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CBJ SEMICONDUCTOR

NEW HIGH SPEED LINEAR PRODUCTS

AMPLIFIERS

(Page 3-368)

o UNITY GAINBANDWIDTH ............... 100MHz
o DIFFERENTIALGAIN .........ccevvvnnnn. <0.02%
o DIFFERENTIALPHASE .........c0vvnnnns. <0.03°
© SLEWRATE ..\iiiiiiiiiiiiiiieeininns 800V/ps
© GAINFLATNESS . ..coviiiiiriieeneninnnnns 0.1dB

(Page 3-344)

o HIGHSLEWRATE.............oovivvnnn 375V/us
°o GAIN BANDWIDTHPRODUCT............. 80MHz
o HIGHOUTPUTCURRENT ............... +100mA
o DIFFERENTIAL GAIN/PHASE......... 0.02%/0.03°

° LOWOFFSETVOLTAGE................ue

(Page 3-335)

o HIGHSLEWRATE ............ccivnn i 625V/us
°o WIDE GAINBANDWIDTH ................ 600MHz
° DIFFERENTIAL GAIN/PHASE ........ 0.03%/0.03°
o LOWOFFSETVOLTAGE ........coovvivinnn 0.6mV
o FULLPOWERBANDWIDTH............... 10MHz

(Page 3-341)

© HIGHSLEWRATE..........coiiviinnns, 240V/us
° UNITY GAINBANDWIDTH............ov0 e 54MHz
o LOWOFFSETVOLTAGE..............vvve Tmv
o DIFFERENTIAL GAIN/PHASE......... 0.03%/0.03°
o LOWDISTORTION ....cvvveviiiiiiiiinnn, >83dB

(Page 3-347)

o LOWSUPPLY CURRENT ............. 8.0mA Max
o HIGHSLEWRATE ............ccciven i 340V/us
o WIDE GAINBANDWIDTH ................ 470MHz
o DIFFERENTIAL GAIN/PHASE ........ 0.049%/0.04°
° LOWOFFSETVOLTAGE .........ovvvvnnn 0.6mV

(Page 3-478)
o LOWOFFSETVOLTAGE.............. 300uV Max
o LOWOFFSETDRIFT ...vvvvviinniniinnn 2uV/oC
o LOWSUPPLYCURRENT ................ <1mA/A
o LOWBIASCURRENT ......cvvviiiiiiinnnnnnn 5nA
o HIGHCMRR/PSRR......covviiiiiiininnns

(Page 3-481)

VERY LOW POWER

°o LOW OFFSET VOLTAGE
LOWINPUTBIASCURRENT ................
° WIDE OPERATING RANGE .............

............. 150uA (7712)

15nA (7713)
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SEMICONDUCTOR

NEW HIGH SPEED LINEAR PRODUCTS

(Continued)

MULTI-CHANNEL AMPLIFIERS

(Page 8-50)
5 MULTIPLEX VIDEO CHANNELS
> 1 Independent Channel
> 4 Channels With Enable
e UNITY GAIN BANDWIDTH
PROGRAMMABLE VIDEO AMPLIFIER GAIN
HIGH SIGNAL DRIVE CAPABILITY

*

COMPARATORS

(Page 4-31)
e LOW PROPAGATION DELAY ........... 2.0/2.1ns
© LOWOFFSETVOLTAGE ...........c.ouvttn. 1mV
° WIDE COMMON MODE RANGE....... +5.2/-2.8V
e USER PROGRAMMABLE HYSTERESIS
e WIDE TRACKING BANDWIDTH........... 270MHz

o

(Page 3-255)

UNITY GAIN BANDWIDTH................. 45MHz
DIFFERENTIALGAIN .........cooiviiinnnn, 0.03dB
DIFFERENTIALPHASE ...........ccvvvvu, 0.03°
GAIN FLATNESSTO10OMHz................ 0.1dB
CROSSTALKREJECTION................. >60dB
FAST CHANNEL SELECTION................ 60ns

MULTIPLIERS

(Pages 8-86 & 8-89)

CHANNEL BANDWIDTH ............. 30/100MHz
DIFFERENTIALGAIN ..., 0.1%
DIFFERENTIALPHASE ..........covvivvun 0.1°
GAIN FLATNESSTO 1OMHz................ 0.1dB
SLEWRATE ... .oiiiiiiiiiiiiiiinans 350V/us

TELECOM SLICs

(Page 9-75, 9-88 & 9-95)
° MEETS WORLDWIDE PBX REQUIREMENTS
o DIGITAL LOOP CARRIER MARKET (5504DLC)
o +5V AND +12V OPERATION

(Page 9-102)

o PROGRAMMABLE LOOP CURRENT

o THERMAL SHUTDOWN FEATURE

e TRANSMIT SIGNALS WHILE ON-HOOK

(Page 9-111)
o PROGRAMMABLE LOOP CURRENT
e -24V BATTERY
o THERMAL SHUTDOWN FEATURE



SEMICONDUCTOR

NEW POWER PROCESSING ICs
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DC/DC CONVERTERS AND REGULATORS

Produced on low power CMOS, these product offer superior performance over other second source devices while
providing latch-free operation at very competitive prices.

(Page 2-87) (Page 2-87)
¢ OUTPUTFROMA SINGLECELL....... +3Vor+5V e SAME AS ICL64X WITH SHUT DOWN FEATURE
¢ START-UPVOLTAGE .......civviiiinnnnens 09V e QUIESCENTCURRENT........covvvineennnn. 5uA
O JOUT +vvvrvennnennnnnnnnas 200mA (INT. MOSFET) e AVAILABLE IN PDIP/SOIC
350mA (EXT. MOSFET)
e STANDBYCURRENT.........covvvvvinnnn. 80uA

MOSFET DRIVERS

The “HV” family of MOSFET drivers utilize the benefits of Dielectric Isolation Technology to achieve cost effective
SCR topologies with high voltage and high speed performance.

(Page 2-54) (Page 2-62)
® 140V TO +450V, DC-30kHz (HV-350) o PEAK SOURCE/SINKCURRENT.......... 6A/30A
® 440V TO +450V, 10kHz-100kHz (HV-355) ® RISETIME. . ..o ittt 70ns
¢ 2 AMPs PEAK ® FALLTIME ... .. i iii e 30ns
e RISE/FALLTIME ............ 75ns Max at 10000pF e FREQUENCYRANGE ................... 300kHz

OFFLINE POWER SUPPLIES

Utilizing Harris Dielectric Isolation Technology and proprietary design, this product family provides direct offline to
regulated DC conversion integrating the functions of rectifier, transformer, and 3 terminal regulator into a single cost
saving IC.

(Page 2-76)
INPUTRANGE ..........c.c0uut 18V to 264Vrms
OUTPUTRANGE ........... 5V to 24VDC at 50mA
250mA OUTPUT WITH APP. NOTE AN9101
UL RECOGNIZED (FILE # E130808)

°

L]
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THE NEW HARRIS SEMICONDUCTOR

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

This linear IC databook represents the full line of Harris Semiconductor
linear products for commercial applications and supersedes previously
published linear databooks under the Harris, GE, RCA or Intersil names.
For a complete listing of all Harris Semiconductor products, please refer to
the Product Selection Guide (SPG-201R; ordering information below).

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

Harris Semiconductor Literature Department
P.O. Box 883, MS CB1-28
Melbourne, FL 32901
(407) 724-3739
FAX 407-724-3937

U.S. HEADQUARTERS EUROPEAN HEADQUARTERS
Harris Semiconductor i Harris Semiconductor

1301 Woody Burke Road Mercure Centre

Melbourne, Florida 32902 Rue de la Fusse 100

TEL: (407) 724-3000 Brussels, Belgium 1130

TEL: (32) 2-246-2111

SOUTH ASIA
+ Harris Semiconductor H.K. Ltd NORTH ASIA

13/F Fourseas Building Harris KK. R
208-212 Nathan Road Shinjuku NS Bldg. Box 6153
Tsimshatsui, Kowloon 2-4~1 Nishi-Shinjuku

Hong Kong . Shinjuku-Ku, Tokyo 163 Japan
TEL: (852) 3-723-6339 TEL: 81-3-345-8911

Harris Semiconductor products are sold by description only. All specifications in this
product guide are applicable only to packaged products; specifications for die are
available upon request. Harris reserves the right to make changes in circuit design,
specifications and other information at any time without prior notice. Accordingly, the
reader is cautioned to verify that information in this publication is current
before placing orders. Reference to products of other manufacturers are solely
for convenience of comparison and do' not imply total equivalency of design,
performance, or otherwise.

speoein CAPS

Copyright © Harris Corporation 1991
- (All rights reserved) i
Printed in U.S.A,, 8/1991
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LINEAR PRODUCT TECHNICAL ASSISTANCE

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

UNITED STATES

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

8anJose........vviiiinnnn 408-922-0977

Woodland Hills ............ 818-992-0686
FLORIDA Melbourne ................ 407-724-3576
GEORGIA NOrcross.......ooovnvnnnn. 404-246-4660
ILLINOIS Schaumburg .............. 708-240-3480
MASSACHUSETTS Burlington ................ 617-221-1850
NEW JERSEY Mt. Laurel ........oontne 609-727-1909
NEW YORK GreatNeck................ 516-829-9441
TEXAS Dallas ....vvvvivinnininnns 214-733-0800

INTERNATIONAL

FRANCE Paris ......coiiiiiiin 33-1-346-54046
GERMANY Munich ..., 49-8-963-8130
ITALY Milan ..ol 39-2-262-22141
JAPAN Tokyo vvvviniiniin., 81-3-345-8911
KOREA Seoul..........ooiiiian, 82-2-551-0931
UK. Camberley ................ 44-2-766-86886

For literature requests, please contact Harris Telemarketing at 407-724-3739.
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CA 124
CA 139,A
CA 158,A
CA 224
CA 239,A
CA 258,A
CA 324
CA 339,A
CA 358,A
CA 555,C
CA 723,C
CA 741,C
CA 1391
CA 1394
CA 1458
CA 1524
CA 1558
CA 2524
CA 2902
CA 2904
CA 3018,A
CA 3020,A
CA 3028A,B
CA 3039
CA . 3045
CA 3046
CA 3049
CA 3053
CA 3054
CA 3059
CA 3060
CA 3078,A
CA 3079
CA 3080,A
CA 3081
CA 3082
CA 3083
CA 3085,A,B
CA 3086

Alpha Numeric Product Index

PAGE
Internally Compensated, Quad 3-11
Quad Voltage Comparators . .........ouuuitiiiiiiiieiiiiiiiiinniieetanannnisrinnns 4-3
Internally Compensated, Dual 3-18
Internally Compensated, Quad 3-11
Quad Voltage Comparators . ... .......eeeinienrnneeenneroienerrinesrrnnneerineasssnes 4-3
Internally Compensated, Dual 3-18
* Internally Compensated, Quad 3-11
Quad Voltage ComParators . .......ueueeerenreennereeaeeennneraaeessenneesonnsennes 4-3
Internally Compensated, Dual 3-18
117 Y 8-3
Adjustable Voltage Regulator ... 2-5
Internally Compensated,Single ...........coiiiiiiiiiiii it e, 3-29
TV HONZONtAl PrOCESSOIS & .ttt ittt ittt tiae i in i inn et eaasettanateeaanererannsn 8-9
TV HONZONtal ProCeSSOrS .. oottt v ittt ittt it i tiia e it eniaens 8-9
Dual 741 Without Offset Null, Dual ... 3-29
Pulse Width Modulator . ..ot it i iiee i vaeae e 2-13
Dual 741 Without Offset Null, Dual .......... ettt et e et aeas 3-29
Pulse Width Modulator . .......couiniii ittt ettt eieetaennneereneannanas 2-13
Internally Compensated, Quad 3-11
Internally Compensated, Dual 3-18
General-Purpose TranSiStor AITaY . . .« cut ittt ieeeiieniiieeneeseereeeeseseeseseneanns 7-5
Multi-Purpose Wideband Power Amplifier,Single ...........ccoiiiiiiiiiiiiiiiiininannnn 3-35
Differential/Cascode Amplifier 6-3
DT ToT e L=y Y - 7-11
General-Purpose N-P-NTransistor Array . ......c.ciiiiiiiiiiiii it i e iieeieannanns 7-15
General-Purpose N-P-N Transistor Array . ... ...coviriiieniiiieennrerinnneenaanenns 7-15
Dual High-Frequency Differential Ampilifier 6-14
Differential/Cascode Amplifier ... ...ttt ittt et e 6-3
Transistor Array-Dual Differential Amplifier .........ccoiiiiiiiiii ittt ittt eenn, 6-19
Zero-Voltage Crossing Switch System . .. ...t i e e iiee 2-28
Programmable/Variable OTA, Triple 3-43
Micropower, Externally Compensated, Single . ........ccoviiiiiii it ittt it iennnn, 3-54
Same as CA3059 Without Protectionand Inhibit. .......... ..o, 2-28
Programmable/Variable OTA, SiNGle. . .....vuuiiitiii ittt ittt it iiananen 3-62
General-Purpose High-Current N-P-N Array 7-21
General-Purpose High-Current N-P-N Array 7-21
General-Purpose High-Current N-P-N Array 7-24
Positive Voltage Regulator ..........oovieiiiiiiiiiiiiiiiiiiiiii ittt 2-39
General-Purpose N-P-N Transistor Array 7-28

1-2



Alpha Numeric Product Index (continued)

PAGE
CA 3089 LY |33 (=1 1 8-14
CA 3094,A,B Programmable Power Switch/Amplifier, Single 3-71
CA 3096,A,C N-P-N/P-N-P Transistor Array . ......ooeeeerrunnnreennnnnnns 7-33
CA 3098 Programmable Schmitt Trigger-With Memory . ... ..o ottt e ieiee et 4-8
CA 3100 +15V, BIMOS, 38MHz, GBW Product, Single . ......coviiiiiniiiiiiiii e e ieinanaaannn. 3-82
CA 3102 Dual High-Frequency Differential Amplifier ..........oiiiiiiiiiiiiii it iiiiiiiiiiennnnns 6-14
CA 3126 TV Chroma PrOCESSOT . .« et e ittt et et et e et e e e e et e e e e e eaee caer e eeenanenas 8-20
CA 3127 High-Frequency N-P-N Transistor Array . . .. .oovtiiiti ittt ie it ettt iiieeianneas 7-43
CA 3130,A +7V, BIMOS, 15MHz, GBW Product, Single . ...ttt iiiie s i ieiieeann 3-88 =
CA 3140,A +15V, BIMOS, 4.5MHz, GBW Product, Single. ...t iiiiiiiiiiiiiiie i iiiiennnnn 3-102 g‘ g
CA 3141 High-Voltage Diode Array 7-48 £ =
CA 3146,A High-Voltage Transistor Array 7-51 g g
CA 3160,A +7.5V, BIMOS, 4MHz, GBW Product, Single. . ...ttt iii e i iiaenanns 3-122
CA 3183,A High-Voltage Transistor Array 7-51
CA 3189 FMIF System 8-27
CA 3193,A BiMOS Precision, Single 3-138
CA 3194 Single Chip PAL Luminance/Chroma ProCeSSOr. .. vvvve et viet i eiieeienneeannaneanns 8-33
CA 3217 Single Chip TV Chroma/Luminance ProCeSSOr .. ... vvutvittitt i iiianeiieeneraneenen 8-41
CA 3227 High-Frequency N-P-N Transistor Array
CA 3240,A 15V, BIMOS, Int. Comp., DUAL ... oottt ittt ittt ittt ceeianeennnn
CA 3246 High-Frequency N-P-N Transistor Array
CA 3256 BiMOS Analog Video Switch and Amplifier .. ........eiiiiiiiiiii ittt iiiiiieineeann,s 8-50
CA 3260,A 7.5V, BIMOS, Int. ComP., DUl . . ..ottt ettt ittt ittt ittt ettt et iieaa i 3-163
CA 3280,A Programmable/Variable OTA, DUal . ..ottt ittt it ettt ittt ieeeaeenns 3-167
CA 3290,A BiMOS Dual Voltage Comparators . ... .......eeenitetenineeeanneerieraneeeneneeanns 4-15
CA 3420,A Low Voltage BIMOS Op AmMpP, SINGIe .. .iv ittt ittt it st ittt it e eeieananns 3-176
CA 3440,A Nanopower BIMOS Op AmMP, SiNgle . .. cv vttt et it ittt eiieee e eeeiaananns 3-181
CA 3450 Video Line Driver, High Speed, Single . . ... ..ottt it it e e eeaaes 3-186
CA 3524 Regulating Pulse Width Modulator ...ttt i eiiae et 2-13
CA 5130,A High Slew Rate and Wide Bandwidth, Single. . ........c.oiiiiiiiiii it it 3-194
CA 5160,A Frequency-compensated CA 5130, 8iNgle. . ... iriiiiiiii ittt it eiaaaanann 3-211
CA 5260,A DUAICA 5180 .ttt ittt ittt ettt et ettt et et 3-229
CA 5420,A Low Input Current, Low Power, SINgle . ... ..oviiiiiiini ittt iiiier i eaiennnnns 3-235
CA 5470 Wideband BIMOS, QUAA ... ...vtiitt ittt ittt ettt i et 3-242
CD 22100 CMOS 4 x 4 Crosspoint Switch with ControlMemory ...ttt iiiiiiiiiiieneenannn 9-3
CD 22101 CMOS 4 x 4 x 2 Crosspoint Switches with ControlMemory ...t 9-9
CD 22102 CMOS 4 x 4 x 2 Crosspoint Switches with Control Memory .........c.oviiiiiiininenennn 9-9
CD 22103A CMOS HDB3 (High-Density Bipolar 3) Transcoder for 2.048/8.448 Mbs .. ........c.ccuuu.... 9-17
CD 22202E 5V Low-Power DTMF RECEIVET . ..ot tttit sttt ettt ettt e e ae e eenaneenas 9-24



CD 22203E
CD 22204

CD 22301

CD 22M3493
CD 22M3494
CD 22354A
CD 22357A
CD 22402

CD 22859

CD 74HC22106
CD 74HCT22106
HA 2400, 04, 05
HA 2408

HA 2420, 25
HA 2444

HA 2500, 02,05
HA 2510,12,15
HA 2520, 22,25
HA 2529

HA 2539

HA 2540

HA 2541

HA 2542

HA 2544

HA 2546

HA 2547

HA 2548

HA 2556

HA 2557

HA 2600, 02, 05
HA 2620, 22,25
HA 2640, 45
HA 2839

HA 2840

HA 2841

HA 2842

HA 2850

HA 4741

HA 4900, 02, 05

‘Alpha Numeric Product Index (continued)

SV LOW-PoWer DTMF RECEIVEN ..ottt iiiitiiitt et iinnseaneteereteernesnnnnas
SV LOW-POWEr DTMF RECEIVET ...ttt iiiiiiiteetteeensnnsnnneoneneeeeroneenanns
PCMLINE REPEater . ..ottt ittt ittt ittt teetiientatete et aeaaaaanas
12x8x 1 BIMOS-E Crosspoint SWItCh .. ..o i vit ittt et ettt ieeieeaninaaaens
16x6x 1 BIMOS-E Crosspoint SWItCH ..o v ittt it i e tiene e ceannaanas
CMOS Single-Chip, Full-Feature PCM CODEC . ... .. cvvtttertenrneienaeeraneaennns
CMOS Single-Chip, Full-Feature PCM CODEC . .....c.ii i iiiiiiiiiiiiii e ennns
£S5 T2 € 1= 1= £ (o
COS/MOS Dual-Tone Multifrequency Tone Generator ........vvviiiiiiiieeeennennnnennns
QMOS 8 x 8 x 1 Crosspoint Switch withMemoryControl ...,
QMOS 8 x 8 x 1 Crosspoint Switch with Memory Control . ............coiiiiiiiinna.,
PRAM Four Channel Programmable Amplifier, Quad .. ........ooviiiii i,
Digitally Selectable Four Channel Amplifier,Quad ..........coiiiiiiiiiiiiiiiiiiiiinne,
Fast Sample and Hold Amplifier. . ..ottt it iiieiii ittt eeteeannnnnnanns
Selectable, Four Channel Video Operational Amplifier.................ccoiiiiint.
Precision High SlewRate, Single .. ... .ot ittt e e et
HighSlew Rate, Single .......oiiiiiiiiiiii ittt i e iieat et tesanenanns
Uncompensated High Slew Rate,Single .........c.coiiiiiiiiiiiiiiiiiiiiiiiieiennaans
Uncompensated, High Slew Rate,Single .......coo vttt
Very High Slew Rate Wideband Amplifier,Single ...t
Wideband, Fast Settling, Single .. ....oiiiii it it it et e et e i
Wideband, Fast Settling, Unity Gain Stable, Single ...t
Wideband, High Slew Rate, High Output Current,Single . .............coiiiiiiiii .,
Video Optimized, SINGIe . . . ..ottt et
Two Quadrant, Voltage Output Multiplier . .........oiiiiii it it iieiiieaaes
Two Quadrant, Current Output MUItplier . .....oe ittt it ettt eieeanennns
Precision, High Slew Rate, Wideband, Single ............ooiiiiiiiiiiiiii i,
Wideband Four Quadrant Voltage Output Analog Multiplier...........................
Wideband Four Quadrant Current Output Analog Multiplier...........................
Wideband, High Impedance, Single ..........ooiiiiiiiiiiiiiiiiiiiiia i iineeeann
Very Wideband, Uncompensated,Single . .......coviiiiiiiiiii ittt ieieiiinnnnns
HighVoltage, Single. ... i i e s
Very High Slew Rate Wideband Operational Amplifier ............... ...t
Very High Slew Rate Wideband Operational Amplifier ..................cooiiiiiit,
Wideband, Fast Settling, Unity Gain Stable, Video Operational Amplifier...............
Wideband, High Slew Rate, High Output Current, Video Operational Amplifier .........
Low Power, High Slew Rate, Wideband Operational Amplifier .........................
Enhanced Performance 741-type,Quad ................ i,
Precision Quad Comparators ... ....c.vueet it iieeerineeeiieeeiineranneeannneeenns

NOTE: Bold type designates a new product from Harris.



Alpha Numeric Product Index (continued)

PAGE
HA 5002 Monolithic, Wideband, High Slew Rate, High Output CurrentBuffer ........................ 3-354
HA 5004 100MHz Current Feedback Amplifier,Single. . .......oooiiiii ittt 3-361
HA 5020 100MHz Current Feedback Video Ampilifier..............coiiiiiiiiiiiiiiiiiiiinnnn, 3-368
HA 5033 R 1o [=To =1 1 (=1 S
HA 5101, 11 Low Noise, High Performance, Single
HA 5102, 12 Low Noise, High Performance,Dual ..........ooiiiiiiiiiiiiiiiiii ittt annenss
HA 5104, 14 Low Noise, High Performance, Quad
HA 5127,A Ultra-Low Noise, Precision, Single . ......coiiiiiiiiiii ittt iiiiiiie i
HA 5130, 35 Precision, Single %
HA 5134 Precision, Quad E
HA 5137,A Ultra-Low Noise, Precision, High Slew Rate, Single .;,E:
HA 5142,44 Dual/Quad LOW POWEN ... ..\ttt ettt g
HA 5147 Ultra-Low Noise, Precision, High Slew Rate, Single -
HA 5160, 62 Wideband, JFET Input, High SlewRate, Single .........ccoiiiiiiiiiiiiiiiiiiieiiiiienanns
HA 5170 Precision, JFETINput, SiINgle ...t ittt e ittt
HA 5177,A Ultra-Low Offset Voltage, SiNgle ... ..covtiiiiiiiiii i iiie ittt et eiaeennanaanns
HA 5190, 95 Wideband, Fast Settling, Single
HA 5221,22 Low Noise, Wideband, Precision, Single/Dual .. .......c.oiiiiiiiiiiiiiiiiiiiieeiiennannns
HA 5232,34 Low Cost Precision Operational Amplifiers .............coiiiiiiiiiiiiiiiiiinennnnn,
HA 5320 High Speed Precision Monolithic Amplifier. .. ...oo ittt i it i it it
HA 5330 Very High Speed Monolithic Amplifier
HA 5340 High Speed, Low Distortion, Monolithic Amplifier ...,
HA 7712,13 Low Power Precision BiMOS Operational Amplifiers...........c.ccciieiiiiiiiiinnnnn., 3-481
HC 5502A SLIC Subscriber Line Interface Circuit
HC 5502B SLIC Subscriber Line Interface Circuit
HC 5504 SLIC Subscriber Line Interface Circuit
HC 5504B SLIC Subscriber Line Interface Circuit
HC 5504DLC SLIC Subscriber Line Interface Circuit
HC 55098B SLIC Subscriber Line Interface Circuit
HC 5524 SLIC Subscriber Line Interface Circuit
HC 5560 Lo Y I =T T T 1=
HC 55536 Continuously Variable Slope Delta Demodulator (CVSD) .. ..o o oiiiiii et iiiiiieieienannns 9-129
HC 55564 Continuously Variable Slope Delta-Modulator (CVSD)
HFA 0001 Ultra High Slew Rate, Single . ... v vet ittt ittt ittt eii et teaanennnnnannnas
HFA 0002 Low Noise Wideband, SiNgle .. ....cuvuttiitiitiiiiiiiiii ittt taeeienaeeeanenneanenns
HFA 0003, 3L Ultra-High Speed Precision Comparator ............ i iiiiiiiiiiineaneennnnnnnnnnn
HFA 0005 High Slew Rate, Single
HV 250 Half Bridge Complementary MOSFET DIiVer. . ..o vttt ittt eie i iieeeieaaeeaaneerannnns 2-46
HV 255 Half Bridge Complementary MOSFET DIVer. . ..o vttt it riei e e i iieeneeeeeanaenns 2-50

NOTE: Bold type designates a new product from Harris.
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Alpha Numeric Product Index (continued)

PAGE
HV 350 Half Bridge N-Channel MOSFET Driver. ........c.coviiitiiiinetiiineeeinneeannannnnnns 2-54
HV 355 Half Bridge N-Channel MOSFET DrIver. ......ooiiiiiinnininnniineeneeeneeennnannnns 2-58
HV 400 High Speed MOSFET Driver
HV 1205 Single Chip Power Supply .........
HV 2405E Single Chip POWEI SUPPIY .. .ovitiet ittt ittt aeens
ICL 644/645/ Low Voltage Step-Up Converters..........c.ooiiiiiiiiiiiiniiiiiiiireeneernennnnnns 2-87
646/647 )
ICL 7611 LOW POWET, SiNGIE . . ittt ittt it ettt e ieteeeeenannnnnnsanessnsnneeeennannnns 3-511
ICL 7612 LT =T O o | 3-511
ICL 7621 Low Power, Dual
ICL 7641 Low Power, Quad
ICL 7642 Low Power, Quad .
ICL 7650S Chopper-Stabilized, SiNgle . ......iuuiiiiitiiiiiiii ittt tiieaaereaneeineaanannns 3-526

'ICL 7660 CMOS Voltage Converter

ICL 7660S SuperVoltage Converer . .. ...ttt iiieee i ianteteaneasenanneeennenneennns

ICL 7662 CMOS Voltage Converter
ICL 7663S CMOS Programmable Positive Voltage Regulator ...........ciiiiiiiiiiiiiiniiannenanns 2-124

ICL 7644/7645/ Low Voltage Step-Up Converters
7646/7647

ICL 7665S CMOS Micropower Over/Under Voltage Detector
"ICL 7667 DU POWEr MOSFET DIIVEL . . .« vttt ta e e eeneeeieaeteeaneeaneseneenarennnesenaeennnns

ICL 7673 Automatic Battery Back-up SWitCh . ......cii ittt ittt it i ittt et it e
ICL 8013 - Four Quadrant Analog MUMtiplier .....c.vuuiiineiiiiii ittt ettt ie e
ICL 8038 Precision Waveform Generator/VCO
ICL 8048 [ Te 2 1T o1 1) =T
ICL 8049 Antilog AmMPIiEr . ..o e i e i et
ICL 8211 Programmable Voltage Detector
ICL 8212 Programmable Voltage Detector
ICM 7242 Long-Range Fixed Timer ........ccoovviieiiiieennnnnnn. P
ICM 7555 General PUIPOSE TiMOr « oot i i eiee i etteneieeeeeeeeeseeosesseseeeseesseennnssneennns
ICM 7556 Dual General PUrPOSE TIMer. ..o vtt it iiteetteeeeeseeesneeneennennnnnesnusenneeeannnns
LM 324 - Internally Compensated, Quad
LM 339,A Quad Voltage Comparator . .......ouueiiietiiiiriiiettniieeassanneseennneaaeennnenns
LM 358 Internally Compensated, Dual
LM 555C 12T
LM 741,C Internally Compensated, Single
LM 1458 Internally Compensated,Dual ................. ettt ittt aaiaea e

" LM 1558 Internally Compensated, DUl . .....c.uneienuneeeenteneeaneneeaneneeneanneaeenananns
LM 2902 - Internally Compensated, Quad. ............... AR
LM 2904 Internally Compensated,Dual .........cciieiiiiieiiiiiiiiiinnneannn e

NOTE: Bold type designates a new product from Harris.
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Product Index by Family

ARRAYS PAGE
CA 3018,A General-Purpose Transistor Array 7-5
CA 3039 [T (= Y - 7-11
CA 3045 General-Purpose N-P-N Transistor Array .. .ooeetitinineneetiinnneneeenseraenennnnnnn 7-15
CA 3046 General-Purpose N-P-N Transistor Array ... ...ooviiiiiiiiii it iii i 7-15
CA 3081 General-Purpose High-Current N-P-N Array 7-21
CA 3082 General-Purpose High-Current N-P-N Array 7-21
CA 3083 General-Purpose High-Current N=P-N AIay .. .....octitiiiiiiiiiiiiiieiiinereriaeennn 7-24
CA 3086 General-Purpose N-P-N Transistor AMay .. .vueee et ineeeeieeeennnsenerenesennnsoenannn 7-28
CA 3096,A,C N-P-N/P-N-P Transistor Array 7-33
CA 3127 High-Frequency N-P-N Transistor Array . ... ocoveeiii it i et aenans 7-43
CA 3141 High-Voltage DIode Array .. ..o it it i it e i eas 7-48
CA 3146,A High-Voltage Transistor Array 7-51
CA 3183,A High-Voltage Transistor Array 7-51
CA 3227 High-Frequency N-P-N Transistor Array . oo oottt iiiiiiiiieiieeenanns 7-58
CA 3246 High-Frequency N-P-N Transistor Array . ...ttt iiiiiieiiniiannn 7-58
COMPARATORS

CA 139,A Quad Voltage Comparators. .. ..uu et it iiet e ettt ieeaianearenaeeesenenronnnnnn 4-3
CA 239,A Quad Voltage Comparators. ... cuu vttt ieeiieei et tte i ietenaaenieneeeesensereanannn 4-3
CA 339,A Quad Voltage Comparators . .. cvv et eit et iiieiieieete e ietaeanraneaeareseneereanannn 4-3
CA 3098 Programmable Schmitt Trigger-WithMemory . . . ... ..ot i eeans 4-8
CA 3290,A BiIMOS Dual Voltage Comparators ... ..cueiiiit ittt iiiieeiraeeeennnnanennnn 4-15
HA 4900, 02,05 Precision Quad CompParators . ...uiueeiieenneieeeeseeeneanesneeeesesensereennnnn 4-24
HFA 0003, 3L Ultra-High Speed PrecisionComparator ..............c..oiiiiiiiiiiiiiiiiinneenns 4-31
LM 339,A Quad Voltage ComParator. . .. ..ovee it it n it i ie e e tee e s rannnneaeeaaaaneeans 4-3
DIFFERENTIAL AMPLIFIERS

CA 3028A,B Differential/Cascode Amplifier .........ccovviiiiiiiniienennnn e, 6-3
CA 3049 Dual High-Frequency Differential Amplifier . .......ccoiiiiiiiiiiiiiii ittt ieeeeannn 6-14
CA 3053 Differential/Cascode AMPlifier ... ...ooiiiiiiiiii ittt ittt ie i it eeaanneannn 6-3
CA 3054 Transistor Array-Dual Differential Amplifier .........c.oo ittt i 6-19
CA 3102 Dual High-Frequency Differential Amplifier .. ....... ..ot iiiaeann 6-14

OPERATIONAL AMPLIFIERS

CA 124
CA 158,A
CA 224
CA 258,A
CA 324
CA 358,A
CA 741,C
CA 1458

Internally Compensated, Quad
Internally Compensated, Dual . . ... ..ottt ittt it i
Internally Compensated, Quad
Internally Compensated, DUal. .. .......urit ittt it et
Internally Compensated, Quad

Internally Compensated, DUual . ... .coiuiiiiii ittt iii et i et eeneraaananannnas
Internally Compensated, Single .............cccooiiiint.
Dual 741 without Offset Null, Dual

NOTE: Bold type designates a new product from Harris.
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Product Index by Family (continued)

OPERATIONAL AMPLIFIERS PAGE
CA 1558 Dual 741 without Offset Null, Dual . ... .cooiiie i ittt eeerinasensenneaannnn 3-29
CA 2902 Internally Compensated, QUad .. .....utiiiiiiiiiiiiiiiiiiiei ettt ittt 3-11
CA 2904 Internally Compensated, Dual . ..... ...ttt i 3-18
CA 3020,A Multi-Purpose Wideband Power Amplifier,Single ............coiiiiiiiiiiiiiiiiiiia.. 3-35
CA 3060 Programmable/Variable OTA, THPIe .. ..vvinie it iiti et eneeinnaennnnees 3-43
CA 3078,A Micropower, Externally Compensated,Single ...ttt 3-54
CA 3080, A Programmable/Variable OTA, SINgle . ..o vviit ittt iiiiiieeneteereenenannnenns 3-62
CA 3094,A,B Programmable Power Switch/Amplifier,Single . ... ... 3-71
CA 3100 +15V, BIMOS, 38MHz, GBW Product, Single .........ccoov i 3-82
CA 3130,A +7V, BIMOS, 15MHz, GBW Product, Single .........covviiiiiiiiiiiiiiiiiiieneinnnnnnns 3-88
CA 3140,A +15V, BIMOS, 4.5MHz, GBW Product, Single. . .. ..o ciii it iiiiia i ieiae et 3-102
CA 3160,A +7.5V, BIMOS, 4MHz, GBW Product, SiNgle . .. ..o iiriieiieiieiiieeiienaeneanenns 3-122
CA 3193,A BiMOS Precision, Single

CA 3240,A +15V, BIMOS, Int. Comp., DUal ......iiiitiii ittt ie e ittnneeereernnnnnnannenas

CA 3260,A +7.5V,BiIMOS, Int. Comp., DUal ... ...coittiiiit ittt it iitet ettt iitriieaae e

CA 3280,A Programmable/Variable OTA, DUal ... ...vitiriiiie ittt iiteiiieaiereereraaananeennns

CA 3420,A Low Voltage BIMOS Op AmMp, SINGle. . .o vttt ittt s ee et iee i naens

CA 3440,A Nanopower BIMOS Op Amp, Single ... .vviiin ittt it e e tieee s ennaans

CA 3450 Video Line Driver, High Speed, Single . ... ...cooiii i e enes

CA 5130,A High Slew Rate and Wide Bandwidth, Single. ...ttt i i i

CA 5160,A Frequency-compensated CA 5130, Single. .

CA 5260, A DUAICA 5130 1t iiiiitiiitiieeteeteeteetsaneetoseaeesassossnsssssesasssessnnanans

CA 5420,A Low Input Current, Low Power, SiINgle. . ... oo iiiint it ieieeieanneeennrennnennnns

CA 5470 Wideband BIMOS, QU . .. oottt ittt it e ettt e e,

HA 2400, 04,05 PRAM Four Channel Programmable Amplifier, Quad

HA 24086 Digitally Selectable Four Channel Amplifier,Quad . ......... ..ottt

HA 2444 Selectable, Four Channel Video Operational Amplifier .................cciiiiiin... 3-255
HA 2500, 02,05 Precision High Slew Rate, Single .. ... .ooiiiiii it i i e it c i i e 3-258
HA 2510,12,15 High Slew Rate, Single 3-262
HA 2520, 22,25 Uncompensated High Slew Rate, Single. ...ttt i 3-266
HA 2529 Uncompensated, High Slew Rate, Single ........coviiiiiiiiiiiiii ittt iiieieiiennns 3-271
HA 2539 Very High Slew Rate Wideband Amplifier, Single ............cciieiiiiiiiiiiiniieiennns 3-277
HA 2540 Wideband, Fast Settling, Single

HA 2541 Wideband, Fast Settling, Unity Gain Stable,Single .. ...... ...t iiiiiiiiiiinnnnns

HA 2542 Wideband, High Slew Rate, High Output Current,Single. ..............coiiiiiiiiinne,

HA 2544 Video Optimized, SINGle. . .. oottt ittt ittt e e e

HA 2548 Precision, High Slew Rate, Wideband, Single

HA 2600, 02, 05 Wideband, High Impedance, Single. .. ...ttt ittt rennananeeearannnnns

HA 2620, 22, 25 Very Wideband, Uncompensated, Single . ........ouuiuiiiii it iiiiiiiaiieneennn

HA 2640, 45 HighVoltage, Single .. ...ttt e i i it

HA 2839 Very High Slew Rate Wideband Operational Amplifier ..

NOTE: Bold types designates a new product from Harris.
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Product Index by Family (continued)

OPERATIONAL AMPLIFIERS PAGE
HA 2840 Very High Slew Rate Wideband Operational Amplifler ................coviiiiiia. 3-338
HA 2841 Wideband, Fast Settling, Unity Gain Stable, Video Operational Amplifier ............. 3-341
HA 2842 Wideband, High Slew Rate, High Output Current, Video Operational Amplifier........ 3-344
HA 2850 Low Power, High Slew Rate, Wideband Operational Amplifier........................ 3-347
HA 4741 Enhanced Performance 741-type, QUad .......c.ouiiiiiiiiiiiiiiiiiiiiiaii i ianeaenes 3-350
HA 5002 Monolithic, Wideband, High Slew Rate, High Output CurrentBuffer....................... 3-354
HA 5004 100MHz Current Feedback Amplifier, Single

HA 5020 100MHz Current Feedback Video Amplifier

HA 5033 RV LTI = 1= e

HA 5101, 11 Low Noise, High Performance, Single . ........covviiiiiiiiiiiiiiiiiiiiiii i

HA 5102,12 Low Noise, High Performance,Dual ...................

