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INTELLIGENT POWER PRODUCTS

Harris Semiconductor is a pioneer in developing and producing advanced Intelligent
Power products for the most demanding commercial, industrial and automotive appli-
cations in this world -- and beyond.

This databook fully describes Harris Semiconductor’s line of Intelligent Power prod-
ucts. It includes a complete set of data sheets for product specifications, application
notes with design details for specific applications of Harris products, and a descrip-
tion of the Harris quality and high reliability program.

Harris Semiconductor also offers an extensive line of power discrete components.
These devices (MOSFETs, MegaFETs, L2FETs, enhanced-mode insulated gate
bipolar transistors, ruggedized power MOSFETs and advanced discrete) can be
found in the Harris Power MOSFETs and Harris MCT/IGBT/Diodes catalogs.

This book is divided into 15 major sections. Section 1 contains general information.
Sections 2 through 10 cover each major category of devices offered by Harris Intelli-
gent Power. Section 11 provides additional application notes to supplement the data
sheets. Harris Quality and Reliability, Packaging Information, AnswerFAX and Sales
Offices appear in Section 12, 13, 14 and 15, respectively.

It is our intention to provide you with the most up-to-date information on Intelligent
Power Products. For complete, current and detailed technical specifications on any
Harris devices please contact the nearest Harris sales, representative or distributor
office; or direct literature requests to:

Harris Semiconductor Literature Department
P.O. Box 883, MS CB1-25
Melbourne, FL 32902
1-800-442-7747
FAX 407-724-3937

See Section 14 for Data Sheets Available on AnswerFAX

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

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

UNITED STATES

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

SanJose .............iii, 408-985-7322

WoodlandHills .. .................... 818-992-0686
FLORIDA Melbourne ......... ... ...l 407-724-3576
GEORGIA Duluth..........coiiiiiiiiiiinn, 404-476-2035
ILLINOIS Schaumburg..................all 708-240-3480
MASSACHUSETTS Burington................ ...l 617-221-1850
NEW JERSEY Voorhees ...............coiiiinnnn. 609-751-3425
NEW YORK GreatNeck................ooonnat. 516-829-9441
TEXAS Dallas..........cooiiviiiin.. 214-733-0800

INTERNATIONAL

FRANCE Paris......coovviiiiiiiiiiii 33-1-346-54046
GERMANY Munich ..., 49-8-963-8130
HONG KONG Kowloon.............ooooiiiiienns, 852-723-6339
ITALY Milano.........ooiiiii i 39-2-262-0761
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PRODUCT CODE EXAMPLE

H

PREFIX
H: Harris

PART NUMBER

General Ordering Information

| P 2

5 0

T

2

FAMILY VOLTAGE
IP: Intelligent Power Multiply by 10 for Capability
V: High Voltage (i.e. 50 = 500V
If Negative (-) is Used for First
Digit, Do Not Muttiply by 10
(i.e.-6=5V)
TOPOLOGY
0: Low Side Switch
1: High Side Switch
2: Half Bridge
3: AC/DC
Converters
4: Full Bridge
5: Regulator/Power
Supply
7: Multiplex
Communication Circuit

9: Special Function

A:

C:

PACKAGE
P: Plastic DIP
B: SOIC
S: Power SIP
M: PLCC
J: Ceramic DIP
W: Wafer
D: Die

TEMPERATURE
Automotive
(~40°C to +150°C)
Commercial
(0°C to +70°C)

Industrial
(-40°C to +85°C)

: Military

(-55°C to +125°C)

. EDP

(0°C to +85°C)

SEQUENTIAL

NUMBER

Based on Order of
Development 0-9

GENERAL
INFORMATION
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CA723

CA723C

CA1523
CA1524
CA2524
CA3020

CA3059
CA3079
CA3085
CA3085A
CA3085B
CA3094
CA3165
CA3228
CA3242

CA3262
CA3262A
CA3272
CA3272A
CA3273
CA3274
CA3275
CA3277

CA3282
CA3292A
CA3524
CDP68HC68S1
HIP0080
HIP0081
HIP0082
HIP1030
HIP1031
HIP1090
HIP2030
HIP2500

Alpha Numeric Product Index

PAGE
Voltage Regulators Adjustable from 2V to 37V at Output Currents Up to 150mA
Without External Pass Transistors. . . . ...ttt 7-3
Voltage Regulators Adjustable from 2V to 37V at Output Currents Up to 150mA
Without External Pass Transistors. . . ...t iiiiiii e, 7-3
Voltage Regulator Control Circuit for Variable Switching Regulator ................... 7-11
Regulating Pulse Width Modulator . ......... ...t 7-16
Regulating Pulse Width Modulator .........c.ciiiiiiiiiiiiiiiiiiiiiiiirnenennns 7-16
Multipurpose Wide-Band Power Amps Military, Industrial and Commercial Equipment at
Frequency UptoBMHZ . ... ..ot i i i ittt it i e 10-3
Zero-Voltage Switches for 50Hz-60Hz and 400Hz Thyristor Control Applications . ....... 5-3
Zero-Voltage Switches for 50Hz-60Hz and 400Hz Thyristor Control Applications . . ...... 5-3
Positive Voltage Regulators from 1.7V to 46V at Currents Upto 100mA ............... 7-31
Positive Voltage Regulators from 1.7V to 46V at Currents Upto 100mA ............... 7-31
Positive Voltage Regulators from 1.7V to 46V at Currents Upto 100mA ............... 7-31
Programmable Power Switch/Amplifier for Control and General Purpose Applications . ... 10-11
Electronic Switching CirCUit. . . . ..o ot it i it it ie ittt itti et eieneens 10-25
Speed Control System withMemory. . ......cooiiiiiiiiii i it 10-31
Quad-Gated Inverting Power Driver For Interfacing Low-Level Logic to High
[0 =T o o T 2-3
Quad-Gated Inverting Power Drivers .. .........coiiiiiiiiiiiiiniinnieinennenns 2-7
Quad-Gated Inverting Power Drivers ....... ... .ottt 2-7
Quad-Gated Inverting Power Drivers with Fault Mode Diagnostic Flag Output .......... 2-13
Quad-Gated Inverting Power Drivers with Fault Mode Diagnostic Flag Output .......... 2-13
High-Side Driver . . ..ottt it it it ittt ittt ittt 33
Current Limiting Power Switch With Current LimiterSenseFlag ..................... 10-40
Dual FUl Bridge DIriver . ... oottt ittt ettt s ettt e iieinnaannnnn 6-3
Dual 5V Regulator with Serial Data Buffer Interface for Microcontroller
Y oo} 12T (1o o 3N 7-39
CMOS Octal Serial Solenoid Driver. . . ... ittt it ittt eieieineeenns 2-20
Quad-Gated Inverting Power Drivers with Fault Mode Diagnostic Flag Output .......... 2-13
Regulating Pulse WidthModulator . ........coiuniiiiiiiiiiniiiiiiieineeneenns 7-16
Serial Bus Interface. .. ... oiii i i i it ettt e 9-3
Quad Inverting Power Drivers with Serial Diagnostic Interface. . ..................... 2-28
Quad Inverting Power Drivers with Serial Diagnostic Interface....................... 2-28
Quad Power Driver with Serial Diagnostic Interface . ............oooiiiiiiiiiiit, 2-36
1A High Side Driver with Overload Protection. ...........ciitiniiniieeneennnnnnns 3-6
Half Amp High Side Driver with Overload Protection ...............ooviiiuinne... 3-10
Protected High Side Power Switch with Transient Suppression . ..................... 3-13
30V MCT/IGBT Gate Driver . .. ...ttt e eieeiaaanns 4-3
Half Bridge 500Vpg Driver. .. ..o e 4-10




Alpha Numeric Product Index (Continued)

HIP4010
HIP4011
HIP4080
HIP4080A
HIP4081
HIP4081A
HIP4082
HIP5060
HIP5061
HIP5062
HIP5063
HIP5500
HIP5600
HIP7010
HIP7020
HIP7030A0
HIP7030A2
HIP7038A8
HIP9010
HIP9020
HV400
HV400MJ/883
HV-2405E
ICL7660
ICL7660S
ICL7662
ICL7663S
ICL7665S
ICL7667
ICL7673
ICL8211
ICL8212
SP600
SP601
SP710
SP720
SP720MD
SP720MD-8
SP720MM
SP720MM-8
SP721

PAGE
Power Full Bridge Driver for Low Voltage Motor Drive with Direction and Brake Control . ....... 6-7
Three Phase Brushless DC MotorController ...........coviiiiiiiiiiiiiiinieenn. 6-11
80V/2.5A Peak, High Frequency Full Bridge FET Driver. . ..............ooiiivinnn.. 6-14
80V/2.5A Peak, High Frequency Full Bridge FET Driver. . ................ e 6-28
80V/2.5A Peak, High Frequency Full Bridge FET Driver. .. ..........cooviiiiinnnn.. 6-41
80V/2.5A Peak, High Frequency Full Bridge FETDriver. . . ........coviinennennnn.. 6-54
80V/1.25A Peak Current Full Bridge FETDriver. . .......ccviiirniiiiiiinnennnn.. 6-67
Power Control IC Single Chip Power Supply. . .. ...voiririiiin i iiiiieeennnnn 7-47
7A, High Efficiency Current Mode Controlled PWM Regulator . ................. ..., 7-53
Power Control IC Single Chip Dual Switching Power Supply . ...........ccoviiiennn.. 7-73
Power Control IC Single Chip Power Supply. . .......oiiiiiiiiiiiiiiniiiiianennn. 7-80
High Voltage IC Half Bridge Gate Driver. . ..........coviiiiiiiiiiiinniiinnnnnn. 7-84
Thermally Protected High Voltage LinearRegulator. .. ...........coiiiiiiiinneenn. 7-94
J1850 Byte Level Interface Circuit. . . .. ... oottt i it e 9-17
J1850 Bus Transceiver /O for Multiplex Wiring. . ... ......c ittt 9-33
J1850 8-Bit 68HCO05 Microcontroller Emulator Version. ... ........oooviiniiinnnen.. 9-40
J1850 8-Bit 68HCOS5 Microcontroller . .. ... ...ttt ittt iiiiiae e 9-50
J1850 8-Bit 68HCO05 Microcontroller 8K EEPROM Version. .. ....................... 9-99
Engine Knock Signal Processor . .. ... .....ueuiiiiieieetteeiniiaainnaaannn 10-44
Programmable Quad Buffer with Pre and Post Scaler Dividers ...................... 10-54
High Current MOSFET DIVEr . . ..ot i ettt it et eee e eieeenanaeennnnnn 3-18
High Current MOSFET DHVer . . ...ttt it ittt et e i et ee i i inesnenanenn 3-28
World-Wide Single Chip Power Supply . .. ... oot ittt i e cieeinennnn 5-15
CMOS Voltage ConVEMEr . .. ..ottt i ittt et tie et eeanneenaanns 7-109
Super Voltage ConVeMer . . .. ..ottt iiee it ieaeeaaaaaannnaann 7-118
CMOS Voltage Converer . ...ttt iiiieeteiiiesiineeeeananeanneeasannnanns 7-128
CMOS Programmable Micropower Positive Voltage Regulator ...................... 7-138
CMOS Micropower Over/Under Voltage Detector. . ..........ooeivininnnnnnnnnn 7-145
Dual Power MOSFET DIVer. . .ot o ettt iiieeieene s seannnsennanancananans 3-38
Automatic Battery Back-Up SwitCh . . ... ..ottt et 7-155
Programmable Voltage Detectors . .. ... ..ottt 7-161
Programmable Voltage Detectors . . . ...ttt e 7-161
Half Bridge 500Vpg Driver. . . . ..ottt it ittt i 4-16
Half Bridge 500Vpc Driver. .. ... ... e 4-23
Protected Power Switch with Transient Suppression .............ccciiiiiivennnn... 8-3
Electronic Protection Array for ESD and Overvoltage Protection . .................... 8-5
High Reliability Electronic Protection Array for ESD and Overvoltage Protection. ........ 8-8
High Reliability Electronic Protection Array for ESD and Overvoltage Protection. ........ 8-8
High Reliability Electronic Protection Array for ESD and Overvoltage Protection. . . ...... 8-8
High Reliability Electronic Protection Array for ESD and Overvoltage Protection. ........ 8-8
Electronic Protection Array for ESD and Overvoltage Protection . .................... 8-14
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Product Index by Family

PAGE
AC TO DC CONVERTERS
CA3059, CA3079 Zero-Voltage Switches for 50Hz-60Hz and 400Hz Thyristor Control Applications. ... .. 5-3
HV-2405E World-Wide Single Chip POwWer Supply . .......covviiiiiiiiiiiiiiiniinennnnnn. 5-15
FULL BRIDGES
CA3275 Dual FUll Bridge Driver . . . ..ottt ittt ittt iitiatenenaeaananan 6-3
HIP4010 Power Full Bridge Driver for Low Voitage Motor Drive with Direction and Brake Control. .. ... 67
HIP4011 Three Phase Brushless DC MotorController. . .............ooviiiiiiiiiiinn, 6-11
HIP4080 80V/2.5A Peak, High Frequency Full Bridge FET Driver ......................... 6-14
HIP4080A 80V/2.5A Peak, High Frequency Full Bridge FET Driver .. ....................... 6-28
HIP4081 80V/2.5A Peak, High Frequency Full Bridge FET Driver ... .............. ... ..., 6-41
HIP4081A 80V/2.5A Peak, High Frequency Full Bridge FETDriver .. .............cooiiaia, 6-54
HIP4082 80V/1.25A Peak Current Full Bridge FETDriver . ........cooiiiiiiiinneinnennn. 6-67
HALF BRIDGES
HIP2030 B0V MCT/IGBT Gate Driver. . . ..o vttt it 4-3
HIP2500 Half Bridge 500Vpc Driver . . ..ottt e 4-10
SP600 Half Bridge 500Vpc Driver . . ....oo oot 4-16
SP601 Half Bridge 500Vpo Driver . . ..o oot ittt 4-23
HIGH SIDE SWITCHES
CA3273 High-8ide Driver . . . o oottt ettt s 33
HIP1030 1A High Side Driver with Overload Protection . .............ccovviiiiiiin... 3-6
HIP1031 Half Amp High Side Driver with Overload Protection . . .................coiviin. 3-10
HIP1090 Protected High Side Power Switch with Transient Suppression. ................... 3-13
HV400 High Current MOSFET Driver. ... oottt ittt iieii i iiiie i aenns 3-18
HV400MJ/883 High Current MOSFET Driver. . .. oo iv it ittt it iiin i eiiiieeiiie i 3-28
ICL7667 Dual Power MOSFET DIVEr. . ... oo it it i tete it ii i tiaane s ennninaenns 3-38
LOW SIDE SWITCHES
CA3242 Quad-Gated Inverting Power Driver For Interfacing Low-Level Logic to High
Cumment Load. . . ..ot i i et it 2-3
CA3262A, CA3262  Quad-Gated INVerting POWET DIVEIS . . . . ...« v vueen e eareeeeeeeeaeaeennnnn 2.7
CA3272, CA3272A, Quad-Gated Inverting Power Drivers with Fault Mode Diagnostic Flag Output . .. ..... 2-13
CA3292A
CA3282 CMOS Octal Serial SOlen0id DAVEr . .. ... cvit ittt ittt iiii e 2-20
HIP0080, HIPO081  Quad Inverting Power Drivers with Serial Diagnostic Interface .................... 2-28
HIP0082 Quad Power Driver with Serial Diagnostic Interface. . ................cooieinn... 2-36




Product Index by Family (Continued)

MULTIPLEX COMMUNICATION CIRCUITS

CDP68HCE8S1 SerialBusinterface .............. i e
HIP7010 J1850 Byte Level Interface Circuit . . .......ccovviiiiiin it
HIP7020 J1850 Bus Transceiver /O for MultiplexWiring . . .. .......ooiiiii i,
HIP7030A0 J1850 8-Bit 68HC05 Microcontroller Emulator Version ..........................
HIP7030A2 J1850 8-Bit 68HCO5 Microcontroller. ........ ...ttt
HIP7038A8 J1850 8-Bit 68HCO05 Microcontroller 8K EEPROM Version .. ..........ooovviinn.

