled by the RD and WR pins. These signals 
are generated by U1, which gates the IBM's IOR and IOW 
with a device select signal from U3, which is functioning as 
an 110 block address decoder. DS1 selects the interrupt 
priority. 

U5 is used to isolate the ICM7170 from the PC databus for 
test purposes. It is only required on heavily-loaded TTL 
databusses-the ICM7170 can drive most TTL and CMOS 
databusses directly. 

A26 A5 >----------' 
A25 A6 r-------
A24 A7 r--------
A23 AB >-----------' 
A22 A9 r----------------

A31 AO 

A30 A1 

A29 A2 

A28 A3 

A27~A4 

ICM7170 

Since the IBM PC/XT* requires a positive interrupt tran
sition, the 7170's interrupt output transistor has been con
figured as a source follower. As a source follower, the inter
rupt output signal will swing between OV and 2.5V. When 
trimming the oscillator, the frequency counter must be trig
gered on the rising edge of the interrupt signal. 

Batteries 

Panasonic 
Rayovac 

Crystals 

Saronix 32kHz NTF3238 
Statek 32kHz CX-1V 
Seiko 2MHz GT-38 

C6 

1-----------<iffii 814 

1----..------<:iOvi 813 

~5V 83.829 

831 
tGNO 81. 

07 A2 

06 A3 

05 A4 

04 A5 

03 A6 

02 A7 

01 AB 

DO A9 

0372-12 
Figure 9: IBM PC Interface for ICM7170 

'IBM, IBM PC, and IBM XT are trademarks of IBM Corp. 

NOTE· All typical values have been characterized but are not tested. 
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GENERAL NOTES: 
(1) TIME ACCESS 

To update the present time registers (Hex 00-07) the 
1/100 register must be read first. The 7 real time coun
ter registers (Hours, Minutes, Seconds, Month, Date, 
Day, and Year) data are latched only if the 1/100 sec
ond counter register is read. The 1/100 seconds data 
itself is not latched. The real time data will be held in 
the latches until the 1I100 seconds is read again. See 
the data sheet section on LATCHED DATA. None of 
the RAM data is latched since it is static by nature. 

(2) REGULATED OSCILLATOR 
The oscillator's power supply is voltage regulated 

with respect to Vctd· In the 32 kHz mode the regulator's 
amplitude is ~Vtn + Vtp ("" 1.8). In the 1, 2, and 4 MHz 
mode the regulator's amplitude is ~Vtn + Vtn + Vtp 
( ""2.6V). As a result, signal conditioning is necessary to 
drive the oscillator with an external signal. In addition, it 
is also necessary to buffer the oscillator's signal to drive 
other external clocks because of its reduced amplitude 
and offset voltage. 

(3) INTERNAL BATTERY BACKUP 
When the 7170 is using its own internal battery back

up circuitry, no other circuitry interfaced to the 7170 
should be active during standby operation. When Vctd 
( + 5V) is turned off (Standby operation), Vctct should 
equal Vss = OV. All 7170 1/0 should also equal Vgg. At 
this time, the Vbackup pin should be 2.8V to 3.5V below 
Vss when using a Lithium battery. 

(4) EXTERNAL BATTERY BACKUP 
The 7170 may be placed on the same power supply 

as battery-backed up RAM by keeping the 7170 in its 
operational state and having an external circuit switch 
between system and backup power for the 7170 and 
the RAM. In this case VsACKUP should be pulled up to 
Voo through a 2k resistor. Although the 7170 is always 
"on" in this configuration, its current consumption will 
typically be less than a microamp greater than that of 
standby operation at the same supply voltage. (See 
Note 9.) 

Proper consideration must be given to disabling the 
7170's and the RAM's 1/0 before system power is re
moved. This is important because many microproces
sors can generate spurious write signals when their 
supply falls below their specified operating voltage lim
its. NANDing CS (or WR) with a POWERGOOD signal 
will create a CS (or WR) that is only valid when system 
power is within specifications. The POWERGOOD sig
nal should be generated by an accurate supply monitor 
such as the ICL7665 under/over voltage detector. 

An alternate method of disabling the 7170's 1/0 is to 
pull VsACKUP down to under a volt above Vss (Vss < 
VsACKUP < 1.0V). This will cause the 7170 to internally 
disable all 1/0. Do not allow VsACKUP to equal Vss. 
since this could cause oscillation of the battery backup 
comparator (See Figure 6). VsACKUP = Vss + 0.5V 
will disable the 1/0 and provide enough overdrive for 
the comparator. 

(5) 7170A PART 
The 7170A part is binned at final test for a 32.768 

kHz maximum current of 5 µA. All other specifications 
remain the same. 

NOTE: All typical values have been characterized but are not tested. 
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(6) INTERRUPTS :I 

The Interrupt Status Register (address $10) always !::! 
indicates which of the real time counters have been in
cremented since the last time the register was read. 
NOTE: This is independent of whether or not any mask 
bits are set. 

The status register is always reset immediately after it 
is read. If an interrupt from the 7170 has occurred since 
the last time the status register was read, bit D7 of the 
register will be set. If the source was an alarm interrupt, 
bit DO will also be set. If the interrupt transistor has 
been turned on, reading the Interrupt Status Register 
will reset it. 

To enable the periodic interrupt, both the Command 
Register's Interrupt Enable bit (D4) and at least one bit 
in the Interrupt Mask Register (D1 -D6) must be set to a 
1. The periodic interrupt is triggered when the counter 
corresponding to a mask bit that has been set is incre
mented. For example, if you enable the 1 second inter
rupt when the current value in the 100ths counter is 57, 
the first interrupt will occur 0.43 seconds later. All sub
sequent interrupts will be exactly one second apart. The 
interrupt service routine should then read the Interrupt 
Status Register to reset the interrupt transistor and, if 
necessary, determine the cause of the interrupt (period
ic, alarm, or non-7170 generated) from the contents of 
the status register. 

To enable the alarm interrupts, both the Command 
Register's Interrupt Enable bit (D4) and the Interrupt 
Mask Register's Alarm bit (DO) must be set to a 1. Each 
time there is an exact match between the values in the 
alarm register and the values in the real time counters, 
bits DO and D7 of the Interrupt Status Register will be 
set to a 1 and the N-channel interrupt transistor will be 
turned on. As with a periodic interrupt, the service rou
tine should then read the Interrupt Status Register to 
reset the interrupt transistor and, since periodic and 
alarm interrupts may be simultaneously enabled, deter
mine the cause of the interrupt if necessary. 

Mask bits: The 7170 alarm interrupt compares the 
data in the alarm registers with the data in the real time 
registers, ignoring any registers with the mask bit set. 
For example, if the alarm register is set to 11-23-95 
(Month-Day-Year), 10:59:00:00 (Hour-Minutes-Sec
onds-Hundredths). and DAY = XX (XX = masked off), 
the alarm will generate a single interrupt at 10:59 on 
November 23, 1995. If the alarm register is set to 11-
XX-95, 10:XX:OO:OO, and DAY= 2 (2 =Tuesday); the m 
alarm will generate one interrupt every minute from 11 

10:00-10:59 on every Tuesday in November, 1995. 
NOTE: Masking off the 1 OOths of a second counter has the same effect as 

setting it to 00. 

(7) RESISTOR IN SERIES WITH BATTERY 
A 2k resistor (R2) must be placed in series with the 

battery backup pin of the 7170. The UL laboratories 
have requested the resistor to limit the charging and 
discharging current to the battery. The resistor also 
serves the purpose of degenerating parasitic SCA ac
tion. This SCA action may occur if an input is applied to 
the 7170, outside of its supply voltage range, while it is 
in the standby mode. 



0 

""' ... 
""' ~ GENERAL NOTES: (Continued) 

(8) VsACKUP DIODE 
Lithium batteries may explode if charged or if dis

charged at too high a rate. These conditions could oc
cur if the battery was installed backwards or in the case 
of a gross component failure. A 1 N914-type diode 
placed in series with the battery as shown in Figure 9 
will prevent this from occurring. A resistor of 2 M!l or so 
should parallel the diode to keep the VsACKUP terminal 
from drifting toward the Vss terminal and shutting off 
7170 1/0 during normal operation. 

NOTE· All typical values have been characterized but are not tested. 
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(9) SUPPLY CURRENT 
7170 supply current is predominantly a function of 

oscillator frequency and databus activity. The lower the 
oscillator frequency, the lower the supply current. When 
there is little or no activity on the data, address or control 
lines, the current consumption of the 7170 in its opera
tional mode approaches that of the backup mode. 
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HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION 
The ICM7207 I A consist of a high stability oscillator and 

frequency divider providing 4 control outputs suitable for fre
quency counter timebases. Specifically, when used as a fre
quency counter timebase in conjunction with the ICM7208, 
ICM7224 or ICM7225 display counters, the four outputs pro
vide the gating signals for the count window, store function, 
reset function and multiplex frequency reference. Addition
ally, the duration of the count window may be changed by a 
factor of 1 O to provide a 2 decade range counting system. 

The normal operating voltage of the ICM7207 I A is 5 
volts. The typical power dissipation is less than 2mW when 
using an oscillator frequency of 6.5536MHz with the 7207 
and 5.24288MHz with the 7207 A. 

ORDERING INFORMATION 

Order Temperature 
Package 

Number Range 

ICM72071PD -25"C to +85"C 14-Pin PLASTIC DIP 

ICM7207AIPD - 25"C to + 85"C 14-Pin PLASTIC DIP 

ICM7207/A 
CMOS Timebase Generator 
FEATURES 
• Stable HF Oscillator 
• Low Power Dissipation,;; 2mW With 5 Volt Supply 
• Counter Chain Has Outputs at + 212 and + 2n or 

+(2nx10); n=17for7207, and 20 for 7207A 
•Low Impedance Output Drivers,;;100 Ohms 
•Count Windows of 10/100ms (7207 With 6.5536MHz 

Crystal) or 0.1/1 Sec. (7207A With 5.24288MHz 
Crystal) 

APPLICATIONS 
• System Timebases 
• Oscilloscope Calibration Generators 
• Marker Generator Strobes 
• Frequency Counter Controllers 

N/C AST 

ffi) GATING OUT 

N/C MUXOUT 

Vss RANGE CONTROL 

OSCOUT Voo 

OSCIN N/C 

N/C N/C 

Figure 1: Pin Configuration 
(Outline dwg PD) 

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. 202200-004 
NOTE: A// typical values have been characterized but are not tested. 11-2 



ICM7207/A ~ 

ABSOLUTE MAXIMUM RATINGS 

... 
0 

"" ... 
Supply Voltage (Voo-Vss) ....................... 6.0V Output Currents ................................ 25mA Ii 

Power Dissipation ® 25'C Note 1 ............... 200mW !:! Input Voltages ................. Vss-0.3VtoVoo+0.3V 
Output Voltages: Operating Temperature Range ......... -25'C to + 85'C 

7207 .................................. Vssto +6V Storage Temperature Range .......... -65'C to+ 125'C 
7207A ..........................•....... v00 to Vss Lead Temperature (Soldering, 10sec) ............. 300'C 

NOTE 1: Derate by 2mW/'C above 2s•c. 

Absolute maximum ratings refer to values which if exceeded may permanently change or destroy the device. 

NOTE: Stresses abovs those listed under "Absolute Maximum Ratings" may cause.permanent damage ta 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 
lose= 6.5536MHz(7207), 5.24288MHz(7207 A), Voo= 5V, TA= 25'C, Vss = OV, test circuit unless otherwise specified. 

Symbol Parameter Test Conditions Min Typ Max Unit 

Voo Operating Voltage Range -2o•cto +a5°C 4 5.5 v 
loo Supply Current All outputs open circuit 260 1000 µA 

Rds(on) Output Low Resistances 
Output current= 5mA sink 

50 120 n 
All outputs 

IQLK Output Leakage Currents All outputs (STORE only) 50 µA 

Rour 
Output High Resistance Output current=50µA source, 7207A 

33K n 
Terminals 12, 13, 14 only 

~ Input Pulldown Current Terminal 11 connected to Voo 50 200 µA 

Input Noise Immunity 25 % supply voltage 

lose Oscillator Frequency Range Note2 2 10 MHz 

fsrAB Oscillator Stability C1N = Cour = 22pF 0.2 1.0 ppm/V 

Oscillator Feedback Quartz crystal open circuit 
3 M!l rose Resistance Note3 

NOTES: 2. Dynamic dividers are used in the initial stages of the divider chain. These dividers have a lower frequency of operation determined by transistor sizes. 
threshold voltages and leakage currents. 

3. The feedback resistor has a non-linear value determined by the oscillator instantaneous input and output voltage voltages and the supply voltage . 

NOTE: AU typical values have be6n characterizsd but BTB not teslBd. 
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lE 
S:! 

Vss 

Vss 

TRANSMISSION GATE 

/OUT 
co 

UT/IN 

CONTROL= 1 GATE OPEN 
CONTROL= 0 GATE CLOSED 

1----M + 25 (7207) t-----M 
+28 (7207A) 

Figure 2: Functional Diagram 

NOTE: All typical values have beBn characterizsd but are not tsst6d. 
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Vss }()--lci-
Vss 

Vss 

MULTIPLX 
OUTPUT 
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CRYSTAL PARAMETERS 

C.N • CouT • 22pf 
ICM7207 

+ 

f • 6.5536MH1 
Rs• 400 
C1•15mpf 
Co•3.6pF 

ICM7207A 
t • 6.24288MH.z 

R1 < 75fl 
Co .... 
C,.•12-F 
CL• 12pf 

i 

J y 

"" 

SWITCHES S1, s,, S3, S4 OPEN CIRCUIT FOR SUPPLY CURRENT MEASUREMENT. 

SWITCH S5 OPEN CIRCUIT FOR SLOW GATING PERIOD. 

ICM7207/A 

... 

.... 

.. 

0348-3 

t SWITCHES S2, S3, S4 and 50k RESISTORS ARE NOT NEEDED WHEN USING THE ICM7207 A. 

Figure 3: Test Circuit 

TYPICAL PERFORMANCE CHARACTERISTICS 
SUPPLY CURRENT AS A FUNCTION 

OF OSCILLATOR FREQUENCY 

10 12 
OSCILLATOR FREQUENCY MH1 

0348-4 

NOTE-All typical values have been characterized but are not tested. 
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OUTPUT SATURATION RESISTANCES AS A 
FUNCTION OF SUPPLY VOLTAGE 

12or-~r-~.----,.----,~--,~--, 

100 TA .,:25°C 

RL"'1K!21 

so1--~1--__,r---1~--1~--1~-1 

5 
SUPPLY VOLT AGE 
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~ TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
:I! g OSCILLATOR STABILITY AS A 

FUNCTION OF SUPPLY VOLTAGE 

+1.0 TA• 25°C ; 

I +o.s fosc • 6.5 MHz i 

I 

~ 0.0 
:::; 

~ -0.5 f--+-7"9-::~f--+-+---1 .. 
I< 
0 
~ -1.0 

~ -1.5 Cour • 22pF 
_2_0 C1N • 22 F 

3 • 5 
SUPPLY VOLTAGE 

6 
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SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 

O'-----'--_,_~._____._ _ _.___, 
3 • 5 

SUPPLY VOLTAGE 
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OUTPUT TIMING WAVEFORMS 7207 (7207A} 
Crystal Frequency= 6.5536(5.24288}MHz 

1 1 I • l.6kHz al 625µ1 (~ or 781µs) 

MULTIPLEXOUTPUT _f1_f1 ____ [lJL ____ [LfL 
20M 200 ms 

r-----'----~2000.2000m.1 ~ GATINGOUTPUT __J 
- --- -10or1001100or1000)ms. 

------u-
----~ 

0348-8 

Figure 4: Output Waveform 

DETAILED DESCRIPTION 
Referring to the Test Circuit, Figure 3, and waveforms, 

Figure 4, the crystal oscillator frequency is divided by 212 to 
provide both the multiplex frequency and generate the out
put pulse widths. The GATING OUTPUT provides a 50% 
duty cycle signal whose period depends upon whether the 
RANGE CONTROL terminal is connected to Voo_or Vss 
(open circuit). 

OUTPUTS CONSIDERATIONS 
In the ICM7207 version all the outputs (MUitipiex, GAT

ING OUT, STOre and ReSeT) are open drain and need pull 
up resistors as shown in Figure 3. 

In the ICM7207A version the MUltipleX, GATING OUT 
and ReSeT outputs provide both active pull up and pull 
down, eliminating the need for 3 external resistors, al-

NOTE: All typical values have been characterized but are not tested 
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though, buffer.ing is required if interfacing with TTL logic 
family. See the electrical characteristics for outputs source 
and sink resistances. The STOre output is still open drain in 
7207 A version. 

OSCILLATOR CONSIDERATIONS 
The oscillator consists of a CMOS inverter with a non-lin

ear resistor connected between the input and .output termi
nals to provide biasing. Oscillator stabilities of approximate
ly 0.1 ppm per 0.1 volt change are achievable at a supply 
voltage of 5 volts, using low cost crystals. The crystal speci
fications are shown in the TEST CIRCUIT. 

It is recommended that the crystal load capacitance (CL) 
be no greater than 15pF for a crystal having a series resist
ance equal to or less than 75!l, otherwise the output ampli
tude of the oscillator may be too low to drive the divider 
reliably. 



If a very high quality oscillator is desired, it is recommend
ed that a quartz crystal be used having a tight tuning toler
ance ± 1 Oppm, a low series resistance (less than 250), a 
low motional capacitance of 5fF and a load capacitance of 
15pF. The fixed capacitor C1N should be 39pF and the oscil
lator tuning capacitor should range between approximately 
8 and 60pF. 

Use of a high quality crystal will result in typical oscillator 
stabilities of 0.05ppm per 0.1 volt change of supply voltage. 

FREQUENCY LIMITATIONS 
The ICM7207 /A uses dynamic frequency counters in the 

initial divider sections. Dynamic frequency counters are fast
er and consume less power than static dividers but suffer 
from the disadvantage that there is a minimum operating 
frequency at a given supply voltage. 

SUPPLY 
VOLTAGE 3 
WINDOW 2 

10KHz 100KHz 1MHz 
FREQUENCY 

Figure5 

10MHz 

0348-9 

For example, if instead of 6.5MHz, a 1 MHz oscillator is 
required, it is recommended that the supply voltage be re
duced to between 2 and 2.5 volts. This may be realized by 

NOTE: All typical values have been characterized but am not tested. 
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ters, etc., will determine the value of this resistor. NOTE: ~ 
Except for the output open drain n-channel transistors no 
other terminal is permitted to exceed the supply voltage lim-
its. 

APPLICATION 
A PRACTICAL FREQUENCY COUNTER 

A complete frequency counter using the ICM7207 /A to
gether with the ICM7208 Frequency Counter is described in 
the ICM7208 data sheet. Other frequency counters using 
the ICM7207 /A can be constructed using the ICM7224 and 
ICM7225, for LCD and LED displays. The latter are avail
able as EV/Kits also. 

QUARTZ CRYSTAL MANUFACTURERS 
The following list of possible suppliers is intended to be of 

assistance in putting a design into production. It should not 
be interpreted as a comprehensive list of suppliers, nor 
does it constitute an endorsement by Harris. 

a) CTS Knights, Sandwich, Illinois, (815) 786-8411 

b) Motorola Inc., Franklin Park, Illinois (708) 451-1000 
c) Sentry Manufacturing Co., Chickasaw, Oklahoma 

(405) 224-6780 

d) Tyco Filters Division, Phoenix, Arizona (602) 272-
7945 

e) M-Tron Inds., Yankton, South Dakota (605) 665-
9321 

fl Saronix, Palo Alto, California (415) 856-6900 

DI 
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HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION 
The ICM7208 is a fully integrated seven decade counter

decoder-driver. 
Specifically the ICM7208 provides the following on chip 

functions: a 7 decade counter, multiplexer, 7 segment de
coder, digit & segment driver, plus additional logic for dis
play blanking, reset, input inhibit, and display on/off. 

For unit counter applications the only additional compo
nents are a 7 digit common cathode display, 3 resistors and 
a capacitor to generate the multiplex frequency reference, 
and the control switches. 

The ICM7208 is intended to operate over a supply volt
age of 2 to 6 volts as a medium speed counter, or over a 
more restricted voltage range for high frequency applica
tions. 

As a frequency counter it is recommended that the 
ICM7208 be used in conjunction with the ICM7207 Oscilla
tor Controller, which provides a stable HF oscillator, and 
output signals for enable, store and reset. 

DISPLAY 

ICM7208 
7-Digit LED Display Counter 

FEATURES 
•Low Operating Power Dlssipatlon<10mW 
•Low Quiescent Power Dlssipatlon<SmW 
• Counts and Displays 7 Decades 
•Wide Operating Supply Voltage Range 2Vsv00s6V 
• Drives Directly 7 Decade Multiplexed Common 

Cathode LED Display 
• Internal Store Capability 
• Internal Inhibit for Counter Input 
• Test Speedup Point 

ORDERING INFORMATION 

Part Number 
Temperature 

Package 
Range 

ICM72081PI - 25°C to + 85°C 28 Lead Plastic DIP 

ENABLE 0349-1 

Figure 1: Function~I Diagram 

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. 11-8 



ICM7208 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Note 2) (Voo-Vssl ................. 6V 
Input Voltage Range (any input terminal) 

(Note2) .................... Vsg-0.3VtoVoo+0.3V 
Output Digit Drive Current (Note 3) ............... 150mA 
Output Segment Drive Current .................... 30mA 
Power Dissipation (Note 1) ......................... 1W 
Operating Temperature Range ......... -25°C to +85°C 
Storage Temperature Range .......... -65°C to+ 150°C 
Lead Temperature (Soldering, 10sec) ............. 300°C 

NOTE: Stresses above those /ipted 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 peri
ods may affect device reliability. 

Voo SEG o 

SEG d TEST 2 

SEG e SEG f 

Vss D4 

Ds D3 

Ds TEST 1 

TEST 3 Dz 

N.C. D1 

DISPLAY ENABLE osc 2 

0., osc 1 

STORE SEG g 

COUNTER INPUT SEG b 

COUNT ENABLE osc 3 

RESET SEG c 

Figure 2: Pin Configuration 
(Outline Drawing Pl} 
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ELECTRICAL CHARACTERISTICS (Voo= 5V, Vss= OV, TA= 25°C, display off, unless otherwise specified) 

Symbol Parameter Test Conditions Min Typ Max Unit 

101 Quiescent Current 
All controls plus terminal 19 connected to 

30 300 
Voo No multiplex oscillator 

102 Quiescent Current 
All control inputs plus terminal 19 connected 

70 350 
to Voo except STORE which is connected 
toVss 

µA 

1001 Operating Supply Current 
All inputs connected to Voo. RC multiplexer 

210 500 
osc operating fin< 25kHz 

1002 Operating Supply Current f;n=2MHz 700 

VsuPPLY Supply Voltage Range f;n:0:2MHz 3.5 5.5 v 
Ro1G Digit Driver On Resistance 4 12 n 

IDJG Digit Driver Leakage Current 500 µA 

rsEG Segment Driver On Resistance 40 n 

lsLK Segment Driver Leakage Current 500 µA 

Rp 
Pullup Resistance of RESET 

100 400 
or STORE Inputs 

kn 
R1N COUNTER INPUT Resistance Terminal 12 either at Voo orVss 100 

VHIN 
COUNTER INPUT Hysteresis 

25 50 mV 
Voltage 

NOTES: 1. This value of power dissipation refers to that of the package and will not be obtained under normal operating conditions. 
2. The supply voltage must be applied before or at the same time as any input voltage. This poses no problems with a single power supply system. If a 

multiple power supply system is used, it is mandatory that the supply for the ICM7208 is switched on before the other supplies otherwise the device 
may be permanently damaged. 

3. The output digit drive current must be limited to 150mA or less under steady state conditions. (Short term transients up to 250mA will not damage the 
device.) Therefore, depending upon the LED display and the supply voltage to be used it may be necessary to include additional segment series 
resistors to limit the digit currents. 

NOTE· AJI typical values have been characterized but are not tested 
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a 

I~ b 
c 

d 
ll 111111 ll I 1 

1 . 1:-::1 1111 11 11 ll I ~f 
~g - - - - - - -1 2 3 4 5 6 7 - COMMON CATHODE 

l l 

Voo 

'.[_ 
2ai..1 1• 

f 5.DV 
2 27 ~ Voo 

1 3 26 r-1 t-t-' 

~Vss 
4 25 

5 24 

6 ICM7208 23 -0 Voo l FUNCTION 
Voo DISPLAY fl ~7 

GENERATOR ? ENABLE 100k _, 8 

100k ~ s Voo 0-0 ~ 9 

10 
STORE 

11 
L COUNTER INPUT 

12 
COUNT ENABLE 

J 
13 

RESET 
14 

,! ~ 

Figure 3: Test Circuit 

TYPICAL PERFORMANCE CHARACTERISTICS 
MAXIMUM COUNTER INPUT FREQUENCY AS A 

l 
> 
0 z 
"' ::> 
0 

"' a: .. 
~ 
a. 
;!; 
:Ii 
::> 
:Ii 
;;c .. 
:Ii 

FUNCTION OF SUPPLY VOLTAGE 

7.0 1---+---+--+---t---t----l 

..J.-
6.0 l----1----l--1--L1-l-v____,,,,,_-l-----l 

5.0 l---+--+---lv--<-.j--1-----1 

:.: :==:==:1:1::===:==:==: 
2.0 ...__....__..___...__...__....__ ..... 

0 1.0 2.0 3.0 4.0 5.0 6.0 
SUPPLY VOLTAGE (Vl 
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NOTE: All typical valuos havo been characterized but are not tested. 
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i5 
cc 
~ 
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~ 
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22 

21 

20 

19 

18 

17~ 

16 

Rs IA. 50k 
-yy~ 

-"'N'v--
27k 
Rx 

DIS PLAY MULTIPLEX 
OSCILLATOR 

PPROX. 1.5 kHz) 
RC 
(A 

15r-- o.d1~ 
Cx 

SEGMENT OUTPUT CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 

30.0 

1.0 2.0 3.0 4.0 5.0 

SUPPLY VOLTAGE IV) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 

SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 

Ci 250 g 
c . .... z w 
a: 
a: 
=> u ,.. 
.... 
~ 
=> 
Cl) 

0 1.0 2.0 3.0 4.0 s.o 6.0 
SUPPLY VOLTAGE CVl 

DETAILED DESCRIPTION 
Test Inputs 

0349-6 

The ICM7208 is provided with three input terminals 7, 23, 
27 which may be used to accelerate testing. The least two 
significant decade counters may be tested by applying an 
input to the 'COUNTER INPUT' terminal 12. 'TEST POINT' 
terminal 23 provides an input which bypasses the 2 least 
significant decade counters and permits an injection of a 
signal into the third decade counter. Terminals 7 and 27 
permit rapid counter advancing at two points along the 
string of decade counters. These test inputs must be tied to 
Voo for normal operation of the device. 

CONTROL INPUT DEFINITIONS 

Input Terminal Voltage Function 

DISPLAY 9 Voo Display On 
ENABLE Vss Display Off 

STORE 11 Voo Counter Information 
Latched 

Vss Counter Information 
Transferring 

COUNT 13 Voo Input to Counter 
ENABLE Blocked 

Vss Normal Operation 

RESET 14 Voo Normal Operation 

Vss Counters Reset 

COUNTER INPUT 
The internal counters of the ICM7208 index on the nega

tive edge of the input signal at terminal # 12. 

NOTE: All typical values have b6en characteriz9d but are not Jested. 
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SUPPLY CURRENT AS A FUNCTION OF 
COUNTER INPUT FREQUENCY 

600 Jm,J 
500 

400 

300 ~ 

1.&ltHz RC MUX OSC 
I/ 

200 

100 

J[ J[ 
1.l~!f EJEJJl~ .J 
MUX INPUT .lill y 

0 .IIlI I IlII 
0.001 0.01 0.1 1.0 10 

COUNTER INPUT FREQUENCY l1N CMHzl 
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The noise immunity of the COUNTER INPUT Terminal is 
approximately % the supply voltage. Consequently, the in
put signal should be at least 50% of the supply in peak to 
peak amplitude and preferably equal to the supply. 

The optimum input signal is a 50% duty cycle square 
wave equal in amplitude to the supply. However, as Jong as 
the rate of change of voltage is not less than approximately 
10-4 V/µs, at 50% of the power supply voltage, the input 
waveshape can be sinusoidal, triangular, etc. 

When driving the input of the ICM7208 from TTL, a 1 k-
5kfi pull-up resistor to the positive supply must be used to 
increase peak to peak input signal amplitude. 

Display Considerations 
Any common cathode multiplexable LED display may be 

used. However, if the peak digit current could exceed 
150mA for any prolonged time, it is recommended that re
sistors be included in series with the segment outputs to 
limit digit current to 150mA. 

The ICM7208 is specified with 500µA of possible digit 
leakage current. With certain new LED displays that are ex
tremely efficient at low currents, it may be necessary to in
clude resistors between the cathode outputs and the posi
tive supply to bleed off this leakage current. 

Display Multiplex Rate 
The ICM7208 has approximately 0.5µs overlap between 

display drive signals. Therefore, if the multiplex rate is very 
fast, digit ghosting will occur. The ghosting determines the 
upper limit for the multiplex frequency. At very low multiplex 
rates flicker becomes visible. 

DI 
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7 6 5 

i t 2 1 - COMMON CATHODE 
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i 28µ 1• 

f s.ov 
2 27 

1 3 26 I--
4 25 

-b 5 24 - ..._____, 6 ICM7208 23 Yoo 

INPUT b>-: v~~ Voo <>--1 7 22 

PROCESSING --< 8 21 
100k 

9 20 
100k 

t 10 19 

11 18t-i t--' 47k 

) 12 17 I--' 

1- 13 16 o.d1~ EITHER INPUT ClRCUIT ~.o. 14 1st---- CAN BE USED. BUT NOT -
BOTH TOGETHER. -:r-_,_ _._ 

RESET 
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Figure 4: Schematic Unit Counter 

It is recommended that the display multiplex rate be with
in the range of 50Hz to 200Hz, which corresponds to 400Hz 
to 1600Hz for the multiplex frequency input. For stand alone 
systems, two inverters are provided so that a simple but 
stable RC oscillator may be built using only 2 resistors and a 
capacitor. 

The multiplex oscillator is eight times the multiplex rate. 
The frequency is given using the following formulii: 

1 
f=--

2.2RxCx 

Rs should always be s 1 Mn and Rs= kRx where k is in the 
range 2-10 (See Figure 3). 

An external generator may be used to provide the multi
plex frequency input. This signal, applied to terminal 19 (ter
minals 16 and 20 open circuit), should be approximately 
equal to the supply voltage, and should be a square wave 
for minimum of power dissipation. 

Unit Counter 
Figure 4 shows the schematic of an extremely simple unit 

counter that can be used for remote traffic counting, to 
name one application. The power cell stack should consist 
of 3 or 4 nickel cadmium rechargeable cells (nominal 3.6 or 
4.8 volts). If 4 x 1.5 volt cells are used it is recommended 
that a diode be placed in series with the stack to guarantee 
that the supply voltage does not exceed 6 volts. 

The input switch is shown to be a single pole double 
throw switch (SPDT). A single pole single throw switch 
(SPST) could also be used (with a pullup resistor), however, 
anti-bounce circuitry must be included in series with the 
counter input. In order to avoid contact bounce problems 

NOTE: All typical values have been characterized but are not tested. 
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due to the SPDT switch the ICM7208 contains an input 
latch on chip. 

The unit counter updates the display for each negative 
transition of the input signal. The information on the display 
will count, after reset, from 00 to 9,999,999 and then reset 
to 0000000 and begin to count up again. To blank leading 
zeros, actuate reset at the beginning of a count. Leading 
zero blanking affects two digits at a time. 

For battery operated systems the display may be 
switched off to conserve power. 

Frequency Counter 
The ICM7208 may be used as a frequency counter when 

used with an external frequency reference and gating logic. 
This can be achieved using the ICM7207 Oscillator Control
ler (Figure 5). The ICM7207 uses a crystal controlled oscil
lator to provide the store and reset pulses together with the 
counting window. Figure 6 shows the recommended input 
gating waveforms to the ICM7208. At the end of a counting 
period (50% duty cycle) the counter input is inhibited. The 
counter information is then transferred and stored in latch
es, and can be displayed. Immediately after this information 
is stored, the counters are cleared and are ready to start a 
new count when the counter input is enabled. 

Using a 6.5536MHz quartz crystal and the ICM7207 driv
ing the ICM7208, two ranges of counting may be obtained, 
using either 0.01 sec or 0.1 sec counter enable windows. 

Previous comments on leading zero blanking, etc., apply 
as per the unit counter. 

The ICM7207 provides the multiplex frequency reference 
of 1.6kHz. 
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Figure 5: Frequency Counter 

Note: For a 1 sec count window which allows all 7 digits to be used with a resolution of 1 Hz, the ICM7207 can be replaced with the ICM7207 A. Circuit details are 
given on the 7207 A data sheet. 

COUNT ENABLE INPUT 

STORE INPUT -u 
RESET INPUT 

COUNTER INPUT 

1:1 

I l-
t---COUNTER INPUT---1 --------OV 

ENABLED (COUNTING WINDOW) 
-u-~-S-E_G_M_E_N_T_D_A_T_A_ 

LATCHED 

PULSE WIDTH NOT 
CRITICAL > 50µ Sec. 

-COUNTER RESET 

EXTERNAL FREQUENCY TO BE MEASURED 

Figure 6: Frequency Counter Input Waveforms 

NOTE: All typical values have been characterized but are not tested 
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I! Period Counter g 
For this application, as opposed to the frequency counter, 

the gating and the input signal to be measured are reversed 
compared to the frequency counter. The input period is di
vided by two to produce a single polarity signal (50% duty 
cycle) equal to the input period, which is used to gate the 
frequency reference (1 MHz in this case). Figure 8 

COUNT ENABLE INPUT ~~TERNAL FREQUENCY! 

STORE INPUT 

RESET INl!UT 

COUNTER INPUT 

shows a block schematic of the input waveform generator. 
The 1 MHz frequency reference is generated by the 
ICM7209 Clock Generator using an 8MHz oscillator fre
quency and internally dividing this frequency by 8. Alterna
tively, a 1 MHz signal could be applied directly to COUNTER 
INPUT. Waveforms are shown in Figure 7. 

STORE GENERATED BY THE POSITIVE 
EDGE OF THE ENABLE INPUT 

INPUT IS = 1MHz 

0349-11 

Figure 7: Period Counter Input Waveforms 

INPUT ---+----t 

ONE 
SHOT 

+2 t----<---...-- COUNT ENABLE INPUT 

ONE 
SHOT ..---.-- RESET INPUT 

'-----------STORE INPUT 

1 MHz 
ICM7209 t-------- COUNTER INPUT 

Figure 8: Period Counter Input Generator 

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

11-14 

0349-12 



HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION 
The Harris ICM7209 is a versatile CMOS clock generator 

capable of driving a number of 5 volt systems with a variety 
of input requirements. When used to drive up to 5 TIL 
gates, the typical rise and fall times are 1 Ons. 

The ICM7209 consists of an oscillator, a buffered output 
equal to the oscillator frequency and a second buffered out
put having an output frequency one-eighth that of the oscil
lator. The guaranteed maximum oscillator frequency is 
1 OM Hz. Connecting the DISABLE terminal to the negative 
supply forces the -;- 8 output into the 'O' state and the OUT1 
into the '1' state. 

ORDERING INFORMATION 
Part Temperature 

Number Range 

ICM72091PA - 2o·c to + ss·c 

1 
OSC OUT o------~ 

Package 

8 pin PLASTIC 

DYNAMIC 
DIVIDE BY 8 

3 
DISABLE0------------------------1 

Figure 1: Functional Diagram 
•zener Voltage is Typically 6.3 Volts 

ICM7209 
Timebase Generator 

FEATURES 
• High Frequency Operation - 10MHz Guaranteed 
• Requires Only A Quartz Crystal and Two Capacitors 
• Bipolar, CMOS Compatibility 
• High Output Drive Capability- 5 x TTL Fanout With 

10ns Rise and Fall Times 
• Low Power- 50mW at 10MHz 
• Choice of Two Output Frequencies - Osc., and Osc. 

-;- 8 Frequencies 
• Disable Control for Both Outputs 
• Wide Industrial Temperature Range - 20°C to + 85°C 

• 4J.,Voo 

afvss 

5 
io------<> OUT 1 

0350-1 

TOP VIEW 

0350-2 

Figure 2: Pin 
Configuration 

(Outline dwg PA) 
Pin 1 is designated by either a 
dot or a notch 

HARRIS SEMICONDUCTOR'S SOLE ANO EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THJS 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 11-15 
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:IE ABSOLUTE MAXIMUM RATINGS 
2 Supply Voltage .................................... 6V Power Dissipation (25°C) ....................... 300mW 

Output Voltages ............... Vss-0.3VtoVoo+0.3V Storage Temperature . . . . . . . . . . . . . . . . - 55°C to + 125°C 
Input Voltages ................. Vss-0.3VtoVoo+0.3V Operating Temperature Range ......... -20°C to + 85°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 above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended pen'ods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 
(Voo-Vss = 5V, test circuit, lose= 1 OM Hz, TA= 25°C unless otherwise specified.) 

Symbol Parameter Test Conditions Min Typ Max Unit 

loo Supply Current Note 1 11 20 mA 

No Load 

Co Disable Input Capacitance 5 pF 

l1LK Disable Input Leakage Either '1' or 'O' state ±10 µA 

VoL Output Low State Either OUT 1 or OUT + 8 
simulated 5XTTL loads 0.4 v 

VoH Output High State Either OUT 1 or OUT + 8 
simulated 5 x TTL loads 4.0 4.9 

IA Output Rise Time (Note 3) Either OUT 1 or OUT + 8 
simulated 5XTTL loads 10 

ns 
IF Output Fall Time (Note 3) Either OUT 1 or OUT + 8 

simulated 5XTTL loads 10 

lose Minimum OSC Frequency Note2 2 
MHz 

for + 8 Output 

Output + 8 duty cycle Any operating frequency 7:9 
Low state : High state 

GM Oscillator Transconductance 80 200 µS 

NOTES: 1. The power dissipation is a function of the oscillator frequency (1st ORDER EFFECT see curve) but is also effected to a small extent by the oscillator 
tank components. 

2. The --.;-. 8 circuitry uses a dynamic scheme. As with any dynamic system, information or data is stored on very small nodal capacitances instead of 
latches (static systems) and there is a lower cutoff frequency of operation. Dynamic dividers are used in the ICM7209 to significantly improve high 
frequency performance and to decrease power consumption. 

3 Rise and fall times are defined between the output levels of 0.5 and 2.4 volts. 

CRYSTAL PARAMETERS: 

CM•5mpf 
Rs• 15 ohms 

Co= 3pF 
Ct= 10pF 

f • 10 MHz 
18pF 

0.01µF +5V 

r-l,____. 
~--o---iOSC OUT Voo 

ICM7209 

I·--~ osc IN Vss 

Figure 3: Test Circuit 

NOTE' All typical values have boon characterized but are not tested. 
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OUT+8 
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TYPICAL PERFORMANCE CHARACTERISTICS (V00 -Vss=5V) 

SUPPLY CURRENT AS A FUNCTION 
OF OSCILLATOR FREQUENCY 

TYPICAL OUT 1 RISE AND FALL 
TIMES 

SUPPLY VOLTAGE RANGE FOR 
CORRECT OPERATION OF + 8 
COUNTER AS A FUNCTION OF 

OSCILLATOR FREQUENCY. 
15.----.--~~~~~~~ 

5.--~--~~---.-~-~ 

w 
~ 
~ Jt-~-o....,_~+---rt--~ 

~ 
~ 21----++---t-7~-t--~ ... ... 
::> 
"'1 

100kHz 1MHz 10MHz IOOMHz 
FREQUENCY 

0 20 40 60 80 100 

TIME (ns) 

0 .__ _ _._ __ .._ _ __,_ _ __. 

10KHz 100kHz 1 MHz 10MHZ 100MHz 
OSCILLATOR FREQUENCY 

0350-6 0350-4 0350-5 

Rise and fall times of OUT + 8 are 
similar to those of OUT 1. 

DETAILED DESCRIPTION 
OSCILLATOR CONSIDERATIONS 

The oscillator consists of a CMOS inverter with a non-lin
ear resistor connected between the oscillator input and out
put to provide D.C. biasing. Using commercially obtainable 
quartz crystals the oscillator will operate from low frequen
cies (10kHz) to 10MHz. 

The oscillator circuit consumes about 500µA of current 
using a 10MHz crystal with a 5 volt supply, and is designed 
to operate with a high impedance tank circuit. It is therefore 
necessary that the quartz crystal be specified with a load 
capacitance (CL.) of 10pF instead of the standard 30pF. To 
maximize the stability of the oscillator as a function of sup
ply voltage and temperature, the motional capacitance of 
the crystal should be low (5mpF or less). Using a fixed input 
capacitor of 18pF and a variable capacitor of nominal value 
of 18pF on the output will result in oscillator stabilities of 
typically 1 ppm per volt change in supply voltage. 
THE _,_ 8 OUTPUT 

A dynamic divider is used to divide the oscillator frequen
cy by 8. Dynamic dividers use small nodal capacitances to 

NOTE All typical values have been characten"zed but are not tested. 
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store voltage levels instead of latches (which are used in 
static dividers). The dynamic divider has advantages in high 
speed operation and low power but suffers from limited low 
frequency operation. This results in a window of operation 
for any oscillator frequency (see TYPICAL PERFORMANCE 
CHARACTERISTICS). 

OUTPUT DRIVERS 
The output drivers consist of CMOS inverters having ac

tive pullups and pulldowns. Thus the outputs can be used to 
directly drive TTL gates, other CMOS gates operating with a 
5 volt supply, or TTL compatible MOS gates. The guaran
teed fanout is 5 TTL loads although typical fanout capability 
is at least 10 TTL loads with slightly increased output rise 
and fall times. 

DEVICE POWER CONSUMPTION 
At low frequencies the principal component of the power 

consumption is the oscillator. At high oscillator frequencies 
the major portion of the power is consumed by the output 
drivers, thus by disabling the outputs (activating the DIS
ABLE INPUT) the device power consumption can be dra
matically reduced. 



HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION 
The ICM7213 is a fully integrated micropower oscillator 

and frequency divider with four buffered outputs suitable for 
interfacing with most logic families. The power supply may 
be either a two battery stack (Ni-cad, alkaline, etc.) or a 
regular power supply greater than 2 volts. Depending upon 
the state of the WIDTH, INHIBIT, and TEST inputs, using a 
4.194304MHz crystal will produce a variety of output fre
quencies including 2048Hz, 1024Hz, 34.133Hz, 16Hz, 1 Hz, 
and 1 /60Hz (plus composites). 