HA 5104, 14 Low Noise, High Performance, Quad. .........cuirieiieieinierennnereneeeenneennnns

HA 5127,A Ultra-Low Noise, Precision, Single. . ....c.vviet ittt et iiieiaeeaaaaaanes

HA 5130, 35 Precision, Single

HA 5134 Precision, Quad

HA 5137,A Ultra-Low Noise, Precision, High Slew Rate,Single . ... ....c.iiiiiiiniieiieiienannann. 3-422
HA 5142,44 DUal/QuUad LOW POWBT . ..ttt ittt et itaateeeeenaertaannssanneeaneneesaasesanasennns 3-428
HA 5147 Ultra-Low Noise, Precision, High Slew Rate, Single .. ......ccoiiiiiiiiniiiiiiiiieninnes 3-435
HA 5160, 62 Wideband, JFET Input, High Slew Rate, Single

HA 5170 Precision, JFET Input, SINgle. . ... oit ittt ittt ieeaieieenateareearanannnn

HA 5177,A Ultra-Low OffsetVoltage, Single . .......c.ocuuieiiiiiiiiiiiiiiaaieeiinnntieeernannnns

HA 5190, 95 Wideband, Fast Settling, Single ........cooviiiiiiiiiiiiiii ittt

HA 5221,22 Low Noise, Wideband, Precision, Single/Dual

HA 5232,34 Low Cost Precision Operational Amplifiers

HA 7712,13 Low Power Precision BIMOS Operational Amplifiers.................ccooeeiiien... 3-481
HFA 0001 Ultra High Slew Rate, Single

HFA 0002 Low Noise Wideband, Single

HFA 0005 High Slew Rate, SINgle .. ..o oet ittt ittt ittt eeenataenaneeannneannns

ICL 7611 LOW POWE, SINGIe. .t ittt it ittt it iieieieteteseaseasennsoennnnnsensocassasaans

ICL 7612 Low Power, Single. . . T

ICL 7621 LowW PoWer, DUal ..ot i i ittt ittt e et

ICL 7641 LoWPOWEr, QU .. .ttt ittt e et e e

ICL 7642 LOW POWEE, QUAA .. ototetit ettt eeteiineeteeeeneannaneeennnnnsensenaesossesesennennn

ICL 7650S Chopper-Stabilized, SINgle . .. ... oottt e ittt

LM 324 Internally Compensated, Quad . ... ..ottt ettt e i e 3-11
LM 358 Internally Compensated, Dual .. ... .oviiiiiiiiiiiii et iieeeneeerenaseresonnnenonenann 3-18
LM 741,C Internally Compensated, SINGle . ....vvnteiinetiiiiierecerreeertanneraananennnenenns 3-29
LM 1458 Internally Compensated, DUal. .......uiiiiiiriiierieeeereeeenereenesensosenasrasenes 3-29
LM 1558 Internally Compensated,Dual . ........oiuiiiuiiiiiiiiii it e it 3-29
LM 2902 Internally Compensated, QUad ......couiiiineietetenenteneeneenennneseeeeasanseeaans 3-11
LM 2904 Internally Compensated, Dual. . ... ..oiiiiiiiiiiieiieeerinenannasnnsaeseorasansannann 3-18

NOTE: Bold types designates a new product from Harris.
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Product Index by Family (continued)

POWER PROCESSING PAGE
CONVERTERS

ICL644/645/ Low Voltage Step-Up Converters .......... ...ttt 2-87
646/647

ICL7644/7645/ Low Voltage Step-Up Converters ...........cooiiiuiiiiiiiiiiiiiiiiiiiiinnnnnennnnes . 2-87
7646/7647

ICL 7660 CMOS Voltage Converter

ICL 76608 Super Voltage Converter

ICL 7662 CMOS Voltage Converter

MOSFET DRIVERS )

HV 250 Half Bridge Complementary MOSFETDriver ..........ccoiiitiiiiiiiiiiiiirinneannn 2-46
HV 255 Half Bridge Complementary MOSFETDrIVer ............oiciiiiiiiiiniiniinennns 2-50
HV 350 Half Bridge N-Channel MOSFET Driver ........ ... i 2-54
HV 355 Half Bridge N-Channel MOSFET Driver ........coiiiiiiiiiiiiii ittt ianiennnnans 2-58
HV 400 High Speed MOSFET DIVEr .......c.ouuiiiiiiiiiiiiiiiiiiiiiiiiiieiniienerenaes 2-62
ICL 7667 Dual POWer MOSFET DIIVEI ...ttt ittt iiii et iiit it nnentennaneerans 2-141
OFFLINE POWER SUPPLIES

HV 1205 Single Chip Power Supply 2-65
HV 2405E Single Chip Power Supply 2-76
PULSE WIDTH MODULATORS

CA 1524 Pulse Width Modulator . .. ...cvit i et e e eia e ieieeaanenanaas 2-13
CA 2524 Pulse Width Modulator. .. ...t i et et 2-13
CA 3524 Regulating Pulse Width Modulator. ... ..ovuiiiie ittt iie it e i ineanas 2-13
REGULATORS

CA 723,C Adjustable Voltage Regulator 2-5
CA 3085,A,B Positive Voltage Regulator. . .. ... vuiiii i i i ittt it tee e enennnnananans 2-39
ICL 7663S -~ CMOS Programmable Positive Voltage Regulator ..........c..ciiiiiiiiiiiiiiiiiiannnnn, 2-124
VOLTAGE MONITORING CIRCUITS

ICL 7665S CMOS Micropower Over/Under Voltage Detector .........ccoviiiiiiiiiiiiiiennnnnnnn.s 2-131
ICL 7673 Automatic Battery Back-up SWitCh ..ot i e 2-149
ICL 8211 Programmable Voltage Detector ..........ooiiiiiiiiiiiiiiiii ittt 2-157
ICL 8212 Programmable Voltage Detector ......... ...t 2-157
ZERO VOLTAGE SWITCH

CA 3059 . Zero-Voltage Crossing Switch System .........c.coiiiiiitiiin it iiienaaanns 2-28
CA 3079 Same as CA3059 Without Protectionand Inhibit. ....... ...t 2-28
SAMPLE AND HOLD DATA SHEETS

HA 2420, 25 FastSample and Hold Amplifier ... .ooun ittt a et iieieiiiaeaenanannn 5-3
HA 5320 High Speed Precision Monolithic Amplifier ......... ...ttt 5-10
HA 5330 Very High Speed Monolithic Amplifier .. ..o it ittt iee s 5-17
HA 5340 High Speed, Low Distortion, Monolithic Amplifier ...t ., 5-21

NOTE: Bold type designates a new product from Harris.
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Product Index by Family (continued)

SPECIAL ANALOG CIRCUITS PAGE
CA 555,C 17817 8-3
CA 1391 TV Horizontal Processors 8-9
CA 1394 TV Horizontal Processors 8-9
CA 3089 LT L S ] (=Y 4 8-14
CA 3126 TV Chroma Processor .. 8-20
CA 3189 FMIFSYstem ..ottt e e ieaeeeenan 8-27
CA 3194 Single Chip PAL Luminance/Chroma Processor 8-33
CA 3217 Single Chip TV Chroma/Luminance Processor ........... 8-41
CA 3256 BiMOS Analog Video Switch and Amplifier .............. 8-50
CD 22402 SYNC GENEIator . . ittt ittt e e 8-62
HA 2546 Two Quadrant, Voltage Output Multiplier ..., 8-69
HA 2547 Two Quadrant, Current Output Multiplier . ... ... i 8-79
HA 2556 Wideband Four Quadrant Voltage Output AnalogMultiplier ......................... 8-86
HA 2557 Wideband Four Quadrant Current Output Analog Multiplier ......................... 8-89
ICL 8013 Four Quadrant Analog Multiplier ...ttt ittt ieenaieeannns 8-92
ICL 8038 Precision Waveform Generator/VCO. . ... oottt it it eiieiiienaieeeanns 8-101
ICL 8048 [ e I Y 2T o 1 7= S P 8-110
ICL 8049 PN ot €1 fo Yo 2 41T o] 11 =T G 8-110
ICM 7242 Long-Range Fixed Timer. .....oui ittt ittt iiiieeieranannennnnnn 8-120
ICM 7555 General PUIPOSE TiMOE .. .vttttt i tttetteaieeaeseeeeneeeeseeeeneenaseseseneneeanannn 8-126
ICM 7556 Dual General PUrPOSE TimBr .. v vttt ittt ittt eteere ettt eeeeaennnneteeenseannnnnnn 8-126
LM 555C 17T N 8-3
TELECOMMUNICATION

CD22100 CMOS 4 x 4 Crosspoint Switch with ControlMemory ..........ccoiiiiiiiiiiiiiinnann, 9-3
CD22101 CMOS 4 x 4 x 2 Crosspoint Switches with ControlMemory .........ccoiiiiiiiiinennnn. 9-9
CD22102 CMOS 4 x 4 x 2 Crosspoint Switches with Control Memory . ...........coviiiiieeninnnn.. 9-9
CD22103A CMOS HDB3 (High-Density Bipolar 3) Transcoder for 2.048/8.448Mbs .................. 9-17
CD22202E 5V LoW-Power DTMF RECEIVET ... .cviiit ittt iate e enieeaneenneeennnenanns :
CD22203E 5V Low-Power DTMF ReCEIVEr .....uvuuiiiiiiieiiiiieineeenannenn

CD22204 5V Low-Power DTMF Receiver .......oovvviiiieiiiiiiiiniaennnnens

CD22301 PCMLineRepeater. ... ..ottt iiiiei i iiieianneeans

CD22354A CMOS Single-Chip, Full-Feature PCMCODEC ................vvuvtns

CD22357A CMOS Single-Chip, Full-Feature PCMCODEC ...........ccvviinnnnn

CD22M3493 12x8x 1 BiIMOS-ECrosspointSwitch ............................

CD22M3494 16 x 6 x 1 BIMOS-E CrosspointSwitch ...................... ...

CD22859 COS/MOS Dual-Tone Multifrequency Tone Generator

CD74HC22106 QMOS 8 x 8 x 1 Crosspoint Switch with MemoryControl ...........coiiiiiiiini e, 9-61
CD74HCT22106 QMOS 8 x 8 x 1 Crosspoint Switch with MemoryControl ...........coiiiiiiiiiiiinnnn. 9-61
HC 5502A SLIC Subscriber Line Interface Circuit .........cooeiiniiiiiiiiiiiiiiiiiiiiieniennnans 9-69
HC 5502B SLIC Subscriber LinelInterface Circult. ...t 9-75
HC 5504 SLIC Subscriber Line Interface Circuit .........ouutiiiiiiiiiiiiiii i 9-82
HC 5504B SLIC Subscriber LinelInterface Circuit. ........ ... it 9-88
HC 5504DLC SLIC Subscriber LineInterface Circuit. ............. ... oo 9-95
HC 5509B SLIC Subscriber LinelInterface Circuit. ............ ..ot 9-102
HC 5524 SLIC Subscriber Line Interface Circuit ..........o ittt it iiaeeieeannns 9-111
HC 5560 207 B I £ 14 T o T 1T Y 9-120
HC 55536 Continuously Variable Slope Delta Demodulator (CVSD) .........coiiiiiiiiiiiaiinn... 9-129
HC 55564 Continuously Variable Slope Delta-Modulator (CVSD) .........cciiiiiiiiiiniieerennnnnn 9-133

NOTE: Bold type designates a new product from Harris.
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Obsolete Product Listing

RECOMMENDED RECOMMENDED

OBSOLETE PART REPLACEMENT PART OBSOLETE PART REPLACEMENT PART
CA081 NONE HA 5141 HA 5142/CA 3440
CA082 NONE HA 5151 HA 5142/CA 3440
CA084 NONE HA 5152 HA 5142
CA101 LM 101 HA5154 HA 5144
CA 201 LM 201 HA 5180 CA 5420
CA 301 LM 301 HC 5512/12A NONE
CA307 NONE ICH 8500 CA 5420
CA311 LM 311 ICL 420 ICL 76508
CA747 ‘LM 747 ICL421 ICL 76508
CA748 LM 748 ICL422 ICL 76508
CA 3000 NONE ICL 423 ICL 76508
CA 3001 CA 3100 ICL 7600 NONE
CA 3002 CA 3028 ICL 7601 NONE
CA 3005 CA 3100 ICL 7605 NONE
CA3006 CA 3100 ICL 7606 NONE
CA3010/A CA 5420 ICL7631 ICL7641/ICL 7642
CA3015/A CA 3440/CA 3420 ICL7652S ICL 76508
CA3029/A CA 5420 ICL7675 HV 2405E
CA3030/A CA 3440/CA 3420 ICL7676 .. HV 2405E
CA3040 NONE ICL7677 - ICL7673
CA 3250 CA 3082 ICL 8007 CA 5420
CA3251 CA 3081 ICL 8021 CA 3440
CA3401 CA 5470 ICL 8023 ICL 7641/ICL 7642
CA3410 NONE ICM 7240 ICL 7242
CA 3493 CA 3193 ICM 7250 ICL7242
CA 3600 CD 4002 LM 201 LM 201
CA5422 CA 5260/CA 5420 LM 301 LM 301
CA 6078 CA 3078 LM 311 LM 311
CAB741 CAT741 LM 747 LM 747
HA 2650/55 CA 3440 LM 748 LM 748
HA2720/25 CA 3440 LM 4250 CA 3440




Commercial Linear Product Cross Reference

HARRIS (Note 1) (Note 2)
DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE 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
=
AD3554AM HFA1-0001-9 No FE Greater Bandwidth/Faster Ts/Lower Cost 22
AD3554BM HFA1-0001-9 No FE Greater Bandwidth/Faster Ts/Lower Cost 5=
AD3554SM HFA1-0001-9 No FE Greater Bandwidth/Faster Ts/Lower Cost a5
[
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
AD507SH HA2-2620-2 Yes I
AD509JH HA2-2525-5 Yes | Substitute HA2-2529-5
AD509KH HA2-2525-5 Yes FE Substitute HA2-2529-5
AD509SH HA2-2520-2 Yes | Substitute HA2-2529-2
AD518JH HA2-2515-5 Yes |
AD518JN HA3-2515-5 Yes l
AD518KH HA2-2515-5 Yes FE
AD518SH HA2-2510-2 Yes |
AD539JD HA1-2547-5 No FE Enhanced Bandwidth
AD539KD HA1-2547-5 No FE Enhanced Bandwidth
AD539SD HA1-2547-9 No FE Enhanced Bandwidth
AD542JH HA1-5170-5 * FE Enhanced ACs
ADS5539JN HA3-2539-5 * FE
AD5539JQ HA1-2539-5 * FE
AD5539SQ HA1-2539-2 * FE
AD582KD HA1-2425-5 No FE Faster Acquisition/Enhanced ACs
AD582SD HA1-2420-2 No FE Faster Acquisition/Enhanced ACs
ADS583KD HA1-2425-5 Yes FE Faster Acquisition/Greater lout
AD585AQ HA1-5320-5 No FE Faster Acquisition/Reduced Droop
AD5855Q HA1-5320-2 No FE Faster Acquisition/Reduced Droop
AD821AQ CA5160AE (PDIP) * FE Reduced Ibias/Enhanced ACs
AD821AS CA5160AE (PDIP) * FE Reduced Ibias/Enhanced ACs
AD821JN CA5160AE * FE Reduced Ibias/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 = Enh d Harris product meets all
competitor specifications and exceeds several.
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Commercial Linear Product Cross Reference

HARRIS (Note 1) (Note 2)

DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
AD840JN HA3B2840-5 Yes E Enhanced ACs/Lower Cost
AD840JQ HA1-2840-5 Yes E Enhanced ACs/Lower Cost
AD840KN HA3B2840-5 Yes E Enhanced ACs/Lower Cost
AD840KQ HA1-2840-5 Yes E Enhanced ACs/Lower Cost
AD840SQ HA1-2840/883 Yes E Enhanced ACs/Lower Cost
AD841JH HA2-2541-5 Yes FE
AD841JN HA3B2841-5 Yes E Enhanced ACs/Lower Power
AD841JQ HA1-2541-5 Yes FE
AD841KH HA2-2541-5 Yes FE
AD841KN HA3B2841-5 Yes E Enhanced ACs/Lower Power
AD841KQ HA1-2841-5 Yes E Enhanced ACs/Lower Power
AD841SH HA2-2841/883 Yes E Enhanced ACs/Lower Power
AD841SQ HA1-2841/883 Yes E Enhanced ACs/Lower Power
AD842JH HA2-2542-5 Yes FE
AD842JN HA3B2842-5 Yes E Enhanced ACs/Lower Cost
AD842JQ HA1-2542-5 Yes FE
AD842KH HA2-2542-5 Yes FE
AD842KN HA3B2842-5 Yes E Enhanced ACs/Lower Cost
AD842KQ HA1-2542-5 Yes FE
AD842SH HA2-2842/883 Yes E Enhanced ACs/Lower Cost
AD844AN HA3-5020-9 Yes FE Enhanced ACs and Video Performance
AD844AQ HA7-5020-9 Yes FE Enhanced ACs and Video Performance
AD844BQ HA7-5020-9 Yes FE Enhanced ACs and Video Performance
AD844SQ/883B HA7-5020/883 Yes FE Enhanced ACs and Video Performance
AD846AN HA3-5020-9 Yes FE Enhanced ACs/Lower Cost
AD846AQ HA7-5020-9 Yes FE Enhanced ACs/Lower Cost
AD846BQ HA7-5020-9 Yes FE Enhanced ACs/Lower Cost
AD846SQ HA7-5020/883 Yes FE Enhanced ACs/Lower Cost
AD847JN HA3-2544C-5 Yes FE
AD847SQ HA7-2544C-2 Yes FE
ADS610BH HA1-5004-9 No FE Greater Bandwidth/Lower Cost Monolithic
AD9617JN HFA3-0001-5 Yes FE Greater Bandwidth/Lower Cost
AD96685BH HFA2-0003L-9 Yes | Faster Propagation Delay/Lower Cost
AD96685BQ HFA1-0003L-9 Yes 1 Faster Propagation Delay/Lower Cost
AD96685BR HFA9P0003L-5 Yes | Faster Propagation Delay/Lower Cost
ADLH0032CG HA2-2542-5 * FE Monolithic/Lower Cost
ADLH0032G HA2-2542-2 * FE Monolithic/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 = Functuonal Equlvalem 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)

DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
ADLH0033CG HA2-5033-5 * FE Enhanced ACs/Monolithic/Lower Cost
ADLH0033G HA2-5033-2 * FE Enhanced ACs/Monoalithic/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 lcc
ADOP27GQ HA7-5127-5 Yes E Enhanced ACs/Reduced lcc
ADOP37AH HA2-5137A-2 Yes E Enhanced ACs/Reduced lcc
ADOP37AQ HA7-5137A-2 Yes E Enhanced ACs/Reduced lcc
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
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 I
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
CLC430 HA-5020 Yes E Enhanced AC and Video Performance
CS-15244 CA1524F 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 Equlvalent 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)
DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS

CS-2524J CA2524F Yes |

CS-2524N CA2524E Yes |

CS-3524J CA3524F Yes |

CS-3524N CA3524E Yes |

DS0026CJ-8 ICL7667CJA Yes FE Reduced Icc
DS0026CN ICL7667CPA Yes FE Reduced Icc
DS0026H ICL7667MTV Yes FE Reduced lcc
DS0026J-8 ICL7667MJA Yes FE Reduced Icc
EHA1-2539-2 HA1-2539-2 Yes I

EHA1-2539-5 HA1-2539-5 Yes |

EHA1-2540-2 HA1-2540-2 Yes |

EHA1-2540-5 HA1-2540-5 Yes I

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 I

EHA2-2505-5 HA2-2505-5 Yes |

EHA2-2510-2 HA2-2510-2 Yes |

EHA2-2512-2 HA2-2512-2 Yes |

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 |

EHA2-2602-2 HA2-2602-2 Yes |

EHA2-2605-5 HA2-2605-5 Yes 1

EHA2-2620-2 HA2-2620-2 Yes I

EHA2-2622-2 HA2-2622-2 Yes |

EHA2-2625-5 HA2-2625-5 Yes |

EHA2-5190-2 HA2-5190-2 Yes |

EHA2-5195-5 HA2-5195-5 Yes |

EHA3-2539-5 HA3-2539-5 Yes I

EHA3-2540-5 HA3-2540-5 Yes |

EHA7-2500-2 HA7-2500-2 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)
DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS

EHA7-2502-2 HA7-2502-2 Yes |
EHA7-2505-5 HA7-2505-5 Yes |
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 1
EHA7-2620-2 HA7-2620-2 Yes |
EHA7-2622-2 HA7-2622-2 Yes |
EHA7-2625-5 HA7-2625-5 Yes l
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 HASP5002-9 No FE Greater Slew Rate/Reduced Icc
EL2003H HA2-5002-2 Yes FE Greater Slew Rate/Reduced Icc

. EL2003J HA7-5002-2 No FE Greater Slew Rate/Reduced Icc
EL2005CG HA2-5033-5 * FE Greater Bandwidth
EL2005G HA2-5033-2 * FE Greater Bandwidth
EL2020CN HA3-5020-5 Yes E Enhanced ACs and DCs/Lower Cost
EL2020CJ HA7-5020-5 Yes E Enhanced ACs and DCs/Lower Cost
EL2020J HA7-5020/883 Yes E Enhanced ACs and DCs/Lower Cost
EL2020J/883B HA7-5020/883 Yes E Enhanced ACs and DCs/Lower Cost
EL2020CM HA9P5020-5 * E Enhanced ACs and DCs/Lower Cost
EL2030CN HA3-5020-5 Yes FE Enhanced DCs/Lower Cost
EL2030CJ HA7-5020-5 * FE Enhanced DCs/Lower Cost
EL2030J/883B HA7-5020,/883 * FE Enhanced DCs/Lower Cost
EL2033CJ HA7-5002-5 * FE Greater Slew Rate/Reduced Icc
EL2033CN HA3-5002-5 * FE Greater Slew Rate/Reduced Icc
EL2033J HA7-5002-2 * FE Greater Slew Rate/Reduced Icc
EL2039CJ HA1-2839-5 Yes FE Enhanced ACs/Lower Power/Lower Cost
EL2039CN HA3-2839-5 Yes FE Enhanced ACs/Lower Power/Lower Cost
EL2039J HA1-2839/883 Yes FE Enhanced ACs/Lower Power/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)

DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
EL2040CJ HA1-2840-5 Yes FE Enhanced ACs/Lower Power/Lower Cost
EL2040CN HA3-2840-5 Yes FE Enhanced ACs/Lower Power/Lower Cost
EL2040J HA1-2840,/883 Yes FE Enhanced ACs/Lower Power/Lower Cost
EL2041CG HA2-2541-5 Yes FE Enhanced ACs/Lower Power/Lower Cost
EL2041CJ HA1-2841-5 Yes FE Enhanced ACs/Lower Power/Lower Cost
EL2041G HA2-2841/883 Yes FE Enhanced ACs/Lower Power/Lower Cost
EL2041J HA1-2841/883 Yes FE Enhanced ACs/Lower Power/Lower Cost
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
ELH0033CG HA2-5033-5 * FE Greater Bandwidth
ELH0033G 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
HOS050A HA2-2542-2 * FE Lower Cost
HOS050C HA2-2542-2 * FE Lower Cost
ICL7611ACPA ICL7611ACPA Yes |
ICL7611ACTV ICL7611ACTV Yes 1
ICL7611AMTV ICL7611AMTV Yes I
ICL7611BCPA ICL7611BCPA Yes |
ICL7611BCTV ICL7611BCTV Yes |
ICL7611BMTV ICL7611BMTV Yes |
ICL7611DCPA ICL7611DCPA Yes |
ICL7611DCSA ICL7611DCBA Yes |
ICL7611DCTV ICL7611DCTV Yes |
ICL7611DMTV ICL7611DMTV Yes [

ICL7612ACPA ICL7612ACPA Yes 1
ICL7612ACTV ICL7612ACTV Yes !
ICL7612AMTV ICL7612AMTV Yes l
ICL7612BCPA ICL7612BCPA Yes |
ICL7612BCTV ICL7612BCTV Yes 1
ICL7612BMTV ICL7612BMTV Yes |
ICL7612DCPA ICL7612DCPA Yes |
ICL7612DCSA ICL7612DCBA Yes I
ICL7612DCTV ICL7612DCTV Yes |
ICL7612DMTV ICL7612DMTV 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)

DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
ICL7621ACPA ICL7621ACPA Yes 1
ICL7621ACTV ICL7621ACTV Yes 1
ICL7621AMTV ICL7621AMTV Yes 1
ICL7621BCPA ICL7621BCPA Yes l
ICL7621BCTV ICL7621BCTV Yes |
ICL7621BMTV ICL7621BMTV Yes |
ICL7621DCPA ICL7621DCPA Yes |
ICL7621DCSA ICL7621DCBA Yes 1
ICL7621DCTV ICL7621DCTV Yes |
ICL7621DMTV ICL7621DMTV Yes |
ICL7641CCPD ICL7641CCPD Yes |
ICL7641ECPD ICL7641ECPD Yes I
ICL7642CCJD ICL7642CCJD Yes |
ICL7642CCPD ICL7642CCPD Yes |
ICL7642CMJD ICL7642CMJD Yes |
ICL7642ECJD ICL7642ECJD Yes l
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/Ibias
ICL7660CPA ICL7660SCPA * E Reduced Icc
ICL7660CSA |CL7660SIBA * E Reduced Icc
ICL7660CTV ICL7660SCTV * E Reduced Icc
ICL76601JA ICL7660SIPA (PDIP) * E Reduced Icc
ICL7660ITV ICL7660SITV * E Reduced Icc
ICL7660SMTV ICL7660SMTV * E Reduced Icc
ICL7662CPA ICL7662CPA Yes E Reduced Vcc
ICL7662CTV ICL7662CTV Yes E Reduced Vce
ICL7663ACPA ICL7663SACPA Yes E Wider Voltage Range/Reduced Rsat
ICL7663ACSA ICL7663SCBA Yes E Wider Voltage Range/Reduced Rsat
ICL7663A1JA 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 ICL7663SCPA Yes E Wider Voltage Range/Reduced Rsat
ICL7663CSA ICL766GSCBA Yes E Wider Voltage Range/Reduced Rsat
ICL7663IJA ICL7663SIJA Yes E Wider Voltage Range/Reduced Rsat
ICL7665ACJA ICL7665SACJA Yes 1
ICL7665ACPA ICL7665SACPA Yes | Enhanced Supply Range/Tempco
ICL7665BCPA ICL7665SCPA Yes E Enhanced Supply Range/Tempco
ICL7665BCSA ICL7665SCBA Yes E
ICL7665CJA ICL7665SCJA Yes |
ICL7665CPA ICL7665SCPA Yes l
ICL7665CSA ICL7665SCBA 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)

DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
ICL7667CBA ICL7667CBA Yes FE
ICL7667CJA ICL7667CJA Yes FE
ICL7667CPA ICL7667CPA Yes FE
ICL7667MJA ICL7667MJA Yes FE
ICM7242IPA ICM7242IPA Yes FE
ICM7555CD ICM7555CBA Yes FE
ICM7555CN ICM7555IPA Yes FE Wider Operating Voltage Range
ICM7555IN ICM7555IPA Yes FE Wider Operating Voltage Range
ICM7555IPA ICM7555IPA Yes FE Wider Operating Voltage Range
ICM7555ITV ICM7555ITV Yes FE
ICM7555MTV ICM7555MTV Yes FE
ICM7556IPD ICM75561PD Yes FE Wider Operating Supply Range
ICM7556MJD ICM7556MJD Yes FE Wider Operating Supply Range
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 CAS5470E Yes FE Greater Bandwidth/Spec. @ +5V Supply
KS274IN CA5470E Yes FE Greater Bandwidth/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
LF351D CA3140M Yes FE Reduced Ibias/lio
LF351H CA3140T Yes FE Reduced Ibias/lio
LF351M CA3140M Yes FE Reduced Ibias/lio
LF351N CA3140E Yes = Reduced Ibias/lio
LF351P CA3140E Yes FE Reduced Ibias/lio
LF353N CA3240E Yes FE Reduced Ibias/lio
LF353P CA3240E Yes FE Reduced Ibias/lio
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
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

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)

DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
LF411CD CA3140AM Yes FE Reduced Ibias/lio
LF411CH CA3140AT Yes FE Reduced lbias/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 lbias/lio
LH0002CH HA2-5002-5 * E Enhanced ACs/DCs/Monolithic
LHO0002CN HA3-5002-5 No E Enhanced ACs/DCs/Monolithic
LH0002H HA2-5002-2 * E Enhanced ACs/DCs/Monolithic
LH0022CD CA3140AE (PDIP) No FE Greater Bandwidth/Slew Rate
LH0022CH CA3140AT Yes FE Greater Bandwidth/Slew Rate
LH0032ACG HA2-2542-S Yes FE Monolithic/Lower Cost
LHO0032AG HA2-2542-2 Yes FE Monolithic/Lower Cost
LH0032CG HA2-2542-5 Yes FE Monolithic/Lower Cost
LH0032G HA2-2542-2 Yes FE Monolithic/Lower Cost
LHO033ACG HA2-5033-5 * FE Greater Bandwidth/Monolithic/Lower Cost
LHO033AG HA2-5033-2 * FE Monolithic/Lower Cost
LH0033CG HA2-5033-5 * FE Greater Bandwidth/Monolithic/Lower Cost
LH0033CJ HA3-5033-5 * FE Monolithic/Lower Cost
LH0033G HA2-5033-2 * FE Monoalithic/Lower Cost
LH0042CD CA3140E (PDIP) No FE Greater Bandwidth/Slew Rate
LH0042CH CA3140T Yes FE Greater Bandwidth/Slew Rate
LH4004CD HA1-5004-5 No FE Monoalithic/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
LM143H HA2-2640-2 * FE Enhanced ACs
LM1524DJ CA1524F Yes I
LM193H CA3290AT Yes FE MOSFET Input
LM2524DN CA2524E Yes |
LM2901N CA3290AE Yes FE MOSFET Input
LM2903N CA3290AE Yes FE MOSFET Input
LM293H CA3290AT Yes FE MOSFET Input
LM3045J CA3045F Yes l
LM3046D CA3046M Yes FE
LM3046N CA3046E 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 severai.
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Commercial Linear Product Cross Reference

HARRIS (Note 1) | (Note 2)

DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
LM3080AN CA3080AE Yes FE
LM3080N CA3080E Yes FE
LM3086J CA3086F Yes I
LM3086M CA3086M Yes I
LM3086N CA3086 Yes |
LM3146M CA3146M Yes | Enhanced "A" Version Offered
LM3146N CA3146E Yes | Enhanced "A" Version Offered
LM3302N CA3290E/LM3302N Yes |
LM3401N CA3401E Yes E Greater Bandwidth
LM343H HA2-2645-5 * FE Enhanced ACs
LM3524DN CA3524E Yes |
LM3524J CA3524F Yes |
LM3524N CA3524E Yes |
LM393H CA3290AT Yes FE MOSFET Input
LM393N CA3290AE Yes FE MOSFET Input -
LM556CN ICM75561PD Yes FE CMOS/Reduced Icc
LM604ACM HA9P2406-5 No FE Enhanced ACs
LM604ACN HA3-2406-5 No FE Enhanced ACs
LM604AMJ HA1-2400-2 No FE Enhanced ACs
Livi604CMi HA9P2406-5 No -FE Enhanced ACs
LM604CN HA3-2406-5 No FE Enhanced ACs
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
LM6218AH HA2-5222-9 No FE Lower Vio
LM6218AJ 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 CA0723CT Yes |
LM723CN CA0723CE Yes |
LM723H CA0723T/LM723H Yes |
LMC555CH ICM7555ITV Yes FE Reduced lcc/Wider Supply Range
LMC555CM ICM7555CBA Yes FE Reduced lcc/Wider Supply 7yRange
LMC555CN ICM7555IPA Yes FE Reduced lcc/Wider Supply Range

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)

DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
LMC668ACJ ICL7650SI1JD Yes E Enhanced DCs
LMC668ACJ-8 ICL7650SIJA-1 Yes E Enhanced DCs
LMC668ACN ICL7650SIPD Yes E Enhanced DCs
MC668ACN-8 ICL7650SCPA-1 Yes E Enhanced DCs
LMC7660IN ICL7660SIPA * E Reduced lcc/Enhanced Efficiency
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 3
LS204T HA2-5102-2 Yes FE Reduced Noise Voltage 'é
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 HA7-56177-5 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 Icc
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
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 Icc
LT1037ACJ8 HA7-5137A-5 Yes FE Enhanced ACs/Reduced Icc
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 Icc
LT1037MH HA2-5137-2 Yes FE Enhanced ACs/Reduced Icc
LT1037MJ8 HA7-5137-2 Yes FE Enhanced ACs/Reduced lcc
LT1073-5CN8 ICL644CPD No FE
LT1073-5CS8 ICL644CBD No FE
LT1223CJ8 HA7-5020-5 Yes E Enhanced ACs and Video Performance
LT1223CN8 HA3-5020-5 Yes E Enhanced ACs and Video Performance
LT1223CS8 HA9P5020-5 Yes E Enhanced ACs and Video Performance
LT1223MJ8 HA7-5020/883 Yes E Enhanced ACs and Video Performance
LT1524J CA1524F Yes |
LT3524J CA3524F Yes |
L73524N CA3524E 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)

DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
LTC1044CH ICL7660SITV Yes E Reduced lcc/Wider Voltage Range
LTC1044CN8 ICL7660SIPA Yes E Reduced lcc/Wider Voltage Range
LTC1044MH ICL7660SMTV Yes E Reduced lcc/Wider Voltage Range
LTC1050ACH ICL7650SITV-1 * FE Reduced Ibias/lio
LTC1050ACN8 ICL7650SIPA-1 * FE Reduced Ibias/lio
LTC1050AMH ICL7650SMTV-1 * FE Reduced Ibias/lio
LTC1050CH ICL7650SITV-1 * FE Reduced Ibias/lio/Greater Avol
LTC1050CN8 ICL7650SIPA-1 * FE Reduced Ibias/lio/Greater Avol
LTC1050CP ICL7650SIPA-1 * FE Reduced Ibias/lio
LTC1050MH ICL7650SMTV-1 * FE Reduced Ibias/lio/Greater Avol
MA723CN CA0723CE Yes |
MAX460IGC 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
MAX626CPA ICL7667CPA Yes FE Reduced T Delay/Icc
MAX626CSA ICL7667CBA Yes FE Reduced T Delay/Icc
MAX626EJA ICL7667CJA Yes FE Reduced T Delay/icc
MAX626MJA ICL7667MJA Yes FE Reduced T Delay/Icc
MAX654CPD ICL644CPD Yes FE Shutdown Feature With ICL7644 Version
MAX654CSD ICL644CBD Yes FE Shutdown Feature With ICL7644
MAX654EPD ICL644IPD Yes FE Shutdown Feature With ICL7644 Version
MAX654ESD ICL644IB8D Yes FE Shutdown Feature With 1ICL7644 Version
MAX655CPD ICL645CPD Yes FE Shutdown Feature With ICL7645 Version
MAX655CSD ICL645CBD Yes FE Shutdown Feature With ICL7645 Version
MAX655EPD ICL645IPD Yes FE Shutdown Feature With ICL7645 Version
MAX655ESD ICL6451BD Yes FE Shutdown Feature With ICL7645 Version
MAX656CPD ICL646CPD Yes FE Shutdown Feature With ICL7646 Version
MAX656CSD ICL646CBD Yes FE Shutdown Feature With ICL7646 Version
MAX656EPD ICL646IPD Yes FE Shutdown Feature With ICL7646 Version
MAX656ESD ICL646IBD Yes FE Shutdown Feature With ICL7646 Version
MAX657CPD ICL647CPD Yes FE Shutdown Feature With ICL7647 Version
MAX657CSD ICL647CBD Yes FE Shutdown Feature With ICL7647 Version
MAX657EPD ICL647IPD Yes FE Shutdown Feature With ICL7647 Version
MAX657ESD ICL647IBD Yes FE Shutdown Feature With ICL7647 Version
MAX663CPA ICL7663SACPA * FE Reduced Icc/Greater Voltage Range
MAX663CSA ICL7663SCBA * FE Reduced lcc/Greater Voltage Range
MAX663EJA ICL7663SAIJA * FE Reduced lcc/Greater Voltage Range
MAX663EPA ICL7663SAIPA * FE Reduced Icc/Greater Voltage Range
MAX663ESA ICL7663SIBA * FE Reduced lcc/Greater Voltage Range

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)

DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
MAX8211CPA ICL8211CPA Yes FE Bipolar/Wider Supply Range
MAX8211CPA-2 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
MAX9685CJE HFA1-0003L-5 Yes |
MAX9685CPE HFA3-0003L-5 Yes |
MAX9685CSE HFASP0003L-5 Yes |
MAX9685CTW HFA2-0003L-5 Yes |
MAX9690CJA HFA1-0003-5 Yes |
MAX9690CPA HFA3-0003-5 Yes |
MAXS690CSA HFAQP0003-5 Yes |
MC1723CG CA0723CT Yes |
MC1723CGD CA0723CTX Yes |
MC1723CP CA0723CE Yes |
MC1723CPD CA0723CEX Yes |
MC1723G CA0723T Yes |
MC1723GD CA0723TX Yes |
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
MC3303D CA5470M Yes FE MOS Input/Enhanced ACs
MC3303N CA5470E Yes FE FEMOS Input/Enhanced ACs
MC33071P CA3140AE Yes FE Reduced Ibias/lio
MC33072P CA3240AE Yes FE Reduced Ibias/lio
MC3346D CA3046M Yes | Full - 55 to 125 Degrees C Operation
MC3346P CA3046E Yes | Full -55 to 125 Degrees C Operation
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

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)

DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
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
MC34151D ICL7667CBA Yes FE CMOS/Reduced Icc/Faster Switching
MC34151P ICL7667CPA Yes FE CMOS/Reduced ICC/Faster Switching
MC3456L ICM7556MJD Yes FE CMOS/Reduced lcc
MC3456P ICM75561PD Yes FE CMOS/Reduced lcc
MC3556L ICM7556MJD Yes FE CMOS/Reduced lcc
MiC426 ICL7667CPA Yes FE
MMH0026CP1 ICL7667CPA Yes FE Reduced Icc
MMHO0026G ICL7667MTV Yes FE Reduced Icc
MMHO0026U ICL7667CJA Yes FE Reduced Icc
NE5230N CA5160AE No FE MOS Input
NE5517AN CA3280AE No FE Reduced Vio
NE5517D CA3280M No FE Reduced Vio
NE5517N CA3280E No FE Reduced Vio
NES5532AFE HA7-5102-5 Yes FE Enhanced DCs/Reduced Icc
NE5532AN HA3-5102-5 Yes FE Enhanced DCs/Reduced Icc
NE5532FE HA7-5102-5 Yes FE Enhanced DCs/Reduced lcc
NE5532N HA3-5102-5 Yes FE Enhanced DCs/Reduced Icc
NE5534AFE HA7-5101-5 * FE Enhanced DCs
NE5534AN HA3-5101-5 * FE Enhanced DCs
NES534FE HA7-5101-5 * FE Enhanced DCs
NE5534N HA3-5101-5 * FE Enhanced DCs
NE5539D HA9P-2539-5 * FE Specified @ + /- 15V Supplies
NES539F HA1-2539-5 * FE Specified @ +/- 15V Supplies
NES5539N HA3-2539-5 * FE Specified @ + /- 15V Supplies
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 FE Enhanced ACs
OP11FY HA1-5104-5 Yes FE Enhanced ACs
OP160GP HA3-5020-9 Yes E
OP160GS HA9P5020-5 Yes E
OP215GZ CA3240AE (PDIP) Yes FE

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)
DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS

OP220CJ HA2-5142-2 Yes FE Enhanced ACs

OP220CZ HA7-5142-2 Yes FE Enhanced ACs

OP220GJ HA2-5142-5 Yes FE Enhanced ACs

0P220GZ HA7-5142-5 Yes FE Enhanced ACs

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 -
o

OP27AH HA2-5127A-2 Yes E Enhanced ACs/Reduced Icc 2

OP27AJ HA2-5127A-2 Yes E Enhanced ACs/Reduced Icc =

OP27AJ8 HA7-5127A-2 Yes E Enhanced ACs/Reduced Icc 2

OP27AZ HA7-5127A-2 Yes E Enhanced ACs/Reduced Icc =

OP27CH HA2-5127-2 Yes E Enhanced ACs/Reduced lcc

OP27CJ HA2-5127-2 Yes E Enhanced ACs/Reduced Icc

OP27CJ8 HA7-5127-2 Yes E Enhanced ACs/Reduced Icc

OP27CZ 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 Icc

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 Icc

OP37AJ HA2-5137A-2 Yes E Enhanced ACs/Reduced Icc

OP37AJ8 HA7-5137A-2 Yes E Enhanced ACs/Reduced Icc

OP37AZ HA7-5137A-2 Yes E Enhanced ACs/Reduced lcc

OP37CH HA2-5137-2 Yes E Enhanced ACs/Reduced lcc

OP37CJ HA2-5137-2 Yes E Enhanced ACs/Reduced Icc

OP37CJ8 HA7-5137-2 Yes E Enhanced ACs/Reduced lcc

OP37CZ HA7-5137-2 Yes E Enhanced ACs/Reduced Icc

OP37EH HA2-5137A-5 Yes E Enhanced ACs/Reduced lcc

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 Icc

OP37GJ8 HA7-5137-5 Yes E Enhanced ACs/Reduced lcc

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

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)

DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
OP420BY HA1-5144-2 Yes FE Enhanced ACs
OP420CY HA1-5144-2 Yes FE Enhanced ACs
OP420HY HA1-5144-5 Yes FE Enhanced ACs
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 HA9P5104-5 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
OP62EJ HA2-5221-9 * FE Greater Slew Rate
OP62EZ HA7-5221-9 * FE Greater Slew Rate
OP62FJ HA2-5221-9 * FE Greater Slew Rate
OP62FZ 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
OP64AJ HA2-5221-9 * FE Reduced Vio
OP64AZ HA7-5221-9 * FE Reduced Vio
OP64EJ HA2-5221-9 * FE Reduced Vio
OP64EZ HA7-5221-9 * FE Reduced Vio
OP64FJ 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
OP77BJ 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 Icc
OP77FZ HA7-5177-56 Yes FE Greater Bandwidth/Reduced lIcc

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)

DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
OP80FJ CA5420AT * FE Single Supply Operation
OP80GJ CA5420T * FE Single Supply Operation
OP80GP CA5420E * FE Single Supply Operation
OPA121KP CA3140AE * FE MOS Input/Enhanced ACs
OPA2111KM HA2-5102-5 Yes FE Greater Bandwidth
OPA2111KP HA3-5102-5 Yes FE Greater Bandwidth
OPA27AJ HA2-5127A-2 Yes E Enhanced ACs/Reduced lcc
OPA27AZ HA7-5127A-2 Yes E Enhanced ACs/Reduced Icc
OPA27CJ HA2-5127-2 Yes E Enhanced ACs/Reduced lcc
OPA27CZ HA7-5127-2 Yes E Enhanced ACs/Reduced lcc
OPA27EJ HA2-5127A-5 Yes E Enhanced ACs/Reduced lcc
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 Icc
OPA37CJ HA2-5137-2 Yes E Enhanced ACs/Reduced Icc
OPA37CZ HA7-5137-2 Yes E Enhanced ACs/Reduced Icc
OPA37EJ HA2-5137A-5 Yes E Enhanced ACs/Reduced Icc
OPA37EZ HA7-5137A-5 Yes E Enhanced ACs/Reduced Icc
OPA37GJ HA2-5137-5 Yes E Enhanced ACs/Reduced Icc
OPA37GZ HA7-5137-5 Yes E Enhanced ACs/Reduced lcc
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 HA9P-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
OPA445SM HA2-2640-2 Yes FE
OPAB20KG HFA7-0005-5 * FE Enhanced ACs
OPAB20KP HFA3-0005-5 * FE Enhanced ACs
OPAB20LG HFA7-0005-5 * FE Enhanced ACs
OPAB20SG HFA7-0005-9 * FE Enhanced ACs
OPA621KG HFA7-0002-5 * FE Lower Voltage Noise/Temco
OPA621KP HFA3-0002-5 * FE Lower Voltage Noise/Temco
OPAB21LG HFA7-0002-5 * FE Lower Voltage Noise/Temco
OPA621SG HFA7-0002-9 * FE Lower Voltage Noise/Temco
OPA633AH HA2-5033-2 Yes |
OPAG633KP HA3-5033-5 Yes 1
OPA633SH HA2-5033-5 Yes FE
RC3403AN CA5470E Yes FE MOS Input/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
competitor specifications and exceeds several.
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Commercial Linear Product Cross Reference

HARRIS (Note 1) (Note 2)
DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
RC4741D HA1-4741-2 Yes E Guaranteed ACs
RC4741M HAQP-4741-5 Yes E Guaranteed ACs
RC5532AN HA3-5102-5 Yes FE Enhanced DCs/Reduced Icc
RC5532N HA3-5102-5 Yes FE Enhanced DCs/Reduced lcc
RC5534AN HA3-5101-5 * FE Enhanced DCs/Reduced Icc
RC5534N HA3-5101-5 * FE Enhanced DCs/Reduced Icc
RM5334T HA2-5101-2 * FE Reduced Icc
RM5532AD HA7-5102-2 Yes FE Reduced lcc
RM5532AT HA2-5102-2 Yes FE Reduced Icc
RM5532D HA7-5102-2 Yes FE Reduced lcc
RM5532T HA2-5102-2 Yes FE Reduced lcc
RM5534AD HA7-5101-2 * FE Reduced Icc
RM5534AT HA2-5101-2 * FE Reduced Icc
RM5534D HA7-5101-2 FE Reduced Icc
SA5230N CA5160AE No FE MOS Input
SA556-1N ICM7556IPD Yes FE CMOS/Reduced Icc
SA556N ICM75561PD Yes FE CMOS/Reduced Icc
SA723CN CA0723CE Yes |
SE5532AFE HA7-5102-2 Yes FE Reduced Icc
SE5532FE 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
SE556-1CN ICM7556MJD Yes FE CMOS/Reduced Icc
SE556-1F ICM7556MJD Yes FE CMOS/Reduced Icc
SE556F ICM7556MJD Yes FE CMOS/Reduced Icc
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
S$G2524J CA2524F Yes I
SG3045J CA3045F Yes FE
SG3049T CA3049T Yes FE Greater Bandwidth/Reduced Noise
SG3083 CA3083 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