PROTECTION CIRCUITS

SP710 Protected Power Switch with Transient Suppression..............c.ciiiiiiienen
SP720 Electronic Protection Array for ESD and Overvoltage Protection. . .................
SP720MD-8, High Reliability Electronic Protection Array for ESD and Overvoltage Protection ... ...
SP720MD,

SP720MM-8,

SP720MM

SP721 Electronic Protection Array for ESD and Overvoltage Protection. ..................

REGULATORS/POWER SUPPLIES

CA723, CA723C Voltage Regulators Adjustable from 2V to 37V at Output Currents Up to 150mA
Without External Pass Transistors . . ... ... cooitiiiiiiii ittt

CA1523 Voltage Regulator Control Circuit for Variable Switching Regulator. ................
CA1524, CA2524, Regulating Pulse Width Modulator. . ........ ...ttt iiene
CA3524

CA3085, CA3085A, Positive Voltage Regulators from 1.7V to 46V at Currents Upto 100mA.............
CA3085B

CA3277 Dual 5V Regulator with Serial Data Buffer Interface for Microcontroller

Y o o 7= o TP
HIP5060 Power Control IC Single Chip Power Supply .. .....oviiiiiiiiii i,
HIP5061 7A, High Efficiency Current Mode Controlled PWM Regulator. ....................
HIP5062 Power Control IC Single Chip Dual Switching Power Supply......................
HIP5063 Power Control IC Single Chip Power Supply . . . ... cviiiiniii it e
HIP5500 High Voltage IC Half Bridge Gate Driver. . . .........coiiiiiiiiiiiniiinnnnenns
HIP5600 Thermally Protected High Voltage Linear Regulator. . .. ...............oiinn...
ICL7660 CMOS Voltage ConVeRer. . . ..ottt it it et eeteeeeae e erienanennanens
ICL7660S SuperVoltage Converter . ... ...c.veeeiineeetnreeennneeeenneroeennsnnnas
ICL7662 CMOS Voltage Convemer . . . . .o ittt ittt erenennnnnaenanens
ICL7663S CMOS Programmable Micropower Positive Voltage Regulator .. ..................
ICL7665S CMOS Micropower Over/Under Voltage Detector .............covveivinnennnnnns
ICL7673 Automatic Battery Back-Up Switch. . .. ...t it it e

ICL8211,ICL8212  Programmable Voltage Detectors. .. .........cooiiiiiiiiniiiiiiiiiinnaan.,
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Product Index by Family (Continued)

SPECIAL FUNCTIONS
CA3020 Multipurpose Wide-Band Power Amps Military, Industrial and Commercial Equipment at
Frequency UptoBMHZ. ... ... it i it i i ittt ittt iianaas
CA3094 Programmable Power Switch/Ampilifier for Control and General Purpose Applications. .
CA3165 Electronic Switching Circuit .. .....coviriiir ittt ieieeeeerennnennnnns
CA3228 Speed Control SystemwithMemory ........co ittt iiiiiiiinneeannns
CA3274 Current Limiting Power Switch with Current Limiter SenseFlag ...................
HIP9010 Engine Knock Signal Processor. . .. o.ovvu it tteiiniiieerininerenneenennnnnnn
HIP9020 Programmable Quad Buffer with Pre and Post Scaler Dividers
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Application Index

POWER SUPPLY APPLICATIONS

CA723

CA723C

CA1523
CA1524
CA2524
CA3020

CA3085
CA3085A
CA3085B
CA3094
CA3277

CA3524
HIP2030
HIP2500
HIP4080, A
HIP4081, A
HIP4082
HIP5060
HIP50861
HIP5062
HIP5063
HIP5500
HIP5600
HV400
HV-2405E
ICL7660
ICL7660S
ICL7662
ICL7663S
ICL7665S
ICL7667
ICL7673
ICL8211
ICL8212

Voltage Regulators Adjustable from 2V to 37V at Output Currents Up to 150mA

Without External Pass Transistors. . . .......vvitiiiiiiiieennenneeneenacnenens

Voltage Regulators Adjustable from 2V to 37V at Output Currents Up to 150mA

Without External Pass Transistors. . . . ..coovvn it iinini it eieieennnnnnnnnnns
Voltage Regulator Control Circuit for Variable Switching Regulator .. .................
Regulating Pulse Width Modulator ..ottt
Regulating Pulse Width Modulator .........cooiiiiiiiiiiiiiii it iiinenenann.

Multipurpose Wide-Band Power Amps Military, Industrial and Commercial Equipment at

Frequency UptoBMHZ .. ... ...ttt ittt tiaeaananaaanns
Positive Voltage Regulators from 1.7V to 46V at Currents Upto 100mA ...............
Positive Voltage Regulators from 1.7V to 46V at Currents Upto 100mA ...............
Positive Voltage Regulators from 1.7V to 46V at Currents Upto 100mA ...............
Programmable Power Switch/Ampilifier for Control and General Purpose Applications . . . .

Dual 5V Regulator with Serial Data Buffer Interface for Microcontroller

Yoo 4o T PR
Regulating Pulse Width Modulator ......... .. .ot
BOVMCT/IGBT Gate Driver . .....oiii ittt ittt iiiiin e naeiennnaeennaanns
Half Bridge 500Vpc Driver. .. ..ottt
80V/2.5A Peak, High Frequency Full Bridge FET Driver. ..........cocviiinnnennnnn.
80V/2.5A Peak, High Frequency Full Bridge FET Driver. .. .........cciiiiiniinnn...
80V/1.25A Peak Current Full Bridge FET Driver. .. ... .ccovviiiiiiiiiininnnnnnns
Power Control IC Single Chip Power Supply. .......ooviiiiiiiiiiiiiiinennnns
7A, High Efficiency Current Mode Controlled PWM Regulator .. .....................
Power Control IC Single Chip Dual Switching Power Supply ..................oo...
Power Control IC Single Chip Power Supply. ......c.coviiiiiiiiiiiiiiiiiiieennen.
High Voltage IC Half Bridge Gate Driver. . ... ..covtiiintinniiriinieeennnennnsn
Thermally Protected High Voltage Linear Regulator. .. ............coiieiiiinnnn..
High Current MOSFET DriVer . . .ottt tte ittt ite e eeeeeeeeneennannasnaananns
World-Wide Single Chip Power Supply . .. ....oviiiiiiii it eenn
CMOS Voltage ConVErer . ... ...ttt ettt eeiiaaiaaenaaeeeeenns
Super Voltage ConVerer. . .. ... vit ittt ieieeeeeeeennnecnsonssonsoneanss
CMOS Voltage ConVerter . ... vvttiitiiee it iieeeenteeeraneeenneaaeennennns
CMOS Programmable Micropower Positive Voltage Regulator. .. ....................
CMOS Micropower Over/Under Voltage Detector. . . .......cvvuuinieeniieennennns
Dual Power MOSFET DIIVEN . . . ..ottt ittt ittt i tiieeeieeesteanneaennennns
Automatic Battery Back-Up SWitch . ... ... oottt it it it
Programmable Voltage Detectors ......... ..ottt
Programmable Voltage Detectors . ........ooiiiiiiiiiiiiii i
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Application Index (Continued)

MOTOR CONTROL APPLICATIONS

CA3059
CA3079
CA3273
CA3275
HIP2030
HIP2500
HiP4010
HIP4011
HIP4080, A
HIP4081, A
HIP4082
SP600
SP601

Zero-Voltage Switches for 50Hz-60Hz and 400Hz Thyristor Control Applications . .......
Zero-Voltage Switches for 50Hz-60Hz and 400Hz Thyristor Control Applications ........
High-Side Driver .. ...c.iitiiiiii ittt ittt ettt tennesenecennnnscenns
Dual Full Bridge Driver .......coviiiirenieeioneessrnrocensssensnssssassssaes
BOVMCT/IGBT Gato Driver ... .ovietitiiineneeenneereeenseneeeenncesnnnnins
Half Bridge 500Vpg DriVer. . .. oottt ittt it iie i iiai et
Power Full Bridge Driver for Low Voltage Motor Drive with Direction and Brake Control. ........
Three Phase Brushless DC MotorController ............c.cciiiiiiiiiiennneennns
80V/2.5A Peak, High Frequency Full Bridge FETDriver. . . ........coveveviiiinnnnns
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—— Intelligent Power Products Cross Reference List ——

COMPETITOR HARRIS PIN/ COMPETITOR HARRIS PIN/
PART PART FUNCTION PART PART FUNCTION
NUMBERS NUMBERS | UPGRADE | COMPETITOR NUMBERS NUMBERS | UPGRADE | COMPETITOR

AM723HC CA0723CT Pin AMD ICL76601JA ICL7660SIBA | Upgrade/Pin | Maxim
AM723HC LM723CH Pin AMD ICL7660ITV ICL7660ITV Pin Maxim
AM723HM CA0723T Pin AMD ICL7660ITV ICL7660SITV | Upgrade/Pin | Maxim
AM723HM LM723H Pin AMD ICL7662CBA | ICL7662MTV | Pin Maxim
AN377 CA3089E Function Panasonic ICL7662CBD | ICL7662CBD | Pin Maxim
ATT2405 HV3-2405E-5 | Pin AT&T ICL7662CPA-2 | ICL7662CPA | Pin Maxim
ATT2405 HV3-2405E-9 | Upgrade/Pin | AT&T ICL7662CTV | ICL7662CTV | Pin Maxim
CA3089 CA3089E Pin Philips ICL7662MTV ICL7662MTV Pin Maxim
CA3089N CA3089E Pin Signetics ICL7663ACPA | ICL7663SACPA | Pin Maxim
CA3189N CA3189E Pin Signetics ICL7663ACSA | ICL7663SACBA | Pin Maxim
CC192 HIPS010AB Function Bosch ICL7663AIJA | ICL7663SAIJA | Pin Maxim
D469ADJ HIPO080AM Function Siliconix ICL7663AITV | ICL7663SAITV | Pin Maxim
D469ADJ HIPO081AS1 Function Siliconix ICL7663BCPA | ICL7663SACPA | Pin Maxim
D469ADJ HIPO0B1AS2 | Function Siliconix ICL7663BIJA | ICL7663SAIJA | Pin Maxim
DS3658N CA3262AE Upgrade/Pin | National Semi ICL7663BITV | ICL7663SAITV | Pin Maxim
DS3658N CA3262E Pin National Semi ICL7663CPA ICL7663SCPA | Pin Maxim
DS3668N CA3242E Pin National Semi ICL7663CSA ICL7663SCBA | Pin Maxim
HA12411 CA3189E Upgrade Hitachi ICL7663CTV | ICL7663SCTV | Pin Maxim
HA12418 CA3189E Upgrade Hitachi ICL7663IJA ICL7663SIVA Pin Maxim
ICL7660AMTV | ICL7660MTV Pin Maxim ICL7663ITV ICL7663SAITV | Pin Maxim
ICL7660AMTV | ICL7660SMTV | Upgrade/Pin | Maxim ICL7665ACJA | ICL7665SACJA | Pin Maxim
ICL7660CPA-2 | ICL7660CPA | Pin Maxim ICL7665ACPA | ICL7665SACPA | Pin Maxim
ICL7660CPA-2 | ICL7660SCPA | Upgrade/Pin | Maxim ICL7665ACSA | ICL7665SACBA | Pin Maxim
ICL7660CSA | ICL7660CBA | Pin Maxim ICL7665AEPA | ICL7665SAIPA | Pin Maxim
ICL7660CSA | ICL7660SCBA | Upgrade/Pin | Maxim ICL7665AIPA | ICL7665SAIPA | Pin Maxim
ICL7660CTV ICL7660CTV | Pin Maxim ICL7665AISA | ICL7665SACBA | Pin Maxim
ICL7660CTV | ICL7660SCTV | Upgrade/Pin | Maxim ICL7665BCJA | ICL7665SACJA | Pin Maxim
ICL7660EPA | ICL7660IPA Pin Maxim ICL7665BCPA | ICL7665SACPA | Pin Maxim
ICL7660EPA | ICL7660SIPA | Upgrade/Pin | Maxim ICL7665BCSA | ICL7665SACBA | Pin Maxim
ICL7660ESA ICLYCCTICA Pin Maxim ICL7665CJA ICL7665SCJA | Pin Maxim
ICL7660ESA | ICL7660SIBA | Upgrade/Pin | Maxim ICL7665CPA | ICL7665SCPA | Pin Maxim
ICL76601JA ICL7660IBA Pin Maxim

NOTE: 1. * Indicates Specifications May Vary
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Intelligent Power Products Cross Reference List (Continued)

COMPETITOR HARRIS PIN/ COMPETITOR HARRIS PIN/
PART PART FUNCTION PART PART FUNCTION
NUMBERS NUMBERS | UPGRADE | COMPETITOR NUMBERS NUMBERS | UPGRADE | COMPETITOR
ICL7665CSA | ICL7665SCBA | Pin Maxim L6221A CA3262AE Upgrade SGS Thomp-
son