The ICM7213 utilizes a very high speed low power metal 
gate CMOS technology which uses 6.4 volt zeners between 
the drains and sources of each transistor and also across 
the supply terminals. Consequently, the ICM7213 is limited 
to a 6 volt maximum supply voltage, although a simple drop
ping network can be used to extend the supply voltage 
range well above 6 volts (See Figure 7). 

ORDERING INFORMATION 

Part Temperature 
Package 

Number Range 

ICM72131PD - 25'C to + 85'C 14 pin PLASTIC DIP 

Figure 1: Functional Diagram 

ICM7213 
One Second/One Minute 

Timebase Generator 
FEATURES 
• Guaranteed 2 Volts Operation 
•Very Low Current Consumption: Typ_ 100µA@ 3V 
• All Outputs TTL Compatible 
• On Chip Oscillator Feedback Resistor 
• Oscillator Requires Only 3 External Components: 

Fixed Capacitor, Trim Capacitor, and A Quartz 
Crystal 

• Output Inhibit Function 
• 4 Simultaneous Outputs: One Pulse/Sec, One Pulse/ 

Min, 16Hz and Composite 1024+ 16+2Hz Outputs 
• Test Speed-Up Provides Other Frequency Outputs 

0351-1 

WIDTH OUT4 

OUT3 OUT2 

INHIBIT OUT 1 

Vss TEST 

OSCOUT v •• 
OSCIN N/C 

N/C N/C 

0351-2 

Figure 2: Pin 
Configuration 

(Outline drawing PD) 

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 ANO FITNESS FOR A PARTICULAR USE. 202800-003 
NOTE: A/J typical values have been charactorized but are not tested. 11-18 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Voo-Vssl ....................... 6.0V Operating Temperature Range ......... -25°C to + 85°C 
Output Current (Any output) ...................... 20mA Storage Temperature Range . . . . . . . . . . -65°C to + 150°C 
All Input and Oscillator Voltages Power Dissipation (Note 2) ..................... 200mW 

(Note 1) .................... Vsg-0.3V to V00+0.3V Lead Temperature (Soldering, 10sec) ............. 300°C 
All Output Voltages (Note 1) ................ Vss to 6.0V 
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. 

NOTE 1: The ICM7213 like most CMOS devices, may enter a destructive latch up mode if an input or output voltage is applied·in excess of those defined and there 
is no supply current limiting: 

2: Oerate linearly power rating of 200mW at 25°C to 50mW at 1o·c. 

ELECTRICAL CHARACTERISTICS 
(Voo -Vss = 3.0V, lose= 4.194304MHz, Test Circuit; TA= 25°C unless otherwise specified) -

Symbol Parameter Test Conditions Min Typ Max Unit 

loo Supply Current 100 140 µA 

VsuPPLY Guaranteed Operating Supply -20°C<TA<B5°C 2 4 v 
Voltage Range (Voo-Vssl 

IOLK Output Leakage Current Any output, Your= 6 Volts 10 µA 

Rour Output Sat. Resistance Any output, loLK=2.5mA 120 200 .n 
1, Inhibit Input Current Inhibit terminal connected to Yoo 10 40 

lrp Test Point Input Current Test point terminal connected 10 40 
toV00 µA 

lw Width Input Current Width terminal connected to Voo 10 40 

gm Oscillator Transconductance Voo=2V 100 µS 

lose Oscillator Frequency Range (Note 3) 1 10 MHz 

lsTAB Oscillator Stability 2V<Voo<4V 1.0 ppm 

Is Oscillator Start Time 0.1 
sec 

Voo = 2.0 volts 0.2 

NOTE: 3. The ICM7213 uses dynamic dividers for high frequency division. As with any dynamic system, information is stored on very small nodal capacitances 
instead of latches (static system), therefore there is a lower frequency of operation. Dynamic dividers are used to improve the high frequency perform· 
ance while at the same time significantly decreasing power consumption. At low supply voltages, operation at less than 1 MHz is possible. 

WIDTH 

INHIBIT 

30pF~ 

Figure 3: Test Circuit 

NOTE: All typical values have been characterized but aro not testod. 
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CRYSTAL PARAMETER 

f = 4.194,304 MHz (PARALLEL 
Rs a 35 il RESONANTI 
CM= 17mpF 
Co= 2.5 pF 

T.P. 

SUPPLY VOLTAGE 

r 
0351-3 

(') .. 
N .... 
:IE 
S:! 
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:IE TYPICAL PERFORMANCE CHARACTERISTICS g 
SUPPLY CURRENT AS A FUNCTION 

OF TEMPERATURE 

130 

<120 
::t 
I 

1-110 
z 
w 
~100 

i:l 90 
> ... 
ll: 80 
~ 

"' 70 

~ 
Vs~pp.!~v r T 
C1N •Co~T· 30pf-
t0 Sj • 4.1 MHz 

'l 
~ _L 

"' r-.... I 
.-r--

-40 -20 0 +20 +40 +60 +80 

TEMPERATURE - °C 

0351-4 

SUPPLY CURRENT AS A FUNCTION 
OF SUPPLY VOLTAGE 

c3oo.--.--.-----,--,-.....--. 
::t TA •25°C 
1 250 lose = 4.194,304 MHz 

~200 I I I I 
C1N • CoUT': 30pf " 

~ " ~1501---+-~t---t-~iL--+--l 

ix: 
B1001--r--,1>¥,___,r---+----1 

~ 50 
ll: 
~ o~~-~~~~~~ 

2.0 3.0 4.0 5.0 
SUPPLY VOLTAGE V00 -Vss 

0351-5 

OUTPUT CURRENT AS A FUNCTION 
OF OUTPUT SATURATION VOLTAGE 

0 0.1 0.2 0.3 0.4 0.5 0.8 
OUTPUT SATURATION 

VOLTAGE (ANY OUTPUTI 

0351-6 

OSCILLATOR STABILITY AS A 
FUNCTION OF DEVICE TEMPERATURE 

OSCILLATOR STABILITY AS A 
FUNCTION OF SUPPLY VOLTAGE 

z 
0 

~ 
> w 
0 
> 
OE 
ffill: a! 
W!!: 
ix:~ 

IL<J 
ix: 

s ... 
M 

+1.5~v-o-'o---v-ss_=_3_v-~-~-

+1.0 

+0.5 

c1N. CouTAND 
QUARTZ CRYSTAL 

MAINTAINED AT 25°c 
tosC'"4.19MHz 

-1.5~~-~~~~~~ 

-40 -20 0 +20 +40 +60 +80 

TEMPERATURE - °C 

OUTPUT DEFINITIONS 
Input States• Pin 12 

Test Inhibit Width Out 1 

L L L 16Hz 
+218 

L L H 16Hz 
+218 

L H L 16Hz 
+218 

L H H 16Hz 
+218 

H L L ON 

H L H ON 

H H L ON 

H H H ON 

0351-7 0351-8 

Pin 13 Pin2 Pin 14 

Out2 Out3 Out4 

1024+16+2Hz 1Hz, 7.Bms 1 /60Hz, 1 Sec. 
(+212+210+221) composite +222 +(224 x 3 x 5) 

1024+16+2Hz 1Hz, 7.Bms 1/60Hz, 125ms 
( + 212+ 210+ 221) composite +222 

1024+16Hz OFF OFF 
(+212+218) composite 

1024+ 16Hz OFF SEE 
( + 212+ 210) composite WAVEFORMS 

4096+ 1024Hz 2048Hz 34.133Hz, 50% D.C. 
( + 210+ 212) composite +211 + (213 x 5 x 3) 

4096 + 1024Hz 2048Hz 34.133Hz, 50% D.C. 
(+210+212) composite +211 +(213x5x3) 

1024Hz ON OFF 
+212 

1024Hz ON OFF 
+212 

NOTE: When TEST and RESET are connected to ground, or left open, all outputs except for OUT 3 and OUT 4 have a 50% duty cycle. 

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

11-20 
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-+j l--16Hz _ 

'

1024Hz 

OUT2 

0351-9 

Figure 4: Output Waveform 

INHIBIT 

OUT 3 
·~ 

CASE 1iOUT4 

I I 
I 
I 
I 

<7.Bms-:-

L-1.r' 
0.75 - 1.0 SEC 

:- 59.75 to 
1 60SECS. 
I 
I OUT3 

CASE 2 { 
(PULSE 3 

COINCIDENT OUT 4 

==t!J--r-7-.8-m_s ____ ___. 

I 

WITH INHIBIT} --------~ 

OUT3 

WIDTH 

CASE 3!0UT4 
(EFFECT OF 

ON OUT 41 _w_1_D_T_H ______ _,... ___ n~----; I 
>---· 

OUT3 

WIDTH WIDTH 
ON OUT 41 ---------'------. 

I 
I 

~-· I 

' 

CASE 4!0UT 4 
(EFFECT OF 

' ....._ __ --{ 
0351-10 

Figure 5: Effect of the Inhibit Input (Test Connected to Vss or Left Open) 

NOTE: Refers to Figure 5 
All time scales are arbitrary, and in the case of OUT 3 

only the pulses coinciding with the negative edge of OUT 4 
are shown. Where time intervals are relevant they are clear
ly shown. 

DETAILED DESCRIPTION 
Supply Voltage Considerations 

The ICM7213 may be used to provide various precision 
outputs with frequencies from 2048Hz to 1 /60Hz using a 
4, 194,304Hz quartz oscillator, and other output frequencies 
may be obtained using other quartz crystal frequencies. 
Since the ICM7213 uses dynamic high frequency dividers 
for the initial frequency division·there are limitations on the 
supply voltage range depending on the oscillator frequency. 
If, for example, a low frequency quartz crystal is selected, 
the supply voltage should be selected in the center of the 
operating window, or approximately 1. 7 volts. 

NOTE: All typical values have been characterized but are not tested. 
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I . 
v5Jt~~E I I--------

OPERATING 
WINDOW 

0351-11 

Figure 6: Window of Correct Operation 

The supply voltage to the ICM7213 may be derived from 
a high voltage supply by using a simple resistor divider (if 
power is of no concern), by using a series resistor for mini
mum current consumption, or by means of a regulator. 

Ill 



EXAMPLE: 
I~ 4.2 MHz 
BV ,;; V ,;; 12V (10 nom.) 
11 "'100 µA 
12 =: 1 mA 
R2=:3k!l 
R1 "' 6.B k!l 

CBYPASS 
0.01 µr 

v + s 

vs 

CBYPASS 0.01 µr 
1, 

v -s 

EXAMPLE: 
lose ~ 4.2 MHz 

0351-12 

BV ,;; V ,;; 12V (10V nom.) 
11 =: 100 p.A 
R3 ~ (10-3) k!l 

10-• 

"' 68 k!l 

0351-13 
Figure 7: Blasing Schemes 
with High Voltage Supplies 

Outputs 
Pull up resistors will generally be required to interface 

with other logic families. These resistors must be connected 
between the various outputs and the positive power supply. 

NOTE: All typical values have been characterized but are not tested. 
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ICM7213 

Oscillator Considerations 
The oscillator consists of a CMOS inverter and a feed

back resistor whose value is dependent on the voltage at 
the oscillator input and output terminals and the supply volt
age. Oscillator stabilities of approximately 0.1 ppm per 0.1 
volt variation are achievable with a nominal supply voltage 
of 5 volts and a single voltage dropping resistor. The crystal 
specifications are shown in the TEST CIRCUIT. 

It is recommended that the crystal load capacitance (CL) 
be no greater than 22pF for a crystal having a series resist
ance equal to or less than 75 ohms, otherwise the output 
amplitude of the oscillator may be too low to drive the divid
er reliably. 

If a very high quality oscillator is desired;-it is recommend
ed that a quartz crystal be used having a tight tuning toler
ance ± 1 Oppm, a low series resistance (less than 25 ohms), 
a low motional capacitance of 5mpF and a load capacitance 
of 20pF. The fixed capacitor C1N should be 30pF and the 
oscillator tuning capacitor should range between approxi
mately 16 and 60pF. 

Use of a high quality crystal will result in typical stabilities 
of 0.05ppm per 0.1 volt change of supply voltage. 

Control Inputs 
The TEST input inhibits the 21 e output and applies the 29 

output to the 221 divider, thereby permitting a speedup of 
the testing of the + 60 section by a factor of 2048 times. 
This also results in alternative output frequencies (see ta
ble). 

The WIDTH input may be used to change the pulse width 
of OUT 4 from 125ms to 1 sec, or to change the state of 
OUT 4 from ON to OFF during INHIBIT. 

See Figures 4 and 5 for output waveforms and effect of 
control inputs. 
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ICM7216A/B/D ~ 
8-Digit Multi-Function c 

Frequency Counter /Timer ~ 
.... 

GENERAL DESCRIPTION FEATURES ~ 
ALL VERSIONS: !:! The ICM7216A and B are fully integrated Timer Counters 

with LED display drivers. They combine a high frequency 
oscillator, a decade timebase counter, an B-decade data 
counter and latches, a ?-segment decoder, digit multiplex
ers and 8 segment and 8 digit drivers which directly drive 
large multiplexed LED displays. The counter inputs have a 
maximum frequency of 1 O MHz in frequency and unit coun
ter modes and 2 MHz in the other modes. Both inputs are 
digital inputs. In many applications, amplification and level 
shifting will be required to obtain proper digital signals for 
these inputs. 

The ICM7216A and B can function as a frequency coun
ter, period counter, frequency ratio (IA/ls) counter, time in
terval counter or as a totalizing counter. The counter uses 
either a 1 O MHz or 1 MHz quartz crystal timebase. For peri
od and time interval, the 10 MHz timebase gives a 0.1 µs 
resolution. In period average and time interval average, the 
resolution can be in the nanosecond range. In the frequen
cy mode, the user can select accumulation times of 
0.01 sec, 0.1 sec, 1 sec and 10 sec. With a 10 sec accumu
lation time, the frequency can be displayed to a resolution 
of 0.1 Hz in the least significant digit. There is 0.2 seconds 
between measurements in all ranges. 

The ICM7216D functions as a frequency counter only, as 
described above. 

All versions of the ICM7216 incorporate leading zero 
blanking. Frequency is displayed in kHz. In the ICM7216A 
and 8, time is displayed in µs. The display is multiplexed at 
500Hz with a 12.2% duty cycle for each digit. The 
ICM7216A is designed for common anode displays with typ
ical peak segment currents of 25 mA. The ICM72168 and D 
are designed for common cathode displays with typical 
peak segment currents of 12 mA. In the display off mode, 
both digit and segment drivers are turned off, enabling the 
display to be used for other functions. 

ORDERING INFORMATION 

• Functions as a Frequency Counter (DC to 10 MHz) 
• Four Internal Gate Times: 0.01 Sec, 0.1 Sec, 

1 Sec, 10 Sec in Frequency Counter Mode 
• Directly Drives Digits and Segments of Large 

Multiplexed LED Displays (Common Anode and 
Common Cathode Versions) 

• Single Nominal 5V Supply Required 
• Highly Stable Oscillator, Uses 1 MHz or 10 MHz 

Crystal 
• Internally Generated Decimal Points, lnterdigit 

Blanking, Leading Zero Blanking and Overflow 
Indication 

• Display Off Mode Turns Off Display and Puts Chip 
Into Low Power Mode 

• Hold and Reset Inputs for Additional Flexibility 

ICM7216A AND ICM7216B 
• Functions Also as a Period Counter, Unit Counter, 

Frequency Ratio Counter or Time Interval Counter 
• 1 Cycle, 10 Cycles, 100 Cycles, 1000 Cycles in 

Period, Frequency Ratio and Time Interval Modes 
• Measures Period From 0.5µs to 10s 

ICM7216D 
• Decimal Point and Leading Zero Blanking May Be 

Externally Selected 

Part Number Temperature Range Package 

ICM7216AIJI - 25°C to + as·c 28 pin CERDIP 

ICM7216BIPI -25°Cto +85"C 28 pin PLASTIC DIP 

ICM7216DIPI -25°Cto +85°C 28 pin PLASTIC DIP 

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. 202815-003 
NOTE· AJI typical values have been characterized but are not tested. 11-23 
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ICM7216DONLY.· 

0353-1 

Figure 1: Functional Diagram 
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ABSOLUTE MAXIMUM RATINGS 
Maximum Supply Voltage (Voo-Vssl ............... 6.5V 
Maximum Digit Output Current .................. 400 mA 
Maximum Segment Output Current ............... 60 mA 
Voltage On Any Input or 

Output Terminal[1] ........ (Voo+0.3V) to (Vss-0.3V) 

Maximum Power Dissipation at 
?0°C ............................. 1.0W (ICM7216A) 

0.5W (ICM7216B & D) 
Operating Temperature Range ......... -25°C to + 85°C 
Storage Temperature Range . . . . . . . . . . -65°C to + 150°C 
Lead Temperature (Soldering, 10sec) ............. 300°C 

ICM7216A/B/D iCll 
iii 
c 
IO 

NOTE: Stresses above those listed under ''Absolute Maximum Ratings" W 
may cause permanent damage to the device. These are strass ratings only ,._ 
and functional operation of the device at these 'or any other conditions a 
above those indicated in the operational sections of the specifications is not g 
implied Exposure to absolute maximum rating conditions for extended peri-
ods may affect device reliability. 

t"ote: 1. The ICM7216 may be triggered into a destructive latchup mode if either input signals are applied before the power supply is applied or if input or outputs 
are forced to voltages exceeding Voo to Vss by more than 0.3 volts. 

Common Anode Common Cathode 

CONTROL INPUT INPUT A CONTROL INPUT INPUT A 

INPUT 8 HOLD INPUT INPUTS HOLOINPUT 

FUNCTION INPUT OSCOUTPUT FUNCTION INPUT OSCOUTPUT 

DECIMAL POINT OUTPUT OSC INPUT DIGIT 1 OUTPUT DSC INPUl 

SEG E OUTPUT EXT OSC INPUT DIGIT 3 OUTPUT EXT OSC INPUT 

SEG G OUTPUT DIGIT 1 OUTPUT DIGIT 2 OUTPUT DECIMAL POINT OUTPUT 

SEG A OUTPUT DIGIT 2 OUTPUT DIGIT 4 OUTPUT SEGGOUTPUT 

Vss DIGIT 3 OUTPUT Vss SEGE OUTPUT 

SEG DOUTPUT DIGIT 4 OUTPUT DIGIT 6 OUTPUT SEG A OUTPUT 

SEG 8 OUTPUT DIGIT 5 OUTPUT DIGIT 6 OUTPUT SEGO OUTPUT 

SEGCOUTPUT VDQ DIGIT 7 OUTPUT Voo 

SEG F OUTPUT DIGIT 6 OUTPUT DIGIT 8 OUTPUT SEGBOUTl'UT 

RESET INPUT DIGIT 7 OUTPUT RESET INPUT SEGCOUTl'UT 

RANGE INPUT DIGIT D OUTPUT RANGE INPUT SEG F OUTPUT 

0353-2 0353-3 

Common Cathode 

CONTROL INPUT INPUT A 

MEASUREMENT iN PROGRESS HOLD INPUT 

DIGIT 1 OUTPUT OSCOUTPUT 

DIGIT 3 OUTPUT OSCINPUT 

DIGIT 2 OUTPUT EXT OSC INPUT 

DIGIT 4 OUTPUT DECIMAL POINT OUTPUT 

Vss SEGGOUTPUT 

DIGIT 6 OUTPUT SEGEOUTPUT 

DIGIT 8 OUTPUT SEG A OUTPUT 

DIGIT 1 OUTPUT SEGDOUTPUT 

DIGIT 8 OUTPUT Voo 

iiES£i' INPUT SEG 8 OUTPUT 

ex. O.P. INPUT SEGCOUTl'UT 

RANGE INPUT SEG F OUTPUT 

0353-5 

Figure 2: Pin Configurations 

NOTE: All lypical values have been characterized but are not tested. 
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ii 
= ELECTRICAL CHARACTERISTICS (ICM7216A/B) 
N (Voo = 5.0V, Vss =O, TA= 25°C, unless otherwise specified.) .._ 
::IE g 

Symbol Parameter 

ICM7216A/B 

loo Operating Supply Current 

Supply Voltage Range (Voo-Vss) 

VsuPPLY 

fA(max) Maximum Frequency 
INPUT A, Pin 28 

f8(max) Maximum Frequency 
INPUT B, Pin 2 

Minimum Separation 
INPUT A to INPUT B 

Time Interval Function 

fosc 
Maximum Osc. Freq. and Ext. 
Osc. Frequency 

lose Minimum Ext. Osc. Freq. 

gm Oscillator Transconductance 

fmux Multiplex Frequency 

Time Between Measurements 

Input Voltages: 
Pins 2, 13,25,27 ,28 

V1NL Input Low Voltage 

V1NH Input High Voltage 

R1N Input Resistance to Voo 
Pins 13,24 

Input Leakage 

l1LK Pin 27,28,2 

dV1N/dt Input Range of Change 

ICM7216A 

Digit Driver: 
Pins 15, 16, 17, 19,20,21,22,23 

loH High Output Current 

loL Low Output Current 

Segment Driver: 
Pins 4,5,6,7,9,10, 11, 12 

loL Low Output Current 
loH High Output Current 

Multiplex Inputs: 
Pins 1,3,14 

V1NL Input Low Voltage 

V1NH Input High Voltage 

R1N Input Resistance to Vss 

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

Test Conditions 

Display Off, Unused Inputs to Vss 

INPUT A, 
INPUT B Frequency at fmax 

Figure3, 
Function= Frequency, Ratio, Unit 
Counter 
Function= Period, Time Interval 

Figure4 

Figure 9 

Voo=4.75V, TA= +85'C 

f05c=10 MHz 

fosc= 10 MHz 

V1N=Voo-1.0V 

Supplies Well Bypassed 

VouT=Voo-2.ov 
VouT=Vss+1.ov 

VouT=Vss+ 1.5V 
VouT=Voo-2.5V 

V1N=Vss+1.ov 
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Min Typ Max Units 

2 5 mA 

4.75 6.0 v 

10 MHz 
2.5 MHz 

2.5 MHz 

250 ns 

10 MHz 

100 kHz 

2000 µS 

500 Hz 

200 ms 

1.0 v 
3.5 v 

100 400 kn 

20 µA 

15 mV/µS 

-140 -180 mA 
0.3 mA 

20 35 mA 
-100 µA 

0.8 v 
2.0 v 
50 100 kn 



ELECTRICAL CHARACTERISTICS (ICM7216A/B) 
(Voo = 5.0V, Vss = 0, TA= 25'C, unless otherwise specified.) (Continued) 

Symbol Parameter Test Conditions Min 

ICM7216B 

Digit Driver: 
Pins 4,5,6,7,9,10,11,12 

loL Low Output Current Vour=Vss+ 1.3V 50 

loH High Output Current Vour=Voo-2.5V 

Segment Driver: 
Pins 15, 16, 17, 19,20,21,22,23 

loH High Output Current Vour=Voo-2.0V -10 

lsLK Leakage Current Vour=Voo-2.5V 

Multiplex Inputs: 
Pins 1,3,14 

V1NL Input Low Voltage 

V1NH Input High Voltage Voo-0.8 

R1N Input Resistance to Voo V1N=Voo-2.5V 

ELECTRICAL CHARACTERISTICS (ICM7216D) 
(Voo = 5.0V, Vss = O, TA= 25'C, unless otherwise specified.) 

Symbol Parameter Test Conditions 

ICM7216D 

100 

loo Operating Supply Current Display Off, Unused Inputs to Vss 

VsuPPLY Supply Voltage Range (Voo-Vssl INPUT A 
Frequency at fmax 

fA(max) Maximum Frequency 
INPUT A, Pin 28 Figure 3 

lose Maximum Osc. Freq. and Ext. 
Osc. Frequency 

lose Minimum Ext. Osc. Freq. 

gm Oscillator Transconductance Voo=4.75V, TA= +85'C 

fmux Multiplex Frequency lose= 10 MHz 

Time Between Measurements f0se=10 MHz 

Input Voltages: 
Pins 12,27,28 

V1NL Input Low Voltage 

V1NH Input High Voltage 

Input Resistance to Voo 

R1N Pins 12,24 V1N=Voo-1.0V 

Input Leakage 

l1LK Pin 27, Pin 28 

loL Output Current Vol= +.4V 

loH Pin 2 VoH=Voo-0.8V 

dV1N/dt 
Input Rate 

Supplies Well Bypassed 
of Change 

NOTE: All typical values have been characterized but are not tested. 
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ICM7 216A/B/D 

Typ Max Units 

75 mA 
-100 µ.A 

mA 
10 µ.A 

v00 -2.o v 
v 

360 k.O. 

Min Typ Max Units 

2 5 mA 

4.75 6.0 v 

10 MHz 

10 MHz 

100 kHz 

2000 µ.S 

500 Hz 

200 ms 

1.0 v 
3.5 v 

100 400 k.O. 

20 µ.A 

0.36 mA 

265 µ.A 

15 mV/µ.S 

a .... 
Ill .... c co ... 
Cll .... 
Ii 
S:! 
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Cl .... 
ID .... 
= ELECTRICAL CHARACTERISTICS (ICM7216D) 
; (Voo=5.0V ±5%, Vss=O, TA=25°C, unless otherwise specified.) (Continued) ... 
Ii 
!:? 

Symbol Parameter Test Conditions Min 

ICM7216D 

Digit Driver: 
Pins 3,4,5,6,8,9, 10, 11 

loL Low Output Current VouT= +1.3V 50 

loH High Output Current VouT=Voo-2.5V 

Segment Driver: 
Pins 15, 16, 17,19,20,21,22,23 

loH High Output Current VouT=Voo-2.ov 10 

ISLK Leakage Current VouT=Voo-2.5V 

Multiplex Inputs: 
Pins 1,13,14 

VtNL Input Low Voltage 

VtNH Input High Voltage Voo-0.8 

R1N Input Resistance to Voo V1N=Voo-1.0V 100 

TYPICAL PERFORMANCE CHARACTERISTICS 

"N 
:c 
i! 
~ 101--~~~-+-~~~--;,--~~~~ 
z w 
:::> 

fi'.: fA. 1-t fa llNlll PERIOO, 
CZ: TIME INTERVAL MODES ... 

TA • 2S°C 

Voo - Vss (VOL TS) 

IA(max), fe(max) as a Function of Supply 

NOTE· All typical values have been characterized but are not tested. 
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Typ Max Units 

75 mA 
100 µA 

15 mA 
10 µA 

V00 -2.o v 
v 

360 k!l 
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TYPICAL PERFORMANCE CHARACTERISTICS 

< 
! 
!I 

.!' 

< 
! 
j 

< 
! 
" JC 

ICM7216A Typical 101G vs. Yoo -YoUT· 
4.5,;Yo0 ,;6.0Y 

200 

100 

00 

Voo - Vour (VOL TS) 

ICM7216A Typical lsEG vs. YouT, 

20 

VouT (VOL TS) 

80 

-20·c 

60 

.. 
20 

Your (VOLTS) 

NOTE: All typical values haV9 been characterized but are not tested. 
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0353-8 

0353-9 
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1CM7216B & D Typical lsEG vs. Yoo -YoUT· 
4.5,; Yoo,; 6.0Y 

20 

< 
! 

" ~ 
10 

00 

Voo - Vour (VOLTS) 

0353-7 

1CM7216B & D Typical lo1GIT vs. YouT 
200 , , 

-20°c 
, , 

150 

< 
_§_ 

100 !:::: 
(!) 

i5 

+85°c 
50 

v00 = 5.ov 

0 
0 1 2 3 

Your {VOLTS) 
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150 
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50 
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Figure 3: Wavefoim for Guaranteed.Minimum 
fA(max) Function= Frequency? 
Frequency Ratio, Unit Counter. 

tOKn 

INPUT A OR 
INPUT 8 

4.SV 

o.sv 

ICM7216A/B/D 

MEASURED 
INTERVAL 

0353-12 

Figure 4: Waveform for Guaranteed Minimum 
fe(max) and fA(max) for Function= 

10MHI 
CRYSTAL 

Period and Time Interval. 

._"4 _ _._ ... _ _,.~D~z _ _.._D~1_. 0. 

1N914'• 
t-------+.-..6---l D r---;;:------------:....:::::..:_ ____________ -J.-o~ p 

FR 
TI. 

u.c. 
O.F. 

LED 
DVERFLDW 
INDICATOR 

'V 

.01/1 

.1/10 

1/100 
10/1K 

TYPtCAL CRY ST AL'SPECS: 
F • 10 MHI PARALLEL RESONANCE 
CL • 22pF 
Rs• <35Sl 

Figure 5: Test Circuit (7216A shown; others'similar) 

NOTE: All typical values have been characterized but are not tested. 
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0353-16 

Overflow will be indicated on the decimal point output of digit 8. 

A separate LED overflow indicator can be connected as follows: 

ICM7216A 
ICM7216B/D 

Cathode 
DEC. PT. 

Da 

Anode 
Da 

DEC. PT. 

ICM7216A/B/D 

D 
t 

2 
3 
lf 
5 
6 , 
B 
g 

0353-17 

Figure 6: Segment Identification and Display Font 

DETAILED DESCRIPTION 
INPUTS A and B 

INPUTS A and B are digital inputs with a typical switching 
threshold of 2.0V at Voo=5.0V. For optimum performance 
the peak-to-peak input signal should be at least 50% of the 
supply voltage and centered about the switching voltage. 
When these inputs are being driven from TIL logic, it is 
desirable to use a pullup resistor. The circuit counts high to 
low transitions at both inputs. (INPUT B is available only on 
ICM7216A/B). 

Note that the amplitude of the input should not exceed 
the device supply (above the Voo and below the Vssl by 
more than 0.3V, otherwise the device may be damaged. 

Multiplexed Inputs 
The FUNCTION, RANGE, CONTROL and EXTERNAL 

DECIMAL POINT inputs are time multiplexed to select the 
function desired. This is achieved by connecting the appro
priate Digit driver output to the inputs. The function, range 
and control inputs must be stable during the last half of 
each digit output, (typically 125µs). The multiplexed inputs 
are active high for the common anode ICM7216A and ac
tive low for the common cathode ICM7216B and D. 

Noise on the multiplex inputs can cause improper opera
tion. This is particularly true when the unit counter mode of 
operation is selected, since changes in voltage on the digit 
drivers can be capacitively coupled through the LED diodes 
to the multiplex inputs. For maximum noise immunity, a 
10kfi resistor should be placed in series with the multi
plexed inputs as shown in the application circuits. 

Table 1 shows the functions selected by each digit for 
these inputs. 

NOTE All typical values have been characterized but are not tested 
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Table 1: Multiplexed Input Functions 

Function Digit 

FUNCTION INPUT Frequency D1 
(Pin 3, Period Da 
ICM7216A& B 

Frequency Ratio D2 Only) 
Time Interval D5 
Unit Counter D4 
Oscillator 

D3 
Frequency 

RANGE INPUT 0.01 sec/1 Cycle D1 
Pin 14 0.1 sec/ 1 O Cycles D2 

1 sec/100 Cycles D3 
10 sec/1K Cycles D4 

CONTROL INPUT Display Off D4and Hold 
Pin 1 Display Test Da 

1 MHz Select D2 
External Oscillator D1 
Enable 
External Decimal D3 
Point Enable 

EXT. D.P. INPUT Decimal point is output for same 
(Pin 13, ICM7216D digit that is connected to 
Only) this input 

FUNCTION INPUT 
The six functions that can be selected are: Frequency, 

Period, Time Interval, Unit Counter, Frequency Ratio 
and Oscillator Frequency. This input is available on the 
ICM7216A and B only. 

1111 



Ci ..... 
ID ..... = The implementation of different functions is done by rout
.- ing the different signals to two counters, called "Main Coun
C"I ter" and "Reference Counter". A simplified block diagram fi oTf bth

1 
e devhice forhf~nhcli?ns 

1
realiz

11
abtion is sdhown inhFigure 7. y a e 2 s ows w 1c s1gna s wi e route to eac counter 

in different cases. The output of the Main Counter if the 
information which goes to the display. The Reference Coun
ter divides its input to 1, 10, 100 and 1000. One of these 
outputs will be selected through the range selector and 
drive the enable input of the Main Counter. This means that 
the Reference Counter, along with its' associated blocks, 
directs the Main Counter to begin counting and determines 
the length of the counting period. Note that Figure 7 does 
not show the complete functional diagram (See Figure 1 ). 
After the end of each counting period, the output of the 
Main Counter will be latched and displayed, then the coun
ter will be reset and a new measurement cycle will begin. 
Any change in the FUNCTION INPUT will stop the present 
measurement without updating the display and then initiate 
a new measurement. This prevents an erroneous first read
ing after the FUNCTION INPUT is changed. In all cases, the 
1-0 transitions are counted or timed. 

INTERNAL CONTROL 

ICM7216A/B/D 

Table 2: 7216A/B Input Routing 

Function Main Counter 
Reference 
Counter 

Frequency (fA) Input A 
100 Hz (Oscillator 
_,_ 10s or 104) 

Period (IA) Oscillator Input A 

Ratio (fA/fs) Input A Input B 

Time Interval 
Oscillator 

Input A 
(A-+ B) Input B 

Unit Counter 
Input A Not Applicable 

(Count A) 

Osc. Freq. 
Oscillator 

100 Hz (Oscillator 

(foscl _,_ 1 os or 104) 

Frequency-In this mode input A is counted by the Main 
Counter for a precise period of time. This time is determined 
by the time base oscillator and the selected range. For the 
1 O MHz (or 1 MHz) time base, the resolutions are 100, 10, 1 
and 0.1 Hz. The decimal point on the display is set for kHz 
reading. 

INTERNAL CONTROL 

100Hz 

INPUT A 

INPUT B 

INPUT 
SELECTOR t---------1>1 CLOCK '\ 

REFERENCE COUNTER 

INTERNAL CONTROL 
INTERNAL CONTROL 

INTERNAL OR 
EXTERNAL 

OSCILLATOR 

INPUT A 

INPUT 
SELECTOR 

ENABLE 

t---------.. CLOCK 

MAIN COUNTER 

Figure 7: Simplified Block Diagram of Functions Implementation 

NOTE: All typical values have been characterized but are not tested. 
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Period-In this mode, the timebase oscillator is counted 
by the Main Counter for the duration of 1, 10, 1 00 or 1000 
(range selected) periods of the signal at input A. A 10 MHz 
timebase gives resolutions of 0.1µs to 0.0001µs for 1000 
periods averaging. Note that the maximum input frequency 
for period measurement is 2.5 MHz. 

Frequency Ratio-Jn this mode, the input A is counted 
by the Main Counter for the duration of 1, 10, 100 or 1000 
(range selected) periods of the signal at input B. The fre
quency at input A should be higher than input B for mean
ingful result. The result in this case is unitless and its resolu
tion can go up to 3 digits after decimal point. 

Time Interval-Jn this mode, the timebase oscillator is 
counted by the Main Counter for the duration of a 1 -0 tran
sition of input A until a 1 -0 transition of input B. This means 
input A starts the counting and input B stops it. If other 
ranges, except 0.01 s/1 cycle are selected the sequence of 
input A and B transitions must happen 10, 100 or 1000 
times until the display becomes updated; note this when 
measuring Jong time intervals to give enough time for mea
surement completion. The resolution in this mode is the 
same as for period measurement. See the Time Interval 
Measurement section also. 

Unit Counter-Jn this mode, the Main Counter is always 
enabled. The input A is counted by the Main Counter and 
displayed continuously. 

Oscillator Frequency-In this mode, the device makes a 
frequency measurement on its timebase. This is a self test 
mode for device functionality check. For 10 MHz timebase 
the display will show 10000.0, 10000.00, 10000.000 and 
Overflow in different ranges. 

NOTE: All typical values hav9 been characterized but aro not tested 
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RANGE INPUT 

a .... 
m • IO 

The RANGE INPUT selects whether the measurement t:i 
period is made for 1, 10, 100 or 1000 counts of the Refer- ,.. 
ence Counter. As it is shown in Table 1, this gives different :I 
counting windows for frequency measurement and various !::! 
cycles for other modes of measurement. 

In all functional modes except Unit Counter, any change 
in the RANGE INPUT will stop the present measurement 
without updating the display and then initiate a new mea
surement. This prevents an erroneous first reading after the 
RANGE INPUT is changed. 

CONTROL INPUT 
Unlike the other multiplexed inputs, to which only one of 

the digit outputs can be connected at a time, this input can 
be tied to different digit Jines to select combination of con
trols. In this case, isolation diodes must be used in digit 
lines to avoid crosstalk between them (see Figure 5). The 
direction of diodes depends on the device version, common 
anode or common cathode. For maximum noise immunity at 
this input, in addition to the 1 Ok resistor which was men
tioned before, a 39 to 100 pF capacitor should also be 
placed between this input and the Voo or Vss (See Figure 
5). 

Display Off-To disable the display drivers, it is neces
sary to tie the D4 line to the CONTROL INPUT and have the 
HOLD input at Voo· While in Display Off mode, the seg
ments and digit drivers are all off, leaving tho display linos 
floating, so the display can be sharod with othor devices. In 
this mode, the oscillator continues to run with a typical sup
ply current of 1.5 mA with a 1 o MHz crystal, but no mea
surements are made and multiplexed inputs are inactive. A 
new measurement cycle will be initiated when the HOLD 
input is switched to Vss-

Display Test-Display will turn on with all the digits 
showing Bs and all decimal points on. The display will be 
blanked if Display Off is selected at the same time. 

1111 



Cl 
iii ...... 
: 1 MHz Select-The 1 MHz select mode allows use of a 
... 1 MHz crystal with the same digit multiplex rate and time 
C'1 between measurement as with a 10 MHz crystal. This is 
""' done by dividing the oscillator frequency by 1 Q4 rather than 
~ 1 Q5. The decimal point is also shifted one digit to the right in 
- period and time interval, since the least significant digit will 

be in µs increment rather than 0.1 µs increment. 
External Oscillator Enable-In this mode, the signal at 

EXT OSC INPUT is used as a timebase instead of the on
board crystal oscillator (built around the OSC INPUT, OSC 
OUTPUT inputs). This input can be used for an external 
stable temperature compensated crystal oscillator or for 
special measurements with any external source. The on
board crystal oscillator continues to work when the external 
oscillator is selected. This is necessary to avoid hang-up 
problems, and has no effect on the chip's functional opera
tion. If the on-board oscillator frequency is less than 1 MHz 
or only the external oscillator is used, THE OSC INPUT 
MUST BE CONNECTED TO THE EXT OSC INPUT provid
ing the timebase has enough voltage swing for OSC INPUT 
(See electrical characteristics). If the external timebase is 
TTL level a pullup resistor must be used for OSC INPUT. 
The other way is to put a 22 Mn resistor between OSC 
INPUT and OSC OUTPUT and capacitively couple the EXT 
OSC INPUT to OSC INPUT. This will bias the OSC INPUT at 
its threshold and the drive voltage will need to be only 
2 V p-p· The external timebase frequency must be greater 
than 100 kHz or the chip will reset itself to enable the on
board oscillator. 

External Decimal Point Enable-In this mode, the EX 
D.P. INPUT is enabled (ICM7216D only). A decimal point 
will be displayed for the digit that its output line is connected 
to this input (EX D.P. INPUT). Digit 8 should not be used 
since it will override the overflow output. Leading zero 
blanking is effective for the digits to the left of selected deci
mal point. 

NOTE: All typical values have been characterized but are not tested. 
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HOLD INPUT 
Except in the unit counter mode, when the HOLD input 

is at v00, any measurement in progress (before STORE 
goes low) is stopped, the main counter is reset and the chip 
is held ready to initiate a new measurement as soon as 
HOLD goes low. The latches which hold the main counter 
data are not updated, so the last complete measurement is 
displayed. In unit counter mode when HOLD input is at 
Voo. the counter is not stopped or reset, but the display is 
frozen at that instantaneous value. When HOLD goes low 
the count continues from the new value in the new counter. 

RESET INPUT 
The RESET input resets the main counter, stops any 

measurement in progress, and enables the main counter 
latches, resulting in an all zero output. A capacitor to ground 
will prevent any hang-ups on power-up. 

MEASUREMENT IN PROGRESS 
This output is provided in ICM7216D. It stays low during 

measurements and goes high for intervals between mea
surements. It is provided for system interfacing and can 
drive a low power Schottky TTL or one EGL load if the EGL 
device is powered from the same supply as ICM7216D. 

Decimal Point Position 
Table 3 shows the decimal point position for different 

modes of ICM7216 operation. Note that the digit 1 is the 
least significant digit. Table is give for 10 MHz timebase 
frequency. 

Overflow Indication 
When overflow happens in any measurement it will be 

indicated on the decimal point of the digit 8. A separate LED 
indicator can be used. Figure 6 shows how to connect this 
indicator. 
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Table 3: Decimal Point Position 

Range Frequency Period 

0.01 s/1 Cycle 02 02 

0.1 s/10 Cycle 03 03 

1 s/ 100 Cycle 04 04 

10 s/1 k Cycle 05 05 

Time Interval Measurement 
When in the time interval mode and measuring a single 

event, the ICM7216A/B must first be "primed" prior to mea
suring the event of interest. This is done by first generating 
a negative going edge on Channel A followed by a negative 
going edge on Channel B to start the "measurement inter
val". The inputs are then primed ready for the measure
ment. Positive going edges on A and B, before or after the 
priming, will be needed to restore the original condition. 

Priming can be easily accomplished using the circuit in 
Figure 8. 

Following the priming procedure (when in single event or 
1 cycle range) the device is ready to measure one (only) 
event. 

When timing repetitive signals, it is not necessary to 
"prime" the ICM7216A/B as the first alternating signal 
states automatically prime the device. See Figure 9. 

During any time interval measurement cycle, the 
ICM7216A/B requires 200 ms following B going low to up
date all internal logic. A new measurement cycle will not 
take place until completion of this internal update time. 

Oscillator Considerations 
The oscillator is a high gain CMOS inverter. An external 

resistor of 1 OM!l to 22M!l should be connected between 
the OSCillator INPUT and OUTPUT to provide biasing. The 
oscillator is designed to work with a parallel resonant 
10 MHz quartz crystal with a static capacitance of 22pF and 
a series resistance of less than 35 ohms. 