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

$G3183D CA3183M Yes FE Identical Specs @ 25 degrees C
SG3183N CA3183E Yes FE Identical Specs @ 25 degrees C
SG3524CF CA3524F Yes FE
SG3524CN CA3524E Yes FE
SG3524J CA3524F Yes |
SG3524N CA3524E Yes |
SG723CN CA0723CE Yes FE Vin Slightly Different
SG723CT CA0723CT Yes FE Vin Slightly Different
SG723N CA0723E Yes FE Vin Slightly Different
SG723T CA0723T Yes FE Vin Slightly Different
SHC5320KH HA1-5320-5 Yes I
SHC5320SH HA1-5320-2 Yes |
SHC85 HA1-2425-5 No FE Enhanced ACs
SHC85ET 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 Identical
SI7660AA ICL7660SMTV * E Greater Vout Efficiency/Reduced lcc
SI7660BA ICL7660SITV * E Greater Vout Efficiency/Reduced lcc
SI7660CA ICL7660SCTV * E Greater Vout Efficiency/Reduced Icc
SI7660CJ ICL7660SCPA * E Greater Vout Efficiency/Reduced Icc
S17660DY ICL7660SIBA * E Greater Vout Efficiency/Reduced Icc
SI7661AA ICL7662MTV Yes E Reduced Supply Current
SI7661CA ICL7662CTV Yes E Reduced Supply Current
S17661CJ ICL7662CPA Yes E Reduced Supply Current
SL3045C-DG CA3045F Yes FE
SL3046C-DP CA3046E Yes FE
SL3127C-DC CA3127F Yes FE
SL3127C-DP CA3127E Yes FE SOIC Version Available
SL3145C-DC CA3045F Yes FE
SL3145C-DP CA3046E Yes FE
SL3227-DP CA3227E Yes FE Greater Breakdown Voltages
SL3227-MP CA3227M Yes FE Greater Breakdown Voltages
SL3245-DP CA3246E Yes FE Greater Breakdown Voltages
SL3245-MP CA3246M Yes FE Greater Breakdown Voltages
SL6310C-DP CA3094E No FE Programmable Biasing 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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Commercial Linear Product Cross Reference

HARRIS (Note 1) (Note 2)

DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
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
SP1-2541-2 HA1-2541-2 Yes |
SP1-2541-5 HA1-2541-5 Yes |
SP1-2542-2 HA1-2542-2 Yes |
SP1-2542-5 HA1-2542-5 Yes |
SP1-5330-2 HA1-5330-2 Yes l
SP1-5330-5 HA1-5330-5 Yes |
SP2-2500-2 HA2-2500-2 Yes I
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 | Substitute HA2-2529-2
SP2-2522-2 HA2-2522-2 Yes | Substitute HA2-2529-2
SP2-2525-5 HA2-2525-5 Yes l Substitute HA2-2529-5
SP2-2541-2 HA2-2541-2 Yes |
SP2-2541-5 HA2-2541-5 Yes l
SP2-2542-2 HA2-2542-2 Yes |
SP2-2542-5 HA2-2£42-5 Yes |
SP2-2600-2 HA2-2600-2 Yes |
SP2-2602-2 HA2-2602-2 Yes |
SP2-2605-5 HA2-2605-5 Yes 1
SP2-2620-2 HA2-2620-2 Yes |
SP2-2622-2 HA2-2622-2 Yes |
SP2-2625-5 HA2-2625-5 Yes |
SP3-2505-5 HA3-2505-5 Yes |
SP3-2515-5 HA3-2515-5 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.
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Commercial Linear Product Cross Reference

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

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 |

SP3-2625-5 HA3-2625-5 Yes 1

SP7-2500-2 HA7-2500-2 Yes 1

SP7-2502-2 HA7-2502-2 Yes 1 z

SP7-2505-5 HA7-2505-5 Yes | 5
[

SP7-2510-2 HA7-2510-2 Yes | [

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 | 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 |

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 1

TA75393P CA3290AE/CA3290E Yes FE Reduced Ibias/lio/Icc

TA75557F HA9P5102-9 No FE Greater Bandwidth/Reduced Vnoise

TA75557P HA3-5102-5 Yes FE Greater Bandwidth/Reduced Vnoise

TA75559F HA9P5112-9 No FE Greater Bandwidth/Reduced Vnoise

TA75559P HA3-5112-5 Yes FE Greater Bandwidth/Reduced Vnoise

TA76524P CA3524E Yes |

TCA520BN CA5130AE * FE MOS Input/Enhanced ACs

TCA520TD CA5130M * FE MOS Input/Enhanced ACs

TCA971 CA3146AE/CA3046E Yes FE Greater Vcbo With CA3146

TCA971G CA3146AM/CA3046M | Yes FE Greater Vcbo With CA3146

TCA991 CA3146E/CA3046E Yes FE Greater Vcbo With CA3146

TCA991G CA3146M/CA3046M Yes FE Greater Vcbo With CA3146

TD62507F CA3183AM No FE Alt. Product |Is CA3083

TD62507P CA3183AE No FE Alt. Product Is CA3083

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)

DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
TDB2046DP CA3046E Yes E Full -55 to 125 Degrees C Operation
TDB2046FP CA3046M Yes E Full -55 to 125 Degrees C Operation
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 CA5260E Yes FE Specified @ +5V Supply
TLC254CD CA5470M Yes FE Specified @ +5V Supply
TLC254CN CA5470E Yes FE Specified @ +5V Supply
TLC272ACD CA5260AM Yes FE Greater Vout Range/Reduced lcc
TLC272ACP CA5260AE Yes FE Greater Vout Range/Reduced lcc
TLC272AID CA5260AM Yes FE Greater Vout Range/Reduced lcc
TLC272AIP CA5260AE Yes FE Greater Vout Range/Reduced Icc
TLC272CD CA5260M Yes FE Greater Vout Range/Reduced icc
TLC272CP CA5260E Yes FE Greater Vout Range/Reduced Icc
TLC272ID CA5260M Yes FE Greater Vout Range/Reduced lcc
TLC272IP CA5260E Yes FE Greater Vout Range/Reduced lcc
TLC272MJG CA5260E (PDIP) Yes FE Greater Vout Range/Reduced lcc
TLC274CD CA5470M Yes FE Greater Vout/Bandwidth/Slew Rate
TLC274CN CA5470E 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
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 Icc
TLC556CN ICM75561PD Yes FE Reduced Icc
TLC556IN ICM75561PD Yes FE Reduced Icc
TLC556MJ ICM7556MJD Yes FE Reduced Icc
TP1321 HA-5195 Yes FE
TP1322 HA-2520 Yes FE
TP1326 HA-2600 Yes FE
TP1332 HA-2645 Yes FE

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)

DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
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
TSC426CBA ICL7667CBA Yes FE Reduced T Delay/Icc
TSC426CPA ICL7667CPA Yes FE Faster Switching
TSC4261JA ICL7667CJA Yes FE Reduced T Delay/Icc
TSC426MJA ICL7667MJA Yes FE Faster Switching
TSC7650ACPA ICL7650SCPA-1 Yes FE Reduced Tempco/Voltage Noise
TSC7650ACPD ICL7650SCPD Yes FE Reduced Tempco/Voitage Noise
TSC7650A1JA ICL7650S1JA-1 Yes FE Reduced Tempco/Voltage Noise
TSC7650A1JD ICL7650SIJD Yes FE Reduced Tempco/Voltage Noise
TSC7660CAA ICL7660SCBA Yes E Greater Vout Efficiency/Reduced Icc
TSC7660CPA ICL7660SCPA Yes E Greater Vout Efficiency/Reduced Icc
TSC7662 ICL7662 * FE
UA723CDP CA0723CE Yes |
UA723CH CA0723CT Yes |
UA723CN CA0723CE Yes |
UuA723CN CA0723CE Yes |
UA723IDP CA0723CE Yes |
UA723IH CA0723CT Yes |
UA723MDP CA0723E Yes I
UA723MH CA0723T Yes |
uA723N CA0723E Yes |
UCOPO1CN CA3140AE Yes FE MOSFET Input
UCOP01GJ CA3140AE (PDIP) Yes FE MOSFET Input
UC1524J CA1524F Yes I
UC2524J CA2524F Yes |
UC2524N CA2524E Yes |
UC3524J CA3524F Yes |
UC3524N CA3524E Yes |
ULN2046A-1 CA3146E Yes FE Full -40 to 85 Degree C Operation
ULN2046L-1 CA3146M Yes FE

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)

DEVICE REPLACEMENT PIN TO PIN EE HARRIS ADVANTAGE OR COMMENTS
ULN2083A CA3083 Yes I Full -55 to 125 Degree C Operation
ULN2083A-1 CA3183E Yes | Full -40 to 85 Degree C Operation
ULN2083L CA3083M Yes 1 Full -55 to 125 Degree C Operation
ULN2086A CA3086 Yes | Full -55 to 125 Degree C Operation
uPC357C CA3130E Yes FE Reduced Ibias
uPC4741C HA3-4741-5 Yes E Guaranteed Specs Over Temp
uPC4741G2 HAQP4741-5 * E Guaranteed Specs Over Temp
uPD5555C ICM7555CPA Yes FE Reduced lcc
uPD5556C ICM7556CPD Yes FE Reduced lcc
VI-7660-1 ICL7660SCPA * E Greater Vout Efficiency/Reduced Icc
VI-7660-2 ICL7660SCTV * E Greater Vout Efficiency/Reduced Icc
XR-13600AP CA3280AE No FE Reduced Vio/Enhanced ACs
XR-13600CP CA328CE No FE Reduced Vio/Enhanced ACs
XR-1524M CA1524F Yes |
XR-2242CP ICM7242IPA Yes FE Greatly Reduced lcc
XR-2524N CA2524F Yes- |
XR-2524P CA2524E Yes |
XR-3403CP CAB5470E Yes FE MOS Input/Enhanced ACs
XR-3524N CA3524F Yes |
XR-3524P CA3524E 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/lbias
XR-5532N HA7-5102-5 Yes FE Reduced Vio/Ibias
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-8038CN ICL8038CCJD Yes FE Reduced Supply Current
XR-8038CP ICL8038CCPD Yes FE Reduced Supply Current
XR-8038M ICL803EAMJID 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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Data Acquisition Products

A/D CONVERTERS DISPLAY

CA3162/CA3162A
ICL71C03/1CL8052
ICL71C03/ICL8068
ICL7106

ICL7107

ICL7116

ICL7117

ICL7126

ICL7129

ICL7136

ICL7137

ICL7139

ICL7149

ICL7182

A/D CONVERTERS INTEGRATING

HI-7159
ICL7104/1CL8052
ICL7104/ICL8068
ICL7109
ICL7135

A/D Converter for 3'%2-Digit Display

Precision 4%2-Digit A/D Converter

Precision 4'2-Digit A/D Converter

312-Digit LCD Single-Chip A/D Converter

3%2-Digit LED Single-Chip A/D Converter

312-Digit with Display Hold Single-Chip A/D Converter
3Y2-Digit with Display Hold Single-Chip A/D Converter
312-Digit Low Power Single-Chip A/D Converter
4-Digit LCD Single-Chip A/D Converter

3Y2-Digit LCD Low Power A/D Converter

312-Digit LED Low Power Single-Chip A/D Converter
334-Digit Autoranging Multimeter

Low Cost 334-Digit Autoranging Multimeter

101 Segment LCD Bargraph A/D Converter

E

GENERAL
INFORMATION

Microprocessor-Compatible 5%2-Digit A/D Converter
14/16-Bit uP-Compatible 2-Chip A/D Converter
14/16-Bit uP-Compatible 2-Chip A/D Converter
12-Bit uP-Compatible A/D Converter

4Y2-Digit BCD Output A/D Converter

A/D SUCCESSIVE APPROXIMATION

ADC0802
ADC0803
ADC0804
CA3310/CA3310A
HI-574A

HI-674A

HI-774

HI-7151

HI-7152
HI-7153
ICL7112
ICL7115

8-Bit uP-Compatible A/D Converter
8-Bit uP-Compatible A/D Converter
8-Bit uP-Compatible A/D Converter
CMOS 10-Bit A/D Converter with Internal Track and Hold

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

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

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

10-Bit High-Speed A/D Converter with Track and Hold

10-Bit High-Speed A/D Converter with Track and Hold
8-Channel 10-Bit High-Speed A/D Converter with Track and Hold
12-Bit High-Speed CMOS pP-Compatible A/D Converter

14-Bit High-Speed CMOS uP-Compatible A/D Converter

A/D CONVERTERS FLASH

CA3304
CA3306
CA3318
HI-5700

CMOS Video-Speed 4-Bit Flash A/D Converter
CMOS Video-Speed 6-Bit Flash A/D Converter
CMOS Video-Speed 8-Bit Flash A/D Converter
8-Bit, 20MSPS Flash A/D Converter

FOR MORE INFORMATION CONTACT YOUR
LOCAL SALES OFFICE OR DISTRIBUTOR
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Data Acquisition Products (continued)

D/A CONVERTERS

AD7520
AD7521
AD7530
AD7531
AD7523
AD7533
AD7541
AD7545
CA3338
HI-562A
HI-565A
HI-DAC16B/DAC16C
HI-DAC80V
HI-DAC85V
ICL7121
ICL7134

10/12-Bit Multiplying D/A Converter

10/12-Bit Multiplying D/A Converter

10/12-Bit Multiplying D/A Converter

10/12-Bit Multiplying D/A Converter

8-Bit Multiplying D/A Converter

10-Bit Multiplying D/A Converter

12-Bit Multiplying D/A Converter

12-Bit Buffered Multiplying CMOS DAC

CMOS Video-Speed 8-Bit R-2R D/A Converter

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

12-Bit, Low Cost, Monolithic D/A Converter

12-Bit, Low Cost, Monolithic D/A Converter

16-Bit Multiplying Microprocessor-Compatible D/A Converter
14-Bit Multiplying uP-Compatible D/A Converter

ANALOG SWITCHES

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

Dual SPST 10 Ohm High-Speed Driver with JFET Switch
Dual SPST 30 Ohm High-Speed Driver with JFET Switch
Dual SPST 75 Ohm High-Speed Driver with JFET Switch
Dual DPST 10 Ohm High-Speed Driver with JFET Switch
Dual DPST 30 Ohm High-Speed Driver with JFET Switch
Dual DPST 75 Ohm High-Speed Driver with JFET Swtich
SPDT 10 Ohm High-Speed Driver with JFET Switch
SPDT 30 Ohm High-Speed Driver with JFET Switch
SPDT 75 Ohm High-Speed Driver with JFET Switch
Dual SPDT 10 Ohm High-Speed Driver with JFET Switch
Dual SPDT 30 Ohm High-Speed Driver with JFET Switch
Dual SPDT 75 Ohm High-Speed Driver with JFET Switch
Dual SPST CMOS Analog Switch

Quad SPST CMOS Analog Switch

Quad Monolithic SPST CMOS Analog Switch

Quad Monolithic SPST CMOS Analog Switch

Quad Monolithic SPST CMOS Analog Switch

Quad Monolithic SPST CMOS Analog Switch

Dual SPST TTL Compatible CMOS Analog Switch

SPDT TTL Compatible CMOS Analog Switch

Dual DPST TTL Compatible CMOS Analog Switch

Dual SPDT TTL Compatible CMOS Analog Switch

Quad Monolithic SPST CMOS Analog Switch

Quad Monolithic SPST CMOS Analog Switch

FOR MORE INFORMATION CONTACT YOUR
LOCAL SALES OFFICE OR DISTRIBUTOR
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Data Acquisition Products (continued)

ANALOG SWITCHES (continued)

HI-200 Dual SPST CMOS Analog Switch

HI-201 Quad SPST CMOS Analog Switch

HI-201HS High-Speed Quad SPST CMOS Analog Switch
HI-222 High Frequency Video Switch

HI-300 Dual SPST CMOS Analog Switch

HI-301 SPDT CMOS Analog Switch

HI-302 Dual DPST CMOS Analog Switch

HI-303 Dual SPDT CMOS Analog Switch

HI-304 Dual SPST CMOS Analog Switch

HI-305 SPDT CMOS Analog Switch 5
HI1-306 Dual DPST CMOS Analog Switch '<ET:
HI-307 Dual SPDT CMOS Analog Switch P
HI1-381 Dual SPST CMOS Analog Switch s
HI-384 Dual DPST CMOS Analog Switch

HI-387 SPDT CMOS Analog Switch

HI-390 Dual SPDT CMOS Analog Switch

HI-5040 SPST CMOS Analog Switch

HI-5041 Dual SPST CMOS Analog Switch

HI-5042 SPDT CMOS Analog Switch

HI-5043 Dual SPDT CMOS Analog Switch

HI-5044 DPST CMOS Analog Switch

HI-5045 Dual DPST CMOS Analog Switch

HI-5046 DPDT CMOS Analog Switch

HI-5046A DPDT CMOS Analog Switch

'HI-5047 4PST CMOS Analog Switch

HI-5047A 4PST CMOS Analog Switch

HI-5048 Dual SPST CMOS Analog Switch

HI-5049 Dual DPST CMOS Analog Switch

HI-5050 SPDT CMOS Analog Switch

HI-5051 Dual SPDT CMOS Analog Switch

IH401A Quad Varafet Analog Switch

IH5009 Quad 100 Ohm Virtual Ground Analog Switch
IH5010 Quad 150 Ohm Virtual Ground Analog Switch
IH5011 Quad 100 Ohm Virtual Ground Analog Switch
IH5012 Quad 150 Ohm Virtual Ground Analog Switch
IH5014 Triple 150 Ohm Virtual Ground Analog Switch
IH5016 Triple 150 Ohm Virtual Ground Analog Switch
IH5017 Dual 100 Ohm Virtual Ground Analog Switch
IH5018 Dual 150 Ohm Virtual Ground Analog Switch
IH5019 Dual 100 Ohm Virtual Ground Analog Switch
IH5020 Dual 150 Ohm Virtual Ground Analog Switch
IH5022 Single 150 Ohm Virtual Ground Analog Switch

FOR MORE INFORMATION CONTACT YOUR
LOCAL SALES OFFICE OR DISTRIBUTOR



Data Acquisition Products (continued)

ANALOG SWITCHES (Continued)

IH5024
1H5040
IH5041

1H5042
1H5043
IH5044
IH5045
IH5046
IH5047
IH5052
IH5053
IH5140
IH5141

IH5142
1H5143
1H5144
IH5145
IH5148
IH5149
IH5150
IH5151

IH5341
IH5352
1H6201

MULTIPLEXERS

DG506A
DG507A
DG508A
DG509A
DG526

DG527

DG528

DG529
HI-1818A/1828A

HI-506
HI-507
HI-506A

HI-507A

Single 150 Ohm Virtual Ground Analog Switch

SPST 75 Ohm High-Level CMOS Analog Switch
Dual SPST 75 Ohm High-Level CMOS Analog Switch
SPDT 75 Ohm High-Level CMOS Analog Switch
Dual SPDT 75 Ohm High-Level CMOS Analog Switch
DPST 75 Ohm High-Level CMOS Analog Switch
Dual DPST 75 Ohm High-Level CMOS Analog Switch
DPDT 75 Ohm High-Level CMOS Analog Switch
4PST 75 Ohm High-Level CMOS Analog Switch
Quad SPST CMOS Analog Switch

Quad SPST CMOS Analog Switch

SPST High-Level CMOS Analog Switch

Dual SPST High-Level CMOS Analog Switch

SPDT High-Level CMOS Analog Switch

Dual SPDT High-Level CMOS Analog Switch

DPST High-Level CMOS Analog Switch

Dual DPST High-Level CMOS Analog Switch

Dual SPST High-Level CMOS Analog Switch

Dual DPST High-Level CMOS Analog Switch

SPDT High-Level CMOS Analog Switch

Dual SPDT High-Level CMOS Analog Switch

Dual SPST CMOS RF/Video Switch

Quad SPST CMOS RF/Video Switch

Dual CMOS Driver/Voltage Translator

16-Channel/Dual 8-Channel CMOS Analog Multiplexer
16-Channel/Dual 8-Channel CMOS Analog Multiplexer
8-Channel/Dual 4-Channel CMOS Analog Multiplexer
8-Channel/Dual 4-Channel CMOS Analog Multiplexer
16-Channel/Dual 8-Channel CMOS Latchable Multiplexer
16-Channel/Dual 8-Channel CMOS Latchable Multiplexer
8-Channel/Dual 4-Channel Latchable Multiplexer
8-Channel/Dual 4-Channel Latchable Multiplexer

Low Resistance Single 8/Differential 4-Channel
CMOS Analog Multiplexers

Single 16/Differential 8-Channel CMOS Analog Multiplexer
Single 16/Differential 8-Channel CMOS Analog Multiplexer
Single 16/Differential 8-Channel CMOS Analog
Multiplexer with Active Overvoltage Protection
Single 16/Differential 8-Channel CMOS Analog
Multiplexer with Active Overvoltage Protection

FOR MORE INFORMATION CONTACT YOUR
LOCAL SALES OFFICE OR DISTRIBUTOR
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Data Acquisition Products (continued)

MULTIPLEXERS (Continued)

HI-508 Single 8/Differential 4-Channel CMOS Analog Multiplexer
HI-509 Single 8/Differential 4-Channel CMOS Analog Multiplexer
HI-508A Single 8/Differential 4-Channel CMOS Analog Multiplexer
with Active Overvoltage Protection
HI-509A Single 8/Differential 4-Channel CMOS Analog Multiplexer
with Active Overvoltage Protection
HI-516 16-Channel/Differential 8-Channel CMOS
High-Speed Analog Multiplexer
HI-518 8-Channel/Differential 4-Channel CMOS
High-Speed Analog Mulitplexer 3
HI-524 4-Channel Wideband and Video Multiplexer g
HI-539 Monolithic, 4-Channel, Low Level, Differential Multiplexer §
HI-546 Single 16/Differential 8-Channel CMOS Analog Mulitplexer =
with Active Overvoltage Protection
HI-547 Single 16/Differential 8-Channel CMOS Analog Mulitplexer
with Active Overvoltage Protection
HI-548 Single 8/Differential 4-Channel CMOS Analog Multiplexer
with Active Overvoltage Protection
HI-549 Single 8/Differential 4-Channel CMOS Analog Multiplexer
with Active Overvoltage Protection
1H5108 8-Channel Fauit Protected CMOS Analog Multiplexer
IH5116 16-Channel Fault Protected CMOS Analog Multiplexer
IH5208 4-Channel Differential Fault Protected CMOS Analog Multiplexer
IH5216 8-Channel Differential Fault Protected CMOS Analog Mulitplexer
IH6108 8-Channel CMOS Analog Multiplexer
IH6208 4-Channel Differential CMOS Analog Multiplexer
DISPLAY DRIVERS
CA3161 BCD to Seven Segment Decoder/Driver
CA3168 2-Digit BCD to Seven Segment Decoder/Driver
ICM7211 4-Digit LCD/LED Display Driver
ICM7212 4-Digit LCD/LED Display Driver
ICM7218 8-Digit LED Multiplexed Display Driver
ICM7228 8-Digit LED Multiplexed Display Driver
ICM7231 Numeric/Alphanumeric Triplexed LCD Display Driver
ICM7232 Numeric/Alphanumeric Triplexed LCD Display Driver
ICM7243 8-Character uP-Compatible LED Display Driver
REALTIME CLOCK
ICM7170 uP-Compatible Real-Time Clock

FOR MORE INFORMATION CONTACT YOUR
LOCAL SALES OFFICE OR DISTRIBUTOR
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Data Acquisition Products (continued)

COUNTERS WITH DISPLAY DRIVERS/TIMEBASE GENERATORS

ICM7207/A CMOS Timebase Generator

ICM7208 7-Digit LED Display Counter

ICM7209 Timebase Generator A
ICM7213 One Second/One Minute Timebase Generator
ICM7216A/B/D 8-Digit Multi-Function Frequency Counter/Timer
ICM7217 4-Digit LED Display Programmable Up/Down Counter
ICM7224 41-Digit LCD/LED Display Counter

ICM7225 4Y2-Digit LCD/LED Display Counter

ICM7226A/B 8-Digit Multi-Function Frequency Counter/Timer
ICM7249 52-Digit LCD p-Power Event/Hour Meter
SPECIAL PURPOSE

AD590 2-Wire Current Output Temperature Transducer
ICL8069 Low Voltage Reference

DATA COMMUNICATIONS

ICL232 +5 Volt Powered Dual RS-232 Transmitter/Receiver

FOR MORE INFORMATION CONTACT YOUR
LOCAL SALES OFFICE OR DISTRIBUTOR
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Digital Signal Processing Products

MULTIPLIERS

HMAS10 16 x 16-Bit CMOS Parallel Multiplier Accumulator

HMA510/883 16 x 16-Bit CMOS Parallel Multiplier Accumulator

HMU16/HMU17 16 x 16-Bit CMOS Parallel Multipliers

HMU16/883 16 x 16-Bit CMOS Parallel Multiplier

HMU17/883 16 x 16-Bit CMOS Parallel Multiplier

ONE DIMENSIONAL FILTERS

DECI e MATE Harris HSP43220 Decimating Digital Filter Development Software

HSP43168 Dual FIR Filter g
HSP43220 Decimating Digital Filter 'é
HSP43220/883 Decimating Digital Filter 5
HSP43481 Digital Filter E
HSP43481/883 Digital Filter

HSP43881 Digital Filter

HSP43881/883 Digital Filter

HSP43891 Digital Filter

HSP43891/883 Digital Filter

TWO DIMENSIONAL FILTERS

HSP48901 3 x 3 Image Filter

HSP48908 Two Dimensional Convolver

HSP48908/833 Two Dimensional Convolver

SIGNAL SYNTHESIZERS

HSP45102 12 Bit Numerically Controlled Oscillator

HSP45106 16 Bit Numerically Controlled Oscillator

HSP45106/883 16 Bit Numerically Controlled Oscillator

HSP45116 Numerically Controlled Oscillator/Modulator

HSP45116/883 Numerically Controlled Oscillator/Modulator

SPECIAL FUNCTION

HSP45240 Address Sequencer

HSP45240/883 Address Sequencer

HSP45256 Binary Correlator

HSP9501 Programmable Data Buffer

HSP9520/9521 Binary Correlator

HSP9520/9521

FOR MORE INFORMATION CONTACT YOUR
LOCAL SALES OFFICE OR DISTRIBUTOR
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Mixed Signal Products

RADIO COMMUNICATION CIRCUITS

CA 1523 Vipur Switching Regulator
CA 2111 Radio FMIF

CA 3011 Radio FMIF

CA 3012 Radio FMIF

CA 3013 Radio FMIF

CA 3014 Radio FMIF

CA 3088 AM Radio Multipurpose Array
CA 3163 Divide by 64/256 Prescaler
CA 3209 Radio FMIF

CA 3232 Divide by 20 )

CA 3259 Stereo Audio Tone/Volume
CA 3263 Op Amp Band Switch Amplifier

TRANSPORTATION AND INDUSTRIAL CIRCUITS

CA 3164 Det/Alarm

CA 3165 Ignition Det/Switch

CA 3169 Half H Drive

CA 3228 Speed Control System

CA 3242 Quad Gated Inverting Power Driver

CA 3252 Quad Gated Non-Inverting Power Driver

CA 3262 Quad Gated Inverting Power Driver with Protection
CA 3272 Quad Gated Non-Inverting Power Driver with Diagnostics
CA 3273 High Side Driver

CA 3274 Ingition Predriver

CA 3275 Dual H Driver

CA 3276 Dual Volt Regulator

GS600 Power Control/Motor Driver

GS601 Power Control/Motor Driver

VIDEO/TV/CATV CIRCUITS

CA 3070 Chroma Subcarrier Regen
CA 3154 Horizontal Sync/AFC/Oscillator
CA 3202 Horizontal/Vertical Count Down
CA 3210 525/625 Horizontal/Vertical Count Down
CA 3218 Horizontal/Vertical/Oscillator Count Down
CA 3224 Auto Line Bias Current
CA 3234 Comp Video to RGB Chroma Luma Decoder
" CA 3236 525/625 Line, Horizontal/Vertical Count Down
CA 3237 IR Remote Control Amplifier
CA 3241 Horizontal/Vertical Count Down
CA 3247 Analog Inferface Unit
CA 3253 Camera Video Processor
CA 3254 RS170 Synch Generator with Gen/Lock/Line/Lock
CA 3255 625 Line Synch Generator with Gen/Lock/Line/Lock
CA 3261 Horizontal Processor

FOR MORE INFORMATION CONTACT YOUR
LOCAL SALES OFFICE OR DISTRIBUTOR
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POWER PROCESSING CIRCUITS

PAGE
SELECTION GUIDE . . ..ttt ittt ittt ittt ettt it teesetaneenesnnressaeennaans 2-2 o
POWER PROCESSING DATA SHEETS c;r;
CONVERTERS § %
ICL644/645/ Low Voltage Step-Up Converters ...........coouoiiuiiiniiniiniennennneninnneannn 2-87 e
646/647 o« o
ICL7644/7645/ Low Voltage Step-Up Converters ..................oiiiiiiiiiiiiiiiiiiininan, 2-87 =
7646/7647 2
ICL 7660 CMOS Voltage ConVEMer . ...cvtt ittt teieetiieeeetieeetenenasnnnssaseseeeeennennns 2-96
ICL 7660S SuperVoltage Converter. . ... ..ottt ittt e e et ieie e rnaiaaeaaaan 2-105
ICL 7662 CMOS Voltage ConVerer . .. ...ttt ittt ea e teteaaneennenrnnreanenennnneenn 2-115
MOSFET DRIVERS
HV 250 Half Bridge Complementary MOSFETDrIVEr .......coviiiiiiiiiiiiiiiieeinanannns 2-46
HV 255 Half Bridge Complementary MOSFETDriver ...........oiiiiiiiiiiiriinninnnnnnn. 2-50
HV 350 Half Bridge N-Channel MOSFETDrIVer ........c.oiiiiiiiiiie it i nneaennns 2-54
HV 355 Half Bridge N-Channel MOSFETDrIVer .........cciiiiiitiiiitinaeraiiennnnnnnn 2-58
HV 400 High Speed MOSFET DIIVEr .. ..o iniiii i et ettt e e enans 2-62
ICL 7667 Dual Power MOSFET DIVEr. . ¢ ittt ittt ittt et ie e e e it s saetennneranaeenans 2-141
OFFLINE POWER SUPPLIES
HV 1205 Single Chip Power SUPPIY .. o.uit ittt ittt e e et aancenaeteeaaeerannns 2-65
HV 2405E Single Chip Power SUPPIY ..o iu it e ettt it e e ee i eae s 2-76
PULSE WIDTH MODULATORS
CA 1524 Pulse Width Modulator ... ... i i e i reaeianean 2-13
CA 2524 Pulse Width Modulator ... ..o i i et 2-13
CA 3524 Regulating Pulse Width Modulator ....... ..ot e 2-13
REGULATORS
CA 723,C Adjustable Voltage Regulator ...........c.ooiiiiiiiiiiiiiiiiiiiiii it iiieiannannns 2-5
CA 3085,A,B Positive Voltage Regulator .. ......oieiiie ittt ittt ii e it eaeeaaeeeannnns 2-39
ICL 7663S CMOS Programmable Positive Voltage Regulator. . .. ......ocoviiiiiii i, 2-124

VOLTAGE MONITORING CIRCUITS
ICL 7665S CMOS Micropower Over/Under Voltage Detector

ICL 7673 Automatic Battery Back-up Switch .....................

ICL 8211 Programmable Voltage Detector. ............ccoovvven.

ICL 8212 Programmable Voltage Detector. . ....ovuerrii ittt et eaeananaannaann
ZERO VOLTAGE SWITCH

CA 3059 Zero-Voltage Crossing Switch System .. ...ttt 2-28
CA 3079 Same as CA3059 Without Protectionand Inhibit ........... ..ot 2-28

NOTE: Bold type designates a new product from Harris.



Selection Guide

POWER PROCESSING CIRCUITS

PIN COUNT
TYPE FUNCTION DESCRIPTION PACKAGE
CONVERTERS
ICL644/645/ Low Voltage Step-Up Designed to provide 3V or 5V output from a single 1.5V battery (645 and 7645) | 14/PDIP
646/647/ Converters use two cells. Low quiescent current coupled with low start up voltage, insure long | 14/SOIC
ICL7644/7645/ battery life.
7646/7647
ICL7660S Voltage Converter Performs supply voltage conversion from positive to negative. Input range is | 8/SOIC,
+1.5V to +10V resulting in complementary output voltages of -1.5V to -12V. 8/PDIP
Can be connected as a voltage doubler to generate output voltage of ~18.6V. Tp | 8/TO-99
Range: 00C to +70°C, -550C to +125°C. ICL7660S improved version of
ICL7660. Has extended supply voltage range, lower supply current, and ESD
protection (>2000V).
ICL7662S Voltage Converter Similar to the ICL7660S in its operation, except the output voltages are -4.5V to 8/PDIP
-20V. Doubler output 22.6V. 8/T0-99
MOSFET DRIVERS
HV-250/255 Power CMOS FET Complementary power MOSFET driver. Wide supply range (20V to 450V). High | 16/CDIP
Driver peak output current of 2A. High switching speed 200ns. New product in | 16/PDIP
development. ) :
HV-350/355 Totem Pole N-Channel Totem pole n-channel power MOSFET driver. Wide supply range (20V to 450V). | 16/CDIP
Power MOSFET Driver high peak output current of 2A. High switching speed of 200ns. New product in | 16/PDIP
development. . 16/SOIC
HV-400 High Speed MOSFET Single, non-inverting high speed driver (up to 300kHz) designed to drive large 8/PDIP
Driver capacitive loads in 5,000pF to 100,000pF range. Capable of sourcing 6A and 8/CDIP
sinking 10A. 8/SOIC
ICL7667 Dual Power TTL-compatible high-speed CMOS driver designed to provide high output | 8/SOIC
MOSFET Driver current (1.5A) and voltage (up to +15V) for driving the gates of power MOSFETs | 8/PDIP
in high-frequency switched-mode power converters. TA Range: 00C to +700C, | 8/CDIP
. -550C to +1250C. 8/T0-99
OFFLINE POWER SUPPLIES
HV-1205 120VAC Offline AC to DC converter designed for 120VAC input. Output is capable of 5VDC 8/PDIP
Monolithic Power to 24VDC @ OmA to 50mA of current. This part is UL recognized (File# 130808)
Supply and UL listed.
HV-2405 240VAC Offline AC to DC converter designed for 240VAC input. Output is capable of 5VDC 8/PDIP
Monolithic Power to 24VDC @ OmA to 50mA of current. This part is UL recognized (File# 130808)
Supply and UL listed.
REGULATORS
ICL7663S Programmable Micro- Low-power, high-efficiency device (Iop = 4pA max.) that accepts an input of 1 to | 8/SOIC
Power Positive 16V and provides an adjustable output over the same range at up to 40mA load. 8/CDIP
Voitage Regulator TA Range: 0°C to +700C, -250C to +85°C. Line and load regulation and ESD | 8/PDIP
protection (>2000V). 8/T0-99
VOLTAGE MONITORING CIRCUITS
ICL7665S Programmable Micro- Contains two individually programmable voltage comparators and requires only | 8/SOIC
ICL7665 Power Under/Over 3pA supply current. Intended for battery-operated systems that require low or 8/CDIP
Voltage Detector high voltage warnings, etc. Open drain outputs for interfacing. T4 Range: 0°C to 8/PDIP
+700C, -250C to +859C. ICL7665S improved ICL7665. For features, see | 8/TO-99
ICL7663S. .
ICL7673 Automatic Battery Automatically switches between a main power supply (eg. +5V) and a battery | 8/SOIC
Backup Switch back-up supply, when the main supply is removed. Wide supply range: 2.5V to 8/PDIP
to Ta Range: 0°C to +70°C, -259C to +85°C.
ICL8211 Programmable Voltage Contains a 1.15V reference, a comparator, a hysteresis output and a non- 8/solC
Level Detector inverting main-output. Provides a 7mA current-limited output sink when voltage | 8/CDIP
on threshold terminal is <1.15V. Ta Range: 0°C to +70°C, -55°C to +125°C. 8/PDIP
) 8/TO-99
ICL8212 Programmable Voltage Similar in operation to the ICL8211 except that its main output is inverting as | 8/SOIC
Level Detector opposed to non-inverting. Requires a voltage in excess of 1.15V to switch its 8/PDIP
output current limit). To Range: Same as ICL8211. 8/TO-99

2-2
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POWER PROCESSING CIRCUITS

\] Vo lo LOAD Vi-Vp |SHORT-CIRCUIT PIN COUNT
RANGE RANGE (MAX) |REGULATION \" CURRENTLIMIT | AND PACKAGE

TYPE DESCRIPTION v v mA % Vo (MAX) (MIN) mA (TYP) TYPE*
CA3085 Voltage regulators 7.5t030 1.81026 12%* 0.1 4 96 8E, 8S
CA3085A 7.5t040 171036 100 0.15 4 96 8E, 88
CA30858 7.5t050 1.7t0 46 100 0.15 3.5 96 8E, 8S
CA723 9.5t040 21037 150 0.03 3 65 10T, 14E
CA723C 9.5t040 21037 150 0.03 3 65 10T, 14E

**This value may be extended to 100mA; however, regulation is not specified beyond 12maA.
Operating temperature range (Tp): -55 to +1259C. Electrical characteristics at Ty = 250C

S
v+ Vo LOAD RIPPLE TOTAL STANDBY VCE SAT %

RANGE RANGE REGULATION REJECTION | CURRENT IS (mA) v L w

TYPE DESCRIPTION \' \' % Vo (TYP) dB (TYP) (MAX) (TYP) 8 '=:,

[+=&)

CA1524 Regulating 81040 4.8t05.2 0.2 66 10 0.8 2:' %
CA2524 pulse-width 81040 4.8t05.2 0.2 66 10 0.8 i
CA3524 modulators 81040 461054 0.2 66 10 0.8 %
[~ 5

Electrical characteristics at Vt = 20V, f = 20kHZ.
TA =-55 to +1250C for CA1524; 0 to +700C for CA2524, CA3534. 16-lead dual-in-line (E) & (F) packages.
Short-circuit current limit: 100mA typ. Temperature stability: 1% max.

ACINPUTVOLTS MAX.DC | MAX.INPUT SENSOR CONTROL CURRENT TO
@ 50-60 & 400Hz SUPPLY CURRENT | RANGE (Ry) THYRISTOR GATE
TYPE DESCRIPTION (VAC) VOLTS (V) (1A) kQ (mA)
CA3059 Zero voltage 24 14 1 2to 100 Up to 124 with internal supply; up
switches 120 to 240 with one external supply
CA3079 208/230 10 2 2t050
277

Electrical characteristics at T4 = 259C. 14-lead dual-in-line plastic package (no suffix).
Operating temperature range (Ta): -55 to +125°C.

*See Packaging and Ordering Information in Section 12.
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3 HARRIS

CA723
CA723C

Voltage Regulators Adjustable from 2V to 37V at Output

August 1991

Currents Up to 150mA Without External Pass Transistors

Features
e Up to 150mA Output Current
* Positive and Negative Voltage Regulation

® Regulation in Excess of 10A with Suitable Pass
Transistors

e [nput and Output Short-Circuit Protection

e Load and Line Regulation.................. .. 0.03%
e Direct Replacement for 723 and 723C Industry Types
e Adjustable Output Voltage................ 2Vto 37V

Applications

o Series and Shunt Voltage Regulator
® Floating Regulator

* Switching Voltage Regulator

* High-Current Voltage Regulator

e Temperature Controller

Description

The CA723 and CA723 are silicon monalithic integrated circuits
designed for service as voltage regulators at output voltages
ranging from 2V to 37V 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 independently 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, switching, and
floating regulator applications. They can provide regulation at load
currents greater than 150mA and in excess of 10A 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 -559C to +1250C.

T SUFFIX PACKAGE
TOP VIEW

V'*, CASE (INTERNALLY
CONNECTED TO TERM 5)

Pinouts Functional Block Diagram
E SUFFIX PACKAGE
TOP VIEW
./
Ne E ul Ne
vt FREQUENCY

CURRENT [ ] Frea UNREGULATED COMPENSATION

LT comP TEMPERATURE -

COMPENSATED

CURRENT [ 12| V' UNREG

SENSE INPUT INVERTING v

INPUT c
INV. E n | v
INPUT > 1 c votir. SERIES PASS
E;‘;;f_" if;-l_ —O Vper TRANSISTOR

NON - INV. 10| v

weut | :l ° NON - INVERTING Vo REGULATED

| | INPUT OouTPUT
VREF E—‘ & ° ] vz
¢ * vz
V- E ] 8 I Ne l CURRENT CURRENT
v- LMt SENSE
CURRENT

LIMITER

CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed.

Copyright © Harris Corporation 1991

File Number 788.1
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CA723, CA723C

Absolute Maximum Ratings

DC Supply Voltage (Between V+and V=Terminals) . ... coueiirietneiiineseeeiaiierestsssuoeasnecsaesansosnnns eeeereennans 40V
Pulse Voltage for 50ms

Pulse Width (Between V+ and V=Terminals) «...ceueeieeieeearorsteatssessssessnassssessasassarsssnens eriereaiene. PN 50V
Differential INnput-Output VORAGE ... iiuitiiiiiieiiiieieiieniattseestossnssasecasssasssonssssssasssasssanasans veen
Differential Input Voltage

Between Inverting and Non-Inverting INputs ... .....oiieiitiiiiitineieeieeeaiennanneeessorensssssessasesssnsansessanssnns +5V

Between Non-Inverting Inputand V- .......
Current From Zener Diode Terminal (VZ).
Current From Voltage Reference Terminal (VREF)
Device Dissipation

Up to Tp = +25°C

CAT 28T, CAT 230 T 1t tttiitttteaseteatensasensauessesonsocssessasesnssnesessasssonsasessssessossnsenenns P 800mW
CAT23E,CA723CE ..ttt viririiiinniienienrnenenenensenns et ettt i ey 1000mW
Above Tp = +25°C
CA723T, CA723CT, Derate Linearly.........couvevenens Ceeeanaen et eat ettt ee i e et it 6.3mW/°C
CA723E,CA723CE,Derate Linearly . .....vuuuutinineiiioneeineresteseasieseatoensiosescesscsssssssssacaosannns 8.3mW/°C
Ambient Temperature Range
OPEratiNG +uvetneeuraenreseeesonsesssesseeseeensasassssosanssanasas et eaeerreenieeeeseiareereararan -550C {0 +125°C
Storage -659C to +1500C
Lead Temperature, During Soldering .. ....cvveireiiiiiiininniieienienreasioeenans ereresieterencanenan verienesre... +26590C

At a distance 1/16” £1/32"” (1.59 + 0.79mm) from case for 10s max

vt
O-
UNREGULATED
INPUT RI R3 4
5000 25k k00,
D3
Q3
Q7
DI R2 Q9
62V 4544
5 Yo
vz
o FREQUENCY
OMPENSATION
Q6
CURRENT
2% umIT
OURRENT
SENSE
O
VRer NON-INVERTING V™ INVERTING
INPUT INPUT

FIGURE 1. EQUIVALENT SCHEMATIC DIAGRAM OF THE CA723 AND CA723C



CA723, CA723C

ELECTRICAL CHARACTERISTICSat Ty = 25C, vt= Vg=V|=12V,V~==0,Vg=5V,
I =1 mA, Cq =100 pF, CRefr =0, Rgcp = 0, unless otherwise specified. Divider
impedance R1Rp at non-inverting input, Term.5,= 10 ke  (See Figure 20)

R1+R2

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

Quiescent Regulator IL=0,
Current, g V=30V - 2.3 3.5 - 2.3 4 mA

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

Output Voltage

Range, Vg 2| - 37 2 - 37 \ «
=
Differential Input- 7] »
Output Voltage, § g
V=V 3 - 38 3 - 38 \Y T O
1I=Vo o
Reference Voltage, E ©
\% 6.95] 7.15 735 | 68| 7.15 7.5 \ o
REF o
V=12
to 40V — | 0.02 0.2 - | 04 0.5
V=12
to15V — | 0.01 0.1 — | 0.01 0.1
V=12
Line Regulation to 1_5 V. *Vo
(See Note 1) TaA '0_55 to
+125°C - — 0.3 - - —
V=12
to15V,
Tao=0to
70°C - | - - - | - 0.3
Ip =1
to 50 mA - | 0.03 0.15 - | 0.03 0.2
Ip=1
to 50 mA,
) Ta=-55to
Load Regulation +125°C I 0.6 N _ %o
(See Note 1)
IL=1
to 50 mA,
TA =0
to 70°C - | - - - | - 0.6
Output-Voltage Ta :2—505 0.0
Temp. Coefficient, |10 5¢C — 10002 | 0015 - | - — %/°C
AV Ta=0
to 70°C - | - - — [0.003 | 0.015
f=50 Hz
. o to 10 kHz - 74 - - 74 -
R(lg;);eNZiLetz:t)lon =50 Hzto dB
10kHz,
CREF=5uF | — | 86 - - | 86 -




CA723, CA723C

ELECTRICAL CHARACTERISTICS (Cont'd)

LIMITS
CHARACTERISTIC TEST CA723 CA723C UNITS
CONDITIONS Min.| Typ. Max. Min. |Typ. Max.
Short-Circuit _
Limiting Current, CSC_P(; 0%, 65 65 A
LM 0 ~ ~ ~ - "
BW =100 Hz
to 10 kHz,
Equivalent Noise RMS| Crgfg = 0 — 20 — - 20 -
Output Voltage, Vn w
{See Note 2) BW =100 Hz
10 kHz,
CREg =5 uF - 25 - - 25 -

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

Note 2: For CREF (See Figure 20).

TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723

OUTPUT VOLTAGE (Vg)=5V T
MAX JUNCTION TEMP (T;):150°C INPUT VOLTAGE (Vy)®12V i
THERMAL =150°C/W SHORT- CIRCUIT PROTECTION i
QUIESCENT (PQ}60 mW 005~ RESISTANCE (Rgcp)+0 i
T (NO HEAT SINK) jiin!
1 H i 1 Hit
o N o Ange T
3 HH ; ° MBIEN Tendt i
e % | H PERATY, i
'RE
z % iz (Ta)e i
g % 2 H Hitf, ) 2sec i
g )@4’ 5 TR H
3 1, H ; d5ut
") u HHHH HH T
2 N = o4 b,
Q 9 s,
z s r S ©
5 4.3, | i H
H Seq |- 3
F] Ranm: 018 i 1
H imun; Y 2
1 125°¢ i H £
o TITTTTT -02 2 3 2
0 20 30 a0 20 40 60 80 100
DIFFERENTIAL INPUT-OUTPUT VOLTAGE (Vj-Vg)—V OUTPUT CURRENT (Ig)—mA
FIGURE 2. MAX LOAD CURRENT vs DIFFERENTIAL FIGURE 3. LOAD REGULATION WITHOUT CURRENT
INPUT-OUTPUT VOLTAGE LIMITING
SOSHHTHN QUTPUT VOLTAGE (Volv5V I OUTPUT VOLTAGE (Vg)5v ﬁg i
HH INPUT VOLTAGE (Vy)=12V INPUT VOLTAGE (Vg )®12V
R SHORT-CIRCUIT PROTECTION SHORT- CIRCUIT PROTECTION
° RESISTANCE (Rgcp)* : 0. RESISTANCE (Rgcpl=0
T ﬁ
°
° ‘an, 3 >
B 5
4 rENy i ® 0
\ it P 2
i U it ]
H He e s
5 o il 3
2 i c i z
3 2 g
£ i :
0 s o.
g i HHEE g
- 1
. H : :
s |
oz S il
B 0 15 20 25 30
OUTPUT CURRENT (Ig)—mA OUTPUT CURRENT (I)—mA

FIGURE 4. LOAD REGULATION WITH CURRENT LIMITING FIGURE 5. LOAD REGULATION WITH CURRENT LIMITING



CA723, CA723C

TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723 (Continued)

OUTPUT VOLTAGE (Vgle5V }
INPUT VOLTAGE (v 1112V OUTPUT VOLTAGE (Vo) +REFERENCE
S Ty e T
> ; i -LLL—*—I < b 1L
1 Ei il f s
5 ] _m : 2 g
4 - r[ [—
5 g 1 g H goiy
s @ H 3 3 11 MBIENT TE Tl
5 2 N s TEITHEE e [T esc
5 ;g s Y 1 Swndi kB ciesec ji]
° = g B i T
£ 35 4
% 3 seipi= SEE:
é ! sl S
s | T g =
100 10 20 0 30 a3
OUTPUT CURRENT (Ig)—mA INPUT VOLTAGE (Vy1=V uo.l (.!I:)
FIGURE 6. CURRENT LIMITING CHARACTERISTICS FIGURE 7. QUIESCENT CURRENT vs INPUT VOLTAGE g 8
[24
= o
TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723C %
o
MAX. JUNCTION TEMP (T )+150°C s {1] MAX. JUNCTION TEMP. (T )s125°C
THERMAL RESISTANCE ¢180°C/W - : HHHHHH THERMAL ResisTance sizsec/w o
< LT IT] QUIESCENT DISSIPATION (P k60 mW I < QUIESCENT DISSIPATION {Pg}60 mw
€ tH vo-s styLe packace with N0 1] € a5 F11] DUAL-IN-LINE PLASTIC PACKAGE
1 HEAT SIKK 1 HH WITH NO HEAT SINK
£ o T
i ST i : R
H H s Ms’“r TE E] Mg, r ]
E a 1 Mpg, REN 1 2 W, 1
% I TN 7o, o (Ta)easeg F grasfgman i RCDShy 5 TEMPEMTU"E”AJ 25+ i
: e HT L T * g "H‘il
HH HH HHTHI T ] T i
C 16 20 £ 20 0 10 20 30
DIFFERENTIAL INPUT-OUTPUT VOLTAGE (Vi-Vq )—V OIFFERENTIAL INPUT-OUTPUT VOLTAGE (Vy-Vg )=V
FIGURE 8. MAX LOAD CURRENT vs DIFFERENTIAL FIGURE 9. MAX LOAD CURRENT vs DIFFERENTIAL
INPUT-OUTPUT VOLTAGE CA723CT INPUT-OUTPUT VOLTAGE FOR CA723CE
QUTPUT VOLTAGE (Vol=5V TIHIE ‘ﬁl: OlTT0UTPUT VOLTAGE (Vl+5V. i
INPUT VOLTAGE (Vp)=12V ::: :“ H T INPUT VOLTAGE (VI =12V
SHORT-CIRCUIT PROTECTION H m:: SHORT-CIRCUIT PROTECTION
RESISTANCE (Rgcpl+0 H RESISTANCE (Rgcp)= 108
R R I
P e ; |
g I i 9 TTAM E
: i c i \ ﬁ i
§ Mgy TR & TR 1
g T 5 i
T
& ZoecH i g - TR i
HE . M :
s i N
i i T i
40 60 8 100 0 10 20 30
QUTPUT CURRENT (Iol—mA OUTPUT CURRENT (Iol—mA
FIGURE 10. LOAD REGULATION WITHOUT CURRENT FIGURE 11. LOAD REGULATION WITH CURRENT LIMITING

LIMITING
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CA723, CA723C

TYPICAL CHARACTERISTICS CURVES FOR TYPE CA723C (Continued)

2T T i
i“ T OUTPUT VOLTAGE { V() REFERENCE
. it VOLTAGE (VRgr!
. i i H LOAD CURRENT (I ) =0
1 <
L €
4 H ]
z i a8 i 4
w His : ad
5 2 I : £ afEF AMBIENT TEMPERATURE (T ):25°C d
2 S RESISTANCE msc,r,;fmn 18 £
S i 1 o i o 3 \
E o4 il BRHE s HHH
f LT R
oz i SHTEH b & S
i HHiH 12h3 ] ]
T T e de S R £
0 20 40 60 80 100 0 ) 20 30 20
OUTPUT CURRENT (Ig)—mA INPUT VOLTAGE (Vv )=V
FIGURE 12. CURRENT LIMITING CHARACTERISTICS FIGURE 13. QUIESCENT CURRENT vs INPUT VOLTAGE

TYPICAL CHARACTERISTICS CURVES FOR TYPES CA723 AND CA723C

INPUT VOLTAGE (Vg ) =12V E R TR
OUTPUT VOLTAGE (Vg)=5V 33::%;:&:??15 ‘)\f",' "l
LOAD CURRENT (I} )= 1 T0O50 mA 5 e
L AMBIENT TEMPERATURE (TA,'ZS‘C
©02] AMBIENT TEMPERATURE (Tp)=25°C 03| DIFFERENTIAL INPUT VOLTAGE (AVY)e3
SHORT-CIRCUIT PROTECTION I H
° RESISTANCE (R gpn)e HH SHORT- CIRCUIT PROTECTION RESISTANCE
2 b sep 2 o (Rgcp)*0 i
r o i - B
z t : 3 FHEHTE
H z
5 g
3 °oh : 1< o
2 Hhihesd 3
& 22! 3
& &
e 33
-o. 2
o2 i o m % i
-o 3} ShEH - 0.2 T i e
- B 15 25 35 45 = 15 25 35 45
DIFFERENTIAL INPUT-OUTPUT VOLTAGE (Vj-Vg)—V DIFFERENTIAL INPUT-OUTPUT VOLTAGE (Vp-Vg)—V
FIGURE 14. LOAD REGULATION vs DIFFERENTIAL FIGURE 15. LINE REGULATION vs DIFFERENTIAL
INPUT-OUTPUT VOLTAGE INPUT-OUTPUT VOLTAGE

> 3 3
€ ! T
| LOAD CURRENT (I, i 8 K
1 K 3
E - 5 H
H K s H
i i " 3
8 H & H 2
8 : i E B s
S T OUTPUT VOLTAGE (Vo) H 2 F 5
1 NS savenased o 3 3
5 b s g
2 i TR R = £
5 INPUT VOLTAGE (Vg) =12V -20 H <
3 OUTPUT VOLTAGE (Vg)=5V g I3
S BT, LOAD CURRENT (I )= 40 mA 3 2
it AMBIENT TEMPERATURE (Tp)=25°C |, ° @
10 Y _RESISTANCE (Rscp)=0 i
- 5 15 25 35 45 -50 o 100
TIME {t)=ps JUNCTION TEMPERATURE (TJ )—°C
FIGURE 16. LINE TRANSIENT RESPONSE . FIGURE 17. CURRENT LIMITING CHARACTERISTICS vs

JUNCTION TEMPERATURE



CA723, CA723C

TYPICAL CHARACTERISTICS CURVES FOR TYPES CA723 AND CA723C (Continued)
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FIGURE 18. LOAD TRANSIENT RESPONSE FIGURE 19. OUTPUT IMPEDANCE vs FREQUENCY o O
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VREF Vo
REGULATED
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FESPHsTEe ca723c
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SUREENT NON
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¢ 160 oF v c
» L cow 109 pF
comp CIRCUIT PERFORMANCE DATA:
REGULATED OUTPUT VOLTAGE . . . 15 V.
CIRCUIT PERFORMANCE DATA: LINE REGULATION (Vi =3V) . . . . 15 mV
REGULATED OUTPUT VOLTAGE . . . 5 V LOAD REGULATION (alL=50mA) . . 45 mV
LINE REGULATION (8V)=3V) . . . . 05 mV R1 R2
LOAD REGULATION (a1 = 50mA). . . 15 mV Note: R3 = e for mimimum temperature drift
Note: R3 = ::m“; for minumurm temperature drift R3 may be ehminated for mimimum component count.
FIGURE 20. LOW VOLTAGE REGULATOR CIRCUIT FIGURE 21. HIGH VOLTAGE REGULATOR CIRCUIT
(Vo =2V TO 7V) (Vo =7V TO 37V)
+ Wt
% Ve vr
L R2 RS
- 2KQ
VREF vz vt
2N5956
oV 2N6108 VReF
R —0 2N3054
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REGULATED OUTPUT VOLTAGE . . -15 V o
LINE REGULATION (aV| =3V) . Loy 1 Tsooer |
LOAD REGULATION (a1 2 mv =
Note. For applications employng the TO-5 style package CIRCUIT PERFORMANCE DATA:
and where VZ 1s required, an external 6.2 volt REGULATED QUTPUT VOLTAGE . . . 15 V
zener drode should be connected in series with LINE REGULATION (aVy =3V) . . . . 15 mV
Vg (Terminal 6). LOAD REGULATION (Al =1A). . . . 15 mV
FIGURE 22. NEGATIVE VOLTAGE REGULATOR CIRCUIT FIGURE 23. POSITIVE VOLTAGE REGULATOR CIRCUIT

(WITH EXTERNAL n-p-n PASS TRANSISTOR)
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TYPICAL APPLICATION CIRCUITS (Continued)

Vr
vt Ve
REGULATED
VREF Vo (EI?T’I;UYE
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R —O— car23
CA723  |CURRENT [ CA723C
carzic  |LiM
Rscp

GuRRENT
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INV

REGULATED
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R2 S INPUT v- comp
i
<l 000IuF
T 000IuF = = :=E
= = = CIRCUIT PERFORMANCE DATA:

CIRCUIT PERFORMANCE DATA: REGULATED OUTPUT VOLTAGE . . . § V
REGULATED OUTPUTVOLTAGE . . . 5 V LINE REGULATION (aV)=3V) . . . . 05 mV
LINE REGULATION (AV{=3V) . . . . 05 mV LOAD REGULATION (Al =10mA). . . 1 mV
LOAD REGULATION (8l =1A). . . . & mV SHORT-CIRCUIT CURRENT. . . . . . 20 mA

FIGURE 24. POSITIVE VOLTAGE REGULATOR CIRCUIT

FIGURE 25. FOLDBACK CURRENT LIMITING CIRCUIT
(WITH EXTERNAL p-n-p PASS TRANSISTOR)
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OUTPUT
Note: For applications employing the TO-5 style CIRCUIT PERFORMANCE DATA:
pack where Vz is required, an ex- REGULATED OUTPUT VOLTAGE . . . —100 V
ternal 6.2-yolt zener diode shoutd be con- LINE REGULATION (V) =20V) . . . 30 mV
nected in series with VO (Terminal 6). LOAD REGULATION (Al = 100mA) . . 20 mvV
CIRCUIT PERFORMANCE DATA: Note: F o o e TOS style
te: For applications employing styl
REGULATED OUTPUT VOLTAGE . . . §0 V. Pockage and where V2 15 vequired, an ox-
LINE REGULATION (AVy=20V) . . . 15 mV volt zener diode should be con-
LOAD REGULATION (AIL =50 mA). . . 20 mV nected in series with VQ (Terminal 6).
FIGURE 26. POSITIVE FLOATING REGULATOR CIRCUIT FIGURE 27. NEGATIVE FLOATING REGULATOR CIRCUIT
M
Ve v
v T
v Ve
VREF Vo Rscp  NOTE 2 c
P! R4
T Trecuiaren VREF Vo 1002
SorROTE —-20
R3
N vz REGULATED
CA723  |CURRENT 1008 L5y | Govror
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NON INV : CURRENT SENSE
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R2 INV
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v- comp cest INPUT INVINPUT
LogIC
INPUT R2 v comP
C)
= = Io 005 uF
CIRCUIT PERFORMANCE DATA: CIRCUIT PERFORMANCE DATA:
REGULATED OUTPUT VOLTAGE . . . 6§ V REGULATED OUTPUT VOLTAGE . . . § V
LINE REGULATION (V) =3V) . . . . 05 mV LINE REGULATION (AV1=10V) . . . 05 mV
LOAD REGULATION (Al =50mA). . . 1.5 mV LOAD REGULATION (41 = 100 mA) . . 15 mV
Note For applications employing the TO-5 style package
Note 1: A current imiting transistor may be used for and where VZ 15 required, an external 6.2-volt
if current imiting is not required. zener diode should be connected in series with
Note 2: Add a diode if Vo > 10 V. VO (Termnal 6).
FIGURE 28. REMOTE SHUTDOWN REGULATOR CIRCUIT FIGURE 29. SHUNT REGULATOR CIRCUIT

WITH CURRENT LIMITING



o HARRIS CA1524, CA2524

CA3524

Regulating Pulse

August 1991 Width Modulator

Features
e Complete PWM Power Control Circuitry

e Separate Outputs for Single-Ended or Push-Pull
Operation

¢ Line and Load Regulation of 0.2% (Typ)

* Internal Reference Supply with 1% (Max) Oscillator
and Reference Voltage Variation Over Full
Temperature Range

e Standby Current of Less Than 10mA
* Frequency of Operation Beyond 100kHz
® Variable-Output Dead Time of 0.5us to 5us

® Low VCE(sat) Over the Temperature Range

Applications

* Positive and Negative Regulated Supplies

o Dual-Output Regulators

° Flyback Converters

o DC-DC Transformer-Coupled Regulating Converters
® Single-Ended DC-DC Converters

o Variable Power Supplies

Description

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 polar-
ity converter, as well as other power-control applications.

The CA1524 is specified for the military temperature range
of -550C to +1259C.

The CA2524 and CA3524 ‘are speciifed for the
commmercial temperature range of 00C to 709C. All types
operate over a supply voltage range of 8 to 40 V, have a
rated operating 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).

Pinout Maximum Rating, Absolute-Maximum Values
16 LEAD DUAL-IN-LINE PACKAGE Input Voltage (Between Vi and GND Terminals) ............ 40V
TOP VIEW Operating Voltage Range (ViN10 GND) .. o.vvvvevennens. 8to40V
Output Current Each Output:
(Terminal 11,120r13,14) ...oviviiiiiiieiennnennnnn 100mA
\J Output Current (Reference Regulator) ......cooveveieennnns 50mA
INV. INPUT E E VREF Oscillator Charging Current..........ooviiiiiiiiiiiiinna, SmA
NON - Device Dissipation:
INV. INPUT |2 [15] v+ UPIOTA=259C ceereeaaiiniiieeeeeeaeeaeennn 1w
° Above TA=250C.....cccuvvniuniennns Derate linearly 8mW/0C
0SC ouT E E EMITTER B Operating Temperature Range .................. -55t0 +125°C
(+)C.L Storage Temperature Range .............coovent -65to +1500C
SENSE L2 [13] coLLECTOR B
(-)C.L 12
SENSE 5 j COLLECTOR A
Ry [€] [11] EMITTER A
cr [7 [10] sHUTDOWN
GND E EI COMPENSATION
AND COMPARATOR

POWER PROCESSING

CIRCUITS

CAUTION: These devi are itive to el
Copyright © Harris Corporation 1991

ic discharge. Proper 1.C. handling procedures should be followed.

File Number 1239.1
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CA1524, CA2524, CA3524

REFERENCE +5V 70 ALL
® REGULATOR INT. CKTS.
vt 5V

+5V

+ SENSE @
—SENSE @

COMPENSATION @
AND
COMPARATOR
92CM-32665

Fig. 1 - Functional block diagram of CA1524 series.
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7
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2Ka

92CM-32666
Fig. 2 - Open loop test circuit for CA1524 series.
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CA1524, CA2524, CA3524

ELECTRICAL CHARACTERISTICS at Tp=-55 to +125°C for CA1524,
0 to +70° C for the CA2524 and CA3524; V+=20 V-and f=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 Y
Line Regulation V+=8to 40V — (10 120 [ — | 10 | 30 mV
Load Regulation . 1.=0to 20 mA — |20 |50 [ — [ 20 | 50 mV
Ripple Rejection f=120 Hz, Ta=25°C — |66 | — | — |66 | — dB
Short Circuit Current Limit Vaer=0, Ta=25°C — |100| — | — |100 | — mA
Temperature Stability Over Operating Temperature Range| — | 0.3 | 1 — (03} 1 %
Long Term Stability Ta=25°C — |20 | — [ — | 20 | — |mV/khr
Osclilator Section: g
Maximum Frequency C+=0.001 uF, Rr=2 KQ — |300| — | — [300 | — kHz g
Initial Accuracy Rr and Cr constant — |5 |—=—]1—=-15]— % ug
Voltage Stability V+=810 40V, Ta=25°C — =171 1=71=11 % 3
Temperature Stability Over Operating Temperature Range| — | — | 2 | — | — | 2 % ; %
Output Amplitude Terminal 3, Ta=25°C — |35| — | —|35]| — Vv g
Output Pulse Width (Pin 3) Cr=0.01 uF, Ta=25°C — |05 ]| — | —]05]|— us e
Ramp Voltage Low Pin 7 — |06 | — | — |06 | — \)
Ramp Voltage High Pin7 — |35 | — | — |35 | — \)
Capacitor Charging Current Pin7

Current Range (5-2 Vee)/RT 003| — | 2 j003) — | 2 mA
Timing Resistance Range Pin 6 1.8 | — |120|1.8 | — |120| KQ
Charging Capacitor Range Pin 7 0.001] — | 0.1 p.001| — | 0.1 uF
De.ad Time Expansion Capaclt'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 — 105|656 | — ] 2 |10 mV
Input Bias Current Vem=2.5V — 1 10 | — 1 10 HA
Open Loop Voltage Gain 72 |80 | — | 60 | 80 | — dB
Common Mode Voltage Ta=25°C 18| — [34 18| — |34 \
Common Mode Rejection Ratio Ta=25°C — |70 | —|— 70| — dB
Small Signal Bandwidth Av=0dB, Ta=25°C — 13| —1—13 | — | MHz
Output Voltage Ta=25°C . |05} — |38 [05| — |38 \
Amplifier Pole — |250 | — | — | 250 | — Hz
Pin 9 Shutdown Current External Sink — (200 — | — |200 | — MA
Comparator Section:
Duty Cycle % Each Output On 0 — |45 ]| 0 — | 45 %
Input Threshold Zero Duty Cycle — 1 - | — 1 — \
Input Threshold Max. Duty Cycle — |85 | — | — |35 ]| — \
Input Bias Current — |1 — |- 11 —_ 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 | 200 1 220 | mV
Sense Voltage T.C. — (02| — | — 02| — |mV/°C
Common Mode Voltage 1| =+ |1 ]| =]+ \
Rolloff Pole of R51 C3 + Q64 — ]300 — | — |300| — Hz

’ High

*Ramp voltage at Pin 7] | ow. where t = OSC period in microseconds

T t = RyCr with Cr in microfarads and Ry in ohms.
Output frequency at each output transistor is half OSC frequency when each output is used separately and |is equal to the OSC frequency
when each output is connected in parailel.
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CA1524, CA2524, CA3524

ELECTRICAL CHARACTERISTICS (Cont'd)

LIMITS
CHARACTERISTIC TEST CONDITIONS CA1524, CA2524] CA3524 UNITS
: Min. [Typ. [Max. [Min. [Typ. [Max.

Output Sectlon: (Each Output)

Collector-Emitter Voltage 40| — | — |40 | — | — \
Collector Leakage Current Vce=40 V — |01 |5 | — 01|50 HA
Saturation Voltage V+=40V, [c=50 mA — (o8| 2 | —]08] 2 Vv
Emitter Output Voltage . V+=20 V 17 |18 | — | 17 [ 18 | — \
Rise Time Rc=2 KQ, Ta=25°C — 02| — | — [02] — us
Fall Time . Rc=2 KQ, Ta=25°C — (ot | — | —]01] — us
Total Standby Current:® |g : V+=40 V ) — 4 10 | — 4 10 mA

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

REF SECTION

92CL-32686
Fig. 3 - Schematic diagram.
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CA1524, CA2524, CA3524

CIRCUIT DESCRIPTION
Voltage Reterence 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.

S e ann R R
yt=a0 1
e Y] Ln'°

Sanal f
= V+a20 I =20mA

IERANEEREENSS
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H
H
= vtes 1 20mAY]
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©
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Hfaudunussnsn;

p

REFERENCE VOLTAGE—V
A

"0 140
92CS-32668

60 -40 -20

20 40 60 80 [
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.
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Fig. 6 - Typical reference voltage as a function

of supply voltage.

Osclilator Section .

Transistors Q42, Q43 and Q44, in conjunction with an
external resistor Rr, establishes a constantcharging 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 comparator in the device. The charging currentis equal
to (5-2Vee)/Rr or approximately 3.6/Rr and should be kept
within the range of 30 uA to 2 mA by varying Rr. The
discharge time of Cr determines the pulse width of the
oscillator output pulse 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 [ 1p=25°C
vt=8 1040V

OUTPUT DEAD TIME-us
3
N

ot
_0.0001

€8 68
0.001 00| O
TIMING CAPACITOR (Ct}- uF

1
92CS-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=RrCr, where Rt is in ohms, Cris in
uF,and tis in 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 0-9C% 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
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92C3-32673
Fig. 8 - Typical oscillator period as a function
of Ry and Cx.

RrCr set for the correct period. Each of the remaining units
(slaves) must have a Ct of 2 the value used in the masterand
approximately a 10% longer RtCr period than the master.
Connecting terminal 3together on all units assures that the
master output pulse, which occurs first and has a wider
pulse 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",

Hout RL
where R =——— Ry=0, Ay « 10*
RourtRL

Since Rout 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.

80 RL*®
TOSRT e

N [
L %,

60|

<
RL=300RT Dy

¢

R T00Ka
0t o,

VOLTAGE GAIN—dB
PHASE ANGLE-DEGREES

Hise

| 11 L 1] | 111 1 IJ_I_’E_

2 468 2 468 2 468 2 4 68

104 10°
92CS- 32675

10°
FREQUENCY —Hz

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
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S
.
N

32 36
92C$-32674R1

08 1 16 2. 2.1
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 uA 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 results.

1] T *55° 10 125°C
I =50mA
v+:40V

OUTPUT SATURATION VOLTAGE (VOLTS)

-50 -25 25 50 75 100 125 150 175
AMBIENT TEMPERATURE (Tp)—°C
925-33240

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. Current limiting 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 versatility to drive either n-p-n or
p-n-p external transistors. Curves of the output saturation
voitage as a function of temperature and output current are
shown in Figs. 11 and 12, respectively.

There are anumber 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 (Tp )s25°C
vteg 1040V

°

OUTPUT SATURATION VOLTAGE -~V

80 100

20 40 6
OUTPUT CURRENT (I )—mA
92C5-32680

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.

Ql
Rgélzsgéucs—.q i
-
vt SECTION R
0uF]
GND
1L TO 1A
DEPENDING
ON CHOICE
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.

VREF:

5K POSITIVE
OUTPUT
VOLTAGES
ST
2.5V (RI+R2)
GND Vo™ =1
v RI R2

REF RIRZ « 25K

NEGATIVE
OUTPUT
GND VOLTAGES

92CS-32676

Fig. 14 - Error amplifier biasing circuits.

© VREF
CAI524
v’vs‘ REFERENCE
vy SECTION
v+ canNoT O
EXCEED 6V
NOTE:

vt SHOULD BE IN THE 5V RANGE
AND MUST NOT EXCEED 6V

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.

sKQ ©

92Cs-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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CA1524, CA2524, CA3524

—O Vg =5V

VoR
IMAx'I—(VTH*_O . )
"R RI+R2

VTH
SENSE Igc=-g— WHERE
+ 'S
{a)
& VIH=200mV

92CS-32677RI

Fig. 17 - Foldback current-limiting circuit used to
reduce power dissipation under shorted
output conditions.

ol
v o :} nl
[

it Lg +Vo
A { 1 ]
SBL A T vtevo

+Vo
_V+< Vo

L] — K -Vo
Sa R
Sg A 4 b

IvH>|vorl

92CS-32687

Fig. 18 - Capacitor-diode coupled voltage multiplier

output stages. (Note: Diode D1 is necessary
to prevent reverse emitter-base breakdown of
transistor switch Sa).

sa’Sp

V*>V0

v +Vo
+
Sa/Se I = Vicvo
Sa/Sg
vt 1€ -Vo
L Ivtl<l-vol
=
92CS-32678
Fig. 19 - Single-ended inductor circuits where the

two outputs of the 1524 are connected in parallel.

Table I - Input vs. Output voltage, and

Feedback Resistor Values for
1L=40 mA (For capacitor-diode
output circult in Fig. 21)
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Vo R2 V+ (Min.)
L)) (KQ) v)
-0.5 6 8
-2.5 10 9
-3 1 10
-4 13 11
-5 15 12
-6 17 13
-7 19 14
-8 21 15
-9 23 16
-10 25 17
-1 27 18
-12 29 19
-13 31 20
-14 33 21
-15 35 29
-16 37 23
-17 39 24
-18 41 25
-19 43 26
-20 45 27
vt—7p —
= Y
2 o—
Sp-
"
T FLYBACK
N I "
CA T
Sg
o
PUSH PULL
+ i
T Vo
v
~—*—WALF BRIDGE
7
T =
FULL BRIDGE 92CM-32681
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
outputtransistors 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
an output voltage.

Capacitor-Diode Output Circuit

A capacitor-diode output filter is used in Fig. 21 to convert
+15Vdcto-5Vdcatoutput currents up to 50 mA. Since the
outputtransistors 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

*For additional information on the application of this device and a
further explanation of the circuits below, see RCA Application Note
ICAN-6915 “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
3.

CA3524

INI3418
: :I 204F INI341B _sv
——4—1—Oz20ma
INI3418 RI=5KQ
A 4 L gp. RIUVOl+25)
50uF (VRgp—29)
= 92CM-32682

Fig. 21 - Capacitor-diode output circuit.

v
+28VO: [ — e O+ 5V 1A
o I 0.9 mH
5KQ |
R2 |
5Ka |
|
Ska 0 | IN3880
skas L@ - L =
ol & Bl 2 500uF
3k ® cassze L (o
] ’io.oz,.F ‘: —@ E
®
10.00I,‘F
%50 Ke
S =
O;
ola

92CM-32683

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 Q2in the push-pull application of Fig. 24.
Since the internal flip-fiop 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 S1 is used to go from a 5-V
output pulse (S1 closed) to a 2.5-V output pulse (S1 open)
with aduty 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 parallel (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.

vt
+5v O
+| 2’ gﬂ(ﬂ
Tioo,F
#T askql
SKQ
-AAA @_‘ @ IN13418
sKa @ 0,
—‘—— 2N6290
2 K @ @
,_.__/\N\,—(:)_ cassed  b—({a)—
1 O, ) CORE: FEROX CUBE
0.02 4F © 2213P—A250— 387
'NWE‘B 620“7 OR EQUIVALENT
©, 2 Pt 5100
Tool F’"AJ,.F
® . 2N2102 ?'ﬂ
= 92CM-32684
Fig. 23 - Flyback converter circuit.
vt
+28 VO
5KQ
5K
5Ka D2412A | n
5Ka ! O
207 T S5V
0.1 uF @ 5T 1500xF  5A
—) O
] 2KQ (© sT
-—'v\/v—@— 20T
0.01uF 8: D2412A
. 1+
=
® 100 uF
= 92CM-32685

Fig. 24 - Push-pull transformer-coupled converter.
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+5
|

VREFERENCE

TOPINS

I}

Ry

17252
10k DUTY CYCLE Y e o2 PINIS
ADJUSTMENT . s v gy Rfme  TORNG
k2 3 14 1 OUTPUT Ia
2k 4 13 1.5k 17251 17252
5 12 b4
= 6 " — L OUTPUT 2a
7 10 sk
s s _{I/ZSI
FREQUENCY i e
ADJUSTMENT CA3524
TOPINI
ouTPUT DUTY
SWITCH | PULSES CYCLE
si 0-5vV | 0-45%
s2 - 0-90%

92CM-33244

Fig. 25 - Low-frequency pulse generator.

The Variable Switcher

The circuit diagram of the CA1524, used as a variable-
output-voltage power supply is shown in Fig. 26. By
connecting the two output transistors in parallel, the duty
cycle is doubled, i.e., 0-90%.

As the reference voltage level is varied, the feedback
voltage will track that level and cause the output voltage to
change according to the change in reference voltage.

7-30V
36 Vp.c. é ° -VB A
20mH Teg o
oF 25wF
5 L2 = NON-
'y c3 POLAR
SI00uF |- %Y | [EOmA ST
o 100V IFILAR | O-fwl
D1-D2-IN206A WINDING
D3-D4-IN206B
: ’ ETURN
D5-RC47649 J.cs
Teasur
= NON-
| POLAR
R3 é cr &
10k T [ 15 14 3 12 1 10
RIO
2 OluF 16 k
R6 L
6 CAI524 -
cn
e 3 A 6 7 0.0IuF
Sk
R7
“2 lloo clo
Ro T
su.vzn
c8 15K 3300
T () = 1% Py e
2k O-1uf 1%
VOLTAGE =
CONTROL ?:21'353%0 oo 92CM-33243
fosc - 20 kHz

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 output in 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 PL1and 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

bridge-type divider network. As plate S is moved 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 null position the
signals from PL1 and PL2 as detected by S are equal in
amplitude, but opposite in phase. As Sisdriven 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 CA3160is
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 via the CA3161E and
CA3162E digital readout system, indicating the weight on
the scale.

COUPLED TO MECHANICAL

SCALE MECHANISM

JLr

OSCILLATOR
~ 20 KHz S
( PART OF ‘U—U-L
cAl524)
PL2

CA3130

NO WEIGHT

LML Fuce scate

oc
c PEAK TO LOW PASS | VOLTAGE
Ac PEAK FILTER
DETECTOR
DISPLAY
ORIVE
( PART OF
CAI524)
A
DIGITAL
METER
AND
DISPLAY

92CM-33242

Fig. 27 - Basic digital readout scale.
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o
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26R0
50K POWER
ADJ - 2nz907
®) (0 @@ [t EQuIV.
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Low OO a
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®
GAIN ‘oxa
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92CL- 33245RI

Fig. 28 - Schematic diagram of digital readout scale (cont'd).
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TO SCALE s
MECHANISM
<MECHANISM 910k 910k
3l
10
iz Ma L Ao4r L2
62k Tauf T T®
2% 30 2dma
1
4300 300 K
iy VV\'—J 2N4037 A
o= 25v 5
S c
L
sv =
(&)
=
a
w
O =
[e =1
[*=a &)
47K o oc
oo O
4700 pF u
_ATooe =
o
0oOtuF o

S2ak

92CL-33245

Fig. 29 - 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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CA3059
CA3079

Zero-Voltage Switches
For 50/60 and 400Hz Thyristor Control Applications

a HARRIS

August 1991

Features

* Relay Control

® Valve Control

* Synchronous Switching of Flashing Lights
* On-Off Motor Switching

e Differential Comparator with Self-Contained Power
Supply for Industrial Applications

* Photosensitive Control
* Power One-Shot Control
* Heater Control

e Lamp Control
Type Features

CA3059 CA3079

® 24V, 120V, 208/230V, 277V at 50/60 .... |/ N,
or 400Hz Operation

* Differential Input .......ceoveveinniinna. Y N

* Low Balance Input Current (Max) - pA.... 1 2

¢ Built-In Protection Circuit for............ v v
Opened or Shorted Sensor (Term 14)

® Sensor Range (RX) - K cveverenirnannnas 2-100 2-50

*DCMode (Term12) cvvvvinncncnenannnns v

* External Trigger (Term®6) .......cceucnen v

® External Inhibit (Term 1) ....cocvenanann. v

¢ DCSupply Volts (Max) «..ceeveuvnecnnnns 14 10

® Operating Temperature Range (°C) ..... -55to +125

Description

The CA3059 and CA3079 zero-voltage switches are
monolithic silicon integrated circuits designed to control a
thyristor in a variety of AC power switching applications for
AC input voltages of 24V, 120V, 208/230V, and 277V at
50/60 and 400Hz. Each of the zero-voltage switches
incorporates 4 functional blocks (see Fig. 1) as follows:

1. Limiter-Power Supply - Permits operation directly
from an AC line.

2. Differential On/Off Sensing Amplifier - Tests the
condition of external sensors or command signals.
Hysteresis or proportional-control capability may easily
be implemented in this section.

3. Zero-Crossing Detector - Synchronizes the output
pulses of the circuit at the time when the AC cycle is at
zero voltage point; thereby eliminating radio-frequency
interference (RFI) when used with resistive loads.

4. Triac Gating Circuit - Provides high-current pulses
to the gate of the power controlling thyristor,

In addition, the CA3059 provides the following important
auxiliary functions (see Fig. 1).

1. A built-in protection circuit that may be actuated to
remove drive from the triac if the sensor opens or shorts.

2. Thyristor firing may be inhibited through the action of an
internal diode gate connected to Terminal 1.

3. High-power dc comparator operation is provided by
overriding the action of the zero-crossing detector. This
is accomplished by connecting Terminal 12 to Terminal 7.
Gate current to the thyristor is continuous when Terminal
13 is positive with respect to Terminal 9.

The CA3059 and CA3079 are supplied in 14 lead dual-in-
line plastic packages. They are is also available in chip form
(H suffix).

Pinouts

CA3059
TOP VIEW

\J

INHIBIT [T] [14] FAIL - SAFE

DC suppPLY [2] 73] sEnsE AMP IN
HIGH CURRENT
NEG. TRIGGER [12] zcp oveRRIDE

TRIGGER OUT E E R DRIVER (COM)

Ac IN[5]

[10] R DRIVER VF

CA3079
TOP VIEW
\J
po Nor usk [1] 1] Do NoT use
DC SUPPLY [2] [13] SENSE AMP IN
HIGH CURRENT DO NOT USE
NEG. TRIGGER 12] boNoT us

TRIGGER OUT [4]

AC INE

11] R DRIVER (COM)

10] R DRIVER v+
9] SENSE AMP REF

TRIGGER IN [6] 9] sENSE AMP REF DO NOT USE [6]
COMMON [7] 8] common common [7] 8] common
CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. File Number 490_1

Copyright © Harris Corporation 1991
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MAXIMUM RATINGS, Absolute-Maximum Values at Ta = 25°C

DC SUPPLY VOLTAGE (BETWEEN TERMS. 2 AND 7):
[0 1 Ceetetetitetattttecarentantnans 14V
CA3079

CA3059

CA3079
PEAK SUPPLY CURRENT (TERMS. 5 AND 7) ..
OUTPUT PULSE CURRENT (TERM. 4) ...\uutitttttiititteteeeei ittt e e e et ettt e e ettt
POWER DISSIPATIONS:
UP 10 TA = 55°C = CAB059, CABD79 ... eiiiiieeteeeeteenanranneennetnnn e e e en e e e ee e e eaaaee s 700 mW
ADOVE TA = 55°C = CAB059, CABDTI ... eueenenetttttttettt e eeeeeeeee e et et et eeteeeereeeeeeeeeeenens Derate linearly 6.67 mW/°C
AMBIENT TEMPERATURE RANGE:
L0 T« O -55 to +125°C
£ - T T eeieeeas -65 to +150°C
LEAD TEMPERATURE (DURING SOLDERING)
At distance 1/16" & 1/32" (1.59 £ 0.79 mm) from case fOr 10 SECONS MAX. . ....eueuenenenrenareanananersiearenanseranansns +265°C
) MAXIMUM
CURRENT
MAXIMUM YOLTAGE RATINGS atTy = 25°C RATINGS
TERM- ITRA
waL [112)af a5l 6l 7|8 9|0|n|izsfie W | out
NO. Ngle qtelNe! ot ;; mA| mA
1 sl spr B0 f*1 ] rl*] 001
Note 3 0 (-2
- A
2 0 0 (2 (0 [07]0o™f0 {0 [0 | * {0 [0 ]i50{ 10
-15]-15 |[-14 |-14 [-14|-14 [-14 |-14 {-14 -14 |-14
0 - * * * - * * * * * * *
3 -15
* 2 . * * * * * * * * 0.1 150
4 -0
5 * 7 * * * * * - * 50 10
Note 1 -1
14 * * * * * * * * *
N£QJ (N
7 102546
0 0 251(0 |-6
o]« {={* 1] 2
8 0
9 e e x| e ]
‘o * » * * * *
‘I * * * * *
12 *[* ]50) 50
Note 3
]3 * * *
14 212
Note 3

This chart gives the range of voltages which can be applied to the terminals listed horizontally
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 (0to —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 Input Voltage | Input Series Dissipation Rating
& (50/60 or 400 Hz) | Resistor (Rs) for Rg
T_W G FoweR Vv AC kQ w
K 24 2 0.5
® 120 10 2
ac ) 208/230 20 4
VOLTAGE 277 25 5
NOTE:
100uF|s S L . .
sV Circuitry, within shaded areas, not included in
- CA3079
NTC SENSOR:- - see Chaf[

. 4 IC = Internal Connection - - DO
NEGATIVE TEMPERATURE COEFFICIENT

to CA3079).

Fig. 1 - Functional block diagram of CA3059 and CA3079.

. Rp Renson
4@ FOROC MODE F
______.f__b OR 400-Hz 100uF Lt "L coumon
— ) 7 oPERATION 15v T
' COMMON
R ~ 5K L s
0‘: H | —— - - _— - .
e | » Bl .
eor ' o7 o & ’ |
R2 7 R3 R,
l 27k 1ox 12x A !
03 6 I
, .
%!k Og Dy o. i
| Bl Bl % 3 4
. U RN I
o, 05 4 0F i
¥ Oa "
I R
Al 28k
| o ®
H lcommon
| - ]
c
! 4 i ’
| J ) %10
0,
| 0 r
! . ®
!
b4 ]
FAIL-SAFE dice ) e (D1c4 ic* fOmay
ALL RESISTANCE VALUES ARE IN OHMS INPUT COMMON INPUT rRicen
NOTE CIRCUITRY WITHIN SHADED AREAS
NOT INCLUDED IN CA3079 92eH-180

#1C+INTERNAL CONNECTION DO NOT USE (TERMINAL
RESTRICTION APPLIES ONLY TO CA3079)

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

All voltages are measured with respect to Terminal 7.