ICL7665EPA ICL7665SIPA | Pin Maxim

L6222 CA3262AE Upgrade SGS Thomp-
ICL7665ESA ICL7665SIBA | Pin Maxim son
ICL7665IJA ICL7665SIJA | Pin Maxim LM100 CA3085 Pin National Semi
ICL7665IPA ICL7665SIPA | Pin Maxim LM100 CA3085AE Function National Semi
ICL7667CBA | ICL7667CBA | Pin Maxim LM100 CA3085E Function National Semi
ICL7667CJA ICL7667CJA Pin Maxim LM1391N CA1391E Pin National Semi
ICL7667CPA | ICL7667CPA | Pin Maxim LM1394N CA13%4E Pin National Semi
ICL7667CPA-2 | ICL7667CPA | Pin Maxim LM1921T HIP1030AS Pin National Semi
ICL7667CTV ICL7667CTV Pin Maxim LM2111N CA2111AE Pin National Semi
ICL7667EPA ICL7667CTV Pin Maxim LM3011H CA3011 Pin National Semi
ICL7667MJA ICL7667MJA Pin Maxim LM3089N CA3089E Pin National Semi
ICL7667MTV ICL7667MTV Pin Maxim LM3126N CA3126E Pin National Semi
ICL8211CPA | ICL8211CPA | Pin Maxim LM3189N CA3189E Pin National Semi
ICL8211CSA | ICL8211CBA | Pin Maxim LM3524 CA3524E Pin National Semi
ICL8211CTY ICL8211CTY Pin Maxim LM723CN CA0723CE Pin National Semi
ICL8211MTY ICL8211MTY Pin Maxim LM723CN LM723CN Pin National Semi
ICL8211MTY/ | ICL8211MTY/ | Pin Maxim LM723H LM723H Pin National Semi
883 8838

LM723N CA0723E Pin National Semi
ICL8212CPA ICL8212CPA Pin Maxim

LM723N LM723N Pin National Semi
ICL8212CSA ICL8212CBA Pin Maxim

LMC7660IN ICL7660IPA Pin National Semi
ICL8212CTY ICL8212CTY Pin Maxim

LMC7660IN ICL7660SIPA | Upgrade/Pin | National Semi
ICL8212MTV | ICL8212MTY | Pin Maxim

LT1158 HIP4080IP Upgrade Linear Tech
ICL8212MTV/ | ICL8212MTY/ | Pin Maxim
883 883B LT1158 HIP4081IP Upgrade Linear Tech
IR2110 HIP2500iP Pin* L.R. LT1170CT HIP5061DS Function Linear Tech
IR2110-2 HIP25001P1 Pin* L.R. LT3524J CA3524F Pin Linear Tech
IR2110S HIP25001B Pin* I.R. LT3524N CA3524E Pin Linear Tech
IR2155 HIP55001B Upgrade L.R. LTC1044CD ICL7660IBA Pin Linear Tech
IR2155 HIP5500IP Upgrade I.R. LTC1044CD ICL7660SIBA | Upgrade/Pin | Linear Tech
IXCP10M25 HIP56001S Upgrade IXYS LTC1044CH ICL7660ITV Pin Linear Tech
L4939 CA3277E Function SGS Thomp- LTC1044CH ICL7660SITV | Upgrade/Pin | Linear Tech

son
LTC1044CLP-1 | ICL7660IPA Pin Linear Tech

NOTE: 1. * Indicates Specifications May Vary
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Intelligent Power Products Cross Reference List (Continued)

COMPETITOR HARRIS PIN/ COMPETITOR HARRIS PIN/
PART PART FUNCTION PART PART FUNCTION
NUMBERS NUMBERS | UPGRADE | COMPETITOR NUMBERS NUMBERS | UPGRADE | COMPETITOR
LTC1044CLP-1 | ICL7660SIPA | Upgrade/Pin | Linear Tech MAX663CPA-2 | ICL7663SCPA | Pin -| Maxim
LTC1044CLP-2 | ICL7660IPA Pin Linear Tech MAX663CSA | ICL7663SCBA | Pin Maxim
LTC1044CLP-2 | ICL7660SIPA | Upgrade/Pin | Linear Tech MAX663EJA ICL7663SAlJA | Pin Maxim
LTC1044CN8 | ICL7660IPA Pin Linear Tech MAX663EJA ICL7663SIJA | Pin Maxim
LTC1044CN8 | ICL7660SIPA | Upgrade/Pin | Linear Tech MAX663EPA | ICL7663SIPA | Pin Maxim
LTC1044CP ICL7660IPA Pin Linear Tech MAX663ESA | ICL7663SAIBA | Pin Maxim
LTC1044CP ICL7660SIPA | Upgrade/Pin | Linear Tech MAX663ESA | ICL7663SIBA | Pin Maxim
LTC1044CS8 | ICL7660IBA Pin Linear Tech MAX6631JA ICL7663SCJA | Pin Maxim
LTC1044CS8 | ICL7660SIBA | Upgrade/Pin | Linear Tech MAX663MJA | ICL7663SIJA | Pin Maxim
LTC1044MH ICL7660MTV | Pin Linear Tech MC1357P CA2111AE Pin Motorola
LTC1044MH ICL7660SMTV | Upgrade/Pin | Linear Tech MC1391P CA1391E Pin Motorola
LTC1044MLB | ICL7660MTV | Pin Linear Tech MC1394P CA1394E Pin Motorola
LTC1044MLB | ICL7660SMTV | Upgrade/Pin | Linear Tech MC1590 CA3012 Function Motorola
MAX1044CPA | ICL7660CPA | Pin Maxim MC1723CP CA0723CE Pin Motorola
MAX1044CPA | ICL7660SCPA | Upgrade/Pin | Maxim MC33033P HIP4011IS Function Motorola
MAX1044CSA | ICL7660CBA Pin Maxim MC3399T HIP1030AS Function Motorola
MAX1044CSA | ICL7660SCBA | Upgrade/Pin | Maxim MC3399T HIP1031AS Function Motorola
MAX1044EPA | ICL7660IPA Pin Maxim MC3399T HIP1090AS Function Motorola
MAX1044EPA | ICL7660SIPA | Upgrade/Pin | Maxim MC34152P ICL7667CPA | Pin Motorola
MAX1044ESA | ICL7660IBA Pin Maxim MC34160P CA3277E Function Motorola
MAX1044ESA | ICL7660SIBA | Upgrade/Pin | Maxim NTE1682 CA3237E Function NTE
Electronics

MAX660CPA | ICL7660CPA | Pin Maxim

SG2524BJ CA2524F Pin Silicon General
MAX660CPA | ICL7660SCPA | Upgrade/Pin | Maxim

SG2524BN CA2524E Pin Silicon General
MAX660CSA | ICL7660CBA | Pin Maxim

SG2524CF CA2524F Pin Philips
MAX660CSA | ICL7660SCBA | Upgrade/Pin | Maxim

SG2524CF CA2524F Pin Signetics
MAX660CTV | ICL7660CTV | Pin Maxim

SG2524CF CA2524F Pin Silicon General
MAX660CTV | ICL7660SCTV | Upgrade/Pin | Maxim

SG2524CN CA2524E Pin Philips
MAX660EPA | ICL7660IPA Pin Maxim

SG2524CN CA2524E Pin Signetics
MAX660EPA | ICL7660SIPA | Upgrade/Pin | Maxim

SG2524J CA2524F Pin Silicon General
MAX660ESA | ICL7660IBA Pin Maxim

SG2524N CA2524E Pin SGS
MAXB60ESA | iCL7660SIBA | Upgrade/Pin | Maxim Thompson
MAX663CPA | ICL7663SCPA | Pin Maxim SG2524N CA2524E Pin Silicon General

NOTE: 1. * Indicates Specifications May Vary




Intelligent Power Products Cross Reference List (Continued)

COMPETITOR HARRIS PIN/ COMPETITOR HARRIS PIN/
PART PART FUNCTION PART PART FUNCTION
NUMBERS NUMBERS | UPGRADE | COMPETITOR NUMBERS NUMBERS | UPGRADE | COMPETITOR
SG2524N CA2524E Pin Texas Instr. Si7661AA ICL7662MTV | Pin Siliconix
SG30584 CA3058 Pin Silicon General Si7661AA/ ICL7662MTV/ | Pin Siliconix
8838 8838
SG30594 CA3059 Pin Silicon General
Si7661BA ICL7662ITV Pin Siliconix
SG3059N CA3059EX Pin Silicon General
Si7661CA ICL7662CTV Pin Siliconix
SG3079J CA3079 Pin Silicon General
Si7661CJ ICL7662CPA | Pin Siliconix
SG3079N CA3079EX Pin Silicon General
Si7661CY ICL7662CBD | Pin Siliconix
SG3524J CA3524F Pin Silicon General
Sig9910DJ CA3262AE Function Siliconix
SG3524N CA3524E Pin Silicon General
Sig910DJ HIP1090AS Function Siliconix
SG723CN CA0723CE Pin Silicon General
S19976CJ HIP4080IP Upgrade Siliconix
SG723CN CA0723CE Pin Silicon General
S19976CJ HIP4081IP Upgrade Siliconix
SG723CN LM723CN Pin Silicon General
S19976DY HIP4080IB Upgrade Siliconix
SG723CT CA0723CT Pin Silicon General
S19976DY HIP4081I1B Upgrade Siliconix
SG723CT LM723CH Pin Silicon General
SN75437ANE | CA3262AE Pin Texas Instr.
SG723T CA0723T Pin Silicon General
SN75437NE CA3262E Pin Texas Instr.
SG723T LM723H Pin Silicon General
SN75440NE CA3242E Function Texas Instr.
Si7660AA ICL7660MTV Pin Siliconix
SN76242N CA3070 Function Texas Instr.
Si7660AA ICL7660SMTV | Upgrade/Pin | Siliconix
SN76689N CA3089E Function Texas Instr.
Si7660AA/883 | ICL7660MTV/ | Pin Siliconix
883B TBDO0723 CA0723CT Pin SGS
Thompson
Si7660AA/883 | ICL7660SMTV/ | Upgrade/Pin | Siliconix
8838 TC4405CPA HIP4080IP Upgrade Teledyne
Si7660BA ICL7660ITV Pin Siliconix TC4423CPA ICL7667CPA | Pin Teledyne
Si7660BA ICL7660SITV | Upgrade/Pin | Siliconix TC4423MJA ICL7667MJA Pin Teledyne
Si7660CA ICL7660CTV Pin Siliconix TC4423MJA/ | ICL7667MJA/ | Pin Teledyne
883 8838
Si7660CA ICL7660SCTV | Upgrade/Pin | Siliconix
TC4432COA HIP4080IP Upgrade Teledyne
Si7660CJ ICL7660CPA Pin Siliconix
TCA3089 CA3089E Pin SGS
Si7660CJ ICL7660SCPA | Upgrade/Pin | Siliconix Thompson
Si7660DJ ICL7660IPA Pin Siliconix TCA3089 CA3089E Pin Sprague
Si7660DJ ICL7660SIPA | Upgrade/Pin | Siliconix TCA3189 CA3189E Upgrade SGS
Thompson
Si7660DY ICL7660CBA Pin Siliconix
TDA3189 CA3189E Upgrade Sprague
Si7660DY ICL7660IBA Pin Siliconix
TDB0723 LM723CH Pin SGS
Si7660DY ICL7660SCBA | Upgrade/Pin | Siliconix Thompson
Si7660DY ICL7660SIBA | Upgrade/Pin | Siliconix TDBO0723A CA0723CE Pin SGS
Thompson

NOTE: 1. * Indicates Specifications May Vary
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e 'Iqtelligent Power Products Cross Reference List (Continued)

. PIN/ .-} COMPETITOR HARRIS PIN/
FUNCTION : T PART PART FUNCTION
UPGRADE | COMPETITOR NUMBERS NUMBERS | UPGRADE | COMPETITOR
Pin SGs JA723CN CAQ0723CE Pin Texas Instr.
i Thompson
’ e HA723CN LM723CN Pin Philips
Pin TRW
. pPA723CN LM723CN Pin Signetics
Pin TRW
HA723CN LM723CN Pin Texas Instr.
Texas:Instr: - S—
4 HAT23HC CA0723CT Pin AMD
Texas Instr. Ji) S
ot R | HA723HC LM723CH Pin Motorola
fTexasInstr. .~ .| fomm
el [ UAT23HM CA0723T Pin Fairchild
-} Teledyne - - — -
2 S M- HA723HM LM723H Pin Fairchild
| Teledyne - , %
B SN PHA723ML CA0723T Pin Fairchild
Teledyne
IO S HA723ML LM723H Pin Texas Instr.
3/Pin | Teledyne - — -
o — HA723MN CA0723E Pin Texas Instr.
- | Teledyne
et e HA723PC CAQ723CE Pin Motorola
| Teledyne
- — - pA723PC LM723CN Pin Motorola
Teledyne
. HA780PC CA3070 Upgrade Fairchild
Teledyne -
— - < WA787PC CA3126E Upgrade Fairchild
; 4 ‘ ‘| Teledyne s -
e - - UC1524AJ CA1524F Pin Unitrode
USR7723312 CAQ723T -Pin Fairchild
A —— UC1524N CA1524E Pin Unitrode
USR7723312 | LM723H Pin Fairchild
. - - UC3524N CA3524E Pin Unitrode
USR7723393 | CA0723CT Pin Fairchild
- e UDN2541B CA3262AE Pin Sprague
UBA7723393 CA0723CE Pin Fairchild
- - UDN2547EB CA3272Q Pin Sprague
| UBA7723393 | LM723CN i Pin Fairchild
- e . ULN-2111A CA2111AE Pin Sprague
pA1391F - "CA1391E Pin Fairchild PSS
- - - ULN-2124A CA3070 Pin Sprague
RA1394T . [ CA1394E ‘Fairchild - : -
i evEEs e ULN-2287A CA3088E Pin Sprague
PA1394TC: 1 | ¢} Fairchild ,
LT AERLPRTNP S : S ULN-2289A CA3089E Function Sprague
HA3089E - CA3089E Fairchild — ]
- T B OIS - ULN-2289A CA3089E Function Sprague
MA723CA; ¢ . | GAQ723CE Pin Signetics
R T - — ULN-2291M CA1391E Pin Sprague
WA723CA - -] LM723CN Pin Signetics
< A - ULN211IN CA2111AQ Pin Sprague
HA723CL CA0723CT | Pin Texas Instr.
- - — 4 ULN2212 CA3012 Function Sprague
HA723CL LM723CH Pin Texas Instr.
i : ULN3889A CA3189E Upgrade Sprague
WA723CN - CA0723CE Pin Philips -
- — - - -VI-7660-2 ICL7660CTV Pin Datel
HA723CN CAQ0723CE Pin Signetics s
f NoTE - - — ; VI-7660-2 ICL7660SCTV | Upgrade/Pin | Datel

. * Indicates Speciﬁbatior{s- May Vary -
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Low Side Switches Selection Guide