For a specific crystal and load capacitance, the required 
gm can be calculated as follows: · 

gm=w2 CinCau1Rs( 1+~~)2 

SIGNAL A 

SIGNALS 

Frequency Time Unit Oscillator 
Ratio Interval Counter Frequency 

01 

02 

03 

04 

02 01 

03 01 

04 01 

05 01 

Co= Crystal Static Capacitance 
Rs= Crystal Series Resistance 
Cin =Input Capacitance 
Caul= Output Capacitance 
w=21TI 

02 

03 

04 

05 

The required gm should not exceed 50% of the gm speci
fied for the ICM7216 to insure reliable startup. The OSCilla
tor INPUT and OUTPUT pins each contribute about 5pF to 
Cin and Caul· For maximum stability of frequency, Cin and 
Caul should be approximately twice the specified crystal 
static capacitance. 

In cases where non decade prescalers are used it may be 
desirable to use a crystal which is neither 1 O MHz or 1 MHz. 
In that case both the multiplex rate and time between mea
surements will be different. The multiplex rate is 

lose lose 
fmux= 2x 104 for10MHzmodeandfmux= 2x 103 for the 

2X106 
1 MHz mode. The time ~:~~=n measurements is~ in 

the 10 MHz mode and --- in the 1 MHz mode. 
lose 

The crystal and oscillator components should be located 
as close to the chip as practical to minimize pickup from 
other signals. Coupling from the EXTERNAL OSCILLATOR 
INPUT to the OSCILLATOR OUTPUT or INPUT can cause 
undesirable shifts in oscillator frequency. 

Device Type 

1 CD4049B Inverting Buffer 
2 CD4070B Exclusive-OR 

0353-29 

Figure 8: Priming Circuit, Signals A & B Both High or Low 

NOTE: AH typical valuss have bsen characterized but sro not tosted. 
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NOTE: IF RANGE IS SET TO 1 EVENT, FIRST AND LAST MEASURED INTERVAL WILL COINCIDE. 

Figure 9: Waveforms for Time Interval Measurement 
(Others are similar, but without priming phase). 

Display Considerations 
The display is multiplexed at a 500 Hz rate with a digit 

time of 244 µS. An interdigit blanking time of 6µs is used to 
prevent display ghosting (faint display of data from previous 
digit superimposed on the next digit). Leading zero blan~ing 
is provided, which blanks the left hand zeroes after decimal 
point or any non zero digits. Digits to the right of the decimal 
point are always displayed. The leading zero blanking will 
be disabled when the Main Counter overflows. 

The ICM7216A is designed to drive common anode LED 
displays at peak current of 25 mA/segment, using displays 
with VF=1.8V at 25 mA. The average DC current will be 
over 3 mA under these conditions. The ICM7216B and D 
are designed to drive common cathode displays at peak 
current of 15 mA/segment using displays with VF= 1.8V at 
15 mA. Resistors can be added in series with the segment 
drivers to limit the display current in very efficient displays, if 
required. The Typical Performance Characteristics curves 
show the digit and segment currents as a function of output 
voltage. 

To get additional brightness out of the displays, Voo may 
be increased up to 6.0V. However, care should be taken to 
see that maximum power and current ratings are not ex
ceeded. 

NOTE: All typical values have been charactsrized but are not f9sted 
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The segment and digit outputs in ICM7216's are not di
rectly compatible with either TTL or CMOS logic when driv
ing LEDs. Therefore, level shifting with discrete. transistors 
may be required to use these outputs as logic signals. 

ACCURACY 
In a Universal Counter crystal drift and quantization ef

fects cause errors. In frequency, period and time Interval 
modes, a signal derived from the oscillator is used in either 
the Reference Counter or Main Counter. Therefore, in these 
modes an error in the oscillator frequency will cause an 
identical error in the measurement. For instance, an oscilla
tor temperature coefficient of 20ppml°C will cause a mea
surement error of 20ppm/°C. 

In addition, there is a quantization error inherent in any 
digital measurement of ± 1 count. Clearly this error is re
duced by displaying more digits. In the frequency mode the 
maximum accuracy is obtained with high frequency inputs 
and in period mode maximum accuracy is obtained with low 
frequency inputs. As can be seen in Figure 10. In time in
terval measurements there can be an error of 1 count per 
interval. As a result there is the same inherent accuracy in 
all ranges as shown in Figure 11. In frequency ratio mea
surement can be more accurately obtained by averaging 
over more cycles of INPUT B as shown in Figure 12. 



FREQUENCY {Hz) 

0353-16 

Figure 10: Maximum Accuracy of Frequency and 
Period Measurements Due to Limitations of 

Quantization Errors 

MAXIMUM TIME INTERVAL ---t-::="""r----+----t 
FOR 10 INTERVALS 

8 1~-1~0--10~2--10~3--10~4--105'---106'---310L7-~106 

TIME INTERVAL fµs) 

0353-19 

Figure 11: Maximum Accuracy of Time Interval 
Measurement Due to Limitations of 

Quantization Errors 

NOTE: All typical values haV9 been characterized but are not test9d. 

11-37 

ICM7216A/B/D 

0353-20 

Figure 12: Maximum Accuracy for Frequency 
Ratio Measurement Due to Limitation of 

Quantization Errors 

Ill 
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Figure 13: 10 MHz Universal Counter 

APPLICATIONS 
The ICM7216 has been designed for use in a wide range 

of Universal and Frequency counters. In many cases, pre
scalers will be required to reduce the input frequencies to 
under 10 MHz. Because INPUT A and INPUT B are digital 
inputs, additional circuitry is often required for input buffer
ing, amplification, hysterisis, and level shifting to obtain a 
good digital signal. 

NOTE: All typical values hav9 been characterized but are not tested 
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The ICM7216A or B can be used as a minimum compo
nent complete Universal Counter as shown in Figure 13. 
This circuit can use input frequencies up to 1 O MHz at IN
PUT A and 2 MHz at INPUT B. If the signal at INPUT A has 
a very low duty cycle it may be necessary to use a 74LS121 
monostable multivibrator or similar circuit to stretch the in
put pulse width to be able to guarantee that it is at least 
50 ns in duration. 
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Figure 14: 40 MHz Frequency Counter 

To measure frequencies up to 40 MHz the circuit of Fig
ure 14 can be used. To obtain the correct measured value 
it is necessary to divide the oscillator frequency by four a~ 
well as the input frequency. In doing this the time between 
measurements is also lengthened to BOO ms and the display 
multiplex rate is decreased to 125 Hz. 

If the input frequency is prescaled by ten, then the oscilla
tor can remain at 10 or 1 MHz, but the decimal point must 
be moved one digit to the right. Figure 15 shows a frequen
cy counter with a + 10 prescaler and an ICM7216A. Since 

NOTE: AH typical values have been characterized but are not tested. 
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there is no external decimal point control with the 
ICM7216A/B, the decimal point may be controlled external
ly with additional drivers as shown in Figure 15. Alternative
ly, if separate anodes are available for the decimal points, 
they can be wired up to the adjace11t digit anodes. Note that 
there can be one zero to the left of the decimal point since 
the internal leading zero blanking cannot be changed. In ftm 
Figure 16 additional logic has been added to count the input ... 
directly in period mode for maximum accuracy. In Figures 
15 and 16, INPUT A comes from Oc of the prescaler rather 
than Oo to obtain an input duty cycle of 40%. 
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Figure 15: 100 MHz Multifunction Counter 

NOTE All typical values have been characterized but are not tested 
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Figure 16: 100 MHz Frequency, 2 MHz Period Counter 

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

ICM7217 
4-Digit LED Display Programmable 

Up/Down Counter 
GENERAL DESCRIPTION 

The ICM7217 is a four digit, presettable up/down counter 
with an onboard presettable register continuously compared 
to the counter. The ICM7217 is intended for use in hard
wired applications where thumbwheel switches are used for 
loading data, and simple SPDT switches are used for chip 
control. 

This circuit provides multiplexed 7 segment LED display 
outputs, with common anode or common cathode configu
rations available. Digit and segment drivers are provided to 
directly drive displays of up to 0.8" character height (com
mon anode) at a 25% duty cycle. The frequency of the on
board multiplex oscillator may be controlled with a single 
capacitor, or the oscillator may be allowed to free run. Lead
ing zeros can be blanked. The data appearing at the 7 seg
ment and BCD outputs is latched; the content of the coun
ter is transferred into the latches under external control by 
means of the Store pin. 

The ICM7217 (common anode) and ICM7217A (common 
cathode) versions are decade counters, providing a maxi
mum count of 9999, while the ICM7217B (common anode) 
and ICM7217C (common cathode) are intended for timing 
purposes, providing a maximum count of 5959. 

This circuit provides 3 main outputs; a CARRY /BORROW 
output, which allows for direct cascading of counters, a 
ZERO output, which indicates when the count is zero, and 
an EQUAL output, which indicates when the count is equal 
to the value contained in the register. Data is multiplexed to 
and from the device by means of a three-state BCD 1/0 
port. The CARRY /BORROW, EQUAL, ZERO outputs, and 
the BCD port will each drive one standard TTL load. 

To permit operation in noisy environments and to prevent 
multiple triggering with slowly changing inputs, the count in
put is provided with a Schmitt trigger. 

Input frequency is guaranteed to 2MHz, although the de
vice will typically run with f;n as high as 5MHz. Counting and 
comparing (EQUAL output) will typically run 750kHz maxi
mum. 

ORDERING INFORMATION 

Part Temperature 
Number Range Package 

FEATURES 
• Four Decade, Presettable Up-Down Counter With 

Parallel Zero Detect 
• Settable Register With Contents Continuously 

Compared to Counter 
• Directly Drives Multiplexed 7 Segment Common 

Anode or Common Cathode LED Displays 
• On-Board Multiplex Scan Oscillator 
• Schmitt Trigger On Count Input 
•TTL Compatible BCD 1/0 Port, Carry/Borrow, Equal, 

and Zero Outputs 
• Display Blank Control for Lower Power Operation; 

Quiescent Power Dissipation < SmW 
• All Terminals Fully Protected Against Static 

Discharge 
• Single SV Supply Operation 

Display Driver Count Option/ 
Type Max Count 

ICM7217AIPI -25oc to +05oc 28 Pin Plastic DIP Common Cathode Decade/9999 

ICM7217CIPI -25°C to +05oc 28 Pin Plastic DIP Common Cathode Timing/5959 

ICM72171JI -2soc to +0soc 28 Pin CERDIP Common Anode Decade/9999 

ICM7217BIJI -25oc to +0soc 28 Pin CERDIP Common Anode Timing/5959 

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. 202816-004 
NOTE: All typical values have been characterized but are not tested 11-42 
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Figure 1: ICM7217 Functional Diagram 
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BCD 1/0 1 's ICM7217 SEGg BCD 1/0 1's 

COUNT INPUT ICM7217B SEGb COUNT INPUT 
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UP/DOWN 10 SEGe UP/DOWN 

LOAD REGISTER/OFF 11 SEGf LOAD REGISTER/OFF 

LOAD COUNTER/1/0 OFF 12 SEGd LOAD COUNTER/1/0 OFF 

SCAN 13 SEGa SCAN 

RESET 14 SEGc RESET 

0354-3 

COMMON ANODE 
Figure 2: Pin Configurations 

NOTE: All typical valu6s have been charactorizsd but are not tasted. 
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:E ABSOLUTE MAXIMUM RATINGS !::! Supply Voltage (Voo - Vss) ........................ 6V Power Dissipation (common cathode/Plastic) ....... 0.5W 
Input Voltage (any terminal) ............. (Vss - 0.3)V to (Note 1) 

(Note 2) (Voo + 0.3)V Operating Temperature Range ......... -25'C to + B5'C 
Power Dissipation (common anode/Cerdip} .......... 1W Storage Temperature Range .......... -65'C to + 150'C 

(Note 1) 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 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 (Voo = 5V, Vss = OV, TA= 25'C, Display Diode Drop 1.7V, unless 
otherwise specified) 

Symbol Parameter Test Conditions Min Typ Max 

loo Supply Current Display Off, LC, DC, UP/ON, 
(7217) (Lowest power mode) ST, RS, BCD 1/0 Floating or at Voo (Note 3) 350 500 

lop 
Supply Current 

Common Anode, Display On, all "B's" 140 200 

OPERATING Common Cathode, Display On, all "B's" 50 100 

Voo Supply Voltage 4.5 5 5.5 

IDIG Digit Driver output Common anode, VouT = Voo -2.0V 140 -200 
current 

lsEG SEGment driver Common anode, VouT= +1.5V 20 35 
output current 

lo1G Digit Driver Common cathode, VouT= + 1.0V -50 -75 
output current 

lsEG SEGment driver CommoncathodeVoUT=Voo -2V -9 -12.5 
output current 

Ip ST, RS, UP/ON input V1N = Voo - 2V (See Note 3) 5 25 
pullup current 

Z1N 3 level input impedance 40 350 

V01H BCD 1/0 input 
ICM7217 common anode (Note 4) 1.5 

high voltage ICM7217 common cathode (Note 4) 4.40 

V01L BCD 1/0 input 
ICM7217 common anode (Note 4) 0.60 

low voltage ICM7217 common cathode (Note 4) 3.2V 

lspu BCD 1/0 input ICM7217 common cathode V1N=Voo -2V 5 25 
pullup current (Note 3) 

lspo BCD 1/0 input ICM7217 common anode V1N = + 2V (Note 3) 5 25 
pulldown current 

VoH BCD 1/0, ZERO, EQUAL Outputs loH= -100µA 3.5 
output high voltage 

Vol BCD 1/0, CARRY /BORROW loL =1.6mA 0.4 
ZERO, EQUAL Outputs 
output low voltage 

f;n Count input frequency -20'C<TA < +70'C 5 

Guaranteed 0 2 

VTH Count input threshold (Note 5) 2 

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

µA 

mA 

mA 

v 
mA 

peak 

mA 
peak 

mA 
peak 

mA 
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v 
v 
v 

µA 

µA 

v 

v 
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ICM7217 

ELECTRICAL CHARACTERISTICS (Continued) (Voo= 5V, Vss = ov. TA= 25'C, Display Diode Drop 1. 7V, 

unless otherwise specified) 

Symbol Parameter Test Conditions Min Typ Max Unit 

VHYS Count input hysteresis (Note5) 0.5 v 

Vc1L Count input LO 0.40 v 

Vc1H Count Input HI 3.5 v 

fds Display scan Free-running (SCAN terminal open circuit) 2.5 10 kHz 
oscillator frequency 

SWITCHING CHARACTERISTICS. (V00 =5V, Vss=ov, TA=25'C) 

Symbol Parameter Min Typ Max Unit 

tucs UP/DOWN setup time 300 

tu ch UP/DOWN hold time 1500 750 

tcwh COUNT pulse width high 250 100 

tcw1 COUNT pulse width low 250 100 

tcs COUNT to CARRY /BORROW delay 750 ns 

tsw CARRY /BORROW pulse width 100 

tcE COUNT to EQUAL delay 500 

tcz COUNT to ZERO delay 300 

tRST RESET pulse width 1000 500 

NOTES: 1. These limits refer to the package and will not be obtained during normal operation. 
2. Due to the SCA structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater than Voo or less 

than Vss may cause destructive device latchup. For this reason it is recommended that the power supply to the device be established before any inputs 
are applied and that in multiple systems the supply to the ICM7217 be turned on first. 

3. In the ICM7217 the UP/DOWN, STORE, RESET and the BCD 1/0 as inputs have pullup or pulldown devices which consume power when connected to 
the opposite supply. Under these conditions, with the display off, the device will consume typically 750 µA 

4. These voltages are adjusted to allow the use of thumbwheel switches for the ICM7217. Note that a high level is taken as an input logic zero for 
ICM7217 common-cathode versions. 

5. Parameters not tested (Guaranteed by Design). 

NOTE: All typ;cal values havo been characterized but are not tested. 
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Figure 3: Test Circuits, showing the ICM7217 in the Common-Anode Version 
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NOTE: All typical values havs been characterized but are not tested. 
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DETAILED DESCRIPTION 
Control Outputs 

The CARRY /BORROW output is a positive going pulse 
occurring typically 500ns after the positive going edge of 
the COUNT INPUT. It occurs when the counter is clocked 
from 9999 to 0000 when counting up and from 0000 to 9999 
when counting down. This output allows direct cascading of 
counters. The CARRY /BORROW output is not valid during 
load counter and reset operation. When the count is 6000 
or higher, a reset generates a CARRY/BORROW pulse. 

The EQUAL output assumes a negative level when the 
contents of the counter and register are equal. 

The ZERO output assumes a negative level when the 
content of the counter is 0000. 

The CARRY /BORROW, EQUAL and ZERO outputs will 
drive a single TTL load over the full range of supply voltage 
and ambient temperature; for a logic zero, these outputs will 
sink 1.6mA @ 0.4V and for a logic one, the outputs will 
source>60µA. A 10k.!1 pull-up resistor to Voo on the 
EQUAL or ZERO outputs is recommended for highest 
speed operation, and on the CARRY /BORROW output 
when it is being used for cascading. Figure 5 shows control 
outputs timing diagram. 

Display Outputs and Control 
The Digit and SEGment drivers provide a decoded 7 seg

ment display system, capable of directly driving common 
anode LED displays at typical peak currents of 35mA/seg. 
This corresponds to average currents of BmA/seg at a 25% 
multiplex duty cycle. For the common cathode versions, 
peak segment currents are 12.5mA, corresponding to aver
age segment currents of 3.1 mA. Figure 4 shows the multi
plex timing. The DISPLAY pin controls the display output 
using three level logic. The pin is self-biased to a voltage 
approximately 'h (Voo); this corresponds to normal opera
tion. When this pin is connected to Voo. the segments are 
disabled and when connected to Vss. the leading zero 
blanking feature is inhibited. For normal operation (display 
on with leading zero blanking) the pin should be left open. 
The display may be controlled with a 3 position SPOT 
switch; see Figure 3. 

Multiplex SCAN Oscillator 
The on-board multiplex scan oscillator has a nominal 

free-running frequency of 2.5kHz. This may be reduced by 
the addition of a single capacitor between the SCAN pin 
and the positive supply. Capacitor values and correspond
ing nominal oscillator frequencies, digit repetition rates, and 
loading times are shown in Table 1 below. 

Table 1: ICM7217 Multiplexed Rate Control 

Nominal Digit Scan Cycle 
Scan Oscillator Repetition Time 

Capacitor Frequency Rate (4 digits) 

None 2.5kHz 625Hz 1.6ms 

20pF 1.25kHz 300Hz 3.2ms 

90pF 600Hz 150Hz Bms 

NOTE All typical values have been characterized but are not tested. 
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The internal oscillator output has a duty cycle of approxi- :I 
mately 25: 1, providing a short pulse occurring at the oscilla- !::! 
tor frequency. This pulse clocks the four-state counter 
which provides the four multiplex phases. The short pulse 
width is used to delay the digit driver outputs, thereby pro
viding inter-digit blanking which prevents ghosting. The dig-
its are scanned from MSD (04) to LSD (01). See Figure 4 
for the display digit multiplex timing. 

During load counter and load register operations, the 
multiplex oscillator is disconnected from the SCAN input 
and is allowed to free-run. In all other conditions, the oscilla
tor may be directly overdriven to about 20kHz, however the 
external oscillator signal should have the same duty cycle 
as the internal signal, since the digits are blanked during the 
time the external signal is at a positive level (see Figure 4). 
To insure proper leading zero blanking, the interdigit blank
ing time should not be less than about 2µs. Overdriving the 
oscillator at less than 200Hz may cause display flickering. 

The display brightness may be altered by varying the duty 
cycle. Figure 7 shows several variable-duty-cycle oscillators 
suitable for brightness control at the ICM7217 SCAN input. 
The inverters should be CMOS CD4000 series and the di
odes may be any inexpensive device such as IN914. 

Counting Control, STORE, RESET 
As shown in Figure 5, the counter is incremented by the 

rising edge of the COUNT INPUT signal when UP/DOWN is 
high. It is decremented when UP/DOWN is low. A Schmitt 
trigger on the COUNT INPUT provides hysteresis to prevent 
double triggering on slow rising edges and permits opera
tion in noisy environments. The COUNT INPUT is inhibited 
during reset and load counter operations. 

The STORE pin controls the internal latches and conse
quently the signals appearing at the 7-segment and BCD 
outputs. Bringing the STORE pin low transfers the contents 
of the counter into the latches. 

The counter is asynchronously reset to 0000 by bringing 
the RESET pin low. The circuit performs the reset operation 
by forcing the BCD input lines to zero, and "presetting" all 
four decades of counter in parallel. This affects register 
loading; if LOAD REGISTER is activated when the RESET 
input is low, the register will also be set to zero. The 
STORE, RESET and UP/DOWN pins are provided with pull
up resistors of approximately 75k.!1. 

BCD 1/0 Pins 
The BCD 1/0 port provides a means of transferring data 

to and from the device. The ICM7217 versions can multiplex 
data into the counter or register via thumbwheel switches, 
depending on inputs to the LOAD COUNTER or LOAD Ill 
REGISTER pins; (see below). When functioning as outputs, 
the BCD 1/0 pins will drive one standard TTL load. Com-
mon anode versions have internal pull down resistors and 
common cathode versions have internal pull up resistors on 
the four BCD 1/0 lines when used as inputs. 
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Figure 4: Multiplex Timing 
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Figure 5: ICM7217 COUNT and Outputs Timing 

NOTE: Alt typical values have been characterized but are not tested 
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Figure 6: Brightness Control Circuits 

LOADing the COUNTER and REGISTER 
The BCD 1/0 pins, the LOAD COUNTER (LC), and LOAD 

REGISTER (LR) pins combine to provide presetting and 
compare functions. LC and LR are three-level inputs, being 
self-biased at approximately Y,Voo for normal operation. 
With both LC and LR open, the BCD 1/0 pins provide a 
multiplexed BCD output of the latch contents, scanned from 
MSD to LSD by the display multiplex. 

When either the LOAD COUNTER (Pin 12) or LOAD 
REGISTER (Pin 11) is taken low, the drivers are turned off 
and the BCD pins become high-impedance inputs. When LC 
is connected to Voo. the count input is inhibited and the 
levels at the BCD pins are multiplexed into the counter. 
When LR is connected to Voo. the levels at the BCD pins 
are multiplexed into the register without disturbing the coun
ter. When both are connected to Voo. the count is inhibited 
and both register and counter will be loaded. 

The LOAD COUNTER and LOAD REGISTER inputs are 
edge-triggered, and pulsing them high for 500ns at room 
temperature will initiate a full sequence of data entry cycle 
operations (see Figure 9). When the circuit recognizes that 
either or both of the LC or LR pins input is high, the multi
plex oscillator and counter are reset (to D4). The internal 
oscillator is then disconnected from the SCAN pin and the 
preset circuitry is enabled. The oscillator starts and runs 
with a frequency determined by its internal capacitor, (which 
may vary from chip to chip). When the chip finishes a full 4 
digit multiplex cycle (loading each digit from D4 to D3 to D2 
to D1 in turn), it again samples the LOAD REGISTER and 
LOAD COUNTER inputs. If either or both is still high, it re
peats the load cycle, if both are floating or low, the oscillator 
is reconnected to the SCAN pin and the chip returns to 
normal operation. Total load time is digit "on" time multi
plied by 4. If the Digit outputs are used to strobe the BCD 
data into the BCD 1/0 inputs, the input must be synchroniz
ed to the appropriate digit (Figure 9). Input data must be 
valid at the trailing edge of the digit output. 

NOTE: All typical values havo been characterized but are not testoa. 
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When LR is connected to GROUND, the oscillator is in
hibited, the BCD 1/0 pins go to the high impedance state, 
and the segment and digit drivers are turned off. This allows 
the display to be used for other purposes and minimizes 
power consumption. In this display off condition, the circuit 
will continue to count, and the CARRY /BORROW EQUAL 
ZERO, UP/DOWN, RESET and STORE function~ operat~ 
as normal. When LC is connected to ground, the BCD J/O 
pins are forced to the high impedance state without disturb
ing the counter or register. See "Control Input Definitions" 
(Table 2) for a list of the pins that function as three-state 
self-biased inputs and their respective operations. 

Note that the ICM7217 and 7217B have been designed to 
drive common anode displays. The BCD inputs are high 
true, as are the BCD outputs. 

The ICM7217 A and the 7217C are used to drive common 
cathode displays, and the BCD inputs are low true. BCD 
outputs are high true. 

Notes on Thumbwheel Switches & 
Multiplexing 

As it was mentioned, the ICM7217 is basically designed 
to be used with thumbwheel switches for loading the data to 
the device. See Figures 11 and 14. 

The thumbwheel switches used with these circuits (both 
common anode and common cathode) are TRUE BCD cod
ed; i.e. all switches open corresponds to 0000. Since the 
thumbwheel switches are connected in parallel, diodes 
must be provided to prevent crosstalk between digits. In 
order to maintain reasonable noise margins, these diodes 
should be specified with low forward voltage drops (IN914). 
Similarly, if the BCD outputs are to be used, resistors should Ill 
be inserted in the Digit lines to avoid loading problems. 
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Table 2: Control Input Definitions ICM7217 

Input Terminal 

STORE 9 

UP/DOWN 10 

RESET 14 

LOAD COUNTER/ 12 
l/OOFF 

LOAD REGISTER/ 11 
OFF 

DISPLA y CONTrol 23 Common Anode 
20 Common Cathode 

Output and Input Restrictions 
LOAD COUNTER and LOAD REGISTER operations take 

1.6ms typical (5ms maximum) after LC or LR are released. 
During this load period the EQUAL and ZERO outputs are 
not valid (see Figure 9). Since the Counter and register are 
compared by XOR gates, loading the counter or register 
can cause erroneous glitches on the EQUAL and ZERO 
outputs when codes cross. 

LOAD COUNTER or LOAD REGISTER, and RESET input 
can not be activated at the same time or within a short 
period of each other. Operation of each input must be de
layed 1.6ms typical (5ms for guaranteed proper operation) 
relating to the preceding one. 

Counter and register can be loaded together with the 
same value if LC and LR inputs become activated exactly at 
the same time. 

Notice the setup and hold time of UP/DOWN input when 
it is changing during counting operation. Violation of UP/ 
DOWN hold time will result in incrementing or decrementing 
the counter by 1000, 100 or 1 O where the preceding digit is 
transitioning from 5 to 6 or 6 to 5. 

The RESET input may be susceptible to noise if its input 
rise time is greater than about 500µ.s. This will present no 
problems when this input is driven by active devices (i.e., 
TTL or CMOS logic) but in hardwired systems adding virtual
ly any capacitance to the RESET input can cause trouble. A 
simple circuit which provides a reliable power-up reset and 
a fast rise time on the RESET input is shown on Figure 7. 

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

Voltage Function 

Yoo (or floating) Output latches not updated 

Vss Output latches updated 

Voo (or floating) Counter counts up 

Vss Counter counts down 

Voo (or floating) Normal Operation 

Vss Counter Reset 

Unconnected Normal operation 

Voo Counter loaded with BCD data 

Vss BCD port forced to Hi Z condition 

Unconnected Normal operation 

Voo Register loaded with BCD data 

Vss Display drivers disabled; BCD port 
forced to Hi Z condition, mpx counter 
reset to D4; mpx oscillator inhibited 

Unconnected Normal Operation 
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Voo 
Vss 

N.O.i 

Segment drivers disabled 
Leading zero blanking inhibited 

RiiiTINPUT 
ICM7217 

Slln 

Figure 7 
0354-17 

When using the circuit as a programmable divider ( _,_ by n 
with equal outputs) a short time delay (about 1 µ.s) is needed 
from the EQUAL output to the RESET input to establish a 
pulse of adequate duration. (See Figure 8) 

0354-18 

Figure 8 

When the circuit is configured to reload the counter or 
register with a new value from the BCD lines (upon reaching 
EQUAL), loading time will be digit "on" time multiplied by 
four. If this load time is longer than one period of the input 
count, a count can be lost. Since the circuit will retain data 
in the register, the register need only be updated when a 
new value is to be entered. RESET will not clear the regis
ter. 
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Figure 9: ICM7217 BCD 1/0 and Loading Timing 
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Note: If the BCD pins are to be used for outputs a 1 Okn resistor should be placed in series with each digit line to avoid-loading problems through the switches. 

Figure 10: Thumbwheel Switch/Diode Connections 

NOTE: All typical values have been characterized but are not tested. 
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Input Output Input Output 
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Low Disconnected Low Low 

CMOS Open Drain CMOS 3·State Buffer 

~ 
~028 

INPUT A OUTPUT 
. 

=1:i Input B Input A Output 

High High Low Input B Input A Output 
High Low Disconnected 
Low High Disconnected High High Disconnected 

Low Low Disconnected High Low Disconnected 
Low High High 
Low Low Low 

Figure 11: Driving 3-Level Inputs of ICM7217 

NOTE: All typ;cal values haWJ been charactBrized but ars not tsstod. 
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APPLICATIONS 

3-LEVEL INPUTS 
ICM7217 has three inputs with 3-level logic states; High, 

Low and Disconnected. These inputs are: LOAD REGIS
TER/OFF, LOAD COUNTER/1/0 OFF and DISPLAY 
CONT. 

The circuits illustrated on Figure 11 can be used to drive 
these inputs in different applications. 

FIXED DECIMAL POINT 
Jn the common anode versions, a fixed decimal point may 

be activated by connecting the D.P. segment lead from the 
appropriate digit (with separate digit displays) through a 
39!1 series resistor to Ground. With common cathode de
vices, the D.P. segment lead should be connected through 
a 75!1 series resistor to Voo. 

To force the device to display leading zeroes after a fixed 
decimal point, use a bipolar transistor and base resistor in a 
configuration like that shown below with the resistor con
nected to the digit output driving the D.P. for left hand D.P. 
displays, and to the next least significant digit output for 
right hand D.P. display. 

DIGIT 
DRIVE 

ICM7217 
ICM72178 

SEGMENT 
DRIVE 

Vss 
0354-23 

........ 
SOKO CONTIIOL 

Ort~ 
"""'""" ... ':!._ 

COllllONAN009 

.. 
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UNI 

ICM7217 

COMMONCATHODI 
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Figure 12: Forcing Leading Zero Display 

DRIVING LARGER DISPLAYS 
For displays requiring more current than the JCM7217 can 

provide, the circuits of Figure 13 can be used. 

LCD DISPLAY INTERFACE 
The low-power operation of the JCM7217 makes an LCD 

interface desirable. The Harris JCM7211 4 digit BCD to LCD 
display driver easily interfaces to the JCM7217 as shown in 
Figure 14. Total system power consumption is Jess than 
5mW. System timing margins can be improved by using ca
pacitance to ground to slow down the BCD lines. 

The 1 O - 20k!1 resistors on the switch BCD lines serve to 
isolate the switches during BCD output. 

SEGMENT 
DRIVE 

ICM7217A 
ICM7217C 

DIGIT 
DRIVE 

Vss 

Yoo 

Vss 
0354-33 

Common Anode Display Common Cathode Display 

Figure 13: Driving High Current Displays 

NOTE: All typical va/UllS hsVB besn characterized but aro not tosted. 
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Figure 14: LCD Display Interface (with Thumbwheel Switches) 

UNIT COUNTER WITH BCD OUTPUT 
The simplest application of the ICM7217 is a 4 digit unit 

counter (Figure 15). All that is required is an ICM7217, a 
power supply and a 4 digit display. Add a momentary switch 
for reset, an SPDT center-off switch to blank the display or 
view leading zeroes, and one more SPDT switch for up/ 
down control. Using an ICM7217A with a common-cathode 
calculator-type display results in the least expensive digital 
counter/display system available. 

INEXPENSIVE FREQUENCY COUNTER/ 
TACHOMETER 

This circuit uses the low power ICM7555 (CMOS 555) to 
generate the gating, STORE and RESET signals as shown 
in Figure 16. To provide the gating signal, the timer is con
figured as an astable multivibrator, using RA, Rs and C to 
provide an output that is positive for approximately one sec
ond and negative for approximately 300 - 500µs. The posi
tive waveform time is given by twp= 0.693 (RA+ Rs)C while 
the negative waveform is given by twn = 0.693 RsC. The 
system is calibrated by using a 5MJ1 potentiometer for RA 
as a "coarse" control and a 1 kfi potentiometer for Rs as a 
"fine" control. CD40106B's are used as a monostable multi
vibrator and reset time delay. 

TAPE RECORDER POSITION 
INDICATOR/CONTROLLER 

The circuit in Figure 17 shows an application which uses 
the up/down counting feature of the ICM7217 to keep track 
of tape position. This circuit is representative of the many 
applications of up/down counting in monitoring dimensional 
position. 

NOTE· All typical values have been characterized but are not tested. 
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In the tape recorder application, the LOAD REGISTER, 
EQUAL and ZERO outputs are used to control the recorder. 
To make the recorder stop at a particular point on the tape, 
the register can be set with the stop point and the EQUAL 
output used to stop the recorder either on fast forward, play 
or rewind. 

To make the recorder stop before the tape comes free of 
the reel on rewind, a leader should be used. Resetting the 
counter at the starting point of the tape, a few feet from the 
end of the leader, allows the ZERO output to be used to 
stop the recorder on rewind, leaving the leader on the reel. 

The 1Mfi resistor and .0047µF capacitor on the COUNT 
INPUT provide a time constant of about 5ms to debounce 
the reel switch. The Schmitt trigger on the COUNT INPUT of 
the ICM7217 squares up the signal before applying it to the 
counter. This technique may be "Used to debounce switch
closure inputs in other applications. 

PRECISION ELAPSED TIME/ 
COUNTDOWN TIMER 

The circuit in Figure 18 uses an ICM7213 precision one 
minute/ one second timebase generator using a 4.1943MHz 
crystal for generating pulses counted by an ICM7217B. The 
thumbwheel switches allow a starting time to be entered 
into the counter for a preset-countdown type timer, and al
low the register to be set for compare functions. For in
stance, to make a 24-hour clock with BCD output the regis
ter can be preset with 2400 and the EQUAL output used to 
reset the counter. Note the 1 Ok resistor connected between 
the LOAD COUNTER terminal and Ground. This resistor 
pulls the LOAD COUNTER input low when not loading, 
thereby inhibiting the BCD output drivers. This resistor 
should be eliminated and SW4 replaced with an SPDT cen
ter-off switch if the BCD outputs are to be used. 
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Figure 16: Inexpensive Frequency Counter 

NOTE: All typical values have been characterized but are not tested. 
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Figure 17: Tape Recorder Position Indicator 
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Figure 18: Precision Timer 

NOTE· Alf typical values have been characterized but are not tested. 
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Figure 19: 8 Digit Up/Down Counter 

This technique may be used on any 3-level input. The 
100kn pullup resistor on the count input is used to ensure 
proper logic voltage swing from the ICM7213. For a less 
expensive (and less accurate) timebase, an ICM7555 timer 
may be used in a configuration like that shown in Figure 16 
to generate a 1 Hz reference. 

8-DIGIT UP/DOWN COUNTER 
This circuit (Figure 19) shows how to cascade counters 

and retain correct leading zero blanking. The NANO gate 
detects_ whe.!_her a digit is active since one of the two seg
ments a or b is active on any unblanked number. The flip 
flop is clocked by the least significant digit of the high order 
counter, and if this digit is not blanked, the Q output of the 
flip flop goes high and turns on the NPN transistor, thereby 
inhibiting leading zero blanking on the low order counter. 

It is possible to use separate thumbwheel switches for 
presetting, but since the devices load data with the oscilla· 
tor free-running, the multiplexing of the two devices is diffi· 
cult to synchronize. 

PRECISION FREQUENCY COUNTER/ 
TACHOMETER 

The circuit shown in Figure 20 is a simple implementation 
of a four digit frequency counter, using an ICM7207A to 
provide the one second gating window and the STORE and 
RESET signals. In this configuration, the display reads hertz 

NOTE" All typical values have been characterized but are not tested. 
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directly. With Pin 11 of the ICM7027 A connected to v00, 
the gating time will be 0.1 second; this will display tons of 
hertz at the least significant digit. For shorter gating limos, 
an ICM7207 may be used (with a 6.5536MHz crystal), giving 
a 0.01 second gating with Pin 11 connected to Voo. and a 
0.1 second gating with Pin 11 open. 

To implement a lour digit tachometer, the ICM7207A with 
one second gating should be used. To get the display to 
read directly in RPM, the rotational frequency of the object 
to be measured must be multiplied by 60. This can be done 
electronically using a phase-locked loop, or mechanically by 
using a disc rotating with the object with the appropriate 
number of holes drilled around its edge to interrupt the light 
from an LED to a photo-dector. For faster updating, use 0.1 
second gating, and multiply the rotational frequency by 600. 

AUTO-TARE SYSTEM 
This circuit uses the count-up and count-down functions 

of the ICM7217, controlled via the EQUAL and ZERO out
puts, to count in SYNC with an ICL7109 AID Converter as 
shown in Figure 21. By RESETing the ICM7217 on a "tare" 
value conversion, and STORE-ing the result of a true value 
conversion, an automatic tare subtraction occurs in the re
sult. 

The ICM7217 stays in step with the ICL7109 by counting 
up and down between O and 4095, for 8192 total counts, 
the same number as the ICL7109 cycle. See applications 
note #A047 for more details. 
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Figure 20: Precision Frequency Counter (MHz Maximum) 

-y I+ ~~~yorgb fULLSCALE D Q 
INPUJ pc 1...:.. . - , 

IS 

~ · "--ii"": _,.-I I l l 
·sv 

::~ A,h :'Ii': ~ 
k1N4141 -- 1CAMY/llOlllRO'W ..... f-+5V ·- f- f- f-REF tN- 31 .mm 

REF CAP· 31 P··· REF CAP+ 37 3lallll: 0221 1-- ,.; 
REF IN+·31 '"" INHl35 

OCOI osa I--
IN LO 34 58C04 ..... •• 

COMMON33 .. ~ y 18CD2 C»SP. CONT. 23 *47·~ INT32 
AZ31 8...... ] ._______.., 78C01 ih• 

ICL710I 8Uf 30 ICM7217 

REF 0UT21 47K 

,_ 
I COUNT 121 

Yss 21 ........ 1::- • irliiii ..... 
~ SEND27 -=- 10UPt60Wii it• 

RUN/HOLD 28 
BUF OSC OUT 25 ~1·- ·••-!t- 11 LOAD REG. f11 

OSC: SEL 24 

,_ 
10~F 12LOAD CTR. fi 17 

OSC OUT 23 
OSC IN 22 - 13 SCAN it• 
MOOE21 t-+SV ~<> 14R!iff c 15 

rr 
TARE 

0354-31 

Figure 21: Auto-Tare System for A/D Converter 

NOTE: All typical values have be9n charecterized but are not tested. 
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GENERAL DESCRIPTION 
The ICM7224 device is a high-performance CMOS 

4V2-digit counter, including decoder, output latch, 
display driver, count inhibit, leading zero blanking, and 
reset circuitry. 

The counter section provides direct static counting, guar
anteed from DC to 15 MHz, using a 5V ± 10% supply over 
the operating temperature range. At normal ambient tem
peratures, the devices will typically count up to 25 MHz. The 
COUNT input is provided with a Schmitt trigger to allow op
eration in noisy environments and correct counting with 
slowly changing inputs. The COUNT INHIBIT, STORE and 
RESET inputs allow a direct interface with the ICM7207 I A 
to implement a low cost, low power frequency counter with 
a minimum component count. 

These devices also incorporate several features intended 
to simplify cascading four-digit blocks. The CARRY output 
allows the counter to be cascaded, while the Leading Zero 
Blanking INput and OUTput allows correct Leading Zero 
Blanking between four-decade blocks. The BackPlane driv
er of the LCD devices may be disabled, allowing the seg
ments to be slaved to another backplane signal, necessary 
when using an eight or twelve digit, single backplane dis
play. 

These devices provide maximum count of 19999. The dis
play drivers are not of the multiplexed type and each display 
segment has its own individual drive pin, providing high 
quality display outputs. The ICM7224 drives LCD displays. 

The ICM7224 is packaged in a standard 40-pin 
dual-in-line plastic or CERDIP package, or in dice. 

ORDERING INFORMATION 

Part Temperature 
Number Range Package 

ICM72241PL -25oc to +ssoc 40 Pin Plastic DIP 

ICM72241JL -25oc to +ssoc 40 Pin CERDIP 

ICL7224RIPL * -25oc to +s5oc 40 Pin Plastic DIP 

* "R" indicates device with reversed leads configuration. 

ICM7224: 
Cll 

4 %-Digit LCD ~ 
Display Counter !:! 

FEATURES 
• High Frequency Counting - Guaranteed 15MHz, 

Typically 25MHz at 5V 

• Low Power Operation -Typically Less Than 100µW 
Quiescent 

• STORE and RESET Inputs Permit Operation as 
Frequency or Period Counter 

• True COUNT INHIBIT Disables First Counter Stage 
• CARRY Output for Cascading Four-Digit Blocks 
• Schmitt-Trigger On The COUNT Input Allows 

Operation in Noisy Environments or With Slowly 
Changing Inputs 

• Leading Zero Blanking INput and OUTput for Correct 
Leading Zero Blanking With Cascaded Devices 

• LCD Devices Provide Complete Onboard Oscillator 
and Divider Chain to Generate Backplane Frequency, 
or Backplane Driver May Be Disabled Allowing 
Segments to be Slaved to A Master Backplane Signal 

ICM7224 Direct Drive LCD 

0355-1 

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 BIB not tested. 11-59 



ICM7224, LCD Display 
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ICM7225, LED Display 
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Figure 2: Functional Diagrams 

NOTE: All typical values havs boon characterizsd but are not l9stsd. 
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ABSOLUTE MAXIMUM RATINGS 

ICM7224/ICM7225 .,, 
t'll 
t'll 

Supply Voltage (Voo-Vss) ....................... 6.5V 
Input Voltage (Any 

.... 
=ii! 
u 

Operating Temperature Range ......... -25°C to + 85°C :::: 
Storage Temperature Range . . . . . . . . . . -65°C to + 150°C ""' 

Terminal) (Note 2) ......... (Voo+0.3V) to (Vsg-0.3V) Lead Temperature (Soldering, 1 Osec) ............. 300°C t'11 
t'll Power Dissipation (Note 1) ................ 0.5W@ 70°C 

NOTE 1: This limit refers to that of the package and will not be obtained during normal operation. 

2: Due to the SCA structure inherent in the CMOS process, connecting any terminal to voltages greater than Yoo or less than Vss may cause destructive 
device latchup. For this reason, it is recommended that no inputs from sources operating on a different power supply be applied to the device before its 
supply is established, and that in multiple supply systems, the supply to the ICM7224//CM7225 be turned on first. 

