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CA 3140,A +15V, BIMOS, 4.5MHz, GBW Product, Single. ... .. .ot iiiiieeen e 3-122
CA 3160,A +7.5V, BIMOS, 4MHz, GBW Product, Single . . ......cv ittt ii e iiie e 3-142
CA 3193 A BiMOS Precision, SINgle ......vtit i e e e e e 3-158
CA 3240,A +15V, BIMOS, Int. Comp.,Dual ... ..o i i e 3-169
CA 3260,A +7.5V, BIMOS, Int. Comp.,Dual . ..ottt ettt ettt e e i 3-183
CA 3280,A Programmable/Variable OTA,Dual .......................... e e, 3-187
CA 3410,A BiMOS MOS Input, Internally Compensated, Single. . ......ccoviieiiiiiiiineennnn.. 3-196
CA 3420,A Low Voltage BIMOS Op Amp, Single. . ... ittt i e e eaeans 3-206
CA 3440,A Nanopower BIMOS Op Amp, Single ... oiii i ittt i iaiiees 3-211
CA 3450 Video Line Driver, High Speed, Single .. ..ot i ieei i i 3-216
CA 3493,A Precision BIMOS Op Amp, SiNgle ... ovviiiii i it ettt e et eeiaaeeas 3-224
CA 5130,A High Slew Rate and Wide Bandwidth, Single.............covuiiiiiii i, 3-235
CA 5160,A Frequency-compensated CA 5130, S8INgle....cviiiiriiiiii i i ciiiiaenn 3-252
CA 5260,A DUAI CA 5130 ittt ittt et e e e e et 3-270
CA 5420,A Low Input Current, LOw Power, SiNgle. . ... oottt et iie e e e iie e 3-276
CA 5470 Wideband BIMOS, QUad .. ..ottt e e e e s 3-283
CA 6078 Low Noise, Low Power, Single . .......ooiiiiii i i 3-288
CA 6741 LowW NOISE, SINgle ..ttt ittt ittt ettt e e ettt et e, 3-288
HA 2400,04,05 PRAM Four Channel Programmable Amplifier,Quad.............ccoiiviievrinnnnnnnn 3-292
HA 2406 Digitally Selectable Four Channel Amplifier,Quad ............. ... ..., 3-298
HA 2500,02,05 Precision High Slew Rate,Single ..........c.oiiiiiiiiiiiiii i, 3-300
HA 2510,12,15 HighSlew Rate, SINgle ... ....uuitiiiiiiiit it it e ainee s 3-304
HA 2520,22,25 Uncompensated HighSlewRate,Single..........ccooiiiiiiiiiiiiiiin i, 3-308
HA 2529 Uncompensated, High Slew Rate, Single .. ...t ittt i i, 3-313
HA 2539 Very High Slew Rate Wideband Amplifier,Single ............. ..ot 3-319
HA 2540 Wideband, Fast Settling, Single ........ P 3-325
HA 2541 Wideband, Fast Settling, Unity Gain Stable,Single .. ..., 3-331
HA 2542 Wideband, High Slew Rate, High Output Current, Single. . ........ ..o oo 3-338
HA 2544 Video Optimized, SINgle. ... ..o e e e 3-346
HA 2548 Precision, High Slew Rate, Wideband, Single ...........cc i, 3-355

PRODUCT INDEX BY FAMILY (cContinued)
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PRODUCT INDEX BY FAMILY (Continued)

OPERATIONAL AMPLIFIERS (Continued) PAGE
HA 2600,02,05 Wideband, High Impedance,Single........ ..ot 3-362
HA 2620, 22,25 VeryWideband, Uncompensated, Single ..........c.oiiiiiiiiiiiiiiiiiiiiin ., 3-367
HA 2640, 45 High Voltage, SiNgle . ... .o i i e e e s 3-372
HA 2650, 55 High Performance, Dual . ..ot i et 3-377
HA 2720, 25 Wide Range Programmable, Single . .. ... e e e 3-381
HA 4741 Enhanced Performance 741-type, Quad . .......coviriiii i it e 3-387
HA 5004 100MHz Current Feedback Amplifier, Single. ... oot e 3-391
HA 5101, 11 Low Noise, High Performance, Single . . ...t 3-398
HA 5102,12 Low Noise, High Performance, Dual ......... ... ..o, 3-408
HA 5104, 14 Low Noise, High Performance, Quad. ...... ...ttt i 3-408
HA 5127,A Ultra-Low Noise, Precision, Single. ... ..ot it e et 3-417
HA 5130,35 PreCiSION, SINGIE ...ttt 3-424
HA 5134 Precision, QU . . ..ottt ittt it e e e 3-431
HA 5137,A Ultra-Low Noise, Precision, High Slew Rate,Single .............. ... .. .ot 3-438
HA 5141,42,44 Single/Dual/Quad LOW POWE! . ...ttt it iiiiee et e 3-444
HA 5147 Ultra-Low Noise, Precision,High Slew Rate,Single ..., 3-451
HA 5151,52,54 Single/Dual/Quad LOWPOWEr .. ... i v 3-457
HA 5160, 62 Wideband, JFET Input, High Slew Rate, Single ........ ... i 3-464
HA 5170 Precision, JFETINput, SiNgle. . .. .o vt i et e e e 3-471
HA 5177,A Ultra-Low Offset Voltage, Single ...... ...ttt e 3-476
HA 5180 Low Bias Current, Low Power, JFET Input, Single. ............. ..ot 3-484
HA 5190, 95 Wideband, Fast Settling, Single ....... ... i 3-490
HA 5221,22 Low Noise, Wideband, Precision, Single/Dual........ .ottt i, 3-497
HFA 0001 Ultra High Slew Rate, Single .. ... e 3-507
HFA 0002 Low Noise Wideband, Single ..ottt 3-516
HFA 0005 High Slew Rate, Single .. ..o vt e e e 3-524
ICL 7605 Instrumentation Amplifier, Single ... ...t i e e 3-533
ICL 7606 Instrumentation Amplifier, Single ... ... i 3-533
ICL 7611 LOW POWET, SINgle . . ottt i i it e e e e e 3-545
ICL 7612 LOW POWEY, SINgIE . . .ottt ettt et e e e 3-545
ICL 7621 LowPower,Dual ........... ... oo il e 4 aeaee s e essereieteaneataoanens 3-545
ICL 7631 LW POWET, TPl .ottt et e e e et e i e 3-545
ICL 7641 LOW POWEE, QUAG .. .ottt ittt ettt e e e ettt e, 3-545
ICL 7642 Low Power, QUad ....oouitiit it e e i e 3-545
ICL 76508 Chopper-Stabilized, Single. ...............ooiut. PPN 3-560
ICL 7652S Chopper-Stabilized, Low Noise, SiNgle . ...ttt i i 3-570
ICL 8021 Low Power Bipolar, SINGle . . c. vttt ittt ci i

ICL 8023 Low Power Bipolar, Triple .. ...t i e ettt et e

LM 201 Externally Compensated, Single

LM 301A Externally Compensated, Single

LM 324 Internally Compensated, Quad ...t e

LM 358 Internally Compensated, DUal. .. .. .ovou it et

LM 741,C Internally Compensated, Single

LM 748,C Externally Compensated, SINgle. ... ..o e e e e 3-33
LM 1458 Internally Compensated,Dual. ..o, R 3-33
LM 1558 Internally Compensated, Dual. ... e 3-33
LM 2902 Internally Compensated, QUad .. ... .. ou ittt it e e e e 3-15
LM 2904 Internally Compensated, Dual. . .......outtt it ittt e e e e 3-22
LM 4250 Low Power, Low Offset,Single ...t et 3-585



PRODUCT INDEX BY FAMILY (Continued)

POWER CONTROL CIRCUITS

CA 723,C Adjustable Voltage Regulator ........... ... ... o i
CA 1524 Pulse Width Modulator. . ...
CA 2524 Pulse Width Modulator. ... ...t e e
CA 3059 Zero-Voltage Crossing SwitchSystem .......... .. ... ... i i
CA 3079 Same as CA3059 Without Protection and Inhibit. . ........... .. ... oo it
CA 3085,A,B Positive Voltage Regulator. . ... ittt i e
CA 3524 Regulating Pulse Width Modulator. . ... ...t
HV 1205 Single Chip POWET SUPPIY . . .ottt et e e et et ettt
HV 2405E Single Chip Power SUPPIY . . ..o v vt e et e et e e e
ICL 7660 CMOS Voltage Converter ... ...ttt it e e
ICL 7660S SuperVoltage ConVerter ... ...t ittt et i e
ICL 7662 CMOS Voltage Converter .. ...ttt it et i it eaae e enens
ICL 7663S CMOS Programmable Positive Voltage Regulator ................cioiiiiiiiinian.
ICL 76658 CMOS Micropower Over/Under Voltage Detector .................ccciiiiiieiiana...
ICL 7667 Dual Power MOSFET DHVEr .ottt ittt e e ettt ee e e
ICL 7673 Automatic Battery Back-up SWitch . ...
ICL 7675 Switched-Mode Power Supply Controller Set ... ...t
ICL 7876 Switched-Mode Power Supply Controller Set . ... ...t i i
ICL 7680 +5to 15V Voltage Converter/Regulator. . ...... oot i ieee
ICL 8211 Programmable Voltage Detector .............o.iuiiiiiiiiiiiiii i,
ICL 8212 Programmable Voltage Detector ....... .. ..ot e e

SAMPLE AND HOLD AMPLIFIERS

HA 2420, 25
HA 5320
HA 5330
HA 5340

Fast Sample and Hold AMPIfier . .......v i e e
High Speed Precision Monolithic Amplifier ........... ... .. ...
Very High Speed Monolithic Amplifier . ....... ... i i it
High Speed, Low Distortion, Monolithic Amplifier ........... ... ...,

SPECIAL ANALOG CIRCUITS

CA 555,C
HA 2546
HA 2547
HA 5002
HA 5033
ICL 8013
ICL 8038
ICL 8048
ICL 8049
ICM 7242
ICM 7555
ICM 7556
LM 555C

Two Quadrant, Voltage Output Multiplier ....... e e e e e
Two Quadrant, Current Qutput Multiplier . .......... i it
Wideband, High Slew Rate Buffer .......... ...t
Video Buffer .. ... . e
LoW POWer BIpOlar ...ttt e e e e
Precision Waveform Generator/VCO...... ... . i et
Log AMPIfer o e e
Antilog Amplifier ... ..o
Long-Range Fixed Timer. .. ... .ot i ittt et iaaeans
General PUrPOSE TimMer ...ttt e et e e
Dual General PUrpoSe Timer ..o v ittt ettt e ettt e ettt e e iaenns
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Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE
DEVICE REPLACEMENT PIN TO PIN EE OR COMMENTS

3507J HA2-2525-5 Yes |
3508J HA2-2625-5 Yes |
3551J HA2-5162-5 * FE Reduced Ibias/Greater Bandwidth
35518 HA2-5160-2 * FE Reduced Ibias/Greater Bandwidth
3554AM HFA1-0001-9 No FE Greater Bandwidth/Faster Ts/Lower Cost
3554BM HFA1-0001-9 No FE Greater Bandwidth/Faster Ts/Lower Cost
3554SM HFA1-0001-9 No FE Greater Bandwidth/Faster Ts/Lower Cost
AD301AH CAO301AT Yes |
AD301AN CAO301AE Yes |
AD3554AM HFA1-0001-9 No FE Greater Bandwidth/Faster Ts/Lower Cost
AD3554BM HFA1-0001-9 No FE Greater Bandwidth/Faster Ts/Lower Cost
AD3554SM HFA1-0001-9 No FE Greater Bandwidth/Faster Ts/Lower Cost
AD389BD HA1-5320-2 No FE Faster Acquisition/Reduced Droop
AD389KD HA1-5320-5 No FE Faster Acquisition/Reduced Droop
AD507JH HA2-2625-5 Yes I
AD507KH HA2-2625-5 Yes FE
ADS507SH HA2-2620-2 Yes |
AD509JH HA2-2525-5 Yes ] Substitute HA2-2529-5
AD509KH HA2-2525-5 Yes FE Substitute HA2-2529-5
ADS509SH HA2-2520-2 Yes | Substitute HA2-2529-2
ADS515AJH HA2-5180-5 Yes FE Enhanced ACs
AD515AKH HA2-5180~5 Yes FE Improved ACs
AD518JH HA2-2515-5 Yes |
AD518JN HA3-2515-5 Yes |
AD518KH HA2-2515-5 Yes FE
AD518SH HA2-2510-2 Yes i
AD539JD HA1-2547-5 No FE Enhanced Bandwidth
ADS39KD HA1-2547-5 No FE Enhanced Bandwidth
AD539SD HA1-2547-9 No FE Enhanced Bandwidth
AD542JH HA1-5170-5 * FE Enhanced ACs
AD542KH HA2-5170-5 * FE Enhanced ACs
AD542LH HA2-5170-5 * FE Enhanced ACs
AD542SH HA2-5170-2 * FE Enhanced ACs
AD545JH HA2-5180-5 Yes FE Enhanced ACs
AD54KH HA2-5180-5 Yes FE Enhanced ACs
ADS545LH HA2-5180-5 Yes FE Enhanced ACs
AD545MH HA2-5180-5 Yes FE Enhanced ACs
AD5539JN HA3-2539-5 * FE
AD5539JQ HA1-2539-5 * FE
AD55395Q HA1-2539-2 * FE
AD582KD HA1-2425-5 No FE Faster Acquisition/Enhanced ACs
AD582SD HA1-2420-2 No FE Faster Acquisition/Enhanced ACs
AD583KD HA1-2425-5 Yes FE Faster Acquisition/Greater lout
AD585AQ HA1-5320-5 No FE Faster Acquisition/Reduced Droop
AD5858Q HA1-5320-2 No FE Faster Acquisition/Reduced Droop
ADS590IH AD590IH Yes |
AD590JH AD590JH Yes I

NOTES: 1. A“*"in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.




Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE
DEVICE REPLACEMENT PIN TO PIN EE OR COMMENTS

AD741CH CA0741CT Yes | .

AD741CN CAO0741CE Yes |

AD741H CA0741T Yes I

AD821AQ CA5160AE (PDIP) * FE Reduced Ibias/Enhanced ACs

AD821AS CA5160AE (PDIP) * FE Reduced Ibias/Enhanced ACs

AD821JN CA5160AE * FE Reduced Ibias/Enhanced ACs

AD840JN HA3-2540C-5 Yes FE

AD840JQ HA1-2540C-5 Yes FE

AD840KN HA3-2540-5 Yes FE

AD840KQ HA1-2540-5 Yes FE

AD840SQ HA1-2540-2 Yes FE =
o

AD841JH HA2-2541-5 Yes FE =

AD841JQ HA1-2541-5 Yes FE =

AD841KH HA2-2541-5 Yes FE e

AD841KQ HA1-2541-5 Yes FE =

AD841SH HA2-2541-2 Yes FE

AD841S8Q HA1-2541-2 Yes FE

AD842JH HA2-2542-5 Yes FE

AD842JN HA3-2542-5 Yes FE

AD842JQ HA1-2542-5 Yes FE

AD842KH HA2-2542-5 Yes FE

AD842KN HA3-2542-5 Yes FE

AD842KQ HA1-2542-5 Yes FE

AD842SH HA2-2542-2 Yes FE

AD846AQ HA1-5004-9 No FE Enhanced ACs/Greater lout

AD846BQ HA1-5004-9 No FE Enhanced ACs/GReater lout

AD846SQ HA1-5004-9 No FE Enhanced ACs/Greater lout

AD847JN HA3-2544C-5 Yes FE

AD8478Q HA7-2544C-2 Yes FE

AD9610BH HA1-5004-9 No FE Greater Bandwidth/Lower Cost Monolithic

ADLH0032CG HA2-2542-5 * FE Monolithic/Lower Cost

ADLHO032G HA2-2542-2 * FE Monolithic/Lower Cost

ADLHO033CG HA2-5033-5 * FE Enhanced ACs/Monolithic/Lower Cost

ADLH0033G HA2-5033-2 * FE Enhanced ACs/Monolithic/Lower Cost

ADOP27AH HA2-5127A-2 Yes E Enhanced ACs/Reduced Icc

ADOP27AQ HA7-5127A-2 Yes E Enhanced ACs/Reduced Icc

ADOP27EH HA2-5127A-5 Yes E Enhanced ACs/Reduced Icc

ADOP27EQ HA7-5127A-5 Yes E Enhanced ACs/Reduced Icc

ADOP27GH HA2-5127-5 Yes E Enhanced ACs/Reduced Icc

ADOP27GQ HA7-5127-5 Yes E Enhanced ACs/Reduced Icc

ADOP37AH HA2-5137A-2 Yes E Enhanced ACs/Reduced Icc

ADOP37AQ HA7-5137A-2 Yes E Enhanced ACs/Reduced Icc

ADOP37EH HA2-5137A-5 Yes E Enhanced ACs/Reduced Icc

ADOP37EQ HA7-5137A-5 Yes E Enhanced ACs/Reduced Icc

ADOP37GH HA2-5137-5 Yes E Enhanced ACs/Reduced Icc

ADOP37GQ HA7-5137-5 Yes E Enhanced ACs/Reduced Icc

AM-450-2 HA2-2505-5 Yes E Guaranteed DCs/ACs

AM-450-2M HA2-2502-2 Yes E Guaranteed DCs/ACs

AM-452-2 HA2-2525-5 Yes E Guaranteed DCs/ACs

AM-452-2M HA2-2522-2 Yes E Guaranteed DCs/ACs

NOTES: 1. A**”in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.



Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE

DEVICE REPLACEMENT PIN TO PIN EE OR COMMENTS
AM-460-2 HA2-2605-5 Yes E Guaranteed DCs/ACs
AM-460-2M HA2-2602-2 Yes E Guaranteed DCs/ACs
AM-462-2 HA2-2625-5 Yes E Guaranteed DCs/ACs
AM-462-2M HA2-2620-2 Yes E Guaranteed DCs/ACs
AM-7650-1 ICL7650SCPD Yes . FE Almost Identical
AM-7650-2 ICL7650SCTV-1 Yes FE Almost Identical
BB3554AM HFA1-0001-9 No FE Greater Bandwidth/Faster Ts/Lower Cost
BB3554BM HFA1-0001-9 No FE Greater Bandwidth/Faster Ts/Lower Cost
BB3554SM HFA1-0001-9 No FE Greater Bandwidth/Faster Ts/Lower Cost
CA3054 CA3054 Yes | SOIC Version Available
CA3059 CA3059 Yes |
CA3079 CA3079 Yes |
CA3146P CA3146E Yes |
CLC400AID HFA1-0001-9 * FE Faster Transient Response
CLC400AJP HFA3-0001-9 * FE Faster Transient Response
CLC401AID HFA1-0005-9 * FE Faster Transient Response
CLC401AJP HFA3-0005-9 * FE Faster Transient Response
EHA1-2539-2 HA1-2539-2 Yes |
EHA1-2539-5 HA1-2539-5 Yes |
EHA1-2540-2 HA1-2540-2 Yes |
EHA1-2540-5 HA1-2540-5 Yes |
EHA1-5190-2 HA1-5190-2 Yes |
EHA1-5195-5 HA1-5195-5 Yes |
EHA2-2500-2 HA2-2500-2 Yes |
EHA2-2502-2 HA2-2502-2 Yes |
EHA2-2505-5 HA2-2505-5 Yes |
EHA2-2510-2 HA2-2510-2 Yes |
EHA2-2512-2 HA2-2512-2 Yes 1
EHA2-2515-5 HA2-2515-5 Yes |
EHA2-2520-2 HA2-2520-2 Yes | Substitute HA2-2529-2
EHA2-2522-2 HA2-2522-2 Yes | Substitute HA2-2529-2
EHA2-2525-5 HA2-2525-5 Yes | Substitute HA2-2529-5
EHA2-2600-2 HA2-2600-2 Yes 1
EHA2-2602-2 HA2-2602-2 Yes I
EHA2-2605-5 HA2-2605-5 Yes |
EHA2-2620-2 HA2-2620-2 Yes [
EHA2-2622-2 HA2~2622-2 Yes i
EHA2-2625-5 HA2-2625-5 Yes 1
EHA2-5190-2 HA2-5190-2 Yes |
EHA2-5195-5 HA2-5195-5 Yes 1
EHA3-2539-5 HA3-2539-5 Yes I
EHA3-2540-5 HA3-2540-5 Yes |
EHA7-2500-2 HA7-2500-2 Yes 1
EHA7-2502-2 HA7-2502-2 Yes |
EHA7-2505-5 HA7-2505-5 Yes |

NOTES: 1. A‘“*”in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the foliowing: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.
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Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE
DEVICE REPLACEMENT PIN TO PIN EE OR COMMENTS
EHA7-2510-2 HA7-2510-2 Yes |
EHA7-2512-2 HA7-2512-2 Yes |
EHA7-2515-5 HA7-2515-5 Yes |
EHA7-2520-2 HA7-2520-2 Yes |
EHA7-2522-2 HA7-2522-2 Yes |
EHA7-2525-5 HA7-2525-5 Yes |
EHA7-2600-2 HA7-2600-2 Yes |
EHA7-2602-2 HA7-2602-2 Yes |
EHA7-2605-5 HA7-2605-5 Yes |
EHA7-2620-2 HA7-2620-2 Yes |
EHA7-2622-2 HA7-2622-2 Yes |
EHA7-2625-5 HA7-2625-5 Yes |
EL2003CH HA2-5002-5 Yes FE Greater Slew Rate/Reduced Icc
EL2003CJ HA7-5002-5 No FE Greater Slew Rate/Reduced Icc
EL2003CN HA3-5002-5 No FE Greater Slew Rate/Reduced Icc
EL2003CPL HAQP5002-9 No FE Greater Slew Rate/Reduced lcc
EL2003H HA2-5002-2 Yes FE Greater Slew Rate/Reduced Icc
EL2003J HA7-5002-2 No FE Greater Slew Rate/Reduced lcc
EL2005CG HA2-5033-5 * FE Greater Bandwidth
EL2005G HA2-5033-2 * FE Greater Bandwidth
EL2020CJ HA1-5004-5 No FE Enhanced ACs/lout
EL2020J HA1-5004-9 No FE Enhanced ACs/lout
EL2033CJ HA7-5002-5 * FE Greater Slew Rate/Reduced lcc
EL2033CN HA3-5002-5 * FE Greater Slew Rate/Reduced Icc
EL2033J HA7-5002-2 * FE Greater Slew Rate/Reduced lcc
EL2039CJ HA1-2539-5 Yes FE
EL2039CN HA3-2539-5 Yes FE
EL2039J HA1-2539-2 Yes FE
EL2040CJ HA1-2540-5 Yes FE
EL2040CN HA3-2540-5 Yes FE
EL2040J HA1-2540-2 Yes FE
EL2041CG HA2-2541-5 Yes FE
EL2041CJ HA1-2541-5 Yes FE
EL2041G HA2-2541-2 Yes FE
EL2041J HA1-2541-2 Yes FE
EL2190G HA2-5190-2 Yes FE
EL2190J HA1-5190-2 Yes FE
EL2195CG HA2-5195-5 Yes FE
EL2195CJ HA1-5195-5 Yes FE
ELH0032CG HA2-2542-5 * FE
ELH0032G HA2-2542-2 * FE
ELHOO033CG HA2-5033-5 * FE Greater Bandwidth
ELHO033G HA2-5033-2 * FE Greater Bandwidth
HOS-100AH HA2-5033-2 * FE Greater Bandwidth/Lower Cost
HOS-100SH HA2-5033~2 * FE Greater Bandwidth/Lower Cost
HOS050 HA2-2542-2 * FE Lower Cost
HOSO050A HA2-2542-2 * FE Lower Cost
HOS050C HA2-2542-2 * FE Lower Cost

NOTES: 1. A“*”in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.
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Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE
DEVICE REPLACEMENT PIN TOPIN EE OR COMMENTS

ICL7611ACPA ICL7611ACPA Yes I

ICL7611ACTV ICL7611ACTV Yes I

ICL7611AMTV ICL7611AMTV Yes |

ICL7611BCPA ICL7611BCPA Yes |

ICL7611BCTV ICL7611BCTV Yes 1

ICL7611BMTV ICL7611BMTV Yes |

ICL7611DCPA ICL7611DCPA Yes |

ICL7611DCSA ICL7611DCBA Yes |

ICL7611DCTV ICL7611DCTV Yes |

ICL7611DMTV ICL7611DMTV Yes |

ICL7612ACPA ICL7612ACPA Yes |

ICL7612ACTV ICL7612ACTV Yes |

ICL7612AMTV ICL7612AMTV Yes 1

ICL7612BCPA ICL7612BCPA Yes I

ICL7612BCTV ICL7612BCTV Yes |

ICL7612BMTV ICL7612BMTV Yes |

ICL7612DCPA ICL7612DCPA Yes |

ICL7612DCSA ICL7612DCBA Yes |

ICL7612DCTV ICL7612DCTV Yes |

ICL7612DMTV ICL7612DMTV Yes I

ICL7621ACPA ICL7621ACPA Yes |

ICL7621ACTV ICL7621ACTV Yes |

ICL7621AMTV ICL7621AMTV Yes |

ICL7621BCPA ICL7621BCPA Yes |

ICL7621BCTV ICL7621BCTV Yes |

ICL7621BMTV ICL7621BMTV Yes |

ICL7621DCPA ICL7621DCPA Yes |

ICL7621DCSA ICL7621DCBA Yes |

ICL7621DCTV ICL7621DCTV Yes 1

ICL7621DMTV ICL7621DMTV Yes |

ICL7631CCPE ICL7631CCPE Yes |

ICL7631ECPE ICL7631ECPE Yes |

ICL7641CCPD ICL7641CCPD Yes |

ICL7641ECPD ICL7641ECPD Yes |

ICL7642CCJD ICL7642CCJD Yes 1

ICL7642CCPD ICL7642CCPD Yes |

ICL7642CMJD ICL7642CMJD Yes |

ICL7642ECJD ICL7642ECJD Yes I

ICL7642ECPD ICL7642ECPD Yes |

ICL7642EMJD ICL7642EMJD Yes |

ICL7650BCPA-1 ICL7650SCPA-1 Yes FE Reduced Vio/Ibias
ICL7650BCPD ICL7650SCPD Yes FE Reduced Vio/Ibias
ICL7650BCTV-1 ICL7650SCTV-1 Yes FE Reduced Vio/lbias
ICL7652CPD ICL7652SCPD Yes FE Greater Slew Rate
ICL76521JD ICL7652SIPD Yes FE Greater Slew Rate
ICL7660CPA ICL7660SCPA * E Reduced lcc
ICL7660CSA ICL7660SIBA * E Reduced Icc
ICL7660CTV ICL7660SCTV * E Reduced lcc
ICL76601JA ICL7660SIPA (PDIP) * E Reduced Icc
ICL7660ITV ICL7660SITV * E Reduced Icc
ICL7660SMTV ICL7660SMTV * E Reduced Icc

NOTES: 1. A“*"in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.




Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE

DEVICE REPLACEMENT PIN TOPIN EE OR COMMENTS
ICL7663ACPA ICL7663SACPA Yes E Wider Voltage Range/Reduced Rsat
ICL76863ACSA ICL7663SCBA Yes E Wider Voltage Range/Reduced Rsat
ICL7863AIJA ICL7663SACJA Yes E Wider Voltage Range/Reduced Rsat
ICL7663BCPA ICL7663SCPA Yes E Wider Voltage Range/Reduced Rsat
ICL7663BIJA ICL7663SIJA Yes E Wider Voltage Range/Reduced Rsat
ICL7663CPA ICL7863SCPA Yes E Wider Voltage Range/Reduced Rsat
ICL7663CSA ICL7663SCBA Yes E Wider Voltage Range/Reduced Rsat
ICL7663IJA ICL7663SIJA Yes E Wider Voltage Range/Reduced Rsat
ICL7665ACJA ICL7665SACJA Yes |
ICL7665ACPA ICL7665SACPA Yes I
ICL7665BCPA ICL7665SCPA Yes E Enhanced Supply Range/Tempco
ICL7665BCSA ICL7665SCBA Yes E Enhanced Supply Range/Tempco E
ICL7665CJA ICL7665SCJA Yes 1 =
ICL7665CPA ICL7665SCPA Yes | §
ICL7665CSA ICL7665SCBA Yes | <
ICM7242IPA ICM72421PA Yes FE
ICM75551IPA ICM7555IPA Yes FE Wider Operating Voltage Range
ICM7555ITV ICM7555ITV Yes FE Wider Operating Voltage Range
ICM7555MTV ICM7555MTV Yes FE Wider Operating Voltage Range
ICM75561PD ICM75561PD Yes FE Wider Operating Supply Range
ICM7556MJD ICM7556MJD Yes FE Wider Operating Supply Range
KF347ACN CAB3410AE Yes FE Reduced Ibias/lio
KF347AIN CA3410AE Yes FE Reduced Ibias/lio
KF347CN CA3410E Yes FE Reduced Ibias/lio
KF347IN CA3410E Yes FE Reduced Ibias/lio
KF351N CA3140E Yes FE Reduced Ibias/lio
KS272ACN CA5260AE Yes FE Specified @ +5V Supply
KS272AIN CA5260AE Yes FE Specified @ +5V Supply
KS272CN CA5260E Yes FE Specified @ +5V Supply
KS272IN CA5260E Yes FE Specified @ +5V Supply
KS274CN CA5470E Yes FE Greater Band Width/Spec. @ +5V Supply
KS274IN CA5470E Yes FE Greater Band Width/Spec. @ +5V Supply
LF157H CA3130AT Yes FE Reduced Ibias
LF198AH HA1-2420-2 (CDIP) No FE Faster Acquisition
LF198H HA1-2420-2 (CDIP) No FE Faster Acquisition
LF347BN CA3410AE Yes FE Reduced Ibias
LF347N CA3410E Yes FE Reduced Ibias
LF351D CA3140M Yes FE Reduced Ibias/lio
LF351H CA3140T Yes FE Reduced Ibias/lio
LF351M CA3140M Yes FE Reduced Ibias/lio
LF351N CA3140E Yes FE Reduced Ibias/lio
LF351P CA3140E Yes FE Reduced Ibias/lio
LF353N CA3240E Yes FE Reduced Ibias/lio
LF353P CA3240E Yes FE Reduced Ibias/tio
LF357AH CA3130AT Yes FE Reduced Ibias
LF357H CA3130T Yes FE Reduced Ibias/lio
LF357M CA3130M Yes FE Reduced Ibias/lio
LF357N CA3130E Yes FE Reduced Ibias/lio

NOTES: 1. A “*”in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.