NOT USE

(Terminal Restriction applies only

or
(®wereasen

GATE DRIVE

10
THYRISTOR
GATE

7682

TEST CONDITIONS
Tp =25°C
CHARACTERISTIC {Unless Indicated Otherwise) LIMITS UNITS
Min. I Typ. [Max.
For Operating at 120 V rms, 50-60 Hz (AC Line Voltage)®
DC Supply Voltage, Vg
Inhibit Mode
At 50/60 Hz Rg=8k%, 1 =0 6.1 6.5 7 \%
At 400 Hz Rg=10kQ, I =0 — |68 | — | V
At 50/60 Hz Rg=5k&, I =2mA - 6.4 - v
Pulse Mode
At 50/60 Hz Rs=8k9, 1. =0 6 6.4 7 v
At 400 Hz Rg = 10KL, I =0 167 [ = | V
At 50/60 Hz Rg=5 K&, I =2 mA 163 | = | V
At 50/60 Hz (CA3058) Rg =8k, 1 =0 55| — 751 v
See Fig. 3 Tp=-565t0 +1250C : :
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ELECTRICAL CHARACTERISTICS (For all types, unless indicated otherwise)  (Cont'd)
All voltages are measured with respect to Terminal 7.
TEST CONDITIONS
TA = 250C
CHARACTERISTIC (Unless Indicated Otherwise) LIMITS UNITS
Min. I Typ. IMax.
For Operating at 120 V rms, 50-60 Hz (AC Line Voltage).
Gate Trigger Current, 'GTM) Terms. 3 and 2 connected,
See Figs. 4, 5(a) VgT=1V o e e
Ptleak C()L;J)tput Current (Pulsed), '\I'/erlm. 3 open, G=ate Trigger 50 84 _ mA
oM oltage (VgT) =0
With Internal Power Supply | Terms. 3 and 2 connected,
Gate Trigger Voltage (VgT)=0 90 124 - mA
Term. 3open, V=12V, Vgr=0 | - [ 170 | — | mA
With External Power Supply | Terms. 3 and 2 connected,
vt=12V,VgT=0 - 1290 | - | mA
See Figs. 5,6
Inhibit Input Ratio, Vg/Vp
See Fig. 7 Voltage Ratio of Term. 9 to 2 0.465| 0.485 |0.520| —
Total Gate Pulse Duration:*
For positive dv/dt, tp
50-60 Hz CexT=0 70 | 100 | 140 us
400 Hz CexT=0, RExT = — 12 — us
For negative dv/dt, ty
50-60 Hz CexT =0 70 100 | 140 us
400 Hz CexT =0, REXT = — 10 — s
See Fig. 8
Pulse Duration After Zero
Crossing (50-60 Hz):
For positive dv/dt, tpq CexT=0 - 50 — us
For negative dv/dt, ty REXT =% — 60 — us
See Fig. 8
Output Leakage Current, Ig
Inhibit Mode:
See Fig. 9 — |0.001 | 10 uA
Input Bias Current, I}
'CA3059 - 220 (1000 | nA
CA3079 = | 220 [2000] nA
See Fig. 10
Common-Mode Input
Voltage Range, VCMR Terms. 9 and 13 connected — [15t05| — \%
Sensitivity, AV13¢
(Pulse Mode) Term. 12 open - 6 — mV

See Figs. 5(a), 12

# 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
208/230V, and 277 V, except for Pulse Duration. However, the series rasistor (RS) must have the indicated value, shown in
the chart in Fig. 1, for the specified input voltage.
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120-V RMS, 50/60-Hz OPERATION
INPUT RESISTANCE (Rg) =10 k@

0.3k —O NO EXTERNAL LOAD
INHIBIT >
B
o
46k R e
Rs. >
5 s =
AC LINE 100uES Fes
@
262
o
K
) z.
EXTERNAL £
LOAD =
AL mﬁ:gucs VALUES (CURRENT 575 Lo LCrTre
75 50 -25 0 25 5 [
O AMBIENT TEMPERATURE (Tp)—*C
92854255
92CS-18065
ig. - upply voltage test circuit for .
Fig. 3(a) gf 3‘2;5‘)5 :nd CA!{?079. Fig. 3(b)—DC supply voltage vs. ambient temperature
for CA3059 and CA3079.
120 V RNS, 50/60-H2
AMBIENT TENPERATURE (T) = 25° C . 120 v Rus, S0/60-He . = 138
65 T AWBIENT TEMPERATURE (Ty) = 25° il
FEEE I
g 6.0] H - = 1 BHi
é A s s T
> s - - £ H
] H A i OV
3 s 2 2 }pr 305
8 Phan ER $
b} ALY H H
% £ omniEEey ;
4.0 W 3 HY
3 =
35 HH » i %
0 3 8 ::%Z_ oss
EXTERNAL LOAD CURRENT (IL) - mA assazst i it
Fig. 31c)—DC supply voltage vs. external load 0 3
current for CA3059 and CA30789. GATE TRIGGER VOLTS (V1)

92554258
Fig. 4—Gate trigger current vs. gate trigger
voltage for CA3059 and CA3079.

120-V RMS, 50/60-Hz
GATE TRIGGER VOLTS (VgT)*0

[zowal

AC LINE

0SCILLOSCOPE
H

Wi
HIGH-GAIN
1% |INPUT

EAK OUTPUT MILLIAMPERES (PULSED)

T AND 5 ¢
HEE
1 1T T
HHHHH
HHHHH
TERWS opehT
=ver
a 50
T WouF 75 50 -25 0 25 75 100 125
¢ AMBIENT TEMPERATURE (Tp)—°C
ALL RESISTANCE VALUES ARE IN OHMS . 92CS-18066
Fig. 5(a)—Peak output (pulsed) and gate trigaer current with Fig. &5 (bl—Pea:.autput current (;{w/sed} vs.
internal power supply test circuit for CA3059 ambient temperature for CA3059
and CA3079. and CA3079.
v
120 V RMS, 50/60-Hz OPERATION
AMBIE! A) = 25°C
— GATE TRIGGER VOLTAGE (Vep) = O V.
= TIT
S T
g ) HH
5 S
H G
&
= 4
2 s
E Janna
5
g
5
120V RMS 3
60 Hz % ”
]
0SCILLOSCOPE
WITI 0 S 5
HIGH-GAIN
INPUT EXTERNAL POWER SUPPLY VOLTS (v +)
ALL RESISTANCE st
VALUES ARE = .
IN OHMS Trer Fig. 6(b)—Peak output current (pulsed) vs.

= 5255 425081 external power supply voltage
Fig. 6(a)-Peak output current (pulsed) with external povfe';wsupply for CA33559. wely g
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120V RMS, 50/60-Hz OPERATION
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Fig. 7(b) - Input inhibit voltage ratio vs ambient temperature for CA3059
catepuLse | ACLNE and CA3079.
I NEGATIVE -
} dv dr
* 120 V RMS, 50/60-Hz OPERATION
R0 ’ E }\‘\ o ABENTT ATURE (T,) = 250 C
| "
- ™ -! “ T
N i H
= t
é o PSS /i)
= o LT
osciLLoscopE 2 FAFAA
HGh oA 4 o NEAT e
INPUT s 1
& -
o
3
3
2
g
-[ﬁu.i 0 0. 0.6 0.0 4 0.0! 0 0.0 0.0¢ .09
::; :‘:3.::;” CEVALUES  worE: f::: ':.'.3:;;",‘: é:;,,n,? AREA EXTERNAL CAPACITANCE [C(exm)| - F
Fig. 8(a) - Gate pulse duration test circuit with associated waveform Fig. 8(b) - Total gate pulse duration vs external capacitance for CA3059
for CA3059 and CA3079. and CA3079.
‘,; ™ 120V RMS 50/60-Hz } } . b @ 120 V RMS, 400-Hz OPERATION [
= o] AMBIENT (Ta) s 259C t AMBIENT TEMPERATURE (Ty) = 20¢]
z AN —
£ i s
. i IakeN
g T PN
N ol T =
& T " L 2
% neok™ i t ; 2
z My P in nae I 3
g U%é;\‘{r‘ “ jBs D 5 p (POSITIVE 4,/ |
H o3y S 3
Y i : 2
3 = : E ty (NEGATIVE dv/dr);
Az =
2l It T NN
T P
T SN AN NS NEE: 9
[ 00 0 004 0.0 00 oor 008 009 0. 10 100
EXTERNAL CAPACITANCE (C(EXT))- »F EXTERNAL RESISTANCE [Rigxm)| - k0

Fig. 8(c) - Pulse duration after zero crossing vs external capacitance Fig. 8(d) - Total gate pulse duration vs external resistance for CA3059.
for CA3059 and CA3079. 2.33



CA3059, CA3079

100g[-120 v RMS 50/ 60-Hz OPERATION V= 6V
~ [ INPUT RESISTANCE (Rg) =100 k&t O
S 4} NO EXTERNAL LOAD /
P
o
@
&
& 0
H i
o
Z . /
2
w
2 -
< /
w
]
.
5
2
&
5
o
Lot | | S S S S R — —
~60 -40 -20 20 40 60 80 100 120 140
AMBIENT TEMPERATURE (Ta)—°C =
92C$-18063 92554267
Fig. 9—Output leakage current (inhibit mode) vs. Fig. 10—Input bias current test circuit for CA3059
ambient temperature for CA3059'and and CA3079.

CA3079.

220 v Ams T I T
50760-Hr OPERATION CURVE

tp(FOR POSITIVE

a
8

220 V RMS, 50/60-Hz OPERATION
INPUT RESISTANCE (Rg)=20 k2

o
8
H
3
2
]
2
E
@
a
]
H
H
2
]
2
2
o

T
A 3 :

1 i 8 dv/dn) 1
z < 1 (FOR NEGATIVI z '
] o oATVE 2 Lo
H ° 5 I3
H . ]
a I € /K;-
% 209 Ba— 3 | _t+— | ———]
: / =T — g — ] ]
3 I e CURVE FREQUENCY
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Fig. 11—Relative pulse width and lacation of zero crossing for 220-volt operation for CA3059
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OFF

AL

CA3059,
CA3079

ton=067 R C) o I
R|(MAX VALUE ALLOWABLE)=IMQ 147067 R

92¢5-26715

Fig. 15—Line-operated thyristor control time

Fig. 14—Line-operated one-shot timer. delay turn-on circuit.

O "ow
OFF
10Ka
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R
Ry HE (0
=fCI
120v AC 2
60z
Re ® MT2
100uF
15Vl E"'\ 3 ca3059 0
INTC 0 i3
SENSOR s
7
3) (2
DHH
O—me _RiRe
TRz

Fig. 16—0n/off temperature control circuit with
delayed turn-on.

SWITCHED J’
LOAD

1

T23008
MAX LOAD=2 5A

]
o

CA3059
RECTIFIER

(3]

2}
TRIAC CONTROL

I~os

100 4
§[0 KQ [_—3
= R2
R6 68 KQ
SENSOR = 2 MQ
AN 1 R3
= 100 KQ RI
ReSET(II 16 3 5) (201
VoD (+) R7 =
OUTPUT COS/MOS PULSE GENERATOR 2
CD4040A CA3097E 2
12-STAGE THYRISTOR/ TRANSISTOR
COUNTER ARRAY 13
TERMINAL 1 GOES "HIGH"
(LOGIC "1") AFTER 2048 ® OGO E 6 C'I
PULSES ARE APPLIED RS L
TO TERMINAL 10 = 1 KQ
FOR 8 HR. DELAY: R4 =
Rl =12 MQ 0KQ
Cl=2uF L
92CM-26717

Fig. 17(a)—Line-operated IC timer for long time periods.
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e "DaY" NIGHT"
2 ————
SENSOR
ILLUMINATION | 2
» | S S—
COUNTER (TERM‘ NO.II) o
RESET  \OF CD4040, n
k—e ., BHRS —=!

“cLock” (TERM‘ NO.9 ) | PULSE PER/SEC. -— |
PULSES \OF CA3097E, |
G -

COUNTER ( TERM. NO. | )
OUTPUT \OF CD4040

o

iTERM. NO.6 OF CA3059 ;

TERM. NO.5 OF CA3097E
— ] —_—

TERM. NO. 4 OF CA3059
POWER IN LOAD

g

JENC RN ) Wv——

92CS-26718

Fig. 17(b)—Timing diagram for Fig. 17(a).

123028
120\ AC MAX. LOAD =2 5A
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ENERATOR,

|
RUN ¥
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i 16
€OS/MOS 5
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o000l =-C2

14-STAGE
BINARY- COUNTER

Iiiilfﬁ’

PROGRAMMING
INTERCONNECTIONS.

CD4048A
EXPANDABLE

8-INPUT GATE

== 92CL-26589R!

Fig. 18(a)—Progr ble ultra line-operated timer.
(ngrammable over the range from 0.5333
to 2 16 Is in 0.5333-
second increments)
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Efzgﬁgﬁ 1t 2t 4t 8t 16t 32t 64t 128t t

Terminals

CD4020A a b c d e £ g h

CD4048A A B C D E F G H
C NC NC NC NC NC NC  NC 1t
NC C NC NC NC NC NC NC 2t
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 6t
C c € NC NC NC NC NC 7t
NC NC NC C NC NC NC  NC 8t
C NC NC C NC NC NC NC 9t
NC C NCC NC NC NC NC 101t
C C N C NC NC NC NC 11t
NC NC C C NC NC NC NC 121
C NCC C NC NC NC NC 13t
NC C C C NC NC NC NC 141
C ¢ cC C NC NC NC NC 151

C cC C ¢ NC Cc C NC 111t
NC NC NC NC C c Cc NC 12t
[ NC NC NC C [ C NC 13t
[ c ¢ c C Cc C Cc 255t

Notes:
to = Total time delay =nq t+ngt+...nut.
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).

AC

SUPPLY

VOLTAGE /\W//\/\J
|
|

CA3059 ' |

OUTPUT

(PINS 4 AND 6) 1]
1!
1

CD4048A /

OUTPUT /

AC IN LOAD //I

(Ry)

92€sS-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
shownin 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 k§
dropping resistor.

0o—
e 4-10
{0.102-0.254)
i

59-67

2. Set the value of Rp and sensor resistance
(Rx) between 2 kS2 and 100 kS2.

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.

Di 7 in parenth are in s and
are derived from the basic inch dimensigns
as indicated. Grid gradations are in mils ( 10—3 inch).

(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 and CA3079H.
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2 HARRIS CA3085, CA3085A

CA3085B

Positive Voltage Regulators

August 1991 From 1.7V to 46V at Currents Up to 100mA

Features

e Up to 100 mA Output Current
® Input and Output Short-Circuit Protection

¢ Pin Compatible with LM100 Series
® Adjustable Output Voltage

Applications

* Shunt Voltage Regulator

e Current Regulator

* Switching Voltage Regulator

* High-Current Voltage Regulator

* Dual Tracking Regulator

e Load and Line Regulation ......ccceceuvenns

e Combination Positive and Negative Voltage Regulator

beyond 12 mA.

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

Description

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 lim-
iting, and booster input. These devices are useful in a wide range of
applications for regulating high-current, switching, shunt, and posi-
tive 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 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 30V (CA3085), 7.5 to

40V (CA3085A), and 7.5 to 50V (CA3085B) and a minimum
VIN Vour MAX MAX LOAD regulated output voltage of 26V (CA3085), 36V (CA3085A), and 46V
RANGE RANGE | loyt |REGULATION| (CA3085B).

TYPE v v mA % VouTt These types are supplied in the 8 lead TO-5 style package (CA3085,
CA3085 7.5t0 30 1.81026 12* 0.1 CA3085A, CA30858, and the 8 lead TO-5 with dual-in-line formed
CA3085A 751040 171036 100 0.15 leads (“DIL-CAN", CA3085S, CA3085AS, CA30858S). The CA3085

is also supplied in the 8 lead dual-in-line plastic package (“MINI-
CA3085B | 7.5t050 | 1.7t0d6 | 100 015 DIP", CA3085E), and in chip form (GA3085H).

Pinouts Functional Block Diagram
8 LEAD PLASTIC DIP
TOP VIEW
. COMPENSATION AND
V, EXTERNAL INHIBIT
our [1] | 8] CURRENT LimiIT UNREGULATED CURRENT (3) (D)
CURRENT INPUT (V'IN) BOOSTER
2 7] coMpanmierr || — — — — —— — — [ — — — — —_—
BOOSTER 7] ! [ comar] 1
vtin 3] 6] - jw
v- [4] 5] Veer

| STARTING
I CIRCUIT
8 LEAD TO-5 DIL-CAN I REGULATED
8 LEAD TO-5 STYLE | | ouTPut
ZRRLRY | |
LIMIT | |
out [ R B
SUBSTRATE CURRENT
N ® umiming
CURRENT
BOOSTER
vt in G
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. File Number 49 1 _1

Copyright © Harris Corporation 1991
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CA3085, CA3085A, CA3085B

MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES at Ta= 25°c
POWER DISSIPATION: WITHOUT HEAT SINK| WITH HEAT SINK (TO-5 ONLY)

uptoTA=55%C ............... 630 mW upto Tg = 65°C ....1.6 W
above Tp = 55°C  derate linearly @6.67 mW/°C| above Tc = 55°C . . .. derate linearly at
16.7 mW/°C

TEMPERATURE RANGE:

Operating ................ —55 to +125°C

Storage —65 to +1500C
UNREGULATED INPUT VOLTAGE:

CA3085 ............. U oV

CA3085A .......... e a0V

CA3085B ..................... 50 V

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

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

voltage range between vertical Terminal No. 7 and horizontal 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 | Uin louT
No. No. mA | mA
+5 . . . . . +10 *Voltages are not normally
5 - | -5 0 applied between these 5 10 10
. . R . . . terminals; however, voltages
6 -~ appearing between these:' 6 10 -0.1
+3 +3 . . +1 terminals are safe, if the .
7 I “ | -] -10 0 specified voltage limits 7 1.0 -1.0
+5 N R R between all other terminals
8 - - - - 1 are not exceeded. 8 0.1 10
1 T _T1T_1T _T+#o[ of + 130V for CA3085 1 20 150
-i | -1 0 40V for CA3085A
2 I O O O O O I 50V for CA30858 2 | 150 0
- 0
3 -l -1-1-1-]-1-1n*® 3 | 150 60
0
4 - - - - - - — | Substrate 4 - -
& Case
v+ N @ °
UNREGULATE Rs
INPUT 500
<
COMPENSATION
Ry 2 AND
40k EXTERNAL
INHIBIT

P
Q3

VREF,
ALL RESISTANCE VALUES

Q14 CURRENT
BOOSTER

®
CURRENT REGULATED

V.
ARE IN OHMS suBsTRATENPUT  LIMITING - ouTPUT
92C5-'8092

Fig.2—Schematic diagram of CA3085 Series.
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ELECTRICAL CHARACTERISTICS

CA3085, CA3085A, CA30858

TEST CONDITIONS LIMITS
Test Tp= 25°C 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 V+|N =15V 1.4 1.6 1.8 1.5 1.6 1.7 15 16 1.7 \
vHin= 30V - 33 45 — - - - - -
Quiescent Regulator +|N —
Current lquiescent 4 vy = 0V - - - - 3.65 5 - - - mA
VN = 50V - - - - - - - 4.05 7
Input Voltage Range | V|N(range) - - 7.5 - 30 7.5 - 40 1.5 - .50 v
Maximum Output V*]N = 30,40,50V#; R =3659;
\ 8 ‘ . 7 - 36 37 - 46 47 - \
Voltage Ofmax.) 4 Term. No. 6 to Gnd. B 2
Minimum Output Voimin.) 4 VN = 30V - 1.6 1.8 - 1.6 17 - 1.6 17 A
Voltage
Input-Output Voltage |y, your| - - 4 - | 28 | a - |38 |3as | - |4 | v
Differential
; viin= 16v. ViouT = 10V g
Limiting Current Ium 7 IN -V out - 96 120 - 96 120 - 96 | 120 mA =
Rscp* = 692 %
- |1L= 110100mA, Rscp= O - - - ~ loo02s | 015 — [o0025 015 W g
IL= 1to 100mA, Rscp = 0 Q2
Load Regu!a(non' - - - - - - 0035 | 06 - 0.035 | 0.6 |%V o o
Ta = 0°Cto +70°C out a o«
[+ = &)
- IL= 1t012mA, Rgcp= 0 - 0003 0.1 - - - - - - ;
- Ip=1mA,Rscp= 0 - 0.025 0.1 - 0.025 | 0.075 - 0.025 | 0.04 8
Line Regulation® - I = 1TmA, R =0 Y
¢ S BN ~ fooa o1 | - |ooa]or | - |ooa |oos | PV
Ta = 0°C to +70°C
i C =0 - 0.5 - - 05 - - 05 -
Equivalent Noise vnoise| 11 V+IN = 25V REF mV p-p
Qutput Voltage CREF = 0.22uF - 0.3 - - 03 - - 0.3 -
viin= 25V |C =0 - 50 - - 50 - 45 50 -
Ripple Rejection - 12 IN REF dB
f= 1kHz CREF = 2uF - 56 - - 56 - 50 56 -
Qutput Resistance o 12 vYn= 25V, 1= 1kHz - 0.075 1.1 - 0.075 0.3 - 0.075 0.3 Q
Temperature Coef- AV
ficient of Reference REF. - {1L=0,VRer = 1.6V ~ |oo03s| - - looo3s| - - Jooozs| - |wCc
AV,
and Output Voltages
Load Transient
Recovery Time:
Turn On 10N 1% VN = 25V, +50mA Step - 1 - - 1 - - 1 - us
Turn Off tOFF VYN = 25V, —50mA Step - 3 - - 3 - - 3 - us
Line Transient
Recovery Time:
Turn On tON - + - 08 - - 0.8 - - 0.8 - us
VYN = 25V, f= 1kHz, 2V Step
Turn Off tOFF - - 0.4 - - 0.4 - - 04 - us
#30V (CA3085), 40V(CA3085A), 50V(CA3085B) AVout (AVQ T)
. ) o . . ® Load Regulation = ——————— X 100% 4 Line Regulation = X 100%
RSCP: Short-circuit protection resistance €9 Voyrlinitial) g [VOUT(ini(ial)] (av,y)

A WHITE

Tl
STANCOR TP3

BLACK
GREEN

120V
60Hz

oF

BLACK RED

Yout

SuF
35V

VouT = 35V 10 20V (0 T0 90mA)
REGULATION = 0 2% (LINE AND LOAD)
RIPPLE < 0.5mV AT FULL LOAD

e

92€5-18093

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

e
IQUIESCENT
CONNECT
TEST IR._ |v|,4 TERM.N0,6| S 00pF
VREF. o |+16|OPEN OPEN
IQUIESCENT| o |+ 40 [oPEN OPEN
Vour (MAX.)| 3650| + 40 |GROUND | CLOSED
Vour (MIN.) | 10k | +30 [TERM.NO.1| OPEN

Fig.4—Test circuit for VREF, lquiescent, Voyrimax.),

92Cs-18094
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Fig.6—Normalized Iqyjescent vs- TA-
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(RI . uz) Vout = 1oV
*Vout = L&\ Tgy
“THE LIMITING CURRENT IS L
INVERSELY PROPORTIONAL TO
RsCp (SHORT-CIRCUIT PROTECTION RESISTANCE)
92CS-18097

Fig.7—Test circuit for limiting current
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CA3085, CA3085A, CA30858B

TEST CIRCUITS AND TYPICAL CHARACTERISTICS CURVES FOR CA3085 SERIES
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Fig. 10—Line regulation temperature characteristics.
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Fig.12—Test circuit for ripple rejection and output resistance.
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Fig.11—Test circuit for noise voltage.

CIRCUITS

TEST PROCEDURES FOR TEST CIRCUIT FOR
RIPPLE REJECTION AND QUTPUT RESISTANCE
Output Resistance
Conditions:

POWER PROCESSING

1. Vin = +25V,Crgf = O, Short Ey
2. Set Egpat 1kHz so that Ep = 4V rms

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

4. Calculate Ryt from RoyuT = VouT (|nl_/52 )
Ripple Rejection —

Conditions:

1. VN = +25V,CRgf = O, Short E2

2. Set Egy at 1kHzso thatEq = 3V rms

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

4. Calculate Ripple Rejection from 20 log (E1/VoyT)
Ripple Rejection — 11
Conditions*

1. Repeat Ripple Rejection | with CREF = 2 uF
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Fig.13—rg vs. f.
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CA3085, CA3085A, CA3085B

TEST CIRCUIT AND TYPICAL CHARACTERISTICS CURVES FOR CA3085 SERIES
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Fig.15—Temperature coefficient of VRgF and VQUT. Fig.17—Dissipation limitation (ViN—VOUT vs. loUT).
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Fig.16—Turn-on and turn-off recovery time test circuit with
associated waveforms.



CA3085, CA3085A, CA3085B

TYPICAL REGULATOR CIRCUITS USING THE CA3085 SERIES

Vin ;YPE
IN5497
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__L 1005F
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92Cs-19003 'ouT )
o E=
g3
Fig.18—Typical high-current voltage regulator circuit. o
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Fig.19—Typical current regulator circuit. Q1 RCA-2N2102 OR EQUIVALENT Vout Ry
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Fig.21—Combination -positive and negative voltage regulator
circuit.
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Fig.20—Typical switching regulator circuit.
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3 HARRIS

HV250

PRELIMINARY Half Bridge

Copyright © Harris Corporation 1991

* Offered at a later date.

May 1991 Complementary MOSFET Driver
Features Description
e Bipolar or Unipolar Supply Operation The HV250 is a monolithic dielectrically isolated high volt-
* Wide Supply Range ......... +40V to +450V, -100V  age integrated circuit. The circuit provides an interface from
: digital signals to the gates of complementary power
o Complete MOSFET Protection
o Hi h;:) tput to Logic S Iv Isolati MOSFETSs. The circuit has wide supply voltage range, from
59 utput to Logic Supply Isolation 80VDC to 450VDC in unipolar connection or £40VDC to
© High Peak Output Current ...............cceeenen 2A  4+450VDC and -100VDC. In addition the logic supply can
® Fast Switching Times ..........ccvvvvinnnaen. 100ns float within the high voltage rails.
° FrequencyRange ......cccceveveennnnnnn DC -30kHz
The inputs are TTL compatible when the logic supply is 5V,
A pp lications but will operate up to 15V logic supply.
* High Switchmode Power Supplies The outputs provide up to 2A current spikes to drive the
» PWM Servo Drives gates of power MOSFETSs. The actual voltage that the gates
« Stepper Motor Drives are driven to is set by the user, up to 20V for Vgs.
* DC'—DC Con.verters i Also on board the chip is an overcurrent sense circuit,
* Uninterruptible Power Supplies which independently sense overcurrent on the high side
) 3 and the low side. An overcurrent condition sets a latch that
Ordering Information disables both outputs. In order to enable the output the
reset input must be toggled.
PART TEMPERATURE
NUMBER RANGE DESCRIPTION
HV250CP 00C <TA < +75°C 16 Pin Plastic DIP
HV250IP -400C < Tp <+859C | 16 Pin Plastic DIP
HV250MJ* -550C < Tp < +1250C | 16 Pin Ceramic DIP
Pinout Functional Diagram
HV250CP (16 PIN PLASTIC DIP)
TOP VIEW HiaH S0 Vee 1
| SWITCH |
\J
e [] ] + ocs | o> oo |
+v [2] [15] vee |
INt E——«DO—E our
FAULT [4] [13] +veL
-v [&] [17] outz
RESET [7] [10] Vee
Ne [&] [s] -ocs e |
RESET —BJ-_ FAULT
R
FMowsee | | — ol
l SWITCH F F I ]
: ouT2 :
| o> |
b o N
CAUTION: These devices are itive to el ic discharge. Proper 1.C. handling procedures should be followed. File Number 2846
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Specifications HV250

Absolute Maximum Ratings

Operating Temperature Range

Voltage Between +Vgand-Vg ......ooovvuiieinnnninnnes .500V  HV250CP 00C < Tp < +75°C
Voltage Between +Vjand -V HV250IP . . =400C < Ta < +850C
Voltage Between -Vgand-V| ......ocviiiiiiiiiiinninnan, 250V HvVa2s50MJ* -550C < Tp < +125°C
Peak Output CUIment . ... .cvnniit i iecianeeeacnnnas Storage TemperatureRange ............. -650C < Tp < +1500C
Logic Input Voltage ....... Maximum Junction Temperature..........cocvveiiaene.n +175°C
Over Current Sense to| Vs |
FaultOutputCurrent ... ..ciiiiiii ittt inannns * Offered at a Later Date
Electrical Specifications Vcg = +40V, VEg = -40V, CL_ = 10nF, V|_ = 5V Unless Otherwise Specified
HV250CP, HV250IP
PARAMETER TEMP MIN TYP MAX UNITS
INPUT CHARACTERISTICS
Input Voltage, High (ViH) Full 24 - - \
Input Voltage, Low (Vi) Full - - 0.8 v
Input Current (lj4) +250C - - 300 pA
Full - - 300 pA
Input Current, Low (lj) +250C -150 - - pA
Full -150 - - pA
Overcurrent Input Threshold +250C 80 100 120 mV
Full 75 100 125 mV
TRANSFER CHARACTERISTICS
Turn-On Delay (Tp1, Tp3) +250C - - 1 us
Full - - 1 ps
Turn-On Delay Skew (Tp1, Tp3) +250C - +300 - ns
Full - +300 - ns
Turn-Off Delay (Tp2, TD4) +250C - - 1 us
Full - - 1 us
Turn-Off Delay Skew (Tp2, Tp4) +250C - *100 - ns
Full - +100 - ns
Current Limit Sense to Output Turn-Off Delay +250C - 500 - ns
Full - 500 - ns
Current Limit Sense to Fault Output Turn-Off Delay +250C 50 - 150 ns
Full 50 - 150 ns
Reset Delay (Tpg) +250C - 500 - ns
Full - 500 - ns
OUTPUT CHARACTERISTICS
Output Rise Time Full - 100 150 ns
Output Fall Time Full - 100 150 ns
OUT1 Voltage (High) Full +Vg-0.2 - - \
OUT1 Voltage (Low) Full - - +Vg-19 \
0OUT2 Voltage (High) Full -V +19 - - v
OUT2 Voltage (Low) Full - - -Vg +0.2 v
Fault Output (VoR) Full 45 - - \
Fault Qutput (VoL ) Full - - 0.8 v
POWER SUPPLY
Icc Full - - 200 pA
IEE Full - - 200 pA
IL Full - - 4 mA
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HV250

Parameter Definitions (Refer to Switching Waveforms)

SYMBOL DEFINITIONS
Tp2 Delay time as measured from the logic input high to low transition (1 to 0) at the 10% point, to the 10% point of the
. output transition for the high side switch.
Tp1 Delay time as measured from the logic input low to high transition (O to 1) at the 10% point, to the 10% point of the
output transition for the high side switch.
Tp4 Same as Tpp-1 for the low side switch.
Tp3 Same as Tp1-1 for the low side switch.
TR1 Output rise time from the 10% - 90% points for the high side switch.
TR2 Output rise time from the 10% - 90% points for the low side switch.
TF1 OQutput fall time from the 10% - 90% points for the high side switch.
TF2 Output fall time from the 10% - 90% points for the low side switch.
Tps Delay time as measured from the overcurrent input 10% point to the fault output high to low transition at the 10%
point.
Tpe Delay time as measured from the reset input 10% point to the fault output low to high transition at the 90% point.
Tpo7 Delay time as measured from the overcurrent 1 input 10% point to output 1 low to high transition at the 90% point.
Tps Delay time as measured from the overcurrent 2 input 10% point to output 2 high to low transition at the 10% point.
Switching Time Test Circuits
+‘rvL + ‘;Is
.T_I 4.7pF 11 0.10F
INPUT O——

AL
4
©

—-Dc —O0 OUTPUT _Do_
INPUT O——ri—] 2 0 OUTPUT
L
T~C

T ! I !

v -Vg -V -Vg
PV —— — — 90%
INPUT2
-0.4v T
D4
Tr2
Vgrtev— — |1
90% | 90%
OUTPUT2
10% | 10%
.vs

FIGURE 1. INVERTING DRIVE SWITCHING TIME (HIGH SIDE) FIGURE 2. NON-INVERTING DRIVER SWITCHING TIME

(LOW SIDE)
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HV250

Overcurrent Test Waveforms

IRCUI OVERCURRENT
OVERCURRENT TEST CIRCUIT INPUT  200mV__
v (10R2) 1% — \\
g ov
ouTt +V, To7
S
1| ne
[ +Vg -20
poLsEL T VL o v Tpg
UT2 - Vgt 20
RS —T {31 s x
10%
——{ 4] FauLT -Vg —(—
PULSE
e B FAULT sV Tos T
sl -v, OUTPUT X 90%
PULSEL ~ 'L 08V — L ==10% S
7| ReseT Tos
NG RESET v-— — — —
(g] INPUT 1% _; \
ov

POWER PROCESSING
CIRCUITS
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3 HARRIS

PRELIMINARY

May 1991

HV255

Half Bridge
Complementary MOSFET Driver

Features

* Bipolar or Unipolar Supply Operation
e Wide SupplyRange ................
e Complete MOSFET Protection

* High Output to Logic Supply Isolation -

+40V to £225V

® High Peak Output Current ........... ceerieaneaes 2A
® Fast Switching Times .......cceevveieinennns 100ns
° FrequencyRange .............. ...10kHz to 100kHz
Applications

e High Switchmode Power Supplies

Descript)'on

The HV255 is a monolithic dielectrically isolated high volt-
age integrated circuit. The circuit provides an interface from
digital signals to the gates of complementary power
MOSFETs or IGBTs. The circuit has wide supply voltage
range, from 80VDC to 450VDC in unipolar connection or
+40VDC to £225VDC. In addition the logic supply can float
within the high voltage rails.

The inputs are TTL compatible when the logic supply is 5V,
but will operate up to 15V logic supply.

The outputs provide up to 2A current spikes to drive the

* PWM Servo Drives

e Stepper Motor Drives

e DC-DC Converters

e Uninterruptible Power Supplies

gates of power MOSFETSs or IGBTSs. The actual voltage that
the gates are driven to is set by the user, up to 20V for Vgs.

Also on board the chip is an overcurrent sense circuit,
which independently sense overcurrent on the high side
and the low side. An overcurrent condition sets a latch that

Ordering Information disables both outputs. In order to enable the output the

reset input must be toggled.
PART TEMPERATURE
NUMBER RANGE DESCRIPTION
HV255CP 09C < TA<+759C | 16 Pin Plastic DIP
HV255IP -400C < TA < +859C | 16 Pin Plastic DIP
HV255MJ* -550C < Ta < +1259C | 16 Pin Ceramic DIP
Pinout Functional Diagram

HV255CP (16 PIN PLASTIC DIP)

TOP VIEW ’ HIGH SIDE vee |

v l SWITCH l

N [T] 6] +ocs | +ocs D J oo |

+v 2] 18] vee | |

IN1 E_-DO—E ouT1 | L |

FALT 4] EE | Tl =t

IN2 E_D_LE VL N1

[11] our2 1

v [6]

RESET [7] 10] Vgg

NG [8] 9

-0cs

IN2 ¢

RESET s
R

o> 17 |

CAUTION: These devices are sensitive 1o electrostatic discharge. Proper 1.C. handling procedures should be followed.
Copyright © Harris Corporation 1991 * Offered at a later date.
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Specifications HV255

Absolute Maximum Ratings

Voltage Between +Vg and -Vg
Voltage Between +Vjand-V|......

Voltage Between -Vgand-V| .....

Peak OutputCurrent .............

LogicInputVoltage .............. .
Over Current Sensa to| Vs PPN
FaultOutputCurrent . ...c.ovviiiiiiiiiiiiiii i

Operating Temperature Range

HV2B5CP ..vvviiiiniiiiiiiiiiaiiieininen 0°C < TA <+75°C
HV255IP ....=400C <Tp < +85°C
HV255MUJ*. ..ttt -550C < Ta <+125°C
Storage Temperature Range ............. -650C < Tp < +1500C
Maximum Junction Temperature. ........cooevevennnnn. +175°C

* Offered at a Later Date

Electrical Specifications Vg = +40V, VEg = -40V, C_ = 10nF, V|_ = 5V Unless Otherwise Specified

HV255CP, HV2551P
PARAMETER TEMP MIN TYP MAX UNITS
INPUT CHARACTERISTICS
Input Voltage, High (V|H) Full 24 - - \"
Input Voltage, Low (V1) Full - - 0.8 v
Input Current (Ij4) +259C - - 300 pA
Full - - 300 pA
Input Current, Low (I ) +250C 150 - - BA
Full 150 - - pA
Overcurrent Input Threshold +250C 80 100 120 mV
Full 75 100 125 mV
TRANSFER CHARACTERISTICS
Turn-On Delay (Tp1, Tp3) +250C - - 1 us
Full - - 1 us
Turn-On Delay Skew (Tp1, Tp3) +250C - +300 - ns
Full - +300 - ns
Turn-Off Delay (Tp2, Tp4) +250C - - 1 us
Full - - 1 ps
Turn-Off Delay Skew (Tpo, Tpg) +250C - +100 - ns
Full - +100 - ns
Current Limit Sense to Output Turn-Off Delay +250C - 500 - ns
Full - 500 - ns
Current Limit Sense to Fault Output Turn-Off Delay +250C 50 - 150 ns
Full 50 - 150 ns
Reset Delay (Tpg) +250C - 500 - ns
Full - 500 - ns
OUTPUT CHARACTERISTICS
Output Rise Time Full - 100 150 ns
Output Fall Time Full - 100 150 ns
OUT1 Voltage (High) Full +Vg-0.2 - - v
QOUT1 Voltage (Low) Full - - +Vg-19 v
OUT2 Voltage (High) Full -Vg +19 - - v
OUT2 Voltage (Low) Full - - -Vg +0.2 \
Fault Output (Vo) Full 45 - - \
Fault Output (VoL) Full - - 0.8 \
POWER SUPPLY
Icc Full - - 200 pA
IEE Full - - 200 pA
I Full - - 4 mA
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HVvV255

Parameter Definitions (Refer to Switching Waveforms)
SYMBOL DEFINITIONS
Tp2 Delay time as measured from the logic input high to low transition (1 to 0) at the 10% point, to the 10% point of the
output transition for the high side switch.
Tp1 Delay time as measured from the logic input low to high transition (O to 1) at the 10% point, to the 10% point of the
output transition for the high side switch.
Tpa Same as Tpp-1 for the low side switch.
Tpos Same as Tp1-1 for the low side switch.
TR1 Output rise time from the 10% - 90% points for the high side switch.
TR2 Output rise time from the 10% - 90% points for the low side switch.
TF1 QOutput fall time from the 10% - 90% points for the high side switch.
Tr2 Output fall time from the 10% ~ 90% points for the low side switch.
Tps Delay time as measured from the overcurrent input 10% point to the fault output high to low transition at the 10%
point.
Tpe Delay time as measured from the reset input 10% point to the fault output low to high transition at the 90% point.
Tp7 Delay time as measured from the overcurrent 1 input 10% point to output 1 low to high transition at the 90% point.
Tps Delay time as measured from the overcurrent 2 input 10% point to output 2 high to low transition at the 10% point.
Switching Time Test Circuits
+V, + V,
o L ° S
A 4.7pF $10.1;;F
INPUT O——— —Dc 0 OUTPUT
o~CL
—D—-‘ INPUT O—r
= s
-V Vg
+5 —
90%
INPUT1
- 0.4V
Tpa
- Ve Vg + 18V | i TF2
s 90% 0% ST T T T T 90% | 90%
OUTPUT1 OUTPUT2
+v§_18v____._______lg§ 10% -vg 10% —| 10%

FIGURE 1. INVERTING DRIVE SWITCHING TIME (HIGH SIDE) FIGURE 2. NON-INVERTING DRIVER SWITCHING TIME

(LOW SIDE)
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HV255

Overcurrent Test Waveforms

OVERCURRENT
OVERCURRENT TEST CIRCUIT T 200mv_
(10R2) 10% —
v ; \
cc o
ourtt +V, Tor
v 5_7 0%
NC  +0CS +Vg-20
v %
o OU‘:: ouT2 -Vg+20 _x Tos
10%
FAULT  + Vg Vg — —
IN2 -VeL FAULT sV Tos ————
v ouT2 OUTPUT X 0% /| 90%
L 08V — | =
RESET  Vgg Tos
RESET e —— — T
Nc  -0Cs INPUT _7
10%

AA
\
o
(=}
<

POWER PROCESSING
CIRCUITS
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3 HARRIS

PRELIMINARY

May 1991

HV350

Half Bridge
N-Channel MOSFET Driver

Features
e Unipolar Supply Operation

e Wide SupplyRange .............

e Complete MOSFET Protection

... +40V to +450V

* High Output to Logic Supply Isolation

* High Peak Output Current

e Fast Switching Times............
* FrequencyRange ...............

Applications

* Switchmode Power Supplies

o PWM Servo Drives

e Stepper Motor Drives

* DC-DC Converters

e Uninterruptible Power Supplies

Ordering Information

PART
NUMBER

TEMPERATURE
RANGE

DESCRIPTION

HV350CP 09C <Tp < +75°C

16 Pin Plastic DIP

HV350IP -400C < Tp < +85°C

16 Pin Plastic DIP

HV350MJ* -550C < Tp < +1250C

16 Pin Ceramic DIP

Description

The HV350 is a monolithic dielectrically isolated high volt-
age integrated circuit. The circuit provides an interface from
digital signals to the gates of totem pole power MOSFETs
or IGBTs. The circuit has wide supply voltage range, from
40VDC to 450VDC. In:addition the logic supply can float
within the high voltage rails.

The inputs are TTL compatible when the logic supply is 5V,
but will operate up to 15V logic supply.

The outputs provide up to 2A current spikes to drive the
gates of power MOSFETs or IGBTs. The actual voltage that
the gates are driven to is set by the user, up to 20V for Vgs.

Also on board the chip is an overcurrent sense circuit,
which independently sense overcurrent on the high side
and the low side. An overcurrent condition sets a latch that
disables both outputs. In order to enable the output the
reset input must be toggled. An oscillator and charge pump
current are integrated for high side operation.

Pinout

HV350CP (16 PIN PLASTIC DIP)

TOP VIEW

cp 0] ~
Ne [2]
+v 3]
i [=]

FauLT [5]

18] + VoL
15] ouT1
[19] FoBk
[13] +ocs
12] -voL

IN2 E—D—IE our2

v [7

RESET [8] 9

E Vee

-ocs

Functional Diagram

[
i

.ow—D—

CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed.
Copyright © Harris Corporation 1991 * Offered at a later date.

2848

File Number
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Specifications HV350

Absolute Maximum Ratings

Voltage Between +Vgand-Vg ....coovvvninvienenennnnnnn
Voltage Between +Vjand -Vj. ..
Voltage Between -Vgand-Vj ........... ..
Peak OutputCurrent . ....oviieiiiiiiiiinnieinneeinneannas
LogicInputVoltage ......coeviiiiiiniiiiiiiiiiiiininneenns

Over Current Sensa to| Vs |
FaultOutputCurrent ......oviiiiiiiiiiiiiiiiiiiiiieenn.