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 condiNons 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 (Voo = 5V, Vss = OV, TA= 25°C, unless otherwise indicated) 

ICM7224 CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

loo Operating current Test circuit, Display blank 10 50 

VsuPPLY Operating supply voltage range (Voo-Vss) 3 6 

losc1 OSCILLATOR input current Pin36 ±2 ±10 

IA, IF Segment rise/fall time C1oad=200pF 0.5 

IA, IF BackPlane rise/fall time C1oad = 5000pF 1.5 

lose Oscillator frequency Pin 36 Floating 19 

tsp Backplane frequency Pin 36 Floating 150 

ICM7225 CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

lsTBY Operating current display off 
Pin 5 (BRighTness) at Vss 

10 50 
Pins 29, 31-34 at Voo 

VsuPP Operating supply voltage range (Voo-Vss) 4 6 

loo Operating current Pin 5 at Voo. Display 18888 200 

lsLK Segment leakage current Segment Off ±0.01 ±1 

lsEG Segment on current Segment On, Vout= + 3V 5 8 

IH Half-digit on current Half-digit on, Vout= + 3V 10 16 

FAMILY CHARACTERISTICS 
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Ip 
Input Pins 29, 31, 33, 34 

10 
Pullup Currents Vin=V00-3V 

V1H Input High Voltage Pins 29, 31, 33, 34 3 

V1L Input Low Voltage Pins 29, 31, 33, 34 1 

Ver COUNT Input Threshold 2 

VcH COUNT Input Hysteresis 0.5 

loH Output High Current CARRYPin28 -350 -500 
Leading Zero Blanking OUT Pin 30 
Vout=Voo-3V 

loL Output Low Current CARRY Pin28 350 500 
Leading Zero Blanking OUT Pin 30 
Vout= +3V 

tcouNT Count Frequency 4.5V<Voo<6V 0 15 

lg, IA STORE, RESET Minimum Pulse Width 3 

NOTE· All typical values have been charact&rized but are not tested. 
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7225 OPERATING POWER (LED DISPLAY) AS A 
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NOTE· All typical values have been characterized but are not tested. 
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ICM7224/ICM7225 

7225 LED SEGMENT CURRENT AS A 
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ICM7224/ICM7225 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 
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TABLE I· Control Input Definitions 

INPUT TERMINAL 

Leading Zero Blanking 
29 INput 

COUNT INHIBIT 31 

RESET 33 

STORE 34 

CONTROL INPUT DEFINITIONS 
In Table I, v00 and Vss are considered to be normal 

operating input logic levels. Actual input low and high levels 
are specified in the Operating Characteristics. For lowest 
power consumption, input signals should swing over the full 
supply. 

DETAILED DESCRIPTION 
LCD Device 

The LCD device provides outputs suitable for driving con· 
ventional 4 %-digit by seven segment LCD displays. They 
include 29 individual segment drivers, a backplane driver, 
and a self-contained oscillator and divider chain to generate 
the backplane frequency (See Figure 4). 

The segment and backplane drivers each consist of a 
CMOS inverter, with the n- and p-channel devices ratioed to 
provide identical on resistances, and thus equal rise and fall 
times. This eliminates any D.C. component which could 
arise from differing rise and fall times, and ensures maxi
mum display life. 

The backplane output can be disabled by connecting the 
OSCILLATOR input (pin 36) to Vss- This synchronizes the 
29 segment outputs directly with a signal input at the BP 
terminal (pin 5) and allows cascading of several slave devic
es to the backplane output of one master device. The back
plane may also be derived from an external source. This 

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

VOLTAGE FUNCTION 

Voo or Floating Leading Zero Blanking Enabled 
Vss Leading Zeroes Displayed 

Voo or Floating Counter Enabled 
Vss Counter Disabled 

Voo or Floating Inactive 
Vss Counter Reset to 0000 

v00 or Floating Output Latches not Updated 

11·63 

Vss Output Latches Updated 

allows the use of displays with characters m multiples of 
four and a single backplane. A slave device will represent a 
load of approximately 200pF (comparable to one additional 
segment). The limitation on the number of devices that can 
be slaved to one master device backplane driver is the addi· 
tional load represented by the larger backplane of displays 
of more than four digits, and the effect of that load on the 
backplane rise and fall times. A good rule of thumb to ob-
serve in order to minimize power consumption, is to keep 
the rise and fall times less than about 5 microseconds. The 
backplane driver of one device should handle the back-
plane to a display of 16 one-half-inch characters without the 
rise and fall times exceeding 5µs (ie, 3 slave devices and 
the display backplane driven by a fourth master device). It is 
recommended that if more than four devices are to be 
slaved together, that the backplane signal be derived exter· Ill 
nally and all the ICM7224 devices be slaved to it. 

This external backplane signal should be capable of driv
ing very large capacitive loads with short (1-2µs) rise and 
fall times. The maximum frequency for a backplane signal 
should be about 150Hz, although this may be too fast for 
optimum display response at lower display temperatures, 
depending on the display used. 

The onboard oscillator is designed to free run at approxi· 
mately 19kHz, at microampere power levels. The oscillator 
frequency is divided by 128 to provide the backplane fre
quency, which will be approximately 150Hz with the oscilla-



.,, 
Cll 
Cll ... 
2 tor free-running. The oscillator frequency may be reduced 
() by connecting an external capacitor between the OSCillator 
=:. terminal (pin 36) and Voo; see the plot of oscillator/back
: plane frequency in "Typical Characteristics" for detailed in
Cll formation. 
"" The oscillator may also be overdriven if desired, although 
2 care must be taken to insure that the backplane driver is not 
~ disabled during the negative portion of the overdriving sig-

nal (which could cause a D.C. component to the display). 
This can be done by driving the OSCILLATOR input be
tween the positive supply and a level out of the range where 
the backplane disable is sensed, about one fifth of the sup
ply voltage above the negative supply. Another technique 
for overdriving the oscillator (with a signal swinging the full 
supply) is to skew the duty cycle of the overdriving signal 
such that the negative portion has a duration shorter than 
about one microsecond. The backplane disable sensing cir
cuit will not respond to signals of this duration. 

LED Device 
The LED device provides outputs suitable for directly driv

ing 4'/.-digit by seven segment common-anode LED dis
plays. They include 28 individual segment drivers and one 
half-digit driver, each consisting of a low-leakage current
controlled open-drain n-channel transistor. 

The drain current of these transistors can be controlled 
by varying the voltage at the BRighTness input (pin 5). The 
voltage at this pin is transferred to the gates of the output 
devices for "on" segments, and thus directly modulates the 
transistor's "on" resistance. A brightness control can be 
easily implemented with a single potentiometer controllin~ 
the voltage at pin 5, connected as in Figure 3. The potenti
ometer should be a high value (100kfi to 1Mfi) to minimize 
power consumption, which can be significant when the dis
play is off. 

The BRighTness input may also be operated digitally as a 
display enable; when at Voo. the display is fully on, and at 
v88, fully off. The display brightness may also be controlled 
by varying the duty cycle of a signal swinging between the 
two supplies at the BRighTness input. 

Note that the LED devices have two connections for Vss; 
both should be connected. The double connection is neces
sary to minimize effects of bond wire resistance with the 
large total display currents possible. 

When operating the LED devices at higher temperatures 
and/or higher supply voltages, the device power dissipation 
may need to be reduced to prevent excessive chip tempera
tures. The maximum power dissipation is 1 watt at 25'C, 
derated linearly above 35'C to 500mW at 70'C (15mW/'C 
above 35'C). Power dissipation for the device is given by: 

p = (Voo -VFLED) x (lsEG) x (nsEG) 
where VFLED is the LED forward voltage drop, lsEG is seg
ment current, and nsEG is the number of "ON" segments. It 
is recommended that if the device is to be operated at ele
vated temperatures the segment current be limited by use 
of the BRighTness input to keep power dissipation within 
the limits described above. 

NOT£: All typical values have been characterized but are not tested. 
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Figure 3: Brightness Control 

COUNTER SECTION 
The devices in the ICM7224/ICM7225 family implement a 

four-digit ripple carry resettable counter, including a Sch~itt 
trigger on the COUNT input and a CARRY output. Also in

cluded is an extra D-type flip-flop, clocked by the CARRY 
signal which controls the half-digit segment driver. This out
put driver can be used as either a true half-digit or as an 
overflow indicator. The counter will increment on the nega
tive-going edge of the signal at the COUNT input, while the 
CARRY output provides a negative-going edge following the 
count which increments the counter from 9999 to 1 0000. 
Once the half-digit flip-flop has been clocked, it can only be 
reset (with the rest of the counter) by a negative level at th_e 
RESET terminal, pin 33. However, the four decades will 
continue to count in a normal fashion after the half-digit is 
set, and subsequent CARRY outputs will not be affected. 

A negative level at the COUNT INHIBIT input disables the 
first divide-by-two in the counter chain without affecting its 
clock. This provides a true inhibit, not sensitive to the state 
al the COUNT input, which prevents false counts that can 
result from using a normal logic gate to prevent counting. 

Each decade of the counter directly drives a four-to-sev
en segment decoder which develops the required output 
data. The output data is latched at the driver. When the 
STORE pin is low, these latches are updated, and when it is 
high or floating, the latches hold their contents. 

The decoders also include zero detect and blanking logic 
to provide leading zero blanking. When the Leading Zero 
Blanking INput is floating or at a positive level, this circuitry 
is enabled and the device will blank leading zeroes. When 1t 
is low, or the half-digit is set, leading zero blanking is inhibit
ed, and zeroes in the four digits will be displayed. The Lead
ing Zero Blanking OUTput is provided to all~w cascade_d 
devices to blank leading zeroes correctly. This output will 
assume a positive level only when all four digits are 
blanked; this can only occur when the Leading Zero Blank
ing INput is at a positive level and the half-digit is not set. 

For example, in an eight-decade counter with overflow 
using two ICM7224/ICM7225 devices, the Leading Zero 
Blanking OUT put of the high order digit would be connec~ed 
to the Leading Zero Blanking INput of the low order d1g1t 
device. This will assure correct leading zero blanking for all 
eight digits. 



The STORE, RESET, COUNT INHIBIT, and Leading Zero 
Blanking INputs are provided with pullup devices, so that 
they may be left open when a positive level is desired. The 
CARRY and Leading Zero Blanking OUTputs are suitable 
for interfacing to CMOS logic in general, and are specifically 
designed to allow cascading of JCM7224 to ICM7225 devic
es in four-digit blocks. 

asc1Lu.roR Jlf .., n n n r ., n n r ., n n n r 
FREQUENCY UUUU UUU UUUU 

____ ..,:!----121cvcu:s----t 

:~~~T I I L__ 
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ON SEGMENTS ,___ _ ___.r-
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Figure 4: ICM7224 Display Waveforms 
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Figure 5: Test Circuit 

APPLICATIONS 
Figures 7 and 8 show two typical applications for 

ICM7224/25 devices. 
In Figure 7 an ICM7225, LED display and a few passive 

components form a unit counter. The device counts and 
totals the input pulses. Since the STORE input is tied to Vss 
the display simultaneously updates the counts. The circuit 
has switches for pause operation, leading zero blanking 
control, and a pushbutton for resetting the counter. 

Figure 8 shows an 8-digit precision frequency counter. 
The circuit uses two JCM7224s cascaded to provide an 
8-digit display. Backplane output of the second device is 
disabled and is driven by the first device. The % digit 

NOTE: All typical values have been characterized but ar9 not tested 
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Figure 7: Typical Application (Unit Counter) 

output of the second device is used for overflow indication. 
The input signal is fed to the first device and the COUNT 
input of the second is driven by the CARRY output of the 
first. Notice that leading zero blanking is controlled on the 
second device and the LZB OUT of the second one is tied 
to LZB JN of the first one. An ICM7207 A device is used as a 
timebase generator and frequency counter controller. It 
generates count window, store and reset signals which are 
directly compatible with ICM7224 inputs (notice the need for 
an inverter at COUNT INHIBIT input). The ICM7207A pro
vides two count window signals (1 s and 0.1 s gating) for dis
playing frequencies in Hz or tens of Hz ( x 1 O Hz). 
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Figure 8: Eight-Digit Precision Frequency Counter 

NOTE· All typical values havs been characterized but are not tested. 
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HARRIS 
SEMICONDUCTOR 

ICM7226A/B ~ 
8-Digit Multi-Function ~ 

Frequency Counter/Timer ~ 
~ GENERAL DESCRIPTION 

The ICM7226 is a fully integrated Universal Counter and 
LED display driver. It combines a high frequency oscillator, 
a decade timebase counter, an 8 decade data counter and 
latches, a 7. segment decoder, digit multiplexer, and seg
ment and digit drivers which can directly drive large LED 
displays. The counter inputs accept a maximum frequency 
of 1 O MHz in frequency and unit counter modes and 
2 MHz in the other modes. Both inputs are digital inputs. In 
many applications, amplification and level shifting will be re
quired .to obtain proper digital signals for these inputs. 

The ICM7226 can function as a frequency counter, period 
counter, frequency ratio (fA/fs) counter, time interval coun
ter or a totalizing counter. The devices require either a 
1 O MHz or 1 ·MHz crystal timebase, or if desired an external 
timebase can also be used. For period and time interval, 
the 10 MHz timebase gives a 0.1 µs resolution. In period 
average and time interval average, the resolution can be 
in the nanosecond range. In the frequency mode, the user 
can select accumulation time of 10ms, 1 OOms, 1 s and 1 Os. 
With a 1 Os accumulation time, the frequency can be dis
played to a resolution of 0.1 Hz. There is a 0.2s interval 
between measurements in all ranges. Control signals are 
provided to enable gating and storing of prescaler data. 

Leading zero blanking has been incorporated with fre
quency display in kHz and time in µs. The display is multi
plexed at a 500 Hz rate with a 12.2% duty cycle for each 
digit. The ICM7226A is designed for common anode dis
plays with typical peak segment currents of 25 mA, and the 
ICM7226B is designed for common cathode displays with 
typical segment currents of 12 mA. In the display off mode, 
both digit drivers & segment drivers are turned off, allowing 
the display to be used for other functions. 
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FEATURES 
• CMOS Design for Very Low Power 

• Output Drivers Directly Drive Both Digits and 
Segments of Large 8 Digit LED Displays. Both 
Common Anode and Common Cathode Versions Are 
Available 

• Measures Frequencies From DC to 10 MHz; Periods 
From 0.5µs to 10s 

• Stable High Frequency Oscillator Uses Either 1 MHz 
or 10 MHz· Crystal 

• Control Signals Available for External Systems 
Interfacing 

• Multiplexed BCD Outputs 

APPLICATIONS 
o Frequency Counter 

" Period Counter 
o Unit Counter 

• Frequency Ratio Counter 

" Time Interval Counter 

ORDERING INFORMATION 

Part Temperature 
Package 

Number Range 

ICM7226AIJL - 25'C to 85'C 40 pin CERDIP 

ICM7226BIPL - 25'C to 85'C 40 pin PLASTIC DIP 

CONTROL IN INPUT A 

HOLD 

MEAS IN PROGRESS 3 Burr osc OUT 
FUNCTION • NC" 

OSC OUT 

OSC IN 

NC' 

01 EXT OSC IN 

03 RST OUT 

31 EXT RANGE 

DP OUT 

Yss SEG g 

05 SEG e 

SEG e. 
SEG d 

Yoo 

SEG b 

SEG c 

ill IN SEG f 

EXT DP IN 
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Common Catho!le 

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 ANO SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY ANO FITNESS FOR A PARTICULAR USE. 

NOTE· All typical values have been charactsrized but are not tested. 11-67 



ABSOLUTE MAXIMUM RATINGS 
MaximumSupplyVoltage(Voo-Vss) .............. 6.5V 
Maximum Digit Output Current .................. 400 mA 
Maximum Segment Output Current ............... 60 mA 
Voltage on any Input or Output Terminal (Note 1) ........ . 

(Vss-0.3V) to (Voo+0.3V) 

Maximum Power Dissipation at 70'C (Note 2) 
ICM7226A .................................... 1.0W 
ICM7226B .................................... 0.5W 

Operating Temperature Range . . . . . . . . . - 25'C to + 85'C 
Storage Temperature Range .......... -55'C to+ 125'C 
Lead Temperature (Soldering, 1 Osec) ............. 300'C 

ICM7226A/B 

NOTE: Stresses above those Hsted 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 peri
ods may affect device reliability. 

•Note 1: Destructive latchup may occur if input signals are applied before the power supply is established or if inputs or outputs are forced to voltages exceeding 
Voo or Vss by 0.3V. 

2: Assumes all leads soldered or welded to PC board and free air flow. 
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Figure 2: Functional Diagram 

NOTE: All typical values have been characterizsd but are not tested. 
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ICM7226A/B 

ELECTRICAL CHARACTERISTICS (Voo = 5.ov, TA= 25'C, unless otherwise specified.) 

Symbol Parameter Test Conditions Min Typ Max Units 

loo Operating Supply Display Off 
Current Unused inputs to Vss 2 5 mA 

VsuPPLY Supply Voltage Range Voo-Vss -25'C<TA <85'C 
Input A, Input B 4.75 6.0 v 
Frequency at IMAX 

IA(max) Maximum Guaranteed Frequency -25'C<TA <85'C 
Input A, Pin 40 4.75V <V00 <6.0V Figure 3 

Function= Frequency, 
Ratio, Unit Counter 10 14 MHz 
Function= Period, Time Interval 2.5 

fs(max) Maximum Frequency -25'C<TA <85'C 
Input B, Pin 2 4.75V<Voo<6.0V 2.5 

Figure4 

Minimum Separation -25'C<TA<85'C 
Input A to Input B 4.75V<Voo<6.0V 250 ns 

Time Interval Function Figure 11 

lose Osc. freq. and ext. osc. -25'C<TA<85'C 10 
freq. (minimum ext. osc. freq.) 4.75V<Voo<6.0V (0.1) MHz 

gm Oscillator Transconductance Voo=4.75V 2000 µS 
TA= +85'C 

fmux Multiplex Frequency lose= 10 MHz 500 Hz 

Time Between Measurements f05c=10MHz 200 ms 

dV;nldt Input Rate of Charge Inputs A, B 15 mV/µs 

INPUT VOLTAGES 
PINS 2, 19, 33, 39, 40, 35 

v,L input low voltage -25'C<TA < +85'C 1.0 v 

V1H input high voltage 3.5 

l1LK PIN 2, 39,40 INPUT LEAKAGE, A, B 20 µA 

Input resistance to Voo 
R1N PINS 19,33 V1N=Voo -1.0V 100 400 k!l 

Input resistance to Vss 
R1N PIN31 V1N=+1.0V 50 100 

Output Current 
loL PINS 3,5,6, 7, 17, 18,32,38 Vol= +0.4V 400 µA 

loH PINS 5,6,7,17,18,32 VoH= +2.4V 100 
µA 

loH PINS3,38 VoH=Voo-0.8V 265 

ICM7226A 
PINS 22,23,24,26,27,28,29,30 
DIGIT DRIVER • loH high output current Vo=Voo -2.ov 150 180 mA 

loL low output current Vo= +1.0V -0.3 

SEGMENT DRIVER 
PINS 8,9,10, 11, 13, 14, 15, 16 

loL low output current Vo= +1.5V 25 35 mA 

loH high output current V0 =V00-1.ov 100 µA 

NOTE: All typical values have been characterized but are not testod. 
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: ELECTRICAL CHARACTERISTICS (VDD= 5.ov, TA= 25•c, unless otherwise specified.) (Continued) 
.... 
~ 

Symbol Parameter Test Conditions 

MULTIPLEX INPUTS 
PINS 1,4,20,21 

V1L input low voltage 

V1H input high voltage 

R1N input resistance to Vss V1N= +1.0V 

ICM7226B 
DIGIT DRIVER 
PINS 8,9, 10, 11, 13, 14, 15, 16 

loL low output current Vo=+1.0V 

loH high output current Vo=VDD-2.5V 

SEGMENT DRIVER 
PINS 22,23,24,26,27,28,29,30 

loH high output current Vo=VDD-2.0V 

IL leakage current Vo=Vss 

MULTIPLEX INPUTS 
PINS 1,4,20,21 

V1L input low voltage 

V1H input high voltage 

R1N input resistance to V DD V1N=VDD-1.ov 

NOTE: Typical values are not tested. 

TYPICAL PERFORMANCE CHARACTERISTICS 

'ii :c 
~ 

Min 

2.0 

50 

50 

10 

vDD-0.8 

100 

~ 101--~~~-+-~~~--<~~~~~ 
z w 
:> 
S fA 1-1 fa tmul PERIOD. 
a: TIME INTERVAL MODES 
IL 

TA •.25°C 

Voo - Vss (VOLTS) 

fA(max), fs(max) as a Function of Supply Voltage 

NOTE· All typical values have been characterized but are not tested. 
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Typ Max 

0.8 

100 

75 

100 

15 

10 

VDD-2.0 

360 

0356-28 

Units 

v 

kfi 

rnA 

µA 

rnA 

µA 

v 

kfi 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 

ICM7226A Typical lom 
VS Yoo - YouT. 4.5 ~ Yoo ~ 6.0Y 

JOO.--~~~~..-~~~-..~~~ ..... ..,, 

NOTE: All typical values have been characterized but are not tested. 
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Figure 3: Waveform for Guaranteed 
Minimum fA(max) Function= Frequency, 

Frequency Ratio, Unit Counter 

Voo=5.0V 

tOlllt .. 

INPUT AOR 
INPUT 8 

f., ......... IUIWITM 
I CONOUCTOfta 

KO 8 OUTPUT __ ..,....._,,,., 
ICD A OUTPUT __ ..,.....__,,,,. 

Figure 5: Test Circuit 

a 

r/~b 
e/-Jc 
d ed.p. 

ICM7226A/B 

4.5V 

0.5V 

MEASURED 
INTERVAL 

Figure 4: Waveform for Guaranteed 
Minimum fe(max) and fA(max) for 

Function= Period and Time Interval 

OIP'L.AY Dtlft.AY 1 HT IXT 
Off lHl ....., O.C. O.P. Tl&T 

CRYSTAL.lftCS."' •o 10.0011th 

Co -fills nu 

0356-8 

UO OVlflf'LOW INl»CATO,_ CONNIC1'10MI 
OYIAILOWWllL DI tHCMcA°iiO~ 
OICIUAI. POINT OUTPUT or: DtGtT 7 

~-ICMJntA ti.JI 0o 
tCM722111 DI d.p. 

0356-4 

0356-5 

IJl234S61B 13 

LED overflow indicator connections: 
Overflow will be indicated on the decimal point output of digit 8. 

ICM7226A 
ICM7226B 

CATHODE ANODE 
d.p. De 
De d.p. 

0356-6 

Figure 6: Segment Identification and Display Font 

NOTE· All typical values have been characterized but are not tested. 
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DETAILED DESCRIPTION 
INPUTS A & B 

The signal to be measured is applied to INPUT A in fre
quency period, unit counter, frequency ratio and time 
interval modes. The other input signal to be measured is 
applied to INPUT B in frequency ratio and time interval. 
IA should be higher than Is during frequency ratio. 

Both inputs are digital inputs with a typical switching 
threshold of 2.0V at Voo=5.0V and input impedance of 
250 k!l. For optimum performance, the peak to peak input 
signal should be at least 50% of the supply voltage and 
centered about the switching voltage. When these inputs 
are being driven from TIL logic, it is desirable to use a pull· 
up resistor. The circuit counts high to low transitions at both 
inputs. 
Note that the amplitude of the input should not exceed the 
device supply (above the Voo and below the Vss) by more 
than 0.3V, otherwise the device may be damaged. 

MULTIPLEXED INPUTS 
The FUNCTION, RANGE, CONTROL and EXTERNAL 

DECIMAL POINT inputs are time multiplexed to select the 
function desired. This is achieved by connecting the appro
priate digit driver output to the inputs. The function, range 
and control inputs must be stable during the last half of 
each digit output, (typically 125µs). The multiplex inputs are 
active high for the common anode ICM7226A, and active 
low for the common cathode JCM7226B. 

Noise on the multiplex inputs can cause improper opera
tion. This is particularly true when the unit counter mode of 
operation is selected, since changes in voltage on the digit 
drivers can be capacitively coupled through the LED diodes 
to the multiplex inputs. For maximum noise immunity, a 
10 k!l resistor should be placed in series with the multiplex 
inputs as shown in the application notes. 

Table 1 shows the functions selected by each digit for 
these inputs. 

Table 1: Multiple Input Control 

Function Digit 

FUNCTION INPUT Frequency D1 
PIN4 Period Da 

Frequency Ratio D2 
Time Interval Ds 
Unit Counter 04 
Oscillator Frequency D3 

RANGE INPUT O.D1 Sec/ 1 Cycle D1 
PIN21 0.1 Sec/10 Cycles D2 

1 Sec/100 Cycles D3 
1 O Sec/1 k Cycles D4 
Enable External Range 

Ds Input 

CONTROL INPUT Display Off D4&Hold 
PIN1 Display Test Da 

1 MHz Select D2 
Ex1ernal Oscillator Enable D1 
External Decimal Point 

D3 Enable 

EXTERNAL DECIMAL Decimal Point is Output for Same 
POINT INPUT, PIN 20 Digit That is Connected to This Input 

NOTE· All typical values have been characterized but are not tested 
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FUNCTION INPUT 

The ICM7226 has six modes of operation to be selected "" 
by FUNCTION input. These are: Frequency, Period, Fre- :I! 
quency Ratio, Time Interval, Unit Counter and Oscillator !:? 
Frequency. 

The implementation of different functions is done by rout
ing the different signals to two counters, called "Main Coun
ter" and "Reference Counter". A simplified block diagram 
of the device for functions realization is shown in Figure 7. 
Table 2 shows which signals will be routed to each counter 
in different cases. The output of the Main Counter is the 
information which goes to the display. The Reference Coun
ter divides its input to 1, 10, 100 and 1000. One of these 
outputs will be selected through the range selector and 
drive the enable input of the Main Counter. This means that 
the Reference Counter, along with its' associated blocks, 
directs the Main Counter to begin counting and determines 
the length of the counting period. Note that Figure 7 does 
not show the complete functional diagram (See Figure 1 ). 
After the end of each counting period, the output of the 
Main Counter will be latched and displayed, then the coun· 
ter will be reset and a new measurement cycle will begin. 
Any change in the FUNCTION INPUT will stop the present 
measurement without updating the display and then initiate 
a new measurement. This prevents an erroneous first read· 
ing after the FUNCTION INPUT is changed. In all cases, the 
1 - O transitions are counted or timed. 

Table 2: Input Routing 

Function Main Counter 
Reference 
Counter 

Frequency (I Al Input A 
100 Hz (Oscillator 
+ 10s or 104) 

Period (IA) Oscillator Input A 

Ratio (IA/ls) Input A lnputB 

Time Interval 
Oscillator 

Input A 
(A- B) Input B 

Unit Counter 
Input A Not Applicable 

(Count A) 

Osc. Freq. 
Oscillator 

100 Hz (Oscillator 

(foscl + 10s or 104) 

Frequency-In this mode input A is counted by the Main 
Counter for a precise period of time. This time is determined 
by the time base oscillator and the selected range. For the 
1 O MHz (or 1 MHz) timebase, the resolutions are 100, 10, 1 
and 0.1 Hz. The decimal point on the display is set for kHz 
reading. 

Ill 
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INTERNAL CONTROL INTERNAL CONTROL 

100Hz 

INPUT A 

INPUT B 

INPUT 
SELECTOR 1--------_.. CLOCK 

REFERENCE COUNTER 

INTERNAL CONTROL INTERNAL CONTROL 

ENABLE 
INTERNAL OR 

EXTERNAL 
OSCILLATOR INPUT 

SELECTOR 1--------.. CLOCK 

INPUT A MAIN COUNTER 
0356-35 

Figure 7: Simplified Block Diagram of Functions Implementation 

Period-In this mode the timebase oscillator is counted 
by the Main counter for the duration of 1, 10, 100 or 1000 
(range selected) periods of the signal at input A. A 1 O MHz 
timebase gives resolutions of 0.1 µs to 0.0001 µs for 1000 
periods averaging. Note that the maximum input frequency 
for period measurement is 2.5 MHz. 

Frequency Ratio-In this mode the input A is counted by 
the Main Counter for the duration of 1, 10, 100 or 1000 
(range selected) periods of the signal at input B. The fre
quency at input A should be higher than input B for mean
ingful result. The result in this case is unitless and its resolu
tions can go up to 3 digits after decimal point. 

Time Interval-In this mode, the timebase oscillator is 
counted by the Main Counter for the duration of a 1 _.. O 
transition of input A until a 1 _.. 0 transition of input B. This 
means input A starts the counting and input B stops it. If 
other ranges, except 0.01 s/ 1 cycle are selected the se
quence of input A and B transitions must happen 10, 100 or 
1000 times until the display becomes updated; note this 
when measuring long time intervals to give enough time for 
measurement completion. The resolution in this mode is the 
same as for period measurement. See the Time Interval 
Measurement section also. 

Unit Counter-In this mode the Main Counter is always 
enabled, the input A is counted by the Main Counter and 
displayed continuously. 

Oscillator Frequency-In this mode the device makes a 
frequency measurement on its timebase. This is a self test 
mode for device functionality check. For 1 O MHz timebase 
the display will show 10000.0, 10000.00, 10000.000 and 
Overflow in different ranges. 

RANGE Input 
The RANGE input selects whether the measurement peri

od is made for 1, 10, 100 or 1000 counts of the Reference 
Counter or it is controlled by EXT RANGE input. As it is 
shown in Table 1, this gives different counting windows for 
frequency measurement and various cycles for other modes 
of measurement. 

NOTE: All typical values have been characterized but are not tested. 
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In all functional modes except Unit Counter any change in 
the RANGE INPUT will stop the present measurement with
out updating the display and then initiate a new measure
ment. This prevents an erroneous first reading after the 
RANGE INPUT is changed. 

CONTROL Input 
Unlike the other multiplexed inputs, to which only one of 

the digit outputs can be connected at a time, this input can 
be tied to different digit lines to select combination of con
trols. In this case, isolation diodes must be used in digit 
lines to avoid crosstalk between them (see Figure 5). The 
direction of diodes depends on the device version, common 
anode or common cathode. For maximum noise immunity at 
this input, in addition to the 1 Ok resistor which was men
tioned before, a 39 pF to 100 pF capacitor should also be 
placed between this input and the Voo or Vss (See Figure 
5). 

Display Off-To disable the display drivers, it is neces
sary to tie the D4 line to the CONTROL INPUT and have the 
HOLD input at Voo. While in Display Off mode, the seg
ments and digit drivers are all off, leaving the display lines 
floating, so the display can be shared with other devices. In 
this mode, the oscillator continues to run with a typical sup
ply current of 1.5 mA with a 10 MHz crystal, but no mea
surements are made and multiplexed inputs are inactive. A 
new measurement cycle will be initiated when the HOLD 
input is switched to V SS· 

Display Test -Display will turn on with all the digits 
showing Bs and all decimal points also on. The display will 
be blanked if Display Off is selected at the same time. 

1 MHz Select-The 1 MHz select mode allows use of a 1 
MHz crystal with the same digit multiplex rate and time be
tween measurements as with a 10 MHz crystal. This is done 
by dividing the oscillator frequency by 104 rather than 1 os. 
The decimal point is also shifted one digit to the right in 
period and time interval, since the least significant digit will 
be in µs increment rather than 0.1 µs increment. 



External Oscillator Enable-In this mode, the signal at 
EXT OSC INPUT is used as a timebase instead of the on
board crystal oscillator (built around the OSC INPUT, OSC 
OUTPUT inputs). This input can be used for an external 
stable temperature compensated crystal oscillator or for 
special measurements with any external source. The on
board crystal oscillator continues to work when the external 
oscillator is selected. This is necessary to avoid hang-up 
problems, and has no effect on the chip's functional opera
tion. If the on-board oscillator frequency is less than 1 MHz 
or only the external oscillator is used, THE OSC INPUT 
MUST BE CONNECTED TO THE EXT OSC INPUT provid
ing the timebase has enough voltage swing for OSC INPUT 
(See electrical characteristics). If the external timebase is 
TIL level a pullup resistor must be used for OSC INPUT. 
The other way is to put a 22 Mn resistor between OSC 
INPUT and OSC OUTPUT and capacitively couple the EXT 
OSC INPUT to OSC INPUT. This.will bias the OSC INPUT at 
its threshold and the drive voltage will· need to be only 
2 V p-p· The external timebase frequency must be greater 
than 100 kHz or the chip will reset itself to enable the on
board oscillator. 

External Decimal Point Enable-In this mode the EX 
D.P. INPUT is enabled. A decimal point will be displayed for 
the digit that its output line is connected to this input (EX 
D.P. INPUT). Digit 8 should not be used since it will override 
the overflow output. Leading zero blanking is effective for 
the digits to the left of selected decimal point. 

HOLD Input 
Except in the unit counter mode; when the HOLD input 

is at Voo. any measurement in progress (before STORE 
goes low) is stopped, the main counter is reset and the chip 
is held ready to initiate a new measurement as soon as 
HOLD goes low. The latches which hold the main counter 
data are not updated, so the last complete measurement is 
displayed. In unit counter mode when HOLD input is at 
Voo. the counter is not stopped or reset, but the display is 
frozen at that instantaneous value. When HOLD goes low 
the count continues from the new value in the counter. 

AST IN Input 
The AST IN is provided to reset the Main Counter, stop 

any measurement in progress, and enable the display latch
es, resulting in the all zero display. It is suggested to have a 
capacitor at this input to Vss to prevent any hang-up prob
lem on power up. See application circuits. 

EXT RANGE Input 
This input is provided to select ranges other than those 

provided in the chip. In any mode of measurement the dura
tion of measurement is determined by the EXT RANGE if 
this input is enabled. This input is sampled at 10ms intervals 
by the 1 00 Hz reference derived from the timebase. Figure 
8 shows the relationship between this input, 100 Hz refer
ence signal and MEAS IN PROGRESS. EXT RANGE can 
change state anywhere during the period of 100 Hz refer
ence but will be sampled at the trailing edge of the period to 
start or stop measurement. 

NOTE: All typical values havo been characterized but are not tested. 
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This input should not be used for short arbitrary ranges : 
(because of its sampling period), it is provided for very long ,... 
gating purposes. A way of using the 7226 for a short arbi- lE 
trary range is to feed the gating signal into the INPUT B and ~ 
run the device in the Frequency Ratio mode. Note that the 
gating period will be from one positive edge until the next 
positie edge of INPUT B (0.01 s/1 cycle range). 

REFERENCE 
COUNTER 
CLOCK IUl-fl--

1 r 
__}-

0356-11 

Figure 8: External Range Input to End of 
MEASUREMENT IN PROGRESS 

MEAS IN PROGRESS, STORE, AST OUT 
Outputs 

These outputs are provided for external system interfac
ing. MEAS IN PROGRESS stays low during measurements 
and goes high for intervals between measurements. Figure 
9 shows the relationship between these outputs for inter
vals between measurements. All these outputs can drive a 
low power Schottky TIL. The MEAS IN PROGRESS can 
drive one EGL load if the EGL device is powered from the 
same power supply as the ICM7226. 

1-·- · 190 TO 200m•--I 
!!l'MlllrurufT 
IN PROGRESS ~~~J 1....._~~ 

I o-••m• ~,-.,-0-.-.m-.~-+-----il rr---+~~-.-.m-.~~~~~-

RESET OUT 

f.--f-4Dms 
' ' 
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Figure 9: RESET OUT, STORE, and 
MEASUREMENT IN PROGRESS Outputs 

between Measurements 

BCD Outputs 
The BCD representation of each display digit is available 

at the BCD outputs in a multiplexed fashion. See Table 3 for 
digits truth table. The BCD output of each digit is available 
when its corresponding digit output is activated. Note that 
the digit outputs are multiplexed from DB (MSD) to D1 
(LSD). The positive going (ICM7226A, common anode) or 
the negative going (ICM7226B, common cathode) digit drive 
signals lag the BCD data by 2µs to 6µs. This starting edge 
of each digit drive signal should be used to externally latch 
the BCD data. Each BCD output drives one low power 
Schottky TIL load. Leading zero blanking has no effect on 
the BCD outputs. 
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Table 3: Truth Table BCD Outputs BUFF OSC OUT Output 

Number 
BCDB 
Pin7 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Range 

0.01 s/1 Cycle 

0.1 s/10 Cycle 

1 s/ 100 Cycle 

10 s/1k Cycle 

External 

iiiUSUiii&lNT 
Jlll'llllilllDI 

_.,., .. 

,....,,.. 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 

BCD4 
Pin& 

0 
0 
0 
0 
1 
1 
1 
1 
0 
0 

Frequency 

D2 

D3 

D4 

D5 

N/A 

BCD2 
Pin 17 

0 
0 
1 
1 
0 
0 
1 
1 
0 
0 

BCD 1 
Pin 18 

0 
1 
0 
1 
0 
1 
0 
1 
0 
1 

The BUFFered OSCillator. OUTput is provided for use of 
the on-board oscillator signal, without loading the oscillator 
itself. This output can drive one low power Schottky TTL 
load. Care should be taken to minimize capacitive loading 
on this pin. 

Decimal Point Position 
Table 4 shows the decimal point position. for different 

modes of ICM7216 operation. Note that the digit 1 is the 
least significant digit. Table is given tor 1 O MHz timebase 
frequency. 

Overflow Indication 
When overflow happens in any measurement it will be 

indicated on the decimal point of the digit 8. A separate LED 
indicator can be used. Figure 6 shows how to connect this 
indicator. 

Table 4: Decimal Point Position 

Period 

D2 

D3 

D4 

D5 

N/A 

Frequency 
Ratio 

D1 

D2 

D3 

D4 

N/A 

FUNCTIOOt 
TIME tNTERVAL 

I -

Time 
Interval 

D2 

D3 

D4 

D5 

N/A 

2150nsMIN. 
MEASURED 
INTERVAL 

(flRS'!'I 

Unit Oscillator 
Counter Frequency 

D1 D2 

01 D3 

D1 D4 

01 D5 

N/A NIA 

I 

--I -... ....,.ED 
INTERVAL 

ILASTI 

0356-9 
Note: If range is set to 1 event, first and last measured interval will coincide. 

Figure 11: Waveforms for Time Interval Measurement 
(Others are similar, without priming phase) 

NOTE: All typical values have been characteriz6d but are not tested. 
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Time Interval Measurement 
When in the time interval mode and measuring a single 

event, the ICM7226A/B must first be "primed" prior to mea
suring the event of interest. This is done by first generating 
a negative going edge on Channel A followed by a negative 
going edge on Channel B to start the "measurement inter
val." The inputs are then primed ready for the measure
ment. Positive going edges on A and B, before or after the 
priming, will be needed to restore the original condition. 

Priming can be easily accomplished using the circuit in 
Figure 10. 

Following the priming procedure (when in single event or 
1 cycle range input) the device is ready to measure one 
(only) event. 

When timing repetitive signals, it is not necessary to 
"prime" the ICM7226A/B as the first alternating signal 
states automatically prime the device. See Figure 11. 

During any time interval measurement cycle, the 
ICM7226A/B requires 200ms following B going low to up
date all internal logic. A new measurement cycle will not 
take place until completion of this internal update time. 

SIGNAL A 

SIGNALS 

0356-10 

Figure 10: Priming Circuit, Signals A&B 
Both High or Low 

Device Type 

1 CD4049B Inverting Buffer 
2 CD4070B Exclusive-OR 

Oscillator Consideration 
The oscillator is a high gain complementary FET inverter. 

An external resistor of 10 M.n or 22 M.n should be connect
ed between the oscillator input and output to provide bias
ing. The oscillator is designed to work with a parallel reso
nant 1 O MHz quartz crystal with a load capacitance of 22 pf 
and a series resistance of less than 35.n. Among suitable 
crystals is the 10 MHz CTS KNIGHTS ISl-002. 

NOTE· All typical values have been characterized but are not tested 
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For a specific crystal and load capacitance, the required 
gm can be calculated as follows: 

gm= w2 C1N CouT Rs ( 1 + ~~) 2 

where CL ( C1NCouT ) 
C1N+CouT 

Crystal Static Capacitance 
Crystal Series Resistance 
Input Capacitance 
Output Capacitance 
27Tf 

The required gm should not exceed 50% of the gm speci
fied for the ICM7226 to insure reliable startup. The oscillator 
input and output pins each contribute about 4 pf to C1N and 
CouT· For maximum frequency stability, C1N and CouT 
should be approximately twice the specified crystal load ca
pacitance. 

In cases where nondecade prescalers are used, it may be 
desirable to use a crystal which is neither 1 O MHz nor 
1 MHz. In this case both the multiplex rate and the time 
between measurements will be different. The multiplex rate 
. lose lose 
1s fmux= 2 x 104 for 10 MHz mode and fmux= 2 x 103 for the 

2X106 
1 MHz mode. The time between measurements is --- in 

lose 

2X105 
the 10 MHz mode and --- in the 1 MHz mode. The 

lose 

buffered oscillator output should be used as an oscillator 
test point or to drive additional logic; this output will drive 
one low power Schottky TIL load. When the buffered oscil
lator output is used to drive CMOS or the external oscillator 
input, a 10 kfi resistor should be added from the buffered 
oscillator output to Voo-

The crystal and oscillator components should be located 
as close to the chip as practical to minimize pickup from 
other signals. In particular, coupling from the BUFFered OS
Cillator OUTput and EXTernal OSCillator INput to the OSCil
lator OUTput or OSCillator INput can cause undesirable 
shifts in oscillator frequency. To minimize this coupling, pins 
34 and 37 should be connected to Voo or Vss and these 
two signals should be kept away from the oscillator circuit. 

Display Considerations 
The display is multiplexed at a 500Hz rate with a digit time 

of 244µs. An interdigit blanking time of 6µs is used to pre
vent display ghosting (faint display of data from previous 
digit superimposed on the next digit). Leading zero blanking 
is provided, which blanks the left hand zeros after decimal 
point or any non-zero digits. Digits to the right of the decimal 
point are always displayed. The leading zero blanking will 
be disabled when the Main Counter overflows. 

The ICM7226A is designed to drive common anode LED 
displays at a peak current of 25 mA/segment, using dis
plays with VF= 1.8V at 25 mA. The average DC current will 



m .... 
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N be greater than 3 mA under these conditions. The 
~ ICM7226B is designed to drive common cathode displays at 
:I! a peak current of 15 mA/ segment, using displays with 
g VF=1.8Vat 15 mA. Resistors can be added in series with 

the segment drivers to limit the display current, if required. 
The Typical Performance Characteristics curves show the 
digit and segment currents as a function of output voltage 
for common anode and common cathode drivers. 