Commercial Linear Product Cross Reference

HARRIS {NOTE 1) (NOTE 2) HARRIS ADVANTAGE

DEVICE "REPLACEMENT PIN TO PIN EE OR COMMENTS
LF398AH HA1-2425-5 (CDIP) No FE Faster Acquisition
LF398AN HA3-2425-5 No FE Faster Acquisition
LF398H (CAN) HA1-2425-5 (CDIP) No FE Faster Acquisition
LF398N HA3-2425-5 No FE Faster Acquisition
LF400CH CA3100T * FE Similar ACs
LF411CD CA3140AM Yes FE Reduced Ibias/lio
LF411CH CA3140AT Yes FE Reduced Ibias/lio
LF411CN CA3140AE Yes FE Reduced Ibias/lio
LF411CP CA3140AE Yes FE Reduced Ibias/lio
LF411MH CA3140AT Yes FE Reduced Ibias/lio
LF412CD CA3240AE Yes FE Reduced Ibias/lio
LF412CN CA3140AE Yes FE Reduced Ibias/lio
LF412CP CA3240AE Yes FE Reduced Ibias/lio
LHOO02CH HA2-5002-5 * E Enhanced ACs/DCs/Monolithic
LHOO002CN HA3-5002-5 No E Enhanced ACs/DCs/Monolithic
LHO002H HA2-5002-2 * E Enhanced ACs/DCs/Monolithic
LH0022CD CA3140AE (PDIP) No FE Greater Bandwidth/Slew Rate
LHO022CH CA3140AT Yes FE Greater Bandwidth/Slew Rate
LHOO32ACG HA2-2542-8 Yes FE Monolithic/Lower Cost
LHOO32AG HA2-2542-2 Yes FE Monolithic/Lower Cost
LHO032CG HA2-2542-5 Yes FE Monolithic/Lower Cost
LH0032G HA2-2542-2 Yes FE Monolithic/Lower Cost
LHOO33ACG HA2-5033-5 * FE Greater Bandwidth/Monoalithic/Lower Cost
LHOO33AG HA2-5033-2 * FE Monolithic/Lower Cost
LHO033CG HA2-5033-5 * FE Greater Bandwidth/Monolithic/Lower Cost
LHO033CJ HA3-5033-5 * FE Monolithic/Lower Cost
LHO033G HA2-5033-2 * FE Monolithic/Lower Cost
LHO042CD CA3140E (PDIP) No FE Greater Bandwidth/Slew Rate
LH0042CD CA3140T Yes FE Greater Bandwidth/Slew Rate
LH4004CD HA1-5004-5 No FE Monolithic/Lower Cost
LH4004D HA1-5004-9 No FE Monolithic/Lower Cost
LH4161CH HA2-2544-5 No FE PDIP Substitute is HA3-2544C~5
LH4161CJ HA7-2544-5 No FE
LH4161H HA2-2544-2 No FE
LH4161J HA7-2544-2 No FE
LM101H CAO0101T Yes |
LM124J CAO124E (PDIP) Yes |
LM139AJ CAO139AF Yes |
LM139DG CAO139F Yes 1
LM139J CAO139F Yes i
LM143H HA2-2640-2 * FE Enhanced ACs
LM1458DP CA1458E Yes |
LM1458H CA1458T7/LM1458H Yes !
LM1458N CA1458E/LM1458N Yes |
LM1524DJ CA1524F Yes |
LM1558H CA1558T/LM1558H Yes |

NOTES: 1. A *“*” in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.




Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE

DEVICE REPLACEMENT PIN TO PIN EE OR COMMENTS
LM158AH CAO158AT Yes |
LM158H CA0158T Yes 1
LM193H CA3290AT Yes FE MOSFET Input
LM201H CA0201T/LM201H Yes ]
LM224D CA0224M Yes FE
LM224J CA0224E (PDIP) Yes FE
LM224N CA0224E Yes FE
LM239AD CA0239AM Yes i
LM239AJ CAO0239AF Yes |
LM239AN CAO0239AE Yes ] g
LM239D CA0239M Yes 1 =
LM239DG CAO239F Yes i £
LM239DP CA0239E Yes I £
LM239FP CA0239M Yes | =
LM239J | cao239F Yes |
LM239N CA0239E Yes 1
LM2524DN CA2524E Yes i
LM258AH CA0258AT ' Yes |
LM258D CA0258M Yes ]
LM258H CA0258T Yes |
LM258N CAO0258E Yes |
LM258PM CA0258E Yes l
LM2901D LM2901M Yes |
LM2901M LM2901M Yes |
LM2901N CA3290AE Yes FE MOSFET Input
LM2902D LM2902M Yes FE
LM2902N LM2902N Yes FE
LM2903N CA3290AE Yes FE MOSFET Input
LM2904D CA2904M Yes |
LM2904M CA2904M Yes |
LM2904N CA2904E/LM2904N Yes 1
LM2904PM CA2904E Yes |
LM293H CA3290AT Yes FE MOSFET Input
LM301ADP CAO301AE Yes |
LM301AH CAO301AT/LM301AH Yes i
LM301AHD CAO301AEX Yes |
LM301AN CAO301AE/LM301AN Yes i
LM301AND CAO301AEX ‘ Yes |
LM301AP CAO301AE Yes |
LM30454 CA3045 Yes |
LM3046D CA3046M Yes FE
LM3046N CA3046E Yes 1
LM3080AN CA3080AE Yes FE
LM308ON CA3080E Yes FE
LM3086J CA3086F Yes |
LM3086M CA3086M Yes 1
LM3086N CA3086 Yes l

NOTES: 1. A *“*” in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.



Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE

DEVICE REPLACEMENT PIN TO PIN EE OR COMMENTS
LM311H CAO0311T/LM311H Yes |
LM311N CAO311E/LM311N Yes [
LM311ND CAO0311EX Yes |
LM311PM CAO311E Yes |
LM3146M CA3146M Yes ! Enhanced “A” Version Offered
LM3146N CA3146E Yes | Enhanced “A” Version Offered
LM324D CA0324M Yes 1 '
LM324M CA0324M Yes |
LM324N CAO324E/LM324N Yes |
LM3302M LM3302M Yes !
LM3302N CA3290E/LM3302N Yes |
LM339AD CAO0339AM Yes |
LM339ADP CAO339AE Yes |
LM339AFP CA0339AM Yes |
LM339AN CAO339AE/LM339AN Yes 1
LM339D CA0339M Yes |
LM339DG CAO339F Yes -
LM339DP CAO339E Yes |
LM339FP CA0339M Yes |
LM339M CA0339M Yes |
LM333N CAO339E/LM339N Yes |
LM3401N CA3401E Yes E Greater Bandwidth
LM343H HA2-2645-5 * FE Enhanced ACs
LM3524DN CA3524E Yes l
LM3524J CA3524F Yes |
LM3524N CA3524E Yes |
LM358AH CAO358AT Yes |
LM358AM CAO0358AM Yes 1
LM358AN CAO358AE Yes i
LM358D CA0358M Yes |
LM358H CA0358T Yes |
LM358M CA0358M Yes I
LM358N CAO358E/LM358N Yes f
LM358PM CAO0358E Yes |
LM393H CA3290AT Yes FE MOSFET Input
LM393N CA3290AE Yes FE MOSFET Input
LM4250CH LM4250CH Yes |
LM4250CJ LM4250CJ Yes |
LM4250CN LM4250CN Yes 1
LM4250H LM4250H Yes FE Almost Identical
LM4250J LM4250J Yes FE Almost Identical
LM555CH CA0555CT/LM555CH Yes i
LM555CM CA0555CM Yes |
LM555CN CA0555CE/LM555CN Yes |
LMS55H CA0555T Yes | Guaranteed Drift/Accuracy
LM556CN ICM75561PD Yes FE CMOS/Reduced.Icc
LMB04ACM HA9P2406-5 No FE Enhanced ACs
LMB04ACN HA3-2406-5 No FE Enhanced ACs
LM604AMJ HA1-2400-2 No FE Enhanced ACs
LM604CM HA9P2406-5 No FE Enhanced ACs
LM804CN HA3-2406-5 No FE Enhanced ACs

NOTES: 1. A “*” in this column indicates that primary pins are pin-to-pin, but seéondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.
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Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE
DEVICE REPLACEMENT PIN TO PIN EE OR COMMENTS

LM6118J HA7-5222-9 Yes FE Lower Vio
LM6161J HA7-2544-2 * FE Guaranteed Differential Phase/Gain
LM6164J HA1-5190-2 No FE Reduced Voltage Noise
LM6165J HA1-2540-2 No FE Enhanced Slew Rate/Avol
LMB218AH HA2-5222-9 No FE Lower Vio
LMB218AJ HA7-5222-9 Yes FE Lower Vio
LM6361N HA3-2544C-5 * FE Guaranteed Differential Phase/Gain
LM6364N HA1-5195-5 No FE Reduced Voltage Noise
LM6365N HA3-2540C-5 No FE Enhanced Slew Rate/Avol
LM723CH CAQ723CT Yes |
LM723CN CA0723CE Yes |
LM723H CA0723T/LM723H Yes |
LM741CH CA0741CT/LM741CH Yes |
LM741CN CA0741CE/LM741CN Yes 1
LM741H CA0741T/LM741H Yes 1
LM741PM CAO741E Yes |
LM747CH CAQ747CT Yes |
LM747CN CA0747CE Yes |
LM747H CA0747T Yes I
LM748CH CAO0748CT/LM748CH Yes |
LM748CN CA0748CE Yes |
LM748H CA0748T/LM748H Yes |
LM748PM CAOQ748E Yes |
LMC555CH ICM7555ITV Yes FE Reduced lcc/Wider Supply Range
LMC555CM ICM7555CBA Yes FE Reduced icc/Wider Supply Range
LMC5585CN ICM7555IPA Yes FE Reduced lcc/Wider Supply Range
LMC668ACJ ICL7650S1JD Yes E Enhanced DCs
LMC668ACJ-8 ICL7650SIJA-1 Yes E Enhanced DCs
LMCB68ACN ICL7650SIPD Yes E Enhanced DCs
LMC668ACN-8 ICL7650SCPA-1 Yes E Enhanced DCs
LS204AT HA2-5102-2 Yes FE Reduced Noise Voltage
LS204CB HA3-5102-5 Yes FE Reduced Noise Voltage
LS204CM HA9P-5102-5 Yes FE Reduced Noise Voltage
LS204CT HA2-5102-5 Yes FE Reduced Noise Voltage
LS204T HA2-5102-2 Yes FE Reduced Noise Voltage
LS404CB HA3-5104-5 Yes FE Reduced Noise Voltage
LS404CM HA9P-5104-5 FE Reduced Noise Voltage
LS404M HA9P-5104-9 FE Reduced Noise Voltage
LS776CB CA3440AE Yes FE MOS Input
LS776T CA3440AT Yes FE MOS Input
LT1001CH HA2-5177-5 Yes FE Enhanced ACs/Reduced icc
LT1001CJ8 HA7-5177-5 Yes FE Enhanced ACs/Reduced Icc
LT1001MH HA2-5177-2 Yes FE Enhanced ACs/Reduced Icc
LT1001MJ8 HA7-5177-2 Yes FE Enhanced ACs/Reduced lcc
LT1014ACJ HA1-5134A-5 Yes FE Reduced Vio/Enhanced ACs
LT1014AMJ HA1-5134A-2 Yes FE Reduced Vio/Enhanced ACs
LT1014CJ HA1-5134-5 Yes FE Reduced Vio/Enhanced ACs
LT1014MJ HA1-5134-2 Yes FE Reduced Vio/Enhanced ACs

NOTES: 1. A “*” in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all compgtitor specifications and exceeds several.
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Commercial Linear Product Cross Reference

" -HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE

DEVICE REPLACEMENT PIN TO PIN EE . OR COMMENTS
LT1022CH HA2-5160-5 * FE Greater Bandwidth/Slew Rate
LT1022MH HA2-5160-2 * FE Greater Bandwidth/Slew Rate
LT1037ACH HA2-5137A-5 Yes FE Enhanced ACs/Reduced lcc
LT1037ACJ8 HA7-5137A-5 Yes FE Enhanced ACs/Reduced lcc
LT1037AMH HA2-5137A-2 Yes FE Enhanced ACs/Reduced Icc
LT1037AMJ8 HA7-5137A-2 Yes FE Enhanced ACs/Reduced Icc
LT1037CH HA2-5137-5 Yes FE Enhanced ACs/Reduced Icc
LT1037CJ8 HA7-5137-5 Yes FE Enhanced ACs/Reduced lcc
LT1037MH HA2-5137-2 Yes FE Enhanced ACs/Reduced Icc
LT1037MJ8 HA7-5137-2 Yes FE Enhanced ACs/Reduced Icc
LT1055CH HA2-5170-5 Yes FE Reduced Vio/lcc/Enhanced ACs
LT1055CN8 HA7-5170-5 (CDIP) Yes FE Reduced Vio/lcc/Enhanced ACs
LT1055MH HA2-5170-2 Yes FE Reduced Vio/lcc/Enhanced ACs
LT1056CH HA2-5170-5 Yes FE Reduced Vio/lcc/Enhanced ACs
LT1056CN8 HA7-5170-5(CDIP) Yes FE Reduced Vio/lcc/Enhanced ACs
LT1056MH HA2-5170-2 Yes FE Reduced Vio/lcc/Enhanced ACs
LT1524J CA1524F Yes i ’
LT3524J CA3524F Yes I
LT3524N CA3524E Yes I
LTC1044CH ICL7660SITV Yes E Reduced lcc/Wider Voltage Range
LTC1044CN8 ICL7660SIPA Yes E Reduced Icc/Wider Voltage Range
LTC1044MH ICL7860SMTV Yes E Reduced Icc/Wider Voltage Range
LTC1052CJ ICL7652SI1JD Yes FE Reduced Voltage Noise
LTC1052CN ICL7652SIPD Yes FE Reduced Voltage Noise
MA723CN CA0723CE Yes 1
MA747CN CA0747CE Yes |
MA747N CAO747E Yes |
MA748CP CAQ748CE Yes |
MAX4601GC HA2-5033-5 * FE Greater Bandwidth
MAX460MGC HA2-5033-2 * FE Greater Bandwidth
MAX610CP HV3-1205/2405E-5 No FE Guaranteed Surge Protection
MAX611CP HV3-1205/2405E-5 No FE Guaranteed Surge Protection
MAX612CP HV3-1205/2405E-5 No FE Guaranteed Surge Protection
MAX663CPA ICL7663SACPA * FE Reduced Icc/Greater Voltage Range
MAX663CSA ICL7663SCBA * FE Reduced Icc/Greater Voltage Range
MAX663EJA ICL7663SAIUA o FE Reduced Icc/Greater Voltage Range
MAXB63EPA ICL7663SAIPA * FE Reduced Icc/Greater Voltage Range
MAXB63ESA ICL7663SIBA * FE Reduced Icc/Greater Voltage Range
MAX8211CPA ICL8211CPA Yes FE - Bipolar/Wider Supply Range
MAX8211CSA ICL8211CBA Yes FE Bipolar/Wider Supply Range
MAX8211CTY ICL8211CTY Yes FE Bipolar/Wider Supply Range
MAX8212CPA ICL8212CPA Yes FE Bipolar/Wider Supply Range
MAX8212CSA ICL8212CBA Yes FE Bipolar/Wider Supply Range
MAX8212CTY ICL8212CTY Yes FE Bipolar/Wider Supply Range
MC1445P1D CA0555CEX Yes o
MC1455D CA0555CM Yes 1
MC1455G CA0555CT Yes |
MC1455P1 CAO0555CE Yes |

NOTES: 1. A “*” in this column indicates that rSrimary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.




Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE

DEVICE REPLACEMENT PIN TO PIN EE OR COMMENTS
MC1458CD CA1458M Yes |
MC1458CN CA1458E Yes |
MC1458G CA1458T Yes |
MC1458N CA1458E Yes FE
MC1458P1 CA1458E Yes |
MC1558G CA1558T Yes |
MC1558GDS CA1558TX Yes I
MC1558N CA1558E Yes FE
MC1723CG CAQ723CT Yes I
MC1723CGD CA0723CTX Yes |
MC1723CP CA0723CE Yes 1
MC1723CPD CA0723CEX Yes |
MC1723G CA0723T Yes |
MC1723GD CA0723TX Yes |
MC1741CG CA0741CT Yes I
MC1741CP1 CA0741CE Yes |
MC1741CP1D CAQ741CEX Yes I
MC1741G CAQ741T Yes 1
MC1776CD ICL7611DCBA Yes FE Lower Power Drain
MC1776CG ICL7611BCTV Yes FE Lower Power Drain
MC1776CP1 ICL7611BCPA Yes FE Lower Power Drain
MC1776G ICL7611BMTV Yes FE Lower Power Drain
MC3302N CA3290E Yes FE MOSFET Input
MC3302P LM3302N Yes 1
MC3303D CA5470M Yes FE MOS Input/Enhanced ACs
MC3303N CA5470E Yes FE MOS Input/Enhanced ACs
MC33071P CA3140AE Yes FE Reduced Ibias/lio
MC33072P CA3240AE Yes FE Reduced Ibias/lio
MC33074P CA3410AE Yes FE Reduced Ibias/lio
MC34001BG CA3140AT Yes FE Reduced Ibias/lio
MC34001BP CA3140AE Yes FE Reduced Ibias/lio
MC34001G CA3140T Yes FE Reduced Ibias/lio
MC34001P CA3140E Yes FE Reduced Ibias/lio
MC34002BG CA3240AT Yes FE Reduced Ibias/lio
MC34002BP CA3240AE Yes FE Reduced Ibias/lio
MC34002G CA3240T Yes FE Reduced Ibias/lio
MC34002P CA34002E Yes FE Reduced Ibias/lio
MC3401P CA3401E Yes FE Greater Bandwidth
MC3403D CA5470M Yes FE MOS Input/Enhanced ACs
MC3403N CA5470E Yes FE MOS Input/Enhanced ACs
MC34071P CA3140AE Yes FE Reduced Ibias/lio
MC34072P CA3240AE Yes FE Reduced Ibias/lio
MC34074P CA3410AE Yes FE Reduced Ibias/lio
MC3456L ICM7556MJD Yes FE CMOS/Reduced lcc
MC3456P ICM75561PD Yes FE CMOS/Reduced Icc
MC3556L ICM7556MJD Yes FE CMOS/Reduced lcc
NE5230N CA5160AE No FE MOS Input

NOTES: 1. A**”in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.

INFORMATION



Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE
DEVICE REPLACEMENT PIN TO PIN EE OR COMMENTS
NES5532AFE HA7-5102-5 Yes FE Enhanced DCs/Reduced Icc
NE5S532AN HA3-5102-5 Yes FE Enhanced DCs/Reduced Icc
NES532FE HA7-5102-5 Yes FE Enhanced DCs/Reduced Icc
NE5532N HA3-5102-5 Yes FE Enhanced DCs/Reduced Icc
NE5534AFE HA7-5101-5 * FE Enhanced DCs
NE5534AN HA3-5101-5 * FE Enhanced DCs
NES5534FE HA7-5101-5 * FE Enhanced DCs
NES534N HA3-5101-5 * FE Enhanced DCs
NE5539D HAQP-2539-5 FE Specified @ £15V Supplies
NE5539F HA1-2539-5 * FE Specified @ £15V Supplies
NE5539N HA3-2539-5 * FE Specified @ £15V Supplies
NE555D CAO555CM Yes FE
NE555DP CAO0555E Yes |
NESS5FP CA0555M Yes |
NES55N CAO555CE/NES55N Yes FE NES555N Brand Offered
NE556-1N ICM75561PD Yes FE CMOS/Reduced Icc
NES56N ICM75561PD Yes FE CMOS/Reduced Icc
OP-15CH CA3140AT Yes FE Reduced Ibias/lio
OP-15GN8 CA3140AE Yes FE Reduced Ibias/lio
OP11AY HA1-5134-2 Yes FE Enhanced ACs
OP11EY HA1-5134-5 Yes FE Enhanced ACs
OP11FY HA1-5104-5 Yes FE Enhanced ACs
OP20CJ HA2-5141-2 Yes FE Enhanced ACs
OP20CZ HA7-5141-2 Yes FE Enhanced ACs
OP20HJ HA2-5141-5 Yes FE Enhanced ACs
OP20HP HA3-5141-5 Yes FE Enhanced ACs
OP20HZ HA7-5141-5 Yes FE Enhanced ACs
OP215GZ CA3240AE (PDIP) Yes FE
OP21GJ HA2-5151-5 Yes FE Enhanced ACs
OP21GP HA3-5151-5 Yes FE Enhanced ACs
OP220CJ HA2-5142-2 Yes FE Enhanced ACs
OP220CZ HA7-5142-2 Yes FE Enhanced ACs
OP220GJ HA2-5142-5 Yes FE Enhanced ACs
OP220GZ HA7-5142-5 Yes FE Enhanced ACs
OP221CJ HA2-5152-2 Yes FE Enhanced ACs
OP221GJ HA2-5152-5 Yes FE Enhanced ACs
OP221GZ HA7-5152-5 Yes FE Enhanced ACs
OP22AJ HA2-2720-2 Yes FE
OP22AZ HA7-2720-2 Yes FE
OP22EJ HA2-2725-5 Yes FE
OP22EZ HA7-2725-5 Yes FE
OP22FZ HA7-2725-5 Yes FE
OP22HZ HA7-2725-5 Yes FE
OP271AZ HA7-5102-2 Yes FE Lower Voltage Noise/Greater Bandwidth
OP271EZ HA7-5102-5 Yes FE Lower Voltage Noise/Greater Bandwidth
OP271FZ HA7-5102-5 Yes FE Lower Voltage Noise/Greater Bandwidth
OP271GP HA3-5102-5 Yes FE Lower Voltage Noise/Greater Bandwidth
OP271GS HAQP-5102-9 Yes FE Lower Voltage Noise/Greater Bandwidth

NOTES: 1. A **” in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.




Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE
DEVICE REPLACEMENT PIN TO PIN EE OR COMMENTS

OP27AH HA2-5127A-2 Yes E Enhanced ACs/Reduced lcc
OP27AJ HA2-5127A-2 Yes E Enhanced ACs/Reduced lcc
OP27AJ8 HA7-5127A-2 Yes E Enhanced ACs/Reduced Icc
OP27AZ HA7-5127A-2 Yes E Enhanced ACs/Reduced lcc
OP27CH HA2-5127-2 Yes E Enhanced ACs/Reduced Icc
OP27CJ HA2-5127-2 Yes E Enhanced ACs/Reduced lcc
OP27CJ8 HA7-5127-2 Yes E Enhanced ACs/Reduced Icc
0oP27CZ HA7-5127-2 Yes E Enhanced ACs/Reduced Icc
OP27EH HA2-5127A-5 Yes E Enhanced ACs/Reduced Icc
OP27EJ HA2-5127A-5 Yes E Enhanced ACs/Reduced Icc
OP27EJ8 HA7-5127A-5 Yes E Enhanced ACs/Reduced lcc
OP27EZ HA7-5127A-5 Yes E Enhanced ACs/Reduced Icc
OP27GH HA2-5127-5 Yes E Enhanced ACs/Reduced Icc
OP27GJ HA2-5127-5 Yes E Enhanced ACs/Reduced icc
OP27GJ8 HA7-5127-5 Yes E Enhanced ACs/Reduced Icc
oP27GZ HA7-5127-5 Yes E Enhanced ACs/Reduced Icc
OP37AH HA2-5137A-2 Yes E Enhanced ACs/Reduced lcc
OP37AJ HA2-5137A-2 Yes E Enhanced ACs/Reduced lcc
OP37AJ8 HA7-5137A-2 Yes E Enhanced ACs/Reduced Icc
OP37AZ HA7-5137A-2 Yes E Enhanced ACs/Reduced Icc
OP37CH HA2-5137-2 Yes E Enhanced ACs/Reduced icc
OP37CJ HA2-5137-2 Yes E Enhanced ACs/Reduced Icc
OP37CJ8 HA7-5137-2 Yes E Enhanced ACs/Reduced lcc
OoP37CZ HA7-5137-2 Yes E Enhanced ACs/Reduced lcc
OP37EH HA2-5137A-5 Yes E Enhanced ACs/Reduced icc
OP37EJ HA2-5137A-5 Yes E Enhanced ACs/Reduced lcc
OP37EJ8 HA7-5137A-5 Yes E Enhanced ACs/Reduced icc
OP37EZ HA7-5137A-5 Yes E Enhanced ACs/Reduced Icc
OP37GH HA2-5137-5 Yes E Enhanced ACs/Reduced lcc
OP37GJ HA2-5137-5 Yes E Enhanced ACs/Reduced lcc
OP37GJ8 HA7-5137-5 Yes E Enhanced ACs/Reduced Icc
OP37GZ HA7-5137-5 Yes E Enhanced ACs/Reduced Icc
OP400AY HA1-5134A-2 Yes FE
OP400EY HA1-5134A-5 Yes FE
OP400FY HA1-5134-5 Yes FE
OP41EJ CA3193AT Yes FE Reduced Vio/Noise Voltage
OP41FJ CA3193T Yes FE Reduced Vio/Noise Voltage
OP41GP CA3193E Yes FE Reduced Vio/Noise Voltage
OP420BY HA1-5144-2 Yes FE Enhanced ACs
OP420CY HA1-5144-2 Yes FE Enhanced ACs
OP420HY HA1-5144-5 Yes FE Enhanced ACs
OP421BY HA1-5154-2 Yes FE Enhanced ACs
OP421CY HA1-5154-2 Yes FE Reduced lcc/Greater Bandwidth
OP421HY HA1-5154-5 Yes FE Reduced lcc/Greater Bandwidth
OP42AJ HA2-5170-2 Yes FE Enhanced DCs
OP42AZ HA7-5170-2 Yes FE Enhanced DCs
OP42EJ HA2-5170-5 Yes FE Enhanced DCs
OP42EZ HA7-5170-5 Yes FE Enhanced DCs
OP42FJ HA2-5170-5 Yes FE Enhanced DCs
OP42FZ HA7-5170-5 Yes FE Enhanced DCs
OP43BJ HA2-5180-2 * FE Reduced Ibias/Greater Bandwidth
OP43GP HA7-5180-5 * FE Reduced Ibias/Greater Bandwidth

NOTES: 1. A*“*"in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.

INFORMATION



Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE

DEVICE " REPLACEMENT PINTOPIN EE OR COMMENTS
OP470AY HA1-5104-2 Yes FE
OP470EY HA1-5104-5 Yes FE
OP470FY HA1-5104~5 Yes FE
OP470GP HA3-5104-5 Yes FE
OP470GS HASP5104-5 Yes FE
OP47AD HA7-5147A-2 Yes E Greater Bandwidth/Min Acl=10
OP47AT HA2-5147A-2 Yes E Greater Bandwidth/Min Acl=10
OP47CD HA7-5147-2 Yes E Greater Bandwidth/Min Acl=10
OP47CT HA2-5147-2 Yes E Greater Bandwidth/Min Acl=10
OP47EN HA7-5147A-5 (CDIP) Yes E Greater Bandwidth/Min Acl=10
OP47GN HA7-5147-5 (CDIP) Yes E Greater Bandwidth/Min Acl=10
OP62AJ HA2-5221-9 * FE Greater Slew Rate
OP62AZ HA7-5221-9 * FE Greater Slew Rate
OPB2EJ HA2-5221-8 * FE Greater Slew Rate
OP62EZ HA7-5221-9 * FE Greater Slew Rate
OP62FJ HA2-5221-9 * FE Greater Slew Rate
OPB2FZ HA7-5221-9 * FE Greater Slew Rate
OP63AJ HA2-5221-9 * FE Reduced Vio
OP63AZ HA7-5221-9 * FE Reduced Vio
OP63EJ HA2-5221-9 * FE Reduced Vio
OP63EZ HA7-5221-9 * FE Reduced Vio
OP63FJ HA2-5221-9 * FE Reduced Vio
OP63FZ HA7-5221-9 * FE Reduced Vio
OPB4AJ HA2-5221-9 * FE Reduced Vio
OP64AZ HA7-5221-9 * FE Reduced Vio
OPG4EJ HA2-5221-9 * FE Reduced Vio
OP64EZ HA7-5221-9 * FE Reduced Vio
OPG64FJ HA2-5221-9 * FE Reduced Vio
OP64FZ HA7-5221-9 * FE Reduced Vio
OP65AJ HA2-2548-9 * FE Lower Vio/Guaranteed Ts
OP65AZ HA7-2548-9 * FE Lower Vio/Guaranteed Ts
OP65EJ HA2-2548-9 * FE Lower Vio/Guaranteed Ts
OP65EZ HA7-2548-9 * FE Lower Vio/Guaranteed Ts
OP65FJ HA2-2548-9 * FE Lower Vio/Guaranteed Ts
OP65FZ HA7-2548-9 * FE Lower Vio/Guaranteed Ts
OP65GP CA3450E No FE Greater Bandwidth /Slew Rate
OP7784 HA2-5177-2 Yes FE Greater Bandwidth/Reduced Icc
OP77BZ HA7-5177-2 Yes FE Greater Bandwidth/Reduced Icc
OP77FJ HA2-5177-5 Yes FE Greater Bandwidth/Reduced lcc
OP77FZ HA7-5177-5 Yes FE Greater Bandwidth/Reduced Icc
OP80OFJ CAB5420AT * FE Single Supply Operation
OP80GJ CA5420T * FE Single Supply Operation
OP80OGP CA5420E * FE Single Supply Operation
OPA111AM HA2-5180-5 Yes FE Reduced Ibias/Enhanced ACs
OPA111BM HA2-5180-5 Yes FE Enhanced ACs
OPA111SM HA2-5180-2 Yes FE Reduced Ibias/Enhanced ACs
OPA121KP CA3140AE * FE MOS Input/Enhanced ACs
OPA2111KM HA2-5102-5 Yes FE Greater Bandwidth
OPA2111KP HA3-5102-5 Yes FE Greater Bandwidth

NOTES: 1. A “*”in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = ldentical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.
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Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE

DEVICE REPLACEMENT PIN TO PIN EE OR COMMENTS
OPA27AJ HA2-5127A-2 Yes E Enhanced ACs/Reduced Icc
OPA27AZ HA7-5127A-2 Yes E Enhanced ACs/Reduced lcc
OPA27CJ HA2-5127-2 Yes E Enhanced ACs/Reduced Icc
OPA27CZ HA7-5127-2 Yes E Enhanced ACs/Reduced Icc
OPA27EJ HA2-5127A-5 Yes E Enhanced ACs/Reduced Icc
OPA27EZ HA7-5127A-5 Yes E Enhanced ACs/Reduced Icc
OPA27GJ HA2-5127-5 Yes E Enhanced ACs/Reduced Icc
OPA27GZ HA7-5127-5 Yes E Enhanced ACs/Reduced Icc
OPA37AJ HA2-5137A-2 Yes E Enhanced ACs/Reduced Icc
OPA37AZ HA7-5137A-2 Yes E Enhanced ACs/Reduced lcc
OPA37CJ HA2-5137-2 Yes E Enhanced ACs/Reduced Icc
OPA37CZ HA7-5137-2 Yes E Enhanced ACs/Reduced lcc
OPA37EJ HA2-5137A-5 Yes E Enhanced ACs/Reduced lcc
OPA37EZ HA7-5137A-5 Yes E Enhanced ACs/Reduced Icc
OPA37GJ HA2-5137-5 Yes E Enhanced ACs/Reduced lcc
OPA37GZ HA7-5137-5 Yes E Enhanced ACs/Reduced Icc
OPA404AG HA1-5114-5 Yes FE Lower Voltage Noise/Enhanced ACs
OPA404BG HA1-5114-5 Yes FE Lower Voltage Noise/Enhanced ACs
OPA404KP HA3-5114-5 Yes FE Lower Voltage Noise/Enhanced ACs
OPA404KU HAQP-5114-5 Yes FE Lower Voltage Noise/Enhanced ACs
OPA404SG HA1-5114-2 Yes FE Lower Voltage Noise/Enhanced ACs
OPA445AP HA7-2645-5 Yes FE
OPA445BM HA2-2640-2 Yes FE
OPA4455M HA2-2640-2 Yes FE
OPAB20KG HFA7-0005-5 * FE Enhanced ACs
OPAB20KP HFA3-0005-5 * FE Enhanced ACs
OPA620LG HFA7-0005-5 * FE Enhanced ACs
OPAB20SG HFA7-0005-9 * FE Enhanced ACs
OPAB21KG HFA7-0002-5 * FE Lower Voltage Noise/Temco
OPAB21KP HFA3-0002-5 * FE Lower Voltage Noise/Temco
OPAB21LG HFA7-0002-5 * FE Lower Voltage Noise/Temco
OPAB21SG HFA7-0002-9 * FE Lower Voltage Noise/Temco
OPAB33AH HA2-5033-2 Yes 1
OPAB33KP HA3-5033-5 Yes |
OPAB33SH HA2-5033-5 Yes FE
PM139AY CAO0139AF Yes |
PM139Y CAO0139F Yes |
PM741CJ CA0741CT Yes 1
PM741J CAQ741T Yes |
RC3403AN CA5470E Yes FE MOS Input/Enhanced ACs
RC4741D HA1-4741-2 Yes E Guaranteed ACs
RC4741M HA9P-4741-5 Yes E Guaranteed ACs
RC5532AN HA3-5102-5 Yes FE Enhanced DCs/Reduced lcc
RC5532N HA3-5102-5 Yes FE Enhanced DCs/Reduced lcc
RC5534AN HA3-5101-5 Yes FE Enhanced DCs/Reduced lcc
RC5534N HA3-5101-5 * FE Enhanced DCs/Reduced lcc
RC741N CA0741CE Yes |
RC747N CA0747CE Yes 1
RC747T CA0747CT Yes I

NOTES: 1. A"*”in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.