TYPE NUMBERS R
CA3272
CA3242 CA3262 CA3262A CA3272A CA3292A
BIPOLAR TYPES QUAD QUAD QUAD QUAD QUAD
Max. Output Voltage, No Load 50V 60V 60V 60V 32V Typ
(Clamp)
Max. Rated DC Load Current 0.6A 0.7A 0.7A 0.6A 0.6A
Max. Vgar Output Voltage 0.8V at 0.6A 0.6V at 0.6A 0.5V at 0.6A 0.4V at 0.5A 0.4V at 0.5A
Max. Load Switching Voltage, Vegsys or 35V 40V 40V 40V 28V
Voramp Limited
Output Current Limiting and/or 14A 1.6A 1.3A 1.2A 1.2A
Shutdown Protection (Latches-Off)
Output Thermal Limiting and/or No +155°C +155°C +165°C +165°C
Shutdown Protection (Temperature T)
Thermal Shutdown, Hysteresis No No No 15°C 15°C
Fault Indicator Flag No No No Yes Yes
Diagnostic Feedback No No No No No
Temperature Range 105 85 125 125 125
-40°C to +(Max) °C
Package 16 DIP 16 DIP 16 DIP and 28 PLCC 28 PLCC
28 PLCC
TYPE NUMBERS
CA3282
MOSFET TYPES HIP0080 QUAD HIP0081 QUAD HIP0082 QUAD OCTAL
Max. Output Voltage, No Load 36V Typ 80V Typ 80V Typ 32V Typ
(Clamp) (Clamp) (Clamp) (Clamp)
Max. Rated DC Load Current 1A 2A 2A and 5A 1A
Max. Roy Output Resistance 1.0Q at 0.5A 0.5Qat 1A 0.57Q at 2A 1.0Q at0.5A
Max. Load Switching Voltage (Vcesys of Voramp 27V 73V 72V 30v
Limited)
Output Current Limiting and/or Shutdown Protec- 1.8A 3.5A 2.7A and 5.7A 1.5A
tion (Latches-Off) (Latches-Off) (Latches-Off) (Latches-Off)
Output Thermal Limiting and/or Shutdown Protec- +150°C +150°C +165°C (Flag) No
tion, Ty
Thermal Shutdown, Hysteresis 15°C 15°C 15°C No
Fault Indicator Fiag Yes Yes Yes Yes
Diagnostic Feedback Yes Yes Yes Yes
Temperature Range -40°C to +(Max) °C 125 125 125 125
Package 28 PLCC 15 SIP 15 SIP 15 SIP




CA3242

Quad-Gated Inverting Power Driver For
Interfacing Low-Level Logic to High Current Load

% SEMICONDUCTOR

April 1994

Features

¢ Driven Outputs Capable of Switching 600mA Load
Currents Without Spurious Changes in Output State

* Inputs Compatible with TTL or 5V CMOS Logic

¢ Suitable for Resistive or Inductive Loads

¢ Output Overload Protection

+ Power-Frame Construction for Good Heat Dissipation

Applications

¢ Relays

¢ Solenolds

¢ AC and DC Motors

¢ Heaters

¢ Incandescent Displays

¢ Vacuum Fluorescent Displays

Ordering Information

Description

The CA3242 quad-gated inverting power driver contains four
gate switches for interfacing low-level logic to inductive and
resistive loads such as: relays, solenoids, AC and DC
motors, heaters, incandescent displays, and vacuum fluo-
rescent displays.

Output overload protection is provided when the load current
(approximately 1.2A) causes the output Vcg(sat) to rise
above 1.3V. A built-in time delay, nominally 25us, is provided
during output turn-on as output drops from Vpp to Vgar. That
output will be shut down by its protection network without
affecting the other outputs. The corresponding Input or
Enable must be toggled to reset the output protection circuit.

Steering diodes in the outputs in conjunction with external
zener diodes protect the IC against voltage transients due to
switching inductive loads.

To allow for maximum heat transfer from the chip, the four
center leads are directly connected to the die mounting pad.
In free air, junction-to-air thermal resistance (Rgq,a) is 60°C/
W (typical). This coefficient can be lowered by suitable
design of the PC board to which the CA3242 is soldered.

LOW SIDE
SWITCHES

TEMPERATURE
PART NUMBER RANGE PACKAGE
CA3242E -40°C to +105°C | 16 Lead Plastic DIP
Pinout Block Diagram
CA3242 (PDIP)
TOP VIEW
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outa[d] 16 IN A —@cLAMP
cLamp 2] 15| INB e (o) =
.- D
ours[3] 74 EnaBLE [ {£] oure TRUTH TABLE
ano 2] 13 ano vee (@D—— ENABLE| IN | out
anp[5] 12 aND anD @ 2 eno H H L
ourc[e] [11] vee H L H
cLame[7] 1] nc oo (13) 4) ano L x | n
outro[s] 9] N0 enasLe (10— -D-< 2 3) outs
—(2) cLawe
e (s
©® I—E D outa
INA @
CAUTION: These devices are sensitive to electrostatic discharge. Users should foliow proper 1.C. Handling Procedures. File Number 1561.2
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Specifications CA3242

Absolute Maximum Ratings (Note 1) Thermal Information
Logic Supply Voltage, Vog + +« v veveveeennnennneeennnnnnns 7V Thermal Resistance 6ja Oy
Logic Input Voltage, Viy -« e vevveiiniiiiiieiiieinnann, 15V PlasticDIP.........ccovinnnnnn.. 60°CW -
Output Voltage, Vopx « -+ e vrererncenreeneeeceennans 50Vpe Plastic DIP (to Pins 4, 5, 12,13) ..... - 12°C/W
Output Sustaining Voltage, Vegsyg - -« - vveveerenneennns 35Vpe  Power Dissipation, Pp
Output Current, lo. « v vvvieiiiiiiiiiiiiiiiinnanes 1Apc UptoB0°C. . vt iineiiiiiiiiieiiiannneennnnns 1.5W
Above60°C......ccviiieiinnnn Derate Linearly at 16.6mW/°C
Up 0 90°C w/Heat Sink (PCBoard) . ....oooveeenennnns 1.5W
Above 90°C w/Heat Sink (PC Board). . Derate Linearly at 25mW/°C
Ambient Temperature Range
Operating. ....ocveureneeneeneeeneeennens -40°C to +105°C
StOTAQE -« v ovveeeeeee e aaaaeean -55°C to +150°C
Maximum Junction Temperature, Ty......ovvvinneennn. +150°C

Lead Temperature (During Soldering)
At distance 1/16 inch  1/32 inch (1.59 + 0.79mm) from
casefor 10SmMaX.....ooveeenneeeenoeeeeeannnenn +265°C

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

Electrical Specifications At T, = -40°C to +105°C, V¢ = 5V Unless Otherwise Specified

PARAMETERS SYMBOL TEST CONDITIONS MIN MAX UNITS
Output Leakage Current lcex Veg =50V, Viy = 0.8V - 100 HA
Output Sustaining Voltage Vcesus) lc=100mA, Vy = 0.8V 30 - v
Collector Emitter Saturation Voltage Vce(san Ic = 100mA, V)y = 2.4V - 0.35 v
=400mA, Vjy = 2.4V - 0.6 \
=600mA, Vi =2.4V - 0.8 \
Input Low Voltage Vi - 0.8 \'
Input Low Current e Vin=0.8V - 10 HA
Input High Voltage ViH Ic = 600mA 2 - v
Input High Current [ I =700mA, V) = 4.5V - 10 HA
Supply Current ON lecion) lc =700mA, Vg = Vi = 5.5V - 80 mA
Supply Current OFF lecorR) - 5 mA
Clamp Diode Leakage Current ™ Vg =50V - 100 HA
Clamp Diode Forward Voltage Vg lg=1A - 1.8 \
le=15A - 25 \'
Tumn-On Delay teHL - 20 us
Tum-Off Delay ton - 30 us

NOTE:
1. Ta = +25°C, Unless Otherwise Specified
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FIGURE 1. SCHEMATIC DIAGRAM OF THE CA3242 (SWITCH SECTION 4)

LOW SIDE
SWITCHES

ereevo




CA3242

Ei.. MOTOR
ENABLE FWD/REV
INPUT l]-
= H-DRIVER
CA3242
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HARRIS

SEMICONDUCTOR

April 1994

CA3262A, CA3262

Quad-Gated Inverting Power Drivers

Features

¢ Independent Over-Current Limiting on Each Output
¢ Independent Over-Temperature Limiting On Each Output

Description

The CA3262 and CA3262A are used to interface low-level
logic to high current loads. Each Power Driver has four
inverting switches consisting of a non-inverting logic input

¢ Output Drivers Capable of Switching 700mA Load
« Inputs Compatible With TTL or 5V CMOS Logic stage and an inverting low-side driver output stage. All input
 Suitable For Resistive, Lamp or Inductive Loads stages have a common enable input. Each output device
* Power-Frame Construction for Good Heat Dissipation  has independent current limiting (I ) and thermal limiting
« Operational Temperature Ranges (Tum) for protection from overload conditions. Steering
= CA3262A - oo e s -40°C to +125°C  diodes connected from each output (in pairs) to the Clamp
@ CA3262 - oo -40°C to +85°C  Pins may be used in conjunction with external zener diodes
.. L. to protect the IC against overvoltage transients that result
Applications System Applications from inductive load switching. To allow for maximum heat
¢ Solenoid * Automotive transfer from the chip, all ground pins on the DIP and PLCC
¢ Relay * Appliance package are directly connected to the mounting pad of the
¢ Light * Industrial Control chip. An integral heat spreading lead frame directly connects
¢ Steppers * Robotics the bond pad and ground leads for good heat dissipation.
: lg[ott:rs The CA3262 and CA3262A can drive four incandescent
splays lamp loads without modulating their brilliance when the
" “cold” lamps are energized. Outputs may be parallel con-
Pinouts CA3262, CA3262A (PDIP) nected to drive high current loads. The maximum output cur-
TOP VIEW rent of each output is determined by the over-current limiting
——— threshold which is typically 1.2A but may be as low as 0.7A.
out a[i] 6] IN A
cLamp[Z] 5] N8 Ordering Information
out BE E ENABLE PART NUMBER TEMP. RANGE PACKAGE
ano [4] 13] GND CA3262E -40°C to +85°C | 16 Lead Plastic DIP
ano 5] 2] GND CA3262AE 40°C t0 +125°C | 16 Lead Plastic DIP
out CE E Ve CA3262AQ -40°C to +125°C | 28 Lead PLCC
cLamp [7] o] INC
outp[g] [3] N D Functional Block Diagram
CA3262A (PLCC) v At
TOP VIEW oe o>V -0 OUT D
o g IND o~
5 § g <o g -0 CLAMP
2 Z W
'"Ef (4] I3] [2] [1] fos] 7] Pos
d 40 OUT C
GND [5] INCO
ano [e] ENABLE o-*->~
GND
o OUTB
GND [e] Tum
INBo A 4
GND | 9] 1 -0 CLAMP
N [ig [ | X
GND OUTA
INAOC
u@u CRTRT
a o o 8
§ 3 £ 2 >
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1836.4
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CA3262A, CA3262

+5V P. svcc T \; ......................................... N ) 1
. O————> Vs RELAY
11319)} _{outD d
1) T :
IND | | Tum | :
[ A :
.
9 (16) § : p—0 Vgarr
§ = 4!
INC | Tum ! 6(12)| DOOH— soLeno
% 1)
TTLOR 10(17): . E ‘L VBaTT
cMos | ENABLE} : b3
4
Logic 4 14 (26)! = i ours 1 HIGH CURRENT
LEVEL @ ——9— HIGH SIDE DR
INPUTS INB | Tum t3(4)
- T
Y \ CLAMP MOTOR
15 27)} :
: 5 2(3)
H = { OUTA
INA | Tum | 1@ LAMP
ot \
16 (28)} H =
\ \
: :
H L H
e eeceeeeececceeteeseceeeceeeeeeeteeceeceoceeeeens :
TRUTH TABLE (Each Output)
PINS 4, 5, 12 & 13 GROUND (PACKAGE E)
ENABLE IN out PINS 5-11 & 19-25 GROUND (PACKAGE Q)
H H L PIN #S IN PARENTHESIS APPLY TO PACKAGE Q
H L H
L X H

H = High, L = Low, X = Don’t Care

FIGURE 1. QUAD INVERTING POWER DRIVER (QDR) SHOWN WITH TYPICAL APPLICATION LOADS

CONSTANT
e ® @ @
SOURCES

REFERENCE
INPUT VOLTAGE
1.2VOLTS

»

]
! TOSUBSEQUENT STAGES

- >
»

ENABLE

FIGURE 2. CA3262A EQUIVALENT SCHEMATIC OF ONE INPUT STAGE




Specifications CA3262A, CA3262

Absolute Maximum Ratings

Thermal Information

Logic Supply Voltage, Vg - - v vveevnnnniieiiiinnnn 7.0V Thermal Resistance (Note 3) 64
Logic Input Voltage, Viy « .« et vneeeiiiiiinnneeeninnenns 15V CA3262AQ. .. ...ciiiiiiiiiiiniineacananns 45°C/W
OUtput VOItagE, VoEx « +« v e vvrerrnnrerennarennnnennanns 60V CA3262E,CA3262AE ... ....covvinvinnnnnnnn 60°C/W
Output Sustaining Voltage, Veg(sus): -+« v v vverernsrnnne 40V Power Dissipation, Pp
Output TransientCurrent . ........c.vveiinnnnnn. (Note 1) CA3262E, CA3262AE
Output Load CUITeNt. . ... o oeeiieeeeenereennennns (Note 2) Upto +60°C (Fre@ Aif). ... oovveeernrnnrennecnnnnnns 1.5W
Storage Temperature Range ................. -65°C to +150°C Above +60°C ........ouvvnnnn Derate Linearly at 16.6mW/°C
Operating Temperature Range Up to +90°C With Heat Sink (PCBoard)............... 1.5W
CA3262AE, CA3262AQ ......ccvnvnueuunnnn -40°C to +125°C Above +90°C;
(07, 3¢ 7. 7 =3 -40°C to +85°C With Heat Sink (PC Board) ....... Derate Linearly at 25mW/°C
CA3262AQ
Upto+85°C (FIe8 AIN. ..o ceiiiiii i iiiiennnns 1.5W
Above +85°C .........civvnnnnn Derate Linearly at 23mW/°C
Up to +105°C with Heat Sink (PCBoard) .............. 1.5W
Above +105°C;
With Heat Sink (PC Board) ....... Derate Linearly at 33mW/°C
Maximum Junction Temperature...........c.ooeeuuunn. +150°C
Lead Temperature (Soldering 10s) ..........ccvvvunnnn +265°C