To increase the light output from the displays, Voo may 
be increased to 6.0V, however care should be taken to see 
that maximum power and current ratings are not exceeded. 

The SEGment and Digit outputs in both the 7226A and B 
are not directly compatible with either TTL or CMOS logic. 
Therefore, level shifting with discrete transistors may be re
quired to use these outputs as logic signals. External latch
ing should be done on the leading edge of the digit signal. 

ACCURACY< 
In a Universal Counter, crystal drift and quantization er

rors cause errors. In frequency, period and time interval 
modes, a signal derived from the oscillator is used either in 
the Reference Counter or Main Counter, and in these 
modes, an error in the oscillator frequency will cause an 
identical error in the measurement. For instance, an oscilla
tor temperature coefficient of 20ppm/'C will cause a mea
surement error of 20ppm/'C. 

In addition, there is a quantization error inherent in any 
digital measurement of ± 1 count. Clearly this error is re
duced by displaying more digits.· In the frequency mode, 
maximum accuracy is obtained with high frequency inputs, 
and in period mode maximum accuracy is obtained wittrlow 
frequency inputs. As can be seen in Figure 12. In time in
terval measurements there is a maximum error of 1 count 
per interval. As a result there is the same inherent accuracy 
in all ranges, as shown in Figure 13. In frequency ratio 
measurement more accuracy can be obtained by averaging 
over more cycles of INPUT Bas shown in Figure 14. 

10 10• 

FREQUENCY (Hz) 

10• 107 

0356-36 

Figure 12: Maximum Accuracy of Frequency,and 
Period Measurements Due to Limitations of 

Quantization Errors 

NOTE: All typical values have bsen characterized but are not tested. 
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Figure 13: Maximum Accuracy of Time Interval 
Measurements Due to Limitations of 

Quantization Errors 

0356-37 

Figure 14: Maximum Accuracy of Frequency 
Ratio Measurement Due to Limitation of 

Quantization Errors 

APPLICATIONS 
The ICM7226 has been designed. as a complete stand 

alone Universal Counter, or used with prescalers and other 
circuitry in a variety of applications. Since INPUT A and IN
PUT B are digital inputs, additional circuitry will be required 
in many applications, for input buffering, amplification, hys
teresis, and level shifting to obtain the required digital volt
ages. For many applications a FET source follower can be 
used for input buffering, and an ECL 10116 line receiver can 
be used for amplification and hysteresis to obtain high im
pedance input, sensitivity and bandwidth. However, cost 
and complexity of this circuitry can vary widely, depending 



upon the sensitivity and bandwidth required. When TIL pre
scalers or input buffers are used, a pull up resistors to V DD 
should be used to obtain optimal voltage swing at INPUTS 
A and B. 

If prescalers aren't required, the ICM7226 can be used to 
implement a minimum component Universal Counter as 
shown in Figure 15. 

For input frequencies up to 40 MHz, the circuit shown in 
Figure 16 can be used to implement a frequency and peri
od counter. To obtain the correct value when measuring 

g, 
O• 

"' "' O• 
0> 

ICM7226A/B 

frequency and period, it is necessary to divide the 10 MHz 
oscillator frequency down to 2.5 MHz. In doing this the time 
between measurements is lengthened to BOOms and the 
display multiplex rate is decreased to 125 Hz. 

If the input frequency is prescaled by ten, the oscillator 
frequency can remain at either 10 MHz or 1 MHz, but the 
decimal point must be moved. Figure 17 shows use of a + 
10 prescaler in frequency counter mode. Additional logic 
has been added to enable the 7226 to count the input di
rectly in period mode for maximum accuracy. 

UT 
DllP\.AY DISPLAY OIC 
ILAtM TUT l:NAal( 

TYPICAL 
CRYSTAL PAA.I.MITERS 

3tpf TYP. "'"" RI~ 3511 

0356-20 

Figure 15: 10 MHz Universal Counter 
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Note 1: If a 2.5 MHz crystal is used, diode 01 and l.C.'s 1 and 2 can be eliminated. 

voo voo 

Figure 16: 40 MHz Frequency, Period Counter 

NOTE: AJ/ typical values have been characterized but ar6 not tested. 
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Figure 17: 100 MHz Multi Function Counter 
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Figure 18: 100 MHz Frequency, Period Counter 
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NOTE: All typical values have been characterized but are not tested. 
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Figure 18 shows the use of a CD4016 analog multiplexer 
to multiplex the digital outputs back to the FUNCTION Input. 
Since the CD4016 is a digitally controlled analog transmis
sion gate, no level shifting of the digit output is required. 
CD4051's or CD4052's could also be used to select the 
proper inputs for the multiplexed input on the ICM7226 from 
2 or 3 bit digital inputs. These analog multiplexers may also 
be used in systems in which the mode of operation is con
trolled by a microprocessor rather than directly from front 
panel switches. ITL multiplexers such as the 74LS153 or 
7 4LS251 may also be used, but some additional circuitry will 
tie required to convert the digit output to ITL compatible 
logic levels. 

The circuit shown in Figure 19 can be used in any of the 
circuit applications shown to implement a single measure
ment mode of operation. This circuit uses the STORE out
put to put the ICM7226 into a hold mode. The HOLD input 
can also be used to reduce the time between measure
ments. The circuit shown in Figure 20 puts a short pulse into 
the HOLD input a short time after STORE goes low. A new 
measurement will be initiated at the end of the pulse on the 
HOLD Input. This circuit reduces the time between mea
surements to about 40ms from 200ms; use of the circuit 
shown in Figure 20 on the circuit shown in Figure 16 will 
reduce the time between measurements from 800ms to 
about 160ms. 

Switch 

S1 
S2 
S3 

Function 

HOU> 
INPUT 

0356-24 

OPEN-SINGLE MEAS MODE ENABLED 
CLOSED-INITIATE NEW MEASUREMENT 
CLOSED-HOLD INPUT 

Figure 19: Single Measurement Circuit 
for Use with ICM7226 

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

100kfl 

HOLD INPUT 

J N.O. 

HOLD SWITC~ 
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Figure 20: Circuit for Reducing Time 
between Measurements 

Using LCD Display 
Figure 21 shows the ICM7226 being interfaced to LCD 

displays, by using its BCD outputs and 8 digit lines to drive 
two ICM7211 display drivers. 

TYPICAL LCD DISPLAY 

0356-27 

Figure 21: 10 MHz Universal Counter System 
with LCD Display 

Ill 



GENERAL DESCRIPTION 
The ICM7249 Timer/Counter is intended for long-term 

battery-supported industrial applications. The ICM7249 typi
cally draws 1 µA during active timing or counting, due to 
Harris' special low-power design techniques. This allows 
more than 10 years of continuous operation without battery 
replacement. The chip offers four timing modes, eight 
counting modes and four test modes. 

The ICM7249 is a 48-lead device, powered by a single DC 
voltage source and controlled by a 32. 768kHz quartz crys
tal. No other external components are required. Inputs to 
the chip are TTL-compatible and outputs drive standard di
rect drive LCD segments. The chip is available in dice and in 
Plastic DIP package forms. 

"8 OT 

47 S/S {START/STOP) 

46 C3 (CONTROL INPUT) 

45 C, {CONTROL INPUT) 

44 C1 {CONTROL INPUT) 

43 Co {CONTROL INPUT) 

42 GND 

41 OSC OUTPUT 

40 OSC INPUT 

g4 39 Voo 

38 BP (BACKPLANE) 

d4 37 W {WINK) 

c4 36 a1 

b4 

•• 
g3 

e3 

d3 

c3 a2 

b2 

a3 27 c2 

d2 

g2 25 12 
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Figure 1: Pin Configuration 

ICM7249 
5% Digit LCD µ-Power 

Event/Hour Meter 
FEATURES 
• Hour Meter Requires Only 4 Parts Total 
• Mlcropower Operation: < 1µA at 2.BV Typical 
• 10 Year Operation On One Lithium Cell 

21/z Year Battery Life With Display Connected 
• Directly drives 51/z Digit LCD 
• 14 Programmable Modes of Operation 
• Times Hrs., 0.1 Hrs., .01 Hrs., .1 Mins. 
• Counts 1's, 10's, 100's, 1000's 
• Dual Funtion Input Circuit: 

-Selectable Debounce for Counter 
-High-Pass Filter for Timer 

• Direct AC Line Triggering With Input Resistor 
• Winking "Timer Active" Display Output 
• Display Test Feature 

APPLICATIONS 
• AC or DC Hour Meters 
• AC or DC Totalizers 
• Portable Battery Powered Equipment 
• Long Range Service Meters 

ORDERING INFORMATION 

Part Number Temperature Range Package 

ICM72491PM -40°C to +85°C 48-Pin Plastic DIP 

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 MERCHANTABILITV AND FITNESS FOR A PARTICULAR USE. 203500-005 
NOTE: AJI typical values have been characterizsd but af9 not tested. 11-82 



ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .................................... 6V 
Input Voltage 
Pins 43-48 (Note 1) ......... (Vss -0.3V) to (Voo +0.3V) 
Power Dissipation (Note 2) ..................... 200mW 
Operating Temperature Range ........... -40°C to B5°C 
Storage Temperature Range ............ -65°C to 150°C 
Lead Temperature (Soldering, 10sec) ............. 300°C 

ICM7249 OI ... 
"' ,... 

NOTE: Stresses above those listed under ''Absolute Maximum Ratings" :I 
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 condllions for extended peri~ 
ads may affect device reliability. 

0362-2 

Figure 2: Functional Diagram 

0362-11 

Figure 3: Digits Segment Assignment 

NOTE: All typical valUBS havs been charactorized but are not tested. 

• 
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ICM7249 

ELECTRICAL CHARACTERISTICS Temperature= -40°C to +85°C, Voo = 2.5V to 5.5V, Vss=OV, unless 
otherwise noted. Typical specifications measured at temperature = 25°C and Voo = 2.8V unless otherwise noted. 

Symbol Parameter Test Conditions 
Limits 

Units 
Min Typ Max 

Voo Operating Voltage Note 3 2.5 5.5 v 
loo Operating Current Note 4, All inputs = Voo or GND 

Voo=2.8V 1.0 10.0 µA 
Voo=5.5V 4.0 20.0 p.A 

Input Current: All Inputs Voo or GND 

l1N Co-C3, Vo0 =2.8V 0.0 1 p.A 

lss SIS Notes 0.5 1.5 3.0 p.A 

lor DT 40.0 110 p.A 

Input Voltage: 

V1l Co-C3, DT, SIS 0.3V00 v 
V1H 0.7Voo v 
Vol Segment Output Voltage lol=1µA 0.8 v 
VoH loH=1µA Voo - 0.8 

Vol Backplane Output Voltage lol = 10p.A 0.8 v 
VoH loH=10µA Voo - 0.8 

Oscillator Stability: 
- Temp. = 25°C, v00 = 2.5V to 5.5V 0.1 ppm 

Temp.= -40°Cto +85°C, 
5 ppm 

Voo = 2.5V to 5.5V 

SIS Pulse Width: 

THP High-pass Filter (Modes 0-3) 5 10,000 p.S 
ToE Debounce (Modes 4, 6, 8, 10) 10,000 µs 
ToE wlo Debounce (Modes 5, 7, 9, 11) 5 p.S 

NOTES: 1. Due to the SCR structure inherent in junction·isolated CMOS devices, the circuit can be put in a latchup mode if large currents are injected into device 
inputs or outputs. For this reason special care should be taken in a system with multiple power supplies to prevent voltages being applied to inputs or 
outputs before power is applied. If only inputs are affected, latchup also can be prevented by limiting the current into the input terminal to less than 
1mA. 

2. This limit refers to that of the package and will not occur during normal operation. 
3. Internal reset to 00000 requires a maximum Voo rise time of 1 µs. Longer rise times at power-up may cause improper reset. 
4. Operating current is measured with the LCD disconnected, and input current lss and loT supplied externally. 
5. Inputs Co·C3 are latched internally and draw no DC current after switching. During switching, a 90µA peak current may be drawn for 1 O nanoseconds. 

NOTE: All typical values have been characterized but are not tested. 
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Table 1. Pin Assignment and Function Table 1. Pin Assignment and Function (Continued) 

Pin Name Description Pin Name Description 

1 bs/cs Half-digit LCD segment output. 37 w Wink-segment output. 

2 fs 38 BP Backplane for LCD reference. 

3 gs 39 Voo Positive supply voltage. 

4 es 40 OSCIN 
Quartz Crystal 

5 d5 41 OSCOUT connections 

6 C5 42 GND Supply GRounD. 

7 bs 43 Co 

8 as 44 C1 
Mode-select 

9 f4 45 C2 control inputs. 

10 g4 46 C3 

11 e4 Seven-segment 47 SIS Start I Stop Input 

12 d4 LCD outputs. 48 OT Display Test Input 

13 C4 

14 b4 
Table 2. Mode Select Table 

15 a4 Mode 
Control Pin Inputs 

Function 

16 13 C3 C2 C1 Co 

17 g3 0 0 0 0 0 1 hour interval timer 

18 e3 1 0 0 0 1 0.1 hour interval timer 

19 d3 2 0 0 1 0 0.01 hour interval timer 

20 C3 3 0 0 1 1 0.1 minute interval timer 

21 b3 4 0 1 0 0 1 's counter with debounce 

22 a3 5 0 1 0 1 1's counter 

23 f2 6 0 1 1 0 1 O's counter with debounce 

24 g2 7 0 1 1 1 1 O's counter 

25 e2 8 1 0 0 0 1 OO's counter with debounce 

26 d2 9 1 0 0 1 1 OO's counter 

27 c2 10 1 0 1 0 1 OOO's counter with debounce 

28 b2 11 1 0 1 1 1 OOO's counter 

29 a2 

30 f1 

31 g1 

12 1 1 0 0 Test display digits 

13 1 1 0 1 Internal test 

14 1 1 1 0 Internal test Ill 
32 e1 15 1 1 1 1 Reset 

33 d1 

34 c1 

35 b1 

36 a1 

NOTE All typical values hava been characterized but are not tested. 
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:I DETAILED DESCRIPTION 
!:! As Figure 2 shows the device consists of the following 

building blocks: 

• A 32. 768 kHz crystal oscillator with the associated divid
ers to generate timebase signals for periods of 1 s (fre
quency of 1 Hz), 6s (1 /10 min) and 36s (1 /100 hour), and 
32 Hz signal for LCD drivers. 

• A debounce/high-pass detect circuit for the SIS (Start/ 
Stop) input. 

• A chain of cascaded decade counters, 3 decade counters 
for prescaling and 5% BCD decade counters for display 
driving. · 

• Display control circuitry and BCD to 7-segment decoder I 
drivers. 

• A control decoder to select different modes of operation. 
This is done by routing different signals to the different 
points in the chain of decade counters. 
The control decoder has 4 inputs for selecting 16 possi

ble modes of operation, numbered O to 15. The 16 modes 
are selected by placing the binary equivalent of the mode 
number on inputs Co to C3. Table 2 shows the control inputs 
and the modes of operation. 

After applying power, the ICM7249 requires a rise time of 
TR to become active and for oscillation to begin, as shown 
in Figure 4. The BP (backplane) output changes state once 
every 512 cycles of the crystal oscillator, resulting in a 
square wave of 32 Hz. The display segments drive signal 
has the same level and frequency as BP. Segments are off 
when in phase with BP and are on when out of phase with 
BP. 

A non-multiplexed LCD display is used because it is more 
stable over temperature and allows many standard LCD dis
plays to be used. 

POWER 011 RESET 

Voo 

Ta 

ICM7249 

Timer Mode of Operation 
In modes 0 to 3 the device functions as an interval timer. 

In this mode, one of the timebase signals will be routed to 
the decade counters at a proper point in the chain. Depend

. ing on the selected mode the display will be incremented at 
0.1 min, 0.01 hour, 0.1 hour or 1 hour rates. 

Control of timing function is handled by the SIS input. 
There is a high-pass filtering effect on the SIS input in timer 
modes. Referring to Figure 5, timing is active when either 
SIS is held high for more than 12.5 ms, or if input frequency 
is 50 Hz to 120 kHz. Driving SIS with a frequency between 
40 Hz to 50 Hz has an indeterminate effect on timing and 
should be avoided. Note that the T hp intervals shown on 
Figure 4 are also applied to the intervals when the SIS input 
is low. 

Counter Mode of Operation 
In modes 4 to 11 the device functions as an event coun

ter or totalizer. In this mode the SIS input will be routed to 
the decade counters at a proper point in the chain. Each 
positive transition of the SIS will be registered as one 
count. Depending on the selected mode, the display will be 
incremented by each pulse, every 1 O pulses, every 100 
pulses or every 1000 pulses. 

In counter modes 4, 6, 8 and 1 O the S/S input is subject
ed to debounce filtering. Referring to Figure 7, only the puls
es with a frequency of less than 40 Hz are valid and 

( 
) 

0362-3 

Figure 4: Power ON/Reset Waveforms 

NOTE: All typical values have been characterized but are not tested. 
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will be counted. Input pulses with a frequency of 50 Hz to 
120 kHz are not counted indivdually, but each burst of input 
pulses will be counted as one pulse if it lasts at least 
12.5ms. Driving S/S with a frequency between 40 Hz to 
50 Hz has an indeterminate result and should be avoided. 

In counter modes 5, 7, 9 and 11 the S/S input is not :I 
subjected to any debouncing action and input pulses will be !::! 
counted up to a frequency of 120 kHz. 

S/S 

BP 

w 

ON 
SEGMENTS 

OFF 
SEGMENTS 

SIS ~TIMlllG ACTIVE DURlllG IN3: 

VALID ·--------------
- Thp > 12.5ms 

TIMING INDETERMINATE DURING INTERVAL 

SIS 
INVALID-------......, 

40Hz < f < 50Hz 

SIS 

!_. TIMING ACTIVE DURING INTERVAL 

-.j f+ Thp 

VALID ________ .,. 

50Hz s f s 12DkHz 

IOms < T hp < 12.5ms 

5µs ,:; Thp ,:; 10ms 

Figure 5: Start/Stop Input High-Pass Filtering in Timing Modes 
0362-4 

~---__ ..,.,: ... ·~---_-_-_-_-_-_-_-_-_-_-_-_-~-~c:J:_n_M_111_G_A_c_T_1v_E::::::::::::::::~9>1~ ..... ----
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Figure 6: Wink Waveforms in Timing Modes 

NOTE: All typical values have been characterized but are not tosted. 
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:E Wink Segment 
!::! 

Display Test and Reset 
The wink segment is provided as an annunciator to indi

cate the 7249 is working. It can be connected to any kind of 
annunciator on an LCD, like the flashing colons in a clock 
type LCD. 

In the timer modes, the wink segment flashes while timing 
is taking place. The wink segment waveform is shown on 
Figure 6 for timer modes. On the positive transition of S/S, 
the wink output turns off. It remains off for 16 BP cycles and 
turns back on for another 16 cycles. If timing is still active, 
this will be repeated, giving a wink flash rate of 1 Hz; other
wise, the wink segment remains on while timing is not ac
tive. 

In the counter modes, the wink segment stays on until a 
pulse occurs on S/S input, then it winks off indicating a 
pulse is counted. This will happen regardless of whether the 
display is incremented. Figure 8 shows the wink waveform 
for counter modes. When a count occurs, the wink segment 
turns off at the end of the 16th BP cycle and turns back on 
at the end of the 32nd BP cycle, giving a half-second wink. 
If counting occurs more frequently than once a second, the 
wink output will continue to flash at the constant rate of 
1 Hz. 

The display may be tested at any time without disturbing 
operation by pulsing OT high, as seen in Figure 8. On the 
next positive transition of BP, all the segments turn on and 
remain on until the end of the 16th BP cycle. This takes a 
half-second or less. All the segments then turn off for an 
additional 48 BP cycles (the end of the 64th cycle), after 
which valid data returns to the display. As long as OT is held 
high, the segments will remain on. 

Additional display testing is provided by using mode 12. In 
this mode each displayed decade is incremented on each 
positive transition of S/S. Modes 13 and 14 are manufactur
er testing only. 

Mode 15 resets all the decades and internal counters to 
zero, essentially bringing everything back to power-up 
status. 

~--"-:I 
S/S - Tdo > 12.5ms J---------------

VAUD COUNT WITHOUT DEBOUICE 
UIKIOWI RESULTS WITH OEBDUllCE 

10ms < T de < 12.5ms 

S/S --------"4' 
llVAUD 4DHz < f < SOHz 

CDUllT WITHOUT DEBDUllCE 
OIE COUIT WITH DEBOUllCE 

n111 .. 1nn1ri 5µs ,;; Tdo,;; 10ms 
S/S ________ , .. uu11uuu 

VAUD SOHz ,;; I ,;; 120kHz 
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Figure 7: Start/Stop Input Debounce Filtering In Counting Modes 

SIS 

BP 

w 
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Figure 8: Wink Waveforms in Counting Modes 

NOTE: All typical values have been characterized but are not tested. 
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0362-8 

Figure 9: Display Testing 

APPLICATIONS 
A typical use of the ICM7249 is seen in Figure 10, the 

Motor Hour Meter. In this application the ICM7249 is config
ured as an hours-in-use meter and shows how many whole 
hours of line voltage have been applied. The 20Mfi resistor 
and high-pass filtering allow AC line activation of the S/S 
input. This configuration, which is powered by a 3V lithium 
cell, will operate continuously for 2'/. years. Without the dis
play,_ which only needs to be connected when a reading is 
required, the span of operation is extended to 1 O years. 

When the ICM7249 is configured as an attendance coun
ter, as shown in Figure 11, the display shows each incre
ment. By using mode 2, external debouncing of the gate 
switch 1s unnecessary, provided the switch bounce is less 
than 10 ms. 

The _3V _lithium battery ca~ be_ replaced without disturbing 
operation 1f a suitable capacitor 1s connected in parallel with 
it. The display should be disconnected, if possible, during 
the procedure to minimize current drain. The capacitor 
should be large enough to store charge for the amount of 
time needed to physically replace the battery (il.t = ii. VC/I). 
A 100µF capacitor initially charged to 3V will supply a cur
rent of 1.0 µA for 50 seconds before its voltage drops to 
2.5V, which is the minimum operating voltage for the 
ICM7249. 

Before the battery is removed, the capacitor should bo 
placed in parallel, across the Voo and GND terminals. After 
the battery is replaced, the capacitor can be removed and 
the display reconnected. 

18=8 8=88 
LCD 

W BP A, - e.ic. 

ICM7249 

20M!l ____ _....,v.,._--JS/S 

AC 
MOTOR 

NOTE· All typical values have been characterized but are not tested. 
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Figure 10: Motor Hour Meter 
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+3V Li 
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Figure 11: Attendance Counter 

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

GENERAL DESCRIPTION 
The AD590 is an integrated-circuit temperature transduc

er which produces an output current proportional to abso
lute temperature. The device acts as a high impedance con
stant current regulator, passing 1 p.A/°K for supply voltages 
between + 4V and + 30V. Laser trimming of the chip's thin 
film resistors is used to calibrate the device to 298.2p.A out
put at 298.2°K ( + 25°C). 

The AD590 should be used in any temperature-sensing 
application between -55°C and + 150°C in which conven
tional electrical temperature sensors are currently em
ployed. The inherent low cost of a monolithic integrated cir
cuit combined with the elimination of support circuitry 
makes the AD590 an attractive alternative for many temper
ature measurement situations. Linearization circuitry, preci
sion voltage amplifiers, resistance- measuring circuitry and 
cold-junction compensation are not needed in applying the 
AD590. In the simplest application, a resistor, a power 
source and any voltmeter can be used to measure tempera
ture. 

In addition to temperature measurement, applications in
clude temperature compensation or correction of discrete 
compononts, and biasing proportional to absolute tempera
ture. Tho AD590 is available in chip form making it suitable 
for hybrid circuits and fast temperature measurements in 
protected environments. 

The AD590 is particularly useful in remote sensing appli
cations. The device is insensitive to voltage drops over long 
lines due to its high-impedance current output. Any well-in
sulated twisted pair is sufficient for operation hundreds of 
feet from the receiving circuitry. The output characteristics 
also make the AD590 easy to multiplex: the current can be 
switched by a CMOS multiplexer or the supply voltage can 
be switched by a logic gate output. 

0318-1 

Figure 1: Functional Diagram 

AD590 
2-Wire Current Output 

Temperature Transducer 
FEATURES 
• Linear Current Output: 1 p.A/°K 
•Wide Range: -ss·c to + 1so•c 
•Two-Terminal Device: Voltage In/Current Out 
• Wide Power Supply Range: + 4V to + 30V 
• Sensor Isolation From Case 
•Low Cost 

ORDERING INFORMATION 

Non-Linearity Part Temperature 
Package c·c> Number Range 

±3.0 AD5901H -55°C to + 15o·c T0-52 
±1.5 AD590JH - 55•c to + 1 so·c T0-52 

CASE 

0318-2 

Figure 2: 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 UEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 300106-003 
NOTE All typical values have been characterized but are not tested. 12-2 



AD590 

ABSOLUTE MAXIMUM RATINGS (TA=+ 25°C unless otherwise noted) 
Forward Voltage (V+ to V-) ..................... + 44V Rated Performance Temperature Range 
ReverseVoltage(V+ toV-) ..................... -20V T0-52 ........................... -55°Cto +150°C 
Breakdown Voltage (Case to v+ or v-) .......... ±200V Lead Temperature (Soldering, 1 Osec) ........... + 300°C 
Storage Temperature Range .......... -65°C to + 150°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 operational sections of /he specifications is not implied Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

SPECIFICATIONS (Typical values at TA= + 25°C, v+ = 5V unless otherwise noted) 

Characteristics AD5901 AD590J Units 

Output 
Nominal Output Current @ + 25°C(298.2°K) 298.2 298.2 µA 

Nominal Temperature Coefficient 1.0 1.0 µA/oK 

Calibra1ion Error@+ 25°C (Notes 1, 5) ±10.0 max ±5.0 max oc 

Absolute Error ( - 55°C to + 150°C) (Note 7) 
Without External Calibration Adjustment ±20.0 max ±10.0max oc 

With External Calibration Adjustment ±5.8 max ±3.0max oc 

Non-Linearity (Note 6) ±3.0 max ±1.5 max oc 

Repeatability (Notes 2, 6) ±0.1 max ±0.1 max oc 

Long Term Drift (Notes 3, 6) ±0.1 max ±0.1 max °C/month 

Current Noise 40 40 pA!i/Hz 

Power Supply Rejection: 
+4V<V+ < +5V 0.5 0.5 µA/V 
+5V<V+ < + 15V 0.2 0.2 µA/V 
+ 15V<V+ < +30V 0.1 0.1 µA/V 

Case Isolation to Either Lead 1010 1010 fl 

Effective Shunt Capacitance 100 100 pF 

Electrical Turn-On Time (Note 1) 20 20 µs 

Reverse Bias Leakage Current (Note 4) 10 10 pA 

Power Supply Range +4to +30 +4to +30 v 

NOTES: 1. Does not include self heating effects. 
2. Maximum deviation between + 25°C reading after temperature cycling between -55°C and + 150°C. 
3. Conditions: Constant + 5V, constant + 125°C. 
4. Leakage current doubles every + 1D°C. 
5. Mechanical strain on package may disturb calibration of device. 
6. Guaranteed. But not tested. 
7. -55"C Guaranteed by testing @ + 25"C and @ + 150"C. 

TRIMMING OUT ERRORS 
The ideal graph of current versus temperature for the 

AD590 is a straight line, but as Figure 3 shows, the actual 
shape is slightly different. Since the sensor is limited to the 
range of -55°C to + 150°C, it is possible to optimize the 
accuracy by trimming. Trimming also permits extracting 
maximum performance from the lower-cost sensors. 

The circuit of Figure 4 trims the slope of the AD590 out
put. The effect of this is shown in Figure 5. 

NOTE: Alf typical values have been characterized but are not tested. 
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The circuit of Figure 6 trims both the slope and the offset. 
This is shown in Figure 7. The diagrams are exaggerated to 
show effects, but it should be clear that these trims can be 
used to minimize errors over the whole range, or over any 
selected part of the range. In fact, it is possible to adjust the 
I-grade device to give less than 0.1°C error over the range 
0°C to 90°C and less than 0.05°C error from 25°C to 60°C. • 



IDEAL --"ACTUAL 
(GREATLY 
EXAGGERATED) 

Figure 3: Trimming Out Errors 

+5V + 

AD590 

+ 

I 
Vour=1mVrK 

l_R=SLOPE 

0318-4 

Figure 4: Slope Trimming 

T(OK) 

Figure 5: Effect of Slope Trim 

0318-3 

0318-5 

a) Untrimmed b) Trim One: Offset 

0318-7 0318-8 

+10V 

35.7110 

Rt 
2k0 

AD590 

v-

Rt =OFFSET 
R2=SLOPE 

AD590 

0318-6 

Figure 6: Slope and Offset Trimming 

ACCURACY 
Maximum errors over limited temperature spans, with 

V5 = +5V, are listed by device grade in the following tables. 
The tables reflect the worst-case linearities, which invariably 
occur at the extremities of the specified temperature range. 
The trimming conditions for the data in the tables are shown 
in Figures 4 and 6. 

All errors listed in the tables are ± •c. For example, if 
± 1'C maximum error is required over the + 25'C to + 75'C 
range (i.e., lowest temperature of + 25'C and span of 50'C), 
then the trimming of a"J-grade device, using the single-trim 
circuit (Figure 4), will result in .output having the required 
accuracy over the stated range. An I-grade device with two 
trims. (Figure 6) will have less than ± 0.2'C error. If the re
quirement is for less than ± 1.4'C maximum error, from 
- 25'C to +75'C-(1 oo• span from - 25'C), it can be satis
fied by an I-grade device with two trims. 

c) Trim Two: Slope d) Trim Three: Offset Again 

0318-9 0318-10 

Figure 7: Effect of Slope and Offset Trimming 

NOTE: All typical values have been characterized but ars not tBSted. 
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AD590 

I GRADE - MAXIMUM ERRORS, °C 

Number 
Temperature Lowest Temperature in Span-°C 

of 
Trims 

Span-"C 
-55 -25 0 +25 +50 +75 +100 +125 

None 10 8.4 9.2 10.0 10.8 11.6 12.4 13.2 14.4 
None 25 10.0 10.4 11.0 11.8 12.0 13.8 15.0 16.0 
None 50 13.0 13.0 12.8 13.8 14.6 16.4 18.0 
None 100 15.2 16.0 16.6 17.4 18.8 
None 150 18.4 19.0 19.2 
None 205 20.0 

One 10 0.6 0.4 0.4 0.4 0.4 0.4 0.4 0.6 
One 25 1.6 1.2 1.0 1.0 1.0 1.2 1.6 1.8 
One 50 3.8 3.0 2.0 2.0 2.0 3.0 3.8 
One 100 4.8 4.5 4.2 4.2 5.0 
One 150 5.5 4.8 5.5 
One 205 5.8 

Two 10 0.3 0.2 0.1 . . 0.1 0.2 0.3 
Two 25 0.5 0.3 0.2 . 0.1 0.2 0.3 0.5 
Two 50 1.2 0.6 0.4 0.2 0.2 0.3 0.7 
Two 100 1.8 1.4 1.0 2.0 2.5 
Two 150 2.6 2.0 2.8 
Two 205 3.0 

• Less than 0.05°C. 

J GRADE - MAXIMUM ERRORS, °C 

Number 
Temperature Lowest Temperature in Span-°C 

of 
Trims 

Span-"C 
-55 -25 0 +25 +50 +75 +100 +125 

None 10 4.2 4.6 5.0 5.4 5.8 6.2 6.6 7.2 
None 25 5.0 5.2 5.5 5.9 6.0 6.9 7.5 8.0 
None 50 6.5 6.5 6.4 6.9 7.3 8.2 9.0 
None 100 7.7 8.0 8.3 8.7 9.4 
None 150 9.2 9.5 9.6 
None 205 10.0 

One 10 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.3 
One 25 0.9 0.6 0.5 0.5 0.5 0.6 0.8 0.9 

One 50 1.9 1.5 1.0 1.0 1.0 1.5 1.9 
One 100 2.3 2.2 2.0 2.0 2.3 
One 150 2.5 2.4 2.5 
One 205 3.0 

Two 10 0.1 . . . . . . 0.1 
Two 25 0.2 0.1 . . . . 0.1 0.2 
Two 50 0.4 0.2 0.1 . . 0.1 0.2 . • Two 100 0.7 0.5 0.3 0.7 1.0 
Two 150 1.0 0.7 1.2 
Two 205 1.6 

• Less than ± 0.05"C. 

NOTE: All typical values have bBen characterized but aro not testod. 
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9 NOTES 

1. Maximum errors over all ranges are guaranteed 
based on the known behavior characteristic of the 
AD590. 

2. For one-trim accuracy specifications, the 205°C 
span is assumed to be trimmed at + 25°C; for all 
other spans, it is assumed that the device is 
trimmed at the midpoint. 

3. For the 205°C span, it is assumed that the two-trim 
temperatures are in the vicinity of o·c and + 140°C; 
for all other spans, the specified trims are at the 
endpoints. 

4. In precision applications, the actual errors encoun
tered are usually dependent upon sources of error 
which are often overlooked in error budgets. These 
typically include: 
a. Trim error in the calibration technique used 
b. Repeatability error 
c. Long-term drift errors 

Trim error is usually the largest error source. This error aris
es from such causes as poor thermal coupling between the 
device to be calibrated and the reference sensor; reference 
sensor errors; lack of adequate time for the device being 
calibrated to settle to the final temperature; radically differ
ent thermal resistances between the case and the sur
roundings (RocAl when trimming and when applying the de
vice. 

NOTE: All typical vafu95 have been characterized but are not tested. 
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Repeatability errors arise from a strain hysteresis of the 
package. The magnitude of this error is solely a function of 
the magnitude of the temperature span over which the de
vice is used. For example, thermal shocks between ci•c and 
1 oo•c involve extremely low hysteresis and result in repeat
ability errors of less than ± 0.05°C. When the thermal-shock 
excursion is widened to -55°C to + 150°C, the device will 
typically exhibit a repeatability error of ± 0.05°C ( ± 0.1 o 
guaranteed maximum). 
Long-term drift errors are related to the average operating 
temperature and the magnitude of the thermal shocks expe
rienced by the device. Extended use of the AD590 at tem
peratures above 1 oo•c typically results in long-term drift of 
±0.03°C per month; the guaranteed maximum is ±o.10°c 
per month. Continuous operation at temperatures below 
1 oo•c induces no measurable drifts in the device. Besides 
the effects of operating temperature, the severity of thermal 
shocks incurred will also affect absolute stability. For ther
mal-shock excursions less than 1 oo•c, the drift is difficult to 
measure ( <0.03°C). However, for 2oo•c excursions, the de
vice may drift by as much as ± 0.1 o·c after twenty such 
shocks. If severe, quick shocks are necessary in the appli
cation of the device, realistic simulated life tests are recom
mended for a thorough evaluation of the error introduced by 
such shocks. 



TYPICAL APPLICATIONS 

.------o+5V 
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218'K 298.2"K '23'K 
(-55°CH +25'C) (+150'C) 

TEMPERATURE 

llour-tmvrK 

0318-11 

0318-12 

Figure 8: Simple connection. Output is 
proportional to absolute temperature. 

+15V 

0318-13 

Figure 9: Lowest-temperature sensing scheme. 
Available current is that of the "coldest" sensor. 

NOTE· All typical values have been characterized but are not tested. 
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v+ 

AD590 

(ADDITIONAL 
SENSORS). 

0318-14 

Figure 10: Average-temperature sensing 
scheme. The sum of the AD590 currents appears 

across R, which is chosen by the formula: 
10k!l 

R=--

n being the numb~r of sensors. 
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AD590 

0318-15 

Figure 11: Single-setpolnt temperature controller. The AD590 produces a temperature-dependent voltage 
across R (C is for filtering noise). Setting R2 produces a scale-zero voltage. For the Celsius scale, make 

R = 1 k!l and VzERO = 0.273 volts. For Fahrenheit, R = 1.Bk!l and VzERO = 0.460 volts. 

+UV 
COlUllN 
SELECT 

AOW 
ENABLE +15V SELECT 

.. . , 
• 2 

IH610I 
a.cHANNEL 

-+--..:,-+-;;:::,-+--,.,~-;::;;of-";:;;J'f--";:;;J>f-'.~'f-:;;;;"~~7 3 MUX 

12. 

11 • 

•• • 

EHABLE 

! v...., 
I 
t 

0318-16 

Figure 12: Multiplexing sensors. If shorted sensors are possible, a series resistor in series 
with the D line will limit the current (shown as R, above: only one is needed). 

A six-bit digital word will select one of 64 sensors. 

NOTE: All typical values have been characterized but are not tested. 
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10kO 
0.1% 

10mvrc 

1k0 
ZERO SET 

1000 20kO 
FULL-SCALE 

ADJUST 

~ 
10kO 2.7315V 

_j 

AD590 

0318-17 

Figure 13: Centigrade thermometer (0°C-100°C). the ultra-low bias current of the ICL7611 allows the use of 
large-value gain-resistors, keeping meter-current error under%%, and therefore saving the expense of an 

extra meter-driving amplifier. 

v+ 
(8Vmln) 

v-
Vour =(T2-T1)(1omvrc) 

0318-18 

Figure 14: Differ&(ltial thermometer. The SOk!l pot trims offsets in the devices whether internal or external, 
so it can be used to set the size of the difference interval. This also makes it useful for liquid-level detection 

(where there will be a measurable temperature difference). 

NOTE: All typical values have been charactedzed but are not tested. 
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v+ 

-, 
I 
I SEEBECK 

COEFFICIENT= 40µV/°K 
--~~t.--~--,~~~+--o--+--~--

T c = V1 = I 

--
40µV/"K 10.98mV 

i ~ I + 

I 
L _J 

t 
V2 = 10.98mV 40.20 

i 

TYPEK 

v+ 
+ 

AD590 

4.7µF 

J 
0318-19 

Figure 15: Cold-junction compensation for type K thermocouple. The reference junction(s) should be in 
close thermal contact with the AD590 case. v+ must be at least 4V, while ICL8069 current should be set at 
1mA-2mA. Calibration does not require shorting or removal of the thermocouple: set R1 for V2 = 10.98mV. 
If very precise measurements are needed, adjust R2 to the exact Seebeck coefficient for the thermocouple 

used (measured or from table) note V1, and set R1 to buck out this voltage (i.e., set V2= V1). For other 
thermocouple types, adjust values to the appropriate Seebeck coefficient. 

500,,A 
- + 

+ 

0318-20 

Figure 16: Simplest thermometer. Meter displays current output directly in degrees Kelvin. Using the 
AD590J, sensor output is within ± 10 degrees over the entire range. 

NOTE: All typical values havs been characterized but are not tested. 
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v+ 

R1 

R2 

R R3 

ICL7106 

123.B R, 

Rs 

v-
0318-21 

R R1 

[ "F 9.00 4.02 

[ "C 5.00 4.02 

5 
I Rn= 28k!! nominal 
n~1 

All values in kn 

R2 
2.0 

2.0 

AD590 

R3 R4 Rs 
12.4 10.0 0 

5.11 5.0 11.8 

The ICL7106 has a V1N span of ±2.0V, and a VcM range of (V+ -0.5) 
Volts to (V- + 1) Volts; A is scaled to bring each range within VcM 
while not exceeding VIN· VREF for both scales is 500mV. Maximum 
reading on the Celsius range is 199.9°C, limited by the (short-term) 
maximum allowable sensor temperature. Maximum reading on the 
Fahrenheit range is 199.9'F (93.3'C), limited by the number of display 
digits. See note next page. 

Figure 17: Basic digital thermometer, Celsius and Fahrenheit scales 

COM 

------f IN HI 

V+ 

v-

-,,-, -, 
:11_1 I 

0316-22 

Figure 18: Basic.digital thermometer, Kelvin scale. The Kelvin scale version reads from 0 to 1999°K 
theoretically, and from 223°K to 473°K actually. The 2.26k!! resistor brings the input within the ICL7106 VcM 

range: 2-general-purpose silicon diodes or an LED may be substituted. 

NOTE: All typical values have been characterized but are not tested. 
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AD590 

v+ 

121k1l 7.5lc0 

SCALE REF 
ZERO ADJ HI 
ADJ 
/ 

ICLn06 

26.1k1l 307 COM 

INHI 

INLO 

v-
0318-23 

Figure 19: Basic digital thermometer, Kelvin scale with zero adjust. This circuit allows "zero adjustment" as 
well as slope adjustment. The ICL8069 brings the input within the common-mode range, while the 5kn pots 

trim any offset at 218°K (-55°C), and set the scale factor. 

Note on Figure 17, Figure 18 and Figure 19: Since all 3 
spales have narrow V1N spans, some optimization of 
ICL7106 components can be made to lower noise and pre-
serve CMR. The table below shows the suggested values. 
Similar scaling can be used with the ICL7126/36. 

NOTE: All typical values have been characten'zed but are not tested. 
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Scale V1N Range (V) 

K 0.223 to 0.473 
c -0.25 to + 1.0 
F -0.29 to + 0.996 

For all: 
CREF=0.1µF 
C1N1=0.22µF 

R1N1(k!l.) CAz(µF) 

220 0.47 
220 0.1 
220 0.1 

Cosc=100pF 
Rose= 1ookn 



ICL8069:: 
0 

Low Voltage Reference ~ 
GENERAL DESCRIPTION 

The ICL8069 is a 1.2V temperature compensated voltage 
reference. It uses the band-gap principle to achieve excel
lent stability and low noise at reverse currents down to 
50µA. Applications include analog-to-digital converters, dig
ital-to-analog converters, threshold detectors, and voltage 
regulators. Its low power consumption makes it especially 
suitable for battery operated equipment. 

ORDERING INFORMATION 

Part Number 
Maximum 
Tempco 

ICLB069CCZR 0.005%/'C 
ICL8069CCSQ 0.005%/'C 
ICL8069DCZR 0.01%/'C 
ICL8069DCSQ 0.01%/'C 
ICL8069DCBA 0.01%/'C 

ICL8069CMSQ 0.005%/'C 
ICL8069DMSQ 0.01 %/'C 

+5Y 

10ktl 

_.,)Your 
........ , 

0327-1 
'::" "::" 

+ 1SV 

FEATURES 
• Low Blas Current - SOµA Min 

• Low Dynamic Impedance 

• Low Reverse Voltage 

•Low Cost 

Temperature 
Range 

O'C to +70'C 
O'C to +70'C 
O'Cto +70'C 
O'Cto +70'C 
O'Cto +70'C 

-55'C to+ 125'C 
-55'C to+ 125'C 

... 1ov out ICLIOGt 

'::" 

j 

Package 

T0-92 
T0-52 
T0-92 
T0-52 

8 LeadSOIC 

T0-52 
T0-52 

+SY 

2.2k0 

Y+ 

10k0 

ICL7107 

Hen 
REFHI 

COMMON 

REF LO 

(a) Simple Reference (1.2 volts or less) 0327-2 
(b) Buffered 1 OV Reference 

using a single supply. 