Operating Temperature Range

HV350CP ..uiiiiiiiiiinniiniaiennanans 0°C < TpA < +75°C
HV350IP . -400C < Tp < +85°C
HV350MJ* .~550C < Tp < +1250C
Storage Temperature Range ............. -650C < Tp < +1500C
Maximum Junction Temperature..........covuviuienens +175°C

* Offered at a Later Date

Electrical Specifications Vg = +40V, VEg = GND, Cp_ = 10nF, V|_ = 5V Unless Otherwise Specified

HV350CP, HV350IP
PARAMETER TEMP mv [ v | max uNITS
INPUT CHARACTERISTICS
Input Voltage, High (VH) Full 24 - - v
Input Voltage, Low (Vi) Full - - 0.8 v
Input Current (1) +250C - - 300 pA
Full - - 300 pA
Input Current, Low (Ij) +250C -150 - - uA
Full -150 - - pA
Overcurrent Input Threshold +250C 80 100 120 mV
Full 75 100 125 mV
TRANSFER CHARACTERISTICS
Turn-On Delay (Tp1, Tp3) +25°C - - 1 us
Full - - 1 ps
Turn-On Delay Skew (Tp1, Tp3) +250C - +300 - ns
Full - +300 - ns
Turn-Off Delay (Tp2, TD4) +250C - - 1 ps
Full - - 1 ps
Turn-Off Delay Skew (Tp2, Tpg) +250C - +100 - ns
Full - +100 - ns
Current Limit Sense to Output Turn-Off Delay +250C - 500 - ns
Full - 500 - ns
Current Limit Sense to Fault Output Turn-Off Delay +250C 50 - 150 ns
Full 50 - 150 ns
Reset Delay (Tpg) +250C - 500 - ns
Full - 500 - ns
OUTPUT CHARACTERISTICS
Output Rise Time Full - 100 150 ns
Output Fall Time Full - 100 150 ns
OUT1 Voltage (High) Full +Vg +19 - - \
OUT1 Voltage (Low) Full - - 0.5 \Y
OUT2 Voltage (High) Full 19 - - \
OUT2 Voltage (Low) Full - - 0.5 \
Fault Output (VoH) Full 45 - - v
Fault Output (Vo) Full - - 0.8 \"
POWER SUPPLY
Icc Full - - 2 mA
IEE Full - - 2 mA
IL Full - - 4 mA
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HV350

Parameter Definitions (Refer to Switching Waveforms)

SYMBOL DEFINITIONS

Tp2 Delay time as measured from the logic input high to low transition (1 to 0) at the 10% point, to the 10% point of the
output transition for the high side switch.

Tp1 Delay time as measured from the logic input low to high transition (O to 1) at the 10% point, to the 10% point of the
output transition for the high side switch.

Tpa Same as Tpp-1 for the low side switch.

Tpa Same as Tp1-1 for the low side switch.

TR1 Output rise time from the 10% - 90% points for the high side switch.

TR2 Output rise time from the 10% - 90% points for the low side switch.

TEq Output fall time from the 10% - 90% points for the high side switch.

Tr2 Output fall time from the 10% - 90% points for the low side switch.

Tps Delay time as measured from the overcurrent input 10% point to the fault output high to low transition at the 10%
point.

Tpe Delay time as measured from the reset input 10% point to the fault output low to high transition at the 90% point.

Tp7 Delay time as measured from the overcurrent 1 input 10% point to output 1 low to high transition at the 90% point.

Tps Delay time as measured from the overcurrent 2 input 10% point to output 2 high to low transition at the 10% point.

Switching Time Test Circuits

INPUT &

o+VL VBoosT +Vs

_T_I 4.TuF _'I.‘_l 0.1pF

O OUTPUT

D:
O FDBK
’_.b__ INPUT O
o .Vs

o

-0 -Vg

© OUTPUT HI -—D—
=G
N
l/
-

+5V
INPUT2
: | -0.4v
R1 TF1 | T
- S I i F2
Vg+ 18V 1 oo grtv_ [T
OUTPUT1 90% | so%

o | o OUTPUT2

ov m— v 10% | 10%

FIGURE 1. INVERTING DRIVE SWITCHING TIME (HIGH SIDE) FIGURE 2. NON-INVERTING DRIVER SWITCHING TIME

(LOW SIDE)
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Overcurrent Test Waveforms

OVERCURRENT
OVERCURRENT TEST CIRCUIT INPUT  200mV_

50% — /_1_
ov

OUT1 +Vg+20
- N
S—— ) P +Vg_ | N 90%
E NC ouTt —= Tp7 |=—o
oUT2 -Vgt20
3]+v,
PULSE L FOEK -, x 10%
R N 4]INt +0CS S Tos
5|FAULT  -vg FAULT sV
PULSE 50%
Jﬂ—E N2 ouTt2 ouTPUT oav— L N 10%
7

—7] - ps =——>1 Tpe
PULSE i Vee

8| RESET -0OCS

RESET N — |
INPUT
ov 10% /__\_
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3 HARRIS

PRELIMINARY

May 1991

HV355

Half Bridge
N-Channel MOSFET Driver

Features

® Unipolar Supply Operation )
* Wide SupplyRange ................
e Complete MOSFET Protection

+40V to +450V

Description

The HV355 is a monolithic dielectrically isolated high volt-
age integrated circuit. The circuit provides an interface from
digital signals to the gates of totem pole power MOSFETs

or IGBTs. The circuit has wide supply voltage range, from
40VDC to 450VDC. In addition the logic supply can float
within the high voltage rails.

* High Output to Logic Supply Isolation
® High Peak QutputCurrent .............ccoiuann.s 2A
e Fast SwitchingTimes...........c.cvvvininn 100ns

e Frequency Range The inputs are TTL compatible when the logic supply is 5V,

. but will operate up to 15V logic supply.

Applications The outputs provide up to 2A current spikes to drive the

gates of power MOSFETSs or IGBTs. The actual voltage that
the gates are driven to is set by the user, up to 20V for Vgs.

e Switchmode Power Supplies

* PWM Servo Drives

e Stepper Motor Drives

* DC-DC Converters

e Uninterruptible Power Supplies

Also on board the chip is an overcurrent sense circuit,
which independently sense overcurrent on the high side
and the low side. An overcurrent condition sets a latch that
disables both outputs. In order to enable the output the

Ordering Information reset input must be toggled. An oscillator and charge pump

current are integrated for high side operation.
PART TEMPERATURE
NUMBER RANGE DESCRIPTION
HV355CP 00C < Tp £+759C 16 Pin Plastic DIP
HV355IP -400C < Tp <+859C | 16 Pin Plastic DIP
HV355MJ* -550C < Tp <+1250C | 16 Pin Ceramic DIP
Pinout Functional Diagram
HV355CP (16 PIN PLASTICDIP)  } 9
TOP VIEW | e ce;:os )[—Voc |
cr [} e [16] +ver | ourt |
NG [2] [15] out1 | l—— |
+v [3] 4] FoBK | L I
N1 [4] i3] + ocs | I
FAULT E [12) -ve | |
IN2 E—D—E outz Ll
v [ [19] Vee
RESET [8] 8] -ocs l Low Sioe

N _%F
Lol
i

-ocs -—I >

CAUTION: These devices are sensitive 10 electrostatic discharge. Proper I.C. handling procedures should be followed.
Copyright © Harris Corporation 1991 * Offered at a later date.

-

File Number 2849
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Specifications HV355

Absolute Maximum Ratings

Voltage Between +Vgand-Vg .....covivieniniennnnnnnnns
Voltage Between +Vjand -Vj...
Voltage Between -Vgand -Vj ..
Peak OutputCurrent . .......
Logic Input Voltage .........
Over Current Sense tol Vs l.. .
FaultOutputCurrent . ...ttt

Operating Temperature Range

HVB55CP tuuineeeeeeeeiainaninnnnnnens 00C < Tp < +759C
HV355IP .....ccvvunnnn .-400C < Tp < +850C
HVB55MU* ..t etereieaeraeeeennnnnn -550C < Tp < +1250C
Storage TemperatureRange ............. -650C < Tp <+1500C
Maximum Junction Temperature. .......oveeeeeeecienes. +1750C

* Offered at a Later Date

Electrical Specifications Vgg = +40V, VEg = GND, C_ = 10nF, Vi = 5V Unless Otherwise Specified

HV355CP, HV355IP
PARAMETER TEMP MIN T TYP | MAX UNITS
INPUT CHARACTERISTICS
Input Voltage, High (ViH) Full 24 - - v
Input Voltage, Low (V1) Full - - 0.8 \
Input Current (ljH) +250C - - 300 A
Full - - 300 pA
Input Current, Low (Ij) +250C -150 - - pA
Full -150 - - pA
Overcurrent Input Threshold +250C 80 100 120 mV
Full 75 100 125 mV
TRANSFER CHARACTERISTICS
Turn-On Delay (Tp1, Tpa) +250C - - 1 us
Full - - 1 us
Turn-On Delay Skew (Tp1, Tp3) +250C - +300 - ns
Full - +300 - ns
Turn-Off Delay (Tp2, Tp4) +250C - - 1 us
Full - - 1 us
Turn-Off Delay Skew (Tpa, Tp4) +250C - +100 - ns
Full - +100 - ns
Current Limit Sense to Output Turn-Off Delay +250C - 500 - ns
Full - 500 - ns
Current Limit Sense to Fault Output Turn-Off Delay +250C 50 - 150 ns
' Full 50 - 150 ns
Reset Delay (Tpg) +250C - 500 - ns
Full - 500 - ns
OUTPUT CHARACTERISTICS
Output Rise Time Full - 100 150 ns
Output Fall Time Full - 100 150 ns
OUT1 Voltage (High) Full +Vg +19 - - \
OUT1 Voltage (Low) Full - - 0.5 \
0OUT2 Voltage (High) Full 19 - - v
OUT2 Voltage (Low) Full - - 0.5 \
Fault Output (VoR) Fuli 45 - - \"
Fault Output (VoL ) Full - - 0.8 v
POWER SUPPLY
lcc Full - - 200 pA
IEE Full - - 200 pA
I Full - - 4 mA
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Parameter Definitions (Refer to Switching Waveforms)
SYMBOL DEFINITIONS
Tp2 Delay time as measured from the logic input high to low transition (1 to 0) at the 10% point, to the 10% point of the
output transition for the high side switch.
Tp1 Delay time as measured from the logic input low to high transition (O to 1) at the 10% point, to the 10% point of the
output transition for the high side switch.
Tp4 Same as Tpg-1 for the low side switch.
Tp3 Same as Tp1-1 for the low side switch.
TR1 Output rise time from the 10% - 90% points for the high side switch.
TR2 Output rise time from the 10% - 90% points for the low side switch.
TF1 Output fall time from the 10% - 90% points for the high side switch.
TF2 Output fall time from the 10% ~ 90% points for the low side switch.
Tos Delay time as measured from the overcurrent input 10% point to the fault output high to low transition at the 10%
point.
Tpe Delay time as measured from the reset input 10% point to the fault output low to high transition at the 90% point.
Tp7 Delay time as measured from the overcurrent 1 input 10% point to output 1 low to high transition at the 90% point.
Tps Delay time as measured from the avercurrent 2 input 10% point to output 2 high to low transition at the 10% point.
Switching Time Test Circuits
o+VL VBoosT +Vg
I A4.TuF 110.1,;5
INPUT O——] —DF O OUTPUT HI —-Do—
TC
O FDBK
INPUT O—-—{ 2 O QUTPUT
D | o % T
-0 -Vg

+5V
INPUT2
' -0.4v
TF1 |
R Tr2
vgrtev— — | 1 T etV [T
OUTPUT1 90% | 90%

1% % OUTPUT2

ov ~— v 10% | 10%

FIGURE 1. INVERTING DRIVE SWITCHING TIME (HIGH SIDE) FIGURE 2. NON-INVERTING DRIVER SWITCHING TIME

(LOW SIDE)
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Overcurrent Test Waveforms

OVERCURRENT TEST CIRCUIT

vce
o
CLAMP
A
——{Tlcr +vg, [ig
B o —
m!
3|+V 1
e Ot i)
RS 4 4|lint +ocs|i3] 3R
[Elraur  -vg [i2}—
O_] PULSE ¢
—r_[elmz  ourfi}l—'n
IN
e v Vel
IN 8 | RESET '“ng 4
3R

o>»0r

OVERCURRENT

INPUT 200mV _ ___ __
50% — q——_
ov
OUT1 +Vgt+ 20
+Vg_ | N _90%
— ! TD7 fe—
ouT2 -Vgt20
'VS _ 1 10%
— | TD8 fe—
FAULT 5V
OUTPUT 90%
0.8V— |- ==10%
—=| Tpg5 |=— —>] TDB
RESET Ne— — — | —
INPUT
oV 10% /x_
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& HARRIS HV400

PRELIMINARY

May 1991 High Speed MOSFET Driver
Features Description
o FastFall Times .....cocecevinenenees 22ns (10,000pF) The HV400 is a single monolithic, non-inverting high speed

driver designed to drive large capacitive loads at high slew

* No Supply Current in Quiescent State rates. The device is optimized for capacitive loads in the

© Peak OutputSourceCurrent...........cceeeennnn 6A  5,000pF to 100,000pF range. It featues an output stage ca-
) pable of sourcing up to 6A through the high-side NPN

e Peak OutputSinkCurrent ............cccvneeen 30A  yitch and sinking up to 30A through the low-side SCR
® High Frequency Capability .......cceeuennn. 300kHz switch. Rise and fall times of 70ns and 30ns respectively
are achieved driving a 20,000pF load. The output high and

low side switches are pinned out separately allowing inde-

A pp lications » pendent control of power MOSFET gate rise and fall times.

Special features are included in the device to provide a
simple, high speed gate drive circuit for power MOSFET in
e DC/DC Converters application using pulse transformers. An optional on-chip
diode works with an external storage capacitor to store
energy from the pulse transformer after the gate drive pulse
© Uninterruptible Power Supplies has completed its low to high transition. The storage capaci-
tor supplies the gate drive current to turn on the MOSFET
wich overcomes the di/dt limitations of the pulse transform-
Orderin g Information :r. Tpe high current .drive capability of thc,t HV400 using the
oating supply provides a cost effective improvement over

existing methods.

e Switching Power Supplies

® Motor Controllers

PART TEMPERATURE

NUMBER RANGE PACKAGE Another feature of the HV400 is the absence of quiescent

current. When used with PWM control ICs, additional low
HV400CP 00Cto+750C | 8 Pin Plastic Mini-DIP voltage supply current to power the MOSFET driver during
startup, is not needed.

HV400CB 00C to +750C 8 Pin Plastic SOIC

The device is fabricated in the High Frequency Bipolar DI
HV400IP -409C to +85°C | 8 Pin Plastic Mini-DIP process which provides latchproof operation in the
presence of transients on the power and signal lines. It is
available in the 8 pin Plastic DIP and 8 pin SOIC
' (Commercial and Industrial grades).

HV4001B -400C to +859C | 8 Pin Plastic SOIC

Pinout
HV400CP (PLASTIC DIP)
HV400CB (SOIC)
TOP.-VIEW

+v5—qu [gom "
mEA'—V [7] cLamp
-1

out Lo[3] | 6] ouT LO

GND [4] 5] aND

CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. File Number 2850
Copyright © Harris Corporation 1991
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Specifications HV400

Absolute Maximum Ratings

Voltage Between V+-and GND Terminals ........oovvinneens 30V
Input Voltage (Max) .
InputVoltage (Min)........coieiieiiiiiiieiiiiaann,

Max Clamp Current (Pin7) . ooovviiiiniiiieieninnanaenanans
Peak Output Source Current ..

Operating Temperature Range

HV400CP/CB . ..vviiiviiniennnnnnas
HV400IP/IB
Storage Temperature Range .............

Peak Output Sink Current. .......oooviiiiiiiiiiiiiaae,

Power Dissipation at Tp = +259C

Derate Above 659C .. ..ovvieinininennn, 15mW/OC Mini-DIP

... 09C <Tp <+70°C

-400C < TA < +850C

-850C < Tp < +1500C

Electrical Specifications (Static) Test Conditions: +V = +20V at +250C

MINIMUM REQUIREMENT
‘SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
VIH Input Voltage, High VouTt =0V, loytHI=1mA 1.5 1.9 23 A
ViL Input Voltage, Low VouTt =18V, loyTLO=-3mA 16.8 174 173 \
WH Input Current, High (Pin 2) VIN = +20V, loyT HI=0mA 11 14.2 17 mA
louT Hi = 150mA 11.25 | 147 18 mA
L Input Current, Low (Pin 2) ViN =0V o 0.7 1.0 pA
VOH Output Voltage, High ViN=+V, loyT=150mA 16.7 169 1741 \
VoL Output Voltage, Low VIN=0V, IlouyT=-150mA 0.8 0.88 1.0 A"
VE Clamp Diode Forward Voltage |Ip =100mA 0.9 1.02 1.1 A
IR Reverse Leakage Current VR =20V - 0.1 1.0 pA
oL Off Leakage Current (Pin 8) VouTt =0V, V|N=0V 0 10 50 pA
Electrical Specifications (Dynamic) Test Conditions: +V = 20V, C|_= 10nF
MINIMUM REQUIREMENT
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Tp1 Delay, Input to Output Figure 1 ' - 10 - ns
Tp2 Delay, Input to Output Figure 1 - 10 - ns
TR Output Rise Time Figure 1 - 66 - ns
TF Output Fall Time Figure 1 - 22 - ns
Tor Output, Recovery Time Figure 1 - 1000 1200 ns
TRR Clamp Diode, Recovery Time - 8D - ns

POWER PROCESSING
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HV400

Timing Diagram

+V
INPUT \
1
ov o
Tp1 | TR Tp2 | TF
Vour
90%
OUTPUT
ov 10% 10%
+V

o— 2 *[ ?’ > 0
_/ T\ C10apF S

3,6
INPUT ’ Cp J_ Ry ﬂ
50 SOURCE < OUTPUT

0.01F
(RISE & FALL TIMES < 10ns) ” T 100K
4.5

OJ Oy

AA

o : o

(*]
GND

NOTE: Wiring Inductance Reduced to Absolute Minimum
FIGURE 1. HV400 TEST CIRCUIT

Application Circuit

—>
— 0
OUTPUT MOSFET
T LOAD

v

FIGURE 2. PRIMARY APPLICATION FOR HV400 IS WITH A PUSH-PULL DRIVEN PULSE
TRANSFORMER
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& HARRIS HV-1205

UL RECOGNIZED

August 1991 Single Chip Power Supply
Features Description
e Direct AC to DC Conversion The HV-1205 is a single chip power supply that can supply
« Wide Input Voltage Range ........ 18Vrms-132Vrms 5V to 24V at 50mA output current. Just a few inexpensive

external components are needed to provide a compact,
e Multiple Output Voltages 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
e QutputVoltage.......ccovvirinianninnnn. 5Vto24v Isolation Process. This high breakdown process (400V)
allows a patented switching circuit to draw current from the

e Guaranteed OutputCurrent ................. 50mA

e Lineand Load Regulation..............coovuuen <2% AC line only as necessary to supply the load. The HV-1205
o UL Recognition, File # E130808 operates from -400C to +85°C .(wit.h no derating necessary

due to package power dissipation). The HV-1205 is
Applications available in an 8 Pin Plastic Mini-DIP.

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

e Appliance Control

* Battery Back-Up Systems CAUTION: This Product Does Not Provide Isolation

e Dual Output Supply for OFF-LINE Motor Controls From the AC Line
Pinout Functional Diagram
HV3-1205 (PLASTIC MINI-DIP)
TOP VIEW
~ AC HIGH HV - 1205
AC RETURN | 1 8| AC HIGH 8 6
E j O—AM H \ ° o o VouT
PRE - REG [ 71 ne R,
CAP (C2) : SWITCHING VOLTAGE
:l c1== PRE - REGULATOR | REGULATOR
GND |3 6|V, 5
E our J_i INHIBIT VSENSE c4
INHIBIT c3 T
4 5]V
CAP (C3) :I SENSE o T 3 © GND
AC RETURN 1
PRE - REGULATOR CAP. |2
=0
c2

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

Copyright © Harris Corporation 1991 File Number 2854
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Specifications HV-1205

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
OutputVoltage ....ovveieiiiiiiiiiiiieieeeernanannas
Maximum Junction Temperature

Operating Temperature Range

HV3-1205-9........ .... -400C to +85°C
HV3-1205-5.. . ciiiiiiiiiiiiiiiiiiiiiiia e 09C to +759C
Storage Temperature Range .........c.ouuu.. -650C to +1750C
Thermal Constants (°C/W) Oja Ojc
Plastic DIP 82 16

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

Location.
HV-1205-9 HV-1205-5
-400C to +85°C 00C to +75°C
PARAMETER ViN TEMP MIN TYP MAX MIN TYP MAX UNITS

Output Voltage 120v +250C 4.75 5.0 525 4.75 5.0 5.25 v
(At Preset 5V)

120V Full 4.65 5.0 535 4.65 50 5.35 v
Output Voltage TG 120V Full - 0.02 - - 0.02 - %/°C
Output Ripple (Vp-p) 120V +250C - 10 - - 10 - mV
(C4 =1pF,f=60Hz)

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

132Vrms
Full - - 30 - - 40 mV
Load ReQulation 120V +250C - - 15 - - 20 mV
I = 5mA to 50mA)
four 120V Full - - 30 - - 40 mV
Output Current 120V Full 0 - 50 o] - 50 mA
Short Circuit Current Limit 120v Full 55 95 - 55 95 - mA
Drop-Out Voltage Pin2-Pin6 +250C - 2.2 - - 2.2 - v
Quiescent Current 11Vpgto30Vpg| +25°C - 2 - - 2 - mA
Post Regulator OnPin2
Equivalent Circuit For C5 10uF
Output Voltage Adjustment |
RseNsE (Ro)
MM
\ 4

(SENSE) PIN 5 T

Rp =Voyr -5V Where Ry is the Approximate Value of Resistor
Between Pin 5 and Pin 6 (in KQ), Voyr is the
Mesired Output Voltage. See Graph.

3.79K

Loe®
1.21K VREF

1.21V

——©O PIN 6 (Voum

RseENSE S ZERO OHMS FOR Sout
FIGURE 1.
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HV-1205

Schematic

SWITCHING
PRE - REGULATOR

DA1

INHIBIT

¥y DA2

LINEAR VOLTAGE REGULATOR

RB1

ZB1
5.4V

o

PB2

RB17 RB16

PB1

D—KNBS

RB15
DB1

RB2

AN

1.21K

RB4 % RB7
=) SENSE

¢ ¢ ¥ LowW
DB2
=) ANALOG

AC
RETURN

GND
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HV-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 380Hz.
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 24Vpg. 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 10uF 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 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 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
protect against shorted loads.

Component Selection

One of the most powerful features of the HV-1205 s its
flexibility. One standard configuration allows enormous
variation in input voltage and output current while still
maintaining a regulated output. For example, with Ry =
150Q, C2 = 470pF and VoyT = 5V, the HV-1205 will
provide a regulated 50mA output when input voltage is
anywhere from 132VAc down to about 28VAc. The design-
er 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
possible components all of which may not be required for
an intended 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 Rq is:
Pd = 1.33 /nR1 Vpeak(louT)3. 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 R{ and its associated heat
could be reduced. Recommended value = 150Q. To
reduce Pd see App. Note AN9107.

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 = 0.05yF, 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
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
the application. Small capacitors with high ESR may
not store enough charge to maintain load current.
See graph. Recommended value = 470uF, voltage R2:
rating should be about 10V greater than chosen
VOuT-

C3: Inhibit capacitor. Keeps the HV-1205 from turning
on during input transients. If sized too large,

HV-1205 will never turn on. If sized too small, no
protection from transients is offered. For 60Hz
(or 50Hz) use the recommended value of 150pF,
voltage rating should be at about 10V greater than
VouT. For 400Hz use 47pF.

C4: Output filter capacitor. At least 1uF 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.

POWER PROCESSING &
CIRCUITS

VouT ADJUSTMENT
R, R FIGURE 4 FIGURE 5 FIGURE 6
T1 ?‘ METHOD METHOD METHOD
VWA~ Ra Vo Ra/Rp Vo | Vz* | Vo
NG L—I
] o 5v 0/00 sy | - sv
F1
8 7 6 5 1K | ev | 16071k ev | 1v | ev
C1 cal+
feed HV -1205 == JjLoap
3K | 8v [ s1071K 8v | av | sv
1 2 3 4
o2 J_cs sk | 1ov | 8201k | 1ov | sv | 10v
T T 7K | 12v | 12k J122v] 7v | 12v
oK | 14av | 15k/1K | 1av | ov | 14v
v 11K | 16v | 1.8Kk11K [158v ] 11v | 16V
13K | 18V | 22Kk [182v | 13v | 18v
FIGURE 2. HV-1205 STANDARD +5V APPLICATION
15K | 20v | 24k/K [19.4v | 15v | 20v
17K | 22v | 3.0KAK | 23v | 17v | 22v
19K | 24v | 3.47k/1K | 24v | 19v | 24v
"z @ 1mA
Ry +5+Vz
6 5 6 5 6 5
+ 5V
3 3 3

FIGURE 3. Voyr = +5V

FIGURE 4. VouT > +5V

FIGURE 5. VoyT > +5V

FIGURE 6. VoyT = +5V,
+5 +Vz
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Application Information (Continued)

OPERATION WITH Voyt > 5V

Vour
—l NC
} 8
I+
1

]
7 6 5 :
120 VAC = |
2 3 4 :
RN E
TV °
OPERATION FROM A BRIDGE RECTIFIER
Rz‘ Rz‘ DB1M FULL BRIDGE IC
OR DISCRETE DIODES VgUT
120 VAC . 7 Nlc r‘¢
7 6 5 |1
[} +
1
1 2 3 a1
T !
1
Al T d o
PAN
r 3

SURGE PROTECTION USING MOV

Vv o Vour
o [~
|

120 VAC Ia ﬁ

LIS

- — — = ———

hYl

4

L
I|+ T

&

USING SWITCH TO TURN OFF OUTPUT

1
120 VAC :
1
1




HV-1205

HV-17205 Waveforms Unless Otherwise Specified: Ta = +250C, VAG = 120Vrms, f = 60Hz,
Rq = 1509, C1 = 0.05pF, C2 = 470yF, C3 = 150pF, C4 = 1yuF, VouT = 5V

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

Top Trace: Regulated 5VouT 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)

POWER PROCESSING
CIRCUITS

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 = 470yF (5V/Div)
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Typical Performance Curves Unless Otherwise Specified: Ta = +259C, VAG = 120Vrms, f = 60Hz,
R{ = 15002, C1 = 0.05yF, C2 = 470yF, C3 = 150pF, C4 = 1yF, VouT = 5V

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

Ry =240
o T
z 4TOpF
£ 80 ——] T000pF ||
w T
g o 330F -~
o M N
N
§ -
E s 2200 F
: |
E =N
g2 100pLF ™
2
: N
10 14 18 22 26 30 34 38 42 46
INPUT VOLTAGE (Vrms)
Pd IN R1 vs. Ry VALUE
Vrms = 120V
5 T 1
50mA LOAD\\>’ |~
$ 4 |—45mA LOAD~<— —
<} = />
Es 35mA LOAD
T A // ——-
3 b1 L
2] 1 _—
g » ] 25mA LOAD
i L1
£ -1
(o] —
-
5mA LOAD
1 1 2
0 1 8 1 1
50 70 90 110 130 150 170 190
Ry (Q)

PEAK C2 VOLTAGE vs. OUTPUT VOLTAGE

/

&

25

20

/

15

/

5 10 15 20
OUTPUT VOLTAGE (VOLTS)

10

Vg2, PEAK VOLTAGE AT PIN 2 CAPACITOR

«

(=]

25

C2 VALUE NEEDED ( uF)

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

Ry =240
100 —r
~ 470 F
<
E 1000 F
80
% TN |
o« 330puF
3 1
3 60
0 ~ l
2 20 F
5 a0
o
=
z ”
§ 20 00 F ]
=
0
22 26 30 34 38 42 46 50
INPUT VOLTAGE (Vrms)
Pd IN Ry vs. louT
120Vrms, Ry = 1500
4.5
A
g 40
- 35 /
[+
Z 30
8 >
0 25
=
= 20 pd
7]
D15
[=]
g 1.0
0.5
2 >
0
0 20 40

loyt (mA)

MINIMUM C2 VALUE vs. LOAD CURRENT

380
340 Vi
50Hz @ 120Vrms
300 /,
260
290 P
180 / 60Hz @ 120Vrms —
A

pat
100

60

20 I

[\] 10 20 30 40 50

LOAD CURRENT (mA)
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Typical Performance Curves Unless Otherwise Specified: Tp = +2509C, VAG = 120Vims, f = 60Hz,
Rq = 1509, C1 = 0.05uF, C2 = 470yF, C3 = 150pF, C4 = 1yF, VouT = 5V
CHIP POWER DISSIPATION vs. OUTPUT CURRENT - DROPOUT VOLTAGE vs. TEMPERATURE
o
z 30
800 z
_ 700 | o
z
E 600 24Vour—l1 £ 5
z rd / s o
£ 500 - S ~—
< < = N~ 24V, 50mA
@ P D~ =15 VouT 4 i S}
@ 400 = - out @20 i
= w
- 300 v /,/,/<~5vou7 & 5V, 50mA [
i =} 5V, 5mA
E / / = ]
9 200 [,/ > 215 24V, SmA N
=
L~ 3 g
100 1 : 17}
5 @
0 g 10 ] a2
0 5 10 15 20 25 30 35 40 45 50 Z .49 15 10 25 35 60 75 85 S 3
OUTPUT CURRENT (mA) TEMPERATURE (° C) o
= O
3
QUIESCENT CURRENT vs. OUTPUT VOLTAGE @ = +250C OUTPUT RIPPLE VOLTAGE vs. OUTPUT VOLTAGE o
louTt = 5mA to 50mA lout = 50mA
4 5
Q
/ éE‘ 4
< £
E° d w
z 5°
£ g
3 2 < g 2
= a
& / =
8 P 5
2 1 =
o ”,/' 3
o
5 10 15 20
VOUT (V)
0
5 10 15 20 25
Vout (V)
OUTPUT RIPPLE VOLTAGE vs. TEMPERATURE OUTPUT RIPPLE VOLTAGE vs. LOAD CAPACITANCE AND
C4 = 1pF OUTPUT CURRENT
5 4.0
a 2 |
o a
Es I
g ) 50mA
< <
Ea 50 40mA
2 5}
S S 20 —
30mA
iz g
o
« 2 \ 20mA
0
5, 5
[N o
5 5
] 3 5mA
0 0.0
40 -30 20 -0 O 10 20 30 40 50 60 70 80 90 010 50 100 150 200 250
TEMPERATURE (©G) C4 OUTPUT FILTER CAPACITANCE ( u F)
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Typical Performance Curves Unless Otherwise Specified: TA = +259C, VAG = 120Vrms, f = 60Hz,
R1 = 1509, C1 = 0.05yF, C2 = 470yF, C3 = 150pF, C4 = 1yF, VoyT = 5V

NORMALIZED QUIESCENT CURRENT vs. TEMPERATURE

OUTPUT RIPPLE VOLTAGE vs. C2 SIZE Actual Quiescent Current at +259C: Vout = 24V: 3.42mA
loyTt = 50mA, Voyr = 5V : Vout = 5V: 0.41mA
5 1.4
3 5
i &
> 4 oo
E 3 1.2
" c \ Vout = 5V
<
5 N 3 \
: 210 e
" 3
4 2 e
& 8 Vour = 24V
= E
=
E 1 g 0.8
5 &
[¢] z
(4]
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 0.6
: ©2 SIZE (uF -40 -15 10 35 60 85
®h TEMPERATURE ( © C)
OUTPUT CURRENT LIMIT (5VoyT) OUTPUT CURRENT LIMIT (24Voyr)
50mA is the Maximum Specified Output Current 50mA is the Maximum Specified Output Current
30
s Rl e T —
8 s '
: - \
3 . i Q18
z 750C—! 009G — 5
B 2 : 2
= -250C -
3, \ ] 212
-400C =}
og 1
o 85 !c \ L ¢ e
20 30 40 50 60 70 80 90 100 110 120 130 6 |
OUTPUT CURRENT (mA) I
850C
20 3 40 50 60 70 80 90 100 110 120 130
OUTPUT CURRENT (mA)
VouT vs- Ry WITH TOLERANCES
Internal Resistors 15% High or Low MINIMUM ALLOWABLE R4 FOR INPUT VOLTAGE
24 170
|1/l &
22 Low 150 .
20 ,/ A //
s / 1/ P NOMINAL 130
w
= 1,/,//;“3” 3110 %
g8 7 7 7 E: ”
14 .V > 9%
2 7 -
5] A/ «
> 12 4 z 70 £
1 /] s y
50
8
7
30 /,
4 10
0O 2 4 6 8 10 12 14 16 18 20 22 24 10 30 50 70 90 110 130
Ro (k) Vrms (V)
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HV-1205 Parallel Operation (Method #1)
R
1
M -i- HV - 1205 #1
C1 = pr— o=
1 8 ft—
C2 JL
2 7
3 6
HH+ s
C3
| v+
v
AC h [&]
HIGH Ry ' =
[ A - | 7]
w w
C1 l —w—l V- 8 =
=2
o— i 8 g £3
AC c2 JJ 21 D E o
RETURN Jj . PY 7 ] =
102 a.
3 6 AMA-
NOTE: Operational Amplifier Causes Each HV-1205 to o-l l— 4 5 R L
Contribute Equally to Output Current. c3
e
ea HV - 1205 #2
HV-1205 Parallel Operation (Method #2)
R4
AN I
T 1 8
cz2J
Jj N Y 7
R3
3 6 —¢ ANN—
1ﬂ 4 5 —-J
JC3
AC -———-—-—I}-—-—-——-—-
HIGH R c4
© MNAN—
C1 T w—nw R L
O- 1 8 j—
AC c2 \L
RETURN 2 7
Ry
Alout= AVout 3 6 AN—
R3
R3=R4 01}3— 4 5
NOTE: This Method Requires that the Output Voltages of |}
Each HV-1205 are Close In Value. v C4
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B HARRIS

UL RECOGNIZED

August 1991

HV-2405E

World-Wide
Single Chip Power Supply

Features

Applications

Supplies

e Wide Input Voitage Range

Applications

* Direct AC to DC Conversion

* Multiple Output Voltages

e Appliance Control

* Battery Back-Up Systems

Ordering Information

e UL Recognition, File # E130808

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

e Dual Output Supply for OFF-LINE Motor Controls
e Housekeeping Supply for Switch-Mode Power

From the AC Line

*See App Note AN9101 for 250mA output.

Description

The HV-2405E 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-2405E replaces a transformer, rectifier, and voltage

° Guaranteed Output Current ................. 50mA*  egulator. This chip is made in the new Harris High Voltage
® OUtPUEVORAGE . .o veererireeieiannnnen 5Vto24v Dielectric Isolation Process. This high breakdown process

(500V) allows a patented switching circuit to draw current
e Line and Load Regulation...................... <2%

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

OPERATING efficiency ICL-7660S and ICL-7662 provide positive to
TEMPERATURE PACKAGE negative voltage conversion. For automatic switch-over to
PART NUMBER RANGE DESCRIPTION battery back-up use the ICL 7673. Harris also offers a line
of extremely low power op amps.
- - 0 (] i ini-
HV3-2405E-5 00Cto +75°C | 8 Lead Plastic Mini-DIP * CAUTION: When used in this mode, GND and AC
HV3-2405E-9 -400C to +850C | 8 Lead Plastic Mini-DIP RETURN operate at high voltage with
respect to earth ground.
CAUTION: This Product Does Not Provide Isolation

Pinout Functional Diagram
HV3-2405E (PLASTIC MINI-DIP)
\J O—AM— o &—~—o0 Vout
AC RETURN [1] 8] AC HIGH R, b pV-
SWITCHING VOLTAGE
PRE - REG zl NG cl1= PRE - REGULATOR | REGULATOR
CAP (C2) i e VSENSE 2 c4
&N 3] 6] vour co| s 1
INHIBIT 5] v o T, © GND
SENSE | AC RETURN
CAP (G3) PRE - REGULATOR CAP. | 2 $
=
c2
CAUTION: This Product Does Not Provide Isolation From the AC Line File Number 2487_1

Copyright © Harris Corporation 1991
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Specifications HV-2405F

Absolute Maximum Ratings

Voltage Between Pin 1 and 8, Continuous Virms ........ 264Vrms
Voltage Between Pin 1and 8,Peak ............. .500v
Voltage BetweenPin2and6................... .. 10V
Input Current, Peak 2.5A
Output Current ...... .. Short Circuit Protected
Output Volage . oo vviiii it iiii i it ieeanenas 30V
Maximum Junction Temperature..........ccovvieennn.. +1500C

Operating Temperature Range
HV3-2405E-9 ...coiinnieiiniiniiiniennnnes -400G to +850C

HV3-2405E-5 00C to +75°C

Storage Temperature Range -659C to +1750C

Thermal Constants (OG/W) ic
Plastic DIP 16

Electrical Specifications Unless Otherwise Specified: Vjy = 264Vrms at 50Hz, G1 = 0.05pF, C2 = 470pF, C3 = 150pF,
Vour =5V, loyt = 50mA, Source Impedance, Ry = 150Q. Parameters 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 +75°C
PARAMETER ) VIN TEMP MIN TYP MAX MIN TYP MAX | UNITS
Output Voltage 264V +250C 4.75 5.0 5.25 4.75 50 5.25 v
(At Preset 5V)
264V Full 4.65 5.0 5.35 4.65 50 5.35 \
Output Voltage TC 264V Full - 0.02 - - 0.02 - %/9C
Output Ripple (Vp-p) 264V +250C - 22 - - 22 - mv
(C4 = 1pF, f = 50Hz)
264V Full - 24 - - 24 - mV
Line Regulation 80Vrms to +250C - 10 15 - 10 20 mV
264Vrms
Full - 15 30 - 15 40 mV
Load Regulation 264V +250C - - 15 - - 20 mv
[ =5mA to 50mA)
our 264V Full - - 30 - - 40 mV
Output Current 264V Full . o] - 50 (o] - 50 mA
Short Circuit Current Limit 264V Full 55 95 - 55 95 - mA
Drop-Out Voltage Pin2-Pin6 +250C - 2.2 - - 22 - v
Quiescent Current 11Vpgto30Vpg| +25°C - 2 - - 2 - mA
Post Regulator OnPin2
Equivalent Circuit For RseNsEk (Ro)
Output Voltage Adjustment AXRF
(SENSE) PIN 5 +
3.79K
+ PIN6 (Voum
Ra=Vour -5V Where Ry is the Approximate Value of Resistor 1.21K |
Between Pin 5 and Pin 6 (in KQ), Vour is the - VREF
Desired Output Voltage. See Graph. 1.21V

RseNSE 1S ZERO OHMS FOR 5V OUTPUT

FIGURE 1.
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Schematic

LINEAR VOLTAGE REGULATOR

|
|
|
Eowih i |
|
sa1 |
07
A l
RA3 l
Seus
e { —HN"' |
ol |
DA3 sA2! ¥ DAz I
DA4 F_K NAZ !
e CAPé | ;nm RB18 RB19
DAS :: R tovoc I <
b—— 32vbC PBS PB6
za1 | RB17  RB1G
s | PB3 PB4 9
PB2 PB1 NB7
},x,mu} WA | nea
1k
l 1 NB1|  ppg
| NB2
I 2: RB3
: nazzi Shos :E RB7 i y
RETURN SWITCHING PRE - REGULATOR |
|

‘Patent pending on the above circuit.
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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 380Hz.
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 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.

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 TmA. 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 SOmA.

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 Ry = 1500,
C2 = 470pF and VouT = 5V, the HV-2405E will provide a
regulated 50mA output when input voltage is anywhere
from 264VpAc 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. Vpgak/R1 = 2.5A
Maximum. R1 will dissipate power as shown in the
graphs. The equation for Pd in R1 is:

Pd = 1.33 \/nR7 Vpeak(ouT)3.

Low average output currents would allow for source
resistors with lower Pd ratings. Similarly, lower VoG
or smaller value R1 will cause less dissipation in R1.
Sizing of R1 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 R{ and its associated
heat could be reduced. Recommended value =
150Q. To reduce Pd see App Note AN9107.

C1:  Snubber Capacitor. R1 and C1 form a low pass filter
thereby limiting the rate of voltage rise at the input of
the HV-2405E. Recommended value = 0.05pF, 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.
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Application Information (Continued)

Cc2:

Ca:

Pre-Regulator capacitor. This capacitor is charged
once each line cycle. The post-regulator portion of
HV-2405E is powered by C2 for most of the line
cycle. Normally the smallest C2 that will supply the
load current (see graph) is used. Using a large C2

protection from transients is offered. For 50Hz
or 60Hz use the recommended value of 150pF, volt-
age rating should be at about 10V greater than
VouT-

H C4:  Output filter capacitor. At least 1uF is required to
will supply temporary high load currents or normal S -
osd curant g  ahor power oss Usng s TAIIER SE0IL o e ot stage Large v
larger C2 will reduce ripple at Pin 2, the input to the may ocour on F;’;e output coinc de?ﬂ vﬁth the
post regulator, which will reduce output ripple. C2 HVY2 405E ;:n into blozkin mode.
should have a ripple current rating consistent with going 9 .
the application. Small capacitors with high ESRmay 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 = 470yF, 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
1maA 1l th h this ¢ t.
Inhibit capacitor. Keeps the HV-2405E from turning mA flows throug s componen
on during input transients. If sized too large,
HV-2405E will never turn on. If sized too small, no
VouTt ADJUSTMENT
FIGURE 4 FIGURE 5 FIGURE 6
h 5 METHOD METHOD METHOD
_MAV Rz { Vo | Ra/Rg | Vo | VZz* | Vo
NC '_| v \ -
) o] 5 0/Open 5 5V
A 8 7 6 5 1K | ev | 160/1K ev | v | ev
c1 cal+
:Dg = HV - 2405€ = |Lom ak | av | stonk | sv | av | sv
W 23 sk | 1ov | s2or1k | 1ov | sv [ tov
c2 Cc3
;; J— 7K | 12v 1.2KNMK 122v | 7V | 12v
T 9K | 14V 1.5K/1K 14V 9V | 14V
V 11K | 16V 1.8K/1K 168V | 11V | 16V
13K | 18V 2.2K/1K |18.2V | 13V | 18V
FIGURE 2. HV-2405E STANDARD +5V APPLICATION
15K | 20v 2.4K/1K 194V | 15V | 20V
17K | 22v 3.0K/1K 23V | 17V | 22V
19K | 24V 317K/1K 24V | 19V | 24V
*Vz @ 1mA
+5+Vz

FIGURE 3. VoyT = +5V

FIGURE 4. VoyT > +5V

FIGURE 5. VoyT > +5V

FIGURE 6. VoyT = +5V,
+5 +Vz
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Application Information (Continued)

OPERATION WITH Voyr > 5V
R Rt

2 2 o Vour
NG |——E,I:|
L

I

I -
240 VAC 17

1

|

I

e

-
N
w

OPERATION FROM A BRIDGE RECTIFIER*

R
2

R1
2

DB1M FULL BRIDGE IC

OR DISCRETE DIODES Vour

120/
240 VAC

—IrF

c2

L
3 T
v

*See App Note AN90O6 for additional information.