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

H

of the device at these or any other conditions above those indicated in the op of this specification is not implied.
woun
Electrical Specifications V¢ = 5.5V, Ty= -40°C to +125°C for CA3262A and V¢ = 5.5V, Ty= -40°C to +85°C for CA3262 ‘% %
Unless Otherwise Specified > g
CA3262 CA3262A S %
PARAMETERS SYMBOL TEST CONDITIONS MIN | TYP | MAX | MIN TYP MAX JUNITS
Output Leakage Current lcex | Vce =60V, VenapLe = 0.8V - - 100 - 0.6 50 HA
Output Sustaining VCE(SUS) Note 4 40 - - 40 - - v
Voltage
Collector Emitter Veesan | Vin =2V, Vec = 4.75V
Saturation Voltage le = 100mA - - 0.25 . 0.05 0.15 Vv
See Figures 4B & 5B c - - -
¢ g ) I =200mA - - - - - 0.2 \"
Ic = 300mA - - - - - 0.25 v
I = 400mA - - 0.4 - 0.2 0.3 v
Ic = 500mA - - - - - 0.4 v
Ic = 600mA - - 0.6 - - 0.5 v
Ig =700mA, T, = 40°C - - 0.6 - - 0.5 v
Input Low Voltage Vi - - 0.8 - - 0.8 v
Input High Voltage Viy 2 - - 2 - - v
Input Low Current I Vin=0.8V - - 10 - 0.75 10 pA
Input High Current ™ Vin = VenasLe = 5.5V, - - 10 - - 10 HA
Ic = 600mA
Supply Current, lcciony | Vin=2V, VenasLe = 5.5V, - - 70 - |(Noted)| 55 mA
All Outputs ON, louTa = 250mA, loyte = 250mA,
(See Figures 4A and 5A) loute = 250mA, loyp = 250mA
Supply Current, All leciorr) - - 5 - | (Note 4) 5 mA
oUtpUtS OFF, VlN =0V
(See Figures 4A and 5A)
Clamp Diode Leakage In _ - - 100 - - 50 KA
Current Va =60V
Clamp Diode Forward Vg le=1A, V=0V - - 1.7 - - 1.7 \';
Voltage, N N 1 N -
(See Figures 4D and 5D) Ip=1.5A, Vjy = OV 2 2 v
Turn-On Delay, teHL teun | lout = 500mA - - 8 - - 8 Hs
(See Figures 4C and 5C)
Over Current Limiting lum Vour =2V, 0.7 - | (Notet)§ 0.7 - (Note1)] A
Vin =5.5V, VenapLe = 5.5V




Specifications CA3262A, CA3262

Electrical Specifications V¢ = 5.5V, Ty=-40°C to +125°C for CA3262A and V¢ = 5.5V, Ty= -40°C to +85°C for CA3262
Unless Otherwise Specified (Continued)

CA3262 CA3262A

PARAMETERS SYMBOL TEST CONDITIONS MIN JTTYP | MAX | MINT TYP | MAX JuNniTs
[DESIGN PARAMETERS
Over Temperature Limiting Tum - 155 - - 155 - °Cc
(Junction Temperature)
Input Capacitance, input Cin - - - - 3 - pF
Enable Capacitance Cen - - - - 44 - pF
NOTES:

1. The CA3262 and CA3262A have on-chip limiting for transient peak currents. Under short-circuit conditions with voltage applied to the collector

of the output transistor and with the output transistor turned ON, the current will increase to 1.2A, typical. Over-Current Limiting protects a short
circuit condition for a normal operating range of output supply voltage. During a short circuit condition, the output driver will shortly thereafter
(approx. 5ms) go into Over-Temperature Limiting. While Over-Current Limiting may range to peak currents greater than 2A, each output will
typically withstand a direct short circuit up to supply voltage levels of 16V. Excessive dissipation before thermal limiting occurs may cause dam-
age to the chip for supply voltages greater than 18V. The CA3262 and CA3262A are rated to withstand peak current, cold turn-on conditions
of #168 or #194 lamp loads.

. The total DC cument for the CA3262 and CA3262A with all 4 outputs ON should not exceed the total of (4 X 0.7A + Max. Icc) ~ 2.85A. This
level of current will significantly increase the chip temperature due to increased dissipation and may cause thermal shutdown in high ambient
temperature conditions (See Absolute Maximum Ratings for Dissipation). Any one output may be allowed to exceed 0.7A but may be subject
to Over-Current Limiting above the Iy, min. limit of 0.7A. As a practical limit, no single output should be loaded to more than 1A max.

. Normal applications require a surface mount of the 28 lead PLCC package on a PC Board. The paekage has a power lead frame construction
where ground pins 5 - 11 and 19 - 25 conduct heat from the frame to the PC Board. With approximately a 2 square inch copper area adjacent
to the ground pins, the thermal resistance on the mounted package may be as low as 30°C/W.

. lcc varies with temperature. Typically, locion) Is 18mA at +125°C and 41mA at -40°C. Typically, lcc(orr) is 22mA at +125°C and 1.2mA at-40°C.

. Tested with a switched-off 500mA Load (24Q series resistance), Vgrr = 12V and the outputs (V) clamped to +40V maximum with an exter-

nal zener diode.

Applications

Typical circuit configurations for applying the CA3262 and
CA3262A are shown in the application circuit of Figure 1. To
their rated capabilities, both circuits can be used to drive induc-
tive, resistive and lamp loads. The CA3262A has a lower Vgar
than the CA3262 and is rated for +125°C ambient temperature
applications. The CA3262 data sheet rating is +85°C. Other-
wise, the protection features described apply to both the
CA3262 and CA3262A.

The maximum voltage for full load current switching is the output
sustaining voltage, Vcg(sus) which should not exceed 40 Voits.
To provide a means of over-voltage protection, on-chip steering
diodes are connected from each output to one of two CLAMP
pins. Over-voltage pulses may be generated from inductive load
switching and must be clamped or limited to a peak voltage less
than Vegsys), To limit an inductive voltage pulse, a zener diode
should be connected to the appropriate CLAMP pin. When the
voltage pulse exceeds the zener threshold, the excess energy is
dumped to ground via the on-chip steering diode and the exter-
nal zener diode.

The on-chip diodes may be used in a free-wheeling mode by
connecting the CLAMP pins to an external clamp supply
voltage. Zener diode clamp protection is preferred over the
power supply clamp option, primarily because the power sup-
plies may be subject to large transient changes; including turn-
ON and turn-OFF conditions where non-tracking conditions
between supplies could allow forward conduction through the
steering diodes. For all transient conditions of either method, the
clamp voltage should greater than the maximum supply voltage
of the switching outputs and less than Vcg(sus).

Note that the rate of change of the output current during load
switching is fast. Therefore, even small values of inductance,
including the inductance of a few meters of hook-up wire to
the load circuit, can generate voltage spikes of considerable
amplitude at the output terminals and may require clamping
to protect the device ratings.

Current-limiting is provided as protection for shorted or over-
loaded output conditions. Voltage is sampled across a small
metal resistor in the emitter of each output stage. When the
voltage exceeds a preset comparator level, drive is reduced
to the output. Current limiting is sustained unless thermal
conditions exceed the preset thermal shutdown temperature
of +155°C.

If an output is shorted, the remaining three outputs will con-
tinue to function normally unless the continued heat spread-
ing is sufficient to raise the junction temperature at any other
output to a level greater than +155°C. High ambient tempera-
ture conditions may allow this to happen. The degree of inter-
action is minimized at chip layout design by separating the
output devices, each to a separate corner of the chip.

As noted, the thermal resistance values of both the DIP and
PLCC packages are improved by direct connection of the
leads to the chip mounting pad. In free air, the junction-to-air
thermal resistance, 6, is +60°C/W (typical) for the DIP pack-
age and +42°C/W (typical) for the PLCC package. This coeffi-
cient can be lowered to +40°C/W and +30°C/W respectively
by increasing ground copper area on the PC board next to
the ground pins of the IC.
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CA3262A, CA3262

EACH OF THE QDR OUTPUTS SHOWNINFIG3IS A
COMPOSITE CIRCUIT WITH OVER-TEMPERATURE
SENSE FOR THERMAL LIMITING & OVER-CURRENT
SENSE TO PROVIDE CURRENT LIMITING

| CURRENT TEMP.
AMPLIFIER SENSE

—

CURRENT] <
SENSE <
|—re

BANDGAP
VOLT. REF.

\AAZ

FIGURE 3. QUAD INVERTING POWER DRIVER (QDR) OUTPUT EQUIVALENT CIRCUIT

Typical Performance Curves
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FIGURE 4A. TYPICAL SUPPLY CURRENT (PIN 11) FIGURE 4B. TYPICAL COLLECTOR-TO-EMITTER SATURA-
CHARACTERISTICS TION VOLTAGE CHARACTERISTICS IN QUAD-
GATED INVERTING POWER DRIVER OUTPUT
e
g - w
w 3 = g 3
g oL~ §
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O 2 43— 4 40,1516 g’ Ip=15A
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1
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FIGURE 4C. TYPICAL PROPAGATION DELAY
TIME CHARACTERISTICS
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AMBIENT TEMPERATURE (°C)
FIGURE 4D. TYPICAL CLAMP-DIODE FORWARD
VOLTAGE CHARACTERISTICS

FIGURE 4. TYPICAL CHARACTERISTICS OF THE CA3262E

2-11

LOW SIDE
SWITCHES




CA3262A, CA3262

Typical Performance Curves (Continued)
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FIGURE 5A. TYPICAL SUPPLY CURRENT (PIN 11) FIGURE 5B. TYPICAL COLLECTOR-TO-EMITTER
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) ISTICS IN QUAD-GATED INVERTING-
POWER DRIVER OUTPUTS
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FIGURE 5. TYPICAL CHARACTERISTICS OF THE CA3262AE & CA3262AQ
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< CA3272
PSS cA32724, CA3292A

PRELIMINARY* Quad-Gated Inverting Power Drivers with Fault
April 1994 Mode Diagnostic Flag Output
Features Description
¢ Load Current Switching 600mA The CA3272, CA3272A* and CA3292A"* are Quad-Gated Inverting
« Suitable for Resistive or Inductive Loads Power Drivers for interfacing low-level logic to inductive and resistive

loads such as: relays, solenoids, AC and DC motors and resistive

* Fault Mode Diagnostic Flag Output loads such as incandescent lamps and other power drivers. Each out-

» CA3292A Over-Voltage Zener Clamp put is an open collector protected power transistor driver. The
¢ Independent Over-Current Limiting CA3292A is similar to the CA3272 and CA3272A, except for an
« Independent Over-Temperature Shutdown added collector-to-base zener diode that provides over-voltage

clamping protection on each power switching output. The CA3292A
* Temperature Shutdown Hysteresis block diagram is shown for one switching channel with fault detection
* 5V CMOS or TTL Input Logic logic plus the output fault driver circuit for all four switching channels.
« High Dissipation Power-Frame Package The CA3272A and CA3292A have increased pull-down current drive
| o 0 from the FAULT output pin. The FAULT output pin provides a flag out-
* Oper.at ng. Temperature Range -40°C t.o + ?5 c put when a fault condition occurs. The complete Functional Block Dia-
Applications System Applications | gram with all four Output Power Driver stages is shown on page 2.

e Solenoids e Automotive - The ENABLE input is common to each of the four power switches and
* Relays « Appliance when low, disables the FAULT output. From the Input to Output, each
. La Industrial Cont switch is inverting. When IN is high, OUT is low and the transistor
mps * Industrial Control switch is “ON” (conducting). The block diagram shows the functional
¢ Steppers ¢ Robotics logic associated with fault detection. The Fault Sense circuit detects
« Injectors the IN and OUT states and switches Qg “ON”" if a fault is detected.
When a fault is detected, transistor Qg activates a current sink pull-
* Motors down at the FAULT pin. A resistive load from the FAULT pin to the
power supply is used to detect a fault as a low state. Both shorted and
Ordering Information open load conditions are detected.
PART NUMBER | TEMPERATURE RANGE | PACKAGE -
CA3272Q -40°C to +125°C 28 Lead PLCC = ?Ck Diagram of th e CA3292A
CA3272AQ -40°C to +125°C 28 Lead PLCC (1 of 4 Outputs and Fautt Logic)
CA3292AQ -40°C to +125°C 28 Lead PLCC joe e 1
: FAULT FAULT
. ENABLE 1 FLAG LOGIC
Pinout LINE TO —— 1
B, CAND D f
CA3272, CA3272A, CA3292A (PLCC) INPUTS AND | iFROMB,C,D =)
TOP VIEW FAULT JCHANNELS
OUTPUT :
ENABLE

26

OUTA

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2223.4
Copyright © Harris Corporation 1994, 2.13
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CA3272, CA3272A, CA3292A

Block Diagram of the CA3272, CA3272A
26
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NOTE:

THE CA3292A IS EQUIVALENT TO THE
CA3272 AND CA3272A EXCEPT FOR THE
COLLECTOR-TO-BASE ZENER

DIODE ON EACH OUTPUT (Z,),

USED AS AN OVER-VOLTAGE CLAMP TO
PROTECT THE OUTPUT WHEN SWITCHING
INDUCTIVE LOADS

GROUND PINS
5-11,19-25
TRUTH TABLE
Vee
18 ENABLE IN ouT

CONSTANT
CURRENT SOURCE H H
INPUT H L

REFERENCE

27 l 1.2 VOLTS L X

(NOTE 1) =
ENABLE

= (NOTE 1)
NOTE

1. INPUT AND ENABLE PULLDOWN SOURCES FORCE
OUTPUT TURN-OFF FOR UNTERMINATED INPUTS

FIGURE 1. SCHEMATIC OF ONE INPUT STAGE

H = High, L = Low, X = Don’t Care

To P“ﬁﬁg""“ FAULT LOGIC TABLE
OUTPUT STAGES
IN OUT | FAULT MODE
H L H Normal
H H L Over Current, Over Temperature
Iy L L Open Load or Short to Power Supply
L H H Normal
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Specifications CA3272, CA3272A, CA3292A

Absolute Maximum Ratings

Thermal Information

Output Voltage, Vg (CA3272, CA3272A) ......ccvvnvnnnn. +60V  Thermal ResiStance. ............cceveeeunnennnen.

Output Sustaining Voltage, Veg(sus) (CA3272, CA32724). ... ... B0V PLCC...eiiieeiininnnnaaeeeeaneecennnnns

Output Voltage, Vo (CA3292A). ......vvvviniiennnnn. Veuawe PLCC (With PC Board Heat Sink)

Output Clamp Energy, Egx (CA3292A) .........ccc0unnn TBDMJ  Power Dissipation (No Heat Sink)

Output Transient Current, (Note 1) . . ......ooevunen.. 1.6A Max. Upto4+85°C ...t iiiiiiiiiiiiicrienenennnnnnns 1.5W
Output Load Current, (NOt82) . ....covveeieeeeennnnennnn 07A Above +85°C .........euuuunnnn Derate Linearly at 23mwW/°C
Supply Voltage, Vog -« e cvvvinereiieeninneriinecenans +7V  Power Dissipation: (With PC Board Heat Sink, Note 3)

Logic INput Voltage, ViN <« e cvvvevenrennnneenneeaanaannn 15V Upto+85%C . oiviiiiiiiiiieneeennereesenancecnnns 22w
FAULT Output Voltage, VE . .cceeviieiniiiiiinnnnnnnnn. 16V Above +85°C ........ciiunnnnn Derate Linearly at 33mW/°C
Operating Temperature Range. ............... -40°C to +125°C  Storage Temperature Range. ................. -65°C to +150°C
Junction Temperature. .......coveeeeiiiineeresnnnns +150°C  Lead Temperature (Soldering 10S) . ......cvvvveeeennsn +265°C

CAUTION: Stresses above those listed in ‘“Absolute Maximum Ratmgs may cause permansnt damage to the device. This is a stress only rating and openration

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

of this specification is not implied.