0327-3 
(c) Double regulated 100mV reference 

for ICL7107 one-chip DPM circuit. 
Figure 1: Functional Diagrams 

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. 303120-004 
NOTE: All typical values havs been characterized but are not tested 12-13 
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ICL8069 

g ABSOLUTE MAXIMUM RATINGS 
Reverse Voltage ........................... See Note 2 Storage Temperature ................ -65°C to + 150°C 
Forward Current ................................ 1 OmA Operating Temperature 
Reverse Current ................................ 1 OmA ICL8069C ............................ D°C to + 70°C 
Power Dissipation ...................... Limited by max ICL8069M ........................ -55°Cto +125°C 

forward/reverse current Lead Temperature (Soldering, 1 Osec) ............. 300°C 

NOTE: Stresses above those listed under ''Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functions/ 
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 tor extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (TA= 25·c unless otherwise noted) 

Characteristics Test Conditions Min Typ Max Units 

Reverse breakdown Voltage IR=500µA 1.20 1.23 1.25 v 
Reverse breakdown 50µA,;;IR,;;5mA 

15 20 mV 
Voltage change 

Reverse dynamic impedance IR=50µA 1 2 n 
IR=500µA 1 2 

Forward Voltage Drop IF=500µA 0.7 1 v 
RMS Noise Voltage 10Hz,;;f:0:10kHz 

5 µV 
IR=500µA 

Long Term Stability IR=4.75mA 
1 ppm/kHR 

TA=25°C 

Breakdown voltage 
Temperature coefficient 

r-500µA TA= operating %!°C 
ICL8069C Temperature range .005 
ICL8069D (Note 3) .01 

. Reverse Current Range 1.18Vto 1.27V 0.050 5 mA 

0 N/C um l:IITl V+ ~ 

/j N/C crr::1 IJIIJ N/C 
NI···/ 

N/C~ IJIIl N/C 

Ill") 

v- mI1 !:Im N/C I* v-
1r+ 2 N.C. V+ V-

0327-9 
0327-4 

8-Lead SOIC Package 
0327-5 

T0-52 T0-92 
Figure 2: Pin Configurations 

NOTE: All typical values have b86n characterized but artJ not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
VOLTAGE CHANGE AS A 

FUNCTION OF REVERSE CURRENT 

14 

- 12 

! 
.. 10 

" z 
~ a 

~ . 
;! 
a • 
> 

~ ' 
~ 
0 0 

_, 
10µA 

-ss·c__J_ 

7L 
~·25·c. 

.<I •125°C 

100"'A 1mA 
REVERSE CURRENT 

10mA 

0327-6 

§ 1mA 

.. 
:> 

REVERSE VOLTAGE AS A 
FUNCTION OF CURRENT 

~ 100µA f---l--l---1---1-----l--l-~-l 

~ 

.2 .4 .• .• 1.0 1.2 1.4 
REVERSE VOLTAGE (Y) 

0327-7 

> 

ICL8069 

REVERSE VOLTAGE AS A 
FUNCTION OF TEMPERATURE 

k.I 1.235 l--+-l--+-l---+-+--1-----1 

O~> • .. 
il 

1-230 t--t--i---:::;;~-+-l;;:±=P...__L'9 v-r 
!:; 1.225 
0 

1-220 1---4---1---4--1--__.___._--'-----' 

1.215 L.....--'--L.....--'--'---'--l-.-L~ 
-50 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE (•c) 

0327-8 

Notes: 1) If circuit strays in excess of 200pF are anticipated, a 4.7µF shunt capacitor will ensure stability under all operating conditions. 
2) In normal use, the reverse voltage cannot exceed the reference voltage. However when plugging units into a powered-up test fixture, an instantaneous 

voltage equal to the compliance of the test circuit will be seen. This should not exceed 20V. 
3) For the military part, measurements are made at 25°C, -55°C, and + 125°C. The unit is then classified as a function of the worst case T.C. from 25°C to 

-55°C, or 2s·c to + 12s•c. 

NOT£: All typical values have been characterized but are not tested. 
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DATA COMMUNICATIONS 

ICL232 +5 Volt P.owered Dual RS-232 Transmitter/Receiver . . . . . . . . . . . . . . . . . . . . . . 13-2 
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HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION 
The ICL232 is a dual RS-232 transmitter/receiver inter

face circuit that meets all EIA RS-232C specifications. It 
requires a single + 5V power supply, and features two on
board charge pump voltage converters which generate 
+ 10V and -1 OV supplies from the 5V supply. 

The drivers feature true· TIL/CMOS input compatibility, 
slew-rate-limited output, and 300 ohms power-off source 
impedance. The receivers can handle up to ± 30 volts, and 
have a 3 to 7 kilohms input impedance. The receivers also 
have hysteresis to improve noise rejection. 

Typical Applications 
Any System Requiring R5"232 Communications Port: .. 
• Computers-Portable and Mainframe 
• Peripherals-Printers and Terminals 
• Portable Instrumentation 
•Modems 
• Dataloggers 

ORDERING INFORMATION 

Part 
Temperature 

Range 

ICL232CPE o•cto + 1o·c 
ICL232CJE 

ICL232CBE 

ICL2321PE -40°cto +ss·c 

ICL2321JE 

ICL2321BE 

ICL232MJE -55°C to+ 12s·c 

Cl+ 

V+ 

Cl· 

C2+ 
1Cl232 

c2-

T2our 

Package 

16 Pin Plastic DIP 

16 Pin CERDIP 

16 Pin SOiC (WB) 

16 Pin Plastic DIP 

16 Pin CERDIP 

16 Pin SOIC (WB) 

16 Pin CERDIP 

C1+ 

V+ 

c1-

C2+ 

C2· 

v-

T2our 
R21N 

ICL232 
+ 5 Volt Powered Dual RS-232 

Transmitter /Receiver 

ICL232 

FEATURES 
• Meets All RS-232C Specifications 
• Requires Only Single + 5V Power Supply 
• Onboard Voltage Quadrupler 
• Low Power Consumption 
• 2 Drivers 

- ± 9V Output Swing for + 5V Input 
-300 Ohms Power-off Source Impedance 
-Output Current Limiting 
-TTL/CMOS Compatible 
-30 V /us Maximum Slew Rate 

• 2 Receivers 
-±30V Input Voltage Range 
-3 to 7 kohms Input Impedance 
--0.SV Hysteresis to Improve Noise Rejection 

• All Critical Parameters are Guaranteed Over the 
Entire Commercial, Industrial and Military 
Temperature Ranges 

0100-1 

Figure 2: ICL232 Functional Diagram 

Vee 
GND 

Tl our 

Rl 11 

RI our 

T11N 

T2no1 

R2our 

0100-11 0100-2 

Outline Drawing (PE, JE) SOIC Package (BE) 

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 ANO SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. 301600-003 
NOT£: All typical values havs been chsraclsrized but ars not tssted. 13-2 



ICL232 (II 
C') 
(II ... 

ABSOLUTE MAXIMUM RATINGS SO Package .................................. 375 mW §:? 
Vee to ground ............... (GND - 0.3V) < Vee < 6V 
v+ to ground ................ (Vee - 0.3V) < v+ < 12V 
v- to ground .............. -12V < v- < (GND + 0.3V) 

Input Voltages 
T1;n. T2;n ........... (V- - 0.3V) < V;n < (V+ + 0.3V) 
R1;n, R2;n .................................... ±30V 

Output Voltages 
T1oUT· T2ouT .. (V- - 0.3V) < VTXOUT < (V+ + 0.3V) 
R1ouT. R2ouT ............................ · .... · · · · 
............. (GND - 0.3V) < VRXOUT < (V+ + 0.3V) 

Short Circuit Duration 
T1 OUT· T2ouT ............................ Continuous 
R1ouT. R2ouT ........................... Continuous 

Continuous Total Power Dissipation (Ta = 25'C) 
CERDIP Package ............................ 500mW 

derate -9.5 mW/'C above 70'C 

Plastic Package .............................. 375mW 
derate - 7.0 mW/'C above 70'C 

derate -7.0 mW/'C above 70'C 
Storage Temperature Range ........... -65'C to + 150'C 
Lead Temperature (Soldering, 1 O sec) ............ + 300'C 

Operating Temperature Range 
ICL232C ............................... O'C to + 70'C 
ICL2321 ............................ -40'C to + 85'C 
ICL232M .......................... -55'C to + 125'C 

NOTE: Stresses above those listed under ''Absolute Maximum Ratings" 
may cause permanent damage to Iha 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 peri~ 
ads may affect device reliability. 

ELECTRICAL CHARACTERISTICS Test conditions: Vee= + 5V ± 10%, Ta= operating temperature range, 
Test Circuit as in Figure 3 (unless otherwise specified) 

Symbol Parameter Test Conditions 
Limits 

Units 
Min Typ Max 

TouT Transmitter Output Voltage Swing T1 OUT and T2ouT loaded with 
±5 ±9 ±10 v 

3 kfl to ground 

Ice Power Supply Current Outputs Unloaded, Ta= 25'C 5 10 mA 

V1L Tin, Input Logic Low 0.8 v 

V1H Tin, Input Logic High 2.0 v 

2 Logic Pullup Current T1 in, T2;n = OV 15 200 µA 

V;n RS-232 Input Voltage Range -30 +30 v 

R;n Receiver Input Impedance V;n = ±3V 3.0 5.0 7.0 kfl 

V1N (H-L) ~eceiver Input Low Threshold Vee= 5.0V, Ta= 25'C 0.8 1.2 v 

V1N (L-H) Receiver Input High Threshold Vee= 5.0V, Ta= 25'C 1.7 2.4 v 

V!!l'st Receiver Input Hysteresis 0.2 0.5 1.0 v 

Vol TTL/CMOS Receiver Output Voltage Low lout= 3.2mA 0.1 0.4 v 

VoH TTL/CMOS Receiver Output Voltage High lout = -1.0mA 3.5 4.6 v 

2d Propagation Delay RS-232 to TTL or TTL to RS-232 0.5 µs 

SR Instantaneous Slew Rate CL = 10 pF, RL = 3 kfl, 
30 V/µs 

Ta= 25'C (Note 1, 2) 

SR1 Transition Region Slew Rate RL = 3 kfl, CL = 2500 pF Measured 
3 V/µs 

from +3Vto -3Vor-3Vto +3V 

Rout Output Resistance Vee= V+ = V- = OV, Vout = ±2V 300 fl 

lsc RS-232 Output Short Circuit Current T1 out or T20 ut shorted to GND ±10 mA 

NOTE 1: Guaranteed by design. 
2: See Figure 5 for definition. 

NOTE: All typical values havs been characterizsd but are not tssted. 
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Figure 3: General Test Circuit 

TYPICAL PERFORMANCE CHARACTERISTICS 

550 
v+, v- Output Impedances vs Vee 

s: 500 

~ 450 CONDITIONS: 

" a) TA=+25'C z 
~ 400 b) ElITTRNAL SUPPLY ' ... LOAD 1 kD. BEIWED! .. 
"' 350 v° + GNO OR V" + GNO 

:'.:; c) TRAHSMmER OlRPuJs .. 300 OPEN CIRCUIT ~ GUARANTm> 1 .. 
:::> 

11 0P:;c. 1 "' 250 
~ v° SUPt't.Y 

~ 200 

--150 ~--~-~-~---~ 
3 4 5 6 

INPUT SUPPLY VOLTAGE Vcc(VOLTS) 

0100-5 

NOTE: AH typical values have besn charactrJtiz8d but are not tested. 
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ICL232 

Cl+ Vee 

V+ GND 

Cl- TlouT 

C2+ ICL232 Rl1N 
C2- R1ou1 

v- T11N 

T2our T21N 

R21N R2ou1 

VIN= :1:2V 

0100-4 

Figure 4: Power-Off Source Resistance 
Configuration 
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DETAILED DESCRIPTION 
The ICL232 is a dual RS-232 transmitter/receiver pow

ered by a single + 5V power supply which meets all EIA RS-
232C specifications and features low power consumption. 
The functional diagram (Figure 2) illustrates the major ele
ments of the ICL232. The circuit is divided into three sec
tions: a voltage quadrupler, dual transmitters, and dual re
ceivers. 

Voltage Converter 
An equivalent circuit of the dual charge pump is illustrated 

in Figure 5. 
The voltage quadrupler contains two charge pumps which 

use two phases of an internally generated clock to generate 
+ 1 OV and -10V. The nominal clock frequency is 16 kHz. 
During phase one of the clock, capacitor C1 is charged to 
V cc· During phase two, the voltage on C1 is added to V cc. 
producing a signal across C2 equal to twice V cc· At the 
same time, C3 is also charged to 2V cc• and then during 
phase one, it is inverted with respect to ground to produce a 
signal across C4 equal to - 2V cc· The voltage converter 
accepts input voltages up to 5.5V. The output impedance of 
the doubler (V +) is approximately 200 ohms, and the output 
impedance of the inverter (V-) is approximately 450 ohms. 
Typical graphs are presented which show the voltage con
verters output vs input voltage and output voltages vs load 
characteristics. The test circuit (Figure 3) uses 22 uF capac
itors for C1-C4, however, the value is not critical. Increasing 
the values of C1 and C2 will lower the output impedance of 
the voltage doubler and inverter, and increasing the values 
of the reservoir capacitors, C3 and C4, lowers the ripple on 
the v+ and v- supplies. 

RC 
OSCILLATOR 

ICL232 

0100-7 

lnstanlaneous Slew Rate (SR) ~ (0.8) (Voh - Vo1) or (0.8) (Vo1 - Voh) 
tr t1 

Figure 6: Slew Rate Definition 

Transmitters 
The transmitters are TTL/CMOS compatible inverters 

which translate the inputs to RS-232 outputs. The input log
ic threshold is about 26% of Vee• or 1.3V for Vee = 5V. A 
logic 1 at the input results in a voltage of between - 5V and 
v- at the output, and a logic 0 results in a voltage between 
+5V and (V+ -0.6V). Each transmitter input has an inter
nal 400 kilohm pullup resistor so any unused input can be 
left unconnected and its output remains in its low state. The 
output voltage swing meets the RS-232C specification of 
± SV minimum with the worst case conditions of: both trans
mitters driving 3kohm minimum load impedance, 
Vee = 4.SV, and maximum allowable operating tempera
ture. The transmitters have an internally limited output slew 
rate which is less than 30V /us. The outputs aro short circuit 
protected and can be shorted to ground indofinitoly. Tho 
powered down output impodanco is a minimum of 300 
ohms with ±2V applied to tho outputs and Vee = OV. 

VOLTAGE 
LEVEL 

TRANSLATOR 
0100-12 

Figure 5: Dual Charge Pump 

NOT£: All typical values haWJ bson characteriz6d but are not test6d. 
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v+o-----~ 

o--+--1 ~0-.1\11<11.---<i Tour 

v- < Vrour < v+ 

v-o------' 

0100-13 

Figure 7: Transmitter 

Receivers 
The receiver inputs accept up to ± 30V while presenting 

the required 3 to 7 kilohms input impedance even if the 
power is off (Vcc=OV). The receivers have a typical input 
threshold of 1.3V which is within the ± 3V limits, known as 
the transition region, of the RS-232 specification. The re
ceiver output is OV to V cc· The output will be low whenever 
the input is greater than 2.4V and high whenever the input is 
floating or driven between +0.8V and -30V. The receivers 
feature 0.5V hysteresis to improve noise rejection. 

Vcco-----~ 

Rx1N o-------' "><>----o Rour 
-30V<Rrn<+30V Sk.ll GND<VRour.<Vcc 

GNO o--+----l 
0100-14 

Figure 8: Receiver 

Average Propagation Delay ~ 1P"1 + 1plh 
2 

ICL232 

0100-8 

Figure 9: Propagation Delay Definition 

APPLICATIONS 
The ICL232 may be used for all RS-232 data terminal and 

communication links. It is particularly useful in applications 
where ± 12V power supplies are not available for conven
tional RS-232 interface circuits. The applications presented 
represent typical interface configurations. 

A simple duplex RS-232 port with CTS/RTS handshaking 
is illustrated in Figure 10. Fixed output signals such as DTR 
(data terminal ready) and DSRS (data signaling rate select) 
is generated by driving them through a 5 k!l resistor con
nected to V + . 

In applications requiring four RS-232 inputs and outputs 
(Figure 11 ), note that each circuit requires two charge pump 
capacitors (C1 and C2) but can share common reservoir 
capacitors (C3 and C4). The benefit of sharing common res
ervoir capacitors is the elimination of two capacitors and the 
reduction of the charge pump source impedance which ef
fectively increases the output swing of the transmitters. 

+SV r------+-----. 

C2 + 
22µf -
I 
N 

T P TD 
T U 

16 

i..;;.....__.....,"'-__. DTR (20) DATA 
Sk.ll TERMINAL READY 

L-1\N\.-_. DSRS (24) DATA 
5 k.ll SIGNALING RATE SELECT 

C4 
![_22µF 

RS-232 
INPUTS &c OUTPUTS 

L T RTS >----1-------1 °".:>Q.--1-;..._• RTS (4) REQUEST TO SEND Is 
c 0 12 
M U RD +-....;+---.0.~ RD (3) RECEIVE DATA 

0 T 
S P CTS +-..::..i--t.~ t----+-< CTS (5) CLEAR TO SEND 

u 
T 
s 

0100-9 

Figure 10: Simple Duplex RS-232 Port with CTS/RTS Handshaking 

NOTE: All typical values have boon characterized but 8r8 not tested. 
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ICL232 

4 

C1 + ICL232 •c2 
22µF - 3 5 -22µF 
I 
N 11 T1 14 

T p TO TD (2) TRANSMIT DATA 
T U 
L T 10 7 

I s RTS RTS (4) REQUEST TO SEND 

c 0 12 13 
M U RD RD (3) RECEIVE DATA 

0 T R2 R1 8 s p CTS CTS (5) CLEAR TO SEND 
u 
T 15 
s 

16 

6 2 +5V 
C4 C3 _cJ- + -v- V+ 

'=° 47µF 6 2 47 µF RS-232 
16 INPUTS & OUTPUTS 

4 

C1 + ICL232 •c2 
22µF - 3 5 -22µF 
I 
N 11 T1 14 

T P DTR DTR (20) DATA TERMINAL READY 
T U 

L T DSRS 
10 7 

Is DSRS (24) DATA SIGNALING RATE SELECT 

c 0 12 13 
DCD (8) DATA CARRIER DffiCT M U DCD 

0 T R2 R1 8 s p RI RI (22) RING INDICATOR 
u 
T 
s 

15 SIGNAL GROUND (7) 

0100-10 

Figure 11: Combining Two ICL232's for 4 Pairs of RS-232 Inputs and Outputs 

NOTE: AH typical va/USS havs been characf9rizod but am not IBsled. 
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HARRIS 
SEMICONDUCTOR 

GENERAL DESCRIPTION 
The Harris IM6653 and IM6654 are fully decoded 4096 bit 

CMOS electrically programmable ROMs (EPROMs) fabri
cated with Harris' advanced CMOS processing technology. 
In all static states these devices exhibit the microwatt power 
dissipation typical of CMOS. Inputs and three-state outputs 
are TTL compatible and allow for direct interface with com
mon system bus structures. On-chip address registers and 
chip select functions simplify system interfacing require
ments. 

The IM6653 and IM6654 are specifically designed for pro
gram development applications where rapid turn-around fo_r 
program changes is required. The devices may be. erased 
by exposing their transparent lids to ultra-violet light, and 
then re-programmed . 

. ORDERING INFORMATION 

Part Temperature 
Number Range 

IM6653/41JG -40'Cto +85'C 

IM6653/4-1 IJG -40'C to + 85'C 

IM6653/4AIJG -40'Cto +85'C 

IM6653/4MJG* -55'C to + 125'C 

IM6653/4AMJG* -55'Cto +125'C 

• Add /HA for HiRel processing 

•• 

Ao-•10 
OR ........ 

Package 

24-Pin CERDIP 

24-Pin CERDIP 

24-Pin CERDIP 

24-Pin CERDIP 

24-Pin CERDIP 

PROGRAM 

0375-1 

Figure 1: Functional Diagram 

IM6653/IM6654 
4096-Bit CMOS UV EPROM 
FEATURES 
•Organization - IM6653: 1024X4 

IM6654: 512X8 
• Low Power - 770µ W Maximum Standby 
•High Speed 

-300ns 10V Access Time For IM6653/54 Al 
-450ns SV Access Time For IM6653/54-11 

• Single + SV Supply Operation 
• UV Erasable 
• Synchronous Operation For Low Power Dissipation 
• Three-State Outputs and Chip Select for Easy 

System Expansion 

A, .. 
As ... ., 
Az 

•; .. 
o, 
Do 

Yss 

Yee 
A, .. .. .. • • .. .. 

r, . , 
Yoo 

., 
PROO RAM 

.. .. 
o, 

o, 
o, 

0375-2 

Figure 2: Pin Configurations 

Yee 
Ao 

• • 
Yoo 
PROGRAM 

o, 
o, 

0375-3 

HARRIS SEMICONDUCTOR'S SOLE ANO EXCLUSIVE WARRANlY 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. 16002 
NOTE: All typical values have been characterized but are not tested 14-2 



IM6653/IM6654 ... 
"' 0 
0 

ABSOLUTE MAXIMUM RATINGS {IM6653/54 I, -11, M) :I 
Storage Temperature Range .......... -65'C to + 150'C ;; 
Lead Temperature (Soldering, 1 Osec) ............. 300'C in 

Supply Voltages 
Voo-Vss .................................. +B.OV 
Vcc-Vss .................................. +B.OV 

Input or Output Voltage ..... (Vss -0.3V) to (Voo + 0.3V) 
Operating Range Range (TA) 

Industrial .......................... -40'C to +B5'C 
Military ........................... -55'Cto +125'C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the dev;ce. 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 peri
ods may affect device reliability. 

DC ELECTRICAL CHARACTERISTICS 
(Vcc=Voo=5V ± 10% Vss=OV, TA=Operating Temperature Range) 

Symbol Parameter 
Test IM6653/541, -11, M 

Units 
Conditions Min Max 

V1H Logical "1" Input Voltage E1,s Voo-2.0 

V1H Address Pins 2.7 v 
V1L Logical "O" Input Voltage O.B 

,, Input Leakage GNDsV1NsVoo -1.0 1.0 µA 

VoH Logical "1" Output Voltage ioH=-0.2mA 2.4 v 
Vol Logical "O" Output Voltage fol =2.0mA 0.45 

ioLK Output Leakage GNDsVosVcc -1.0 1.0 

lsrnv Standby Supply Current V1N=Voo 100 µA 

Ice V1N=Voo 40 

loo Operating Supply Current (1) f=1MHz 6 mA 

c, Input Capacitance Note 1 7.0 
pf 

Co Output Capacitance Note1 10.0 

Note: 1. For design reference only, not 100% tested. 

AC ELECTRICAL CHARACTERISTICS 
(Vcc=Voo=5V ± 10% Vss=OV, CL =50pf, TA =Operating Temperature Range) 

Symbol Parameter 
IM6653/54-1 I IM6653/54 I llM6653/54 M 

Units 
Min Max Min Max Min Max 

TE1LOV Access Time From E1 450 550 600 

TSLQV Output Enable Time 110 140 150 

TE1HOZ Output Disable Time 110 140 150 

TE1HE1L E1 Pulse Width (Positive) 130 150 150 

TE1LE1H E1 Pulse Width (Negative) 450 550 600 ns 

TAVE1L Address Setup Time 0 0 0 

TE1LAX Address Hold Time BO 100 100 

TE2VE1L Chip Enable Setup Time (6654) 0 0 0 

TE1LE2X Chip Enable Hold Time (6654) BO 100 100 

NOTE: All typical values havo been characterized but are not tested. 
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IM6653/IM6654 

:I ABSOLUTE MAXIMUM RATINGS (IM6653/54AI, AM) 
:::::. (II) Supply Voltages Storage Temperature Range . . . . . . . . . . -65°C to + 150°C 
io v 00-v55 ................................. +11.0V LeadTemperature(Soldering,10sec) ............. 300°C 
CO Vcc-Vss ................................. +11.0V 

-
; lnputorOutputVoltage ..... (Vss -0.3V)to(Voo +0.3V) 

Operating Temperature Range 

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 tor extended periM 
ods may affect device reliability. 

Industrial . . . . . . . . . . . . . . . . . . . . . . . . . . - 40°C to + B5°C 
Military . . . . .. . . .. .. .. .. . .. .. .. .. .. - 55°C to + 125°C 

DC ELECTRICAL CHARACTERISTICS 
(Vee= Voo = 4.5V to 10.5V Vss = OV, TA= Operational Temperature Range) 

Symbol Parameter Test Conditions 

V1H Logical "1" Input Voltage E1.S 

V1H Address Pins 

V1L Logical "O" Input Voltage 

1, Input Leakage GNDsV1NsVoo 

VoH Logical "1" Output Voltage lour =O (Note 1) 

VoL Logical "O" Output Voltage lour=O (Note 1) 

loLK Output Leakage Vss~VosVcc 

lsrsv Standby Supply Current V1N=Voo 

Ice V1N=Voo 

loo Operating Supply Current 1=1MHz 

c, Input Capacitance Note 1 

Co Output Capacitance Note 1 

Note: 1. For design reference only, not 100% tested. 

AC ELECTRICAL CHARACTERISTICS 
(Vcc=Voo= 10V ±5% Vss=OV, CL =50pf, TA=Operating Temperature Range) 

Symbol Parameter 
IM6653/54 Al 

Min Max 

TE1LOV Access Time From E1 300 

TSLQV Output Enable Time 60 

TE1HOZ Output Disable Time 60 

TE1HE1L E1 Pulse Width (Positive) 125 

TE1LE1H E1 Pulse Width (Negative) 300 

TAVE1L Address Setup Time 0 

TE1LAX Address Hold Time 60 

TE2VE1L Chip Enable Setup Time (6654) 0 

TE1LE2X Chip Enable Hold Time (6654) 60 

NOTE: All typical values have been characterized but are not tested. 
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IM6653/54AI, AM 
Units 

Min Max 

Voo-2.0 

Voo-2.0 v 
O.B 

-1.0 1.0 µA 

Vcc-0.01 v 
v88 +0.01 

-1.0 1.0 

100 µA 

40 

12 mA 

7.0 
pF 

10.0 

IM6653/54 AM 
Units 

Min Max 

350 

70 

70 

125 

350 ns 

0 

60 

0 

60 



IM6653/IM6654 

PIN ASSIGNMENTS 

Pin Symbol 
Active 

Description 
Level 

1-8,23 Ao-A7,Aa - Address Lines 

9-11, 13-17 Oo-07 - Data Out lines, 6654 

Oo-03 - Data Out lines, 6653 

12 Vss - Negative Supply 

18 Program - Programming pulse input 

19 Yoo - Chip positive supply, normally tied to Vee 

20 E1 L Strobe line, latches both address lines and, for 6654, Chip enable E2 

21 s L Chip select line, must be low for valid data out 

22 Ag - Additional address line for 6653 

E2 L Chip enable line, latched by Chip enable E1 on 6654 

24' Vee - Output buffer positive supply 

READ MODE OPERATION 
In a typical READ operation address lines and chip en

able E2• are latched by the falling edge of chip enable E1 
(T = 0). Valid data appears at the outputs one access time 
(TELOV) later, provided level-sensitive chip select line S is 
low (T = 3). Data remains valid until either E 1 or S returns to 
a high level (T = 4). Outputs are then forced to a high-Z 
state. 

Address lines and E2 must be valid one setup time before 
(TAVEL), and one hold time after (TELAX), the falling edge 
of E1 starting the read cycle. Before becoming valid, 0 out
put lines become active (T = 2). The O output lines return to 
a high-Z state one output disable time (TE1 HOZ) after any 
rising edge on E1 or S. 

The program line remains high throughout the READ cy
cle. 

Chip enable line E1 must remain high one minimum posi
tive pulse width (TEHEL) before the next cycle can begin. 

FUNCTION TABLE 

Time Inputs Outputs 
Ref E1 E2 s A 

Q 

-1 H x x x z 
0 '- L x v z 
1 L x x x z 
2 L x L x A 

3 L x L x v 
4 ~ x L x v 
5 H x x x z 

NOTE: All typical values have been characteriz9d bul 8/'8 not testod. 
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Figure 3: Read Cycle Timing 

Notes 

DEVICE INACTIVE 

CYCLE BEGINS; ADDRESSES, E2 LATCHED* 

INTERNAL OPERATIONS ONLY 

OUTPUTS ACTIVE UNDER CONTROL OF E1, S 

OUTPUTS VALID AFTER ACCESS TIME 

READ COMPLETE 

CYCLE ENDS (SAME AS -1) 

.... 
IO 
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:I 
:::::. 
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IO 
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IM6653/IM6654 

•• 

~=~~~:-=_-=:_-=:_=:=::=:=:.:T=---'-"· ... _-_.· ~u 
1-TPLPH-1 

-TPHDX 

!-----READ--'----1----PROGRAM-1----READ----

Figure 4: Read and Program Cycle Timing 

DC CHARACTERISTICS FOR PROGRAMMING OPERATION 
(Vcc=Voo=5V ±5% Vss=OV, TA=25'C) 

Symbol Parameter 
Test 

Min 
Conditions 

lpRQG Program Pin Load Current 

VpRQG Programming Pulse Amplitude -38 

Ice Vee Current 

loo Voo Current 

V1HA Address Input High Voltage Voo-2.0 

V1LA Address Input Low Voltage 

V1H Data Input High Voltage v00 -2.o 

V1L Data Input Low Voltage 

AC CHARACTERISTICS FOR PROGRAMMING OPERATION 
(Vcc=Voo=5V ±5% Vss=OV, TA=25') 

Symbol Parameter 
Test 

Min 
Conditions 

TPLPH Program Pulse Width trise = t1a11 = 5 µs 18 

Program Pulse Duty Cycle 

TDVPL Data Setup Time 9 

TPHDX Data Hold Time 9 

TE1HE1L Strobe Pulse Width 150 

TAVE1L Address Setup Time 0 

TE1LE1X Address Hold Time 100 

TE1LQV Access Time 

NOTE: All typical values have been characterized but are not l9st8d 
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Typ Max 

80 100 

-40 -42 

0.1 5 

40 100 

0.8 

0.8 

Typ Max 

20 22 

75% 

1000 

0375-5 

Units 

mA 

v 

mA 

v 

Units 

ms 

µs 

ns 



PROGRAM MODE OPERATION 
Initially, all 4096 bits of the EPROM are in the logic one 

(output high) state. Selective programming of proper bit lo
cations to "O"s is performed electrically. 

In the PROGRAM mode for all EPROMs, Vee and Voo 
are tied together to a + 5V operating supply. High logic lev
els at all of the appropriate chip inputs and outputs must be 
set at Voo -2V minimum. Low logic levels must be set at 
Vss +a.av maximum. Addressing of the desired location in 
PROGRAM mode is done as in the READ mode. Address 
and data lines are set at the desired logic levels, and PRO
GRAM and chip select (S) pins are set high. The address is 
latched by the downward edge on the strobe line (E1). Dur
ing valid DATA IN time, the PROGRAM pin is pulsed from 
Voo to -40V. This pulse initiates the programming of the 
device to the levels set on the data outputs. Duty cycle limi
tations are specified from chip heat dissipation considera
tions. PULSE RISE AND FALL TIMES MUST NOT BE 
FASTER THAN 5µ.s. 

Intelligent programmer equipment with successive 
READ/PROGRAM/VERIFY sequences is recommended. 

PROGRAMMING SYSTEM 
CHARACTERISTICS 

1. During programming the power supply should be ca
pable of limiting peak instantaneous current to 
100mA. 

NOTE: AH typical values have baen charsct8rizsd but aro not tested. 
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IM6653/IM6654 .. 
II) 
IO 

2. 
IO 

The programming pin is driven from Voo to -40 :Ii 
volts (±2V) by pulses of 20 milliseconds duration. =:::. 
These pulses should be applied in the sequence C'» 
shown in the flow chart. Pulse rise and fall times of :g 
10 microseconds are recommended. Note that any IO 
individual location may be programmed at any time. !! 

3. 

4. 

Addresses and data should be presented to the de-
vice within the recommended setup/hold time and 
high/low logic level margins. Both "A" (10V) and 
non "A" EPROMs are programmed at Vee. Voo of 
5V ±5%. 
Programming is to be done at room temperature. 

ERASING PROCEDURE 
The IM6653/54 are erased by exposure to high intensity 

short-wave ultraviolet light at a wavelength of 2537 A. The 
recommended integrated dose (i.e., UV intensity x exposure 
time) is 10W sec/cm2. The lamps should be used without 
short-wave filters, and the IM6653/54 to be erased should 
be placed about one inch away from the lamp tubes. For 
best results it is recommended that the device remain inac
tive for 5 minutes after erasure, before reprogramming. 

The erasing effect of UV light is cumulative. Care should 
be taken to protect EPROMs from exposure to direct sun
light or fluorescent lamps radiating UV light in the 2000A to 
4000A range. 



IM6653/IM6654 

0375-6 

Figure 5: Programming Flow Chart 

NOTE: All typical va/uos havo bs6n charactsrized but ars not tosted. 
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Figure 6: IM6653 CMOS EPROMS as External Program Memory with the IM80C35 
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Figure 7: Using IM6654 CMOS EPROM To Extend Program Memory 

NOTE: All typical 'values have been characterized but are not tesJed. 
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Part Number Descriptions 

In December 1988, Harris acquired the General Electric Solid State division thereby 
adding former RCA, lntersil, and GE products to the total Harris Semiconductor port
folio. The three which apply to Data Acquisition products are shown below. 

Part number descriptions are on the following pages: 

HARRIS SEMICONDUCTOR 
PART NUMBER DESCRIPTIONS.. . 

PART NUMBER 
PART ORIGIN/GROUP DESCRIPTION 

Harris-Origin Devices A 

RCA-Origin Devices B 

lntersil-Origin Devices c 
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Part Number Description A 

Prefix Device Suffix 

H I 3 - 7151 5 

FomJJ 
Package 

Temperature 

Family: 
A: Analog 
C: Communications 
D: Digital 
I: Interface 

M: Memory 
PL: Programmable Logic 

S: Military/Aerospace 
V: High Voltage 

Package: 
1: Ceramic DIP 

1 B: Brazed Seal 
2: T0·5 
3: Epoxy DIP 
4: Leadless Carriers 

4P: Plastic Leaded Chip Carrier 
5: Ceramic Substrate 
7: Mini DIP 
9: Flat Pack 

9P: Small Outline 
0: Chip Form 

Temperature: 
1: ·55°C to +200°C 
2: ·55°C to + 125°C 
4: ·25°C to +85°C 
5: 0°C to +75°C 
6: 100% 25°C Probe (Dice Only} 
7: 0°C to +75°C with 96 hour burn-in 
8: Dash 8 Program; hi-rel processing with burn-in 
9: ·40°C to +85°C 

9+: ·40°C to +85°C with burn-in 

Part Number Description B 

Prefix Device Suffix 

CA 3306 A E 

Devloe Type _J 
Electrical Option------' 

Package-----------' 

15·3 

Prefix: 
CA: Linear ICs 

Package: 
D: Ceramic DIP 
E: Plastic DIP 
F: CERDIP 
H: Chip 
J: 3-Layer Ceramic Leadless Chip Carrier 
K: Ceramic Flat Package 
L: Single Layer Ceramic Leadless Chip Carrier 

M: Small-Outline Plastic Package 
Q: Plastic-Chip-Carrier Package 

• 



Part Number Description C 

Prefix Device Suffix 

ICL 7115 J C D L 

~.Imlly T 
Basic Device Type 

Electrical Option-----' 

Temperature Range __ __. 

Package -------~ 

Number of Pins--------' 

Pin-Count Designators 

Suffix Number of Pins 

A 8 
B 10 
c 12 
D 14 
E 16 
F 22 
G 24 
H 42 
I 28 
J 32 
K 35 
L 40 
N 18 
p 20 
R 3 
w 10 (0.230" pin circle, isolated case) 
44 44 

Prefix: 
AD: Analog Devices Alternate Source 

ADC: National Semiconductor Alternate Source 
DG: Siliconix Alternate Source 
ICL: Linear IC 

ICM: Microperipheral IC 
IH: Analog Switch Family 
IM: Microcontroller IC 

Temperature Range: 

A 
L 
p 

K 
y 

H 
D 
N 
R 

15-4 

C: Commercial: 0°c to 70°C 
I: Industrial: -25°C to 85°C or -40°C to 85°C 

(Specified on Datasheet) 
M: Military: -55°C to + 125°C 

Package: 
B: SOIC 
D: Ceramic (Side-Brazed) Dual-In-Line 
F: Ceramic Flat-Pack 
I: 16-Pin (.6 x .7 Pin Spacing) Hermetic Hybrid DIP 
J: CERDIP Dual-In-Line 
L: Leadless Ceramic Quad-Pack 

M: Plastic Quad-Pack (PQFP) 
P: Plastic Dual-In-Line 
S: T0-52 
T: T0-5 (Also T0-78, T0-99, T0-100) 
U: T0-72 (Also T0-18, T0-71) 
Z: T0-92 

/W: Wafer 
/D: Dice 

Exceptions to Package-Type Designators 

DG (Analog Switch & MUX) Series 
10-Pin Metal Can 
14-Pin Flat Pack 
Ceramic (Dual-In-Line Package (Special Order Only) 
CERDIP 
SOIC 

AD (D/A Converter) Series 
T0-52 
CERDIP Ceramic Dual-In-Line Package 
Epoxy Dual-In-Line Package 
T0-92 



ICL 7129 C P L 

1-r- -.--ill:ll: 

ORDERING INFORMATION 

Part Number Systems Examples 

40 PINS ON PACKAGE 
PLASTIC DUAL-IN-LINE PACKAGE 
0° TO +70°C TEMPERATURE RANGE 

ICM 7170 I D G 

-. -.--ill:ll: 

24 PINS ON PACKAGE 
CERAMIC (SIDE BRAZE) DUAL-IN-LINE PACKAGE 
-40° TO +85°C TEMPERATURE RANGE 

'------ BASIC PART NUMBER 
~---- IC FAMILY DEVICE 

.___ ___ BASIC PART NUMBER 

~---- IC FAMILY DEVICE 

Example 1 Example 2 

40 PINS ON PACKAGE 

1 ~~JECDLL ~~ill:Mll:DLD 
CERAMIC (SIDE BRAZE) DUAL-IN-LINE 14 PINS ON PACKAGE 

PACKAGE 
oo TO +7ooc TEMPERATURE RANGE CERAMIC (SIDE BRAZE) DUAL-IN-LINE PACKAGE 

-55° TO + 125°C TEMPERATURE RANGE 
ELECTRICAL OPTION BASIC PART NUMBER 

~---- BASIC PART NUMBER IC FAMILY DEVICE 
~----- IC FAMILY DEVICE 

Example 3 Example 4 

15-5 
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ORDERING INFORMATION 

Part Number Systems Examples (Continued) 

~~!LALE 
18-PIN PLASTIC 
ELECTRICAL OPTION 

'-------- BASIC PART NUMBER 
'--------- IC FAMILY DEVICE 

Example 5 

~~flLA 
~ 10-PIN METAL CAN 

0°TO+125°C TEMPERATURE RANGE 

'-------- BASIC PART NUMBER 

IC FAMILY DEVICE 

Example 7 

HI 3 7151 J 5 

~ "1 l1 .: 0° TO +75°C TEMPERATURE RANGE 
ELECTRICAL OPTION 
BASIC PART NUMBER 

'--------- PLASTIC DUAL-IN-LINE PACKAGE 
'---------- IC FAMILY DEVICE 

Example& 

AD 7541 K N 

PLASTIC DUAL-IN-LINE PACKAGE 

--,- -,--IL 
ELECTRICAL OPTIONS, 0° TO +70°C TEMP RANGE 

'-------- BASIC PART NUMBER 
'--------- ALTERNATE FAMILY DEVICE 

Example 8 
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PACKAGE OUTLINES All dimensions given in inches and (millimeters). 

0.050 -----(1.270) 

0.209-0.219 
(5.309-5.563) 

.105 (2.267) 

.095 (2.413) 

.021 (.533) DIA (3) 019 ( 483) .055 (1.397) ~ 

.016 r06) :016 /406) DIA (3) .04~(143) (2.413) 

r~~~l-.,-, __ L_---,.---,11: : ~c:::::i11 .Js +=r=~-f--T 
- '----' (3429)MIN -8~:-.J-1~ 

· 1 l I :r-~115 (4.445) _ ~1-8-1 DIA 

I l~.1~5~5~·~:~5:A~INJ :~~~ (~:~~:1 i ~ r- .. ~~~!!~~I- .500 (12.700) MIN--- (j~~6) 
SEATING PLANE 

T0-92 (ZR) 

·so denotes a two lead package; center lead missing . 
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PACKAGE OUTLINES All dimensions given in inches and (millimeters). 

/ 
0.029-0.045 /"" ' 

(0.737-1.143) " 
0.028-0.034 "' 

(0.711-0.864) w /,, 
45° EQUALLY 

SPACED -+-

T0-99 (TV, TY) 

0.315-0.335 
(8.001-8.509) 

DIA 

0.200 
(5.080) 

I 0.370-0.350 

(8.509-8.001)" I DIA 
0.335-0.315 ~I (9.398-8.890) 

DIA '\,. 
0.040 

(~~~) ~ 1 0.185-0.165 
SEATING l_ + t (4.699-4.191) 

PLANE -t- =;:--r 
0.500 

8·LEADS ~ ~ ~ ~~ (;~) 
0.019-0.016 IL .010-0.040 

(0.483-0.406)-1 . (.254-1.016) 

0.230 ---(5.842) 
TYP 

.230 PCD T0-99 (TZ) 
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PACKAGE OUTLINES All dimensions given in inches and (millimeters). 

Figure A 

BOTIOM VIEW 

PKG. LEAD DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. 
CODE COUNT A. ~B ~D F K1 L a 

10 .165 .016 .345 .220 .020 .028 .028 .505 .015 
T0-100 lli .018 .365 :24o .040 :o34 .040 .550 .040 

T0-100 METAL CAN • Solder dip finish add +0.003 inches. 