INFORMATION



Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE
DEVICE REPLACEMENT PINTO PIN EE OR COMMENTS
RM5334T HA2-5101-2 * FE Reduced icc
RM5532AD HA7-6102-2 Yes FE Reduced Icc
RM5532AT HA2-5102-2 Yes FE Reduced Icc
RM5532D HA7-5102-2 Yes FE Reduced Icc
RM5532T HA2-5102-2 Yes FE Reduced Icc
RM5534AD HA7-5101-2 * FE Reduced Icc
RM5534AT HA2-5101-2 * FE Reduced icc
RM5534D HA7-5101-2 * FE Reduced Icc
RM741T CAQ0741T Yes ] Specified From 0-70 Degrees C
RM747T CA0747T Yes |
RV741T CA0741CT Yes FE Specified From 0-70 Degrees C
SA5230N CA5160AE No FE MOS Input
SA556-1N ICM75561PD Yes FE CMOS/Reduced Icc
SA556N ICM75561PD Yes FE CMOS/Reduced Icc
SA723CN CA0723CE Yes |
SA747CN CA0747CE Yes FE
SES5532AFE HA7-5102-2 Yes FE Reduced Icc
SES532FE HA7-5102-2 Yes FE Reduced Icc
SE5534AFE HA7-5101-2 * FE Reduced Ibias/lio
SE5534FE HA7-5101-2 * FE Reduced Ibias/lio
SE5539F HA1-2539-2 * FE Specified @ £15V Supplies
SE555CN CAOQ555E Yes. FE »
SE556-1CN ICM7556MJD Yes FE CMOS/Reduced lcc
SE556-1F ICM7556MJD Yes FE CMOS/Reduced Icc
SE556F ICM7556MJD Yes FE CMOS/Reduced lcc
SG1524CF CA1524F Yes FE
SG1524CN CA1524E Yes FE
SG1524J CA1524F Yes |
SG1536T HA2-2640-2 * FE Reduced Vio/Enhanced ACs
SG1536Y HA7-2640-2 * FE Reduced Vio/Enhanced ACs
SG2524CF CA2524F Yes FE
SG2524CN CA2524E Yes FE
SG301AT CAO301AT Yes FE Almost Identical
SG3045J CA3045 Yes FE
SG3049T CA3049T Yes FE Greater Bandwidth/Reduced Noise
SG3083 CA3083 Yes |
S$G3183D CA3183M Yes FE Identical Specs @ 25 Degrees C
SG3183N CA3183E Yes FE Identical Specs @ 25 Degrees C
SG3524CF CA3524F Yes FE
S8G3524CN CA3524E Yes FE
8G3524J CA3524F Yes |
SG3524N CA3524E Yes 1
SG741CN CAQ741CE Yes |
SG741T CA0741T Yes |

NOTES: 1. A“*"in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.
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Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE
DEVICE REPLACEMENT PINTO PIN EE OR COMMENTS
SHC5320KH HA1-5320-5 Yes 1
SHC53208H HA1-5320-2 Yes |
SHC85 HA1-2425-5 No FE Enhanced ACs
SHC8S5ET HA1-2420-2 No FE Enhanced ACs
SHM-20C HA1-5320-5 Yes FE Guaranteed Acquisition Time
SHM-20M HA1-5320-2 Yes FE Guaranteed Acquisition Time
SHM-IC-1 HA1-2425-5 Yes FE Almost Identical
SHM-IC-1M HA1-2420-2 Yes FE Almost ldentical
Si7652DJ ICL76528IPD Yes E Enhanced ACs/Gain
S17652DK ICL7652SIPD (PDIP) Yes E Enhanced ACs/Gain
=
SI7660AA ICL7660SMTV * E Greater Vout Efficiency/Reduced icc g
SI7660BA ICL7660SITV * E Greater Vout Efficiency/Reduced Icc g
SI17660CA ICL7660SCTV * E Greater Vout Efficiency/Reduced Icc =
S17660CJ ICL7660SCPA * E Greater Vout Efficiency/Reduced Icc <
SI7660DY ICL7660SIBA * E Greater Vout Efficiency/Reduced Icc -
SL3045CDG14 CA3045 Yes FE
SL3046CDP14 CA3046E Yes FE
SL3127CDG16 CA3127F Yes FE SOIC Version Available
SMP10AY HA1-2420-2 * FE Faster Acquisition/Lower Droop
SMP10BY HA1-2420-2 * FE Faster Acquisition/Lower Droop
SMP10EY HA1-2425-5 * FE Faster Acquisition/Lower Droop
SMP10FY HA1-2425-5 * FE Faster Acquisition/Lower Droop
SMP11AY HA1-2420-2 * FE Faster Acquisition/Lower Droop
SMP11BY HA1-2420-2 * FE Faster Acquisition/Lower Droop
SMP11EY HA1-2425-5 * FE Faster Acquisition/Lower Droop
SMP11FY HA1-2425-5 * FE Faster Acquisition/Lower Droop
SP1-2541-5 HA1-2541-5 Yes 1
SP1-2541-2 HA1-2541-2 Yes I
SP1-2542-2 HA1-2542-2 Yes !
SP1-2542-5 HA1-2542-5 Yes |
SP1-5330-2 HA1-5330-2 Yes |
SP1-5330-5 HA1-5330-5 Yes |
SP2-2500-2 HA2-2500-2 Yes |
SP2-2502-2 . HA2-2502-2 Yes |
SP2-2505-5 HA2-2505-5 Yes |
SP2-2510-2 HA2-2510-2 Yes |
SP2-2512-2 HA2-2512-2 Yes |
SP2-2515-5 HA2-2515-5 Yes |
SP2-2520-2 HA2-2520-2 Yes I Substitute HA2-2529-2
8SpP2-2522-2 HA2-2522-2 Yes | Substitute HA2-2529-2
SP2-2525-5 HA2-2525-5 Yes | Substitute HA2-2529-5
SpP2-2541-2 HA2-2541-2 Yes |
SP2-~2541-5 HA2-2541-5 Yes |
SP2-2542-2 HA2-2542-2 Yes I
SP2-2542-5 HA2-2542-5 Yes |
SP2-2600-2 HA2-2600-2 Yes 1
SP2-2602-2 HA2-2602-2 Yes |
SP2-2605-5 HA2-2605-5 Yes |

NOTES: 1. A*“*"in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.



Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE
DEVICE REPLACEMENT PIN TO PIN EE OR COMMENTS

SP2-2620-2 HA2-2620-2 Yes |
SpP2-2622-2 HA2-2622-2 Yes |
SP2-2625-5 HA2-2625-5 Yes I
SP3-2505-5 HA3-2505-5 Yes 1
SP3-2515-5 HA3-2515-5 Yes I
SP3-2525-5 HA3-2525-5 Yes | Substitute HA3-2529-5
SP3-2542-5 HA3-2542-5 Yes |
SP3-2605-5 HA3-2605-5 Yes I
SP3-2625-5 HA3-2625-5 Yes |
SP7-2500-2 HA7-2500-2 Yes 1
SP7-2502-2 " HA7-2502-2 Yes |
SP7-2505-5 HA7-2505-5 Yes |
SP7-2510-2 HA7-2510-2 Yes I
SP7-2512-2 HA7-2512-2 Yes |
SP7-2515-5 HA7-2515~5 Yes |
SP7-2520-2 HA7-2520-2 Yes | Substitute HA7-2529-2
SP7-2522-2 HA7-2522-2 Yes I Substitute HA7-2529-2
SP7-2525-5 HA7-2525-5 Yes | Substitute HA7-2529-5
SP7-2600-2 HA7-2600-2 Yes |
SP7-2602-2 HA7-2602-2 Yes I
SP7-2605-5 HA7-2605-5 Yes |
SP7-2620-2 HA7-2620-2 Yes |
SP7-2622-2 HA7-2622-2 Yes |
SP7-2625-5 HA7-2625-5 Yes |
TCA520BN CA5130AE * FE MOS Input/Enhanced ACs
TCA520TD CA5130M * FE MOS Input/Enhanced ACs
TLC251ACP CA3440AE * FE
TLC251CP CA3440E * FE
TLC252ACD CA5260AM Yes FE Specified @ +5V Supply
TLC252ACP CA5260AE Yes FE Specified @ +5V Supply
TLC252CD CA5260M Yes FE Specified @ +5V Supply
TLC252CP CA52860E Yes FE Specified @ +5V Supply
TLC254CD CA5470M Yes FE Specified @ +5V Supply
TLC254CN CA5470E Yes FE Specified @ +5V Supply
TLC2652CP ICL7652SCPD Yes FE Reduced Ibias/lio
TLC2652IN ICL7652SIPD Yes FE Reduced Ibias/lio
TLC272ACD CA5260AM Yes FE Greater Vout Range/Reduced lcc
TLC272ACP CA5260AE Yes FE Greater Vout Range/Reduced Icc
TLC272AID CA5260AM Yes FE Greater Vout Range/Reduced Icc
TLC272AIP CA5260AE Yes FE Greater Vout Range/Reduced lcc
TLC272CD CA5260M Yes FE Greater Vout Range/Reduced lcc
TLC272CP CA5260E Yes FE Greater Vout Range/Reduced lcc
TLC272ID CA5260M Yes FE Greater Vout Range/Reduced Icc
TLC272IP CA5260E Yes FE Greater Vout Range/Reduced Icc
TLC272MJG CAS5260E (PDIP) Yes FE Greater Vout Range/Reduced Icc
TLC274CD CA5470M Yes FE Greater Vout/Bandwidth/Slew Rate
TLC274CN CAS5470E Yes FE Greater Vout/Bandwidth/Slew Rate
TLC274ID CA5470M Yes FE Greater Vout/Bandwidth/Slew Rate
TLC274IN CA5470E Yes "FE Greater Vout/Bandwidth/Slew Rate
TLC274MJ CA5470E (PDIP) Yes FE Greater Vout/Bandwidth/Slew Rate

NOTES: 1. A**”in this column indicates that primary pins are pin-to-pin, but seéondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.




Commercial Linear Product Cross Reference

: HARRIS {(NOTE 1) (NOTE 2) HARRIS ADVANTAGE

DEVICE REPLACEMENT PINTO PIN EE OR COMMENTS
TLC27M2ACD CA5260AM Yes FE Greater Vout/Bandwidth/Slew Rate
TLC27M2ACP CAS5260AE Yes FE Greater Vout/Bandwidth/Slew Rate
TLC27M2AID CA5260AM Yes FE Greater Vout/Bandwidth/Slew Rate
TLC27M2AIP CA5260AE Yes FE Greater Vout/Bandwidth/Slew Rate
TLC27M2CD CA5260M Yes FE Greater Vout/Bandwidth/Slew Rate
TLC27M2CP CA5260E Yes FE Greater Vout/Bandwidth/Slew Rate
TLC27M2ID CA5260M Yes FE Greater Vout/Bandwidth/Slew Rate
TLC27M2IP CA5260E Yes FE Greater Vout/Bandwidth/Slew Rate
TLC27M2MJG CA5260E (PDIP) Yes FE Greater Vout/Bandwidth/Slew Rate
TLC555CD ICM7555CBA Yes FE Reduced Icc
TLC555IP ICM7555IPA Yes FE Reduced lcc
TLC556CN ICM7556IPD Yes FE Reduced Icc
TLC556IN ICM75561PD Yes FE Reduced Icc
TLC556MJ ICM7556MJD Yes FE Reduced Icc
TLE2021 HA-5151 FE Greater Slew Rate
TLE2022 HA-5152 FE Greater Slew Rate
TLE2024 HA-5154 FE Greater Slew Rate
TP1321 HA-5195 Yes FE
TP1322 HA-2520 Yes FE
TP1326 HA-2600 Yes FE
TP1332 HA-2645 Yes FE
TP1339 HA-2620 No FE
TP1341 HA-2540 Yes FE
TP1342 HA-2539 Yes FE
TP1344 HA-5160 Yes FE
TP1345 HA-5162 Yes FE
TP1346 H1-5180 Yes
TP4856 HA1-2420/25 Yes | Guaranteed Acquisition Time
TP4866 HA1-5320 Yes FE Guaranteed Acquisition Time
TSC426CPA ICL7667CPA Yes FE Almost Identical
TSC426MJA ICL7667MJA Yes FE Almost Identical
TSC7650ACPA ICL7650SCPA-1 Yes FE Reduced Tempco/Voltage Noise
TSC7650ACPD ICL7650SCPD Yes FE Reduced Tempco/Voltage Noise
TSC7650AIJA ICL76508I1JA-1 Yes FE Reduced Tempco/Voltage Noise
TSC7650AIUD ICL7650SIJD Yes FE Reduced Tempco/Voltage Noise -
TSC7652CPD ICL7652SCPD Yes FE
TSC76521JD ICL7652SIPD (PDIP) Yes FE
TSC7660 ICL7660 * FE
TSC7662 ICL7662 * FE
uA741CL CAQ741CT Yes |
uA741CP CAO741CE Yes 1
pA741HM CA0741T Yes |
UCOPO1CN CA3140AE Yes FE MOSFET Input
UCoPO1GJ CAB140AE (PDIP) Yes FE MOSFET Input
UCOPO2EN CA3493E * FE Reduced Tempco
uci1524J CA1524F Yes |
uc2524J CA2524F Yes I
UC2524N CA2524E Yes |

NOTES: 1. A**”in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.
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Commercial Linear Product Cross Reference

HARRIS (NOTE 1) (NOTE 2) HARRIS ADVANTAGE

DEVICE REPLACEMENT PIN TO PIN EE OR COMMENTS
UC3524J CA3524F Yes 1
UC3524N CA3524E Yes ]
VI-7660-1 ICL7660SCPA * E Greater Vout Efficiency/Reduced lcc
VI-7660-2 ICL7660SCTV * E Greater Vout Efficiency/Reduced Icc
XR-1458CP CA1458E Yes 1
XR-1524M CA1524F Yes 1
XR-2242CP ICM7242IPA Yes FE Greatly Reduced Icc
XR-2524N CA2524F Yes |
XR-2524P CA2524E Yes |
XR-3403CP CAS5470E Yes FE MOS Input/Enhanced ACs
XR-3524N CA3524F Yes |
XR-3524P CA3524E Yes 1
XR-4558CP CA1458E Yes |
XR-4739CN HA7-5102-5 No FE Enhanced ACs/DCs
XR-4739CP HA3-5102-5 No FE Enhanced ACs/DCs
XR-4741CN HA1-4741-5 Yes E Guaranteed Channel Separation
XR-4741CP HA3-4741-5 Yes E Guaranteed Channel Separation
XR-4741M HA1-4741-2 Yes E Guaranteed Channel Separation
XR-5532AN HA7-5102-5 Yes FE Reduced Vio/Ibias
XR-5532AP HA3-5102-5 Yes FE Reduced Vio/Ibias
XR-5532N HA7-5102-5 Yes FE Reduced Vio/lIbias
XR-5532P HA3-5102-5 Yes FE Reduced Vio/Ibias
XR-5534ACN HA7-5101-5 * FE Greater Avol/Reduced Vio
XR-5534ACP HA3-5101-5 * FE Greater Avol/Reduced Vio
XR-5534AM HA7-5101-2 * FE Greater Avol
XR-5534CN HA7-5101-5 * FE Greater Avol/Reduced Vio
XR-5534CP HA3-5101-5 * FE Greater Avol/Reduced Vio
XR-5534M HA7-5101-2 * FE Greater Avol
XR-555CP CA0555CE Yes FE
XR~-8038CN ICL8038CCJD Yes FE Reduced Supply Current
XR-8038CP ICL8038CCPD Yes FE Reduced Supply Current
XR-8038M ICL8038AMJD Yes FE Reduced Supply Current
XR-8038N ICL8038BCJD Yes FE Reduced Supply Current

NOTES: 1. A“*”in this column indicates that primary pins are pin-to-pin, but secondary or optional function pins are not.

2. Electrical equivalency; denoted by the following: | = Identical, FE = Functional Equivalent,
E = Enhanced Harris product meets all competitor specifications and exceeds several.
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Selection Guide

POWER-SUPPLY SUPERVISORY CIRCUITS

Package
Number
Type Function Description of Pins*
ICL7663S Programmable micro- | Low-power, high-efficiency device (I = 4pA max.) that accepts an input of 1 to 16V BA, JA,
power positive and provides an adjustable output over the same range at up to 40mA load. TA Range: PA, TV
voltage regulator 0 to +70°C, -25 to +85°C. Line and load regulation and ESP protection (>2000V).
ICL7680 -5V to £15V voltage Boost-type switched-mode converter inverter chip to convert +5 to +15V regulated JE, PE
converter/regulator outputs. Features current limiting protection with external shut down.
Ta Range: O to +70°C.

ICL7660S Voltage converter Performs supply voltge conversion from positive to negative. Input range is +1.5V to BA, PA,
+10V resulting in complementary output voltages of -1.5V to -12V. Can be connected v
as a voltge doubler to generate output voltage of -18.6V. Tp Range: 0 to +70°C,

-55 to +12590C. ICL7660S improved version of ICL7660. Has extended supply vol(age
range, lower supply current, and ESD protection (>2000V).

ICL7662S Voltage converter Similar to the ICL7660 in its operation, except the output voltages are -4.5V to -20V. PA, TV
Doubler output 22.6V.

ICL7665S Programmable micro- | Contains two individually programmable voltage comparators and requires only 3pA BA, JA,

ICL7665 power under/over supply current. Intended for battery-operated systems that require low or high PA, TV

voltage detector voltage warnings, etc. Open drain outputs for interfacing. Ta Range: 0 to +70°C,
~2510 +850C. ICL7665S improved ICL7665. For features, see ICL7663S.

IcL8211 Programmable voltage | Contains a 1.15V reference, a comparator, a hysteresis output and a non-inverting BA, JA,

level detector main-output. Provides a 7mA current-limited output sink when voltage on threshold PA, TV
terminal is <1.15V. Tp Range: 0 to +70°C, -55 to +125°C.

ICL8212 Programmable voltage | Similar in operation to the ICL8211 except that its main output is inverting as opposed

level detector to non-inverting. Requires a voltage in excess of 1.15V to switch its output on (no
current limit). Tp Range: Same as ICL8211.
ICL7667 Dual power TTL-compatible high-speed CMOS driver designed to provide high output current BA, JA,
MOSFET driver {1.5A) and voltage (up to +15V) for driving the gates of power MOSFETs in high- PA, TV
frequency switched-mode power converters. Tp Range: 0 to +700C, -55 to +125°C.

HV-~250/255 | MOSFET drivers Complementary power. Wide supply range (20V to 450V). High peak output current of -
2A. High switching speed 200ns. New product in development. )

HV-350/355 Totem pole N-channel power MOSFET driver. Wide supply range (20V to 450V). High . -
peak output current of 2A. High switching speed of 200ns. New product in development.

ICL7673 Automatic battery Automatically switches between a main power supply (eg., +5V) and a battery BA, PA,

backup switch back-up supply, when the main supply is removed. Wide supply range: 2.5V to 15V. TV
Ta Range: 0 to +70°C, -25 to +85°C.
ICL7675 Switched-mode Two-chip set provides required control circuitry for a 50W - 150W isolated-type JA PA
ICL7676 power-supply flyback-type switching power supply. ICL7675 primary side controller provides main
controller set power-switch drive. ICL7676 secondary side controller monitors the regulated output.
Ta Range: 010 +700C, -25 to +859C, -55 to +1250C.
ICL7677 CMOS power fail Used on primary side of power supply with opto isolators transmitting the fault JN, PN
detector indication to the equipment on the secondary side. Also used on secondary side to
drive TTL/CMOS logic at fault indicating outputs. T4 Range: 0 to +70°C,
- 25 to +859C, -55 to +1250C.

*See Packaging Section




Selection Guide

SPECIAL PURPOSE CIRCUITS

Type Description Features
ICL8069 Low voltage 1.2V temperature compensated voltage reference uses band-gap principal for excellent stability and low
reference noise at reverse currents down to 50pA. O to 70°C and -55 to +1250C temperature ranges (metal only).

Temperature coefficients of 0.005 and 0.01/°C.

\/] Vo lo Load Vi-Vo | Short-Circuit | Package
Range Range (Max) Regulation v CurrentLimit | Number
Type Description v v mA % Vo (Max) {Min) maA (Typ) of Pins*
CA3085 Voltage regulators 7.5t030 1.81026 12** 0.1 4 96 8T,
CA3085A 7.51040 1.7t036 100 0.15 4 926 88S,
CA3085B 7.51t050 1.7t046 100 0.15 3.5 96 8E
-
CA723 9.5t040 21037 150 0.03 3 65 10T g
=
CA723C 951040 21037 150 0.03 3 65 14E § 5
(=]
**This value may be extended to 100mA; however, regulation is not specified beyond 12mA. & 5
Operating temperature range (TA): -55 to +125°C. Electrical characteristics at Tp = 25°C g
o
Load Ripple Total Standby VCE SAT
V+ Range | Vg Range | Regulation Rejection Current Is {(mA) \")
Type Description v v % Vo (Typ) dB (Typ) {Max) (Typ)
CA1524 Regulating 81040 48t05.2 0.2 66 10 0.8
CA2524 pulse-width 8to40 4.8t05.2 0.2 66 10 0.8
CA3524 modulators 81040 461054 0.2 66 10 0.8

Electrical characteristics at Vt+ = 20V, f = 20kHZ.
Ta =-55to +1250C for CA1524; 0 to +70°C for CA2524, CA3534. 16-lead dual-in-line (E) & (F) packages.
Short-circuit current limit: 100mA typ. Temperature stability: 1% max.

AC Input Voltage Max.DC Max. Input Sensor Control Current to
@ 50-60 & 400Hz |Supply Volts| Current Range (Ry) Thyristor Gate
Type . Description (VAC) (\"}] (nA) kQ (mA)
CA3059 Zero voltage 24 14 1 210100 Up to 124 with internal supply; up
switches 120 to 240 with one external supply
CA3079 208/230 10 2 2t0 50
277
Electrical characteristics at Tp = 250C. 14-lead dual-in-line (E) package.
Operating temperature range (Tp): -55 to +125°C.
Input Input Max. Variable Line
Voltage Frequency Ouput Output and
Range Range Current Voltage Load
Type Description {Vrms) (Hz) (mA) V) Regulation
HV-1205 Monolithic 18-132 48-440 50 5-24 <5% Surge Protection per
Power IEEE 587 Category
HV-2405E | Supplies 18-264 48-440 50 5-24 <5% A &B Using MOV

*See Packaging Section
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SPECIAL PURPOSE CIRCUITS (continued)

VCEsus | VCE (sat) | I+ Max. tPHL
IceX Max. Min. Max. [lc=700mA| IgMax. tpLH | Package
(VCeE= (Ic= (Ic= Vco +5.5V[(VR=50V) | Max. Number
Type Description Features 50V)uA | 100mA) V | 600mA) V mA vA us of Pins*
Inverting Types
CA3262 Quad-gated power | Independent over- 100# 25# 07A 800 100 10 16E
drivers (interface current limiting for 5M
CA3272** | low-~level logic to each output ® (0.7 100# 35# 0.6A 600 100 10 28Q
high-current loads) | min. A). Independent
over-temperature
limiting for each
output (155 typ. C)
CA3242 Overload protection 100A 25A 0.84# 800 100 20 16E
circuitry 5M
Non Inverting Types
CA3252 Input latch with 100A 254 0.7# 800 100 30 16E
external feedback 5B
resistor
O Al outputs ON #VIN=0.8V AV|N =24V **w/fault mode flag
MAlloutputs OFF  ® VouT =4.5Vt0 24.5V
Electrical characteristics at Tp = +25°C, Vo = 5V; Ta range: -40 to +85°C
Limits
Type Description Characteristics Min. Typ. Max. Units
CA3169 Solenoid and motor | Output leakage current (Pin 2 or Pin 3) -110 +0.5 110 pA
driver (Y2H drive,
tver (t we) Quiescent current (Pin 1): Input terminals shorted Vece= - 70 100 mA
14V
Input terminals open - 17 40
Overvoltage shutdown circuit  Upper trip point 20 25 27 v
Pin 1
(Pin1) Lower trip point 18 214, 23
Source output short circuit current (Pin 2-G) 0.65 1.11 26 A
Sink output (Ig)NK 800mA) output saturation voltage - 0.3 0.85 \
Operating temperature range: -40 fo +859C. Electrical characteristics at Tp = 259C, Voo = 10.5Vto 18V
Versa V1 TO-220 style package -
Type Description Characteristics CA3020 CA3020A Units
CA3020 Multipurpose Maximum power output (Pg) at THD = 10% 550 1000 mA
wideband power .
CA302A amplifiers Sensitivity (C|N) 35 45 mA
Power gain (Gp) 75 75 dB
Input resistance (R|N) 55 55 kQ
Signal-to-noise ration (I/N} 70 66 dB
Total harmonic distortion at 150mW (THD) 3.1 3.3 %
Bandwidth {~-3dB point) (BW) 8 8 MHz
Operating temperature range (Ta): -55 to +125°C
Typical electrical characteristics at T = +250C
12-lead (T) package

*See Packaging Section
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HARRIS - RCA - GE INTERSIL

May 1990

Power Control Circuits
CA723, CA723C

Voltage Regulators

For Regulated Output Voltage Adjustable from 2 V to 37 V at Output
Currents up to 150 mA without External Pass Transistors

Features:

= Up to 150 mA output current

m Positive and negative voltage regulation

m Regulation in excess of 10 a with suitable pass
transistors

m /nput and output short-circuit protection

m Load and line regulation: 0.03%

m Direct replacement for 723 and 723C industry types

m Adjustable output voltage: 2 to 37 V

Applications:

m Series and shunt voltage regulator
m Floating regulator

m Switching voltage regulator

m High-current voltage regulator

m Temperature controller

The CA723 and CA723 are silicon monolithic integrated
circuits designed for service as voltage regulators at output
voltages ranging from 2 to 37 volts at currents up to 150
milliamperes.

Each type includes a temperature-compensated reference
amplifier, an error amplifier, a power series pass transistor,
and a current-limiting circuit. They also provide indepen-
dently accessible inputs for adjustable current limiting and
remote shutdown and, in addition, feature low standby
current drain, low temperature drift, and high ripple
rejection.

The CA723 and CA723C may be used with positive and
negative power supplies in a wide variety of series, shunt,

 EMPERATURE =

UNREGULATED
INPUT

switching, and floating regulator applications. They can
provide regulation at load currents greater than 150
milliamperes and in excess of 10 amperes with the use of
suitable n-p-n or p-n-p external pass transistors.

The CA723 and CA723C are supplied in the 10-lead TO-5-
style package (T suffix), and the 14-lead dual-in-line plastic
package (E suffix), and are direct replacements for industry
types 723, 723C, pA723, and pA723C in packages with
similar terminal arrangements. They are also available in
chip form (“H” suffix).

All types are rated for operation over the full military-
temperature range of -55°C to +125°C.

FREQUENCY
COMPENSATION

COMPENSATED

voLT.

REF VREF

AMPL

INVERT ING,
INPUT

O—
NON -INVERTING
INPUT

Ve

SERIES PASS
ERROR

R TRANSISTOR
+
Vo
REGULATED
QUTPUT

é CURRENT
V- LIMiT

vz

CURRENT
SENSE
CURRENT

LIMITER

Figure 1 - Functional diagram of the CA723 and CA723C.
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CA723, CA723C

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY VOLTAGE
{Between V¥ and V— Terminals) 40 \
PULSE VOLTAGE FOR 50-ms
PULSE WIDTH
(Between V* and V=~ Terminals) 50 v
DIFFERENTIAL INPUT-OUTPUT
VOLTAGE ..........ccvun..
DIFFERENTIAL INPUT
VOLTAGE:
Between Inverting and Non-
Inverting Inputs ........... 15 \
Between Non-Inverting
Input and V™
CURRENT FROM ZENER D!ODE
TERMINAL (VZz) ....... ..... 25
CURRENT FROM VOLTAGE
REFERENCE TERMINAL
(VREF) + v o v 15

mA

mA

CURRENT
[SL5 .

FREQUENCY
COMPENSATION

V™ ,CASE (INTERNALLY
CONNECTED TO TERM 51

Fig. 2 — Terminal arrangement of the CA723T and
CA723CT in the TO-5 style package.

v

DEVICE DISSIF:,ATION:
UptoTp=26C—

CA723T,CA723CT ......... 800 mw
CA723E,CA723CE ......... 1000 mwW
Above Tp = 26°C —
CA723T, CA723CT o
Derate linearly ............ 6.3 mw/ C
CAT723E, CA723CE o
Derate linearly  ........... 83 mw/ C

AMBIENT TEMPERATURE
RANGE (All Types):
Operating..............
Storage. ..........v0nny
LEAD TEMPERATURE
(During Soldering):
At a distance 1/16" * 1/32"
(1.59 £ 0.79 mm) from case for

—65 to 125 :c
—65t0+150 ~ °C

°
10 seconds max. ...... +265 C
A
Ne (D— @
CURRENT FREQ
Cimit @__I—]‘LL DI
GURRENT, +
VHUNREG
Sense " O AE AW
INV.
neur@—- W—®Vc
ERROR
NON-NV. AMPL
INPUT + —® vo
e @ T
-
NC

Fig. 3 — Terminal arrangement of the CA723E and
CA723CE in the dual-in-line plastic package.

UNREGULATED
INPUT

vz

FREQUENCY
COMPENSATION

CURRENT
LiMIT

CURRENT
O'sense

om\|
a1
08
RIO
R9
200 20kQ
O
VeeF NON-INVERTING V™ INVERTING
INPUT INPUT

Fig. 4 — Equivalent schematic diagram of the CA723 and CA723C.
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CA723, CA723C

ELECTRICAL CHARACTERISTICS at Tao=25C, vt= Vg=V)=12V,Vv™ =0, Vo=5V,
'L =1mA, Cq =100 pF, CREF =0, Rgcp = 0, unless otherwise specified. Divider
impedance R1Ro at non-inverting input, Term.5, = 10 kQ (see Fig. 23).

R1+Ro

LIMITS
CHARACTERISTIC|  TEST CA723 CA723C UNITS
CONDITIONS Mpiin T Typ. | Max. | Min] Typ. | Max.