Electrical Specifications T, = -40°C to +125°C, V¢ = 5.5V, Unless Otherwise Specified
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CA3272 CA3272A, CA3292A
PARAMETERS SYMBOL TEST CONDITIONS mn | Tve [ max | mn | Tve [ max | unirs '
OUTPUT PARAMETERS w v
auw
Output (OFF) Current lcex | Vin=0.8V; Vey =5.5V; (Note 4) - 30 | 100 - 30 | 100 | puA H 5
Ve = 60V for CA3272, CA3272A; =k
Ve = 24V for CA3292A o=
- -0
Output Sustaining Voltage: | Vcgsus) Note 7 40 - - 40 - - v
CA3272, CA3272A
Output Clamp Voltage: Vowamp | Ic = 300pA; Vgy = 0.8V - - - 28 32 36 v
CA3292A
Collector-to-Emitter Veesan | Vin=2V, Ve =475V,
Saturation Voltage Ic = 400mA, Ty = +125°C . - | o4 - - | o3 v
=500mA, T, = +25°C - - 0.5 - - 04 v
Ic = 600mA, Ty = -40°C - - - - - 0.5 v
Ic = 500mA, T, = 40°C - - 0.6 - - - v
LOGIC INPUT THRESHOLDS
Input Low Voltage Vi Vee=3.5V - - 0.8 - - 0.8 v
Input High Voitage Vin 2 - - 2 - - v
Input Low Current I Vin = Ve = 0.8V; Voo = 4.75V 10 4 | 70 10 4 | 70 pA
Input High Current [ Vin=Ven=5.5V 10 45 70 10 45 70 HA
SUPPLY CURRENT
Al Outputs ON IOO(ON) VIN = VEN =5.5V; lOUTA = |°m - - 65 - - 65 mA
=loyte = loutp = 400mA
Al Outputs OFF ICC(OFF) Vw =0V - - 10 - - 10 mA
PROPAGATION DELAY
Turn-ON Delay toHL lLoap = 500mA - 3 10 - 3 10 us
Tumn-OFF Delay toin | loap = 500mA - 3 10 - 3 10 ps
FAULT PARAMETERS
Output Low Current, loL Vin=0.8V;Vgny=2.0V;VE=4V] 0.04 | 0.09 | 0.12 1 2 4 mA
IF(SINK) (with Fault) VOUT =Low = 1V; (Note 5)
Output High Current, I k) lon No Fauit (Note 5) - - 2 - - 20 pA



Specifications CA3272, CA3272A, CA3292A

Electrical Specifications T, =-40°C to +125°C, V¢ = 5.5V, Unless Otherwise Specified (Continued)

CA3272 CA3272A, CA3292A
PARAMETERS SYMBOL TEST CONDITIONS . MIN | TYP | MAX | MIN | TYP | MAX | UNITS
Output Low Voltage VoL External Load Equal Min. I, - 0.2 0.4 - 0.2 0.4 \
Output Driver Fault Sense, Vutip | Vin = 0.8V; Vgy =2V (Note 6) 3 4 5.5 3 4 55 v
High Threshold (Open)
Output Driver Fault Sense, Vitio | Vin= Ven =2V (Note 6) 3 4 55 3 4 5.5 \
Low Threshold (Short)
PROTECTION PARAMETERS
Over-Current Limiting lum Vin=Ven =2V, Vour=4Qto 0.6 - Note 1 0.6 - | Notet A
16V
Over-Temperature Tum - 165 - - 165 - °Cc
Limiting
(Junction Temperature)
Over-Temperature Thys - 15 - - 15 - A°C
Limiting, Hysteresis
DESIGN PARAMETERS
Input Capacitance Cin - 3 - - 3 - pF
Enable Capacitance Cen - 4.6 - - 4.6 - pF
NOTES:

1.

Output Transient Currents are controlled by on-chip limiting for each output. Under short-circuit conditions with voltage applied to the
collector of the output transistor and with the output transistor turned ON, the current will increase to 1.2A, typical. Over-Current Lim-
iting protects a short circuit condition for a normal operating range of output supply voltage. During a short circuit condition, the output
driver will shortly thereafter (approx. 5ms) go into Over-Temperature Shutdown. While Over-Current Limiting may range to peak cur-
rents as high as 1.6A, each output will typically withstand a direct short circuit at normal single battery supply levels. Excessive dissi-
pation before thermal shutdown occurs may cause damage to the chip for supply voltages greater than 16V. When sequentially
switched, the outputs are rated to withstand peak current, cold turn-on conditions of lamp loads such as #168 or #194 lamps.

. The total DC current with all 4 outputs ON should not exceed the total of (4 X 0.7A + Max. Icc) ~ 2.85A. This level of current will significantly

increase the chip temperature due to increased dissipation and may cause thermal shutdown in high ambient temperature conditions (See
Absolute Maximum Ratings for Dissipation). Any one output may be allowed to exceed 0.7A but may be subject to Over-Current Limiting
above the Iy minimum limit of 0.7A. No single output should be loaded to more than Over-Current Limiting above the Iy minimum limit
of 0.7A. As a practical limit, no single output should be loaded to more than 1A maximum.

. Normal applications require a surface mount of the 28 lead PLCC package on a PC Board. The package has a power lead frame construc-

tion where ground pins 5 - 11 and 19 - 25 conduct heat from the frame to the PC Board. With approximately a 2 square inch copper area
adjacent to the ground pins, the thermal resistance on the mounted package may be as low as 30°C/W.

- lcex is the static leakage current at each output when that output is OFF (ENABLE Low). Refer to the Figure 3 illustration of an output

stage. The value of Iggy is both the leakage into the output driver and a pull-down current sink, lo(sinky- The purpose of the current sink
is to detect open load conditions.

. The g value of “Output Low Current, Irgiyi” at the FAULT pin is both the static leakage of the output driver Qg and the current sink,

Irsink- The current sink is active only when a fault exists. When no fault exists, the lo current at the FAULT pin is the maximum leakage
current, g ). Refer to Figure 2 for an illustration of the FAULT output and associated external components. Refer to FAULT LOGIC TABLE
for Fault Modes.

. The Voltages, Vitup, VirHp are the comparator threshold reference values (Min. & Max. Range) sensed as a high and low state tran-

sitions for voltage forced at the outputs. Vypyp indicates an open load fault when the output is decreased to less than the threshold.
Vimp indicates a shorted load when the output is increased greater than the threshold. The output voltage is changed until the FAULT
pinindicates a Low (Fault). Refer to Figure 2 for test value of external resistor. Refer to Io. and loy FAULT PARAMETERS Test Limits
to determine Vg and Vg at the FAULT pin.

. Tested with 120mA switched off in a Load of 70mH and 32Q series resistance;

CA3272, CA3272A: Outputs clamped with an external zener diode, limiting Voyr to the Vcg(sysy maximum rating of +40V.
CA3292A: Outputs limited to the V¢ ayp voltage by the internal collector-to-base zener diode and output transistor clamp.
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CA3272, CA3272A, CA3292A

Applications

The CA3272, CA3272A and CA3292A are quad-gated invert-
ing low-side power drivers with a fault diagnostic flag output.
Both circuits are rated for +125°C ambient temperature appli-
cations and have current limiting and thermal shutdown. While
functionally similar to the CA3262AQ, they differ in the mode
of over-voltage protection and have the added feature of a
FAULT flag output. Also, inputs to channels A, B, C, D and
ENABLE have internal pulldowns to turn “OFF” the outputs
when the inputs are floating.

As noted in the Block Diagrams, the CA3292A is equivalent to
the CA3272 and CA3272A except that it has internal clamp
diodes on the outputs to handle inductive switching pulses
from the output load. The structure of each CA3292A output
includes a zener diode from collector-to-base of the output
transistor. This is a different form of protection from other quad
drivers with current steering clamp diodes on each output,
paired to one of two “CLAMP” output pins. The CA3292A out-
put transistor will turn-on at the zener diode clamp voltage
threshold which is typically 32V and the output transistor will
dump the pulse energy through the output driver to ground.

Each output driver is capable of switching 600mA load currents
and operate at +125°C ambient temperature without interaction
between the outputs. The CA3272, CA3272A and CA3292A
can drive four incandescent lamp loads without modulating
their brilliance when the “cold” lamps are energized. The out-
puts can be connected in parallel to drive larger loads. Over-
current or short circuit output load conditions are fault protected
by current limiting with a typical limit value of 1.2A. The current
limiting range is set for 0.6A to 1.6A. The output stage does not
change state (oscillate) when in the current limit mode. Any one
output that faults (see Fault Logic Table) will switch the FAULT
output at pin 1 to a constant current pull-down.

ENABLE IN Ve =+5V

B,CANDD Ry
FAULT MODE

INPUTS FAULT FLAG

DIAGNOSTIC

IF(SIN
(SN OUTPUT, Vg

Tx=RxCx=05TO 1ms

FAULT MODE
INPUT
CHANNEL “A”

FIGURE 2. EXTERNAL FAULT OUTPUT CIRCUIT AND I g AS
FAULT SINK PULLDOWN CURRENT, WHICH IS ACTI
VATED BY TRANSISTOR, Qg, WHEN A FAULT EXISTS

The Fault Logic circuit, as shown in the Block Diagram for
the CA3292A, applies to both the CA3272, CA3272A and
CAB3292A. The Fault Sense circuits do not override or control
the power switching circuits of the IC. Their primary function
is to provide an external diagnostic fault flag output. Each
Power Switching Channel has diagnostic fault sensing input
to the Fault Logic. The Fault Logic block of the functional

Block Diagram illustrates the logic functions associated with
Fault detection. The diagnostic output for each of the four
channels of switching is processed through the fault logic cir-
cuit associated with each channel. It is then passed to an OR
gate which controls the FAULT flag output transistor, Qg thru a
2 input AND gate.

The ENABLE input is common to each of the 4 power switches
and also disables the FAULT flag output at the 2 input AND gate
when it is low. The Fault Logic circuit senses the IN and OUT
states and switches Qg “ON" if a fault is detected. Transistor Q¢
activates a sink current source to pull-down the FAULT pin to a
0 (low) state when the fault is detected. Both shorted and open
load conditions are detected.

It is normal for thermal shutdown and current limiting to
occur sequentially during a short circuit fault condition. A
precaution applies for potential damage from high transient
dissipation during thermal shutdown. (See Note 1 following
the Electrical Characteristics Table).

FAULT SENSE
THRESHOLD, Vi1ip

VBatr

&
<|: av

ZENER

RiLoap

um 0.020

FIGURE 3. OUTPUT OPEN LOAD DETECTION WHERE loysinig IS
AN ACTIVE CURRENT SINK PULLDOWN FOR
OPEN-LOAD FAULT DETECTION. THE CURRENT
Icex IS losink PLUS LEAKAGE CURRENTS OF THE
OUTPUT DRIVER

Each of the outputs are independently protected with over-
current limiting and over-temperature shutdown with thermal
hysteresis. If an output is shorted, the remaining outputs func-
tion normally unless the temperature rise of the other output
devices can be made to exceed their shutdown temperature
of +165°C typical. When the junction temperature of a driver
exceeds the +165°C thermal shutdown value, that output is
turned off. When an output is shutdown, the resulting
decrease in power dissipation allows the junction temperature
to decrease. When the junction temperature decreases by
approximately 15°C, the output is turned on. The output will
continue to turn on and off for as long as the shorted condition
exists or until shutdown by the input logic. The resulting fre-
quency and duty cycle of the output current flow is determined
by the ambient temperature, the thermal resistance of the
package in the application and the total power dissipation in
the package. Since each output is independently protected,
the frequency and duty cycle of the current flow into multiple
shorted outputs will not be related in time. Long lead lengths
in the load circuit may lead to oscillatory behavior if more than
two output loads are shorted.

2-17

LOW SIDE
SWITCHES




CA3272, CA3272A, CA3292A

Since a diagnostic flag indicates when an output is shorted,
this information can be used as input to a microprocessor or
dedicated logic circuit to provide a fast switch-off when a short
occurs and, by sequence action, can be used to determine
which output is shorted. A fault condition in any output load
will cause the FAULT output to switch to a logic “low”. Since a
fault condition may be detected during switching, use of an
appropriate size capacitor to filter the FAULT output is recom-
mended. The recommended FAULT output circuit is shown in
Figure 2. This will prevent the FAULT output voltage from
reaching a logic level “0” within the maximum switching time.

The FAULT detection circuitry compares the state of the input
and the state of the output for each A, B, C and D channel.
The output is considered to be in a high state if the voltage
exceeds the typical FAULT threshold reference voltage, Vyup
of 4V. I the output voltage is less than Vypp. the output is con-
sidered to be in a low state. For example, if the input is high
and the output is less than Vyyp, a normal “ON” condition
exists and the FAULT output is high. If the input is high and the
output is greater than Vyp, a shorted load condition is indi-
cated and the FAULT output is low. When the input is low and
the output is greater than Vyp, a normal “OFF” condition is
indicated and the FAULT output is high. If the input is low and
the output is less than Vyyp, an open load condition exists
and the FAULT output is low. The Output Driver Fault Sense
state is determined by high and low comparator threshold lim-
its which are defined in the Fault Parameters section of the
Electrical Specifications.

The FAULT output diagram of Figure 2 shows the circuit com-
ponent interface for sensing a diagnostic fault condition. As
noted, the time constant of Ty = RxCyx should be greater than
the ON-OFF output switching times to avoid false fault read-
ings during switching. For applications requiring fast period
repetition rates, the maximum time constant should be signifi-
cantly less than the period of switching. The shortest practical
time constant is preferred to limit the duration of a fault condi-
tion.