SURGE PROTECTION USING GAS TUBE
R1 R1

o Vour

Nt

) L
240 VAC @ L

Al

b ——— -

AL
II+ %
*Carbon composition resistor

USING SWITCH TO TURN OFF OUTPUT
R1 R1

2 Pl 0 Vour
w | ]
1
8 7 6 5
240 VAC L
1 2 3 4

b fHey

AFS

AL

POWER PROCESSING
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HV-2405E Waveforms Unless Otherwise Specified: TA = +250C, VAC = 240Vrms, f = 50Hz,
R1 = 1508, C1 = 0.05uF, C2 = 470pF, 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) Bottom 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 IgyT)
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HV-2405E

Typical Performance Curves Unless Otherwise Specified: TA = +250C, VAG = 240Vrms, f = 50Hz,
Ry = 1500, C1 = 0.05pF, C2 = 470pF, C3 = 150pF, C4 = 1yF, VoyT = 5V
MAXIMUM OUTPUT CURRENT FOR 5V REGULATED MAXIMUM OUTPUT CURRENT FOR 24V REGULATED
OUTPUT vs. INPUT VOLTAGE AND PRE-REGULATOR OUTPUT vs. INPUT VOLTAGE AND PRE-REGULATOR
CAPACITOR SIZE (C2) CAPACITOR SIZE (C2)
Ry =240 Ry = 240
100 100 —
_ | | _ AT0pF
< ATOpF <
£ - B | E 1000 F
£ ~ TO00pLF £ 80 ~
% o 330pF = % ?30;:.F
— 60
3] 5]
: - : =
£ 40 220pF £ 40 2200F
o o g
220 1000 F ™1 g 20 00pF 7 wp
3 2 85
= = T O
0 0 a o
10 14 18 22 26 30 34 38 42 46 22 26 30 34 38 42 46 50 T e
INPUT VOLTAGE (Vrms) INPUT VOLTAGE (Vrms) %
[~
Pd IN Ry vs. louT
Rq = 1500, VAC = 120V/240V PEAK C2 VOLTAGE vs. OUTPUT VOLTAGE
6
Z 35
240Vims B
5 3]
§ 30
g S
4 V. Y ~
: / 2
= T
§ 3 < 20 /
w
[2]
a ( 120Vims g
=
G 2 2 15
E //' >
g £
1 / g 10
/ p
o
> 5
0 1 o 5 10 15 20 25
o 10 20 30 40 50 OUTPUT VOLTAGE (VOLTS)
LOAD CURRENT (mA)
MINIMUM C2 VALUE vs. LOAD CURRENT CHIP POWER DISSIPATION vs. OUTPUT CURRENT
% 065 [ ] 24v = ouUT
340 L 0.60 15V = OUT =
0 sotie @ 240vms 0.55 - ]
ES o
0.50
o 260 // N P
w =~ U / " 4
a P a A7
o 220 o 0.0 s
ul o
z / I 035 e
w 180 #f— 60Hz @ 120Vrms - i 7
g 140 Vs - 7
: P o
S 100 A
7 0.20 [
60 0.15
0 5 10 15 20 25 30 35 40 45 50
20 tout (mA)
0 10 20 30 40 50
LOAD CURRENT (mA)
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HV-2405E

Typical Performance Curves Unless Otherwise Specified: Ta = +250C, VAG = 240Vms, f = 50Hz,
R{ = 15082, C1 = 0.05pF, C2 = 470yF, C3 = 150pF, C4 = 1pF, VoyT = 5V

INPUT - OUTPUT DIFFERENTIAL
(V) (PIN 2 - PIN 6)

25

24

23

22

21

QUTPUT RIPPLE VOLTAGE (mVp -p)

20
-40

DROPOUT VOLTAGE vs. TEMPERATURE

2.60

2.55

2.50

2.45

AN

2.40

2.35

2.30

2.25
2.20

2.15

2.10

SN

2.05
2.00

\

1.95

o~

1.90

-40 -25

1] 25 50 85
TEMPERATURE (C)

OUTPUT RIPPLE VOLTAGE vs. TEMPERATURE

C4 = 1pF

-30 20 -10 ©

TEMPERATURE (0C)

NORMALIZED QUIESCENT CURRENT vs. TEMPERATURE
Actual Quiescent Current at +250C: VoyT = 24V: 3.42mA

14

0.8

0.6

NORMALIZED QUIESCENT CURRENT
-
(=]

VouT = 5V: 041mA

N

Vour = %

Vour =

24v

10 35 60 85

TEMPERATURE ( © C)

QUIESCENT CURRENT vs. OUTPUT VOLTAGE @ = +25°C

10 20 30 40 50 60 70 80 90

QUIESCENT CURRENT (mA)

RIPPLE VOLTAGE

OUTPUT VOLTAGE (V)

louT = 5mA to 50mA

4
s '/
” ]
2 /
1 //
0
5 10 15 20 25
Vout (V)

(mVp _p)

N w >

-

o

OUTPUT RIPPLE VOLTAGE vs. LOAD CURRENT

4 8 12 16 20 24 28 32 36 40 44 48

oyt (MA)

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

50°C —;
25°C
1
|
75°C—j 0°cC
-250C
! =l
-400C
859C —H |
}

20 30 40 50 60 70 80 90
OUTPUT CURRENT (mA)

100 110 120 130
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HV-2405E

Typical Performance Curves Unless Otherwise Specified: TA = +250C, VAG = 240Vims, f = 50Hz,
R{ = 150Q, C1 = 0.05pF, C2 = 470uF, C3 = 150pF, C4 = 1pF, VoyT = 5V
OUTPUT CURRENT LIMIT (24VoyrT) Vour vs- R2 WITH TOLERANCES
50mA is the Maximum Specified Output Current Internal Resistors 15% High or Low
30 24 l } 7
22 LOwW
V.
20 4
24 i AN NOMINAL
= A ////m GH
g ge oD d
8 = 14 ,/ ,/
18 2
é 2 .V
2 A
S 10
12
z ° g
3 =
@
6 “C 2 4 6 8 10 12 14 16 18 20 22 24 ug
Ra (kf2) no: 3
o o
E (&)
0 t t =
20 30 40 50 60 70 80 90 100 110 120 130 8
OUTPUT CURRENT (mA)
MINIMUM RECOMMENDED R4 FOR NOMINAL INPUT VOLTAGE
Z 160 -
% 140
3 120 A
S 100
g ¥ z
§ 60
o 410
2 2 >
§ o=
& 0 40 80 120 160 200 240 280
AC INPUT (VRMS)
CREATING SYNTHESIZED + SUPPLIES USING FALSE GROUND
-0 *VsuppLY
sz’ )
SPa
6 5 ca -
HV- 240SE = L :’l; >——v }—O FALSE GND
3 d .
$Pa
o 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. Circuits 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 Parallel Operation (Method #1)

Rq
AN j_ 1 HV - 2405E#1
S e——
1 8
c2 L
11 7
3 6
H4 5
c3
AC . c4
HIGH Ry
c A
o 1 8
AC c2 \.L
RETURN T 7

: 3 6
NOTE: Operational Amplifier Causes Each HV-2405E to ° "' 4 5
Contribute Equally to Output Current. c3
C4 HV - 2405E7# 2

HV-2405E Parallel Operation (Method #2)

Rq
—_MAv j_
C1 - * _I
1 8
C2
2 7
R3
3 61—e NN/
Ml
Cc3
AC 1}
HIGH Ri C4
o NMN—¢
C1 p— Y
(o 1 8
AC c2 \L
RETURN T 7
Rg
Alour= AVout 3 6 AN—
R3
Ra=FRa »-(l; |; 4 51—
NOTE: This Method Requires that the Output Voltages of : :
Each HV-2405E are Close In Value. v C4

R
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ICL7644/7645/7646/7647

Low Voltage Step-Up Converters

& HARRIS

July 1991

Features

* +5V @ 40mA from a Single Cell Battery. Note: Output
Current can be Increased by Changing L2 (See Table 1)

e Guaranteed Start-up ........ccciiiiniainn @1.15V
Typ 0.9V
e Standby Mode ............. 80pA Quiescent Current

Description

The ICL644, ICL645 and ICL646 are low power fixed +5V
output step-up DC-DC converters designed for operation
from very low input voltages. All control functions and a
power FET are contained in the ICL644, ICL645 and
ICL647, minimizing external components. The 1CL646
contains an output pin to drive an external FET when higher

output currents are required. A control pin changes be-
tween high power and low power standby modes. Standby

e Low Battery Indication

* Power Ready Function mode allows operating for extended periods with minimum g
battery drain, and a power ready function is available for a
* Shutdown Feature on controlling external-devices when the device is switched e
(764X Series ......ooiiiiiinnns 5pAMax Quiescent  petween standby and high power. In high power mode, the e3
* Pin to Pin Compatible to MAX65X Series output current is approximately 40mA; in standby mode, it o o
is about S500pA. 5°
o Efficiency....ccvveeviinninannnen 75% @ 1.2Vinput =
Minimum- startup voltage is 1.15V, but once started the 2
device will operate to lower voltages as the battery
discharges. A separate low battery monitor is available; it
Applications can be used at its default value of 1.17V or may be adjusted

by the designer to any higher voltage.

The ICL644, ICL646 and ICL647 are optimized for single
cell (1.15V to 1.6V) battery operation and can also be used
with input voltages up to 4.0V. The ICL645 is designed for
two cell (or single lithium cell) operation with typical battery
voltages of 2.0V to 3.6V. The ICL647 is identical to the
ICL644 except its output voltage is preset to +3V. The
ICL764X series of products offer the same features as the
ICLB64X with the addition of a shutdown feature. In the shut-
down mode the quiescent current is less than SpA.

° Battery Powered Devices

® Single Cell Instruments

® Solar Powered Systems

* Pagers and Radio Controlled Receivers
* Portable Instruments

® 4-20mA Loop Powered Instruments

Pinouts Ordering Information
ICL644, ICL645 & ICL647 ICL646
ICL7644,1CL7645 & ICL7647 ICL7646 PART TEMPERATURE
TOP VIEW TOP VIEW NUMBER RANGE PACKAGE
v, V, ICL64XCPD 00C to +70°C 14 Pin Plastic DIP
HP v,
we [1] [ G Vee O] 4] ne ICLE4XCBD 09Ct0+709C | 14PinSOIG
v+ [2 13] cTL v+ [2 13| cTL
E :l E j ICL64XIPD -400C to +85°C 14 Pin Plastic DIP
ic [3] 12 M ic [3] [i2] o
ICL64XIBD -400C to +859C 14 Pin SOIC
Vrer [4] i1] PR VRer [4] [17] PR
0 0 i i
LBO E E ourt LBO E E ouTt ICL764XCPD 00C to +70°C 14 Pin Plastic DIP
LBl E EI LX1 w81 E E] Lx1 ICL764XCBD 0°Cto +70°C 14 Pin SOIC
GND |7 EI NC GND |7 B NC ICL764XIPD -400C to +85°C 14 Pin Plastic DIP
SD* SD*
ICL764XIBD -400C to +859C 14 Pin SOIC
X=4,560r7
* Pin 8 Used On 764X Series Only.
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling p d should be foll d File Number 27 8 1 .1

Copyright © Harris Corporation 1991
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_ Specifications ICL644/645/646/647

ICL7644/7645/7646/7647

'Absolute Maximum Ratings

Operating Temperature

Peak VoltageatLX1Pin .....cciviiiiiiiniiinniannnnns +16V  ICLBAXCXX..vuriieinrnnnnnnn eeeeserenaneeean 00C to +70°C
Peak Voltage atLX2 or Vg Pin ... .. +6.6V  ICLB4XIXX....... vens .. -409C to +85°C
Supply VoltagetolL1 ............... . +15V  Storage Temperature..............ccvannn. -659C to +160°C
Supply VoltagetoL2,Vgg ...t +5.6V  Lead Temperature (Soldering, 10Sec).......... P +3000C
Peak Current, LX1 .. 50mA  Power Dissipation .

Peak Current, LX2 .. .. 1.6A Plastic DIP (derate 10mW/9C above 70°C) ........... 800mwW
LBO Output Current 50mA SOIC (derate 8.7mW/OC above 70°C). ......ccuvnnnn. 695mW
Input Voltage, CTL, LBI (See Note) . ..=0.3Vto (V+ +0.3V) . .

NOTE: V+is generaied at LX1. In low current mode, it is 4.5V to 5.6V (2.6V
to 3.6V on ICLE46 & ICL7646); in high current mode, it is 10V to 15V.

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

di d in the op ional

absolute maximum rating conditions for extended periods may affect device reliability.

of the specifications is not implied. Exposure to

Electrical Specifications: 1CL644, ICL646, ICL647, ICL7644, ICL7648, ICL7647
(GND = 0V, VBATT = 1.2V, TA = 25°C, Unless Otherwise Specified.)

LIMITS
SYMBOL 'PARAMETER TEST CONDITIONS MIN TYP MAX [ UNITS
VouTt Output Voltage ICL644,1CL646 Tp = Over Temp.* 4.5 5.0 55 . \'
' ICL647 TA=OverTemp* | 2.7 30 3.3
VX1 Minimum Input Voi’tage to LX1 I =OpA (Note 1) - 0.9 1.0 v
Vixq Minimum Startup Voltage to LX1 I =0pA - 0.9 1.15 v
Vixe2 Input Voltage to LX2. 0.5 - 5.6 v
ILx2 Peak LX2 Switch Current ICL644,1CL647 (Note 1) - - 15 A
Iq Standby Current I =OpA, CTL = Open - 80 - pA
fo Switching Frequency VaaTT=1.0t0 1.6V 155 18 24 kHz
%ON LX2, D Switch Duty Cycle ICL644,1CL646 66 75 80 %
o ICL647 ‘ 50 66 | 75 %
toN LX2, D Switch On Time ICL644,1CL646 27 36 49 us
ICL647 20 | a7 a7 | s
RDSON LX2 On Resistance ICL646,ICL647 (Note 1) 0.40 - 0.67 1)
D Output Saturation Current ICL646, Source Sink - -25 - mA
' (Short Circuit Current) - 100 — A
viLBi Low Battery Input Threshold Voltage 112 1.18 \
Low Battery Input Threshold Tempco - -0.5 - mV/oC
LBl Low Battery Input Bias Current - 0.01 10 nA
VLBO Low Battery Output Vigi<1.12V,l go=1.6mA - - 0.4
VLgI> 1.18V, I g0 =-1pA v¥-1 - - v
VPR Power Ready PR High, Ipp = -1pA - Vout - v
-0.2
PR Low, Ipg = 1pA - 0.3 -
VeTL CTL Input Threshold - 007 -
Efficiency 5ma < I OAD <40ma - 75 -
NOTE: 1. Not tested, guaranteed by design and characterization.

* Commercial Temperature Range = 0°C to +70°C

Industrial Temperature Range = -409C to +85°C
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Specifications ICL644/645/646/647

ICL7644/7645/7646/7647

Electrical Specifications: 1CL645 & ICL7645 (GND = 0V, VBATT = 2.4V, Ta = 259C, Unless Otherwise Specified.)

NOTE: 1. Not tested, Guaranteed by design and characterization.

* Commercial Temperature Range = 0°C to +70°C
Industrial Temperature Range = -409C to +85°C
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LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Vout Output Voltage T = Over Temperature* 4.5 5.0 5.5 \
ViILx1 Minimum Input Voltage to LX1 I_=0pA - 0.9 1.0 \
Vix1q Minimum Startup Voltage to LX1 I =0pA (Note 1) - 0.8 1.15 \")
VX2 Input Voltage to LX2 - - 5.6 v
I x2 Peak LX2 Switch Current (Note 1) - - 15 A
le) Standby Current I = 0pA, CTL = Open - 40 - pA
fo Switching Frequency VBATT=2.01t03.2V 155 18 24 kHz
%ON Switch Duty Cycle 40 50 60 % (Z:t
toN Switch On Time 15 28 38 us @
RDSON LX2 On Resistance (Note 1) 0.40 - 0.67 Q § g
VBl Low Battery Input Threshold Voltage 1.12 1.18 \ g E
Low Battery Input Threshold Tempco - -0.5 - mV/oC E °

ILgI Low Battery Input Bias Current - 0.01 10 nA 8
Viso Low Battery Output VLBI<1.12V,I g0 = 1.6mA - - 0.4

Vigi>1.18V,IL g0 =-1pA vt-1 - - \
VpR Power Ready PRHigh, lpg =-1pA - Vout - \Y

-0.2

PRLow,Ipg=1mA - 0.3 - v

Vet Input Threshold - 0.7 - A
Efficiency 5mA <l 0AD < 150mA - 75 -



ICL644/645/646/647

ICL7644/7645/7646/7647

Pin Description

ICL646, ICL644,ICL7644
ICL7646 - ICL645,ICL7645
PIN NUMBER ICL647,ICL7647 NAME FUNCTION

- 1 LX2 Output drain of high power N-channel MOS FET.

1 - Veo Connect to battery positive terminal.

- 2 V+ Output of low power up converter; 10 to 15V in high power
mode. 4.5V to 5.5V in standby mode.

2 - V+ Output of low power up converter. 10 to 15V in high power
mode. 2.6 to 3.6V in standby mode.

3 3 I/C Internal Connection. Leave this pin unconnec .ed. “Do not ground.”

- 7 GND Low power ground.

4 4 VREF 1.295V bandgap reference output; should be decoupled with a
capacitor to pin 7. This terminal is high impedance and cannot
source or sink current.

5 5 LBO Low battery monitor output. Sinks 1.6mA when LBI is less than
1.17V, otherwise sources 1pA from V+.

6 6 LBI Low battery monitor input. Very high inputimpedance.

8*%,14 8* NC No connection. *Shutdown pin on ICL764X series and no connect
*SD pin on ICL64X series. Allows user to turn part off by grounding
pin 8.

9 9 LX1 Output (drain) of low power N-channel power driver.

10 10 ouT +5V (+3V on ICL647). Feedback (input) pin for high power
operation; output pin in standby mode.

1 1 PR Power ready output; high (+5V on ICL644, 645, 646; +3V on
ICL647) when high power converter is ready to supply power.

7 12,14 HP, GND High power ground.

13 13 CTL Control mode switch input; ‘open circuit or high for standby
mode, ground for high power mode.

12 - D Driver output to external FET. Output voltage swings from GND
toVour-

Low Voltage Step-Up Converters
Operating Principle

The ICL644, ICL645, ICL646 and ICL647 are flyback, or
boost converters: energy from the battery is first stored in a
coil and then discharged to the load. Essentially, the circuit
consists of a battery in series with a coil, a high power FET,
rectifier, and filter, as shown in Figure 1. When the switch is
closed, current builds up in the coil, creating a magnetic
field. During the second half, or flyback part of the cycle, the
power FET opens, the magnetic field collapses and the volt-
age across the inductor reverses polarity, adding to the volt-
age of the battery and discharging through the rectifier into
the load.

The switch is controlled by a constant frequency oscillator
whose output is gated on and off by a comparator that
monitors the cutput voltage. When the output voltage is
above the comparator threshold, the power FET skips an
entire cycle of the oscillator. This pulse skipping technique
varies the average duty cycle to achieve regulation, rather
than varying the period or duty cycle of each cycle of the
power FET; it eliminates a number of linear circuits that
would otherwise add both circuit complexity and quiescent
operating current.

The key to operating CMOS circuitry from a 1V supply
depends on a technique called bootstrapping. A specially
designed oscillator starts itself up on a very low voltage and
builds up (or bootstraps) a higher voltage that in turn is used
as the supply for further operation. This supply yields higher
efficiency because the bootstrapped voltage drives the gate
of the internal power FET transistor to lower on resistance.

When power is first applied, the circuit is very inefficient (for
the first cycle) until a higher voltage is generated on the
flyback half of the first cycle. This higher voltage is rectified
and filtered, and powers the whole IC (and thus the oscilla-
tor) for the next cycle. Since each cycle generates a higher
voltage for the next cycle, the voltage builds up very rapidly.
An internal regulator limits the voltage to about 12V. The
load for this supply is only the CMOS chip itself, so the
requirements for the components, particularly the external
inductor L1, are very broad. This voltage is brought out to
the V+ pin and is connected to a tantalum capacitor for
filtering.
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ICL7644/7645/7646/7647

This bootstrapped 12V drives an internal N-channel power
FET that furnishes the switching power for the load. Since
the gate of this FET is driven from a 12V supply, it has a very
low on resistance and can efficiently switch high currents
through a second inductor, L2. It is the power stored in this
second inductor that is delivered to the 5V load via an
external Schottky diode. The rectified and filtered 5V output
is connected back to the OUT pin to provide feedback. The
ICL644/645/646/647 thus has two separate switching
circuits and uses two separate inductors.

Circuit Details

A typical application circuit is shown in Figure 2. The higher
value inductor, L1, is typically 4.7mH, and may have fairly
high losses. It is used for the low power section of the circuit
and is rectified by an internal diode and routed to pin 2, V+,
where it is filtered by an external capacitor, C1. The second
inductor, L2, varies from 39uH to 500pH, depending on
input voltage and load current. It must have low series
resistance and sufficient core material to handle the load
power without saturating. The inductor is connected to pin 1
(LX2), the drain of the Low Power FET, and is rectified by an
external Schottky diode, D1, and filtered by an external
capacitor, C2. This is the main +5V output (+3V on the
ICL647), and it is connected to OUT, pin 10, which is the
feedback input in high power mode. Figure 3 shows a
similar circuit for the ICL646 using an external FET for
higher power output.

Low Power Standby Mode

A control pin (CTL) is available for putting the device into
standby mode to conserve power. When this pin is held low,
the IC operates in the high power mode, if it is driven high or
left open the following occurs: the POWER READY (PR) pin
is driven low, the high power FET is gated off, the 12V (V+)
switching supply is reduced to 5V (+3V on the ICL647) and
is connected to the VoyT pin.

By lowering the internal 12V supply to 5V, the leakage cur-
rents of the CMOS circuits and the losses associated with
its voltage reference and oscillator are reduced to a mini-
mum. The internal low power 5V supply can furnish up to
500uA, and it is connected to the normal 5V output pin
(OUT) to supply current to the load, keeping alive standby
circuits.

Power Ready Output Pin

During initial start up (and when placed in standby mode),
the ICL644/645/646/647 internal voltages are too low to
drive the power FET efficiently. A separate comparator
determines when this voltage has reached a high enough
value to drive the FET. The output of this comparator gates
the FET drive voltage. This scheme extends battery life in
standby mode and prevents the power FET from stalling
when switching to high power mode. The comparator
output is also brought out to the POWER READY (PR) pin
and can be used to control external circuits, further
reducing battery drain.

Lx2
T Al
T0 - ND [ L
OUTPUT 3 13] CTL
LX1 31HP
il B, GND | L
. =
1.5V S [11] PR
- out
E——l—o ouTPUT
i Fc2
o= <
8] NC
T [e] Ne,
FIGURE 1. ICL644/645 BLOCK DIAGRAM
v+
D1
4.7mH S 11 L2 S47TRH  Ns5817
+5V
9 1 + _’wmA
(B4 Lx2 c2
6 220 ) F
LBl ICL644 —_
ICLB45
REF  ICL647 0
anp  CL7oH our
ICL7645 c1
ICL7647 R
cTL 22;J.F+
v+
HP GND
SEE TABLE 1.
L8O _IC__PR__SOI For L2 INDUCTOR
5] a] 11] s PART NUMBERS
L1 - TOKO
PART NUMBER
187LY - 472 NC

* Pin 8 used on 764X series only.

FIGURE 2. ICL64X/764X TYPICAL APPLICATION

L1 a D1
12H
33mH I o LT
__1] 9 12 — J:-—>+5v
+

250mA
N —r > c2
SATT . 470 uF l
| LBI =
= s 4 Rer
— 10
1nF ICL&46  OUT
_L__L ICL7648 c |
13 220F S
L ciL 2 ak
= 7 v+
HP GND s
EE TABLE 1.
LBO 1€ PR _SDJ o2 INDUCTOR

5 3 1 8 PART NUMBERS
L1 -TOKO
PART NUMBER

187LY - 332 NC

* Pin 8 used on 7646 series only.

FIGURE 3. ICL646/7646 TYPICAL APPLICATION
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Start Up and Mode Considerations

The ICL644/645/646/647 may be started up in either the
low power (standby) or high power mode. When starting in
the high power mode, both the low power switch and the
high power switch start immediately. Whether or not the
load is connected, the output voltage will rise to 5V in the
first few cycles. The OUT pin becomes an input for
feedback to control regulation.

If the high power load (greater than about 500pA) is
connected to the OUT pin and the device is placed in the
low power mode (CTL pin driven high or left open), the low
power oscillator will have to furnish all of the 5V power via
the OUT pin, and the low power oscillator will stall. It is,
therefore, important to disconnect any load currents
(greater than 500uA) whenever the low power or
standby mode Is selected. The POWER READY (PR) pin
may be used to disconnect the load via an external transis-
tor. This way the mode and connection of the high power
load are both controlled through the CTL input.

Input Filtering

It is important to limit the rate of rise of the battery voltage
when the circuit is first turned on with a mechanical switch
or the installation of the battery(ies). A simple R-C network
made up of the battery internal resistance and a 10pF
tantalum capacitor placed at the battery side of L2 input is
sufficient for this purpose. This capacitor also helps to
absorb the (relatively) high peak currents that are drawn
from the battery in the high power mode.

Output Filtering

It is also important to limit the speed at which V+ decreases
to 5V when the mode is switched from high power to
standby. This is accomplished by putting a 22uF capacitor
between the V+ and OUT pins. Also, a 220uF capacitor
placed on the OUT pin provides both filtering and serves to
hold up the 5V during the switchover period. Without these
capacitors, the 5V may spike negatively during the
switchover.

Low Battery Function

A completely independent low battery monitor is built into
the ICL64X series and the ICL764X series. Its input (LBI) is
the + input of a CMOS comparator whose - input is con-
nected to the internal 1.17V band-gap reference. This input
can be connected directly to the battery in single cell cir-
cuits or connected to a high resistance voltage divider for
higher voltage monitoring. The output (LBO) can sink 1.6mA
or source several microamperes from V+.

Shutdown Function

The ICL764X series is equipped with a shutdown feature.
Pin 8, a no connect pin on ICL64X series, is used to power
the part down. During shutdown the part draws less than
SpA quiescent current. The part can be shutdown by
grounding pin 8. When pin 8 is left floating the part is
identical to the ICL64X series.

Inductor Selection
Low Power Coil

The choice of the low power inductor, L1, is not critical. A
4.7mH coil with a DC resistance of less than 40Q is
adequate for most applications. In general, higher
inductance values allow lower start up voltages, while lower
resistances yield lower quiescent current in standby mode.
If the inductance is made too high, the low power (V+)
output voltage and current are reduced. This in turn reduces
the efficiency of the power section, so the +5V output (in
standby mode) supplied less current. Lower values of
inductance raise the minimum start up voltage.

High Power Coil

The high power coil, L2, must store most of the energy that
flows into the load. Accordingly, it should have a powdered
iron or ferrite core and should have low resistance to
minimize losses. It also must have an adequate current rat-
ing to prevent saturation.

Calculating the worst case inductor for the high power
section (LX2) of the ICL644/645/646/647 is a two step
process:

1. Determine the smallest inductor value that will not cause
the circuit to exceed the peak current rating of the ICL644/
645/647 with the highest expected input voltage (ViINMAX),
the longest on time (tonMAX), and the lowest total re-
sistance (R(MIN))- R(MIN) is the sum of the minimum coil
and FET resistances. Note that this peak current relates to
the inductor and the FET switch and is several times the
load current.

The following example assumes the minimum frequency
fo(miN) and the maximum 9% ON(MAX) for the calculation of
tON(MAX)- Although the calculated value for toN(MAX) is
above that specified in the electrical characteristics table
(49ps), the illustration is still a valid one that yields a worst
case minimum inductor value.

NOTE: Units with both fo(MiN) and %O N(MAX) values near
the ends of the allowed distributions will be rejected for
tON(MAX)-
From the Electrical Characteristics table:
IPK LX2 = 1.5A
RDSON(MIN) = 0.4
fo(MIN) = 15.500Hz
Duty Cycle Maximum, %ON(MAX) = 0.8
then:
tON(MAX) = %ONMAXYTO(MIN) = 0.8/15500 = 51.6us
Assume that the minimum coil resistance. RCOIL(MIN) is:
RcoiLMIN) = 0.122
The minimum total resistance, R(MIN) is:
R(MIN) = RDSON(MIN) + RCOIL(MIN) = 04 + 0.1 = 0.5Q
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then:
Ipi = 1.5A = VINMAX) [1-9 -R(MIN) X 'ON(MAX)/L(MIN)]
RMIN)
or:
LviINy (uH) -R(MiN) tON(MAX)

In [(1 = RNy X IpK/VIN(MAX)) ]

For a maximum input voltage of 1.56V (single alkaline cell),
and a minimum coil resistance of 0.1Q, the minimum
permissible inductance for the ICL644/645/647 s
39.37uH.

2. Having determined the minimum inductance (L(MIN)
that keeps the peak current below the individual component
ratings, we next calculate a new peak current (I'pK) using
the highest resistance (R(gvax)), the lowest input voltage
(VIN(MIN)) and the shortest on time (tON(MIN))-
Using these parameters, we will calculate the minimum
available output (DC) current.

From the Electrical Characteristics table:
RDSON(MAX) = 0.67Q2
fo(max) = 24kHz
Duty Cycle Minimum, %QN(MIN) = 0.66

then:
tON(MIN) = %ON(MIN)/fQ(MAx) = 0.66/24000 = 27.5ps

Assume that the maximum coil resistance, RcolL(MAX) is:
RcoIL(MAX) = 0.1592

The maximum total charging resistance, R(vAx) is:
R(MAX) = RDSON(MAX) + RCOIL(MAX) = 0.820

At the end of the ON period:

VIN(MIN) X 1-e THUMAX) X TON(MIN)/L{MIN)

Rimax)
The energy stored in the coil is:

I'pk =

Living X 'PK2
2

EcoiL =

And the power put into the coil is:
PcoiL = fomax)xEcolL

= Lviny x'pK2 x fomax)
2

The minimum DC output current, IQyT, is:
PcolL-PLosS =
VOUT(MAX) + VDIODE - VIN(MIN)

PcolL-pK? x (RooiLmaxy3) x (1 - %ONiNy
VouT(MAX) + VDIODE - VIN(MIN)

P
louTMIN) = VLOAD =
LOAD

Using a 47 + 10% pH coil with a resistance of 0.15%, an input
voltage of 1.1V, and the worst case highest output voltage of
5.5V. The calculated minimum DC output current is 32mA. This
assumes a 0.3V forward drop in the 1N5818 diode.

When selecting a coil, care should be exercised to insure that
the minimum inductance value, including all the manufacturing
tolerances, is never lower than the calculated inductance, or the
peak current rating of LX2 may be exceeded. In addition, the
current rating of the coil should be greater than the peak
current used in the calculation (1.5A, normally), to avoid
saturating the core.

if the worst case output current is too small, then either the
minimum input voltage must be increased or the maximum
input voltage should be decreased. It is always desirable to
decrease the ratio between maximum and minimum input
voltages. The coil resistance also has a significant effect on the
output current, so selecting a lower coil resistance will increase
the output current and increase the overall efficiency.

If no satisfactory value of inductance can be found for the
desired current, the ICL646 may be used with an external FET
whose peak current exceeds 1.5A. The calculations are similar
for the ICL644 except the external FETs RpSON and current
rating should be substituted in the above equations.

If the worst case output current is significantly higher than the
required load current, a higher inductance value may be used.
This will tend to reduce the peak current and the ripple voltage.
Be sure to adjust the coil resistance and recalculate all the
values.

When the maximum battery voltage exceeds 1.65V, the
ICL645 should be used. Calculations for the ICL645 are
identical to the ICL644 calculations, except that different values
must be used for the maximum and minimum duty cycles.

In general, if a choice of batteries is available, higher input
voltages are preferred for two reasons. First, as the input
voltage approaches 1V, the load on the battery increases while
the losses increase. The losses become so dominant that
efficiency suffers and little output current can be
maintained. Second, certain losses, such as the coil
resistance and the FET on resistance are less significant with
higher input voltages. This means not only higher
efficiency, but a greater range of input voltages are
tolerable; this in turn means that more of the chemical
energy can be converted into electricity. For example, three
NiCd cells, with a fully charged voltage of 4.05V, may still be
used down to 1.1V (with about 5mA of 5V output current), far
beyond the normal life expectancy.

The inductance values for commonly encountered battery
operated power supplies are tabluated in Table 1.
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TABLE 1. MINIMUM INDUCTANCE FOR COMMON BATTERIES

COIL SPECIFICATIONS (L2)
BATTERY VOLTAGE TOKO 8RBS 262LYF SERIES
BATTERY TYPE MIN MAX OUTPUT uH* OHMS PART NO.

1 NiCads (ICL644) 1.15V 1.35V 5V 43mA 39 0.09 -0087K
1 Alkaline (ICL644) 1.20v 1.55V 5\ 43mA 47 0.10 -0088K
1 Alkaline (ICL644) 2.5V 3.5V 5V 150mA 33 0.80 -0086K
2 NiCads (ICL645) 2.30V 2.70V 5V 64mA 68 0.16 -0090K
2 Alkalines (ICL645) 2.40V 3.10V 5v 62mA 82 0.17 -0091K
1 Lithium (ICL645) 2.60V 3.60V 5V 64mA 100 0.22 ~-0092K
1 NiCad (ICL646)** 1.15v 1.35V 5V 250mA 12 0.049 -0081K
1 Alkaline (ICL&46)** 1.20V 1.55V 5V 275mA 6.8 0.037 -0079M
1 Alkaline (ICL647) 1.20v 1.55V 3v 60mA 39 0.09 -0087K

*

Coils are from Toko. Inductance (uH) is the MINIMUM allowed for the listed
battery voltage range (Battery Voltage: MIN, MAX). Lower values are not
recommended, except when using the ICL646/7646 converters since they
use an external MOSFET. If less current than listed in the Output column is
needed, a higher inductance coil will reduce losses. The optimum induct-

** These ICL646 circuits use an external current switch. Peak switch current
is typically 3.5A.

Capacitor Selection

The high current fast rise-time pulses associated with
switching power supplies demand good grounding and
bypassing techniques. The ICL644/645/647 have 3 ground
pins to improve grounding. In addition, the internal voltage
reference is brought out for connection to an external 1nF
capacitor, minimizing noise and modulation on the
reference.

The two output voltages, V+ and +5V should be filtered with
tantalum capacitors, or other capacitors with low effective
series resistance, to minimize transients. If aluminum
electrolytic capactors are used, they should be paralleled
with 0.1pF disc ceramics.

Selecting Low Power Switching Diodes

The ICL644/645/646/647 use one external diode, and this
diode must be a Schottky. A common Schottky type that
performs well is the 1N5818.

In applications where standby current must be minimized,
the diode’s reverse leakage characteristics are especially
important. The ICL644/646/647 (40uA for the ICLB45)
standby current is typically 80pA, while the reverse current
of some Schottky rectifiers can exceed this value,
particularly at high temperature. If necessary, diode leakage
can be reduced with higher voltage Schottky types such as
1N5817. If standby mode is not used or is used only for
short periods, then diode leakage is not a significant
additional loss compared to the normal load current and
need not be considered.

ance varies inversely with required output current if all other conditions are
unchanged. For example, refer to line 3 and the 10mA output. 120pH
supplies this current more efficiently than the 39H coil of line 2. L2 may also
be calculated using the in the Induct Section.

Rectifier Selection

The ICL644 - 647 and ICL7644 - 7647 use one external
rectifier. To achieve specified performance at low voltage, a
Schottky type, such as the 1N5818, is recommended
because it combines low forward voltage drop with fast
switching speed. This maximizes power conversion
efficiency and output current when the DC-DC converter is
in high power mode. One drawback of Schottky rectifiers is
relatively high reverse leakage current (at 5V reverse,
1N5818 leakage is typically 60pA at 250C and 450pA at
759C), which is quite large with respect to the circuit's
quiescent current in standby mode (typical standby current
ICL644/646/647 and ICL7644/7646/7647: 80uA, ICL645
and ICL7645: 40uA). If standby mode is not used or used
only for short periods, reverse leakage is not a significant
additional loss compared to the normal load current, and
need not be considered.

If quiescent operating current is a primary concern, or if the
ICL644 - 647 and ICL7644 - 7647 spends most of its time
in standby mode, a silicon rectifier such as the 1N4933 or
Unitrode UES1001 may be preferred. Silicon rectifiers have
less reverse leakage current than do Schottky rectifiers
(1N4933 leakage current is typically 1uA at 250C and 50pA
at 1000C). In circuits where the standby mode is the
predominant mode of operation, battery life may be
extended by trading conversion efficiency for lower standby
quiescent current.
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Output Current vs. Input Voltage

Figures 4 through 7 show output current versus -input
voltage using typical inductor values for each part in the
ICL644 - 647 and ICL7644 - 7647 series. Where curves
end in the middle of the graphs, the peak current limit of the
internal LX2 switch has been reached. A higher input
voltage than indicated by that line (for the given inductor)
may damage the device. Figure 6 assumes that an IRF541
MOSFET is used (0.0852 maximum on resistance).

Dashed lines indicate regions where the LX2 current limit
hasn’t been exceeded, but the current rating of the selected
coil has. The actual voltages where lines end or become
dashed are indicated by arrows on the graphs. The output
currents indicated by dashed lines can be achieved only
with inductors of higher current rating than the indicated
coil. The coils used in Figures 4, 5 and 7 are as follows:

150
47uH
100 -
z o e
3 BuH / / L~ 100uH
0 %é;, 150uH
="
?
0
09 1" 13 15 17 19
vin (V)
FIGURE 4. ICL644/7644, IoyT vs. VIN (VouT = 5V)
500
L=12uH
400
z 300 - PRPSENR
E - / L= 22uH |
A / é e L33
" = L
0
09 K 13 1's 17 9
ViN (V)

FIGURE 6. ICL646/7646, IoyT vs. VIN (VouT = 5V)

INDUCTOR TOKO PART NUMBER
33uH -0086K
47pH -0088K
100pH -0092K
150pH -0094K
220pH -0096K

The coils used in Figure 6 are the Toko series inductors.

The graphs in Figures 4 - 7 were calculated using worst
case data, so individual circuits may supply more current
than indicated. If the coils’ current ratings are not exceeded,

smaller, lower-cost coils than those indicated may be used .

in low-current applications. Use the equations in the text to
calculate worst case peak coil/switch current to be sure that
a particular coil’s current rating is sufficient.

200
v
/ ,’
¢ V4
150 7 (an
7 'd
- w| 4, AL /
) 2V Nl 100‘.“/}
3 yﬁeﬂ" 150uH
A A
? // - —
/é/
OIG 21 26 31 36

ViN(V)
FIGURE 5. ICL645/7645, IoyT vs. VIN (VouT = 5V)

200
150 / 4TuH
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3 A7 oo
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0 . 5 )

o
©
w

ViN(V)
FIGURE 7. ICL647/7647, loyT vs. ViN (VOUT = 3V)
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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 also 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 Log|c Supply to £5V
Supplies

© Simple Voltage Multiplication (Voyt=(—) nvm)

© 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[ |
cAP+[ [2] 7] Josc
GROUND[ |3 6] Jwv

CAP-—DE 5| |Vour

8] Jv+

0319-1

(Outline Dwg BA)
8 LEAD S.0.

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

V+(and CASE) \J
O, Ne[1] [8)v+
‘ ICL7660
CAP+[2] [ 7]osc
GROUND[3] 6LV
cap-[4] 5 ]Vour
0319-2 0319-3

(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.

302063-005



ICL7660

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage ..............oooiiiiiiiiiit, 10.5V Operating Temperature Range
LV and OSC Input Voltage ICL7660M ..........ccovivinnn.., —55°Cto +125°C
(Notet) ............ —0.3Vto (V+ +0.3V)forVt <55V ICL7660C .......ccovviiiiiniienannnn. 0°Cto +70°C
(V+ —5.5V)to (Vt +0.3V) for V+ >5.5V Storage Temperature Range .......... —65°Cto +150°C
CurrentintoLV (Note 1) ............. 20pA for V+ >3.5V Lead Temperature
Output Short Duration (VsyppLy<5.5V) ....... Continuous (Soldering, 10S€C) «...vvviriiiein i 300°C
Power Dissipation (Note 2)
ICL7660CTV ..ttt iiiiii e iienienns 500mwW
ICL7660CPA ... .. e 300mW
ICL7660MTV ..ottt 500mW
NOTE: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indic d in the op jons of the specifications is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.
+ e
—oOoV 7
0w
N S E
O CAP g 3
ne voLTase £5
+ - w
OSCILLATOR TRANSLATOR O CAP g
L a

L

VOLTAGE LOGIC
REGULATOR NETWORK
=
0319-7
Figure 2: Functional Diagram
ELECTRICAL CHARACTERISTICS
V+ =5V, Tp=25°C, Cogc=0, Test Circuit Figure 3 (unless otherwise specified)
Symbol Parameter Test Conditions Limits Units
Min | Typ Max
I+ Supply Current RL= 170 500 rA
v Supply Voltage Range — Lo | MIN<STA<MAX, R =10k, LV to GROUND 1.5 3.5 v
"M Supply Voltage Range - Hi MIN<Ta<MAX, R_=10kQ, LV Open 3.0 10.0 \

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

ICL7660

V+ =5V, Ta=25°C, Cogc=0, Test Circuit Figure 3 (unless otherwise specified) (Continued)

Symbol Parameter Test Conditions Limits Units
Min Typ | Max

louT=20mA, Tp=25°C 55 100 Q
louT=20mA, 0°C<TA< +70°C 120 Q
louT=20mA, —55°C<Ta< + 125°C 150 Q

Rout Output Source Resistance V+ =2V, lgyr=38mA, LV to GROUND 300 Q
0°C<TA< +70°C
V+ =2V, loyT=3mA, LV to GROUND, 400 Q
—55°C< Tp< +125°C

fosc Oscillator Frequency 10 kHz

Pgt Power Efficiency R =5k 95 98 %

VouTEf Voltage Conversion Efficiency R = 97 99.9 %

Zosc Oscillator Impedance V+=2Volts 1.0 MQ
V=5 Volts 100 kQ

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

sources op g from | suppli
2. Derate linearly above 50°C by 5.5mW/°C.