Quiescent Regulator | 1| =0,
Current, Ig V=30V -1 23 3.5 -1 23 4 mA

Input Voltage
Range, V| 951 — 40 95| - 40 \Y

Output Voltage
Range, Vo 2 - 37 2 - 37 \

Differential Input-
Output Voitage,
V|-Vo 3 - 38 3 - 38 \%

CIRCUITS

Reference Voltage,
VREF 6.95( 7.15 735 | 6.8} 7.15 7.5 \

POWER CONTROL

V=12
to 40V - | 0.02 0.2 - 0.1 0.5
Vy=12
to15V — ]-0.01 0.1 - | 0.01 0.1
V| =12
Line Regulation to 15V, %Vo
{See Note 1) Ta=-5510
+125°C — - 0.3 - — —
Vl =12
to 15V,
Tao=0to
70°C - | - - - | - 0.3

I =1
to 50 mA - ] 0.03 0.15 — | 0.03 0.2

IL=1

to 50 mA,

. Ta=-55t0
Load Regulation +125°C

- | - 0.6 - - ~ %V
(See Note 1)

|L=1
to 50 mA,
Tao=0
to 70°C I - - | = 0.6

Tp=-55
Output-Voltage A >
Temp. Coefficient, t0+125°C — |0.002 | 0.015 — — — %/°C

Vg TA=0
to 70°C - | - - — ]0.003 | 0.015
f =50 Hz '
to 10 kHz - | 74 - — | 74 -
f=50Hzto
10kHz,

CREF = 5uF - 86 - - 86 -

Ripple Rejection’ dB

(See Note 2)




CA723, CA723C

ELECTRICAL CHARACTERISTICS (Cont'd)

LIMITS
CHARACTERISTIC TEST CA723 CA723C UNITS
CONDITIONS Min. | Typ. Max. Min. | Typ. Max.
Short-Circuit
Limiting Current, Rscp =104,
m Vo=0 - | 65 - ~- | 65 - mA
BW =100 Hz
to 10 kHz,
Equivalent Noise RMS CRefr=0 — 20 - - 20 -
Qutput Voltage, VN i
{See Note 2) BW =100 Hz
10 kHz,
CRep=5uF | — 2.5 - - 2.5 -

Note 1: Line and load regulation specifications are given for condition of a constant chip
temperature. For high-dissipation conditions, temperature drifts must be sepa-
rately taken into account.

Note 2: For CREF, see Fig. 23.

TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723

[ . T OUTPUT VOLTAGE (Vglr5V “l }':: 1
MAX. JUNCTION TEMP (T, }=150°C 0 Jssstss 1
THERMAL RESISTANCE =i50°C/W 1 INPUT VOLTAGE {Vp )xi2V  Hiy
T DISSIPATION (Pg M0 mW| SHORT-CIRCUIT PROTECTION -
K {NO HEAT SINK) 005|  RESISTANCE (Rgcp)*0
I m i i
= T
3 B E) i
= % a i
| X ] RE g S
g % 3 A% 250
3 o) £ TR
= 4,“‘\ j 1T 4
o
g o 3 L Ssec i
3 0 &
z s e o- s
3 2308 g e e EE
H i, -
z P o1e i
1 1257¢ s i :_j
9 TTTTTTT H
o 20 % 40 -0.2 i H % i i
DIFFERENTIAL INPUT-QUTPUT VOLTAGE {V;-Vg )=V ° 2 &0
OUTPUT CURRENT (Iy)—mA
Fig. 5 — Max. load current vs differential input-
output voltage. Fig. 6 — Load regulation without current limiting.
0.035HH HH OUTPUT VOLTAGE (Volesv  [HHHR T ]
Besss INPUT VOLTAGE (Vg 1212 v % QBT SrOLTAGE [VQ1 3V
HiEE SHORT-CIRCULT PROTECTIO) (s"n':::r-chI:?:nT Péo;zlznon E
T H ° s "
W B )
> 5 H
2 T azflsw e ! T ®
. : T A, ERAELE HHHHH
i e e 8 H
£ o HE 250 5 i ;
< 1 /, o fo5ssses:
3 it oec 3 i .’2«‘:& S :
g I i T H ) 1
i &
g o _ - g o2 %, :
8 ‘lu i g % s
< L I3ELES T o
02 i il Cohika . 1
i BT gt Sige: -0.3} = kN
ing B HH i ¥t BRI
e —— : A
o.psiti E it
-04
o 10 15 20 25 30 ) % 0 e 8o 100
OUTPUT CURRENT (Io)—mA QUTPUT CURRENT (Ig)—mA
Fig. 7 — Load regulation with current limiting. Fig. 8 — Load regulation with lii 9




CA723, CA723C

TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723 (Cont'd)

{OUTPUT VOLTAGE (Vgle5V ‘ - -
{INPUT VOLTAGE (Vg }ri2 v ence g I
| SHORT- ey W OUTPUT VOLTAGE { Vo) »REFERENCE | dh e
R iagyT B orf”'?{‘ VOLTAGE (VRer) : i I
Nl LOAD CURRENT (I ) +0 ' T IJ,
| | i
> i a ¥ N
1 g: | | |
° -3 K} H !
: & g i i
'§ ~ =4 .
5 E g nggs i !
+1 1-55°C
S 3 LIS {1 BIENT TEMPERATURE (Tg)* =%
5 ] : HT 1T [heee
3 : : I
5 H Y = Lt e 128°C
3 Jug i 2 - - e H
TsTE w 13 1] H
=L 3 {7 11 L by
[ 1
@ -H
M g P =
Lol i) H
80 100 ) ) 0 40
OUTPUT CURRENT (Ig]—ma INPUT VOLTAGE (v )=V
Fig. 9 — Current limiting characteristics. Fig. 10 — Quiescent current vs. input voltage.
TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723C
MAK JUNCYION TEMP {T;)+150°C ! 1_‘ MAX. JUNCTION TEMP. (T, )e125°C
HERMAL RESISTANCE ¢150°C/W : 111111] THERMAL RESISTANCE <i2s*c/w - a
a QUlESCENT DISSIPATION (Pq W60 mW < QUIESCENT DISSIPATION PQISOmW 8
€ To- 5STVLE PACKAGE WITH NO € ‘_‘ 1] DUAL-IN-LINE PLASTIC PACKAGE - v
1 HEAT SINK i 1 WITH NO HEAT SINK =2
o L T o s S5
=4 +H 1 H : [ =4
- L 3 b o«
z - z L2 wo—-
& & o
i ZHISEER £ 11 E
3 H 2 A 4 o
g g .
3 g NHIN
: st R st ~
z pesacEgisty IR TS o et i
3 £ T3 )e250d 5 [HHHHE 0o T g g P ATURE (7,
z " =
e Enina, T baga:
H HiH shlistssstits EE i
] HEEHT T
o * 40 0 o 20 30
DIFFERENTIAL INPUT=-QUTPUT VOLTAGE (VyVol—V DIFFERENTIAL INPUT-OUTPUT VOLTAGE (VI'VO
Fig. 11 — Max. load current vs differential input- Fig. 12 — Max, load current vs differential input-
output voltage CA723CT. output voltage for CA723CE.
OUTPUT VOLTAGE (Vg):5V & H OTTouTPUT VOLTAGE (Vgl=5v i
INPUT VOLTAGE (v )=i2V : INPUT VOLTAGE (vpl=i2V +
SHORT-CIRCUIT PROTECTION SHORT-CIRCUIT PROYECTIGN
RESISTANCE (Rscp) =0 i RESISTANCE (R CP 00
!MWH HITE
\ BIENT TEMPI
g k4
*® ®
\ 1
z = =
=3 i =
£ oS £
5 5
3 3
3 2
g L g
o -0u T o 01
H a
g s S
i
T m T ;
T A w02 :
o 20 40 60 80 0 0
OUTPUT CURRENT IIQ)— OUTPUT CURRENT (IO J=mA
Fig. 13 — Load regulation wi Fig. 14 — Load regulation with current limiting.
w2y o T
‘} OUTPUT VOLTAGE { V) =REFERENCE
il VOLTAGE {VRgr! 111711
1 LOAD CURRENT (I} +0
3 . :
1 T i
B - T
2 oeffii i < B
w B : LEim et
2 OUTPUT VOLTAGE (Vgl=5V zZ &
1+ INPUT VOLTAGE (v }s12V g
o 06 SHORT-CIRCUIT PROTECTION . ;™ 2
> RESISTANCE (Rgcp)= 109 1 }i % ©
5 : im z
1 | w
£ oa +5 2
3 S 4
=M 2 H
S ° e N ol | 3
R SRRt i
i 3 1
3 i 1
i3 % I it
~ T 1L 1o 20 40
° 0 20 40 60 INPUT VOLTAGE (v
QUTPUT CURRENT 1IOI—MA
Fig. 15 — Current limiting characteristics. Fig. 16 — Quiescent current vs. input voltage,
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CA723, CA723C

TYPICAL CHARACTERISTICS CURVES FOR TYPES CA723 AND CA723C

LOAD REGULATION - % Vg

°
~

" INPUT VOLTAGE [vp) =12V

OUTPUT VOLTAGE (Vg):5V

LOAD CURRENT {I )= | TO 50 mA

AMBIENT TEMPERATURE (T4)=25°C

RESISTAI

SHORT- CIRCUI T PROTECYION
ICE ( PO

e

-5 5 15 25 35

as

DIFFERENTIAL INPUT-OUTPUT VOLTAGE (V)-Vg )=V

Fig. 17 — Load regulation vs. differential input-

output voltage.

LINE REGULATION - % Vo

-0.2 i

OUTPUT VOLTAGE (Vg l=5V

LOAD CURRENT (I ):ImA
AMBIENT TEMPERATURE {Tp):25°C
03| DIFFERENTIAL INPUT VOLTAGE {AV.

o

SHORT- CIRCUIT PROTECTION RESISTANCE i
=0

»3V,

o

T 1IHT

- s S

4

DIFFERENTIAL INPUT-OQUTPUT VOLTAGE (V[-Vg)—V

Fig. 18 — Line regulation vs. differential input-

output voltage.

> 7 200 §
] g ° i
z o 2 g
3 5 &
g H 2 o7 s
H : # o
8 S z 2
2 g z
u K 2 0 =
2 > 2 H
A @ z z
] H £ c
g 2 H 5
= g S o, 3
2 : 5 S
S INPUT \IOLTAGE (VI) -IZ\/ |-20 5 “)
3 i OUTPUT VOLTAGE (V, & -
s LOAD CURRENT (I ) =40 mA 3 (ID
2if AMBIENT TEMPERATURE (T4)=25°C @
TH1 T PROTECTION
0 i (Rscp)=0
- 15 25 35 45 -50 o 50 100 ¥
TIME {1} —pus JUNCTION TEMPERATURE (T, )—°C
. . 3 Fig. 20 — Current limiting characteristics vs.
Fig. 19 — Line transient response. junction temperature.
e i T
6| INPUT VOLTAGE (vr) =12V T‘—‘
4| OUTPUT VOLTAGE (VO)=5V .
> LOAD CURRENT (I ]=50mA ‘0
z > AMBIENT TEMPERATURE (T4)+25°C N +—
] | G SHORT-CIRCUIT PROTECTION Y,
H z || | RESISTANCE (Rgcp)=0 &
2 5 e sl
> — 2 - f
8 2 F T
8 8 ]
g £ g H
it 5 H
H E e O
- A 5
5 : d 5 a s =
IS INPUT VOLTAGE (vp) =12V ; > a
g QUTPUT VOLTAGE Vgl=5v = °
LOAD CURRENT (I )= ImA 2
AMBIENT TEMPERATURE (Tp)=25°C
SHORT- CIRCUIT PROTECTION 0.01
-4f RESISTANCE (Rscp)=0 3
ry 5 25 35 45 100 0k 100 % M
TIME (1) —@s FREQUENCY (f)—Hz

Fig. 21 — Load transient response.

TYPICAL APPLICATION CIRCUITS | v«

VI
VR

I —

£F

vt ve

Vo

CURRENT
ca72s
cavzsc |t™

GURRENT
SENSE

ct
100 pF

Fig. 22 — Output impedance vs. frequency.

"

VREF

cA723
CA723C

NON

comp

Lo

CURRENT
LiM

Vo

REGULATED
OUTPUT

Rl

Fig. 23 — Low-voltage regulator circuit { Vo=2

comp

CIRCUIT PERFORMANCE DATA;

INV
INPUT
v

cl
100 pF

CIRCUIT PERFORMANCE DATA.
REGULATED OUTPUT VOLTAGE . . . 15V

LINE REGULATION (\V[=3V) . . . . 15 mV
REGULATED OUTPUT VOLTAGE . v LOAD REGULATION (21t =50 mA) . . 45 mV
LINE REGULATION {aAV) = 3V} . . 05 mVv

LOAD REGULATION (211 = 50 mA). 15 mv Note: R3 = 2 for minimum temperature drift

Note: R3 =

ﬁuﬂz

to 7 volts).

2 (o1 minimum tomperature drift

n1»nz

R3 may be eliminated for minimum component count.

to 37 volts).

Fig. 24 — High-voltage regulator circuit { Vo=7



CA723, CA723C

TYPICAL APPLICATION CIRCUITS (Cont'd)

carz3
car23c

CIRCUIT PERFORMANCE DATA:

REGULATED OUTPUT VOLTAGE . . . -15 V

LINE REGULATION (AV]

LOAD REGULATION (s}

Note: For applications employing the TO-6 style package
and where VZ is required, an external 6.2-volt
zener diode should be connected in series with
VO {Terminal 6).

Fig. 25 — Negative-voltage regulator circuit.

v

2N5956
OR
2N6i08

ca723
CA723C
Rscp

<l
F 0.001kF

CIRCUIT PERFORMANCE DATA:

REGULATED OUTPUT VOLTAGE . . . 5 V
LINE REGULATION (aV1=3V) . . . . 05 mV
LOAD REGULATION (AIL=1A). . . . & mV

Fig. 27 — Positive voltage-regulator circuit (with
external p-n-p pass transistor).

Vp=85V

T
2N3442

ca723
ca723C M “SSC{’

SK3062,
R3
3k,
REGULATED
QUTPUT

Note: For applications employing the TO-5 style
package and where Vz is required, an ex
ternal 8.2-volt zener diode should be con-
nected in series with Vo {Terminal 6)

CIRCUIT PERFORMANCE DATA:

REGULATED OUTPUT VOLTAGE . . . 50 V
LINE REGULATION {*V)=20V) . . . 16 mV
LOAD REGULATION [ IL =50 mA}. . . 20 mV

Fig. 29 — Positive-floating regulator circuit.

VI
v
V*
VREF Vo
2N3054
oR
2N5294
CURRENT
caze3
carzic LM Rscp
REGULATED
OUTPUT
CURRENT Rl
SENSE
INV.
o INPUT R2
INPUT v
comp =
ct
500pF
CIRCUIT PERFORMANCE DATA:
REGULATED OUTPUT VOLTAGE . . . 15 V
LINE REGULATION (2V{ =3V) . . . . 15 mV
LOAD REGULATION (Al = 3A). . . . 15 mV

Fig. 26 — Positive-voltage-requlator circuit (with
external n-p-n pass transistor).

vt Ve

REGULATED
Vo ouTPuT

CA723
CA723C

v
o Qcowe

0001F T

CIRCUIT PERFORMANCE DATA:

REGULATED OUTPUT VOLTAGE . . . 5§ V
LINE REGULATION (V| =3V) . . . . 05 mV
LOAD REGULATION (Al =10mA). . . 1 mV
SHORT-CIRCUIT CURRENT . . . . . . 20 mA

Fig. 28 — Foldback current-limiting circuit.

RS
10kQ vt ve OVI
i ‘ RE
VREF Yo 0kQ
—o
T
= 2N6211
] \i *a CURRENT
caze3
v r\ cazesc (LM
SK3062 'e)
GURRENT
SENSE
Neur
Gl | =
106 pF
v
COMP
REGULATED
OUTPUT
CIRCUIT PERFORMANCE DATA:
REGULATED OUTPUT VOLTAGE . . . -100 v
LINE REGULATION (AV) =20V} . . . 30 mV
LOAD REGULATION (Al = 100mA} . . 20 mV

Note: For applications employing the TO-5 style
package and where V is required, an ex-
ternal 6.2-volt zener diode should be con-
aected in series with VQ (Terminal 6).

Fig. 30 — Negative-floating regulator circuit.
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CA723, CA723C

TYPICAL APPLICATION CIRCUITS (Cont'd)

VREF
>
REG
otk
R
NON
INV
R2 SINPUT

cCsL
LOGIC
INPUT

CIRCUIT PERFORMANCE DATA:

REGULATED OUTPUT VOLTAGE . . 5 v
LINE REGULATION (3V(=3V) . . . . 05 mV
LOAD REGULATION (AL =50 mA) . . 16 mV

Note 1: A current limiting transistor may be used for
shutdown if current limiting is not required.
Note 2. Add a diode if VO ~ 10 V.

Fig. 31 — Remote shutdown regulator circuit with

current limiting.

REGULATED
ouTPUT
2N3054

2n339a

Iogospr

CIRCUIT PERFORMANCE DATA:
REGULATED OUTPUT VOLTAGE . . . & V
LINE REGULATION {1V = 10V) . . . 05 mV
LOAD REGULATION (7.1 = 100 mA} 15 mv
Note: For apptications employing the TO-5 style package
where V7 is required, an external 6.2.volt
2ener diode should be connected in series with
VQ (Terminal 6}

Fig. 32 — Shunt regulator circuit.
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Regulating Pulse Width Modulator

Features:

m Complete PWM power control circuitry

m Separate outputs for single-ended or push-pull
operation

m Line and load regulation of 0.2% typ.

m Internal reference supply with 1% max. oscillator and
reference voltage variation over full temperature range

m Standby current of less than 10 mA

m Frequency of operation beyond 100 kHz

m Variable-output dead time of 0.5 to 5 ps

m Low VCE(sat) over the temperature range

Applications:

m Positive and negative regulated supplies

m Dual-output regulators

m Flyback converters

m DC-DC transformer-coupled regulating converters
m Single-ended DC-DC converters

m Variable power supplies

The CA1524, CA2524, and CA3524 are silicon monolithic
integrated circuits designed to provide all the control circuitry
for use in a broad range of switching regulator circuits.

The CA1524, CA2524, and CA3524 have all the features of the
industry types SG1524, SG2524, and SG3524, respectively. A
block diagram of the CA1524 series is shown in Fig. 1. The
circuit includes a zener voltage reference, transconductance
error amplifier, precision R-C oscillator, pulse-width
modulator, pulse-steering flip-flop, dual alternating output
switches, and current-limiting and shutdown circuitry. This
device can be used for switching regulators of either polarity,
transformer-coupled dc-dc converter, transformerless voltage
doublers, dc-ac power inverters, highly efficient variable
power supplies, and polarity converter, as well as other power-
control applications.

The CA1524 is specified for the military temperature range of
-550C to +1250C.

The CA2524 and CA3524 are speciifed for the commmercial
temperature range of 00C to 700C. All types operate over a
supply voltage range of 8 to 40 V, have a rated operating

MAXIMUM RATING, Absolute-Maximum Values

INPUT VOLTAGE (BETWEEN VIN AND GROUND TERMINALS)........

OPERATING VOLTAGE RANGE (VINTO GROUND) ........
OUTPUT CURRENT EACH OUTPUT: (TERMINAL 11,12 OR 13, 1
OUTPUT CURRENT (REFERENCE REGULATOR)...........\.s

OSCILLATOR CHARGING CURRENT .....vvivniiiiiienniennnnnnns

DEVICE DISSIPATION:

UPtOTA=250C L. uiiiiiieiniiiineiiriiotnrnenininnarnennns

Above TA=250C.......cvuvinnrneninnncnss
OPERATING TEMPERATURE RANGE

STORAGE TEMPERATURE RANGE ......covvvvniiiiienennnennnnnnns

temperature range of -550C to +1250C, and are supplied in
16-lead, dual-in-line plastic packages (E suffix, and dual-in-
line frit-seal hermetic packages (F suffix)). The CA3524 is
available in chip form (H suffix).

e, (I) :fuf O VRer
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rr (O F(DEMITTER A
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............................................................ 1w

.. Derate linearly 8 mW/0C
.......... -5510 +1250C

.................................................. -651t0 +150°C
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Fig. 1 - Functional block diagram of CA1524 series.
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CA1524, CA2524, CA3524

ELECTRICAL CHARACTERISTICS at Tpo=-55 to +125°C for CA1524,
0 to +70° C for the CA2524 and CA3524; V+=20 V-and =20 kHz, unless otherwise stated.

LIMITS
CHARACTERISTIC TEST CONDITIONS CA1524, CA2524 CA3524 UNITS
Min. [Typ. [Max. [Min. [Typ. [Max.
Reference Section:
Output Voltage 48| 5 (52 (46| 5 |54 v
Line Regulation V+=8to 40V — [10 20 | — [ 10 | 30 mV
Load Regulation 1.=0 to 20 mA — |20 |50 | — | 20 | 50 mV
Ripple Rejection f=120 Hz, Ta=25°C — |66 | — | — | 66 | — dB
Short Circuit Current Limit Vrer=0, Ta=25°C — |100 | — | — (100 | — mA
Temperature Stability Over Operating Temperature Range| — |03 | 1 — (03} 1 %
Long Term Stability Ta=25°C — |20 | — | — | 20 | — [mV/khr
Oscillator Section:
Maximum Frequency Cr=0.001 yF, Rr=2 KQ — |80 — | — {300]| — kHz
Initial Accuracy Rr and Cr constant - |5 |=—1—=—15 |- %
Voltage Stability V+=81t0 40 V, Ta=25°C — | — 1 - | = 1 %
Temperature Stability Over Operating Temperature Range| — | — 21— |- 2 %
Output Amplitude Terminal 3, Ta=25°C — [365 ] — | — |35 | — Vv
Output Pulse Width (Pin 3) Cr=0.01 uF, Ta=25°C — (05| — | — |05 | — us
Ramp Voltage Low Pin 7 — |06 | — | — |06 | — \
Ramp Voltage High Pin7 — |85 — | — {35 | — \
Capacitor Charging Current Pin7

Current Range (5-2 Vee)/RT 003 — | 2 {003 — 2 mA
Timing Resistance Range Pin 6 18| — [120 1.8 | — [120| KQ
Charging Capacitor Range Pin7 0.001] — | 0.1 p.001| — | 0.1 uF
De.ad Time Expansion Capacn.or on Pin 3 100 | — [1000|100 | — |1000| pF

Pin 3 (when a small osc. cap is used)

Error Amplifier Section:

Input Offset Voltage Vem=2.5V — |05 5 | — | 2 10 mV
Input Bias Current Vem=2.5V — 1 10 | — 1 10 MA
Open Loop Voltage Gain 72 (80 | — {60 {80 | — dB
Common Mode Voltage Ta=25°C 18| — |34 ]18 | — | 3.4 v
Common Mode Rejection Ratio Ta=25°C — |70 | — | — |70 ]| — dB
Small Signal Bandwidth Av= 0dB, Ta=25°C — |3 | =] — |8 | — | MHz
Output Voltage Ta=25°C 05| — [38]05] — |38 \
Amplifier Pole — |250 — | — [250 | — Hz
Pin @ Shutdown Current External Sink — |200f — | — |200| — LA
Comparator Section:

Duty Cycle % Each Output On 0 | — [4 | 0 | — | 45 %
Input Threshold Zero Duty Cycle — 1 — | — 1 — Y
Input Threshold Max. Duty Cycle — {35 — | — (85| — Y
Input Bias Current — 1 i 1 — HA
Current Limiting Section:

Sense Voltage For 25% Output Terminal 9=2 V with Error Ampli-

Duty Cycle fier Set for Max Out, Ta=25°C 190 1200 | 210 | 180 1 200 | 220 | mV
Sense Voltage T.C. — (02— | — (02| — [mV/°C
Common Mode Voltage 1l -]+ |1 =1+ \
Rollotf Pole of R51 C3 + Q64 — (300 — | — |300| — Hz

High
“Ramp voltage at Pin 7 | ow

Output frequency at each outpul translstor is half OSC frequency when each output is used separately and|is equal to the OSC frequency

when each output is connected in parallel.

W where t = OSC period in microseconds

t = RyCr with Cr in microfarads and Rr in ohms.
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CA1524, CA2524, CA3524

ELECTRICAL CHARACTERISTICS (Cont'd)

LIMITS
CHARACTERISTIC TEST CONDITIONS CA1524, CA2524I CA3524 UNITS
Min. [Typ. [Max. |Min. [Typ. [Max.

Output Section: (Each Output)

Collector-Emitter Voltage 40 | — | — (40 | — | — \
Collector Leakage Current Vee=40 V — [01]50 | — [01] 50 LA
Saturation Voltage V+=40 V, 1c=50 mA — |08 2 ! — |08 2 \
Emitter Output Voltage V+=20 V 17 (18— |17 |18 | — 1Y
Rise Time Rc=2 KQ, Ta=25°C — |02} — | —]02]| — s
Falt Time Re=2 KQ, Ta=25°C — |01 ]| —|—1]01] — us
Total Standby Current:® Ig V+=40V — 4 10 | — 4 10 mA

*Excluding oscillator charging current, error and
current limit dividers, and with outputs open.

REF SECTION

Fig. 3 - Schematic diagram.
2-16
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CA1524, CA2524, CA3524

CIRCUIT DESCRIPTION
Voltage Reference Section

The CA1524 series contains an internal series voltage
regulatoremploying a zener reference to provide a nominal
5-volt output, which is used to bias all internal timing and
control circuitry. The output of this regulator is available at
terminal 16 and is capable of supplying up to 50-mA output
current.

Fig. 4 shows the temperature variation of the reference
voltage with supply voltages of 8 to 40 volts and load
currents up to 20 mA. Load regulation and line regulation
curves are shown in Figs. 5 and 6, respectively.

e
v¥=a0 TL
4 ¥.8 I.°0
BV -8 T

'

®
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>
fenaRansansnnnasi

2 VP20 I 20 mA
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HEHT

vt:g I 20mA

Y

REFERENCE VOLTAGE—V

0 140
9205 -32668

T
-60 -40 20 40 60 80 L
AMBIENT TEMPERATURE—*C

Fig. 4 - Typical reference voltage as a function
of ambient temperature.
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Fig. 5 - Typical reference voltage as a function
of reference output current.

AMBIENT TEMPERATURE (Tp)*25°C
>
[
w
2
o1
Sa
w
8
2,
w
3
w
&
&
= H
'
0 20 30 40
SUPPLY VOLTAGE (VH—v
92¢s-32670
Fig. 6 - Typical reference voltage as a Iuncr/‘on‘

of supply voltage.

Oscillator Section

Transistors Q42, Q43 and Q44, in conjunction with an
external resistor Rr, establishes a constant charging current
into an external capacitor Cr to provide a linear ramp
voltage at terminal 7. The ramp voltage has a value that
ranges from 0.6 to 3.5 volts and is used as the reference for
the comparatorin the device. The charging currentis equal
to (5-2Vee)/Rr or approximately 3.6/Ry and should be kept
within the range of 30 pA to 2 mA by varying Ry. The
discharge time of Cr determines the pulse width of the
oscillator output puise at terminal 3. This pulse has a
practical range of 0.5 us to 5 us for a capacitor range of 0.001
to 0.1 uF. The pulse has two internal uses: as a dead-time
control of blanking-pulse to the output stages to assure that
both outputs cannot be on simultaneously and as a trigger
pulse to the internal flip-flop which controls the switching
of the output between the two output channels. The output
dead-time relationship is shown in Fig. 7. Pulse widths less
than 0.5 us may allow false triggering of one output by
removing the blanking pulse prior to a stable state in the
flip-flop.

100 | 7, =25°C
¢ vt:8 040V
%10
& 1%
! e
= 4|
o
<
w
o
=
=]
2 |
5 3 -
2 ¢
.
ol
4 68 s s
0.0001 0.001 %] 1
TIMING CAPACITOR (Cy) - uF

92C8-33241

Fig. 7 - Typical output stage dead time as a
function of timing capacitor value.

If a small value of Cr must be used, the pulse width can be
further expanded by the addition of a shunt capacitorin the
order of 100 pF but no greater than 1000 pF, from terminal 3
to ground. When the oscillator output pulse is used as a
sync input to an oscilloscope, the cable and input capaci-
tances may increase the pulse width slightly. A 2-KQ
resistor at terminal 3 will usually provide sufficient de-
coupling of the cable. The upper limit of the pulse width is
determined by the maximum duty cycle acceptable.

The oscillator period is determined by Ry and Cr, with an
approximate value of t=R+Cy, where Ry is in ohms, Cyis in
uF,and tisin us. Excess lead lengths, which produce stray
capacitances, should be avoided in connecting Rrand Crto
their respective terminals. Fig. 8 provides curves for
selecting these values for a wide range of oscillator periods.
For series regulator applications, the two outputs can be
connected in parallel for an effective 0-90% duty cycle with
the output stage frequency the same as the oscillator
frequency. Since the outputs are separate, push-pull and
flyback applications are possible. The flip-flop divides the
frequency such that the duty cycle of each output is 0-45%
and the overall frequency is half that of the oscillator.
Curves of the output duty cycle as a function of the voltage
at terminal 9 are shown in Fig. 10. To synchronize two or
more CA1524’s, one must be designated as master, with

2-18
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AMBIENT TEMPERATURE (Ty )= 28°C
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Fig. 8 - Typical oscillator period as a function
of Rr and Cr.

R+Cr set for the correct period. Each of the remaining units
(slaves) musthave a Crof %2 the value used in the master and
approximately a 10% longer RyCr period than the master.
Connecting terminal 3 together on ali units assures that the
master output pulse, which occurs first and has a wider
puise width, will reset the slave units.

Error Amplifier Section

The error amplifier consists of a differential pair (Q56, Q57)
with an active load (Q61 and Q62) forming a differential
transconductance amplifier. Since Q61 is driven by a
constant current source, Q62, the output impedance Rout,
terminal 9, is very high (=5 MQ).

The gain is:
Av =gmR=8 Ic R/2KT=10*,
Roul F‘L
where R = , Ru=o0, Ay  10*
RouwtRL
Since Row is extremely high, the gain can be easily reduced

from a nominal 10* (80 dB) by the addition of an external
shunt resistor from terminal 9 to ground as shown in Fig. 9.
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2 lo
FREQUENCY — Kz

Fig. 9 - Open-loop error amplifier response
characteristics.

The output amplifier terminal is also used to compensate
the system for ac stability. The frequency response and

AMBIENT TEMPERATURE (Ta}= 25°C

Hvts20v

»
o

u
'

S,

9
%

OUTPUT DUTY CYCLE—%

0 0. 08

32 36 4
92C5-32674RI

1.2 16 24 2.
COMPARATOR VOLTAGE -V

Fig. 10.- Typical duty cycle as a function of
comparator voltage (at terminal 9).

phase shift curves are shown in Fig. 10. The uncompensated
amplifier has a single pole at approximately 250 Hz and a
unity gain cross-over at 3 MHz.

Since most output filter designs introduce one or more
additional poles at a lower frequency, the best network to
stabilize the system is a series RC combination at terminal 9
to ground. This network should be designed to introduce a
zero to cancel out one of the output filter poles. A good
starting point to determine the external poles is a 1000-pF
capacitor and a variable series 50-KQ potentiometer from
terminal 9 to ground. The compensation point is also a
convenient place to insert any programming signal to
override the error amplifier. Internal shutdown and current
limiting are also connected at terminal 9. Any external
circuit that can sink 200 4A can pull this point to ground and
shut off both output drivers.

While feedback is normally applied around the entire
regulator, the error amplifier can be used with conventional
operational amplifier feedback and will be stable in either
the inverting or non-inverting mode. Input common-mode
limits must be observed; if not, output signal inversion may
result. The internal 5-volt reference can be used for
conventional regulator applications if divided as shown in
Fig. 11. if the error amplifier is connected as a unity gain
amplifier, a fixed duty cycle application resuits.

175 =55° 70 i25°C

IL-50ma

vt:40 v
T

o

OUTPUT SATURATION VOLTAGE (VOLTS)
o

T
I
1
o7 !

=50 -25 o 25 50 7% 100 125 150 175
AMBIENT TEMPERATURE (Ty) — °C
92CS-33240
Fig. 11 - Typical output saturation voltage as a
function of ambient temperature.
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CA1524, CA2524, CA3524

Output Section

The CA1524 series outputs are two identical n-p-n tran-
sistors with both collectors and emitters uncommitted.
Each output transistor has antisaturation circuitry that
enables a fast transient response for the wide range of
oscillator frequencies. Currentlimiting of the output section
is set at 100 mA for each output and 100 mA total if both
outputs are paralleled. Having both emitters and collectors
available provides the versatitity to drive either n-p-n or
p-n-p external transistors. Curves of the output saturation
voltage as a function of temperature and output current are
shown in Figs. 11 and 12, respectively.