To match a standard CMOS or TTL interface, the switched
current at the FAULT pin must be converted to Vyy and V_
voltage levels using the Ry external pullup resistor. The mini-
mum specified lg_ limit at the FAULT output defines the Low
(Fault) state which is used to test for a Vo maximum limit of
0.4V. This makes the calculation for the Vy_ input level rela-
tively simple. Where V is the FAULT output voltage, Vg is
the power supply voltage, Ry is the pullup resistor to Vg from
the FAULT pin and lg_ is the fault condition sink current,
logsink), the low state equation is:

Vg = Ve - RXIOL £ V), (EQ. 1)

As an example: Since TTL is the worst case for a low state,
Vy = 0.8V. Using V¢ = 5V, maximum Vg = Vg = 0.4V and
minimum lg = 1mA for the CA3272A and CA3292A. At the
worst case limit, the minimum value of Ry is:

Ry = (Ve - Vidlloy = (5 - 0.4)V/0.001mA = 4.6kQ

Where the minimum lg_ = 0.04mA for the CA3272 is much
less, the same equation yields Ry = 115kQ. In either case
the preferred value for Ry would be greater than the values
calculated.

For the logic Vi High (normal state),

Vi =Vcc - Rxlon 2 Vin (EQ.2)

Where the lo current is the specified leakage current, Ig k)
at the FAULT pin, it remains to check the calculated value for
Ry as a leakage current times the chosen pullup resistance.
To determine that the minimum Vg from the FAULT pin is
greater than Vi to an external logic match, Vg is calculated
using EQ(2). For example, using the Ry resistor value calcu-
lated for the CA3272,

Vg =[5 - (115kQ x 2pA)] = 4.77V

which is more than suitable for CMOS or TTL Input switching
levels; suggesting that a larger value of Ry could be used for
a better noise margin in the Low fault state.

To detect an open load, each output has an internal low-level
current sink, shown in Figure 3, which acts as a pull-down
under open load fault conditions and is always active. The mag-
nitude of this current plus any leakage associated with the out-
put transistor will always be less than 100pA. (The data sheet
specification for Iggy includes this internal low-level sink cur-
rent). The output load resistance must be chosen such that the
voltage at the output will not be less than Vyyp when the Icex
sink current flows through it under worse case conditions with
minimum supply voltage. For example, assume a 6.5V mini-
mum driver output supply voltage, a FAULT threshold reference
voltage of Vyp = 5.5V and an output current sink of lgex =
100pA. Calculate the maximum load resistance that will not
result in a FAULT output low state when the output is OFF.

Roap(max) = [Vsyppry(min) - Vyyp(max)]/ Icex(max) (EQ.3)
Rioap(max) = (6.5V - 5.5V) / 100pA = 10kQ (EQ. 4)

Since the CA3272 and CA3272A do not have on-chip diodes
to clamp voltage spikes which may be generated during
inductive switching of the load circuit, an external zener
diode (30V or less is recommended) should be connected
between the output terminal and ground. Only those outputs
used to switch inductive loads require this protection. Note
that since the rate of change of output current is very high,
even small values of inductance can generate voltage spikes
of considerable amplitude on the output terminals which may
require clamping. External free-wheeling diodes returned to
the supply voltage are generally not acceptable as inductive
clamps if the supply voltage exceeds 30V during transients.
Typical loads for either the CA3272Q, CA3272AQ or
CA3292AQ are shown in the application circuit of Figure 4A.
Where inductive loads are driven from outputs A and B, no
external zener diode clamp is needed for the CA3292AQ but
is required for the CA3272Q or CA3272AQ as shown in Fig-
ure 4B.

The CA3272Q, CA3272AQ and CA3292AQ are supplied in
the 28 lead Plastic Leaded Chip Carrier (PLCC) package with
a specially configured lead frame to conduct heat from the
package. To provide maximum heat transfer from the chip to
PC Board or mounting surface, all ground leads are directly
connected to the mounting pad of the chip. In free air the max-
imum junction-to-air thermal resistance, 6y, is maximum
43°C/W. This thermal resistance can be lowered to 30°C/W
(typical) by suitable layout design of the PC board to which the
package is soldered.
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CA3272, CA3272A, CA3292A

+VgarT

ﬁ

\AAan |

HIGH CURRENT
HIGH SIDE DR

w_J
LOW SIDE
SWITCHES

FIGURE 4A. TYPICAL APPLICATION CIRCUIT SHOWING OUTPUT LOAD CONTROL CAPABILITY OF THE CA3272Q, CA3272AQ OR
CA3292AQ. THE INTERNAL DRIVE CIRCUIT WITH SELF PROTECTION AND FAULT OUTPUT IS THE CA3292AQ WITH THE
OVER-VOLTAGE ZENER DIODE CLAMP

+Vary
INDUCTIVE
LOAD
.............................. ,
FAULT o
—l 1 vZ(EXT)
.~
— EXTERNAL ZENER DIODE CLAMP

= PROTECTION FROM POSITIVE VOLTAGE
SPIKE (INDUCTIVE KICK PULSE) AT TURN-OFF

CA3272, CA3272A
(1 OF 4 CHANNELS) =

cssessamssssssssssden

FIGURE 4B. CA3272 AND CA3272A OVER-VOLTAGE PROTECTION IS AN EXTERNAL ZENER DIODE CLAMP WHERE
VzExm < Vegsus): THE Vegsus) VOLTAGE RATING IS THE MAXIMUM VOLTAGE FOR FULL LOAD SWITCHING.

FIGURE 4.

2-19



HARRIS

SEMICONDUCTOR

CA3282

CMOS Octal Serial
Solenoid Driver

April 1994
Features Description
¢ Output Current Drive Capability The CA3282 is a logic controlled, eight channel octal serial sole-
- All Outputs ON, Equal .............. 0.625A Each noid driver. The serial peripheral interface (SPI) utilized by the
- Per Output Individually ......... e 1AEach (CA3282 is a serial synchronous bus compatible with Harris

- Maximum Total of OutputsON ................5A

* High Voltage Power BiMOS Outputs
- 8 Open Drain NDMOS Drivers
- Individual Output Latch

CDP68HCOS5, or equivalent, microcomputers. As shown in the
Block Diagram for the CA3282 each of the open drain NDMOS
output drivers has individual protection for over-voltage and over-
current. Each output channel has separate output latch control
with fault unlatch and diagnostic feedback. Under normal ON
conditions, each output driver is in a low, saturation state. Com-

- Over-Current Limit Protection ............. 1.05A : . S ) -
Over-Voit a P i parators in the diagnostic circuitry monitor the output drivers to
- Over-Voltage Clamp Protection............... 30V etermine if an out of saturation condition exists. If a comparator
* High Speed CMOS Logic Control senses a fault, the respective output driver is unlatched. In addi-
- Low QuiescentippCurrent ................. 5ma  tion, over curent protection is provided with current limiting in
. SPI Bus Controlled Interface each output, independent of the diagnostic feedback loop.
- Individual Fault Unlatch and Feedback The CA3282 is fabricated in a Power BIMOS IC process, and is
- Common Reset Line intended for use in automotive and other applications having a
wide range of temperature and electrical stress conditions. It is
* Operating Temperature Range. . .... -40°C to +125°C  particularly suited for driving lamps, relays, and solenoids in
applications where low operating power, high breakdown volt-
N B age, and high output current at high temperatures is required.
Ap P lications The CA3282 is supplied in 15 lead plastic SIP package with
* Automotive and Industrial Systems lead forms for either vertical or surface mount.
¢ Solenoids, Relays and Lamp Drivers Ordering Information
¢ Logic and pP Controlled Drivers
PART PACKAGE AND
* Robotic Controls NUMBER TEMP. RANGE LEAD FORM
CA3282AS1 -40°C to +125°C | 15 Lead Plastic SIP
Staggered Vertical
CA3282AS2 -40°C to +125°C | 15 Lead Plastic SIP
Surface Mount
Pinout Block Diagram
CA3282 (SIP) OUTPUT #0
TOP VIEW (10F8)
J/ ~ s/ outruts
= =
NoTE:  —> O 1 OUTPUT 7 = SHIFT ouTeuT } : 1|g—
HEAT SINK TAB = oo mosi— 2 MFESSTER .
INTERNALLY 9 —— miso sck—] S
CONNECTED TO 8 —>vss 3] I CURRENT| <
GROUND (Vgs) 7 —>wosI Mso+—] & umIT >
6 —>sck — «
o i ——>CE CE — E —
——— outpPuTO =
RESET—¥ =
3O OUTPUT = CONTROL DIAGNOSTIC
\\ _ = qyrrut2 _'I_'I LOGIC CIRCUITRY l'_"
TO DRIVERS
1THRU7

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

Copyright © Harris Corporation 1993

File Number 2767.4
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Specifications CA3282

Absolute Maximum Ratings

Thermal Information

Output Voltage, Vo (Note 1) .. ......coevvivnenn. Voc (Clamp)  Thermal Resistance A 6y

Output Load Current, I oap (Per Output, Individual) .......... 1A 15 Lead Plastic SIP... . ... 45°CW 3°cwW
Output Load Current, |, o5p (All 8 Outputs ON, Equal lgyy) 0.625A (No Heat Sink) (Infinite Heat Sink)
Output Load Current, | oap (Max. Total of Outputs ON) ..... 5.0A  Power Dissipation

DC LOGIC SUPPIY, VpD- « e v evvnneeeriuereeneeeeneennnns v Upto+125°Cw/oHeatSink ............oovvivennn 0.56W
Input Voltage, ViN « e e e vvvieennneniinenesnneeenns -0.7 to +7V Above +125°C w/o Heat Sink ....... Derate Linearly at 22mW/°C
Operating Ambient Temperature Range. ........ -40°C to +125°C Up to +125°C w/infinite Heat Sink. . . ........oovnn.n 8.33W
Operating Junction Temperature Range. ........ -40°C to +150°C Above +125°C w/infinite Heat Sink: . . Derate Linearly at 333mW/°C
Storage Temperature Range, TSTG............ -55°C to +150°C  Lead Temperature (During Soldering)

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

At a distance 1/16 inch £ 1/32 inch (1.59 £ 0.79mm)
from case for 10s max. ...

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

d in the op / secti

of this specification is not implied.

Electrical Specifications Vvpp = 5V, T, = -40°C to +125°C, Unless Otherwise Specified

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Quiescent Supply Current loo All Outputs ON, 0.5A Load Per Output - 5 10 mA
Output Clamping Voltage Voc lLoap = 0.5A, Output Programmed OFF 27 32 40 \
Output Clamping Energy Eoc lLoap = 0.5A, Output ON 20 - - mJ
Output Leakage Current loteak | Output Programmed OFF
Vo =24V - 150 1000 pA
Vo = 14V - 150 500 HA
Vo =5V - 150 200 pA

Output Saturation Voltage Vsat lloap = 0.5A - 0.3 0.5 \'4
lLoap = 0.75A - 0.4 1.25 v
loap = 1.0A - 0.6 2.0 v

Rosion) loap = 0.5A - . 1 Q

Output Current Limit loumit | Output Programmed ON, Voyy > 3V 1.05 1.5 - A

Turn-On Delay teHL lo = 500mA, No Reactive Load - 1 10 5]

Turn-Off Delay toLn lo = 500mA, No Reactive Load - 2 10 Hs

Fault Reference Voltage Vorer | Output Programmed ON, Fault Detected 1.6 1.8 2.0 \'
if Vo > Vores

Fault Reset Delay (After CE Low o See Figure 1 50 80 250 us

to High Transition)

Output OFF Voltage Vore Output Programmed OFF, Output Pin - 0 1 v
Floating

LOGIC INPUTS (MOSI, CE, SCK and RESET)

Threshold Voltage at Falling Vr. Vpp =5Vt 10% 0.2Vpp 0.3Vpp - v

Edge

Threshold Voltage at Rising Vi, Vpp =5V t 10% - 0.6Vpp 0.7Vpp v

Edge

Hysteresis Voltage Vi Vi, - V. 0.85 14 225 v

Input Current B Vpp =5.5V, 0 <V, <Vpp -10 - +10 pA

Input Capacitance C 0<V,<Vpp - - 20 pF
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Specifications CA3282

Electrical Specifications Vvpp = 5V, T, = -40°C to +125°C, Unless Otherwise Specified (Continued)

PARAMETERS | symeo | TEST CONDITIONS ENEEEIED
LOGIC OUTPUT (MISO)
Output LOW Voltage VoL lop = 1.6mA - 0.2 0.4
Output HIGH Voltage Vou |loL=0.8mA Voo Voo -
-13v -0.2v
Output Three State Leakage loL Vpp =5.25V, 0 < Vg < Vpp, -10 - +10 pA
Current CE Pin Held High
Output Capacitance Cour | 0< Vo < Vpp, CE Pin Held High - - 20 pF
Serial Peripheral Interface Timing (See Figure 1)
PARAMETERS SYMBOL TEST CONDITION MIN TYP MAX | UNITS
Operating Frequency foper D.C. | Note2 | 3.0 MHz
Cycle Time (1) tye 1.0 0.1 - us
Enable Lead Time @  teap - <100 | 1000 ns
Enable Lag Time 3) tuaa - <100 1000 ns
Minimum Clock HIGH Time 4)  tuscxn - 50 410 ns
Minimum Clock LOW Time (5) tusckL - 50 410 ns
Minimum Data Setup Time ) - 20 150 ns
Minimum Data Hold Time @ W - 20 150 ns
Enable Time 8) - 50 1000 ns
Disable Time 9) tois - 150 1000 ns
Data Valid Time (10) ty - 75 360 ns
Output Data Hold Time (11) tho 0 50 - ns
Rise Time (MISO Output) (12)  tso | Vop=20% to 70%, C, = 200pF - 35 150 ns
Rise Time SPI Inputs (SCK, MOSI, CE) (12)  tg | Voo =20% to 70%, C_ = 200pF - - 90 ns
Fall Time (MISO Output) (13)  %so | Vop=20% to 70%, C = 200pF - 45 150 ns
Fall Time SPI Inputs (SCK, MOSI, CE) (13) s | Voo = 20% to 70%, Ci = 200pF - - 90 ns

NOTES:

1. The MOSFET Output Drain is internally clamped with a Drain-to-Gate zener diode that turns-on the MOSFET; holding the Drain at the

Output Clamp Voltage, Voc.

2. Operating Frequency is typically greater than 10MHz but it is application limited primarily by external SPI input rise/fall imes and MISO

output loading.
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Timing Diagrams

o | r
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INTERNAL STROBE FOR DATA CAPTURE
FIGURE 1A. DATA AND CLOCK TIMING DIAGRAM
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FIGURE 1B. SPI TIMING DIAGRAM
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FIGURE 2. BYTE TIMING DIAGRAM WITH ASYNCHRONOUS RESET
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Signal Descriptions

Power Output Drivers, Output 0 - Output 7- The input and
output bits corresponding to Output O thru Output 7 are
transmitted and received most significant bit (MSB) first via
the SPI bus. The outputs are provided with current limiting
and voltage sense functions for fault indication and protec-
tion. The nominal load current for these outputs is S00mA,
with current limiting set to a minimum of 1.05A. An on-chip
clamp circuit capable of handling 500mA is provided at each
output for clamping inductive loads. .