TYPICAL PERFORMANCE CHARACTERISTICS

OPERATING VOLTAGE AS A
FUNCTION OF TEMPERATURE
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A
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/
4
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0
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TEMPERATURE (°C)
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0319-8

OUTPUT SOURCE RESISTANCE (1)

be applied prior to “power up” of the ICL7660.

OUTPUT SOURCE RESISTANCE AS A
FUNCTION OF SUPPLY VOLTAGE

-
=
X

1
Ta = +25°C—]

—
A ¥

\
N

-
>

-]
-

2 3 4 5 &6
SUPPLY VOLTAGE (V*)

7 8

0319-9

NOTE: Al typical values have been characterized but are not tested.
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(Circuit of Figure 3)

OUTPUT SOURCE RESISTANCE AS A
- &NCTION OF TEMPERATURE
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TYPICAL PERFORMANCE CHARACTERISTICS

POWER CONVERSION EFFICIENCY

AS A FUNCTION OF OSC.
FREQUENCY
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FUNCTION OF OUTPUT CURRENT
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FREQUENCY OF OSCILLATION AS
A FUNCTION OF EXTERNAL
0OSC. CAPACITANCE

OSCILLATOR FREQUENCY fosc (Hz)

POWER CONVERSION EFFICIENCY (%)

=
=
=

g

™

NS

-
x

vt

=5V
I" Ta = +25°

-
-0

100
Cosc (pf)

1000 10K

0319-12

SUPPLY CURRENT & POWER
CONVERSION EFFICIENCY AS A
FUNCTION OF LOAD CURRENT
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NOTE: All typical values have been characterized but are not tested.
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ICL7660

(Circuit of Figure 3) (Continued)

UNLOADED OSCILLATOR
FREQUENCY
AS A FUNCTION OF TEMPERATURE
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OUTPUT VOLTAGE AS A
FUNCTION OF OUTPUT CURRENT
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NOTE 3. These curves include in the supply current that current fed directly
into the load RL 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 ICL7660, to the negative side of the load. ideally, Vout=2Vn

'S ~2 IL, so VIN xIg = Vgoyr X 'L'
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ICL7660

5 v
£&—0 (+5v)
1CL7660
c + : YL
10 uF = ° °:| '
]
= i SR
Cosc)
:=|: £,
= out
o
1
o 0uF
0319-18
NOTE: 1. For large values of Cogc (> 1000pF) the values of C4 and
Cp 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, Vt, for the half cycle when
switches S¢ and Sj3 are closed. (Note: Switches Sy and Sy
are open during this half cycle.) During the second half cy-
cle of operation, switches S and Sy are closed, with S4 and
S3 open, thereby shifting capacitor C1 negatively by V+
volts. Charge is then transferred from C1 to Co 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; Sq is a P-channel device and S, Sg & Sy are
N-channel devices. The main difficulty with this approach is
that in integrating the switches, the substrates of Sz & S4
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 (VoyT) 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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0319-19
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.

C  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 Gy and Co 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=%Cq (V12-V2?)

where V4 and V, are the voltages on Cq during the pump
and transfer cycles. If the impedances of Cq and Cy are
relatively high at the pump frequency (refer to Figure 4)
compared to the value of Ry, there will be a substantial
difference in the voltages V¢ and V. Therefore it is not only
desirable to make C; 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.

Do not short circuit the output to V+ supply for supply

voltages above 5.5 volts for extended periods, however,

transient conditions including startup are okay.

. When using polarized capacitors, the + terminal of C4
must be connected to pin 2 of the ICL7660 and the
+ terminal of Cp must be connected to GROUND.

. If the voltage supply driving the 7660 has a large source
impedance (25 - 30 ohms), then a 2.2yF capacitor from
pin 8 to ground may be required to limit rate of rise of
input voltage to less than 2V/us.

. User should insure that the output (pin 5) does not go
more positive than GND (pin 3). Device latch up will
occur under these conditions.

A 1N914 or similar diode placed in parallel with Co will
prevent the device from latching up under these
conditions. (Anode pin 5, Cathode pin 6).

3.
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Figure 7: Paralleling Devices
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Figure 5: Simple Negative Converter
I
B
T

} o A

v _

t -0

0319-28
Figure 6: Output Ripple
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NOTE: All 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 (Ry) 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 + Rsws + ESRgq) +
2(Rgw2 + Rswa + ESRgq) +
1

- + ESR
(feump) (C1) cz

f
(frump = %, Rswx = MOSFET switch resistance)
Combining the four Rgwyx terms as Rgw, we see that:

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

1

(feump) (C1)

Rsw, the total switch resistance, is a function of supply
voltage and temperature (See the Output Source Resist-
ance graphs), typically 23Q @ 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/(fpump ® 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 pF 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 (ESRg1) + ESRc2

(5 © 103) (10-5)
Ro = 46 + 20 + 5 (ESRg)

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 109Q.

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 2¢lout, hence the total drop is 2®lout®eSRco
volts. Segment B is.the voltage change across C2 during
time tp, the half of the cycle when C2 supplies current to the
load. The drop at B is lout®t2/C2 volts. The peak-to-peak
ripple voltage is the sum of these voltage drops:

Vii = [—-— + 2 (ESR, )] lout

PPe ™ | 2 (fpume) (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, C4. The resultant output resistance would
be approximately:

Rout (of ICL7660)

R =
ouT= (number of devices)



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 RoyTt
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 10kQ pullup resistor to V+ supply is required.
Note that the pump frequency with external clocking, as
with internal clocking, will be ', of the clock frequency. Out-
put transitions occur on the positive-going edge of the
clock.

ICL7660

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 (C4) and reservoir (Cp) capacitors; this is overcome
by increasing the values of Cy and C, 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 Cy and Cy (from
10pF to 100uF).

NOTE: All typical values have been characterized but are not tested.
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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 Cq to a voltage level of V+ —Vg (where V+
is the supply voltage and Vf is the forward voltage drop of
diode D). On the transfer cycle, the voltage on C4 plus the
supply voltage (V+) is applied through diode D, to capaci-
tor Co. The voltage thus created on Cp becomes
(2V+)—(2VE) or twice the supply voltage minus the com-
bined forward voltage drops of diodes D4 and Do. -

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

vt
o

Y o,

Vour =
D2 (v - (2vF)

+

+
TCu = C2

NOTE:
D1 & 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
C1 and Cg3 perform the pump and reservoir functions re-
spectively for the generation of the negative voltage, while
capacitors Co and G4 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 Viy=Vepx)
T

Your = (2V*)=

O (Vip)=(Vep2)

+

. . ) 0319-26
Figure 12: Combined Negative Voitage
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 load 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+
AL 5°~F=If
Vo34
:ERLz M“F-[-‘
9 NE
50uF—1=
T .
0319-27
Figure 13: Splitting A Supply in Half

NOTE: All typical values have been characterized but are not tested.
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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 5 to a
load of 10mA.

100k

AAA
\AAs

-
f‘ 1CLB069

== 100 uF
I

0319-31
Figure 14: Regulating the Output Voltage

+ 5V LOGIC SUPPLY

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 muiltiplier 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 voltages (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=(—)nVin

© 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 Voyt = +nVjy

© Negative Supplies for Data Acquisition Systems &
Instrumentation

® RS232 Power Supplies
® Supply Splitter, Voyt = *+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 [I1]
car* 12|
GROUND [T3]

cap~ 4]

(BA)

V*(and CASE)

(TV)

Figure 1: Pin Configurations

0088-2

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

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

SupplyVoltage ...........cooviiiiiiiiiiiiiin... 13.0v
LV and OSC Input Voltage
(Note 1) ..... S —0.3Vto(Vt+ + 0.3V)forV+ <55V

(V+ —55V)to(V+ + 0.3V) forV+>55V
20 pAforV+ > 3.5V
Continuous

Current into LV (Note 1)
Output Short Duration (VsyppLy < 5.5V)

Power Dissipation (Note 2)
ICL7660SCTV
ICL7660SCPA
ICL7660SCBA
ICL7660SITV
ICL7660SIPA
ICL7660SIBA
ICL7660SMTV

Operating Temperature Range
ICL7660SM
ICL7660SI
ICL7660SC .......covvvviiiiieninenenn

Storage Temperature Range

Lead Temperature

—55°Cto +125°C
—25°Cto +85°C
0°C to +70°C

—65°Cto +150°C

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 op i of the specifications is not
implied. Exp to absoll rating conditions for extended peri-
ods may affect device reliability.

(Soldering, 10S€C). ... ovvvvriniiiiiiieannn 300°C
BOOST
<[ > ov*
J O cAP*
Re R | VoLTAGe »
OSCILLATOR M +2 M rReaiaToR o
L
I y N
1 Vour
)
0sc LV E___
VOLTAGE
REGULATOR | tocic
I ] »1  NETWORK
= = 0088-4
Figure 2: Functional Diagram

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

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

iCL7660S

Symbol Parameter Test Conditions Limits Units
Min Typ Max
It Supply Current R =, 25°C 80 160
(Note 3) 0°C < Tp < +70°C 180 A
—25°C < Tp < +85°C 180 | M
—55°C < Tp < +125°C 200
vy Supply Voltage Range—Hi | R_=10K, LV Open 3.0 12 v
(Note 4) Tmin < TA < Tmax :
A Supply Voltage Range—Lo R =10K, LV to GROUND
1.5 3.5 \
Trmin < TA < Tmax
Rour Output Source louT = 20 MA, T = 25°C 60 100
Resistance louT = 20 MA, 0°C < T < +70°C 120
lout = 20 mA, —25°C < Tp < +85°C 120
louT = 20 mA, —55°C < Tp < +125°C 150
louT = 3mA,V+t = 2V, LV = GND,
0°C < Tp < +70°C 250 @
loutr = 3mA,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 R =5kQ 96 98 %
‘o
Tmin < TA < Tmax 95 97
Vour Eff Vol.la.ge Conversion RL = o 99 99.9 %
Efficiency
Zosc Oscillator Impedance vVt =2v 1 MQ
v+ =5V 100 kQ

NOTE 1: Connecting any terminal 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 applied prior to “power up” of ICL7660s.
2: Derate linearly above 50°C by 5.5 mW/°C.

3: 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.

4: 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
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NOTE: All 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 T
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2
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NOTE 6: These curves include in the supply current that current fed directly into the load Ry_from V+ (see Figure 3). Thus approximately half the supply current
goes directly to the positive side of the load, and the other half, throught the ICL76860S, to the negative side of the load. Ideally, Vot ~2 V|, Ig = 21,

so VN x g = Voyr X I..

NOTE: All typical values have been characterized but are not tested.
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V+
Is v+
—<4—O (+5V)
an
c.t ICL7660S
1 <
10uF = SR
- — Vour
L 0]
e,
T 10uF
0088-16
NOTE 1: For large values of Cosc (> 1000pF) the values of Cy and
Cs should be increased to 100uF.
Figure 3: ICL7660S Test Circuit

DETAILED DESCRIPTION

The ICL7660S contains all the necessary circuitry to com-
plete a negative voltage converter, with the exception of 2
external capacitors which may be inexpensive 10pF 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
C1 is charged to a voltage, V*, for the half cycle when
switches Sq and S3 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 S¢ and
Sg3 open, thereby shifting capacitor C1 negatively by V+
volts. Charge is then transferred from C4 to C» such that the
voltage on C, is exactly V*, assuming ideal switches and
no load on Cy. The ICL7660S approaches this ideal situa-
tion more closely than existing non-mechanical circuits.

In the ICL7660S, the 4 switches of Figure 4 are MOS
power switches; Sq is a P-channel device and Sj, S3 & Sy
are N-channel devices. The main difficulty with this ap-
proach is that in integrating the switches, the substrates of
S3 & S4-must always remain reverse biased with respect to
their sources, but not so much as to degrade their “ON”
resistances. In addition, at circuit startup, and under output
short circuit conditions (Voyt=V), the output voltage
must be sensed and the substrate bias adjusted according-
ly. Failure to accomplish this would result in high power
losses and probable device latchup.

This problem is eliminated in the ICL.7660S by a logic net-
work which senses the output voltage (VouT) 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 ICL7660S is an inte-
gral part of the anti-latchup circuitry, however its inherent
voltage drop can degrade operation at low voltages. There-
fore, to improve low voltage operation the “LV” pin should
be connected to GROUND, disabling the regulator. For sup-
ply voltages greater than 3.5 volts the LV terminal must be
left open to insure latchup proof operation, and prevent de-
vice 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.

C  The impedances of the pump and reservoir capaci-

tors are negligible at the pump frequency.

The ICL7660S approaches these conditions for negative
voltage conversion if large values of Cy and C» 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=Cq (V12-V2?)
where V4 and V» are the voltages on C4 during the pump

and transfer cycles. If the impedances of Cy and Cy are
relatively high at the pump frequency (refer to Figure 4)

- compared to the value of R, there will be a substantial
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difference in the voltages V1 and V». Therefore it is not only
desirable to make C; as large as possible to eliminate out-
put voltage ripple, but also to employ a correspondingly
large value for C1 in order to achieve maximum efficiency of
operation.

DO’S AND DON’TS

1.
2.

Do not exceed maximum supply voltages.

Do not connect LV terminal to GROUND for supply

voltages greater than 3.5 volts.

Do not short circuit the output to V+ supply for supply

voltages above 5.5 volts for.extended periods, however,

transient conditions including startup are okay.

. When using polarized capacitors, the + terminal of C4
must be connected to pin 2 of the ICL7660 and the
+ terminal of Co must be connected to GROUND.

. If the voltage supply driving the 7660S has a large
source impedance (25 ~ 30 ohms), then a 2.2uF capaci-
tor from pin 8 to ground may be required to limit rate of
rise of input voltage to less than 2V/us.

. User should insure that the output (pin 5) does not go

more positive than GND (pin 3). Device latch up will

occur under these conditions.

A 1N914 or similar diode placed in parallel with Co will

prevent the device from latching up under these

conditions. (Anode pin 5, Cathode pin 6).

3.
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Figure 5: Simple Negative Converter and its Output Equivalent
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Figure 7: Paralleling Devices

NOTE: All typical values have been characterized but are not tested.
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*NOTE 1: Voyr = —nV+ for 1.5V < V+ < 12V.

Figure 8: Cascading Devices for Increased Output Voltage
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TYPICAL APPLICATIONS

Simple Negative Voltage Converter

The majority of applications will undoubtedly utilize the
ICL7660S for generation of negative supply voltages. Figure
5 shows typical connections to provide a negative supply
where a positive supply of +1.5V to +12V is available.
Keep in mind that pin 6 (LV) is tied to the supply negative
(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 (R) 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+Rswa+ESRc1) + 2(Rswz+Rswa+

ESRg4) + F

+ ESRg2
puMp X C1

f
(feump = %, Rswx = MOSFET switch resistance)

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

Ro = 2XRsw + + 4XESRgy + ESRg2

1

frump X C1

Rsw; the total switch resistance, is a function of supply
voltage and temperature (See the Output Source Resist-
ance graphs), typically 23Q @ 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/(fpump X C1) component, and low ESR capacitors will
lower the ESR term. Increasing the oscillator frequency will
reduce the 1/(fpymp X C1) term, but may have the side ef-
fect of a net increase in output impedance when C1 >
10 uF and there is no longer enough time to fully charge the
capacitors every cycle. In a typical application where fosc
= 10 kHz and C=C1=C2=10 pF:

Ro=2x23+ +4XESRgy + ESRc2

(5%103x10x10-6)
Ro = 46 + 20 + 5XESRG Q

NOTE: All typical values have been characterized but are not tested.
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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 X C1) term, rendering
an increase in switching frequency or filter capacitance inef-
fective. Typical electrolytic capacitors may have ESRs as
high as 10Q.

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 6. Segment A is the voltage drop across
the ESR of C2 at the instant it goes from being charged by
C1 (current flowing into C2) to being discharged through the
load (current flowing out of C2). The magnitude of this cur-
rent change is 2Xlgyt, hence the total drop is
2XloyTXESRc2 volts. Segment B is the voltage change
across C2 during time tp, the half of the cycle when C2
supplies current to the load. The drop at B is oy Xt2/C2
volts. The peak-to-peak ripple voltage is the sum of these
voltage drops:

1
Viipple (2 X fpump X C2

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

Paralleling Devices

Any number of ICL7660S voltage converters may be par-
alleled to reduce output resistance. The reservoir capacitor,
C,, serves all devices while each device requires its own
pump capacitor, C4. The resultant output resistance would
be approximately:

+ 2XESH02) X louT

_ Rour (of ICL7660S)
n (number of devices)

Cascading Devices

The ICL7660S may be cascaded as shown to produce
larger negative multiplication of the initial supply voltage.
However, due to the finite efficiency of each device, the
practical limit is 10 devices for light loads. The output volit-
age is defined by:

Rout

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 ICL7660S RoyTt
values.

Changing the ICL7660S Oscillator
Frequency

It may be desirable in some applications, due to noise or
other considerations, to alter the oscillator frequency. This
can be achieved simply by one of several methods de-
scribed below.

By connecting the Boost Pin (Pin 1) to V1, the oscillator
charge and discharge current is increased and, hence, the
oscillator frequency is increased by approximately 3V,
times. The result is a decrease in the output impedance and
ripple. This is of major importance for surface-mount appli-
cations where capacitor size and cost are critical. Smaller
capacitors, e.g. 0.1 uF, can be used in conjunction with the
Boost Pin in order to achieve similar output currents com-
pared to the device free running with Cy = Cg = 10 uF or
100 pF. (Refer to graph of Output Source Resistance as a
Function of Oscillator Frequency).

Increasing the oscillator frequency can also be achieved
by overdriving the oscillator from an external clock, as
shown in Figure 9. In order to prevent device latchup, a
100 kQ resistor must be used in series with the clock out-
put. In a situation where the designer has generated the
external clock frequency using TTL logic, the addition of a
10 k€ pullup resistor to V+ supply is required. Note that the
pump frequency with external clocking, as with internal
clocking, will be ¥, of the clock frequency. Output tran-
sitions occur on the positive-going edge of the clock.

ICL7660S

0088-21
Figure 9: External Clocking

It is also possible to increase the conversion efficiency of
the ICL7660S 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 (Cp) 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 Gy and Cy (from
10pF to 100pF).

NOTE: All typical values have been characterized but are not tested.
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Figure 10: Lowering Oscillator Frequency

ICL7660S
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NOTE: D4 & Dy can be any suitable diode.
Figure 11: Positive Voltage Doubler

Positive Voltage Doubling

The ICL7660S 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 ICL7660S are
used to charge C4 to a voltage level of V*+ —Vg (where V+
is the supply voltage and VE is the forward voltage drop of
diode D). On the transfer cycle, the voltage on Cy plus the
supply voltage (V) is applied through diode Dy to capaci-
tor Co. The voltage thus created on Cp becomes
(2V+)—(2VE) or twice the supply voltage minus the com-
bined forward voltage drops of diodes Dy and D».

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.

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
Cq and C3 perform the pump and reservoir functions re-
spectively for the generation of the negative voltage, while
capacitors G 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.

POWER PROCESSING

CIRCUITS
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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, and
a high value resistor to the LV pin ensures start-up. Be-
cause the switches share the load 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 (~ 2500Q).

ICL7660S

Regulated Negative Voltage Supply

In some cases, the output impedance of the ICL7660S
can be a problem, particularly if the load current varies sub-
stantially. 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
constant output voltage. Direct feedback is inadvisable,
since the ICL7660S’s output does not respond instanta-
neously to change in input, but only after the switching de-
lay. The circuit shown supplies enough delay to accommo-
date the 7660S, while maintaining adequate feedback. An
increase in pump and storage capacitors is desirable, and
the values shown provides an output impedance of less
than 59 to a load of 10mA.

OTHER APPLICATIONS

Further information on the operation and use of the
ICL7660S may be found in A051 “Principals and Applica-
tions of the ICL7660 CMOS Voltage Converter”.

800k

250k
VOLTAGE
ADJUST

0088-26
Figure 14: Regulating the Output Voltage
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NOTE: All typical values have been characterized but are not tested.
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GENERAL DESCRIPTION

The Harris ICL7662 is a monolithic high-voltage CMOS
power supply circuit which offers unique performance ad-
vantages over previously available devices. The ICL7662
performs supply voltage conversion from positive to nega-
tive for an input range of +4.5V to +20.0V, resulting in
complementary output voltages of —4.5V to —20V. Only 2
non-critical external capacitors are needed for the charge
pump and charge reservoir functions. The ICL7662 can also
function as a voltage doubler, and will generate output volt-
ages up to +38.6V with a +20V input.

Contained on chip are a series DC power supply regula-
tor, RC oscillator, voltage level translator, 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 for-
ward biased. This assures latchup free operation.

The oscillator, when unloaded, oscillates at a nominal fre-
quency of 10kHz for an input supply voltage of 15.0 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 (+10 to +20V), the LV
pin is left floating to prevent device latchup.

ICL7662
CMOS Voltage Converter

FEATURES

® No External Diode Needed Over Entire Temperature

Range
© Pin Compatible With ICL7660

® Simple Conversion of + 15V Supply to — 15V Supply
® Simple Voltage Multiplication (Voyt=(—) nVin)
© 99.9% Typical Open Circuit Voltage Conversion

Efficiency
® 96% Typical Power Efficiency

® Wide Operating Voitage Range 4.5V to 20.0V

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

Passive Components

APPLICATIONS

® On Board Negative Supply for Dynamic RAMs
® Localized u-Processor (8080 Type) Negative

Supplies
¢ Inexpensive Negative Supplies
® Data Acquisition Systems
® Up to —20V for Op Amps

ORDERING INFORMATION
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Part Number | Temperature Range Package
ICL7662CTV 00C to +70°C TO-99
ICL7662CPA 00C to +70°C 8 Pin Mini DIP
ICL7662CBD 0°C to +70°C 14 Pin SOIC
ICL7662MTV* -559C to +125°C TO-99

*Add /883B to Part Number for 883B Processing.

8 LEAD PIN MINI DIP
TOP VIEW

14 LEAD PIN SOIC
TOP VIEW

\J

TEST [1]
cap+ [2]

GND [3]
cAp - [4]

TEST [1]
ne [2]
cap+ 3]
Nc [4]
GND [5]
NG [6]
cap[7]

8] v+
7] osc
(6] v
5] vour

A4

3] v+
13] osc
12] nC
1] w
[10] NC
5] ne

8] vour

TEST (1)

CAP+

GND (3)

Figure 1: Pin Configurations

TO-99 PACKAGE
TOP VIEW

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 charactenized but are not tested.
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage
Oscillator Input Voltage (Note 1)

—0.3Vto (V*+ +0.3V) for V+ <10V
(V*+—=10V) to (V+ +0.3V) for V+>10V

Currentinto LV (Note 1)
Output Short Duration

.............. 20pA for V+>10V
.. .. Continuous

Power Dissipation (Note 2)

ICL7662CTY
ICL7662CPA
ICL7662MTY

Lead Temperature (Soldering, 10sec)

ICL7662

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 i

maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS v+ =15V, To=25°C, Cosc=0, unless otherwise stated. Test Circuit

d in the

of the specifications is not implied. Exposure to absolute

Figure 3.
Limits .
Symbol Parameter Test Conditions Units
Min | Typ | Max
v+L Supply Voltage Range-Lo | Ry =10kQ,LV=GND  Min<Ta<Max 4.5 11 Vv
V+H Supply Voltage Range-Hi | R =10kQ,LV=0pen Min<Tp<Max 9 20 Vv
I+ Supply Current RL =, LV=0pen Ta=25°C .25 .60
0°C<Tp<+70°C .30 .85 mA
—55°C<Tpa<+125°C .40 1.0
Ro Output Source Resistance | 1o=20mA,LV=0pen Tp=25°C 60 100
0°C<Tp<+70°C 70 120 Q
—55°C<Tp<+125°C 90 150
I+ Supply Current v+ =5V, Ta=25°C 20 150
Rp=00,LV=GND 0°C<TaA<+70°C 25 200 pA
—55°C<Tp<+125°C 30 250
Ro Output Source Resistance | V+ =5V, Tp=25C 1256 | 200
lo=38mA, LV=GND 0°C<Ta<+70°C 150 | 250 Q
—55°C<Tp<+125°C 200 | 350
Fosc Oscillator Frequency 10 kHz
Peit Power Efficiency R_=2KQ Tao=25°C 93 .| 96 o
Min<Ta<Max 90 | 95 ¢
VoEf Voltage Conversion Effic. R =00 Min<Ta<Max 97 | 99.9 %
lose Oscillator Sink or Source V+ =5V (Vogc=0V to +5V) 0.5 A
Current V+ =15V (Vogo= +5V to +15V) 4.0 b

NOTES: 1. Connecting any terminal 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 applied prior to “‘power up” of the ICL7662.

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

3. Pin 1 is a Test pin and is not connected in normal use. When the TEST pin is connected to V+, an internal transmission gate disconnects any external
parasitic capacitance from the oscillator which would otherwise reduce the oscillator frequency from its nominal value.

2

I ] ov*
P —— 1,11 14
RC VOLTAGE o
—>  +2 LEVEL —— oA
OSCILLATOR TRANSLATOR CAP
TESTO— ] § v
P o out
M v 'I
Q INTERNAL
osc VOLTAGE LOGIC
| REGULATOR NETWORK
0320-3
Figure 2: Functional Diagram .

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

POWER CONVERSION EFFICIENCY (%)

ICL7662

(See Test Circuit of Figure 3)
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TYPICAL PERFORMANCE CHARACTERISTICS

UNLOADED OSCILLATOR FREQUENCY
AS A FUNCTION OF TEMPERATURE
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NOTE: All typical values have been characterized but are not tested.
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OUTPUT VOLTAGE Vo (VOLTS)

ICL7662

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

SUPPLY CURRENT AS A FUNCTION OF
OSCILLATOR FREQUENCY
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NOTE 4.

Note that 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 ICL7662, to the negative side of the load. Ideally, Vioap =
2VinIs = 21, s0ViN®ls = Vioap ® IL

CIRCUIT DESCRIPTION

The ICL7662 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 capacitors. The mode of operation of the
device may be best understood by considering Figure 4,
which shows an idealized negative voltage converter. Ca-
pacitor Cq is charged to a voltage, V+, for the half cycle
when switches Sy and Sg are closed. (Note: Switches Sy
and Sy are open during this half cycle.) During the second
half cycle of operation, switches Sy and S4 are closed, with
Sy and S3 open, thereby shifting capacitor C{ negatively by
V+* volts. Charge is then transferred from Cq to Cp such
that the voltage on C, is exactly V+, assuming ideal
switches and no load on C,. The ICL7662 approaches this
ideal situation more closely than existing non-mechanical
circuits.

In the ICL7662, the 4 switches of Figure 4 are MOS pow-
er switches; S1 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 S3 & 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.

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

ICL7662

This problem is eliminated in the ICL7662 by a logic net-
work which senses the output voltage (VoyT) together with
the level translators, and switches the substrates of S & S4
to the correct level to maintain necessary reverse bias.

The voltage regulator portion of the ICL7662 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 11 volts the LV terminal must be left
open to insure latchup proof operation, and prevent device
damage.

LOAD CURRENT I (mA)

G1

0320-17

NOTE: For large value of Cogg (> 1000pf) the values of Cy and Cp
should be increased to 100uF.

Figure 3: ICL7662 Test Circuit

0320-18
Figure 4: Idealized Negative Converter
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ICL7662

THEORETICAL POWER EFFICIENCY TYPICAL APPLICATIONS
CONSIDERATIONS Simple Negative Voltage Converter

In theory a voltage multiplier can approach 100% efficien- The majority of applications will undoubtedly utilize the
cy if certain conditions are met: ICL7662 for generation of negative supply voltages. Figure

A The drive circuitry consumes minimal power 5 shows typical connections to provide a negative supply
B  The output switches have extremely low ON resist- where a positive supply of +4.5V to 20.0V is available.
ance and virtually no offset. Keep in mind that pin 6 (LV) is tied to the supply negative

C  The impedances of the pump and reservoir capaci- (GND) for supply voltages below 11 volts.
tors are negligible at the pump frequency. The output characteristics of the circuit in Figure 5a can
The ICL7662 approaches these conditions for negative be approximated by an ideal voltage source in series with a
voltage multiplication if large values of Gy and G, are used. resistance as shown in Figure 5b. The voltage source has a
ENERGY IS LOST ONLY IN THE TRANSFER OF value of —(V+). The output impedance (Ro) is a‘function of
CHARGE BETWEEN CAPACITORS IF A CHANGE IN the ON resistance of the internal MOS switches (shown in
VOLTAGE OCCURS. The energy lost is defined by: Figure 4), the switching frequency, the value of C1 and C2,

and the ESR (equivalent series resistance) of C1 and C2. A

E=12C4 (V12-V2?) good first order approximation for Ry is:

where V4 and Vy are the voltages on Cy during the pump R. = 2(R +R + ESR

and transfer cycles. If the impedances of C1 and Cg are ° (Rsw1 SW3 c1)

relatively high at the pump frequency (refer to Figure 4) + 2(Rsw2 + Rswa + ESRgy) + + ESRc2
compared to the value of R, there will be a substantial fPumpXC1

difference in the voltages V¢ 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 Cy in order to achieve maximum efficiency of

t
(feump = %5'9, Rgwx = MOSFET switch resistance)

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

operation. Ro = 2XRgw + N ESRg1 + ESRcz ©
DO’S AND DON’TS frump C1
Rsw. the total switch resistance, is a function of supply
1. Do not exceed maximum supply voltages. voltage and temperature (See the Output Source Resist-
2. Do not connect LV terminal to GROUND for supply ance graphs), typically 249 @ 25°C and 15V, and 53Q @
voltages greater than 11 volts. 25°C and 5V. Careful selection of C1 and C2 will reduce the
3. When using polarized capacitors, the + terminal of C4 remaining terms, minimizing the output impedance. High
must be connected to pin 2 of the ICL7662 and the value capacitors will reduce the 1/(fpymp x_G1) compo-

nent, and low ESR capacitors will lower the ESR term. In-
creasing the oscillator frequency will reduce the 1/(fpymp X
C1) term, but may have the side effect of a net increase in

+ terminal of Co must be connected to GROUND.
4. If the voltage supply driving the 7662 has a large source

impedance (25 - 30 ohms), then a 2.2pF capacitor from output impedance when C1 > 10 pF and there is no longer

pin 8 to ground may be required to limit rate of rise of enough time to fully charge the capacitors every cycle. In a

input voltage to less than 2V/ps. typical application where fogc = 10 kHz and C = C1 = C2
5. User should insure that the output (pin 5) does not go = 10 pF:

more positive than GND (pin 3). Device latch up will

occur under these conditions. Ra=2X23+—————— 4+ 4XESRc1 + ESR

A 1N914 or similar diode placed in parallel with Cx will ° (6X108x10x10-6) © 2

prevent the - device from latching up under these Ro =46 + 20 + 5 X ESRc 0

conditions. (Anode pin 5, Cathode pin 6).

Ro
Vour

ICL7662

O VOUT = -V’
F
™
- b 0320-19

a
Figure 5: Simple Negative Converter and Its Output Equivalent

NOTE: All typical values have been characterized but are not tested.
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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 X C1) term, render-
ing an increase in switching frequency or filter capacitance
ineffective. Typical electrolytic capacitors may have ESRs
as high as 109.

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 6. Segment A is the voltage drop across
the ESR of C2 at the instant it goes from being charged by
C1 (current flowing into C2) to being discharged through the
load (current flowing out of C2). The magnitude of this cur-
rent change is 2 X lgyT, hence the total drop is 2 X gyt
X ESRcp volts. Segment B is the voltage change across
C2 during time tp, the half of the cycle when C2 supplies
current to the load. The drop at B is Ioyt X t2/C2 volts.
The peak-to-peak ripple voltage is the sum of these voltage
drops:

1

. =~ | ——————— X
Viipple (2 X frump X C2 +2X ESRCz) louT

ICL7662

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

Paralleling Devices

Any number of ICL7662 voltage converters may be paral-
leled to reduce output resistance. The reservoir capacitor,
Co, serves all devices while each device requires its own
pump capacitor, C4. The resultant output resistance would
be approximately

Rour (of ICL7662)

R =
ouT™ (number of devices)

Cascading Devices

The ICL7662 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 ICL7662 Royt
values.

"

1
4

Figure 6: Output Ripple

Y

0320-28

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

2-121

POWER PROCESSING
CIRCUITS



ICL7662

0320-20

Figure 8: Cascading Devices for Increased Output Voltage

ICL7662

“pn

0320-21

CMOS
GATE

—0 Vour

: 104F

I=—

0320-22

Figure 9: External Clocking

Changing the ICL7662 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 the situation where the designer has
generated the external clock frequency using TTL logic, the
addition of a 10k pullup resistor to V+ supply is required.
Note that the pump frequency with external clocking, as
with internal clocking, will be 15 of the clock frequency. Out-
put transitions occur on the positive-going edge of the
clock.

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

2-122

It is also possible to increase the conversion efficiency of
the ICL7662 at low load levels by lowering the oscillator
frequency. This reduces the switching losses, and is
achieved by connecting an additional capacitor, Cosc, as
shown in Figure 10. However, lowering the oscillator fre-
quency will cause an undesirable increase in the impedance
of the pump (C4) and reservoir (Cp) capacitors; this is over-
come by increasing the values of C4 and C, by the same
factor that the frequency has been reduced. For example,
the addition of a 100pF capacitor between pin 7 (Osc) and
V+ will lower the oscillator frequency to 1kHz from its nomi-
nal frequency of 10kHz (a multiple of 10), and thereby ne-
cessitate a corresponding increase in the value of Cy and
Co (from 10uF to 100pF).

==Cosc

_L —0 Vour
Z¢,
I

0320-23
Figure 10: Lowering Oscillator Frequency




Positive Voltage Doubling

The ICL7662 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 ICL7662 are
used to charge Cq to a voltage level of V+ —Vg (where V+
is the supply voltage and Vg is the forward voltage drop of
diode Dy). On the transfer cycle, the voltage on Cq plus the
supply voltage (V) is applied through diode D> to capaci-
tor Cp. The voltage thus created on Cp becomes
(2V+)—(2VF) or twice the supply voltage minus the com-
bined forward voltage drops of diodes Dy and Da.

The source impedance of the output (VoyT) will depend
on the output current, but for V+ =15 volts and an output
current of 10mA it will be approximately 70 ohms.

vt

Vour =
@) - (2ve)

+

'F'C‘ C2

NOTE:
D1 & D2 CAN BE ANY
SUITABLE DIODE

e

0320-24
Figure 11: Positive Voltage Doubler

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 Cg3 perform the pump and reservoir functions re-
spectively for the generation of the negative voltage, while
capacitors Co 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 =-V+
y o
C;
D; T Voyr=(@Ve)-
H Pt -0 (Vros) - (Vep2)
& L
"
0320-25

Figure 12: Combined Negative Converter

and Positive Doubler

NOTE: All typical values have been charactenzed but are not tested.
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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 and,
a high value resistor to the LV pin ensures start-up. Be-
cause the switches share the load 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, +30V can be con-
verted (via + 15V, and —15V) to a nominal —30V, although
with rather high series output resistance (~ 2500).

v+
L]
1 8
2)icL7662 | 7
3 [
4 5
S0uF
T v
0320-26
Figure 13: Splitting A Supply in Half

[ POWER PROCESSING

Regulated Negative Voltage Supply

In some cases, the output impedance of the ICL7662 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 ICL7662's output does not respond instantaneously to a
change in input, but only after the switching delay. The cir-
cuit shown supplies enough delay to accommodate the
7662, while maintaining adequate feedback. An increase in
pump and storage capacitors is desirable, and the values
shown provides an output impedance of less than 5Q to a
load of 10mA.

+ov AAA-
56k

50K

AA

00k

g

1=

11
+10y

VW
1

\—

nlojain)

Vour o4

250k
s T
0320-27
Figure 14: Regulating the Output Voltage

OTHER APPLICATIONS

Further information on the operation and use of the
ICL7662 may be found in AO51 “Principals and Applications
of the ICL7660 CMOS Voltage Converter”.

CIRCUITS



GENERAL DESCRIPTION

The Harris ICL7663S Super Programmable Micropower
Voltage Regulator is a low power, high efficiency positive
voltage regulator which accepts 1.6V to 16V inputs and pro-
vides adjustable outputs from 1.3V to 16V at currents up to
40 mA.

It is a direct replacement for the industry standard
ICL7663B offering wider operating voltage and temperature
ranges, improved output accuracy (ICL7663SA), better
temperature coefficient, guaranteed maximum supply cur-
rent, and guaranteed line and load regulation. All improve-
ments are highlighted in bold italics in the electrical char-
acteristics section. Critical parameters are guaranteed
over the entire commercial and industrial temperature
ranges. The ICL7663S/SA programmable output voltage is
set by two external resistors. The 1% reference accuracy of
the ICL7663SA eliminates the need for trimming the output
voltage in most applications.

The ICL7663S is well suited for battery powered supplies,
featuring 4 pA quiescent current, low Vi to Voyr differen-
tial, output current sensing and logic input level shutdown
control. In addition, the ICL7663S has a negative tempera-
ture coefficient output suitable for generating a temperature
compensated display drive voltage for LCD displays.

The ICL7663S is available in either an 8-pin plastic, CER-
DIP, or SOIC package.

Top View

sense [1]

Vourz [2]
Vout1 E

GND [4]

8] vin+
7] ie
El Vser |
5] sHoN

0092-1
\J
SENSE [1] (8] vin+
Vourz [2] 7] Vic
VouT1 E E] VseT
Gnop [4] 5] ston
0092-3

Figure 1: Pin Configurations

FEATURES

ICL7663S

CMOS Programmable Micropower
Positive Voltage Regulator

® Guaranteed 10 uA Maximum Quiescent Current over
All Temperature Ranges

® Wider Operating Voltage Range—1.6V to 16V

® Guaranteed Line and Load Regulation over Entire
Operating Temperature Range

Optional

® 1% Output Voltage Accuracy (ICL7663SA)

® Output Voltage Programmable from 1.3V to 16V

© /mproved Temperature Coefficient of Output Voltage
® 40 mA Minimum Output Current with Current Limiting

® Output Voltages with Programmable Negative
Temperature Coefficients

© Output Shutdown via Current-Limit Sensing or
External Logic Level

¢ Low Input-to-Output Voltage Differential

© Improved Direct Replacement for Industry Standard
ICL7663B and Other Second-Source Products

APPLICATIONS

® Low-Power Portable Instrumentation

® Pagers

® Handheld Instruments
® L.CD Display Modules
© Remote Data Loggers
© Battery-Powered Systems

ORDERING INFORMATION

Part Temperature Package
Number Range

ICL7663SCBA 0°Cto +70°C 8 Lead SOIC
ICL7663SCPA 8 Lead Minidip
ICL7663SCJA 8 Lead CERDIP
ICL7663SACPA 8 Lead Minidip
ICL7663SACJA 8 Lead CERDIP
ICL7663SIBA —25°Cto +85°C | 8LeadSOIC
ICL7663SIPA 8 Lead Minidip
ICL7663SIJA 8 Lead CERDIP
ICL7663SAIPA 8 Lead Minidip
ICL7663SAIJA 8 Lead CERDIP

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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ICL7663S

ABSOLUTE MAXIMUM RATINGS

Input Supply Voltage . . .........oooviiiiiiia, +18V NOTE: Stresses above those listed under “Absolute Maximum Ratings”
Any Input or Output Voltage (Note 1) may cause permanent damage to the device. These are stress ratings only
(Terminals 1,2,3,5,6,7) ...oovvenvnnnnnn. (Vin + 0.3) and functional operation of the device at these or any other conditions
to (GND - 0.3)V gbalfe thgse di d in the op f c of f:fwe P is nof
Output Source Current implied. Exp e It_7 b: " rating conditions for extended peri-
(TEIMINAI2) e 50 mA ods may affect device relabilty
(Terminal3) ... e 25 mA
Output Sinking Current
(Terminal 7) . ...vviii it —10mA
Lead Temperature (Soldering, 10sec.) ............. 300°C
Storage Temperature Range ........... —65°C to +150°C
Operating Temperature Range
ICL7663SC ...coviieeiiienniiennannns 0°Cto +70°C
ICL7663Sl......ovvieviniannnn. —25°Cto +85°C
Total Power Dissipation (Note 2)
SOIC it e e 200 mW o
Minidip .. oooe e 200 mW @D
CERDIP ..ttt 500 mW g 3
ELECTRICAL CHARACTERISTICS specifications below applicable to both ICL7663S and ICL7663SA unless 23
otherwise stated. V+y = 9V, Voyt = 5V, Ta = 25°C, unless otherwise stated. See Test Circuit, Figure 3. ; %
w
o =
Symbol Parameter Test Conditions Limits Units 8
Min Typ Max
V+in Input Voltage ICL7663S
Ta = 25°C 1.5 16 v
0°C < Tp < +70°C 1.6 16 "
—25°C < Tp < +85°C 1.6 16
ICL7663SA
0°C < Tp < +70°C 1.6 16 \"
—25°C < Tp < +85°C 1.6 16
la Quiescent Current 1.4V < Voyr < 8.5V, No Load
V+in =9V, 0°C < Tp < 70°C 10 pA
—25°C < Tp < +85°C 10
V+H)N = 16V, 0°C < Tp < +70°C 12 nA
—25°C < Tp < +85°C 12
VseT Reference Voltage lout1 = 100 pA, Vout = VseT
ICL7663S Ta = 25°C 1.2 1.3 1.4 \
ICL7663SA Ta = 25°C 1.275 1.29 1.305 \
AVseT Temperature 0°C < Tp < +70°C 100 ppm
AT Coefficient —25°C < Tp < +85°C 100 ppm
AVgeT Line Regulation 2V < Vy < 15V
Vser AVIN 0°C < Tp < +70°C 0.03 %I
—25°C < Tp < +85°C 0.03 0.3 %IN
IseT VserInput Current | 0°C < Tp < +70°C 0.01 10 nA
—25°C < Tp < +85°C 0.01 10 nA

NOTE: 1. Connecting any terminal to voltages greater than (V+y + 0.3V) or less than (GND — 0.3V) may cause destructive device latch-up. It is recommended
that no inputs from sources operating on external power supplies be applied prior to ICL7663S power-up.

2. Derate linearly above 50°C at 5 mW/°C for Plastic Minidip, 7.5 mW/°C for TO-99 can, and 10 mW/°C for CERDIP.

NOTE: All typical values have been characterized but are not tested.
2-125



ELECTRICAL CHARACTERISTICS

ICL7663S

Specifications below applicable to both ICL7663S and ICL7663SA unless
otherwise stated. V+ |y = 9V, V