There are a number of output configurations possible in the
application of the CA1524 to voltage regulator circuits
which fall into three basic classifications:

1. Capacitor-diode coupled voltage multipliers

2. Inductor-capacitor single-ended circuits

3. Transformer-coupled circuits

2 AMBIENT TEMPERATURE (Tp1225°C
vt-8 1040V

b4
»

o

[ OUTPUT SATURATION VOLTAGE -V

80 100

20 40 60
OUTPUT CURRENT (I )—mA
92CS-32680

Fig. 12 - Typical output saturation voltage as a
function of output current.

Device Application Suggestions

For higher currents, the circuit of Fig. 13 may be used with
an external p-n-p transistor and bias resistor. The internal
regulator may be bypassed for operation from a fixed 5-volt
supply by connecting both terminals 15 and 16 to the input
voltage, which must not exceed 6 volts.

1000 CA|524‘ VREF

15, REFERENCE—.—o—-—
vt SECTION @

S
- 104F]
GND

ILTO tA

DEPENDING
ON CHOICE
FOR Q!

92CS-32667

Fig. 13 - Circuit for.expanding the reference current
capability.

The internal 5-volt reference can be used for conventional
regulator applications if divided as shown in Fig. 14. If the
error amplifier is connected as a unity gain amplifier, a fixed
duty cycle application results.

VRer
5K

POSITIVE
~ OUTPUT

i VOLTAGES

GND RI
VREF RIR2 _
13 iRz 25KR

NEGATIVE
OUTPUT
GND VOLTAGES

92C5-32676

Fig. 14 - Error amplifier biasing circuits.

© VREF

cals24
(15)- REFERENCE
e SECTION
v+ CANNOT o
EXCEED 6V
NOTE:

vt SHOULD BE IN THE 5V RANGE
AND MUST NOT EXCEED &V

92Cs-37297

Fig. 15 - Circuit to allow external bypass of the
reference regulation.

To provide an expansion of the dead time without loading
the oscillator, the circuit of Fig. 16 may be used.

92C8-32671

Fig. 16 - Circuit for expansion of dead time, without using
a capacitor on pin 3 or when a low value
oscillator capacitor is used.
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r_o Vo =5V Table I - Input vs. Output voltage, and
Feedback Resistor Values for
1L.=40 mA (For capacitor-diode
output circuit in Fig. 21)

Sa/Se

, Vo R2 Vo R2 V+ (Min.)
Tmax* &, (VTH* RITRZ nz) (V) (KQ) (v)
VTH -0.5 6 8
SENSE Igg=—— WHERE
@ SR -25 10 9
Y Vyy=200mV 3 1 10
92CS -32677RI -4 13 1
-5 15 12
Fig. 17 - Foldback current-limiting circuit used to -6 17 13
reduce power dissipation under shorted
output conditions. -7 19 14
-8 21 15
-9 23 16 4
-10 25 17 2
-11 27 18 <
ot -12 29 19 S 3
+ »l 1t »l N [- <0
v —-og Pt Pt +Vo -13 31 20 go
S8 A T visvg -14 33 21 2
I -15 35 22
-16 37 23
N D! -17 39 24
v —ESA :1+—+Vo -18 | 25
sg A Vtevo -19 43 26
i -20 45 27
oI vi—s o
Voo P ——{—— Vo T %
Sa K L —
5, =
s i A 4 NvH>1vol e
= FLYBACK
92Cs-32687
Sa I %
Fig. 18 - Capacitor-diode coupled voltage multiplier v e
output stages. (Note: Diode D1 is necessary Sg
to prevent reverse emitter-base breakdown of ? SUSH PULL
transistor switch Sa). T
T +Vy
V+
Sp/Sp
yt—o-% A +Vo
r Y T Vvow T
— HALF BRIDGE
V+

vt ——+Vo N T
Sa/S8 L vt< vg

S S 3

Sp/Sg
vt—o% 14 - Vo
[vH|<|-vol
-
92Cs-32678 x s2em
. . . . . E CM-326.
Fig. 19 - Single-ended inductor circuits where the FULL BRIDGE ©
two outputs of the 1524 are connected in parallel. Fig. 20 - Transformer-coupled outputs.
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APPLICATIONS*

A capacitor-diode output filter is used in Fig. 22 to convert
+15Vdcto-5Vdcatoutputcurrents up to 50 mA. Since the
output transistors have built-in current limiting, no additional
current limiting is needed. Table 1 gives the required
minimum input voltage and feedback resistor values, R2, for
an output voltage.

Capacitor-Diode Output Circuit

A capacitor-diode output filter is used in Fig. 21 to convert
+15Vdcto -5 Vdc at output currents up to 50 mA. Since the
output transistors have built-in current limiting, no additional
current limiting is needed. Table I gives the required
minimum input voltage and feedback resistor values, R2, for

*For additional information on the application of this device and a
further explanation of the circuits below, see RCA Application Note
ICAN-8915 “Application of the CA1524 series PWM IC”.

an output voltage range of -0.5 V to -20 V with an output
current of 40 mA.

Single-Ended Switching Regulator

The CA1524 in the circuit of Fig. 22 has both output stages
connected in parallel to produce an effective 0-90% duty
cycle. Transistor Q1 is pulsed on and off by these output
stages. Regulation is achieved from the feedback provided
by R1 and R2 to the error amplifier which adjusts the on-
time of the output transistors according to the load current
being drawn. Various output voltages can be obtained by
adjusting R1and R2. The use of an outputinductor requires
an R-C phase compensation network to stabilize the system.
Current limiting is set at 1.9 amperes by the sense resistor
R3.

v [
+15v0O-
R2
15K Q%
5Kq
! INI341B
skasS RIS L
Ok K 204F INI3418 sy
=) 1€ HE—H14 O20ma
J 2KQ CA3524 Q
00IFy &
o IN1341B RI=5KQ
(O © A4 s gpp. RitlVglt2s)
i0 _@1 S0uF (VRgg—2.5)
00! uF
2 s 2 92CM-32682
Fig. 21 - Capacitor-diode output circuit.
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Fig. 22 - Single-ended LC switching regulator circuit.
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Flyback Converter

Fig. 23 shows a flyback converter circuit for generating a
dual 15-volt output at 20 mA from a 5-volt regulated line.
Reference voltage is provided by the input and the internal
reference generator is unused. Current limiting in this
circuit is accomplished by sensing current in the primary
line and resetting the soft-start circuit.

Push-Pull Converter

The output stages of the CA1524 provide the drive for
transistors Q1and Q2 in the push-pull application of Fig. 24.
Since the internal flip-flop divides the oscillator frequency
by two, the oscillator must be set at twice the output
frequency. Current limiting for this circuit is done in the
primary of transformer T1 so that the pulse width will be
reduced if transformer saturation should occur.

Low-Frequency Pulse Generator

Fig. 25 shows the CA1524 being used as a low-frequency
pulse generator. Since all components (error amplifier,
oscillator, oscillator reference regulator, output transistor
drivers) are on the IC, a regulated 5-V (or 2.5-V) pulse of
0%-45% (or 0%-90%) on time is possible over a frequency
range of 150 to 500 Hz. Switch S1is used to go from a 5-V
output pulse (S1 closed) to a 2.5-V output pulse (S1 open)
with a duty cycle range of 0% to 45%. The output frequency
will be roughly half of the oscillator frequency when the
output transistors are not connected in parailel (75 Hz to
250 Hz, respectively). Switch S2 will allow both output
stages to be paralleled for an effective duty cycle of 0%-90%
with the output frequency range from 150 to 500 Hz. The
frequency is adjusted by R1; R2 controls duty cycle.

v+
+sv O—
4| gsm 3000
Tooe
K Task
5Kq
LAAA 0 0 INI3418
T o e
2xa ® 2N6290
——MN———(5)— ca3se4 @
) 7 ’—@— CORE: FEROX CUBE
0.024F 5 2213p—A250—387
:8—4 INI3418 6209 OR EQUIVALENT
O g Pt 5100
= Ta.7uF
® [6.00hF | ¥
2N2102 e
= 92CM-32684
Fig. 23 - Flyback converter circuit.
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D24124A
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Fig. 24 - Push-pull transformer-coupled converter.
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Fig. 25 - Low-frequency pulse generator.

The Variable Switcher

The circuit diagram of the CA1524, used as a variable- As the reference voltage level is varied, the feedback
output-voltage power supply is shown in Fig. 26. By voltage will track that level and cause the output voitage to
connecting the two output transistors in parailel, the duty change according to the change in reference voltage.

cycle is doubled, i.e., 0-80%.

2N 6650 u 7-30V
38 Vp ¢ {PNP DARLINGTON} L ©-3a
o= at v
20mH oy Your
25uF
3 Lo
15 DS L2 =
L RI tow ] 3 e POLAR
SI00uF | ||\; Rt 50mH
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DS- RC47S4‘9 ce
25uF
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POLAR
R3 [
1ok 3 14 13 12 [ 10 RIO
16k
CAI524 ES
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R4 3 4 6 7 0.0IuF
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15k 3300
B p 1% o MICA
2k 0.1uF 1%
T >
VOLTAGE L
CONTROL RO-15K _
€9-3300 pp 92CM-33243
fosc ~20kHz

Fig. 26 - The CA1524 used as a 0-5 A, 7-30 V laboratory supply.
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Digital Readout Scale

The CA1524 can be used as the driving source for an
electronic scale application. The circuit shown in Figs. 27
and 28 uses half (Q2) of the CA1524 outputin alow-voltage
switching regulator (2.2 V) application to drive the LED’s
displaying the weight. The remaining output stage (Q1) is
used as a driver for the sampling plates PL1 and PL2. Since
the CA1524 contains a 5-volt internal regulator and a wide
operating range of 8 to 40 volts, a single 9-volt battery can
power the total system. The two plates, PL1 and PL2, are
driven with opposite phase signals (frequency held constant
but duty cycle may change) from the pulse-width modulator
IC (CA1524). The sensor, S, is located between the two
plates. Plates PL1, S and PL2 form an effective capacitance

CQUPLED TO MECHANICAL

SCALE MECHANISM

AT

0SCILLATOR <
~ 20 KHz

( PART OF > e >
CAI524) —_—_. DETECTOR

CA3130

bridge-type divider network. As plate S ismoved according
to the object's weight, a change in capacitance is noted
between PL1, S and PL2. This change is reflected as a
voltage to the ac amplifier (CA3160). At the nuil position the
signals from PL1 and PL2 as detected by S are equal in
amplitude, but opposite in phase. As Sis driven by the scale
mechanism down toward PL2, the signal at S becomes
greater. The CA3160 ac amplifier provides a buffer for the
small signal change noted at S. The output of the CA3160 is
converted to a dc voltage by a peak-to-peak detector. A
peak-to-peak detector is needed, since the duty cycle of the
sampled waveform is subject to change. The detector
outputisfiltered further and displayed viathe CA3161E and
CA3162E digital readout system, indicating the weight on
the scale.

NC WEIGHT
FULL SCALE
oc
PEAK TO LOW PASS VOLTAGE
FILTER
DISPLAY
DRIVE
( PART OF
CAl524)
X
DIGITAL
METER
AND
DISPLAY

92CM-33242

Fig. 27 - Basic digital readout scale.
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Fig. 28 - Schematic diagram of digital readout scale (cont'd).
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Fig. 28 - Schematic diagram of digital readout scale.

(0.102-0.254)
80-88

(2.032-2.235)

92CS-33326

Dimensions and pad layout for CA3524H chip.

Dimensions in parentheses are in millimeters and are derived from The layout represents a chip when it is part of the wafer. When the
the basic inch dimensions as indicated. Grid graduations are in wafer is cut into chips, the cleavage angles are 57° instead of 90°

mils (10" inch).

with respect to the face of the chip. Therefore, the isolated chip is
actually 7 mils (0.17 mm) larger in both dimensions.
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Zero-Voltage Switches
For 50/60 and 400 Hz Thyristor Control Applications

Features:

u Relay control m Photosensitive control
n Valve control m Power one-shot control
u Synchronous switching of flashing lights m Heater control

m On-off motor switching m Lamp control

m Differential comparator with self-contained power

supply for industrial applications

The CA3059 and CA3079 zero-voltage switches are In addition, the CA3059 provides the following important

monolithic silicon integrated circuits designed to control a auxiliary functions (see Fig. 1).

thyristor in a variety of AC power switching applications for AC . . -

input voltages of gt V, 120 V, 208/230 V,ganpsz277 V at 50/60 1. A built-in protechon cm::wt that may be actuated to

and 400 Hz. Each of the zero-voltage switches incorporates 4 remove drive from the triac if the sensor opens or shorts.

functional blocks (see Fig. 1) as follows: 2. Thyristor firing may be inhibited through the action of an
internal diode gate connected to Terminal 1.

1. Limiter-Power Supply - Permits operation directly

from an AC line. 3. High-power dc comparator operation is provided by

overriding the action of the zero-crossing detector. This

2. Differential On/Off Sensing Amplifier - Tests the is accomplished by connecting Terminal 12 to Terminal 7.
condition of external sensors or command signals. Gate current to the thyristor is continuous when Terminal
Hysteresis or proportional-control capability may easily 13 s positive with respect to Terminal 9.

be implemented in this section. For an explanation of these functions see Operating Consider-

. . ations. For detailed application information, see companion
3. Zero-Crossing Detector - Synchronizes the output Application Note ICAN-6182, “Features and Applications of

pulses of the circuit at the time when the AC cycle is at Integrated-Circuit Zero-Voltage Switches (CA3059 and
zero voitage point; thereby eliminating radio-frequency c A3079)".

interference (RFI) when used with resistive loads.
The CA3059 and CA3079 are supplied in 14-lead dual-in-line

4. Triac Gating Circuit - Provides high-current pulses plastic packages. The CA3079 is also available in chip form
to the gate of the power controlling thyristor. (H suffix). .

Features - . CA3059 CA3079

m 24V, 120V, 208/230V, 277 V at 50/60, or 400 Hz operation ..............ccoviineiniinninnns v N

m DifferentialInput ................ ..o il A N v

m Low Balance Input Current (max.)=pA ........c.0.coui.. e 1 2

® Built-in Protection Circuit for opened )
or shorted sensor(Terminal 14) . ... ... .. ... . . . i ittt iiiiniiieiitaiinenis N

B SensorRange (RX) =Kl . . ..ottt e 2t0o 100 2t0 50

B DCMOde (Terminal 12) . ...ttt ettt et ettt ennaeenaes v

m External Trigger (Terminal 6) . .. .. ....ouuui ot ittt et aaet s aeeainananneneenason V

m External Inhibit (Terminal 1) . ... . ... oottt ittt e et iaesnaanteninneenanon N

B DO SUpPly VOIS (Max.) ...ttt i e et e et et et 14 10

m Operating Temperature Range = 0C . ... ... .. .ttt ii et eate e anans -55t0+125

Copyright © Harris Corporation 1990

File Number 490
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MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25°C

DC SUPPLY VOLTAGE (BETWEEN TERMS. 2 AND 7):
CABDSS .. e e s 14V
CA3079

CA3059

PEAK SUPPLY CURRENT (TERMS. 5 AND 7)
OUTPUT PULSE CURRENT (TERM. 4) .....uiiiieiiiieiiieiiaaeeanns
POWER DISSIPATIONS:
Up to TA = 55°C - CA3059, CA3079
Above TA = 55°C - CA3059, CA3079
AMBIENT TEMPERATURE RANGE:
ODBraEING o -55to +125°C

e Derate linearly 6.67 mW/°C

SHOTAgR + ettt -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
At distance 1/16" £ 1/32" (1.59 + 0.79 mm) from case for 10 SECONAS MAX. « ...\ veern ettt e e, +265°C
MAXIMUM
CURRENT
MAXIMUM VOLTAGE RATINGS atT, = 25°C RATINGS
TERM- I { lout
INAL Nl 213| 4} 5(6[7(8]9]10Nn le 13 le N Tou
NO. ot S g Msiema| mA
1 R I T R TN IV N N IR A A L R (VI 1
Note 3 0 |-2
2 0 fo 2 o fo*[o*fo [o Jo |~ ]o {0 |sof 10
-15]-15 [-14 |-14 |-14 |-14 |-14 [-14 |-14 -14 |-14
0 * * * * * * * * * * * *
8 -15
* 2 * * * * * * * * 0‘1 150
4 -10
5 * 7 * * * * * * * 50 10
Note 1 -1
6 Wl s ]ele|*s]s]* *
Note 3
7 2025|1461 *
0 0 250 |-6
0] p*] |-~ 2
8 0
9 R
Io * L] * * * *
1‘ * * * * *
12 *{*]s0f 50
Note 3
]3 * * *
2 2
ni& 3

This chart gives the range ot voltages which can be applied to the terminais listed horizontaily

with respect to the terminals listed vertically. For example, the voltage range of horizontal

Terminal 6 to vertical Terminal 4 is 2 to —10 volts.

Note 1 — Resistance should be inserted between Terminal 5 and external supply or line volt-

age for limiting current into Terminal 5 to less than 50 mA.

Note 2 — Resistance should be inserted between Terminal 14 and external supply for limiting

current into Terminal 14 to less than 2 mA.

Note 3 — For the CA3079 indicated terminal is internally connected and, therefore, should

not be used.

“For CA3079 (0 to —10 V).

*Voltages are not normally applied between these terminals; however, voltages appearing
between these terminals are safe, if the specified voltage limits between all other terminals
are not exceeded.
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AC e
INPUT
VOLTAGE

100uF ]+

ROTECTI
CIRCUIT.

NEGATIVE TEMPERATURE COEFFICIENT

AC Input Voltage Input Series Dissipation Rating

(50/60 or 400 Hz) | Resistor (Rg) for Rg
V AC k §2 W
24 2 0.5
120 10 2
208/230 20 4
277 .25 5

NOTE:

Circuitry, within shaded areas, not included in

CA3079

® See chart

4 IC = Internal Connection

-- DO NOT USE

(Terminal Restriction applies only
1o CA3079).

Fig. 1 - Functional block diagram of CA3059 and CA3079.
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ALL RESISTANCE VALUES ARE IN OMMS
NOTE CIRCUITRY WITHIN SHADEO AREAS
NoT

INCLUDED IN CA3079

U S
FaL_SAFE Dice
iweuT

7o
COMMON

41C= INTERNAL CONNECTION __00 NOT USE (TERMINAL
RESTRICTION APPLIES ONLY TO CA3079}

Fig. 2 - Schematic diagram of CA3059 and CA3079
ELECTRICAL CHARACTERISTICS (For all types, uniess indicated otherwise)

All voltages are measured with respect to Terminal 7.

oy ic4
INPUT

oR
EXTERNAL
TRIGGER

s2cm-18076R7

TEST CONDITIONS
Tp = 25°C
CHARACTERISTIC (Unless Indicated Otherwise) LIMITS UNITS
Min. l Typ. lMax.
For Operating at 120 V rms, 50-60 Hz {(AC Line Voltage)®
DC Supply Voltage, Vg '
Inhibit Mode
At 50/60 Hz Rg=8k&{, I =0 6.1 6.5 7 \Y
At 400 Hz Rg=10k, | =0 — | 68 | - v
At 50/60 Hz Rg=5K, I =2 mA 68 | - | V
Pulse Mode
At 50/60 Hz Rg=8k&, I =0 6 6.4 7 \%
At 400 Hz Rg= 10K, I =0 — 67 | = | V
At 50/60 Hz Rg=5k, I =2mA — 6.3 — \
At 50/60 Hz (CA3058) Rg=8k&, I =0 5.5 B 75 v
See Fig. 3 Ta=-551t0 +125°C : :
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# Required voltage change at Term. 13 to either turn OFF the triac when ON or turn ON the triac when OFF.

* Pulse duration in 50 Hz applications is approximately 15% longer than shown in Fig. 8(b).

® The values given in the Electrical Characteristics Chart at 120 V also apply for operation at input voltages of
208/230 V, and 277 V, except for Pulse Duration. However, the series resistor (RS) must have the indicated value, shown in
the chart in Fig. 1, for the specified input voltage.

2-31

ELECTRICAL CHARACTERISTICS (For all types, unless indicated otherwise)  {Cont’d)
All voltages are measured with respect to Terminal 7.
TEST CONDITIONS
Ta =25°C
CHARACTERISTIC {Unless Indicated Otherwise) LIMITS UNITS
Min. | Typ. ]Max.
For Operating at 120 V rms, 50-60 Hz (AC Line Voltage)®
Gate Trigger Current, 'GT(4) Terms. 3 and 2 connected,
See Figs. 4, 5(a) VgT=1V —0s o m
Peak Output Current (Pulsed), | Term. 3 open, Gate Trigger 50 84 _ mA
lom Voltage (VgT) =0
With Internal Power Supply | Terms. 3 and 2 connected,
Gate Trigger Voltage (VgT)=0 90 | 124 - mA
Term. 3open, VT=12V,Vgr=0 | — | 170 | — | mA
With External Power Supply | Terms. 3 and 2 connected, -
v*t=12V,vgr=0 i — | 240 | - | mA 2
H w
See Figs. 5, 6 | 25
Inhibit Input Ratio, Vg/Vp b
See Fig. 7 Voltage Ratio of Term. 9 to 2 0.465| 0.485 |0.520| - £o
Total Gate Pulse Duration:* 4
For positive dv/dt, tp
50-60 Hz CexT=0 70 | 100 | 140 us
400 Hz CexTt =0, REXT=°° — 12 - us
For negative dv/dt, ty
50-60 Hz CexT=0 70 100 | 140 us
400 Hz. CEXT=0, REXT=°° - 10 — us
See Fig. 8
Pulse Duration After Zero
Crossing (50-60 Hz):
For positive dv/dt, tpq CexT=0 — 50 — us
For negative dv/dt, tyq REXT == — 60 — Hs
See F/'g. 8
Output Leakage Current, lg-
Inhibit Mode:
See Fig. 9 — 10.001 | 10 HA
Input Bias Current, |,
CA3059 = 220 (1000 | nA
CA3079 — 220 [2000] nrA
See Fig. 10
Common-Mode Input
Voltage Range, VoMmR Terms. 9 and 13 connected ~ [NM5toB| — \
Sensitivity, AV13:’&
(Pulse Mode) Term. 12 open - 6 - mV
See Figs. 5(a), 12
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Fig. 3(2)—DC supply voltage test circuit f e srceiaces
ig. 3(a)—DC supply voltage test circuit for 3 i
9 CA 3059 and CAg 3079. Fig. 3(b)—DC supply voltage vs. ambient temperature
for CA3059 and CA3079.
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Fig. 4—Gate trigger current vs. gate trigger
voltage for CA3059 and CA3079.
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ALL RESISTANCE VALUES ARE IN OHMS

Fig. 5(a)—Peak output (pulsed) and gate trigger current with Fig. 5(b)—Peak outpu current {pulsed) vs.

internal power supply test circuit for CA3059 ambient temperature for CA3059
and CA3079. and CA3079.
V# 120 V RNS, 50/60-Hz OPERATION o
AMBIENT T (Ty=2s0C T H
= GATE TRIGGER YOLTAGE {(Vgy) = 0 V.
z T -
E ‘\ {
3 e I
2 % I
o 4 T
& = any 8t
|4 A
s o Ef 3 ean 17
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IN OHMS Fig. 6(b)—Peak output current (pulsed) vs.
external power supply voltage

Fig. 6(2)-Peak output current (pulsed) with external power supply Pt Sy
test curcuit for CA3059.
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Fig. 6(c) - Peak output current (pulsed) vs ambient
temperature for CA3059.
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Fig. 8(a) - Gate pulse duration test circuit with associated waveform

for CA3059 and CA3079.
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Fig. 8(c) - Pulse duration after zero crossing vs external capacitance

for CA3059 and CA3079.
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Fig. 7(a) - Input inhibit voltage ration test circuit for CA3059 and CA3079.
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Fig. 8(b) - Total gate pulse duration vs external capacitance for CA3059

and CA3079.
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Fig. 8(d) - Total gate pulse duration vs external resistance for CA3059.
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QUTPUT LEAKAGE NANOAMPERES (I4)

1006} 120 v RMS 50/ 60-Hz OPERATION

S[INPUT RESISTANCE {Rg) =100 kQ
4t NO EXTERNAL LOAD

AN

5

o

'
ol
'

0 -40 -20
AMBIENT TEMPERATURE (Ta)—"°C
92¢$-18063

Fig. 9—Output leakage current (inhibit mode) vs.

ambient temperature for CA3059 and
CA3079.
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8 | eoH: dvrdn
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v

9255-4267

Fig. 10—Input bias current test circuit for CA3059

and CA3079.
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Fig. 12—Sensitivity vs. ambient temperature
for CA3059 and CA3079.
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Fig. 11—Relative pulse width and location of zero crossing for 220-volt operation for CA3059
and CA3079.
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Fig. 13—0Operating regions for built-in protection

circuit for CA3059.
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R {MAX VALUE ALLOWABLE}=IMQ 14=0.67 R|C|
92cs-26715
. . P ig. 15—Line-operated thyristor control time
Fig. 14—Line-operated one-shot timer. Fig. 15 se/:yoglin-:::in}:/uit ol tim
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Fig. 16—0n/off temperature control circuit with
delayed turn-on.
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Fig. 17(a)—Line-operated IC timer for long time periods.
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|
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|
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»
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PULSES \OF CA3097E "
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f

TERM. NO.6 OF CA3059 3
TERM. NO.5 OF CA3097E

TERM. NO. 4 OF CA3059 ! .
8 I # |
POWER IN LOAD

92C5—-26718
Fig. 17 (b)—Timing diagram for Fig. 17(a).
100 uF
AL
10k
W
T23028
2ONAC MAX. LOAD =2 54
1 casoss
RECTIFIER
T
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RUN ENERATOR,
" STMONOSTABLE
T | v,
120 pps l (Z+6.5V)
n 16
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Cbe0208 +pplZ+6.5v)
X —-C2 14-STAGE
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8
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@ bcdedf gh
CD4048A
L_..__> EXPANDABLE ouTRUT
PROGRAMMING
INTERCONNECTIONS

8-INPUT GATE

= 92CL-26589R1

Fig. 18(a)—Programmable ultra-accurate line-operated timer.
(Programmable over the range from 0.5333
seconds to 2 minutes, 16 seconds in 0.5333-
second increments)
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LT?%;%;?; 1¢ 2t 4t 8t 16t 32t 64t 128t t

Terminals

CD4020A a b ¢ d e £ g h

CD4048A A B C D E F G H
C NC NC NC NC NC NC NC 11
NC C NC NC NC NC NC NC 21
C C NC NC NC NC NC NC 3t
NC NC C NC NC NC NC NC 4t
C NC C NC NC NC NC  NC 5t
NC C C NC NC NC NC NC 61
C C C NC NC NC NC NC 7t
NC NC NC C NC NC NC  NC 81
C NC NC C NC NC NC NC 9t
NC C NC C NC NC NC NC 101
C C NC C NC NC NC NC 111t
NC NC C C NC NC NC  NC 121
C NCC C NC NC NC NC 131
NC C C C NC NC NC NC 14t
C C C C NC NC NC NC 15t
Cc ¢ ¢ € N ¢ c NC M1t
NC NC NC NC C c c NC 1121
C NC NC NC C c c NC 1131
c ¢c ¢ ¢ ¢ c c c 256 t

Notes:
to = Total time delay =nq t+not+...npt.
C = Connect. For example, interconnect terminal a of the CD4020A and terminal A
of the CD4048A.
NC = No Connection. For example, terminal b of the CD4020A open and terminal B
of the CD4048A connected to +Vpp bus.

Fig. 18(b)—"Programming”’ table for Fig. 18(a).

Aﬁpp
SUPPLY
VOLTAGE // ]
|
, !
CA3059 |
OUTPUT
(PINS 4 AND 6) q

|
CD4048A /. "
I
I
|

OUTPUT 4

AC IN LOAD //

(RL)

92Cs-25988

Fig. 18(c)—Timing diagram for Fig. 18(a).
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CA3059, CA3079

OPERATING CONSIDERATIONS

Power Supply Considerations for CA3059
and CA3079

The CA3059 and CA3079 are intended for
operation as self-powered circuits with the
power supplied from an AC line through a
dropping resistor. The internal supply is
designed to allow for some current to be
drawn by the auxiliary power circuits.
Typical power supply. characteristics are
given in Figs. 3(b) and 3(c).

Power Supply Considerations for CA3059
The output current available from the internal
supply may not be adequate for higher power
applications. In such applications an external
power supply with a higher voltage should be
used with a resulting increase in the output
level. (See Fig. 5 for the peak output current
characteristics). When an external power
supply is used, Terminal 5 should be con-
nected to Terminal 7 and the synchronizing
voltage applied to Terminal 12 as illustrated
in Fig. 5(a).

Operation of Built-in Protection for the
CA3059

A special feature of the CA3059 is the
inclusion of a protection circuit which,
when connected, removes power from the
load if the sensor either shorts or opens.
The protection circuit is activated by
connecting Terminal 14 to Terminal 13 as
shown in Fig. 1. To assure proper operation
of the protection circuit the following
conditions should be observed:
1. Use the internal supply and limit the ex-
ternal load current to 2 mA with a 5 kQ2
dropping resistor.

pe— 4-10
(0.102-0.254)

2. Set the value of Rp and sensor resistance
(Ry) between 2 k§2 and 100 k£2.

3. The ratio of Ry to Rp, typically, should
be greater than 0.33 and less than 3. If
either of these ratios is not met with an
unmodified sensor over the entire antici-
pated temperature range, then either a
series or shunt resistor must be added to
avoid undesired activation of the circuit.

If operation of the protection circuit is de-

sired under conditions other than those

specified above, then apply the data given

in Fig. 13.

External Inhibit Function for the CA3059

A priority inhibit command may be applied
to Terminal 1. The presence of at least +1.2 V
at. 10 uA will remove drive from the thyristor.
This _required level is compatible with DTL
or T2L logic. A logical 1 activates the inhibit
function.

DC Gate Current Mode for the CA3059

Connecting Terminals 7 and 12 disables the
zero-crossing detector and permits the flow
of gate current on demand from the differ-
ential sensing amplifier. This mode of opera-
tion is useful when comparator operation is
desired or when inductive loads are switched.
Care must be exercised to avoid overloading
the internal power supply when operating
in this mode. A sensitive gate thyristor
should be used with a resistor placed between
Terminal 4 and the gate in order to limit the
gate current.

For a list of RCA thyristors, see RCA Thyristor
Data Bulletin, File No. 406, dated 5-75.

52

(1.321-1.524)

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

$9-67
(1.499-1.702)

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

Dimensions and pad layout for CA3059H.
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Positive Voltage Regulators

For Regulated Voltages from 1.7 V to 46 V at Currents up to 100 mA

Features:

m Up to 100 mA output current

m Input and output short-circuit protection
m Load and line regulation: 0.025%

m Pin compatible with LM100 Series

m Adjustable output voltage

Applications:

m Shunt voltage regulator

m Current regulator

m Switching voltage regulator

m High-current voltage regulator

m Combination positive and negative voltage regulator
m Dual tracking regulator .

The CA3085, CA3085A, and CA3085B are silicon monolithic
integrated circuits designed specifically for service as voltage
regulators at ‘output voltages ranging from 1.7 to 46 volts at
currents up to 100 milliamperes.

A block diagram of the CA3085 Series is shown in Fig. 1. The
diagram shows the connecting terminals that provide access
to the regulator circuit components. The voltage regulators
provide important features such as: frequency compensation,
short-circuit protection, temperature-compensated reference
voltage, current limiting, and booster input. These devices are
useful in a wide range of applications for regulating high-
current, switching, shunt, and positive and negative voltages.
They are also applicable for current and dual-tracking
regulation.