Figure B 

, .370-.335 I 

l-(~.398-8.509) 

1

1 .335-.305 I 
' (8.509-7.747) 

...:Qi!!_~· ,_ f. 
(1.018) i ' .185-.165_ 

+ , I (4.699-4.191) 

-- ' 
-t- ~041 --:-r 

.019-.016 D~ ~~ ~ ~~ (.254-1.016) (12.700) MIN 

(.483-.406) ------~-

1-~-1 i (5.842) ' 

! 

I 

T0-100 (TW, TX) 

15-9 

T0-100 METAL CAN LIST 

Hl-200 T0-100 Figure A 

Hl-300 T0-100 Figure A 

Hl-301 T0-100 Figure A 

Hl-304 T0-100 Figure A 

Hl-305 T0-100 Figure A 

Hl-381 T0-100 Figure A 

Hl-387 T0-100 Figure A 

DG180,181,182, T0-100 Figure B 

186, 187, 188 

DG200 T0-100 Figure B 

DG300-301 T0-100 Figure B 

IH5341 T0-100 Figure B 

NOTE: Dimensions are !:!!!!!. . Dimensions are in inches. 
Max • 



PACKAGE OUTLINES All dimensions given in inches and (millimeters) . 

. 559 ± .012 
1------ 14_20 ± 0.3 2 PLCS ------>•1 

.J!!! CHAMFER 
(0.41 TYP 

- .394±.010 2 PLCS -
(1.0±0.21 

G. 

i~~:i MAX 

I .035±.004 

~~-----+-----~-=·---+-....!.f (0.9±0.1} 

~=fu .o~~::i~67~o 
I I 032 012 • .006+.006 
- ~TYP -.000 

11.1 ±0.31 

NOTES: 
1. PART MUST COMPLY TO SPECIFICATION. 
2. DIMENSIONS IN PARENTHESIS ARE IN MILLIMETERS. 
3. PART IS SYMMETRICAL ABOUT THE CENTERLINES (Q_) SHOWN. 

44 LEAD PLASTIC FLATPACK (M44, PQFP) 
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14, 16, and 20 Pin CERDIP Packages (onDy) 

AD7520 
AD7523 
AD7530 
ADC0802 
ADC0803 
ADC0804 
DG200 
DG201 
DG201A 
DG202 
DG300 
DG301 
DG302 
DG303 
DG308A 
DG309 
DG508A 
DG509A 
Hl-200 
Hl-201 
Hl-222 
Hl-304 
Hl-305 
Hl-306 
Hl-307 
Hl-381 
Hl-384 
Hl-387 
Hl-390 
Hl-508 
Hl-508A 
Hl-509 
Hl-509A 
Hl-539 
Hl-548 
Hl-549 
Hl-1818A 
Hl-1828A 
Hl-5040 
Hl-5041 
Hl-5042 

MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
LSI 
LSI 
MSI 
MSI 
LSI 
LSI 
LSI 
LSI 
MSI 
MSI 
MSI 
MSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 

Package Designator by MSI, 551, LSI 

16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
20-PIN CERDIP 
20-PIN CERDIP 
20-PIN CERDIP 
14-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
14-PIN CERDIP 
14-PIN CERDIP 
14-PIN CERDIP 
14-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
14-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
14-PIN CERDIP 
14-PIN CERDIP 
14-PIN CERDIP 
14-PIN CERDIP 
14-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
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Hl-5043 
Hl-5044 
Hl-5045 
Hl-5046 
Hl-5046A 
Hl-5047 
Hl-5047A 
Hl-5048 
Hl-5049 
Hl-5050 
Hl-5051 
Hl-201HS 
ICL232 
ICL8052 
ICL8068 
ICM7207 
IH5040 
IH5041 
IH5042 
IH5043 
IH5044 
IH5045 
IH5046 
IH5047 
IH5108 
IH5140 
IH5141 
IH5142 
IH5143 
IH5144 
IH5145 
IH5148 
IH5149 
IH5150 
IH5151 
IH5208 
IH5352 
IH6108 
IH6201 
IH6208 

SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
MSI 
MSI 
LSI 
LSI 
LSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
LSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
LSI 
LSI 
LSI 
LSI 
LSI 
MSI 
MSI 
MSI 
MSI 

16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
14-PIN CERDIP 
14-PIN CERDIP 
14-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PlN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 
16-PIN CERDIP 

16-PIN CERDIP Ill 
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OUTLINE DIMENSIONS-FAIT (CERDIP) PACKAGES 

LEADS A AZ B 81 c D E1 e e L D1 A1 a 

II .200 .140 .015 .040 .008 .375 .245 .290 .100 .125 .005 .015 00 
llAX • 170 .023 .065 .015 .395 .265 .310 SSC MIN MIN .060 15° 

14 Ill .200 • 140 .015 .040 .008 .750 .245 .290 .100 .125 .005 .015 00 
llAX • 170 .023 .065 .015 .785 .265 .310 SSC MIN MIN .060 15° 

14 1151 .200 .140 .015 .040 .008 .750 .265 .290 • 100 .125 .005 .015 oo 
llAX • 170 .023 .065 .015 .785 .285 .310 SSC MIN MIN .060 15° 

14 LSI .200 .140 .015 .040 .008 .750 .285 .300 • 100 .125 .005 .015 00 
llAX .170 .023 .065 .015 .785 .305 .320 SSC MIN MIN .060 15° 

16 SSI .200 .140 .015 .040 .008 .750 .245 .290 • 100 .125 .005 .015 00 
llAX .170 .023 .065 .015 .785 .265 .310 SSC MIN MIN .060 15° 

16 1151 .200 .140 .015 .040 .008 .750 .265 .290 • 100 .125 .005 .015 00 
llAX • 170 .023 .065 .015 .785 .285 .310 SSC MIN MIN .060 15° 

~ 
"' 

16 LSI .200 • 140 .015 .040 .008 .750 .285 .300 .100 • 125 .005 .015 00 
llAX .170 .023 .065 .015 .785 .305 .320 SSC MIN MIN .060 15° 

111 .200 • 140 .015 .040 .008 .llllO .285 .300 .100 .125 .005 .015 00 
llAX .170 .023 .065 .015 .915 .305 .320 asc MIN MIN .060 15° 

20 1151 .200 .140 .015 .040 .008 .940 .265 .290 .100 .125 .005 .015 00 
llAX .170 .023 .065 .015 1.000 .285 .310 SSC MIN MIN .060 15° 

20 LSI .200 • 140 .015 .040 .008 .940 .2115 .300 • 100 .125 .005 .015 00 
llAX • 170 .023 .065 .015 1.000 .305 .320 asc MIN MIN .060 15° 

22 .225 • 150 .015 .040 .008 1.055 .375 .400 .100 • 125 .005 .015 00 
llAX • 180 .023 .065 .015 1. 100 .395 .420 SSC MIN MIN .060 15° 

24 SKNY .200 .150 .015 .040 .008 1.240 .285 .300 • 100 • 125 .005 .015 00 
llAX .180 .023 .065 .015 1.280 .305 .320 SSC MIN MIN .060 15° 

24 .225 .150 .015 .040 .008 1.240 .515 .595 .100 .125 .005 .015 00 
llAX .180 .023 .065 .015 1.270 .535 .615 JSC MIN MIN .060 15° 

211 .225 .150 .015 .040 .008 1.440 .515 .595 .100 • 125 .005 .015 00 
llAX • 180 .023 .065 .015 1.480 .535 .615 asc MIN MIN .060 15° 

40 .225 • 160 .015 .040 .008 2.035 .515 .595 .100 .125 .005 .015 00 
llAX .200 .023 .065 .015 2.095 .535 .615 SSC MIN MIN .060 15° 

I 
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OUTLINE DIMENSIONS-PLCC (PLASTIC LEADED CHIP CARRIERS) 

LEADS A A1 D D1 E E1 e 

28 .165 .090 .485 .450 .485 .450 .050 

~ .180 .120 .495 .456 .495 .456 .050 
(J1 

44 .165 .090 .685 .650 .685 .650 .050 
.180 .120 .695 .656 .695 .656 .050 

68 .165 .090 .985 .950 .985 .950 .050 

.200 .130 .995 .958 .995 .958 .050 

I 
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OUTLINE DIMENSIONS-PLASTIC DIPS 

LEADS A A2 B 81 c 0 E1 e e L 01 A1 a 
8 .200 .125 .015 .040 .008 .370 .240 .Z90 .100 .115 .005 .015 00 

MAX .135 .022 .070 .015 .390 .260 .310 BSC MIN MIN MIN 15° 

14 .200 .125 .015 .040 .008 .745 .240 .Z90 .100 .115 -~ .015 00 
MAX .135 .022 .070 .015 .no .260 .310 BSC MIN MIN MIN 15° 

16 .200 .125 .015 .040 .008 .745 .240 .Z90 .100 .115 .005 .015 00 
MAX .135 .022 .070 .015 .no .260 .310 BSC MIN MIN MIN 15° 

'.!: 
18 .200 .125 .015 .040 .008 .845 .240 .Z90 .100 .115 .005 .015 00 

MAX .135 .022 .070 .015 .900 .260 .310 BSC MIN MIN MIN 15° 
..... 

20 .200 .125 .015 .040 .008 1.010 .240 .Z90 .100 .115 .005 .015 00 
MAX .135 .022 .070 .015 1.040 .260 .310 BSC MIN MIN MIN 15° 

22 .200 .145 .015 .040 .Q08 1.090 .335 .390 .100 .115 .005 .015 00 
MAX .165 .022 .070 .015 1.120 .355 .410 BSC MIN MIN MIN 15° 

24 SICllY .200 .125 .015 .040 .008 1.240 .240 .Z90 .100 .100 .005 .015 00 
MAX .135 .022 .oro .015 MAX .260 .310 BSC MIN MIN MIN 15° 

24 .225 .145 .015 .040 .008 1.240 .535 .590 .100 .100 .005 .015 00 
MAX .165 .022 .070 .015 1.270 .560 .610 BSC .160 MIN MIN 15° 

28 .225 .145 .015 .040 .008 1.440 .535 .590 .100 .100 .005 .015 00 
MAX .165 .022 .070 .015 1.470 .560 .610 BSC .160 MIN MIN 15° 

40 .225 .145 .015 .040 .008 2.030 .535 .590 .100 .100 .005 .015 00 
MAX .165 .022 .070 .015 2.070 .560 .610 BSC .160 MIN MIN 15° 

Iii 
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OUTLINE DIMENSIONS-SMALL OUTLINE PACKAGES (SOP) 

LEADS A A1 B c D E e H h L Q' 

8 (N) .054 .004 .014 .0075 .189 .150 .050 .229 .010 .016 oo 
.068 .009 .019 .0098 .196 .157 BSC .244 .019 .050 80 

14 (N) .054 .004 .014 .0075 .337 • 150 .050 .229 .010 .016 00 
.068 .009 .019 .0098 .344 .157 BSC .244 .019 .050 80 

~ 

16 (N) .054 .004 .014 .0075 .386 .150 .050 .229 .010 .016 00 
.068 .009 .019 .0098 .393 .157 SSC .244 .019 .050 80 

co 16 (W) .093 .004 .014 .0091 .398 .292 .050 .394 .010 .016 00 
.104 .011 .019 .0125 .413 .299 BSC .419 .029 .050 80 

20 (W) .093 .004 .014 .0091 .497 .292 .050 .394 .010 .016 00 
.104 .011 .019 .0125 .511 .299 BSC .419 .029 .050 80 

24 (W) .093 .004 .014 .0091 .599 .292 .050 .394 .010 .016 oo 
.104 .011 .019 .0125 .614 .299 BSC .419 .029 .050 80 

28 (W) .093 .004 .014 .0091 .697 .292 .050 .394 .010 .016 oO 
.104 .011 .019 .0125 • 712 .299 BSC .419 .029 .050 50 
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OUTLINE DIMENSIONS-CERAMIC DIPS (SIDE BRAZE) 

LEADS A A2 B 81 c D E1 E e L s A1 

8 .200 .080 .015 .040 .008 .380 .280 .290 .100 .125 .055 .015 
MAX .110 .023 .070 .015 .400 .310 .310 BSC MIN MAX .060 

14 .200 .080 .015 .040 .008 .735 .280 .290 .100 .125 .098 .015 
MAX .110 .023 .070 .015 .770 .310 .310 BSC MIN MAX .060 

16 .200 .080 .015 .040 .008 .790 .280 .290 • 100 • 125 .080 .015 
MAX .110 .023 .065 .015 .820 .310 .310 BSC MIN MAX .060 

18 .200 .080 .015 .040 .008 .890 .280 .290 .100 • 125 .098 .015 
01 MAX • 110 .023 .065 .015 .910 .310 .310 BSC MIN MAX .060 
~ 

20 .200 .080 .015 .040 .008 .990 .280 .290 • 100 • 125 .080 .015 
MAX .110 .023 .065 .015 1 .010 .310 .310 BSC MIN MAX .060 

22 .200 .080 .015 .040 .008 1.060 .380 .390 • 100 .125 .080 .015 
MAX .110 .023 .065 .015 1.090 .410 .420 BSC MIN MAX .060 

24 .225 .080 .015 .040 .008 1 .185 .570 .590 .100 .125 .080 .015 
MAX .110 .023 .065 .015 1.215 .610 .620 BSC MIN MAX .060 

28 .225 .080 .015 .040 .008 1.385 .570 .590 .100 .125 .080 .015 
MAX .110 .023 .065 .015 1 .415 .610 .620 BSC MIN MAX .060 

40 .225 .080 .015 .040 .008 1.980 .570 .590 • 100 .125 .080 .015 
MAX .110 .023 .065 .015 2.020 .610 .620 BSC MIN MAX .060 

I 



Packaging 
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Harris Semiconductor Data Acquisition 

High Reliability/Military Specification/8838 Products 
A I S "th na o_g_ w1 c es 

PKG 
NUMERIC DEVICE LIST DESCRIPTION LOS CODE PACKAGE 

DG180AA/883B Dual SPST Analog Switch, 10 OHM 10 L5 Can 
DG180AL/883B 14 /l2. Flat Pack 
DG180AP/883B 14 AA SB CerDIP 

DG181AA/883B Dual SPST Analog Switch, 30 OHM 10 L5 Can 
DG181AL/883B 14 /l2. Flat Pack 
DG181AP_l_883B 14 AA SB CerDIP 

DG182AA/883B Dual SPST Analog Switch, 75 OHM 10 L5 Can 
DG182AP/883B 14 AA SB CerDIP 

DG183A~883B Dual DPST Analog Switch, 10 OHM 14 /l2. Flat Pack 
DG183AP 883B 16 AA SB CerDIP 

DG184AL/883B Dual DPST Analog Switch, 30 OHM 14 /l2. Flat Pack 
DG184APL883B 16 AA SB CerDIP 

DG185AP/883B Dual DPST Analog Switch, 75 OHM 16 AA SB CerDIP 

DG186AA/883B SPOT Analog Switch, 10 OHM 10 L5 Can 
DG186AL/883B 14 /l2. Flat Pack 
DG186AP/883B 14 AA SB CerDIP 

DG187AA/883B SPOT Analog Switch, 30 OHM 10 L5 Can 
DG187AL/883B 14 /l2. Flat Pack 
DG187AP/883B 14 AA SB CerDIP 

DG188AA~883B SPOT Analog Switch, 75 OHM 10 L5 Can 
DG188AP 883B 14 AA SB CerDIP 

DG189AP.l883B Dual SPOT Anal~ Switch, 10 OHM 16 AA SB CerDIP 

DG 190AL/883B Dual SPOT Analog Switch, 30 OHM 14 /l2. Flat Pack 
DG190AP/883B 16 AA SB CerDIP 

DG191~883B Dual SPOT Analog Switch, 75 OHM 14 /l2. Flat Pack 
DG191AP 883B 16 AA SB CerDIP 
DG200AA/883B Dual SPST Analog Switch 100 OHM 10 L5 Can 
DG200AKL883B 14 CY CerDIP 
Hl1-0200/883, -8 Dual SPST Analog Switch 80 OHM 14 CY CerDIP 
H12-020<!l_883 10 NX Can 
DG201A~883B Quad SPST Analog Switch, 125 OHM 16 CY CerDIP 
DG201AAK/883B Quad SPST Analog Switch, 75 OHM 16 CY CerDIP 
Hl1-0201/883, -8 Quad SPST Analog Switch 16 CY CerDIP 
Hl4-0201 /883 20 CE LCC 

HI 1-0201 H~883, -8 Quad SPST High Speed Analog Switch 16 CY CerDIP 
Hl4-0201HS 883, -8 20 CE LCC 

DG202AK.l883B Quad SPST Analog Switch 175 OHMS 16 CY CerDIP 
Hl1-0222.l883 Dual SPST Anal~ Switch 50 OHM 14 CY CerDIP 

DG300AAA/883B Dual SPST Analog Switch, 50 OHM 10 L5 Can 
DG300AAK/883B 14 CY CerDIP 
DG301AAA/883B SDPT Analog Switch, 50 OHM 10 L5 Can 
DG301AAKf883B 14 CY CerDIP 
DG302AAK/883B Dual DPST Analog Switch, 50 OHM 14 CY CerDIP 
DG303AAK:Z:883B Dual SPOT Analog Switch 14 CY CerDIP 
Hl1-0304_L883 Dual DPST Analog Switch, 50 OHM 14 CY CerDIP 
Hl1-0305j~ SDPT Anal~ Switch, 50 OHM 14 CY CerDIP 
Hl1-0306l883 Dual DPST Analog Switch, 50 OHM 14 CY CerDIP 
DG308AAK/883B Quad SPST Analog Switch 100 OHMS 16 CY CerDIP 
DG309AJ@83B Quad SPST Anal~ Switch 100 OHMS 16 CY CerDIP 
Hl1-0381/883 Dual DPST Analog Switch, 50 OHM 14 CY CerDIP 
H12-0381 /883 10 /l2. Can 
H11-0384/883 Dual DPST Analog Switch, 50 OHM 14 CY CerDIP 
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Harris Semiconductor Data Acquisition 

High Reliability /Military Specification/8838 Products 
AnalOJl Switches:continued 

NUMERIC DEVICE LIST DESCRIPTION LOS 

Hl1-0390/883 Dual SPOT Analog Switch 50 OHM 16 

Hl1-5040/883 SPST Analog Switch 50 OHM Type 16 

H11-5041/883, -8 Dual DPST Analog Switch, 50 OHM Type 16 
20 

HI 1-5042/883 SPOT Analog Switch 50 OHM Type 16 

H11-5043/883, -8 Dual SPOT Analog Switch 16 
Hl4-5043/883, -8 
IH5043MJ E/8838 Dual SPOT Analog Switch 75 OHM 16 

20 

H11-5044/883B Double Pole Single Throw (DPST) Analog Switch 50 OHM Type 16 

Hl1-5045/883 Dual DPST Analog Switch 16 
H14-5045/883 20 

Hl1-5046/883 Double Pole Double Throw (DPDT) Analog Switch 50 OHM 16 

H11-5046ALB83 Double Pole Double Throw JDPD!)_ Anal"ll_ Switch 25 OHM 16 

H11-5047 /883 Four Pole Single Throw (4PST) Analog Switch 50 OHM 16 

H11-5047A/883 Four Pole Single Throw (4PSD Analog Switch 25 OHM Type 16 

Hl1-5048/883 Dual DPST Analog Switch, 25 OHM Type 16 

Hl1-5049/883 Dual DPST Analog Switch 16 
·Hl4-504&883 20 

Hl1-5050/883 SPOT Analog Switch 25 OHM Type 16 

H11-5051/883, -8 Dual SPOT Analog Switch 16 
Hl4-505!L_883, -8 20 
IH5012MDE/8838 4 Channel Virtual Ground FET Switch 16 
IH5053MDE/8838 Quad SPST Analog Switch 80 OHMS 16 

IH5140MJ~B SPST Analog Switch 50 OHM 16 

IH5141MJSL_8838 Dual SPST Analog Switch 75 OHM 16 

IH5142MJSl_8838 SPOT Anal~ Switch 75 OHM ~ 16 

IH5143MJ~B Dual SPOT Analog Switch 75 OHM 16 
IH5144MJE/8838 Double Pole Single Throw (DPSD Analog Switch 75 OHM 16 

IH5145MJSL_883B Dual DPST Anal"ll_ Switch 75 OHM 16 
IH5151MJE/883B Dual SPOT Analog Switch 30 OHM 16 
IH5341MTW/8838 Dual SPST Analog Switch 75 OHM 10 

IH5352MJEL883B Quad SPST Analog Switch 75 OHM 16 

IH6201 MJE/8838 Dual CMOS DriverjTranslator - Drive IH401A 16 

High Reliability/Military Specification/S83B Products 
A II nci ary Devices 

NUMERIC DEVICE LIST DESCRIPTION LEADS 

ICL232MJE8838 + 5 VDC RS 232 Transceive!i!'ower Converter 16 
ICL8069CMSC?L._883B 50 PPM Ban~ Volt~ Reference 2 

ICL8069DMSqz.:883B 100 PPM Bandgap Voltage Reference 2 

ICM7170AMDG/8838 Real Time Clock 24 

ICM7170MDG/883B Real Time Clock 24 
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PKG 
CODE 

,~, 

CY CerDIP 

CY CerDIP 

CY CerDIP 
CE LCC 

CY CerOIP 

CY CerDIP 

CY CerDIP 
CE LCC 

CY CerDIP 
CY QerDIP 
CE LCC 

CY CerDIP 

CY CerDIP 

CY CerDIP 

CY CerDIP 

CY CerDIP 

CY CerDIP 
CE LCC 

CY CerDIP 

CY Cerdlp 
CE LCC 

AA SB CerDIP 

CY CerDIP 

CY CerDIP 

CY CerDIP 

CY CerDIP 

CY CerDIP 

CY CerDIP 

CY CerDIP 

CY CerDIP 

T0-100 Can 

CY CerDIP 

CY CerDIP 

PKG 
CODE PACKAGE 

CY CerDIP 

T0-52 Can 

T0-52 Can 

AA SB CerDIP 

AA SB CerDIP 



Harris Semiconductor Data Acquisition 

High Reliability /Military Specificatlon/8838 Products 
A I t Di I IC rt na OJI_ o :!9_1ta onve ers 

PKG 
NUMERIC DEVICE LIST DESCRIPTION LOS CODE PACKAGE 

Hl1-574ASD/883 12 Bit 25 l'SeC A to D 24 AA SB CerDIP 
Hl4-574AS~Ssa 44 CE LCC 

Hl1-574ATD/883 12 Bit 25 l'Sec A to D 28 AA SB CerDIP 
Hl4-574ATEL883 44 CE LCC 

Hl1-574AU%883 12 Bit 25 ,.Sec A to D 28 AA SB CerDIP 
Hl4-57 4AUE 883 44 CE LCC 

Hl1-674ASD/883 12 Bit 12 l'Sec A to D 28 AA SBCetDIP 
Hl4-674ASE/883 44 CE LCC 

Hl1-674ATD/883 12 Bit 12 ,.Sec A to D 28 AA SB CerDIP 
Hl4-674AT~883 44 CE LCC 

Hl1-674AUD/883 12 Bit 12 l'Sec A to D 28 AA SB CerDIP 
H14-674AU~883 44 CE LCC 

H11-774S/883 12 Bit 81'SeC Ato D 28 AA SB CerDIP 
Hl4-774&_Ssa 44 CE LCC 

Hl1-774T/883 12 Bit 81'Sec A to D 28 AA SB CerDIP 
H14-774T/883 44 CE LCC 
H11-774U/883 12 Bit 8,.Sec A to D 28 AA SB CerDIP 
Hl4-774ul_883 44 CE LCC 

Hl1-5701'!L883 6 blT 30 MSPS Flash A to D 18 AA SB CerDIP 
ICL7109MDQ:883 12 Bit 133 ,.Sec A to D 18 AA SB CerDIP 

H11-7153S/883 10 Bit 8 Input MUX 5 l'Sec A to D 40 AA SB CerDIP 

High Reliability/Military Specification/8838 Products 
D!g!tal to Analo_g_ Converters 

f PKG 
-

NUMERIC DEVICE LIST DESCRIPTION LEADS CODE PACKAGE 

AD7520S~883B 1 o Bit D to A Converter 500 nsec 16 CY CerDIP 
AD7520UD/883B 1 o Bit D to A Converter 500 nsec 16 CY CerDIP 
AD7541 Tl?L._883B 12 Bit D to A Converter 1 ,.sec 18 CY CerDIP 

AD7545SC2L_883B 12 Bit D to A Converter 2 ,.sec 20 CY CerDIP 
H11-565AS~883 12 Bit D to A Converter 500 nsec ~nt Reference 20 CY CerDIP 
Hl1-565ATD/883 12 Bit D to A Converter 500 nsec w /Int Reference 24 CY CerDIP 

High Reliability /Military Specification/8838 Products 
Dis..Q!~ Drivers 

PKG 
NUMERIC DEVICE LIST DESCRIPTION LEADS CODE PACKAGE 

ICM7228AMJl883B 8 D}2!t Common Anode LED Driver 28 CY CerDIP 
ICM7228BMJl883B 8 Digit Common Cathode LED Driver. 28 CY CerDIP 
ICM7228CMJl883B 8 Digit Common.Anode LED Driver 28 CY CerDIP 
ICM7228DMJl883B 8 Digit Common Cathode LED Driver 28 CY CerDIP 
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Harris Semiconductor Data Acquisition 

High Reliability/Military Speclflcatlon/8838 Products 
Analo_g_ Mult~lexers 

II 
T DESCRIPTION LEADS 

Hll-0506/883 16 Channel Analog Multiplexer (MUX) 28 
H14-0506L883 28 
DG506AAK/883B 16 Channel Analog Multiplexer (MUX) 28 
Hl1-0506A-8 16 Channel OVP Analog Multiplexer (MUX) 28 
Hl4-0506A-8 28 

Hl1-050~883 Diff 8 Channel Analog Multiplexer (MUX) 28 
Hl4-0507 883 28 
DG507AAK/883B Dlff 8 Channel Analog Multiplexer (MUX) 28 
Hl1-0507A-8 Diff 8 Channel OVP Analog Multiplexer (MUX) 28 
Hl4-0507 A-8 28 

~:=i= 
8 Channel Analog Multiplexer (MUX) 16 

20 
DG508AAK_L883B 8 Channel Analog Multiplexer (MUX) 16 
Hl1-0508A-8 8 Channel OVP Analog Multiplexer (MUX) 16 
Hl4-0508A-8 20 
Hll--0509/883 16 
Hl4-0509j_883 20 
DG509AAK_l883B Dual 4 Channel Analog Multiplexer (MUX) 16 
Hl1-0509A-8 Diff 4 Channel OVP Analog Multiplexer (MUX) 16 
Hl4--0509A-8 20 
Hll--0516-8 Programmable 16/Diff 8 Channel Analog Multiplexer (MUX) 28 
Hl4--0516-8 28 
Hll--0518-8 Programmable 8/Diff 4 Channel Analog Multiplexer (MUX) 18 
Hl4--0518-8 20 
Hll--0524-8 4 Channel Wideband Analog Multiplexer (MUX) 18 
Hl4--0524-8 20 
DG526AK/883B 16 Channel Analog Multiplexer (MUX) 28 
DG527AK:Z883B Diff 8 Channel Analog Multiplexer (MUX) 28 
DG528AK_l883B 8 Channel Anal<>!l_ Multiplexer (MUX) 18 
DG529AK_l883B Diff 4 Channel Anal~Mul~exerJ_M\!29_ 18 
Hl1--0546/883 16 Channel 70V PK RON-Match Analog Multiplexer (MUX) 28 
Hl4-0546/883 28 
Hl1-0547/883 Diff 8 Channel 70V PK RON-Match Analog Multiplexer (MUX) 28 
Hi4-0547f_883 28 

Hl-0548~ 8 Channel 70V PK RON-Match Analog Multiplexer (MUX) 16 
Hl4-0548 883 20 
Hll-0549/883 Diff 4 Channel 70V PK RON-Match Analog Multiplexer (MUX) 16 
Hl4-0549/883 20 

Hl1-1818A/883 8 Channel Analog Multiplexer (MUX) 400 OHM 16 
Hl4-1818A-8 20 
Hl1-1828A/883 Dual 4 Channel Analog Multiplexer (MUX) 400 OHM 16 
Hl4-1828A/883 20 
Hl4-1828A-8 20 
IH5108MJq883B 8 Channel Analog Multiplexer (MUX) 1200 OHM 16 
IH5116MJ_IL8838 16 Channel Analog Multiplexer (MUX) 1200 OHM 28 
IH5208MJ~883B Dual 4 Channel Anal~ Mul!!l!!exer J_M~ 1200 OHM 16 
IH5216MJJZ883B Dual 8 Channel Analog Multi~lexer (MUX) 1200 OHM 28 
IH6108MJE/883B 8 Channel Analog Multiplexer (MUX) 350 OHM 16 
IH6208MJE/883B Dual 4 Channel Analog Multiplexer (MUX) 300 OHM 16 
IH6208MFE/883B 16 
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PKG 
CODE PACKAGE 

CY CerDIP 
CE LCC 
CY 
CY CerDIP 
CE LCC 
CY CerDIP 
CE LCC 
CY CerDIP 
CY CerDIP 
CE LCC 
CY CerDIP 
CE LCC 
CY 
CY CerDIP 
CE LCC 
CY CerDIP 
CE LCC 
CY CerDIP 
CY CerDIP 
CE LCC 
CY CerDIP 
CE LCC 
CY CerDIP 
CE LCC 
CY CerDIP 
CE LCC 
CY CerDIP 
CY CerDIP 
CY CerDIP 
CY CerDIP 
CY CerDIP 
CE LCC 
CY CerDIP 
CE LCC 
CY CerDIP 
CE LCC 
CY CerDIP 
CE LCC 

CY CerDIP 
CE LCC 
CY CerDIP 
CE LCC 
CE LCC 
CY CerDIP 
CY CerDIP 
CY CerDIP 
CY CerDIP 
CY Cerdip 
CY CerDIP 
A2 Aat Pack 
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Harris Semiconductor Data Acquisition 

Surface Mount Products 
ALPHANUMERIC DESCRIPTION 

DEVICE LIST CERAMIC LEADLESS CHIP CARRIER PACKAGES (LCC) 
CA3306CJ3 6 Bit Flash A to D Converter 
CA3306J3 6 Bit Flash A to D Converter 
Hl4-0201_L_883 Quad SPST Analog Switch 
Hl4-0201 HS]Ss3 Quad SPST High S_Qeed Analo_g_ Switch 
Hl4-050~883, -8 16 Channel Analog Multiplexer (MU& 
Hl4-0506A-8 16 Channel Over Vol~e Protected Analqg_ Mult!_e!exerJMU'[ 
Hl4-0507:Z883 Differential 8 Channel Analog Multiplexer]MUX) 
Hl4-0507A-8 Differential 8 Channel Over Volt~e Protected Analqg_ Mult!Q!exer J_MUXl 
Hl4-0508l883 8 Channel Analog Multiplexer (MUX) 
Hl4-0508A-8 8 Channel Over Volt~ Protected Analqg_ Multlj)lexer]Mul[ 
Hl4-0509:Z883. -8 Differential 4 Channel Analog Mult!_e!exer (MUX) 
Hl4-0509A-8 Differential 4 Channel Over Vol~e Protected Analqg_ Mult!Q!exer JMUl[ 
Hl4-0516-8 Programmable 16,/Differential 8 Channel Analog Multiplexer (MUX) 
Hl4-0518-8 Pr~ammable ~ifferential 4 Channel Analog MultiQlexer J_MUX}_ 
Hl4-0524-8 4 Channel Wideband Anal~ Multiplexer (MUX) 
Hl4-0546_l883 16 Channel 70V PK RON-Match AnalQg_ Mull_!E!exer J_MUXl 
Hl4-0547_L883 Differential 8 Channel 70V PK RON-Match Anal~ Multiplexer (MUX) 
Hl4-0548L8s3 8 Channel 70V PK RON-Match AnalQR Multif)lexerl_Mu& 
Hl4-0549l883 Differential 4 Channel 70V PK RON-Match Analog Multiplexer (MUX) 
Hl4-1818A_L_883, -8 8 Channel 400 OHM RON CMOS Level Analqg_ Mult!_e!exerJMU'[ 
Hl4-1828A/883, -8 Differential 4 Channel 400 OHM RON CMOS Level Analog Multpilexer 

liMUX}_ 
Hl4-50431.8s3 Dual SPOT Analog Switch 
H14-5045]ls3 Dual DPST Analqg_ Switch 
Hl4-5049/883 Dual DPST Analog Switch 
Hl4-5051L_883 Dual SPOT Analqg_ Switch 
Hl4-574ASq8s3 12 Bit 25 µSec A to D Converter 
Hl4-574ATEl883 12 Bit 25 µSec A to D Converter 
Hl4-574AUE/883 12 Bit 25 µSec A to D Converter 
Hl4-674ASE_L_8s3 12 Bit 12 µSec A to D Converter 
Hl4-674ATEl8s3 12 Bit 12 µSec A to D Converter 
Hl4-67 4AUE_L883 12 Bit 12 ~Sec A to D Converter 
Hl4-774S/883 12 Bit 8 µSec A to D Converter 
Hl4-77411_883 12 Bit 8 µSec A to D Converter 
Hl4-774l!L.883 12 Bit 8 µSec A to D Converter 
ICL7115JMLL 14 Bit 40 µSec µProcess A to D Converter 
ICL7115KMLL 14 Bit 40 µSec µProcess A to D Converter 
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Harris Semiconductor Data Acquisition 

Surface Mount Products: Continued 

ALPHANUMERIC DESCRIPTION 
DEVICE LIST PLASTIC SMALL OUTLINE INTEGRATED CIRCUIT J_GULL-WINqu_SOICl LEADS 

CA3304AM 4 Bit Flash A to D Converter 16 
CA3304M 4 Bit Flash A to D Converter 16 
CA3306CM 6 Bit Flash A to D Converter 20 
CA3306M 6 Bit Flash A to D Converter 20 
CA3310AM 10 Bit A to D Converter with T /H 24 
CA3310M 10 Bit A to D Converter with "!LH 24 
CA3318CM 8 Bit Flash CMOS Video Speed A to D Converter 24 
CA3338AM 8 Bit CMOS Video ~eed D to A Converter 16 
CA3338M 8 Bit CMOS Video Speed D to A Converter 16 
DG201ACY Quad SPST Analqg_ Switch 16 
DG211CY Quad SPST Analog Switch 16 
DG212CY Quad SPST Analqg_ Switch 16 
DG303ABY, ACY Dual SPOT Analog Switch 16 
DG308ACY Quad SPST Analqg_ Switch 16 
DG309CY Quad SPST Analog Switch 16 
DG506ABY, ACY Low Cost 16 Channel Analqg_ Mul!!QfexerJ_MU.lQ 28 
DG507ABY, ACY Low Cost Differential 8 Channel Analog Multiplexer (MUX) 28 
DG508ABY, ACY Low Cost 8 Channel Analqg_ Mul~lexer J_MU.lQ 16 
DG509ABY, ACY Low Cost Differential 4 Channel Analog Multiplexer (MUX) 16 
DG526BY, CY 16 Channel µProcess Com~tible Analqg_ Mult_!Q!exer J_MU.lQ 28 
DG527BY, CY Differential 8 Channel µProcess Compatible Analog Multiplexer (MUX) 28 
DG528CY 8 Channel µProcess Con:!£.atible Analqg_ Mul~exer]MU~ 18 
DG529CY Differential 4 Channel µProcess Compatible Analog Multiplexer (MUX) 18 
Hl9P0200-5, -9 Dual SPST AnalCJll Switch 14 * 
Hl9P0201-5, -9 Quad SPST Analog Switch 16 
Hl9P0201 HS-5, -9 HJ[h ~eed Quad SPST Anal~ Switch 16 
Hl9P0506-5, -9 16 Channel D.I. Analog Multiplexer (MUX) 28 
Hl9P0507-5, -9 Differential 8 Channel D.I. Anal~ Mult_!Qlexer JMU& 28 
Hl9P0508-5, -9 8 Channel d.I. Analog Multiplexer (MUX) 16 
Hl9P0509-5, -9 Differential 4 Channel D.I. Anal2!1 Mul~lexerJ.MU~ 16 
Hl9p0516-5, -9 Programmable 16/Differential 8 Channel Analog Multiplexer (MUX) 28 
Hl9P0546-5, -9 16 Channel RDS Match Over Volt~e Protected Anal~ Mul~exerJMU.lQ 28 
Hl9P0547-5, -9 Differential 8 Channel Over Voltage Protected Analog Multiplexer 28 
Hl9P0548-5, -9 8 Channel RDS Match Over Volt~e Protected Anal~ Mul~lexerJMU.lQ 16 
Hl9P0549-5, -9 Differential 4 Channel Over Voltage Protected Analog Multiplexer 16 
Hl9P565AAR-9, AJR-5 12 Bit 500 NSEC D to A Converter with INT REF fZ2 LSB INL 24 
Hl9P565ABR-9, AKR-5 12 Bit 500 NSEC D to A Converter with INT REF 1/4 LSB INL 24 
Hl9P5701 B-9, K-5 6 Bit 30 MSPS Flash A to D Converter 18 
Hl9P5043-5, -9 Dual SPOT Analog Analog Switch 16 
Hl9P5045-5, -9 Dual DPST Analqg_ Anal~'Switch 16 
Hl9P5049-5, -9 Dual DPST Analog Analog Switch 16 
Hl9P5051-5, -9 Dual SPOT Analqg_ AnalOJl. Switch 16 
ICL232CBE, IBE +5V RS232 Transmi!Z_Receive with Power Converter 16 
ICL8069CCBA 50 PPM Band-Gf!E. Volt~e Reference 8 
ICL8069DCBA 100 PPM Band-Gap Voltage Reference 8 
ICM7170AIBG µP Com..E_atible Real Time Clock 24 
ICM7170JBG µP Compatible Real Time Clock 24 
ICM7228AIBI 8 D.!a_it Universal Driver COM Anode 28 
ICM7228BIBI 8 Digit Universal Driver COM Cathode 28 • 16-7 



Harris Semiconductor Data Acquisition 

Surface Mount Products: Continued 

ALPHANUMERIC DESCRIPTION 
DEVICE LIST PLASTIC SMALL OUTLINE INTEGRATED CIRCUIT _iGULL-WING.lJSOIC\ LEADS 

ICM7228CIBI 8 Digit Universal Driver COM Anode 28 
ICM7228DIBI 8 D)g_it Universal Driver COM Cathode 28 
IH5043CY Dual SPST Video Analog Switch 16 
IH5352CBP, IBP Quad SPST Video Analog Switch 20 

ALPHANUMERIC DESCRIPTION 
DEVICE LIST PLASTIC LEADED CHIP CARRIER PACKAGE (J-LEAD) (PLCC) LEADS 

Hl4P0201-5 Quad SPST Anal~ Switch 20 
Hl4P0201 HS-5 Quad SPST HI-Speed Analog Switch 20 
Hl4P0222-5 200 MHZ Dual SPST Analqg_ Switch 20 
Hl4P0506-5 16 Channel Analog Multiplexer (MUX) 28 
Hl4P0507-5 Differential 8 Channel Anal~ Mult_iQ!exerIMUJ9: 28 
Hl4P0508-5 8 Channel Analog Multiplexer (MUX) 20 
Hl4P0509-5 16 Channel Analqg_ MultiQlexer _iMU& 20 
Hl4P0516-5 Programmable 1~Differential 8 Channel Analog Multiplexer (MUX) 28 
Hl4P0518-5 Pr<?.9_rammable ~Differential 4 Channel Anal~ Multle!exer ]vlu>9: 20 
Hl4P0524-5 4 Channel Video "T" Analog Multiplexer (MUX) 20 
Hl4P0539-5 Differential 4 Channel Low Level Anal~ Mult)Q!exer (MU& 20 
Hl4P0546-5 16 Channel RDS-ON Match Over Voltage Protected Analog Multiplexer 28 

liMUlQ_ 
Hl4P0547-5 Differential 8 Channel RDS-ON Match 28 

Over Voltag_e Protected Analqg_ MultiQlexer _{_MU& 
Hl4P0548-5 8 Channel RDS-ON Match Over Voltage Protected Analog Multiplexer (MUX) 20 
Hl4P0549-5 Differential 4 Channel Over Volt~e Protected Anal<?.9_ Mult£exer ]vlu>9: 20 
Hl4P181 SA-5 8 Channel Anal~ Multiplexer (MUX) 20 
Hl4P1828A-5 Differential 4 Channel Analqg_ MultiQ!exer JMUXl 20 
Hl4P5043-5 Dual SPOT Analog Switch 20 
Hl4P5045-5 Dual DPST Anal~ Switch 20 
Hl4P5049-5 Dual DPST 30-0HM Analog Switch 20 
Hl4P5051-5 Dual SPOT 30-0HM Analog Switch 20 

ALPHANUMERIC DESCRIPTION 
DEVICE LIST PLASTIC LEADED QUAD FLAT-PACK (GULL-WING) (PQFP) LEADS 

ICL7106CM44 3 1jJ. Digit DVM LCD 44 
ICL7107CM44 3 1jJ. D_!g!t DVM COM Anode LED 44 
ICL7116CM44 3 1j_2 Digit DISPL Hold DVM LCD 44 
ICL7129CM44 4 1jJ. D.!g_it DVM LCD 44 
ICL7136CM44 3 1jJ. Digit Low Power DVM LCD 44 
ICL7149CM44 3 31_4 Djg_it Autora'!ge DMM LCD 44 
ICL7182CM44 101 SEG Bar Graph DVM LCD 44 
ICM7211AIM44 4 D)g_it Decoder Driver LCD 44 
ICM7211AMIM44 4 Digit Decoder Driver LCD µp Bus 44 
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ADVANCED INFORMATION 
September 1991 

Features 

• 30 MSPS Conversion Rate 

• No Missing Codes 

•Sample and Hold Not Required 

Description 

fff-5701 
6 Bit, 30 MSPS 

Flash A/D Converter 

• Differential linearity Error ......•.•...••. ±0.35 LSB 

The Hl-5701 is a monolithic, 6 bit, CMOS flash 
Analog-to-Digital Converter. It is designed for high speed 
applications where wide bandwidth and low power 
consumption are essential. Its 30 MSPS speed is made 
possible by a parallel architecture which also eliminates the 
need for an external sample and hold circuit. The Hl-5701 
delivers ±0.35 LSB differential nonlinearity while 
consuming only 250mW. latched outputs are provided 
which present valid data to the output bus 1 Y2 clock cycles 
after the convert command is received. An overflow bit is 
provided lo allow the series connection of two converters, 
thus achieving 7 bit resolution. 