The CA3085A and CA3085B have output current capabilities
up to 100 mA and the CA3085 up to 12 mA without the use of

VIN vouT MAX. MAX. LOAD
RANGE RANGE out REGULATION
TYPE v v mA % VOUT
CA3085 7.5t030 1.8t026 12* 0.1
CA3085A 7.5t040 1.7t036 100 0.15
CA30858 7.5t0 50 1.7 to 46 100 0.15

*This value may be extended to 100 mA; however, regulation is not specified
beyond 12 mA.

external pass transistors. However, all the devices can provide
voltage regulation at load currents greater than 100 mA with
the use of suitable external pass transistors. The CA3085
Series has an unregulated input voltage ranging from 7.5 to
30 V {CA3085), 7.5 to 40 V (CA3085A), and 7.5 to 50 V
(CA3085B) and a minimum regulated output voltage of 26 V
(CA3085), 36 V (CA3085A), and 46 V (CA3085B).

The CA3085A is unilaterally interchangeable with the CA3055.

These types are supplied in the 8-lead TO-5 style package
(CA3085, CA3085A, CA3085B, and the 8-lead TO-5 with
dual-in-line formed leads (“DIL-CAN”, CA3085S, CA3085AS,
CA3085BS). The CA3085 is also supplied in the 8-lead
dual-in-line plastic package (“MINI-DIP”, CA3085E), and in
chip form (CA3085H).

COMPENSATION AND
EXTERNAL INHIBIT

CURRENT
BOOSTER

UNREGULATED
INPUT (Y}

REGULATED
OuTPUT

SUBSTRATE CURRENT

wer(D() weor () Lwite

Figure 1 - Block diagram of CA3085 Series.

Copyright © Harris Corporation 1990
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CA3085, CA3085A, CA30858

MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES at Ty = 25%¢
POWER DISSIPATION: WITHOUT HEAT SINK] WITH HEAT SINK {TO-5 ONLY}

uptoTA=66°C . .............. 630 mW uptoTg= 65°C ....16W
above Tp = 55°C  derate linearly @6.67 mW/°C| above T = 55°C ... . derate linearly at
16.7 mW/°C

TEMPERATURE RANGE:

Operating ................ —56 to +125°C

Storage ~65 to +150°C
UNREGULATED INPUT VOLTAGE:

CA3085 ......................

CA3085A . .

CA30858 .....................

LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 * 1/32 inch (1.59 + 0.79mm)
from case for 10 seconds max. . ... ... . +265°C

Maximum Voltage Ratings

The following chart gives the range of voltages which can be applied to the terminals

fisted vertically with respect to the terminals listed horizontally. For example, the

voltage range between vertical Terminal No. 7 and horizontai Terminal No. 1 is +3 to —10 volts.

MAXIMUM
MAXIMUM VOLTAGE RATINGS CURRENT RATINGS
TERM- TERM:
INAL | 5 6 7 8 1 2 3 4 INAL | UN fouT
No. No. mA mA
+5 . . . +10 *Voltages are not normally
i ~ | -5 0 applied between these 5 10 10
. . . . . R terminals; however, voltages
6 - - appearing between these 6 10 -0.1
fe, if the
. +3 +3 . . +f terminals are safe,
7 - - T [ 2w -0 0 specified voltage limits 7 1.0 -1.0
5 N R A — between all other terminals
8 - - - - 1 are not exceeded. 8 0.1 10
1 | _ _ _ +10 0 +i 130V for CA3085 1 20 150
-1 |-i 0 40V for CA3085A
2 I T R O R e +1 50V for CA30858 2 | 150 o0
- 0
3 -l -] -1 -1 - - | 3 | 150 60
0
4 _ _ _ _ — - —  |Substrate 4 - -
Case
VNG
UNREGULATE Ry
INPUT 500
COMPENSATION
Ri ——@ AND
40k EXTERNAL
INHIBIT
@
Q14 CURRENT
BOOSTER
Qg
G v
ALL RESISTANCE WLU:RS“ I INV.  CURRENT REGULATED
ARE IN OHMS sugstrareNPUT  LIMITING  OUTPUT

92¢s - 8092

Fig.2—Schematic diagram of CA3085 Series.

2-40




[ELECTRICAL CHARACTERISTICS

CA3085, CA3085A, CA3085B

TEST CONDITIONS LIMITS
Test T 25% CA3085 CA3085A CA30858
CHARACTERISTICS | SYMBOL |Circuit UNITS
[Unless indi d otherwise] MIN. | TYP. | MAX. | MIN. | TYP. | MAX. [ MIN. { TYP. | MAX.
Fig. No.
Reference Voltage VREF 4 viin= 15V 1.4 1.6 1.8 15 1.6 1.7 15 16 1.7 \Y
v¥in= 30V - 33 45 — - - - - -
Quiescent Regulator ram—
Current lquiescent 4 v*y = 4oV - - - - 3.65 5 - - — mA
vin= 50V - - - - - - - 4.05 7
Input Voltage Range | V|N(range) - - 75 - 30 75 - 40 75 - .50 \
. + = . = .
Maximum Output Vgimax.) 4 VTIN = 30,4U0.50V# R = 366 2 27 _ 3% 37 _ 46 47 _ v
Voltage Term. No. 6 to Gnd.
Minimum Output Vvo(min.) 4 | Vvhn= 30V - 16 | 18 - 16 | 17 ~ lae |17 v
Voltage
In‘pu(-0u$pul Voltage VIN-VouT ~ _ 4 _ 28 4 _ 38 35 _ a8 v
Differential
+ _ + -
Limiting Current LM 7| VIIN=16V.VioyT = 10V - 96 | 120 - e | 120 | - 9 | 120 | ma
Rscp* = 692
- IL= 110 100mA, Rscp= 0 - - - - 0.025 0.15 - 0.025 ;0.15
= =0
Load Regulation® - - L 110 100mA, RSCP - - - - 0035 | 06 - 0035 | 06 [%VouT
Ta= 0°Cto +70°C
- I = 110 12mA, Rgcp= 0 - 0.003 0.1 - - - - - -
- IL=1mA, Rscp= 0 - 0.025 0.1 - 0.025 | 0.075 - 0.025 0.04
A
Line Regulation’ - IL= 1TmA, R =0 o
? S - Jooa |os | - |ooa o1 [ - [oosa 008 | *V
Ta= 0°Cto+70°C
(o} =0 - 05 - - 05 - - 0% -
Equivalent Noise VNoise| 11 VN = 25V REF mV p-p
Output Voltage CREF = 0.22uF - 0.3 - - 03 - - 0.3 -
Vi IN= 25V |CREF= O . 50 . - 50 - 45 50 -
Ripple Rejection - 12 N REF dB
f= 1kHz CREF = 2uf - 56 - - 56 - 50 56 =
Qutput Resistance o 12 V*IN = 25V, f= 1kHz - 0.075 11 - 0.075 0.3 - 0.075 0.3 Q
Temperature Coef- Av
ficient of Reference REF. - |iL=0,VReF = 16V -~ ]00035| - - |ooo3s| - - joo003s| - |wrc
AVe
and Output Voltages
Load Transient
Recovery Time:
Turn On tON 6 V*IN = 25V, +50mA Step - 1 - - 1 - - 1 - us
Turn Off OFF VN = 25V, ~50mA Step - 3 - - 3 - - 3 - us
Line Transient
Recovery Time
Turn On tON - . - 08 - - 08 - - 0.8 - Ms
VYN = 25V, f= 1kHz 2V Step
Turn Off tOFF - - 0.4 - - 0.4 - - 0.4 - us
# 30V (CA3085), 40V(CA3085A), 50V(CA30858) ) AVout . . (BVayr!
* RSCP: Short-circuit protection resistance ® Load Regulation = ——==——— X 100% 4 Line Regulation = X 100%
‘ Voyrlinitial Vourtinitian) (AVin!

Tl
STANCOR TP3

BLACK
A WHITE GREEN Vout
+
120v
60Hz
. .
: S00F L r 53;'5
BLACK RED v o2
O

VouT = 3.5V 10 20V {070 90 mA)
REGULATION = 0.2% (LINE AND LOAD) 92C$-18093
RIPPLE <0.5mV AT FULL LOAD

Fig.3—Application of the CA3085 Series in a typical power
supply.
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CA3085, CA3085A, CA3085B

TEST CIRCUITS AND TYPICAL CHARACTERISTICS CURVES FOR CA3085 SERIES

en’

—
IQUIESCENT
[ CONNECT Lm
TEST \ RL |Viv [TERM.NO.6| s yo0.e
VREF. @ |+16]0PEN OPEN = oV
'ouiEscent | @ |+ 40 OPEN OPEN 92cs-18094 *VouT * ‘°(m . RZ) o
Vou (WAX.)] 36502 + 40 |GROUND | cLOSED o RI 4
1 “THE LIMITING CURRENT IS —a
Vour (KN | 10k | + 30 | TERM. NO. 1| OPEN |NVERSELY PROPORTIONAL TO
Rscp (SHORT-CIRCUIT PROTECTION RESISTANCE)
92CS-18097
Fig.4—Test circuit for VREF, lquiescent, VoyTimax.),
Vourimin.). Fig.7—Test circuit for limiting current
AMBIENT TEMPERATURE (T4 )+25°C NPUT VOLTS (V¥ )15 }f HrHH —:i,‘ I
Sy saseasssesssssessrassasasstasy IOUTPUT VOLTS (Vi rde10 F oo po i Pt Try 11 T
P 120 ; T
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E < Caee pe jaun
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g 5
@ ama = 80
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< @
o 4
3 2 60
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- E
s H
o 3
v T -
w o 5 1
3 1 e T 1
: HHEHHH NESSES SE3SS EECSE & ;
SR t T L1111
SESsisiRivisisssceasceisisessatsl } : 75 -50 -25 O 25 S50 75 100 125
o 10 20 30 40 50 AMBIENT TEMPERATURE (T)—°C
INPUT  VOLTS (Vi) 92Cs-18098
92CS5-18095
. i + .
Fig.5—Iqujescent vs. V;y- Fig.8—ILim vs. TA.
[CNORMALIZED CURV%GENERATED FROM ;'OPLPT%TVO\L-;ET;V(*\}y l5] 0
- v CURVE WITH Tp=25°C=| ouT)=
5 TQUIESCENT vs V7N A : AMBIENT TEMPERATURE (T )225°C
- =
2 3
45 g : rsce 0
oE = T TN
33! z X
p <}
i) g -l
Na ]
_151 8
23 £ ‘
-0.2
La0.9 9 4 532
z S :
:
-03 © X iF
s S.geeg )
: PP D
L_osl =+ Eessitata:
-55 -50 - 0 25 50 75 100 125 ~0.4 Hif TR
AMBIENT TEMPERATURE (Tp}—°C 0 80 100
92¢5-18096 LOAD CURRENT (L )— mA
92CS-17351
Fig.6—Normalized |qy;j, vs. Ta- Fig.9—Load regulation characteristics.
quiescent
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CA3085, CA3085A, CA3085B

TEST CIRCUITS AND TYPICAL CHARACTERISTICS CURVES FOR CA3085 SERIES

F1INPUT VOLTS (V¥ \)=20 H
QUTPUT VOLTS (V*ouT):i0-1 1 !

I TILIT o '
T 1+ i b

- T T

T t T
I

o
o
&

1 . T

1
H " i

o
2

o
o
]

.’__
+
R

o
o
N

LINE REGULATION (%/VOLT)

1
t
I

-75 -50 -25 o 25 S0 75 100 125
AMBIENT TEMPERATURE (Tp)— °C
92C8-17345

Fig.10—Line regulation temperature characteristics.
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PACKARD
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Esy

Ty, Tz = STANCOR
TP-3

O
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BLACK -
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EQUIVALENT

—

Ez = 4V RMS
RED

?

92CS-19000

Fig.12—Test circuit for ripple rejection and output resistance.

9-2C$ -18099

Fig.11—Test circuit for noise voltage.

TEST PROCEDURES FOR TEST CIRCUIT FOR
RIPPLE REJECTION AND OUTPUT RESISTANCE

Output Resistance

Conditions:

1. ViN= +25V,CRgf = O, Short Eq

2. Set Egpat 1kHzso that Ep = 4V rms

. Read VoyT on a VTVM, such as a Hewlett-Packard,
HP400D or equivalent

4. Calculate RoyT from RoyT = VouT HRL/EZ )

w

Ripple Rejection — |

Conaitions:
1. Vyn = +25V, CReF = O. Short €3
2. Set Egq at 1kHz 50 that Eq = 3V rms

3. Read VouT on a VTVM, such as a Hewlett-Packard, HP400D

or equivalent
4. Calculate Ripple Rejection from 20 log (E1/VoyT)

Ripple Rejection — 1

Conditions
1. Repeat Ripple Rejection | withCRgF =2 ufF

T T TTT T T T T T 17

O8] INPUT VOLTS (vH )27y + 14 -7 —v 3
6| AMBIENT TEMPERATURE (T4)=25°C *'~ *

L T + B “

P O

INPUT VOLTS (VFN):27V

FREQUENCY (f)=1kHz

JOUTPUT RESISTANCE (r5)=0.075 &
] (AT Tp=25°C)

» S
S =
o w
] | g
5 1 - t 3
= o - - t @
os - - +
§ 04 b g g2
b e 4ot R
g ) -
b £
a T T T 8 (A
w !
[=XoX] t ‘_/’/ 3
z 008 i t [
= 006 T . + o]
2 <
© o004 t t t = ¥
: \ g o9 :
0.02 } =
[oXo]] i 0.8
4 4 68 46 4 -7 -50 -25 0 25 50 75 100
o.l | 10 100 000 AMBIENT TEMPERATURE (Tq)—°C
FREQUENCY (f}— kHz 92C5-17350
92Cs-17349

Fig.13—rg vs. f.

Fig.14—Normalized ro vs. TA.
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CA3085, CA3085A, CA3085B

TEST CIRCUIT AND TYPICAL CHARACTERISTICS CURVES FOR CA3085 SERIES

Fig.15—Temperature coefficient of VRgF and VOUT.

AMBIENT TEMPERATURE (Tp)—°C

o [IJREFERENCE VOLTS (VRgr) = +1.6V (AT Ta=25°C) 5 DI CATES CMERATION
W [1]LOAD CURRENT (IL}=0 £ INDICATES OPERATION
£ 03 T2 WITH HEAT SINK
=3 z
) £ 2 3 HHHH
wa * sazssces. ey T
wa o 1 0
k8 3 20 A e,
a8 2 5 1 >
B - b
4 0. N I
wd 0! 7 > i )
0> a O
2 E s St
w = 2 T
@ E ° (<] X
3 :
) E /. %
&0 z ~ =t
zz : 0 st
zz_ | B 2
58 2 oy
2z 3 O rg
i3 > 5 Y
TZ.02 z
<1< 2
2z
-03) z
75 -50 -25 O 25 S0 75 100 125 S oS e - - o

A OUTPUT MILLIAMPERES (IouY)
92¢CS |73~§ 92C5-19002

Fig.17—Dissipation limitation (Vin—VouT vs. loUT).

CA3085,
AB

QUIESCENT QUTPUT
CURRENT =1.5mA = = = =

t(on) t(off)

100 mV/cm
Yout

VPULSE §

GEN. 50mA STEP

—et lus/cm 92¢$-19001

Fig.16—Turn-on and turn-off recovery time test circuit with
associated waveforms.
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CA3085, CA3085A, CA30858B

TYPICAL REGULATOR CIRCUITS USING THE CA3085 SERIES

5.600
Vin " TYPE
CA3085, e 2N5497
B

(UNREGULATED N
SUPPLY) ! ‘b
o@ Vout
0 (REGULATED
= OUTPUT)
l 100 pF

“R1 AND R SELECTED FOR
DESIRED OUTPUT Ry’

YouT = VietR2* RI
Ry

92CS-19003

Fig.18—Typical high-current voltage regulator circuit.

1.
L

2000 ASI_ %24

Q1 ANY N.P-N SILICON TRANSISTOR
THAT CAN HANDLE A 24
LOAD CURRENT SUCH AS
RCA-2N3772 OR EQUIVALENT

0.00IuF R

Vin

92C5-190C4

Fig.19—Typical current regulator circuit. .

D)

OUTPUT

0.001 uF
ALL RESISTANCE VALUES ARE IN OHMS -

92C5-19005
DI RCA-INI763A OR EQUIVALENT

Q1 RCA-2N5322 OR EQUIVALENT
R1= 0.7 Iy (MAX.)

Fig.20—Typical switching regulator circuit.

CA3085,4,8 —>
vour
R2
v 0
R ®
Qi -
% Vout
v-
N L souF
+T(s0ov)
2,F(50V) =
ALL RESISTANCE VALUES
ARE IN OHMS 92CS-19006

ALL RESISTANCE VALUES ARE IN OHHS

Ql  RCA-2N2102 OR EQUIVALENT

QZ- ANY P-N-P SILICON TRANSISTOR
(RCA-2N$322 OR EQUIVALENT)

Q3 ANY N-P-N SILICON TRANSISTOR THAT CAN
HANDLE THE DESIRED LOAD CURRENT
(RCA-2N3772 OR EQUIVALENT)

Ry *+ Ry
*Vour = \"g;

*Rgcp : SHORT-CIRCUIT
PROTECTION RESISTANCE

Fig.21—Combination positive and negative voltage regulator
circuit.
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& HARRIS

HV-1205

May 1990 Single Chip Power Supply

Features

® Direct AC to DC Conversion

® Wide Input Voltage Range ........ 18Vrms-132Vrms
* Wide Input Frequency Range .......... 48Hz-440Hz
e Guaranteed Output Current ................. 50mA
e QutputVoltage............cvvvviinnnn.. 5V to 24V
e Lineand Load Regulation .............cccuuues <5%

e Surge Protection per IEEE 587 Category A & B Using
MOV
Applications

e Compact, Low Cost, Power Supply for Non-Isolated
Applications

e High Efficiency Regulator for 26 VAC Systems
* Battery Back-Up Systems
e Dual Output Supply for OFF-LINE Motor Controls

Description

The HV-1205 is a single chip power supply that can supply
5V to 24V at 50mA output current. Just a few inexpensive
external components are needed to provide a compact,
light weight, cost effective power supply. The HV-1205
replaces a transformer, rectifier, and voltage regulator. This
chip is made in the new Harris High Voltage Dielectric
Isolation Process. This high breakdown process (400V)
allows a patented switching circuit to draw current from the
AC line only as necessary to supply the load. The HV-1205
operates from ~-400C to +859C (with no derating necessary
due to package power dissipation). The HV-1205 is
available in an 8 Pin Plastic Mini-DIP.

CAUTION: This Product Does Not Provide Isolation
From the AC Line

Pinout

HV3-1205 (PLASTIC MINI-DIP)

Functional Diagram

TOP VIEW
~ AC HIGH HV- 1205 R
AC RETURN [1] 8] Ac HiGH 8
o— MW N \ o Vout
PRE- REG Z] NC Ry
CAP (C2) SWITCHING VOLTAGE
E c1=2= PRE- REGULATOR REGULATOR
GND [3 6]V, 5
:l our .Li INHIBIT VSENSE ca—=
INHIBIT 5] Vsense ca
CAP (C3) ° T o GND
AC RETURN !
PRE- REGULATOR CAP.
AL v
=+
c2

CAUTION: This Product Does Not Provide Isolation From the AC Line
Copyright © Harris Corporation 1990
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Specifications HV-1205

Absolute Maximum Ratings Operating Temperature Range

Voltage Between Pin 1 and 8, Continuous Vrms ........ 132Vims  HV3-1205-9. .. .iiiiiiiiiiiiiiiiiiin i -400C to +85°C
Voltage Between Pin 1 and 8, Peak HVB-1205-5. ..ottt 00C to +75°C

Voltage Between Pin2and6......... . Storage Temperature Range ........ . .. =B59C to +175°C
InputCurrent,Peak ................. Thermal Constants (°CG/W) Oja Sjc
Output Current ... ... Plastic DIP 82 16
Output Voltage ......

Maximum Junction Temperature.....................0

Electrical Specifications Unless Otherwise Specified: Vjy =120Vrms at 60Hz, C1 = 0.05pF, C2 = 470yF, C3 = 150pF,
VouT = 5V, louT = 50mA, Source Impedance, R = 150(). Parameters are Guaranteed at the Specific
V|N and Frequency Conditions, Unless Otherwise Specified. See Functional Diagrams for Component

Location.
HV-1205-9 HV-1205-5
-400C to +859C 00C to +75°C
PARAMETER VIN TEMP MIN TYP MAX MIN TYP MAX | UNITS

Output Voltage 120V +25°C 4.75 5.0 525 4.75 5.0 5.25 v
{At Preset 5V)

120V Full 4.65 5.0 5.35 4.65 5.0 5.35 v
Output Voltage TC 120V Full - 0.02 - - 0.02 - %/0C
Output Ripple (Vp-p) 120v +250C - 10 - - 10 - mvV
(C4 = 1pF, = 60Hz)

120V Full - 20 - - 20 - mVv
Line Regulation 80Vrms to +250C - - 15 - - 20 mV

132Vrms
Full - - 30 - - 40 mvV

Load Regulation 120V +250C - - 15 - - 20 mV
(IloyT = 5mA to 50mA)

120v Full - - 30 - - 40 mv
Output Current 120V Full [} - 50 [o] - 50 mA
Short Circuit Current Limit 120V Full 55 95 - 55 95 - mA
Drop-Out Voltage Pin2-Pin 6 +250C - 2.2 - - 22 - v
Quiescent Current 11Vpcto30Vpg| +25°C - 2 - - 2 - mA
Post Reguiator OnPin2

Equivalent Circuit For cs5 |1,0;J~F
Output Voltage Adjustment K
. RsENSE (Ro)
AN
A\ 4

(SENSE) PIN 51’

3.79K

K =Vgut -5V Where K is the Approximate Value of Resistor
Between Pin 5§ and Pin 6 (in KQ), Voyr is the

Desired Output Voltage. See Graph. —E'— +
1.21K
VREF

1.21v

—CO PIN 6 (VouT)

RseNsE!S ZERO OHMS FOR 5Vt
FIGURE 1.
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HV-1205

Schematic

SWITCHING
PRE - REGULATOR

DA1

INHIBIT

LINEAR VOLTAGE REGULATOR

ord I

! RB17 RB16

PB2 PB1
NB4}4 IP—KNB3

RB15
7%

5.4V

NB1

)
[«
N
A
b
@
&
+ MW
b
o
~

2} SENSE
v e ¥ LOW
DB2
@ 7) ANALOG
GND
AC
RETURN
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HvV-1205

Application Information
How The HV-1205 Works

The HV-1205 converts AC voltage into regulated DC volt-
age to power low voltage components such as integrated
circuits. This is accomplished in two stages on the mono-
lithic chip. First, the pre-regulator momentarily connects a
large capacitor to the AC high line until it charges to about
6V above the selected output voltage. The pre-regulator
then switches to a blocking mode and stays in that blocking
mode until the next line cycle begins. The large capacitor
supplies power to the series pass regulator, providing DC
current to power the user’s circuit. Providing current to the
post regulator causes the large cap to discharge at a rate
dependent on load current. Each line cycle refreshes the
charge on the electrolytic capacitor. For a detailed explana-
tion of HV-1205 operation see Application Note 558.

Input Voltage

The HV-1205 operates over a wide range of input voltages.
Most applications will use the 120Vrms line from the power
grid. A standard circuit for this application is shown in Fig-
ure 2. Much smaller input voltages can be used. The size of
the external components used will be determined by the
output voltage and current required and the input voltage
available. Several graphs have been provided to help
choose component values for a specific application. The
section below called Component Selection discusses
trade-offs related to component sizing.

Input Frequency

The HV-1205 is designed to operate from 48Hz to 440Hz.
Higher operating frequency in possible. Keep in mind that
the HV-1205 will refresh C2 once per line cycle.

Setting Output Voltage

The HV-1205 can be set to provide a regulated output volt-
age anywhere from 5V to 24Vpc. Refer to Figures 4, 5 and
6 for several ways of adjusting output voltage. Any time an
output voltage greater than 5V is chosen, a 10pF capacitor
between the output and the sense pin is required. That
capacitor allows C2 to charge gradually.

As seen in Figure 1, output voltage is set by feedback to the
sense pin. The output will rise to the voltage necessary to
keep the sense pin at 8V. For a §V output, pins 5 and 6 are
shorted together. There are three ways to increase the out-
put voltage beyond 5V. The simplest method is to increase
the feedback resistor by adding an external resistor
between pins 5 and 6. The disadvantage is that the internal
circuit resistors have a tolerance of approximately *15%
which limits the accuracy of the predicted output (see
graph). The internal thin film resistors have low temperature
coefficients.

An external voltage divider as shown in Figure 5 improves
the accuracy as long as the external resistors are much low-
er in value than those of the internal divider. Approximately
1mA flows into pin 5. If a potentiometer is used as the
divider, an additional resistor between the lower leg and
ground will insure that the output never exceeds its maxi-
mum rated voltage.

A zener diode between pins 5 and 6, as shown in Figure 6,
sets the output voltage above 5V by the zener’s breakdown
voltage at 1mA. This voltage has the accuracy and tolerance
of the zener. An added advantage is that two outputs are
now available, pin 5 at 5V and pin 6 at Vz + 5V. All the cur-
rent from the 5V supply flows through the reference diode.
The sum of both output currents should not exceed 50mA.

Output Current

Any current draw up to 50mA continuous is acceptable.
More current can be drawn momentarily. Care should be
taken to make sure C2 is not discharged below the dropout
voltage and that the duty cycle of the excess current is low
enough to not cause a package power dissipation problem.
The output is current limited as shown in the graph to pro-
tect against shorted loads.

Component Selection

One of the most powerful features of the HV-1205 is its
flexibility. One standard configuration allows enormous
variation in input voltage and output current while still main-
taining a regulated output. For example, with Ry = 1500,
C2 = 470yF and VoUT = 5V, the HV-1205 will provide a
regulated 50mA output when input voltage is anywhere
from 132VaAc down to about 28VAc. The designer can
choose components tailored to his application in order to
save cost, space, power dissipation etc.

Below is a list of external components, description of their
purpose, and a recommended value. This is a full list of pos-
sible components all of which may not be required for an in-
tended application. Most designs will use a subset of this
list.

F1: Fuse. Opens the connections to the power line
should chip fail. Recommended value = 1/4A, 2AG
similar to Littlefuse 225.250®.

Rq:  Source Resistance. Limits current into HV-1205.

Needs to be large enough to limit inrush current
when C2 is discharged fully. Vpgak/R1 = 1.1A
Maximum. Rq will dissipate power as shown in the
graphs. The equation for Pd in Ry is:
Pd = 1.33 /nRq VPEAK('OUT)Q' Low average
output currents would allow for source resistors with
lower Pd ratings. Similarly, lower VAc or smaller
value R1 will cause less dissipation in Rq. Sizing of
R1 should be tailored to the intended application
keeping in mind not to let the maximum inrush
current be exceeded. Should an external method of
limiting inrush current be used (such as NTC resis-
tors) then the value of R1 and its associated heat
could be reduced. Recommended value = 1500.

C1:  Snubber Capacitor. R1 and C1 form a low pass filter
thereby limiting the rate of voltage rise at the input of
the HV-1205. Recommended value = 0.05pF, AC
rated.

MOV: Surge suppressor. Metal Oxide Varistor clamps volt-
age to a level that the HV-1205 can handle.

Recommended value = V130LA20 or equivalent.

Littlefuse 225.250® is a Registered Trademark of Tracor, inc.
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HV-1205

Application Information (Continued)

C2: ' Pre-Regulator capacitor. This capacitor is charged
once each line cycle. The post-regulator portion of

HV-1205 is powered by C2 for most of the line
cycle. Normally the smallest C2 that will supply the

C4:

load current (see graph) is used. Using a large C2
will supply temporary high load currents or normal
load current during a short power loss. Using a
larger C2 will reduce ripple at Pin 2, the input to the
post regulator, which will reduce output ripple. C2
should have a ripple current rating consistent with  R2:
the application. Small capacitors with high ESR may
not store enough charge to maintain load current.
See graph. Recommended value = 470pF, voltage
rating should be about 10V greater than chosen

VourT-

voltage rating should be at about 10V greater than
VouT. For 400Hz use 47pF.

Output filter capacitor. At least 1pF is required to
maintain stability of the output stage. Larger values
will not reduce ripple but will reduce spiking which
may occur on the output coincident with the
HV-1205 going into blocking mode. 100uF reduces
the spike amplitude to about 25mVp-p.

Feedback component. A resistor or diode that
causes a voltage drop between the SENSE and
OUTPUT pins and thereby adjusting the output volt-
age. See voltage adjustment equivalent circuit. Also
see graph for approximate resistor value.

C5:  Sense Capacitor. Used to ramp up C2 voltage at
C3: Inhibit capacitor. Keeps the HV-1205 from turning power up. Charging C2 rapidly to higher output
on during input transients. If sized too large, voltages without C5 in place could damage the
HV-1205 will never turn on. If sized too small, no HV-1205. A large C5 can be used to delay power up
protection from transients is offered. For 60Hz of the load circuit (when VQuT is greater than 5V).
{or 50Hz) use the recommended value of 150pF, Recommended value, 10pF.
VouT ADJUSTMENT
R R FIGURE 4 FIGURE 5 FIGURE 6
T1 T1 METHOD METHOD METHOD
VWA WY Ra | Vo Ra/Rp Vo | Vz* | Vo
NC ‘—-l
1 (o] 5V 0/00 5V - 5v
F1 8 7 6 5
c1 cal+ 1K 6V 160/1K 59 v (Y
m ot HV -1205 == JLoAD
3K 8v 510/1K 8v 3v 8V
1 2 3 4
cal+ J_CG 5K | 10v 820/1K 10V 5V | 1ov
T T 7K | 12v 1.2K/1K 122V | 7V | 12v
9K | 14V 1.5K/1K 14V 9V | 14V

. FIGURE 2. HV-1205 STANDARD +5V APPLICATION

FIGURE 3. VouTt = +5V

11K | 18V 1.8K/1K  [158V | 11V | 18V
13K | 18V 22K/1K |182V | 13V | 18V
16K | 20V 24K/1K  |194V | 15V | 20V
17K | 22v 3.0K/1K 23V |17V | 22V
19K | 24V | S47K/1K | 24V | 19V | 24V

*Vz @ tmA

FIGURE 4. VoyT > +5V FIGURE 5. VoyT > +5V FIGURE 6. VouT > +5V
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HV-1205

Application Information (Continued)
OPERATION FROM TRANSFORMER SECONDARY (+5VouyT)

Ry
N o Vour
120 VAC ¢l
26 VAC
‘54
OPERATION WITH Voyr > 5V
Vour
——l NC
]
8 7 6 5 ! =
+ 1] E
120 VAC pd 1 =z <4
12 3 4 ! o cz
[+ =4
T ! WS
o T ! 2
)I % + O £
OPERATION FROM A BRIDGE RECTIFIER
Ry
WAAZR O Vout
5K
120 VAC c

SURGE PROTECTION USING MOV
v o Vour
w | 3
]
120 VAC l a

R —

by

4
1
)t T
v

USING SWITCH TO TURN OFF OUTPUT
Vour
—] NC ; |
1
8 7
120 VAC ::*

-
=

:




HV-7205

HV-1205 Waveforms Unless Otherwise Specified: Tp = +259C, VAG = 120Vrms, f = 60Hz,
R = 150Q, C1 = 0.05uF, C2 = 470yF, C3 = 150pF, C4 = 1F, VouT = 5V

Top Trace: Pre-Regulator Capacitor Voltage, C2 (5V/Div) @

Top Trace: Regulated 5VoyT Approximately 11VDC
Middle Trace: Input Voltage at Pin 8, AC HIGH (100V/Div) Middle Trace: Input Voltage at Pin 8, AC HIGH (100V/Div)

Bottom Trace: Current into Pin 8, (0.5A/Div) Bottom Trace: Inhibit Capacitor Voltage (5V/Div)

Top Trace: Ripple on Regulated 5V Out with 50mA Out

. {10mV/Div)
Top Trace: Load Current Step (50mA/Div) Bottom Trace: Ripple on C2, Input to Linear Regulator.
Bottom Trace: Output Voltage (20mV/Div) @ 5VDC C2 = 470yuF (5V/Div)
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HV-1205

Typical Performance Curves Unless Otherwise Specified: Tp = +250C, VAC = 120Vrms, f = 60Hz,
R1 = 150Q, C1 = 0.05uF, C2 = 470pF, C3 = 150pF, C4 = 1yF, VoyT = 5V

MAXIMUM OUTPUT CURRENT FOR 5V REGULATED
OUTPUT vs. INPUT VOLTAGE AND PRE-REGULATOR
CAPACITOR SIZE (C2)

Ry = 240
100
’<E‘ 470pF
—~ 80 —— i
% r_ 1000 F
-~
% o 3300 F
3]
c N
2
E a0 220pF
5]
z ™
g 100}1F'_a-‘
2
=
0

10 14 18 22 26 30 34 38 42 46
INPUT VOLTAGE (Vrms)

Pd IN Rq vs. R{ VALUE

Vrms = 120V
° s0mA LOAD m
. ~J
N}//
E 4 }— 45mA LOAD
g |
z
Es 35mA LOAD
@ ?/ -
Q2 25mA LOAD
g 1
£ 1
o
a1
5mA LOAD
1 1 1
0 W ) o — 1

50 70 90 110 130 150 170 190
Ry(2)

PEAK C2 VOLTAGE vs. OUTPUT VOLTAGE

35

30

) /

20
15 /

o 5 10 15 20 25
OUTPUT VOLTAGE (VOLTS)

VG2, PEAK VOLTAGE AT PIN 2 CAPACITOR

C2 VALUE NEEDED ( uF)

MAXIMUM OUTPUT CURRENT FOR 24V REGULATED
OUTPUT vs. INPUT VOLTAGE AND PRE-REGULATOR
CAPACITOR SIZE (C2)

Ry =240

8

8

3

3

[N
(=]

MAXIMUM OUTPUT CURRENT (mA)

22 26 30 34 38 42 46 50

INPUT VOLTAGE (Vrms)

Pd IN R4 vs. louT
120Vrms, Ry = 1500

4.5
o V.
3 4.0
- 3.5 /
[
Z 30
g
0 25
< /
5 /
7]
2 15
c
g 1.0
0.5
4 >
o
o] 20 40
1oyt (MA)
MINIMUM C2 VALUE vs. LOAD CURRENT
380
340 P
50Hz @ 120Vrms
300
260
//
220
180 60Hz @ 120Vrms =
P’
LT
100
60
20 I
o] 10 20 30 40 50

LOAD CURRENT (mA)
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HV-1205

Typical Performance Curves Unless Otherwise Specified: Ta = +250C, VAG = 120Vrms, f = 60Hz,
Rq = 1509, C1 = 0.05uF, C2 = 470yF, C3 = 150pF, C4 = 1uF, VouT = 5V

-CHIP POWER DISSIPATION vs. OUTPUT CURRENT

800
s 700 v
é 600 24 VOUT\\_l/
E 500 \< -
@ 400 ,/ /, =15 VouT -
o / /<
= :
T 300 '/,’ r5Vour
w .
2 / //
2 200 / T
o r/
100 ]
(
0
0" 5 10 15 20 25 30 35 40 45 .50

OUTPUT CURRENT (mA)

QUIESCENT CURRENT vs. OUTPUT VOLTAGE @ = +250C

loyT = 5mA to 50mA

S

QUIESCENT CURRENT (mA)
N

5 10 15 20 25
Vourt (V)

OUTPUT RIPPLE VOLTAGE vs. TEMPERATURE
C4 = 14F

o

IS

[

)

OUTPUT RIPPLE VOLTAGE (mVp -p)

0
-40 -30 20 -10- 0 10 20 30 40 50 60 70 80 S0

TEMPERATURE (©0C)

DROPOUT VOLTAGE vs. TEMPERATURE

©

z 3.0

T

N

Z

T 2.5

S \\

.?_-‘ . 24V, 50mA’

b |

2 2.0

t 5V, 50mA P
g 5V, 5mA

e

z 15 24V, 5SmA S
&

2

[¢)

-

o

g 1.0 }

Z a0 -15 10 25 35 60 75 85

TEMPERATURE (© C)

OUTPUT RIPPLE VOLTAGE vs. OUTPUT VOLTAGE

louT = 50mA

5
=
Sa
E
w
23
3
>
w2
I
e
T
51
T
=
=)
o

o

5 10 15 20
VOUT (V)

OUTPUT RIPPLE VOLTAGE vs. LOAD CAPACITANCE AND
OUTPUT CURRENT

4.0
G
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z
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HV-1205

Typical Performance Curves Uniess Otherwise Specified: TA = +250C, VAG = 120Vrms, f = 60Hz,
R1 = 150Q, C1 = 0.05uF, C2 = 470yF, C3 = 150pF, C4 = 1yF, VoyT = 5V
NORMALIZED QUIESCENT CURRENT vs. TEMPERATURE
OUTPUT RIPPLE VOLTAGE vs. C2 SIZE Actual Quiescent Current at +250C: Vout = 24V: 3.42mA
louT = 50mA, Voyt = 5V VouT = 5V: 041mA
5 1.4
2 H
2 2
> 4 «
E 3 1.2 ™
u 5 Vour = &
<
5 8 8 --'\~
S —~ i >~—q==
> £ 10
2
=) <]
g a Vour = 24V
= N
- )
g g oo
E g
<] z =]
0 [
-
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 0.6 =E
-40 -15 10 35 60 85 o 3
C2SIZE (1 F) TEMPERATURE ( © C) il
g
o
OUTPUT CURRENT LIMIT (5Voyr) OUTPUT CURRENT LIMIT (24VqoyT)
50mA is the Maximum Specified Output Current 50mA is the Maximum Specified Output Current
6 30
5 o -250C
s 500G — 24 )
=4
w P
2 ‘ 2500l 2 -400C
= w
3 ° | I 918
z 759C— 00C — g
E 2 T 3 0°c
£ -250C o
3 4 | §12 ‘
-400C = 50°C
o 1
o 85 !C —!— o 750c —A.
20 30 40 50 60 70 80 90 100 110 120 130 6 |
OUTPUT CURRENT (mA) [
85°C -25°C
0 L] |
20 30 40 50 60 70 80 90 100 110 120 130
OUTPUT CURRENT (mA)
VouT vs. R2 WITH TOLERANCES
Internal Resistors 15% High or Low MINIMUM ALLOWABLE R4 FOR INPUT VOLTAGE
24 170
| /
22 LOW/ 150 :
20 . /7
- '//4/ NOMINAL 130
V Yy w
s 16 A HIGH ; 110 .
= 14 Y.V > g0
3 A/ c
> 12 z 70 V.
fa s
10
50
8
20 7
6 A'
4 10
0O 2 4 6 8 10 12 14 16 18 20 22 24 10 30 5 ° 70 90 110 130
Ry (k) Vims (V)
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HV-1205

HV-1205 Parallel Operation (Method #1)

Ry
AN HV- 1205 #1
C1 _L — ay
1 8 o
C2
2 7
3 6
HH4 5
C3
Il
, V+
1
C4
AC \Y4 I b,
HIGH Ry °
o— ANN—¢
C1 -L e _| v
[o! 7 1 8 >
AC C2 ;57 :;151
RETURN Td2 7 1
10
3 6 AN~
NOTE: Operational Amplifier Causes Each HV-1205 to 0.{ '— 4 5 R L
Contribute Equally to Output Current.
C3 m
\V/ ca HV- 1205#2
HV-1205 Parallel Operation (Method #2)
R4
ANT |
Cc1 [\
11 8 J
c2 L
T, 7
R3
3 61— ANN—
—HH+ 5 -—I
C3
AC |k
HIGH S v/ C4
o— AMAN—¢ 1
CI “ __I R L
o T 1 8
AC c2 L
RETURN g e PY 7
Rg
Alout= AVout 3 61—+ ‘M—J
R3 __|
R3=Ry "i I"' 4 5
C3
NOTE: This Methad Requires that the Output Voltages of { |L
Each HV-1205 are Close In Value. v C4
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a3 HARRIS

HV-2405E

May 1990 Single Chip Power Supply
Features Description
® Direct AC to DC Conversion The HV-2405E is a single chip power supply that can
. ~ supply 5V to 24V at 50mA output current. Just a few
* Wide Input Voltage Range ........ 18Vrms-264Vrms inexpensive external components are needed to provide a
* Wide Input Frequency Range .......... 48Hz-440Hz compact, light weight, cost effective power supply. The
HV-2405E replaces a transformer, rectifier, and voltage
* Guaranteed Output Current ................. S0mMA  (oqulator. This chip is made in the new Harris High Voltage
® Output Voltage . ..covvveenernaenninnnennns 5Vto 24V Dielectric Isolation Process. This high breakdown process
(500V) allows a patented switching circuit to draw current
e Lineand Load Regulation .............cconvivan <5%

¢ Surge Protection per IEEE 587 Category A & B Using
MOV or Gas Discharge Tube
Applications

® Compact, Low Cost, Power Supply for Non-Isolated
Applications

e High Efficiency Regulator for HVAC 26V Control
Systems

* Battery Back-Up Systems
® Dual Output Supply for OFF-LINE Motor Controls

* Housekeeping Supply for Switch-Mode Power
Supplies

Ordering Information

CAUTION: This Product Does Not Provide Isolation
From the AC Line

from the AC line only as necessary to supply the load.

The wide input voltage range makes the HV-2405E an
excellent choice for use in equipment which must operate
from either 240V or 120V. Unlike competitive AC-DC
convertors, the HV-2405E can use the same external
components for operation from either voltage. In addition
the HV-2405E can be connected across any two phases of
a 3-phase system (208Vrms)*. This great flexibility in input
voltage allows a single design for worldwide use.

The HV-2405E is pin for pin compatible with the HV-1205
but allows twice the input voltage. Additionally, the output
and sense pins are connected through a zener diode to limit
output voltage should the sense pin to output connection
become open.

Further flexibility can be obtained from the HV-2405E by
using it with other Harris chips. For example, the high
efficiency ICL-7660S and ICL-7662 provide positive to
negative voltage conversion. For automatic switch-over to

OPERATING battery back-up use the ICL 7673. Harris also offers a line
TEMPERATURE PACKAGE of extremely low power op amps.
PART NUMBER RANGE DESCRIPTION * CAUTION: When used in this mode, GND and AC
HV3-2405E-5 | 00Gto+750C |8 Lead Plastic Mini-DIP RETURN operate at high voltage with
respect to earth ground.
HV3-2405E-9 -400C to +859C | 8 Lead Plastic Mini-DIP

Pinout Functional Diagram
HV3-2405E (PLASTIC MINI-DIP)
TOP VIEW AG HIGH HV- 2405E s
: ~ 2 —N—*‘"—-—T Voutr
AC RETURN E 8] AC HIGH Ry
PRE- REG SWITCHING VOLTAGE
- c1= PRE- REGULATOR | REGULATOR
CAP (C2) NC T . 5
S Ll VSENSE ca
GND E E Vout CaT 3 T
AP (oa 5] Vsense Ag RETURN ! oo
CAP (C3) PRE- REGULATOR CAP. |2 é
c2

POWER CONTROL

CIRCUITS

CAUTION: This Product Does Not Provide Isolation From the AC Line
Copyright © Harris Corporation 1990
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Specifications HV-2405F

Absolute Maximum Ratings

Voltage Between Pin 1 and 8, Continuous Vrms
Voltage Between Pin 1 and 8, Peak
Voltage Between Pin 2 and 6
Input Current, Peak
Output Current
Output Voltage
Maximum Junction Temperature

Operating Temperature Range

HV3-2405E-9

HV3-2405E-5

Storage Temperature Range

Thermal Constants (°C/W)
Plastic DIP

-400C to +850C
0°C to +759C

-650C to +1759C

Oic
16

Electrical Specifications Unless Otherwise Specified: Vjy = 264Vrms at 50Hz, C1 = 0.05pF, C2 = 470pF, C3 = 150pF,
VouT = 5V, loyT = 50mA, Source Impedance, Ry = 1502, Parametérs are Guaranteed at the Specific
VN and Frequency Conditions, Unless Otherwise Specified. See Functional Diagrams for Component

Location.
HV-2405E-9 HV-2405E-5
-400C to +85°C 00C to +750C
PARAMETER VIN TEMP MIN TYP MAX MIN TYP MAX UNITS

Output Voltage 264V +250C 4.75 5.0 525 4.75 5.0 5.25 \
(At Preset 5V)

264V Full 4.65 5.0 535 4.65 5.0 5.35 v
Output Voltage TC 264V Full - 0.02 - - 0.02 - %/°C
Output Ripple (Vp-p) 264V +250¢ | - 22 - - 22 - mv
(C4 = 1pF,f=50Hz)

264V Full - 24 - - 24 - mV
Line Regulation 80Vrms to +250C - 10 15 - 10 20 mVv

264Vrms
Full - 15 30 - 15 40 mV

Load Regulation 264V +250C = - 15 - - 20 mvV
(loUT = 5MA to 50mA)

264V Full - - 30 - - 40 mV
Output Current 264V Fuli [o] - 50 0 - 50 mA
Short Circuit Current Limit 264V Full 55 95 - 55 95 - mA
Drop-Out Voltage Pin2-Pin6 +250C - 22 - - 2.2 - \'
Quiescent Current 11Vpgto30Vpg| +250C - 2 - - 2 - mA
Post Regulator OnPin 2 .

Equivalent Circuit For RseNsE (Ro)
Output Voltage Adjustment AAY
(SENSE) PIN 5 {

K =Voyr -5V Where K is the Approximate Value of Resistor
Between Pin § and Pin 6 (in KQ), Vot is the
Desired Output Voltage. See Graph.

RseNSE IS ZERO OHMS FOR 5V OUTPUT

FIGURE 1.

PIN6 (VouT
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HV-2405E

Schematic

¥m

CAPé

1o0voC
TO

|
l
l
|
|
sAt |
|
|
\
\
\
!
|
\

32vbC
RB17 RB16

AT

&

> B3
<)

>
< <
> >
R52<> S RB4

AC
RETURN

SWITCHING PRE - REGULATOR LINEAR VOLTAGE REGULATOR

Patent pending on the above circuit.

1@ raoe
GND
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HV-2405E

Application Information
How The HV-2405E Works

The HV-2405E converts AC voltage into regulated DC volt-
age to power low voltage components such as integrated
circuits. This is accomplished in two stages on the mono-
lithic chip. First, the pre-regulator momentarily connects a
large capacitor to the AC high line until it charges to about
6V above the selected output voltage. The pre-regulator
then switches to a blocking mode and stays in that blocking
mode until the next line cycle begins. The large capacitor
supplies power to the series pass regulator, providing DC
current to power the user’s circuit. Providing current to the
post regulator causes the large cap to discharge at a rate
dependent on load current. Each line cycle refreshes the
charge on the electrolytic capacitor.

Input Voltage

The HV-2405E operates over a wide range of input volt-
ages. Most applications will use the 240Vrms or 120Vrms
line from the power grid. A standard circuit for this applica-
tion is shown in Figure 2. Much smaller input voltages can
be used. The size of the external components used will be
determined by the output voltage and current required and
the input voltage available. Several graphs have been pro-
vided to help choose component values for a specific appli-
cation. The section below called Component Selection
discusses trade-offs related to component sizing.

Input Frequency

The HV-2405E is designed to operate from 48Hz to 440Hz.
Higher operating frequency is possible. Keep in mind that
the HV-2405E will refresh C2 once per line cycle.

Setting Output Voltage

The HV-2405E can be set to provide a regulated output
voltage anywhere from 5V to 24Vpc. Refer to Figures 4, 5
and 6 for several ways of adjusting output voltage.

As seen in Figure 1, output voltage is set by feedback to the
sense pin. The output will rise to the voltage necessary to
keep the sense pin at 5V. For a 5V output, pins 5 and 6 are
shorted together. There are three ways to increase the out-
put voltage beyond 5V. The simplest method s to increase
the feedback resistor by adding an external resistor
between pins 5§ and 6. The disadvantage is that the internal
circuit resistors have a tolerance of approximately £15%
which limits the accuracy of the predicted output (see
graph). The internal thin film resistors have low temperature
coefficients.

An external voltage divider as shown in Figure § improves
the accuracy as long as the external resistors are much low-
er in value than those of the internal divider. Approximately
1mA flows into pin 5.

A zener diode between pins 5 and 6, as shown in Figure 6,
sets the output voltage above 5V by the zener’s breakdown
voltage at 1mA. This voltage has the accuracy and tolerance
of the zener. An added advantage is that two outputs are
now available, pin 5 at 5V and pin 6 at Vz + 5V. All the cur-
rent from the 5V supply flows through the reference diode.
The sum of both output currents should not exceed 50mA.

The HV-2405E has an internal zener diode to clamp
the output above the 24V maximum but below a damaging
level.

Output Current

Any current draw up to 50mA continuous is acceptable.
More current can be drawn momentarily. Care should be
taken to make sure C2 is not discharged below the dropout
voltage and that the duty cycle of the excess current is low
enough to not cause a package power dissipation problem.
The output is current limited as shown in the graph to pro-
tect against shorted loads.

Component Selection

One of the most powerful features of the HV-2405E is its
flexibility. One standard configuration allows enormous
variation in input voltage and output current while still main-
taining a regulated output. For example, with R1 = 15002,
C2 = 470uF and VouT = 5V, the HV-2405E will provide a
regulated 50mA output when input voltage is anywhere
from 264VaAc down to about 28VAc. The designer can
choose components tailored to his application in order to
save cost, space, power dissipation etc.

Below is a list of external components, description of their
purpose, and a recommended value. This is a full list of pos-
sible components all of which may not be required for an in-
tended application. Most designs will use a subset of this
list.

F1: Fuse. Opens the connections to the power line
should chip or C2 fail. Recommended value = 1/2A,
2AG similar to Littlefuse 225.500®.

R1:  Source Resistance. Limits current into HV-2405E.
Needs to be large enough to limit inrush current
when C2 is discharged fully. Vppak/R1 = 2.5A
Maximum. Ry will dissipate power as shown in the
graphs. The equation for Pd in Rq is:

Pd = 1.33 /rR1 VpeaK(OUT)S.

Low average output currents would allow for source
resistors with lower Pd ratings. Similarly, lower Vac
or smaller value R1 will cause less dissipation in Ry.
Sizing of R{ should be tailored to the intended appli-
cation keeping in mind not to let the maximum in-
rush current be exceeded. Should an external meth-
od of limiting inrush current be used (such as NTC
resistors) then the value of R1 and its associated
heat could be reduced. Recommended value =
150Q.

C1: Snubber Capacitor. Ry and C1 form a low pass filter
thereby limiting the rate of voltage rise at the input of
the HV-2405E. Recommended value = 0.05uF, AC
rated.

MOV: Surge suppressor. Metal Oxide Varistor clamps volt-
age to a level that the HV-2405E can handle.
Recommended value = V130LA20 or equivalent for
120V applications and gas tube which arcs over at

less than 500V for 240V applicatons.

Littlefuse 225.500@ is a Registered Trademark of Tracor, Inc.




HV-2405E

Application Information (Continued)

C2:  Pre-Reguiator capacitor. This capacitor is charged protection from transients is offered. For 50Hz
once each line cycle. The post-regulator portion of or 60Hz use the recommended value of 150pF, volt-
HV-2405E is powered by C2 for most of the line age rating should be at about 10V greater than
cycle. Normally the smallest C2 that will supply the VouT.
load current (see graph) is used. Using a large C2 i . ; .
will supply temporary high load currents or normal C4: Oufput. filter ??pacntor. At least 1uF is required to

" N maintain stability of the output stage. Larger values
load current during a short power loss. Using a . . / oy 3
. N : p will not reduce ripple but will reduce spiking which
larger C2 will reduce ripple at Pin 2, the input to the L. "
N . . may occur on the output coincident with the
post regulator, which will reduce output ripple. C2 HV-2405E going into blocking mode.
should have a ripple current rating consistent with going .
the application. Small capacitors with high ESR may R2:  Feedback component. A resistor or zener diode that
not store enough charge to maintain load current. causes a voltage drop between the SENSE and
See graph. Recommended value = 470pF, voltage OUTPUT pins and thereby adjusting the output volt-
rating should be about 10V greater than chosen age. See voltage adjustment equivalent circuit. Also
VouT- see graph for approximate resistor value. About
. 1mA flows through this component.
(oxcH Inhibit capacitor. Keeps the HV-2405E from turning s hroug P
on during input transients. If sized too large,
HV-2405E will never turn on. If sized too small, no
VouT ADJUSTMENT
FIGURE 4 FIGURE 5 FIGURE 6
ﬂ ﬁ METHOD METHOD METHOD
2 2 Ra Vo Ra/Rg Vo | vz* | Vo
NC '-——I .
) (0] 5V 0/QOpen 5V 5V
F1 8 7 6 5 1K | ev | 160/1K v | v | ev
c‘-l— \"2 2: C4--+
‘ = HV - 24058 T fjrom 3k | sv | stonk | sv | av | sv
LI .. sk | 1ov | s2011k | 1ov | sv | 1ov
c2{+ c3
= 7K | 12v 1.2KM1K  [122v] 7v | 12v
J_ 9K | 14V 1.5K/1K 14v oV | 14v
11K | 18V 1.8K/1K 158V | 11V | 16V
13K | 18V 2.2KMK 18.2v | 13v | 18V
FIGURE 2. HV-2405E STANDARD +5V APPLICATION
15K | 20v 24K/1K  t194v ] 15V | 20v
17K | 22V 3.0K/1K 23V | 17V | 22v
18K | 24V 3.17K/1K 24V } 19V | 24V
*Vz @ 1mA
Ry S RA
6 5 6 5 6 5
Rg

FIGURE 3. VoyT = +5V

= L

FIGURE 4. VouT > +5V

FIGURE 5. VoyT > +5V

w -
L)

FIGURE 6. Voyr > +5V
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HV-2405F

Application Information (Continued)
OPERATION FROM TRANSFORMER SECONDARY (+5VoyT)

Ry .
v 0 Vour
1 +
240 VAC ¢ - =
26 VAC
F o
OPERATION WITH Vout > 5V
2g -0 Vour
I
I +
240 VAC =
1
1
1
4 O
 OPERATION FROM A BRIDGE RECTIFIER
n “2' DBIM FULL BRIDGE IC
OR DISCRETE DIODES Vour
o
120/ Ne r‘ﬂ
240 VAC —
1 +
] -~
1 2 3 4 1
T
i
F
é2 6

* t formed by R1*C1 assures that Vg1 is an AC waveform.

SURGE PROTECTION USING GAS TUBE

*

o Vour
o [0
]

8 7 6 5 |

240 VAC L b

T T

1 2 3 a4 1
T 1
T 1

)|+ % + -0

- *Carbon composition resistor

USING SWITCH TO TURN OFF OUTPUT

: —0 Vourt
6 5 I
240 VAC : A
Land
3 4 I
1
i S0
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HV-2405E

HV-2405E Waveforms Unless Otherwise Specified: T = +250C, VAG = 240Vrms, f = 50Hz,
Rq = 1500, C1 = 0.05uF, C2 = 470yF, C3 = 150pF, C4 = 1yF,
VouT = 5V @ 50mA, 5ms/div

Top Trace: Input Voltage at Pin 8, AC High (200V/Div)
Top Trace: Input Voltage at Pin 8, AC High (200V/Div) Bottom Trace: Pre-Regulator Capacitor Voltage, C2 (5V/Div)
Bottom Trace: Current into Pin 8, (0.5A/Div) @ Approximately 10V DC

Top Trace: Input Voltage at Pin 8, AC High (200V/Div) Top Trace: Load Current Step (50mA/Div)
Bottom Trace: Inhibit Capacitor Voltage (10V/Div) Bottcm Trace: Output Voltage (20mV/Div) @ 5VDC

Top Trace: Input Voltage at Pin 8, AC High (200V/Div)

Bottom Trace: Ripple or Switch Spike on Regulator 5V DC Output (50mV/Div)
This is Worst Case Ripple due to Worst Case Operating Conditions

(High Line Voltage, Minimum R1 Value, Maximum lgyT)
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HV-2405E

Typical Performance Curves Unless Otherwise Specified: Tp = 4+259C, VAC = 240Vrms, f = 50Hz,
R1 = 150Q, C1 = 0.05uF, C2 = 470pF, C3 = 150pF, C4 = 1yF, VouT = 5V

POWER DISSIPATION (W)

C2 VALUE NEEDED ( pF)

MAXIMUM OUTPUT CURRENT FOR 5V REGULATED
OUTPUT vs. INPUT VOLTAGE AND PRE-REGULATOR
CAPACITOR SIZE (C2)

Ry = 24Q
100
&E‘ 470 nF
% 80 - T0000F ||
% o 330pF
o ] N
= e
2
s 40 220 F
o
g ™ |
z 1000F =
: |
=
10 14 18 22 26 3 -4 38 42 46
INPUT VOLTAGE (Vrms)
Pd IN Rq vs. loyT
R¢ = 150Q), VAC = 120V/240V
6
240Vims
5 /
4 V. A
3 /
y
/ 120Vims
2 /
. ps
N /
[0} 10 20 30 40 50
LOAD CURRENT (mA)
MINIMUM C2 VALUE vs. LOAD CURRENT
380
340 P
50Hz @ 240Vrms /
300 /,
260
//
220 //
180 / 60Hz @ 120Vrms —
140 Vs
100
60
20
(o] 10 20 30 40 50

LOAD CURRENT (mA)

CHIP PD (W)

MAXIMUM OUTPUT CURRENT (mA)

MAXIMUM OUTPUT CURRENT FOR 24V REGULATED
OUTPUT vs. INPUT VOLTAGE AND PRE-REGULATOR
CAPACITOR SIZE (C2)

Ry = 240
100 —
A70pF
1000 F
80 (o
[y
330pF
60 - L1
~— |
220pF
40
20 1001 F 7]
0
22 2 E S 38 42 46 50

INPUT VOLTAGE (Vrms)

PEAK C2 VOLTAGE vs. OUTPUT VOLTAGE

(]
0

/

/

) s 10 15 20
OUTPUT VOLTAGE (VOLTS)

Vg2, PEAK VOLTAGE AT PIN 2 CAPACITOR

25

CHIP POWER DISSIPATION vs. OUTPUT CURRENT

0.65 —
[ ] 24V = OUT ~
060 15V = OUT ~
0.55 eV
_
0.50 =
0.45 P 5V = OUT_|
! / / >
0.40 ,/ P
P
0.35 &
0.30 /]‘
0.25 [ /’
0.20 P
"
0.15
0 5 10 15 20 25 30 35 40 45 50
tout (mA)
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HV-2405E

Typical Performance Curves Unless Otherwise Specified: Ta = +250C, VAG = 240Vrms, f = 50Hz,
R1 = 1500, C1 = 0.05yF, C2 = 470pF, C3 = 150pF, C4 = 1uF, VoyT = 5V

DROPOUT VOLTAGE vs. TEMPERATURE

2.60
2.55
2.50

2.45
2.40 N

2.35 N

2.30

2.25 SN

2.20

2.15 NG

2.10
2.08 N
S

2.00
1.95 ~

1.90
-40 -25 0o 25 50 85

TEMPERATURE (C)

(V) (PIN2 - PIN 6)

INPUT - OUTPUT DIFFERENTIAL

OUTPUT RIPPLE VOLTAGE vs. TEMPERATURE
C4 = 1yF
25

24

23

22

21

OUTPUT RIPPLE VOLTAGE (mVp -p)

20
-40 -30 20 -0 O 10 20 30 40 50 60 70 80 90

TEMPERATURE (©C)

NORMALIZED QUIESCENT CURRENT vs. TEMPERATURE
Actual Quiescent Current at +250C: VoyT = 24V: 342mA
VouT = 5V: 041mA

1.4
-
3
i
o
5

1.2
o \

v = 5V|

-
s ouTt
w
8 N
u
EREY
o % 24v
2 our =
N
2 08
=
x
[}
z

0.6

-40 -15 10 35 60 85

TEMPERATURE ( © C)

QUIESCENT CURRENT vs. OUTPUT VOLTAGE @ = +250C

louT = 5mA to 5CmA

QUIESCENT CURRENT (mA)
N

5 10 15 20 25
Vout (V)

OUTPUT RIPPLE VOLTAGE vs. LOAD CURRENT

3
D
e
=

(mVp - p)
>

RIPPLE VOLTAGE

4 8 12 16 20 24 28 32 36 40 44 48
louT (mA)

OUTPUT CURRENT LIMIT (5Voyr)
50mA is the Maximum Specified Output Current

6
5
00C —
S, s
8 o
259¢
<
53 IL
]
z 750C — 0°C
o2 +
E \ -250G
O 1 1. -
-400
859C — ‘ lc
(] + +
20 30 40 50 60 70 80 90 100 110 120 130

OUTPUT CURRENT (mA)
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HV-2405E

Typical Performance Curves Unless Otherwise Specified: Ta = +250C,

VAC = 240Vrms, f = 50Hz,

R1 = 150Q, C1 = 0.05pF, C2 = 470pF, C3 = 150pF, C4 = 14F, VoyT = 5V

OUTPUT CURRENT LIMIT (24VoyT) VourT vs: R2 WITH TOLERANCES
50mA is the Maximum Specified Output Current Internal Resistors 15% High or Low
30 24 l 7
22 Low
-250¢ 20 4 l>\
24 e 5 AN NOMINAL
VY VYV
- < 16 V...
s -400C ) V Y
o} 514 ,/ ,/
18 2
£ S 2 s.Va
ot
o) o 1/
> 0°c 10
-
212 8
’g 500C R
759C —
4
6 | 0 2 4 6 8 10 12 14 16 18 20 22 24
[ Ry (kQ)
859C -250C
o | || | il
20 30 40 50 60 70 80 90 100 110 120 130
OUTPUT CURRENT (mA)
MINIMUM RECOMMENDED R{ FOR NOMINAL INPUT VOLTAGE
@ 180 [~
Z 160
% 140
3 1 A~
<
> 100
& 80
& ~
S
5 40
§ 20 e
S o
u 0 40 80 120 160 200 240 280
AC INPUT (VRMS)
CREATING SYNTHESIZED * SUPPLIES USING FALSE GROUND
o *VsuppLy
o
SFa
HV- 2405 ° ¢4 W
- 24osl - ‘:" >_.—0FALSE GND
3 1 -V
L
:; Rg
—0- VsuppLy
(ACTUALLY AT AC RETURN POTENTIAL)
NOTES:
1. RA, RB voltage divider sets voltage of false ground anywhere between VOUT of HV-2405E and ground.
2. RA and RB should be large values (e.g. 470K)
3. Gircuits powered with this method must ALL be referred to “False Gnd"
4. Op amp must be able to source/sink load current
5. Example: RA = 470K, RB = 470K, VOUT set to 24V. +VSUPPLY would be ~ +12V

-VSUPPLY would be = -12V
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HV-2405E

HV-2405E Parallel Operation (Method #1)

|
Ry
— M~ i HV - 2405E# 1 }
g |
C2 v
2 7 |
3 6
+HH4 5
Cc3
11
11 v+
Cc4
AC \4 I >
HIGH ‘(R1 '
o VA——¢
o 31 8 £ew
> Z =
AC c2 L 218 33
RETURN J o A 7 < EE
19 2
3 6 M
NOTE: Operational Amplifier Causes Each HV-2405E to qp{ l— 4 5 R L
Contribute Equally to Output Current.
cs 11
\V/ ''ca  Hv- 240sE#2

HV-2405E Parallel Operation (Method #2)

Rq
AN' l
C1 r— '—1
T 1 8 —J
c2 L
! 2 7
R3
3 61— AN
1L—| I— 4 5 —[
C3
AC {1
HIGH R C4
o MV _]_ -
C1 rem— —J R L
[o T 1 8
AC C2 \L
RETURN j i P 7
R4
AlpuT= AVourt 3 6 —e ANAN—
R3 _J
Ra=Ra »-(I: L— 4 5
NOTE: This Method Requires that the Output Voltages of { =
Each HV-2405E are Close In Vaiue. v C4




BARRIS - RCA - GE INTERSIL

GENERAL DESCRIPTION

The Harris ICL7660 is a monolithic CMOS power supply
circuit which offers unique performance advantages over
previously available devices. The ICL7660 performs supply
voltage conversion from positive to negative for an input
range of + 1.5V to +10.0V, resulting in complementary out-
put voltages of —1.5V to —10.0V. Only 2 non-critical exter-
nal capacitors are needed for the charge pump and charge
reservoir functions. The ICL7660 can ailso be connected to
function as a voltage doubler and will generate output volt-
ages up to +18.6V with a +10V input.