• Integral linearity Error .•..•.....•...•••.•. ±0.5 LSB 

• CMOS/TTL Compatible 

• Single +5V Supply Voltage 

• Low Power CMOS ....•..•.••.••..••...••..• 250mW 

Applications 

• Video Digitizing 

The Hl-5701 is available in commercial and industrial 
temperature ranges. II is available in 18 pin plastic DIP and 
SOIC packages. 

• Radar Systems 

• Communication Systems 

• High Speed Data Acquisition Systems 

Pinouts 

(MSB) 05 

OVF 

V55 

NC 

CE2 

CE1 

CU< 

PHASE 

Ordering Information 

PART 
NUMBER 

Hl3-5701 K-5 

Hl9P-5701 K-5 

Hl3-5701 B-9 

Hl9P-5701 B-5 

18 PIN PLASTIC DIP 
18 PIN SOIC 

TOP VIEW 

04 

D3 

1/l R 

02 

01 

TEMPERATURE 
RANGE 

QOC$.TA$.+750C 

QOC $TA ~+750C 

-4ooc:;; TA:;; +8soc 

-4ooc:;; TA:::_ +85oc 

DO (LSB) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper l.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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PACKAGE 

18 Pin Plastic DIP 

18PinSOIC 

18 Pin Plastic DIP 

18PinSOIC 
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September 1991 

Features 
• 5µs Conversion Time 

• 8-Channel Multiplexer 

• 200,000 Channels/Second Throughput Rate 

• Over 9 Effective Bits at 20kHz 

• No Offset or Gain Adjustments Necessary 

• Analog and Reference Inputs Fully Buffered 

• On-Chip Track and Hold Amplifier 

• µP Compatible Interface 

• 2's Complement Data Output 

• 150mW Power Consumption 

• Only a Single 2.SV Reference Required for a ±2.SV 
Input Range 

• Out-of-Range Flag 

Applications 
• µP Controlled Data Acquisition Systems 

•CSP 
•Avionics 

• Sonar 

• Process Control 

• Automotive Transducer Sensing 
• Industrial 

•Robotics 

• Digital Communications 

Hl-7153. 
8-Channel 1 O Bit High Speed 

Sampling A/D Converter 

General Description 
The Hl-7153 is an 8-channel high speed 10 bit A/D 
converter which uses a Two Step Flash algorithm to achieve 
through-put rates of 200kHz. The converter features an 
a-channel CMOS analog multiplexer with random channel 
addressing. A unique switched capacitor technique allows 
a new input voltage to be sampled while a conversion is 
taking place. 

Internal high speed CMOS buffers at both the analog and 
reference inputs simplifies interface requirements. 

A Track and Hold amplifier is included on the chip, 
consisting of two high speed amplifiers and an internal hold 
capacitor, reducing external circuitry. 

Microprocessor bus interfacing is simplified by the use of 
standard Chip Select, Read, and Write control signals. The· 
digital three-state outputs are byte organized for bus 
interface to 8 or 16 bit systems. An Out-of-Range pin, 
together with the MSB bit, can be used to indicate an under 
or over-range condition. 

The Hl-7153 operates with ±5V supplies. Only a single 
+2.5V reference is required to provide a bipolar input range 
from -2.5V to +2.5V. 

Ordering Information 

LINEARITY TEMPERATURE 
PART NO. (MAX. ILE) RANGE PACKAGE 

Hl3-7153J-5 ±1.0LSB oocto+1soc 40 Pin Plastic DIP 

Hl3-7153A-9 ±1.0LSB -4ooc to +ssoc 40 Pin Plastic DIP 

Hl1-7153S-2 ±1.0LSB -ssoc to + 12soc 40 Pin Ceramic DIP 

Hl1-7153S/883 ±1.0LSB -ssoc10+12soc 40 Pin Ceramic DIP 

Pinout Hl-7153 
TOP VIEW 

Functional Diagram 

v-

GNO 

"" 
OVR 

D9 (MSB) 

08 

07 

06 

05 

04 

03 

02 

01 

DO (LSB) 

HOlD 

EOC 

OG 

CLK 

HBE 

Copyright © Harris Corporation 1991 

AG 
(ANALOG GND) 

AINO 

AIN1 

AIN2 

AIN3 

AIN4 

AIN5 

AIN6 

AIN7 
AO 
A1 
A2 

ALE 
TEST 
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POWER 
SUPPLY 

DISTRIBUTION 

LATCHES 
DO 

• DATA AND • • OUTPUT • OUTPUTS 
TWO • BUFFERS D9 
STEP • OVA 

FLASH BUS 

BUS 
CTRL HBE 

r'"--""'1.- HOLD 

RD 

WR 

cs 
SMODE 

CLK 

.__ __ .r-~EOC 
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Absolute Maximum Ratings 

Supply Voltage 

Specifications HI- 7153 

Operating Temperature Range 
V+ to Gnd (DG/AG/GND) ........•..•...... -0.3V < V+ <+5.7V Hl3-7153X-5 ................................. oocto+7soc 
V- to Gnd (DG/AG/GND) .................. -5.7V < V- <+0.3V Hl3-7153X-9 .............................. -4ooc to +a5oc 

Analog Input Pins (Note 1) Hl1-7153X-2 ....•..................•..... -55octo+125oc 

(A1No-A1N7· VREF) ............... v- -0.3V <V1NA < v+ +0.3V Storage Temperature Range ................. -650C to +15QOC 

Digital 1/0 Pins (Note 1 ~ . .:..:..: . .:.:..:..: DG -0.3V < V1;0 < V+ +0.3V 
(DO-D9, OVA, CU<, CS, RD, WR, ALE, SMODE, HOLD, EOC, 
HBE, BUS, AO-A2, TEST) 

Lead Temperature (soldering, 1 Os) ...................... 3QQOC 

Power Dissipation (Note 2) .•.......••.....•........... 500mW 
Derate above +7QOC at 10mW/OC 

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 (Note 4), V+ = +5V, V- = -5V, VREF = +2.50V, fclk = 600kHz, IR = Ifs 25ns, 50% duty cycle. 
All typical values have been characterized but are not tested. 

(Note3) 
J,A,SGRADE 

SYMBOL PARAMETER TEMPERATURE MIN TYP MAX UNITS 

ACCURACY 

RES Resolution TA=+25oc 10 - - Bits 
(Nole5) 

TMINSTASTMAX 10 - - Bits 

ILE Integral Linearity Error TA=+250C - ±0.5 ±1.0 LSB 

TMINSTASTMAX - ±0.75 ±1.0 LSB 

DLE Differential Linearity Error TA=+250C - ±0.5 ±1.0 LSB 

TMIN STASTMAX - ±0.75 ±1.0 LSB 

Vos Bipolar Offset Error TA=+25oc - ±1.0 ±2.5 LSB 

TMINSTASTMAX - ±1.5 ±3.0 LSB 

FSE Unadjusted Gain Error TA=+250C - ±1.0 ±2.5 LSB 

TMINSTASTMAX - ±1.5 ±3.0 LSB 

Channel to Channel Mismatch TA=+250C - ±0.02 - LSB 

TMINSTASTMAX - ±0.02 - LSB 

NOTES: 

1. Input voltages may exceed tho supply voltage, one input or channel at a lime, provided the input current is limited to ±1 OmA. 

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

3. See Ordering Information Table 

4. FSA (Full Scale Range) = 2 x VREF (5.00V at VREF = 2.50V). LSB (least Significant Bil) = FSR/1024 (4.88mV at VREF = 2.SOV). 

5. Parameter Not tested. Parameter guaranteed by design, simulation, or characterization. 
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Specifications Hl-7153 

Electrlcal Characteristics (Continued) (Note 4), v+ = +5V, v- = -5V, VREF = +2.50V, TA = +25°C, fclk = 600kHz, 
IR =If.::; :25ns, 50% duty cycle. All typical values have been characterized but are not 
tested. 

+2soc 

SYMBOL PARAMETER CONDITIONS TYP UNITS 

DYNAMIC CHARACTERISTICS 

SNR Signal to Noise Ratio f1N = 4.932kHz, ±2.5V 59 dB 

f1N = 14.697kHz, ±2.5V 59 dB 

f1N = 24.462kHz, ±2.5V 58 dB 

f1N = 43.994kHz, ±2.5V 56 dB 

SINAD Signal lo Noise + Distortion f1N = 4.932kHz, ±2.5V 59 dB 

f1N = 14.697kHz, ±2.5V 58 dB 

f1N = 24.462kHz, ±2.SV 55 dB 

f1N = 43.994kHz, ±2.5V 48 dB 

THO Total Harmonic Distortion f1N = 4.932kHz, ±2.5V -66 dBc 

f1N = 14.697kHz, ±2.5V -61 dBc 

f1N = 24.462kHz, ±2.5V -56 dBc 

f1N = 43.994kHz, ±2.5V -48 dBc 

SFDR Spurious-Free Dynamic Range f1N = 4.932kHz, ±2.5V -76 dB 

f1N = 14.697kHz, ±2.5V -77 dB 

f1N = 24.462kHz, ±2.5V -77 dB 

f1N = 43.994kHz, ±2.5V -74 dB 

DC Electrical Characteristics (Note 4), v+ = +5V, V- = -5V, VREF = +2.50V, TA = +250C, fclk = 600kHz, 
IR = If~ 25ns, 50% duty cycle, unless otherwise specified. All typical values have been 
characterized but are not tested. 

+2soc ooc10+1soc -40to+asoc ss10+12soc 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN MAX MIN MAX MIN MAX UNIT 

ANALOG MULTIPLEXER INPUT 

VIR lnputRange -VREF - +VREF -VREF +VREF -VREF +VREF -VREF +VREF v 

R1N Input Resistance - 10 - - MO 

IBI Input Leak. Current A1N=OV - O.Ql 100 - 100 - 100 - 100 nA 

CA1N(ON) On Channel Input A1N = OV, Note 5 - 10 30 - 30 - 30 - 30 pf 
Capacitance 

CAIN(OFF) Off Channel Input A1N = OV, Note 5 - 8 20 - 20 - 20 - 20 pF 
Capacitance 

Ros(ON) MUX A1N=±2.5V, - 1.1 2.5 - 2.5 - 2.5 - 2.5 KO 
On-Resistance l1N=lOOµA 

aRos(ON) Greatest Change In -2.5VSAIN - 2.5 - - - - - - - % 
Ros(ON) Between :$+2.5V 
Any Two Channels 

OIRR Off-Channel F1N =1 OOkHz, - -96 - - - - - ~ - dB 
Isolation Note7 

CCRR Channel to Channel F1N =1 OOkHz, - -83 - - - - - - - dB 
Isolation Note7 

NOTES: 

4. FSA (Full Scale Range)= 2 x VREF (5.00V at VREF = 2.SOV). LSB (Least Significant Bit)= FSR/1024 (4.88mV at VREF = 2.50V). 

5. Parameter Not tested. Parameter guaranteed by design, simulation, or characterization. 

6. Functionality is guaranteed by negative GAIN ERROR test. 

7. Channel Isolation is tested with an input signal of ±2.5Vp-p, 100kHz and the measured pin Is loaded with 1oon to GND. 
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Specifications HI- 7153 

DC Electrical Characteristics (Continued) (Note 4), v+ = +5V, v- = -5V, VREF = +2.50V, TA= +25oc, fclk = 600kHz, 
~ = tf :s; 25ns, 50% duty cycle, unless otherwise specified. All typical values 
have been characterized but are not tested. 

+2soc oocto+1soc -40 to +asoc J::;s to +12soc 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN MAX MIN MAX MIN MAX UNIT 

REFERENCE INPUT 

VAR Reference Input Note6 2.2 - 2.6 2.2 2.6 2.2 2.6 2.2 2.6 v 
Range 

IBR Reference Input VREF = +2.50V - 0.01 100 - 100 - 100 - 100 nA 
Bias Current 

CVR Reference Input Note5 - 8 20 - - - - - - pf 
Capacitance 

LOGIC INPUTS 

V1H Input High Voltage 2.4 - - 2.4 - 2.4 - 2.4 - v 

V1L Input Low Voltage - - 0.8 - 0.8 - 0.8 - 0.8 v 

l1L Logic Input Current V1N=OV,+5V - 0.05 1 - 1 - 1 - 1 µA 

C1N Input Capacitance Note5 - 7 17 - - - - - - pf 

LOGIC OUTPUTS 

VoH Output High Volt loH=-200µA 2.4 - - 2.4 - 2.4 - 2.4 - v 
Vol Output Low Volt loL=1.6mA - - 0.4 - 0.4 - 0.4 - 0.4 v 

loL Output Leakage RD=+5V, - 0.04 1 - 10 - 10 - 10 µA 
Current VouT=+5V 

RD=+5V, -1 -O.D1 - -10 - -10 - -10 - J!A 
Vour=OV 

couT Output Capacitance High-Z state, - 7 15 - - - - - - pf 
,Note5 

POWER SUPPLY VOLTAGE RANGE 

v+ Func'I Operation 4.5 5.0 5.5 4.5 5.5 4.5 5.5 4.5 5.5 v 

v- Only,Note6 -4.5 -5.0 -5.5 -4.5 -5.5 -4.5 -5.5 -4.5 -5.5 v 

POWER SUPPLY REJECTION 

Ll.FSE V+,V-Gain V+=5V, - 0.1 0.5 - 0.6 - 0.6 - 0.8 LSB 
Error v- = -4.75V, -525V 

V-=-5V, - 0.1 0.5 - 0.6 - 0.6 - 0.8 LSB 
V+ = 4.75V, 5.25V 

LI.VOS V+,V-Offset V+=5V, - 0.15 0.5 - 0.6 - 0.6 - 0.8 LSB 
Error V- = -4.75V, -5.25V 

V-= -5V, - 0.15 0.5 - 0.6 - 0.6 - 0.8 LSB 
V+ = 4.75V, 5.25V 

SUPPLY CURRENTS 

I+ V+ Supply Current V+= 5V, V-=-SV - 20 30 - 30 - 30 - 30 mA 

I- V- Supply Current V1N = OV, Digital 
Outputs Are 

- -10 -15 - -15 - -15 - -15 mA 

IGND GND Current Unloaded - -8 - - - - - - - mA 

IDG DG Current - -2 - - - - - - - mA 

IAG AG Current - 0.02 - - - - - - - µA 

4. FSR (Full Scale Range) = 2 x VREF (5.00V al VREF = 2.SOV). LSB (Least Significant Bil) = FSR/1024 (4.BBmV at VREF = 2.SOV). 

5. Parameter Not tested. Parameter guaranteed by design, simulation, or characterization. 

6. Functionality is guaranteed by negative GAJN ERROR test. 

7. Channel Isolation is tested with an input signal of 5Vp-p, 1 OOkHz and the measured pin is loaded with 1000 to GND. 

m 
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Specifications HI- 7153 

Electrical Characteristics (Continued) (Note 11) v+ = 5V ± 10%, v- = -5V, VREF = 2.50V, TA= +250C, fclk = 600kHz, 
IA =IF$ 25ns, 50% duty cycle, CL= 100pF {Including stray for DO-D9, OVA, HOLD), 
unless otherwise specified. All typical values have been characterized but are not 
tested. 

+25DC ooc10+1soc 4ooc to +ssoc -ssoc to+12soc 

SYMBOL PARAMETER MIN TYP MAX MIN MAX MIN MAX MIN MAX UNITS 

TIMING CHARACTERISTICS 

tsps Continuous Note9 - - 5 - 5 - 5 - 5 µs 
Conversion Note5 60 - - 60 - 60 - 60 - µs 
Time 

Notes9, 15 - - 3iclk - 3lclk - 31clk - 31clk µs 

tconv Conversion Time, Notes5,8 - - 41c1k+ - 41c1k+ - 4ic1k+ - 4tc1k+ µs 
First Conversion 0.63 0.75 0.75 0.8 

lcyc Continuous Note9 - - iclk/3 - lc1k/3 - lclk/3 - iclk/3 CPS 
Throughput 

lclk Clock Period - 1/fc1k - - - - - - - -
D Clock Input Duty Cycle Note5 45 50 55 45 55 45 55 45 55 % 

talew ALE Pulse Width Note5 30 15 - 40 - 40 - 50 - ns 

las Address Setup Time Note5 40 15 - 80 - 80 - 80 - ns 

lah Address Hold Time 0 -16 - 0 - 0 - 0 - ns 

lwrl WA Pulse Width Notes 5,8, 1 o 100 20 iclk/2 100 iclk/2 100 tc1k12 100 lcik/2 ns 

twreoc WR to EOG Low Notes5,8 - 80 130 - 160 - 160 - 160 ns 

lhold WR to HOLD Delay Notes5,8 - 80 150 - 170 - 170 - 170 ns 

ickhr Clock to HOLD Note5 150 265 450 140 500 120 500 120 500 ns 
Rise Delay 

lckhf Clock to HOLD Notes5,9 50 95 200 40 225 40 225 40 225 ns 
Fall Delay 

lckeoc Clock to EOG High Notes5,8 - 460 630 - 750 - 750 - 800 ns 

lciata HOLDtoDATAChange Notes5,9 100 200 350 90 400 90 400 90 400 ns 

led CS to DATA Note5 - 40 70 - 85 - 85 - 85 ns 

lad HBEtoDATA Nole5 - 30 50 - 70 - 70 - 70 ns 

lrd RD LOW to Active Notes5, 13 - 70 100 - 125 - 125 - 125 ns 

lrx RD HIGH to Inactive Notes5, 14 - 30 60 - 70 - 70 - 70 ns 

t, Output Rise Time Notes5, 12 - 20 40 - 60 - 60 - 60 ns 

If Output Fall Time Notes 5, 12 - 15 30 - 50 - 50 - 50 ns 

NOTES: 

B. Slow memory mode timing. 

9. Fast memory or OMA mode of operation, except the first conversion which is equal to tcoNV· 

10. Maximum specification to prevent multiple triggering with WR. 

11. All input drive signals are specified with IA= IF~ 10ns and shall swing from 0.4Vto 2.4Vfor an timing specifications. A signal is considered to change state as 
it crosses a 1.4V threshold (except tRD & tRx). 

12. tR and tF load is CL= 100pF (including stray capacitance} to DG and is measured from the 10%-90% point. 

13. tRo is the time required for the data output level to change by 10% in response to RD crossing a voltage level of 1.4V. High-Z to VoH is measured with 
AL = 2.5K!l and CL = 100pF (including stray} to DG. High-Z to Vol is measured with RL = 2.5K!l to V+ and CL = 1 OOpF (including stray) to DG. 

14. tRx is the time required for the data output level to change by 10% in response to RD crossing a voltage level of 1.4V. VoH to High-Z is measured with 
AL= 2.5K!l and CL= 10pF (including stray) to DG. Vol to High-Z is measured with RL = 2.5KO to V+ and CL= 10pF (including stray) to DG. 

15. For clock frequencies other than 600kHz. 
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Hl-7153 

Timing Diagrams 
FAST MEMORY MODE (8 BIT DATA BUS) 

CLOCK 

~ 10Rnoy 

-~ r•hold 
be wired lowl 

~----'-'_k_h r_-_o-1~· 1- -.J 1;:_• ,~k~h-'----~ 
TRACK N HOLD N TRACK N• I Ho Id N• I TRACK N• 2 

ALE 

R0-M -----------------+-------------{ N • ) ADDRESS 

INTERNAL 
DATA 

HBE 

--------------------1::',.--'d~a~•~a--------, _______ N_-_1_o_A_T_A _______ ~X N DATA xr--N-,-,-D-A-TA--

~~~~S .OVR -------

CONDITIONS: SMODE = DG. Bus = DG. 
NOTE: With SMODE = DG, the internal logic disables the output latches from being updated during a read. The EOC output is LOW continuosly. 

OMA MODE (16-BIT DATA BUS) 

CLOCK 

/\LE 

A 0 - A 2 

HOLD 

INTERNi'-L 
D/\TA 

-------<( N•I ADDRESS)>-------~< N'2 AOORESS )>--------<( N•> ADDRESS>--

TR/\CK N HOLD N TR/\CK N• 1 HOLD N• 1 TRACK N•2 HOLD N• 2 

_____ _,X~ ____ N_-_1_D_11_r_11 ___ _,X _____ N_D_A_T_11 ___ ~x ___ N_•_1_D_AT_11 __ 

~~~~9 .ovR------~x~ _____ N_-_1_D_ll_T_A ____ _,X~-----N_D_A_T_11 ____ __,X~--N~•-1_0_11_1_11 __ 

CONDITIONS: SMODE = v+. cs = WR = RD = DG, Bus = V+, HBE = DG or v+ 
NOTE: EOC output is low continuosly. 
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Timing Diagrams (Continued) 

SLOW MEMORY MODE (16 BIT DATA BUS) 

CLOCK 

cs 

iTR 

ALE 

AO-A2 

HOLD 

INTERNAL 
DATA 

RO 

EOC 

Hl-7153 

u 
-i· I- twrl 

TRACK ~\ HOLD N I TRACK N• I 

-O.jl-1wreoc t ckeoc --l 1-
\,_ _ __,r-

lrd-jf-- -jf--trx 
~~~~9,0\'R -··-··-··-··-··-··-··-:----··-··-··-··-··-·-~ 

,__ ____ 1conv ____ .., 

CONDITIONS: SMODE - V+. Bus - V+. HBE - DG or V+ 
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Hl-7153 

Typical Dynamic Performance Characteristics 
EFFECTIVE NUMBER OF BITS SIGNAL-TO-NOISE RATIO 
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Hl-7153 

Typical Dynamic Performance Characteristics (Continued) 

FFT SPECTRUMS 

-10 

-30 

-120 

INPUTfREOUENCY: .Cl3tlt1 
SAUPLIHO RATI!.: 200klti 

SNR: H.4DdB •10 
TllD: •11.211d8 

PEAK NOISE: -75.HdB -20 
SPURIOUSfREEDYNAUICRANOE: -H.31dB 

3RD HARMONIC: -71. HdB 

-•o 
ii-so 

" 

·~.· -110 ~I -120 

-130 

INPUTfREOUENCY: 1.ttHHr: 
SAMPLINQRAll!:: 200klll 

SNR: 58.HdB 
THO: -et."4d8 

PEAK NOISI!: -77.2tdB 
SPURIOUS fAEI!. DYNAMIC RANQI!.: -93 • .0dB 

3RDHAAMONIC: -12.441dB 

-130 --t---o-t,--+---t---1--1--l~-+---< -1410 --t--t--<--+---+--->---t--t--+---< 

-10 

-<O 

i-50 
~-eo 
5-•o 
~-110 

-100 

-110 

-120 

o 10 ~ ~ ~ ~ 10 M ~ ID 
fREQUENC1 (kH.1) 

INPUTFREQUENCY: 24412H.1 
SAMPLING RATE: 200kHr: 

a 10 20 30 

SNR! H.311dB •10 
THD: -U.58dB 

PEAK NOISE: -11.llSdB -20 
SPURIOUS FREE DYNAMIC RANGE: -57.12d8 

3RD HARMONIC: •14.53dB 

-·· 

-100 

.. .. '"" FREQUENCY (lr.ll.1) 

INPUT FREQUENCY: 43H411z 
SAMPLINORATE: 200kHz 

6HR: ISl.20dB 
Tito: -48.1tdP 

PEAK NOISE: -74.34dP 
SPURIOUS FREE DYNAMIC RANGE: •48.00dP 

3ROllARMONIC: -02.81dP 

·1300 -130 ----t--•--t---l---+----+-~>---t---+---< zo 30 40 50 10 
FREQUENCY (kfll) 

70 10 .. 100 0 10 20 

16-18 

40 50 110 
FREQUENCY (klb, 

... 



Hl-7153 

Pin Descriptions 

PIN SYMBOL DESCRIPTION 

1 VREF Reference vollage input (+2.SOV) 

2 AG Analog ground reference (OV) 

3 AINO Analog input channel 0 

4 A1N1 Analog input channel 1 

5 A1N2 Analog input channel 2 

6 A1N3 Analog input channel 3 

7 AIN4 Analog input channel 4 

6 A1N5 Analog input channel 5 

9 A1N6 Analog input channel 6 

10 A1N7 Analog input channel 7 

11 NC No connect or tie to V+ only. 

12 TEST Test pin. Connect to DG for normal operation 

13 AO Mux address input. (LSB) Active high. 

14 Al Mux address input. (LSB) Active high. 

15 A2 Mux address input. (MSB) Active high. 

16 ALE Mux address enable. When high, the latch is 
transparent. Address data is latched on the 
falling edge. 

17 WR Write input. With CS low, starts conversion 
when pulsed low; continuous conversions 
when kept low. 

16 cs Chip select input. Active low. 

19 RD Read input With CS low, enables output 
buffers when pulsed low; outputs updated at 
the end of conversion. 

20 SM ODE Slow memory mode input Active high. 

Detailed Description 
The Hl-7153 is an 8 channel high speed 10 bit AID 
converter which achieves throughput rates of 200kHz by 
use of a Two Step Flash algorithm. A pipelined operation 
has been achieved through the use of switched capacitor 
techniques which allows the device to sample a new input 
voltage while a conversion is taking place. The 8-channel 
multiplexer can be randomly addressed. The Hl-7153 
requires a single reference input of +2.5V, which is internal
ly Inverted to -2.5V, thereby allowing an input range of 
-2.5V to +2.5V. The ten bits are two's complement coded. 
The analog and reference inputs are internally buffered by 
high speed CMOS buffers, which greatly simplifies the 
external analog drive requirements for the device. 

Analog to Digital Section 

The Hl-7153 uses a conversion technique which is general
ly called a "Two Step Flash" algorithm. This algorithm 
enables very fast conversion rates without the penalty of 
high power dissipation or high cost. A detailed functional 
diagram is presented in Figure 1. 

PIN SYMBOL DESCRIPTION 

21 BUS Bus select input High = all outputs enabled· 
together DO-D9, OVR 
Low= Outputs enabled by HBE 

22 HBE Byte select (HBE/LBE) input for 8-bit bus. 
High = High byte select, DB - D9, OVR 
Low= Low byte select, DO - D7 

23 CLK Clock input TTL compatible. 

24 DG Digital ground (OV) 

25 EOC End-of-conversion status. Pulses high at 
the end-of-conversion. 

26 HOLD Start of conversion status. Pulses low at 
the start-of-conversion. 

27 DO BitO(LSB) 

28 D1 Bill 

29 D2 Bit2 Output 

30 D3 Bit3Data 

31 D4 Bit4Bits 

32 D5 Bit 5 (See Table 2) 

33 D6 Bit6 

34 D7 Bit7 

35 DB Bit8 

36 D9 Bit9(MSB) 

37 OVR Out of Range flag. Valid at end of 
conversion when output exceeds full scale. 

36 V+ Positive supply voltage input (+5.0V) 

39 r;>ND Ground return for comparators (OV) 

40 v- Negative supply voltage input (-5.0V) 

The reference input to the Hl-7153 is buffered by a high 
speed CMOS amplifier which is used to drive one end of the 
resistor string. Another high speed amplifier configured in 
the inverting unity gain mode inverts the reference voltage 
with respect to analog ground and forces it onto the other 
end of the resistor string. Both reference amplifiers are 
offset trimmed during manufacturing in order to increase 
the accuracy of the Hl-7153 and to simplify its usage. 

The input voltage is first converted into a 5 bit result {plus 
Out of Range information) by the flash converter. This flash 
converter consists of an array of 33 auto-zeroed compara
tors which perform a comparison between the input voltage 
and subdivisions of the reference voltage. These 
subdivisions of the reference voltage are formed by forcing 
the reference voltage and its negative on the two ends of a 
string of 32 resistors. 

The 5 bit result of the first flash conversion is latched into 
the upper five bits of double buffered latches. It is also con
verted back into an analog signal by choosing the ladder 
voltage which is closest to but less than the input voltage. 
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The selected voltage (VT AP) is then subtracted from the 
input voltage. The residual is then amplified by a factor of 32 
and referenced to the negative reference voltage (VSCA = 
32(V1N - VTAP) + VREF-). This subtraction and amplifica
tion operation is performed by a Switched Capacitor 
amplifier (SCA). The output of the SCA amplifier is between 
the positive and negative reference voltages and can there
fore be digitized by the original 5 bit flash converter (second 
flash conversion). 

The 5 bit result of the second flash conversion is latched 
into the lower five bits of double buffered latches. At the end 
of a conversion, 1 Obits of data plus an Out of Range bit are 
latched into the second level of latches and can then be put 
on the digital output pins. 

The conversion takes place in three clock cycles and is 
illustrated in Figure 2. When the conversion begins, the 
track and hold goes into its hold mode for 1 clock cycle. 
During the first half clock cycle the comparator array is in its 
auto-zero mode and it samples the input voltage. During the 

VREF 

AG 

Al no 
A I n 1 >----o/c 

A I n 2 >----o/c 

A I n 3 )---.o/c 

A I n 4 )---.o/c 

A I n 5 >----o/c 

A I n 6 >----o/c 

A I n 7 >----o/c 

5 TO 32 
DECODER 

< •VREFJ >:z. 

second half clock cycle, the comparators make a compari
son between the input voltage and the ladder voltages. At 
the beginning of the third half clock cycle, the first most 
significant 5-bit result becomes available. During the first 
clock cycle, the SCA was sampling the input voltage. After 
the first flash result becomes available and a ladder tap volt
age has been selected the SCA amplifies the residue 
between the input and ladder tap voltages. During the next 
three half clock cycles, while the SCA output is settling to its 
required accuracy, the comparators go into their auto-zero 
mode and sample this voltage. During the sixth half clock 
cycle, the comparators perform another comparison whose 
5 bit result becomes avallable on the next clock edge. 

Reference Input 

The reference input to the Hl-7153 is buffered by a high 
speed CMOS amplifier. The reference input range is 2.2V to 
2.6V. The reference input voltage should be applied follow
ing the application of V+ and V- supplies. 

>:z. 
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UJ a LL z LL 

< :::i 
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UJ I-
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I- I-
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FIGURE 1. DETAILED BLOCK DIAGRAM 
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Analog Multiplexer 

The multiplexer channel assignments are shown in Table 1 
and can be randomly addressed. Address inputs AO-A2 are 
binary coded and are TTL/CMOS compatible. During 
power-up the circuit is Initialized and multiplexer channel 
A1No is selected. The multiplexer address is transparent 
when ALE is high and CS is low. The address data is 
latched on the falling edge of the ALE signal. The 
multiplexer channel acquisition timing (Timing Diagrams, 
Slow Memory Mode) occurs approximately 500ns 
after the rising edge of HOLD. The multiplexer features a 
typical break-before-make switch action of 44ns. 

Track And Hold 

A Track and Hold amplifier has been fully integrated on the 
front end of the A/D converter. Because of the sampling 
nature of this ND converter, the input is required to stay 
constant only during the first clock cycle. Therefore, the 
Track and Hold (T/H) amplifier "holds" the input voltage 
only during the first clock cycle and it acquires the input 
voltage for the next conversion during the remaining two 
clock cycles. The high input impedance of the T/H input 
amplifier simplifies analog interfacing. Input signals up to 
±VREF can be directly connected to the A/D without 
buffering. The T/H amplifier typically settles to within 1/4 

CONVERSION 

CLOCK _J 

TRACK l HOLD HOLD Vin(N) 

LSB in 1.5µs. The ND output code table is presented in 
Table 2. 

The timing signals for the Track and Hold amplifier are gen
erated internally, and are also provided externally (HOLD) 
for synchronization purposes. 

All of the internal amplifiers are offset trimmed during manu
facturing to give improved accuracy and to minimize the 
number of external components. If necessary, offset error 
can be adjusted by using digital post correction. 

TABLE 1. MULTIPLEXER CHANNEL SELECTION 

ADDRESS & CONTROL INPUTS ANALOG 
CHANNEL -

A2 A1 AO cs ALE SELECTED 

0 0 0 0 1 A1No 

0 0 1 0 1 A1N1 

0 1 0 0 1 A1N2 

0 1 1 0 1 AIN3 

1 0 0 0 1 AIN4 

1 0 1 0 1 A1N5 

1 1 0 0 1 A1N6 

1 1 1 0 1 AIN7 

N+l CONVERSION 

L 
TRACK Vin(N•l) HOLD Vin(N•l) .._ _____________ __, 

COMPARATOR 
AUTO-ZERO 

(AZ) 

SCA 
AUTO-ZERO 

(SCAZ) 

CONVERT 
~---UPPER 

SAMPLE 
Vin (N) 

5 BITS 

SAMPLE VIN(N) 

CONVERT 
.-----------. LOWER .----. 

SAMPLE RESIDUAL 5 BITS SAMPLE 
VIN(N•l) 

AMPLIFY RES I DUAL SAMPLE VIN(N•l) 

INTERNAL 
DATA 
10 BITS + OVR 

-1 Vin(N) DATA 
FIGURE 2. INTERNAL ADC TIMING DIAGRAM 

TABLE 2. AID OUTPUT CODE TABLE 

ANALOG INPUT* OUTPUT DATA (2'S COMPLEMENT) 

LSB= MSB 
2!VREF)/1024 VREF = 2.500 VOL TS OVR 9 8 7 6 5 4 3 2 

::>:_ +VREF 2.500 to v+ (+OVR) 1 0 0 0 0 0 0 0 0 

+VREF-1LSB 2.49512 (+Full Scale) 0 0 1 1 1 1 1 1 1 

+1LSB 0.00488 0 0 0 0 0 0 0 0 0 

0 0.000 0 0 0 0 0 0 0 0 0 

-1LSB -0.00488 0 1 1 1 1 1 1 1 1 

-VREF -2.500 (-Full Scale) 0 1 0 0 0 0 0 0 0 

:5. -VREP-1 LSB 2.50488 to V- (-OVR) 1 1 0 0 0 0 0 0 0 

* The voltages listed above are the ideal centers of each output code shown as a function of its associated reference voltage. 
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Dynamic Performance 
Fast Fourier Transform (FFT) techniques are used to evalu
ate the dynamic performance for one channel of the A/D 
system. A low distortion sine wave is applied to the input of 
the ND converter. The input is sampled by the A/D and its 
output stored in RAM. The data is then transformed into the 
frequency domain with a 4096 point FFT and analyzed to 
evaluate the converters dynamic performance such as SNR 
and THO. See typical performance characteristics. 

Signal-To-Noise Ratio 

The signal to noise ratio (SNR) is the measured rms signal 
to rms sum of noise at a specified input and sampling 
frequency. The noise is the rms sum of all except the funda
mental and the first five harmonic signals. The SNR is 
dependent on the number of quantization levels used in the 
converter. The theoretical SNR for an N~bit converter with 
no differential or integral linearity error is: SNR = (6.02N + 
1.76) dB. For an ideal 10 bit converter the SNR is 62dB. 
Differential and integral linearity errors will degrade SNR. 

SNR = 10 log Sinewave signal power 

Total noise power 

Signal-To-Noise + Distortion Ratio 

SINAD is the measured rms signal to rms sum of noise plus 
harmonic power and is expressed by the following. 

SINAD = 10 log 
Sinewave signal power 

Noise + harmonic power (2nd thru 6th) 

Effective Number of Bits 

The effective number of bits (ENOS) is derived from the 
SINAD data; 

SINAD-1.76 
ENOB= 

6.02 

Total Harmonic Distortion 

The total harmonic distortion (THO) is the ratio of the rms 
sum of the second through sixth harmonic components to 
the fundamental rms signal for a specified input and sampl
ing frequency. 

THO= 1010g Total harmonic power(2nd - 6th harmonics 

Sinewave signal power 

Spurious-Free Dynamic Range 

The spurious-free dynamic range (SFDR) is the ratio of the 
fundamental rms amplitude to the rms amplitude of the next 
largest spur or spectral component. It is usually determined 
by the largest harmonic. However, if the harmonics are 
buried in the noise floor it is the largest peak. 

SFDR= 101og 
Sinewave signal power 

Highest spurious signal power 

Clock 
The clock input is TTL compatible. The converter will 
function with clock inputs between 1 OkHz and 800kHz. 

Microprocessor Interface 
The Hl-7153 can be interfaced to microprocessors through 
the use of standard Write, Read, Chip Select, and HBE con
trol pins. The digital outputs are two's complement coded, 
three-state gated, and byte organized for bus interface with 
8 and 16 bit systems. The digital outputs (DO - 09, OVR) 
may be accessed under control of BUS, byte enable input 
HBE, chip select, and read inputs for a simple parallel bus 
interface. The microprocessor can read the current data in 
the output latches in typically 60ns/byte (trd). An over
range pin (OVR) together with the MSB (09) pin set to either 
a logic 0 or 1 will indicate a positive or negative over-range 
condition respectively. All digital output buffers are capable 
of driving one TTL load. The multiplexer can be interfaced to 
either multiplexed or separate address and data bus 
systems. 

The Hl-7153 can be interfaced to a microprocessor using 
one of three modes: slow memory, fast memory, or OMA 
mode. 

Slow Memory Mode 
In slow memory mode, the conversion will be initiated by the 
microprocessor by selecting the chip (CS) and pulsing WR 
low. This mode is selected by hardwiring the SM ODE pin to 
V+. Note that the converter will change to the DMA interface 
mode if the WR to RD active timing is less than 1 OOns. The 
end-of-conversion (EOC) output signals an interrupt for the 
microprocessor to jump to a read subroutine at the end of 
conversion. When the 8-bit bus operation is selected, high 
and low byte data may be accessed in either order. An 1/0 
truth table is presented in Table 3 for the slow memory 
mode of operation. 

Fast Memory Mode 
The fast memory mode of operation is selected by tying the 
SMODE and WR pins to DG. In this mode, the chip per
forms continuous conversions and only CS and RD are re
quired to read the data. Whenever the SMODE pin is low, 
WR is independent of CS in starting a conversion cycle. 
During the first conversion cycle, HOLD follows WR going 
low. HOLD will be one clock period wide for subsequent 
conversion cycles. 

Data can be read a byte at a time or all 11 bits at once. 
When the 8-bit bus operation is selected, high and low byte 
data may be accessed in either order. EOC is continuously 
low in this mode of operation. The conversion data can be 
read after HOLD has gone low. An 1/0 truth table is pres
ented in Table 4 for the fast memory mode of operation. 

DMA Mode 
This is a hardwired mode where the HI-71 53 continuously 
converts. The user implements hardware to store the results 
in memory, bypassing the microprocessor. This mode is 
recognized by the chip when SMODE is connected to V+ 
and CS, RD, WR are connected to DG. When 8-bit bus 
operation is selected, high and low byte data may be ac
cessed in either order. EOC is continuously low in this 
mode. The conversion data can be read approximately 
300ns after HOLD has gone low. An 1/0 truth table is pres
ented in Table 5 for the OMA mode of operation. 
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TABLE 3. SLOW MEMORY MODE 1/0 TRUTH TABLE (SMOOE = V+) 

- - -cs WR RD BUS HBE ALE FUNCTION 

0 0 x x x x Initiates a conversion. 

0 x x x x 1 Selects mux channel. Address data is latched on falling 
edge of ALE. Latch is transparent when ALE is high. 

1 x x x x x Disables all chip commands. 

0 x 0 1 x x Enables DO - 09 & OVR. 

0 x 0 0 0 x Low byte enable: DO - D7 

0 x 0 0 1 x High byte enable: 08 - 09, OVR 

x x 1 x x x Disables all outputs (high impedance). 

X =don't care 

TABLE 4. FAST MEMORY MODE 1/0 TRUTH TABLE (SMODE = DG) 

- - -cs WR RD BUS HBE ALE FUNCTION 

0 0 x x x x Continuous conversion, WR may be tied to DG. 

0 x x x x 1 Selects mux channel. Address data is latched on falling 
edge of ALE. Latch is transparent when ALE is high. 

1 x x x x x Disables all chip commands. 

0 x 0 1 x x Enables DO - D9 & OVR. 

0 x 0 0 0 x Low byte enable: DO - D7 

0 x 0 0 1 x High byte enable: D8 - D9, OVR 

x x 1 x x x Disables all outputs (high impedance). 

X =don't care 

TABLE 5. OMA MODE 1/0 TRUTH TABLE (SMODE = V+, CS = WR = RD = OG) 

BUS HBE ALE FUNCTION 

x x 1 Selects mux channel. Address data is latched on falling 
edge of ALE. Latch is transparent when ALE is high. 

1 x x Enables DO - D9 & OVR. 

0 0 x Low byte enable: DO - D7 

0 1 x High byte enable: D8- 09, OVR 

X =don't care 

Optimizing System Performance 
The Hl-7153 has three ground pins {AG, DG, GND) for 
improved system accuracy. Proper grounding and 
bypassing is illustrated in Figure 3. The AG pin is a ground 
pin and is used internally as a reference ground. The 
reference input and analog input should be referenced to 
the analog ground {AG) pin. The digital inputs and outputs 
should be referenced to the digital ground {DG) pin. The 
GND pin is a return point for the supply current of the 
comparator array. The comparator array Is designed such 
that this current is approximately constant at all times and 
does not vary with input voltage. By virtue of the switched 
capacitor nature of the comparators, it is necessary to hold 
GND firmly at zero volts at all times. Therefore, the system 
ground star connection should be located as close to this 
pin as possible. 

As in any analog system, good supply bypassing is 
necessary in order to achieve optimum system 
performance. The power supplies should be bypassed with 
at least a 20µF tantalum and a 0.1 µF ceramic capacitor to 
GND. The reference input should be bypassed with a 0.1 µF 
ceramic capacitor to AG. The capacitor leads should be as 
short as possible. 

The pins on the Hl-7153 are arranged such that the analog 
pins are well isolated from the digital pins. In spite of this 
arrangement, there is always some pin-to-pin coupling. 
Therefore the analog inputs to the device should not be 
driven from very high output impedance sources. PC board 
layout should screen the analog and reference inputs with 
guard rings on both sides of the PC board, connected to 
AG. Using a solder mask is good practice and helps reduce 
leakage due to moisture contamination on the PC board. 
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FIGURE 3. GROUND AND POWER SUPPLY DECOUPLING 
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Applications 
Figure 4 Illustrates an application where the Hl-7153 Is 
used to form a multi-channel data acquisition 
system. Either slow memory or fast memory modes of 
operation can be selected. Fast memory mode should be 
selected for maximum throughput. The output data is 

configured for 16 bit bus operation in these appllcations. By 
tying BUS to DG and connecting the HBE 
input to the system address decoder, the output data can be 
configured for 8-bit bus systems. 

8 BIT DATA BUS 

FIGURE 4. MULTI-CHANNEL DATA ACQUISITION SYSTEM 
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