Contained on chip are a series DC power supply regula-
tor, RC oscillator, voltage level translator, and four output
power MOS switches. A unique logic element senses the
most negative voltage in the device and ensures that the
output N-channel switch source-substrate junctions are not
forward biased. This assures latchup free operation.

The oscillator, when unloaded, oscillates at a nominal fre-
quency of 10kHz for an input supply voltage of 5.0 volts.
This frequency can be lowered by the addition of an exter-
nal capacitor to the “OSC” terminal, or the oscillator may
be overdriven by an external clock.

The “LV” terminal may be tied to GROUND to bypass the
internal series regulator and improve low voltage (LV) oper-
ation. At medium to high voltages (+3.5 to +10.0 volts),
the LV pin is left floating to prevent device latchup.

An enhanced direct replacement for this part, the
ICL7660S, is now available and should be used for all
new designs.

ICL7660
CMOS Voltage Converter

FEATURES

® Simple Conversion of + 5V Logic Supply to +5V
Supplies

® Simple Voltage Multiplication (Vour=(—) nV)N)

© 99.9% Typical Open Circuit Voltage Conversion
Efficiency

® 98% Typical Power Efficiency
® Wide Operating Voltage Range 1.5V to 10.0V

® Easy to Use — Requires Only 2 External
Non-Critical Passive Components

® No External Diode Over Full Temperature and
Voltage Range

APPLICATIONS

® On Board Negative Supply for Dynamic RAMs

® Localized p-Processor (8080 Type) Negative
Supplies

® Inexpensive Negative Supplies

® Data Acquisition Systems

ORDERING INFORMATION

Part Number Temp. Range Package
ICL7660CTV 0°to +70°C TO-99
ICL7660CBA 0°Cto +70°C 8 PIN SOIC
ICL7660CPA 0°to +70°C 8 PIN MINI DIP
ICL7660MTV* —55°to +125°C TO-99

*Add /883B to part number if 883B processing is required.

Ne[ 11] 8] Jv+
cap+[ 12| ;Bosc Ne
GROUND[ ]3] 6] v capt(2)

L_EDVOUT

0319-1

(Outline Dwg BA)

cap-[ ]4]

GROUND ( 3)

V+(and CASE)
—

CAP~

1 .0319-2

U
Ne[T) [8]v+
ICL7660
CAP+[2] [7]osc
GROUND[3 [elv
CAP-E EVOUT

0319-3

8 LEAD S.0.

(Outiine Dwg TV)
8 LEAD TO-99
Figure 1: Pin Configurations

(Outline Dwg PA)
8 LEAD MiniDIP

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

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.

NOTE: All typical values have been characterized but are not tested.
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ICL7660

ABSOLUTE MAXIMUM RATINGS

Supply Voltage ..........c.coiiiiiiiiiiiii 10.5V Operating Temperature Range
LV and OSC Input Voltage ICL7660M ................ovnn -55°Cto +125°C
(Notel) ............ —0.3Vto (V+ +0.3V)for V+ <55V ICL7660C .........cooiiiiiiiniiannnn. 0°Cto +70°C
(vt —5.5V)to (V+ +0.3V) forV+ >5.5V Storage Temperature Range .......... -65°C to +150°C

Currentinto LV (Note 1) ............. 20uA for V+ >3.5V Lead Temperature
Output Short Duration (Vgyppry<5.5V) ....... Continuous (Soldering, 10s€C) ...t 300°C
Power Dissipation (Note 2)

ICL7660CTV ... ittt

ICL7660CPA .................

ICL7660MTV ...ttt
NOTE: Stresses above those listed under “Absolute Maxir Ratings” may cause p t d 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.

—ov*

-OCAP+
RC ) VOLTAGE
+ LEVEL -
OSCILLATOR TRANSLATOR O CAP
{
1
—O Vour
osC Lv l E
VOLTAGE ﬁ LOGIC
REGULATOR -]_ NETWORK
= ==
0319-7
Figure 2: Functional Diagram
ELECTRICAL CHARACTERISTICS
V+ =5V, Ty=25°C, Cogc =0, Test Circuit Figure 3 (unless otherwise specified)
Symboi Parameter Test Conditions Limits Units
Min | Typ | Max
1+ Supply Current R = 170 500 pA
v Supply Voltage Range - Lo MIN<TA<MAX, R_= 10k, LV to GROUND 1.5 3.5 \'
Vi Supply Voltage Range - Hi MIN<TA<MAX, R =10k, LV Open 3.0 10.0 \

NOTE: All typical values have been characterized but are not tested.
2-69
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ELECTRICAL CHARACTERISTICS
V+ =5V, Tp=25°C, Cosc=0, Test Circuit Figure 3 (unless otherwise specified) (Continued)

ICL7660

Symbol Parameter Test Conditions Limits Units
Min Typ Max
loyT =20mA, Tp=25°C 55 100 Q
loyT=20mA, 0°C<Ta< +70°C 120 O
louT=20mA, —55°C<Ta< +125°C 150 Q
Rout Output Source Resistance V+ =2V, loyt=3mA, LV to GROUND 300 Q
0°C<Ta< +70°C
V+ =2V, loyt=3mA, LV to GROUND, 400 O
—55°C< Ta< +125°C
fosc Oscillator Frequency 10 kHz
Pg¢ Power Efficiency R =5k 95 98 %
VouT Ef Voltage Conversion Efficiency Ry = 97 99.9 %
Zosc Oscillator Impedance V+=2Volts 1.0 MQ
V=5 Volts 100 kQ

Notes: 1. Connecting any input terminaf to voltages greater than V + or less than GROUND may cause destructive latchup. It is recommended that no inputs from

sources operating from external supplies be a|
2. Derate linearly above 50°C by 5.5mW/°C.

TYPICAL PERFORMANCE CHARACTERISTICS

OPERATING VOLTAGE AS A
FUNCTION OF TEMPERATURE
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NOTE: All typical values have been characterized but are not tested.

pplied prior to “power up” of the ICL7660.

OUTPUT SOURCE RESISTANCE AS A
FUNCTION OF SUPPLY VOLTAGE
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(Circuit of Figure 3)

OUTPUT SOURCE RESISTANCE AS A
- QNCTION OF TEMPERATURE
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TYPICAL PERFORMANCE CHARACTERISTICS

POWER CONVERSION EFFICIENCY

POWER CONVERSION EFFICIENCY (%)

OUTPUT VOLTAGE

AS A FUNCTION OF OSC.
FREQUENCY
100
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0319-11
OUTPUT VOLTAGE AS A
FUNCTION OF OUTPUT CURRENT
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FREQUENCY OF OSCILLATION AS

POWER CONVERSION EFFICIENCY (%)

OSCILLATOR FREQUENCY fosc (Hz)
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OSC. CAPACITANCE
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FUNCTION OF LOAD CURRENT
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ICL7660

(Circuit of Figure 3) (Continued)

UNLOADED OSCILLATOR
FREQUENCY
AS A FUNCTION OF TEMPERATURE
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CIRCUITS
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NOTE 4. These curves include in the supply current that current fed directly
into the load R|_ from V+ (see Figure 3). Thus, approximately half the supply

current goes directly to the positive side of the load, and the other half,

AS A FUNCTION OF LOAD CURRENT
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NOTE: Al typical values have been characterized but are not tested.
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through the ICL7660, to the negative side of the load. Ideally, Voyt = 2 V|,
Is =2I,s0Vin®lg = Voyr ® I



ICL7660
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1CL7660
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our T 1 :
| = !
= 3R
. 1
Cosc i
I —°
= =  Vour
24
A
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NOTE: 1. For large values of Cogc (> 1000pF) the values of Cy and
Cs should be increased to 100uF.

Figure 3: ICL7660 Test Circuit

DETAILED DESCRIPTION

The ICL7660 contains all the necessary circuitry to com-
plete a negative voltage converter, with the exception of 2
external capacitors which may be inexpensive 10uF polar-
ized electrolytic types. The mode of operation of the device
may be best understood by considering Figure 4, which
shows an idealized negative voltage converter. Capacitor
Cq is charged to a voltage, V+, for the half cycle when
switches S and Sg are closed. (Note: Switches Sy and Sy
are open during this half cycle.) During the second half cy-
cle of operation, switches Sy and S4 are closed, with Sy and
S3 open, thereby shifting capacitor C4 negatively by V+
volts. Charge is then transferred from C4 to Cs such that the
voltage on Cy is exactly V+, assuming ideal switches and
no load on Co. The ICL7660 approaches this ideal situation
more closely than existing non-mechanical circuits.

In the ICL7660, the 4 switches of Figure 4 are MOS pow-
er switches; Sy is a P-channel device and Sy, S3 & S4 are
N-channel devices. The main difficulty with this approach is
that in integrating the switches, the substrates of S5 & Sy
must always remain reverse biased with respect to their
sources, but not so much as to degrade their “ON" resist-
ances. In addition, at circuit startup, and under output short
circuit conditions (Voyt=V ), the output voltage must be
sensed and the substrate bias adjusted accordingly. Failure
to accomplish this would result in high power losses and
probable device latchup.

This problem is eliminated in the ICL7660 by a logic net-
work which senses the output voltage (Voyrt) together with
the level translators, and switches the substrates of S3 & Sy
to the correct level to maintain necessary reverse bias.

The voltage regulator portion of the ICL7660 is an integral
part of the anti-latchup circuitry, however its inherent volt-
age drop can degrade operation at low voltages. Therefore,
to improve low voltage operation the “LV” pin should be
connected to GROUND, disabling the regulator. For supply
voltages greater than 3.5 volts the LV terminal must be left
open to insure latchup proof operation, and prevent device
damage.

NOTE: All typical values have been characterized but are not tested.
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Figure 4: Idealized Negative Voltage Converter

THEORETICAL POWER EFFICIENCY
CONSIDERATIONS

In theory a voltage converter can approach 100% effi-
ciency if certain conditions are met:

A The drive circuitry consumes minimal power.

B The output switches have extremely low ON resist-
ance and virtually no offset.

The impedances of the pump and reservoir capaci-
tors are negligible at the pump frequency.

The ICL7660 approaches these conditions for negative
voltage conversion if large values of Cqy and Cp are used.
ENERGY IS LOST ONLY IN THE TRANSFER OF
CHARGE BETWEEN CAPACITORS IF A CHANGE IN
VOLTAGE OCCURS. The energy lost is defined by:

E=1Cy(V12-Vp?)

where V¢ and Vy are the voltages on Cq during the pump
and transfer cycles. If the impedances of Cy and Cp are
relatively high at the pump frequency (refer to Figure 4)
compared to the value of R, there will be a substantial
difference in the voltages V4 and Va. Therefore it is not only
desirable to make Cy as large as possible to eliminate out-
put voltage ripple, but also to employ a correspondingly
large value for C4 in order to achieve maximum efficiency of
operation.

DO’S AND DON’TS
1. Do not exceed maximum supply voltages.

2. Do not connect LV terminal to GROUND for supply
voltages greater than 3.5 volts.

3. Do not short circuit the output to V+ supply for sup-
ply voltages above 5.5 volts for extended periods,
however, transient conditions including startup are
okay.

4. When using polarized capacitors, the + terminal of
C1 must be connected to pin 2 of the ICL7660 and
the + terminal of C; must be connected to
GROUND.

5. Add capacitor (~ 0.1uF, disc) from pin 8 to ground
to limit rate of rise of input voltage to approximately
2V/ps.

C
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a) Configuration b) Thevenin Equivalent

Figure 5: Simple Negative Converter
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Figure 6: Output Ripple
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Figure 7: Paralleling Devices

NOTE: Al typical values have been characterized but are not tested.
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Figure 8: Cascading Devices for Increased Output Voltage

TYPICAL APPLICATIONS

Simple Negative Voltage Converter

The majority of applications will undoubtedly utilize the
ICL7660 for generation of negative supply voltages. Figure
5 shows typical connections to provide a negative supply
where a positive supply of +1.5V to +10.0 volts is avail-
able. Keep in mind that pin 6 (LV) is tied to the supply nega-
tive (GND) for supply voltages below 3.5 volts.

The output characteristics of the circuit in Figure 5a can
be approximated by an ideal voltage source in series with a
resistance as shown in Figure 5b. The voltage source has a
value of —V™. The output impedance (Ro) is a function of
the ON resistance of the internal MOS switches (shown in
Figure 4), the switching frequency, the value of C1 and C2,
and the ESR (equivalent series resistance) of C1 and C2. A
good first order approximation for Ry, is:

Ro = 2(Rsw1 + Rgwa + ESR¢y) +
2(Rswz2 + Rswg + ESRgq) +

- 4+ ESR
(tpump) (C1) c2

f
(founp = OTSC, Rswx = MOSFET switch resistance)

Combining the four Rgwyx terms as Rgw, we see that:

Ro = 2 (Rgw) + + 4 (ESRg4) + ESRc2

1

(frump) (C1)

Rsw, the total switch resistance, is a function of supply
voltage and temperature (See the Output Source Resist-
ance graphs), typically 230 @ 25°C and 5V. Careful selec-
tion of C1 and C2 will reduce the remaining terms, minimiz-
ing the output impedance. High value capacitors will reduce
the 1/{fpymp ® C1) component, and low ESR capacitors will
lower the ESR term. Increasing the oscillator frequency will
reduce the 1/(fpymp ® C1) term, but may have the side
effect of a net increase in output impedance when

NOTE: All typical values have been characterized but are not tested.
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C1 > 10 uF and there is no longer enough time to fully
charge the capacitors every cycle. In a typical application
where fogc= 10 kHzand C = C1 = C2 = 10 pF:

Ro = 2(23) + + 4 (ESR¢1) + ESRc2

(5103) (10-5)
Ro = 46 + 20 + 5 (ESR()

Since the ESRs of the capacitors are reflected in the out-
put impedance multiplied by a factor of 5, a high value could
potentially swamp out a low 1/(fpymp ® C1) term, rendering
an increase in switching frequency or filter capacitance inef-
fective. Typical electrolytic capacitors may have ESRs as
high as 104}.

Output Ripple

ESR also affects the ripple voltage seen at the output.
The total ripple is determined by 2 voltages, A and B, as
shown in Figure 101. Segment A is the voltage drop across
the ESR of C2 at the instant it goes from being charged by
C1 (current flow into C2) to being discharged through the
load (current flowing out of C2). The magnitude of this cur-
rent change is 28lout, hence the total drop is 2®iout®eSRco
volts. Segment B is the voltage change across C2 during
time to, the half of the cycle when C2 supplies current to the
load. The drop at B is loutet2/C2 volts. The peak-to-peak
ripple voltage is the sum of these voltage drops:

Vii = [————— + 2(ESR )] lout

PP 12 (rump) (C2) C2

Again, a low ESR capacitor will result in a higher perform-
ance output.

Paralleling Devices

Any number: of ICL7660 voltage converters may be paral-
leled to reduce output resistance. The reservoir capacitor,
Cp, serves all devices while each device requires its own
pump capacitor, C. The resultant output resistance would
be approximately:

Rout (of ICL7660)
n (number of devices)

Rout=



Cascading Devices

The ICL7660 may be cascaded as shown to produce larg-
er negative multiplication of the initial supply voltage: How-
ever, due to the finite efficiency of each device, the practical
limit is 10 devices for light loads. The output voltage is de-
fined by:

Vout=—n(Vin),

where n is an integer representing the number of devices
cascaded. The resulting output resistance would be approx-
imately the weighted sum of the individual ICL7660 Royt
values.

Changing the ICL7660 Oscillator
Frequency

It may be desirable in some applications, due to noise or
other considerations, to increase the oscillator frequency.
This is achieved by overdriving the oscillator from an exter-
nal clock, as shown in Figure 9. In order to prevent possible
device latchup, a 100k resistor must be used in series with
the clock output. In a situation where the designer has gen-
erated the external clock frequency using TTL logic, the ad-
dition of a 10k pullup resistor to V+ supply is required.
Note that the pump frequency with external clocking, as
with internal clocking, will be 1/ of the clock frequency. Out-
put transitions occur on the positive-going edge of the
clock.

Figure 9: External CTocking

0319-23

It is also possible to increase the conversion efficiency of
the ICL7660 at low load levels by lowering the oscillator
frequency. This reduces the switching losses, and is shown
in Figure 10. However, lowering the oscillator frequency will
cause an undesirable increase in the impedance of the
pump (C1) and reservoir (Co) capacitors; this is overcome
by increasing the values of C4 and Cp by the same factor
that the frequency has been reduced. For example, the ad-
dition of a 100pF capacitor between pin 7 (Osc) and V+ will
lower the oscillator frequency to 1kHz from its nominal fre-
quency of 10kHz (a multiple of 10), and thereby necessitate
a corresponding increase in the value of Cq and Cp (from
10pF to 100uF).

NOTE: All typical values have been characterized but are not tested.
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ICL7660

ICL7660

0319-24
Figure 10: Lowering Oscillator Frequency

Positive Voltage Doubling

The ICL7660 may be employed to achieve positive volt-
age doubling using the circuit shown in Figure 11. In this
application, the pump inverter switches of the ICL7660 are
used to charge C1 to a voltage level of V+ —Vg (where V+
is the supply voltage and VE is the forward voltage drop of
diode D4). On the transfer cycle, the voltage on C4 plus the
supply voltage (V+) is applied through diode D, to capaci-
tor Ca. The voltage thus created on Cp becomes
(2V+)—(2VEg) or twice the supply voltage minus the com-
bined forward voltage drops of diodes D1 and Da.

The source impedance of the output (VoyT) will depend
on the output current, but for V+ =5 volts and an output
current of 10mA it will be approximately 60 ohms.

Vout =
(v - (2ve)

NOTE:
D: & D2 CAN BE ANY
SUITABLE DIODE

0319-25
Figure 11: Positive Voltage Doubler
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Combined Negative Voltage Conversion
and Positive Supply Doubling

Figure 12 combines the functions shown in Figures 5 and
11 to provide negative voltage conversion and positive volt-
age doubling simultaneously. This approach would be, for
example, suitable for generating +9 volts and —5 volts
from an existing +5 volt supply. In this instance capacitors
C4 and C3 perform the pump and reservoir functions re-
spectively for the generation of the negative voltage, while
capacitors Cp and C4 are pump and reservoir respectively
for the doubled positive voltage. There is a penalty in this
configuration which combines both functions, however, in
that the source impedances of the generated supplies will
be somewhat higher due to the finite impedance of the
common charge pump driver at pin 2 of the device.

.
Vour = =(n Vix=Vrox)
0L7660

N I‘ Vour = (2V*)-
—____.{ »"To (er|)-(vFDZ)

2

0319-26
Figure 12: Combined Negative Voltage

Converter and Positive Doubler

Voltage Splitting

The bidirectional characteristics can also be used to split
a higher supply in half, as shown in Figure 13. The com-
bined load will be evenly shared between the two sides.
Because the switches share the ioad in parallel, the output
impedance is much lower than in the standard circuits, and
higher currents can be drawn from the device. By using this
circuit, and then the circuit of Figure 8, + 15V can be con-
verted (via +7.5, and —7.5) to a nominal —15V, although
with rather high series output resistance (~ 2509).

v+
éﬂu W“F:L:‘
‘)
Vou1=v+;v_ T
:Enu 50‘4F—r_
1 ¥
so,.FT_
v-
0319-27
Figure 13: Splitting A Supply in Half

NOTE: All typical values have been characterized but are not tested,
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ICL7660

Regulated Negative Voltage Supply

In some cases, the output impedance of the ICL7660 can
be a problem, particularly if the load current varies substan-
tially. The circuit of Figure 14 can be used to overcome this
by controlling the input voltage, via an ICL7611 low-power
CMOS op amp, in such a way as to maintain a nearly con-
stant output voltage. Direct feedback is inadvisable, since
the ICL7660’s output does not respond instantaneously to
change in input, but only after the switching delay. The cir-
cuit shown supplies enough delay to accommodate the
7660, while maintaining adequate feedback. An increase in
pump and storage capacitors is desirable, and the values
shown provides an output impedance of less than 502 to a
load of 10mA.

™
>
3

50k

AAA
VWA~

\T‘\”

IcL7611

56

=

1.

+

10 uf

1000 l_

—>f—

j—E100ur

0319-31
Figure 14: Regulating the Output Voltage

ADJUST

+5VLOGIC SUPPLY

TILDATA
weyT

A S
outsur

0319-29
Figure 15: RS232 Levels From
A Single 5V Supply

OTHER APPLICATIONS

Further information on the operation and use of the
ICL7660 may be found in A051 “Principals and Applications
of the ICL7660 CMOS Voltage Converter”.
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GENERAL DESCRIPTION

The ICL7660S Super Voltage Converter is a monolithic
CMOS voltage conversion IC that guarantees significant
performance advantages over other similar devices. It is a
direct replacement for the industry-standard ICL7660 offer-
ing an extended operating supply voltage range up to 12V,
with fower supply current. No external diode is needed for
the ICL7660S. In addition, a Frequency Boost pin has
been incorporated to enable the user to achieve lower out-
put impedance despite using smaller capacitors. All im-
provements are highlighted in bold italics in the Electrical
Characteristics section. Critical parameters are guaran-
teed over the entire commercial, industrial and military
temperature ranges.

The ICL7660S performs supply voltage conversion from
positive to negative for an input range of 1.5V to 12V, result-
ing in complementary output voltages of —1.5V to —12V.
Only 2 non-critical external capacitors are needed for the
charge pump and charge reservoir functions. The ICL7660S
can be connected to function as a voltage doubler and will
generate up to 22.8V with a 12V input. It can also be used
as a voltage multiplier or voltage divider.

The chip contains a series DC power supply regulator, RC
oscillator, voltage level translator, and four output power
MOS switches. The oscillator, when unloaded, oscillates at
a nominal frequency of 10 kHz for an input supply voltage of
5.0 volts. This frequency can be lowered by the addition of
an external capacitor to the “OSC” terminal, or the oscilla-
tor may be over-driven by an external clock.

The “LV"” terminal may be tied to GROUND to bypass the
internal series regulator and improve low voltage (LV) oper-
ation. At medium to high voitages (3.5V to 12V), the LV pin
is left floating to prevent device latchup.

ICL7660S

Super Voltage Converter
FEATURES

® Guaranteed Lower Max Supply Current for A//
Temperature Ranges

® Guaranteed Wider Operating Voltage Range
—1.5V to 12V

® No External Diode Over Full Temperature and
Voltage Range

® Boost Pin (Pin 1) for Higher Switching Frequency
® Guaranteed Minimum Power Efficiency of 96%

® /mproved Minimum Open Circuit Voltage Conversion
Efficiency of 99%

® Improved SCR Latchup Protection

® Simple Conversion of +5V Logic Supply to +5V
Supplies

® Simple Voltage Multiplication Voyt=(—)nV|n

® Easy to Use—Requires Only 2 External
Non-Critical Passive Components

® /mproved Direct Replacement for Industry-Standard
ICL7660 and Other Second-Source Devices

APPLICATIONS
® Simple Conversion of + 5V to +5V Supplies
® Voltage Multiplication Voytr = +nV)y

® Negative Supplies for Data Acquisition Systems &
Instrumentation

©® RS232 Power Supplies
® Supply Splitter, Voyr = £ Vg/2

ORDERING INFORMATION

Part Number Temp. Range Package
ICL7660SCBA 0°Cto +70°C 8-Pin SOIC
ICL7660SCPA 0°Cto +70°C 8-Pin Minidip
ICL7660SIBA —25°Cto +85°C 8-Pin SOIC
ICL7660SCTV 0°Cto +70°C TO-99
ICL7660SIPA —-25°Cto +85°C 8-Pin Minidip
ICL7660SITV —25°Cto +85°C TO-99
ICL7660SMTV* —55°Cto +125°C TO-99

*Add /883B to part number if 883B processing is required.

BoosT [T1]
cart 1]
GROUND [T3]

car™[T4]

(B8A)

v*(and CASE)

(Tv)

Figure 1: Pin Configurations

ICL7660S

0088-2

(PA)

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

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.

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

SupplyVoltage ........... ... .o 13.0v
LV and OSC Input Voltage L :
(Note 1) .......... —0.3Vto (Vt + 0.3V)forV+ <55V
............ (V+ = 55V)to(V+ + 0.3V)forV+ >55V
Currentinto LV (Note 1)............. 20 pAforV+ > 3.5V
Output Short Duration (VguppLy < 5.5V)....... Continuous
Power Dissipation (Note 2)
ICL7660SCTV.......iviiiiii e 500 mW
ICL7660SCPA .................oiiiiiiinn. 300 mW
ICL7660SCBA ..........coiiiiiiiiiianan.. 300 mW
ICL7660SITV .. .o 500 mW
ICL7660SIPA .. ... 300 mW
ICL7660SIBA ...l 300 mW
ICL7660SMTV . ... i 500 mwW
Operating Temperature Range
ICL7660SM.........coviniiinnn —55°Cto +125°C
ICL7660S| . .....cviiiiii e —25°Cto +85°C
ICL7660SC ... 0°Cto +70°C

Storage Temperature Range
Lead Temperature

ICL7660S

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.

(Soldering, 10s€C). . ..ot 300°C
BOOST
T ov*
I O CAP*
Re YEEvEL
P 2 ——OCAP™
OSCILLATOR TRANSLATOR CAP
I
L
VS
’——] Vour
[e]
0sC Lv
VOLTAGE
REGULATOR LOGIC
[ NETWORK
- = 0088-4
" Figure 2: Functional Diagram

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

V+ =5V, Ty = 25°C, OSC = Free running, Test Circuit Figure 3 (unless otherwise specified)

ICL7660S

NOTE 1: Connecting any terminal to voltages greater than V+ or less than GROUND may cause destructive fatchup. it is recommended that no inputs from

sources operating from external supplies be applied prior to “power up” of ICL7660s.

N

Derate linearly above 50°C by 5.5 mW/°C.

Symbol Parameter Test Conditions Limits Units
Min Typ Max
I+ Supply Current RL=,25°C 80 160
(Note 3) 0°C < Ta < +70°C 180 A
—~25°C < Tp < +85°C 190 | *
—585°C < Ta < +125°C 200
Vi Supply Voltage Range—Hi RL=10K, LV Open 30 12 v
(Note 4) Tmin < Ta < Tmax ’
v Supply Voltage Range—Lo Ry = 10K, LV to GROUND
1.5 3.5 \
Tmin < TA < Tmax
Rour Output Source lout = 20 mA, Tp = 25°C 60 100
Resistance louT = 20 MA, 0°C < Ta < +70°C 120 3
T =
IouT = 20 MA, —26°C < Tp < +85°C 120 3 '§
louT = 20 mMA, —55°C < Ta < +125°C 150 § <
= + = = S
lout =3mA,V 2V,LV = GND, 250 Q [
0°C < Tp < +70°C
louT = 3mMA,V*+ = 2V, LV = GND, 300
—25°C < Tp < +85°C
lout = 3mA,V+ = 2V, LV = GND, 400
—55°C < Tp < +125°C
fosc Oscillator Frequency Cosc = 0, Pin 1 Open or GND 5 10 kHz
Pin1=v+ 35 '
PEff Power Efficiency RL = 5k 96 98 o
Trmin < TA < Trmax 95 | 97 )
Vour Eff Vol.ra.ge Conversion RL = o 99 99.9 %
Efficiency
Zosc Oscillator Impedance vVt =2V 1 MQ
vVt =5V 100 k2

w

In the test circuit, there is no external capacitor applied to pin 7. However, when the device is plugged into a test socket, there is usually a very small but
finite stray capacitance present, of the order of 5 pF.

&

The Harris ICL7660S can operate without an external diode over the full temperature and voltage range. This device will function in existing designs
which incorporate an external diode with no degradation in overall circuit performance.

5

: All significant improvements over the industry-standard ICL7660 are highlighted in bold italics.

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

OPERATING VOLTAGE AS A
FUNCTION OF TEMPERATURE

12

10 A

: /)

SUPPLY VOLTAGE RANGE/
(NO DIODE REQUIRED) “ 4

NS
L/ g9

Z 17

SUPPLY VOLTAGE (V) —
o~

0
-55 =25 0 25 50 100 125

TEMPERATURE (°C) —
0088-5

POWER CONVERSION EFFICIENCY

AS A FUNCTION OF OSC.
FREQUENCY
* 9B —rTr=
= vt=sv |l
& 96| T1,=250 H \
& g4floyr=1mA
L 92
w
z 90
o
g s ‘\l
% 86
O 84
§ 82
ES
g =80
100 1k 10k 50k

0SC FREQUENCY Fogc (Hz)
0088-8

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

FUNCTION OF SUPPLY VOLTAGE
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ICL7660S

(Circuit of Figure 3)
OUTPUT SOURCE RESISTANCE AS A

OUTPUT SOURCE RESISTANCE AS A
FUNCTION OF TEMPERATURE
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ICL7660S

TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 3) (Continued)

SUPPLY CURRENT & POWER
OUTPUT VOLTAGE AS A CONVERSION EFFICIENCY AS A OUTPUT VOLTAGE AS A
FUNCTION OF OUTPUT CURRENT FUNCTION OF LOAD CURRENT FUNCTION OF OUTPUT CURRENT
1 4 2 .
} © 100 100 vr=a2v
~ 0 > 90 N %0 ~ Tp =25
> ] - - Z 1
3 g » oz 2
s - 2 7 70 £ 2
2 & = 5
] 60 60 & ° 0
o -2 z [ >
1S4 5 o s0 & s
5 g 4 - w0 ° H
-3 g VE=sy -
% S 22 Ta=25°C] | :g g 3 - L~
- 1 L~
4 L~ v = § 10 | o - L+
7 Tp=25°C 3 o [ 0
-5 : “ "o 10 20 30 40 50 60 0123456783
0 10 20 30 40
LOAD CURRENT (mA) —» LOAD CURRENT (mA)
LOAD CURRENT (mA) —= 008812 0088-13 B
0088-11 2
=
SE
SUPPLY CURRENT & POWER OUTPUT SOURCE RESISTANCE c 3
CONVERSION EFFICIENCY AS A AS A FUNCTION OF s 5
FUNCTION OF LOAD CURRENT OSCILLATOR FREQUENCY g
o
g o P T
g g Tom M
g = S 2T 3 = NI
= 70 b 140 < w \C‘=02=10yF
S5 e vt=2v s g 300 I
z ] Ta=25% 120 4 =
& o L 100 & o L
g /! 8.0 g w 0 N
z X 60 & E L
S n 7 w0 3 § 100 ~
; 10 2.0 Cy =Co =100 uF
g o olbi=%
. 0 15 3 45 6 75 9 100 1K 10K 100K
LOAD CURRENT (mA) OSCILLATOR FREQUENCY (Hz)
0088-14 0088-15

NOTE 4 These curves include in the supply current that current fed directly into the load R from V* (see Figure 3). Thus, approximately half the supply current
goes directly to the positive side of the load, and the other half, through the ICL7660S, to the negative side of the load. Ideally, Voyt = 2 V|, Is = 21,
soViy®is = Voyr ® I

NOTE: All typical values have been characterized but are not tested.
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ICL7660S

0088-16

NOTE 1: For large values of Cogg (> 1000pF) the values of Cy and
Gy 