RESET - Active low reset input. When this input line is low,
the shift register and output latches are configured to turn off
all output drivers. A power on clear function may be imple-
mented by connecting this pin to Vpp with an external resis-
tor, and to Vgg with an external capacitor. In any case, this
pin must not be left floating.

CE - Active low chip enable. Data is transferred from the shift
register to the outputs on the rising edge of this signal. The
falling edge of CE loads the shift register with the output volt-
age sense bits coming from the output stages. The output
driver for the MISO pin is enabled when this pin is low. C

must be a logic low prior to the first serial clock (SCK) and
must remain low until after the last (eighth) serial clock cycle.
A low level on CE also activates an internal disable circuit
used for unlatching output states that are in a fault mode as
sensed by an out of saturation condition. A high on ( CE
forces MISO to a high impedance state. Also, when CE is
‘high, the octal driver ignores the SCK and MOSI signals.

SCK, MISO, MOSI - See Serial Peripheral Interface (SPI)
section in this data sheet.

Vpp and Vgg (GND) - Positive and negative power supply
lines.

Serial Peripheral Interface (SP1)

The Serial Peripheral Interface (SPI) utilized by the CA3282
is a serial synchronous bus for control and data transfers.
The Clock (SCK), which is generated by the microcomputer,
is active only during data transfers. In. systems using
CDP68HCO05 family microcomputers, the inactive clock
polarity is determined by the CPOL bit in the microcomput-
er's control register. The CPOL bit is used in conjunction with
the clock phase bit, CPHA to produce the desired clock data
relationship between the microcomputer and octal driver.
The CPHA bit in general selects the clock-edge which cap-
tures data and allows it to change states. For the CA3282,
the CPOL bit must be set to a logic zero and the CPHA bit to
a logic one. Configured in this manner, MISO (output) data
will appear with every rising edge SCK, and MOSI (input)
data will be latched into the shift register with every falling
edge of SCK. Also, the steady state value of the inactive
serial clock, SCK, will be at a low level. Timing diagrams for
the serial peripheral interface are shown in Figure 1.

SPI Signal Descriptions

MOSI (Master Out/Slave In) - Serial data input. Data bytes
are shifted in at this pin, most significant bit (MSB) first. The
data is passed directly to the shift register which in turn con-
trols the latches and output drivers. A logic “0” on this pin will
program the corresponding output to be ON, and a logic “1”
will turn it OFF.

MISO (Master In/Slave Out) - Serial data output. Data bytes
are shifted out at this pin, most significant bit (MSB) first.
This pin is the serial output from the shift register and is
three stated when CE is high. A high for a data bit on this pin
indicates that the corresponding output is high. A low on this
pin for a data bit indicates that the output is low. Comparing
the serial output bits with the previous input bits, the micro-
computer implements the diagnostic data supplied by the
CA3282.

SCK - Serial clock input. This signal clocks the shift register
SCK and new MOSI (input) data will be latched into the shift
register on every falling edge of SCK. The SCK phase bit,
CPHA, and polarity bit, CPOL, must be set to 1 and O,
respectively in the microcomputer’s control register.

Functional Descriptions

The CA3282 is a low operating power, high volitage, high cur-
rent, octal, serial solenoid driver featuring eight channels of
open drain NDMOS output drivers. The drivers have low sat-
uration voltage and output short circuit protection, suited for
driving resistive or inductive loads such as lamps, relays and
solenoids. Data is transmitted to the device serially using the
Serial Peripheral Interface (SPI) protocol. Each channel is
independently controlled by an output latch and a common
RESET line that disables all eight outputs. Byte timing with
asynchronous reset is shown in Figure 2. The circuit
receives 8 bit serial data by means of the serial input
(MOSI), and stores this data in an internal register to control
the output drivers. The serial output (MISO) provides 8 bit
diagnostic data representing the voltage level at the driver
output. This allows the microcomputer to diagnose the con-
dition at the output drivers. The device is selected when the
chip enable (CE) line is low. When (CE) is high, the device is
deselected and the serial output (MISO) is placed in a tri-
state mode. The device shifts serial data on the rising edge
of the serial clock (SCK), and latches data on the falling
edge. On the rising edge of chip enable (CE) new input data
from the shift register is latched in the output drivers. The
falling edge of chip enable (CE) transfers the output drivers
fault information back to the shift register. The output drivers
have low ON voltage at rated current, and are monitored by
a comparator for an out of saturation condition, in which
case the output driver with the fault becomes unlatched and
diagnostic data is sent to the microcomputer via the MISO
line. A typical microcomputer interface circuit is shown in
Figure 3. Also, the CA3282 may be cascaded with another
CA3282 octal driver.
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Shift Register

The shift register has both serial and parallel inputs and out-
puts. Serial output and input data are simultaneously trans-
ferred to and from the SPI bus. The parallel outputs are
latched into the output latch in the CA3282 at the end of a
data transfer. The parallel inputs jam diagnostic data into the
shift register at the beginning of a data transfer cycle.

Mlgzz?g;gizn CA3282
PORT TE
Mos! MosI
Miso MisO
SCK »l sCK
RESET RESET

FIGURE 3. TYPICAL MICROCOMPUTER INTERFACE WITH
THE CA3282

Output Latch

The output latch holds input data from the shift register
which is used to activate the outputs. The latch circuit may
be cleared by a fault condition (to protect the overloaded out-
puts), or by the RESET signal.

Output Drivers

The output drivers provide and active low output of 500mA
nominal with current limiting set to 1.05A to aliow for high
inrush currents. In addition, each output is provided with a
voltage clamp circuit to limit inductive transients. Each output
driver is also monitored by a comparator for an out of satura-
tion condition. If the output voltage of an ON output pin
exceeds the saturation voltage limit, a fault condition is
assumed and the latch driving this output is reset, turning
the output off. The output comparators, which also provide
diagnostic feedback data to the shift register, contain an
internal pull-down current which will cause the cell to indi-
cate a low output voltage if the output is programmed OFF
and the output pin is open circuited.

CE High to Low Transition

When CE is low v the three state MISO pin is enabled. On the
falling edge of CE, diagnostic data from the output voltage
comparators will be latched into the shift register. If an output
is high, a logic one will be loaded into that bit in the shift reg-
ister. If the output is low, a logic zero will be loaded. During
the time that CE is low, data bytes controlling the output driv-
ers are shifted in at the MOSI pin most significant bit (MSB)
first. A logic zero on this pin will program the corresponding
output to be ON, and a logic one will turn it OFF.

CE Low to High Transition

When the last data bit has been shifted into the CA3282, the
CE pin should be pulled high. At the rising edge of CE, shift
register data is latched into the output latch and the outputs
are activated with the new data. An internal 150ms delay
timer will start at this rising edge to compensate for high
inrush currents in lamps and inductive loads. During this
period, the outputs will be protected only by the analog cur-
rent limiting circuits since resetting of the output latches by
fault conditions will be inhibited during this time. This allows
the device to handle inrush currents immediately after turn
on. When the 150ms delay has elapsed, the output voltages
are sensed by the comparators and any out of saturation
outputs are latched off. The serial clock input pin (SCK)
should be low during CE transitions to avoid false clocking of
the shift register. The SCK input is gated by CE so that the
SCK input is ignored when CE is high.

Detecting Fault Conditions

Fault conditions may be checked as follows. Clock in a new
control byte and wait approximately 150ms to allow the out-
puts to settle. Clock in the same control byte and note the
diagnostic data output at the MISO pin. The diagnostic bits
should be identical to the data clocked in. Any differences will
indicate a fault in the corresponding outputs. For example, if
an output was programmed ON by clocking in a zero, and the
corresponding diagnostic bit for that output is a one, indicating
the driver output is still high, then a short circuit or overload
condition may have caused the output to unlatch. Alterna-
tively, if the output was programmed OFF by clocking in one,
and the diagnostic bit for that output shows a zero, then the
probable cause is an open circuit resulting in a floating output.

8 40°C
- 0.480 As%
_§ T 0542~ /
g, 06702 > +105°C

. 0.780
E \ /
T 4 % +125°C
: / -
£ os Z
s /
(3]
° +—t t t t
02 0.4 08 08
SATURATION VOLTAGE (Vsar)

FIGURE 4A. CA3282 TYPICAL OUTPUT DRIVER Rps(on)
CHARACTERISTICS OF CURRENT OUT vs
SATURATION VOLTAGE, Vg7 FOR A -40°C
-TO +125°C JUNCTION TEMPERATURE
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T
TYP CURRENT LIMITING
15 Z
E e
& [ 7
1.0 —~
¢ 4 +25°C
]
<
2 1
E / ™~ s10s°c
Wos /4
g +125°C
(3]
[ } { {
) 05 1.0 15
SATURATION VOLTAGE (Vgar)

FIGURE 4B. CA3282 TYPICAL OUTPUT DRIVER Rpgon)
CHARACTERISTICS OF CURRENT OUT vs
SATURATION VOLTAGE, Vgay FOR A -40°C
TO +125°C JUNCTION TEMPERATURE

Dissipation In Multiple Outputs

The CA3282 Octal Serial Solenoid Driver has multiple MOS
Output Drivers and requires special consideration with
regard to maximum current and dissipation ratings. While
each output has a maximum current specification consistent
with the device structure, all such devices on the chip can
not be simultaneously rated to the same high level of peak
current. The total combined current and the dissipation on
the chip must be adjusted for maximum allowable ratings,
given simultaneous multiple output conditions.

For the CA3282, the maximum positive output current rating
is 1A when one output is ON. When ALL outputs are ON, the
rating is reduced to 0.625A because the total maximum cur-
rent is limited to 5A. For any given application, all output driv-
ers on a chip may or may not have a different level of
loading. The discussion here is intended to provide relatively
simple methods to determine the maximum dissipation and
current ratings as a general solution and, as a special solu-
tion, when all switched ON outputs have the same current
loading.

General Solution

A general equation for dissipation should specify that the
total power dissipation in a package is the sum of all signifi-
cant elements of dissipation on the chip. However, in Power
BiMOS Circuits very little dissipation is needed to control the
logic and predriver circuits on the chip. The over-all chip dis-
sipation is primarily the sum of the I°R dissipation losses in
each channel where the current, | is the output current and
the resistance, R is the NMOS channel resistance, Rpg(on)
of each output driver. As such, the total dissipation, Py, for n
output drivers is:

n
Pp= 2 Py (€Q.1)
k=1

This expression sums the dissipation, P¢ of each output
driver without regard to uniformity of dissipation in each
MOS channel. The dissipation loss in an NMOS channel is:
P, = xR (EQ.2)

Kk DS (ON)

where the current, | is the determined by the output load
when the channel is turned ON. The channel resistance,
Rps(onj is a function of the circuit design, level of gate volt-
age and the chip temperature. Refer to the Electrical Specifi-
cations values for worse case channel resistance.

The temperature rise in the package due to the dissipation is
the product of the on-chip dissipation, Pp and the package
Junction-to-Case thermal resistance, 6,c. To determine the
junction temperature, T, given the case (heat sink tab) tem-
perature, Tg, the linear heat flow solution is:
TJ=TC+PDXOJC°rTC=TJ—PDXOJC (EQ.3,3A)
Since this solution relates only to the package, further con-
sideration must be given to a practical heat sink. The equa-
tion of linear heat flow assumes that the Junction-to-Ambient
thermal resistance, 8, is the sum of the thermal resistance
from Junction-to-Case and the thermal resistance from Case
(heat sink)-to-Ambient, 8. The Junction-to-Ambient ther-
mal resistance, 6, is the sum of all thermal paths from the
chip junction to the ambient temperature (T,) environment
and can be expressed as,

G_M = GJC + eCA (EQ 4)
Equation 3 and Equation 3A may be expressed as,
TJ=TA+PDx°JA°’TA=TJ'PDx°JA (EQ. 5, 5A)

Not all Integrated Circuit packages have a directly definable
case temperature because the heat is spread thru the lead
frame to a PC Board which is the effective heat sink.

Calculation Example 1

For the CA3282, §,c = 3°C/W and the worst case junction
temperature, as an application design solution, should not
exceed 150°C. For any given application, Equation 1 deter-
mines the dissipation, Pp

Assume the package is mounted to a heat sink having a
thermal resistance of 6°C/W and, for a given application, the
dissipation, Pp = 3 Watts. Assume the operating ambient
temperature, Ty = 100°C. The calculated Junction-to-Ambi-
ent thermal resistance is:

OJA=OJ°+9CA=9°CIW

The solution for junction temperature by Equation 5 is:

Ty =100°C + 3W x 9°C/W = 127°C

Calculation Example 2

Using the CA3282 maximum Junction-to-Ambient Thermal
Resistancs, 0, value of 45°C/W (no external heat sink) and
the worst case Junction Temperature, T¢ of 150°C we have
an application design solution for the maximum ambient
temperature or dissipation. For example; Using Equation
1and assuming a device dissipation, Pp of 1W, the maxi-
mum allowabie Ambient Temperature, T, from Equation 5A
is calculated as follows:

Ta = +150°C - 1.0W x 45°C/W = 105°C
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Equal Current Loading Solution

Where a given application has equal current loading in the
output drivers, equal Rpgion) and temperature conditions
may be assumed. As such, a convenient method to show
rating boundaries is to substitute the dissipation Equation 2
into the junction temperature Equation 3. For m outputs that
are ON with equal currents, where | = |y = l,..... = I, we
have the following solution for dissipation:

_ _ 2
PD-mek-mxI XHDS(ON) EQ (6)
T,-T
J C
l= [ EQ(7)
merCXRDS(ON)

- -
-] N
i 1
T —1

4 4 CA3282 WITH NO HEAT SINK

(84a = 45°C/W)

DISSIPATION WATTS (W)
N
.
L]

The number of output drivers ON and conducting (m)
may be from 1 to n. (i.e., For all 8 output drivers conduct-
ing, m = n = 8.) Maximum temperature, dissipation and
current ratings must be observed. The drain current vs
case temperature may be plotted for any value of m from
1 to 8, provided drain currents remain equal.

The curve of Figure 5 illustrates the boundary limits for tem-
perature and dissipation. Figure 6 shows the maximum cur-
rent for all 8 outputs ON with equal current plotted versus
Case Temperature, Tc. Boundary conditions relate to the
Absolute Maximum Ratings as defined in the Data Sheet.

CA3282 WITH EXT.
6°C/W HEAT SINK
(844 = 9°C/W)

CA3282 WITH INFINITE
HEAT SINK

(8yc = 3°C/W)

2 4
0 1 t } t t
-40 -25 [} 25 50 75 100 125 150
AMBIENT TEMPERATURE (°C)
FIGURE 5. DISSIPATION DERATING CURVE
10T

(0.625A EA. X 8 = 5A TOTAL CURRENT)

(WITH EQUAL CURRENT) (A)
(-]
&

MAX. DRIVE CURRENT, ALL OUTPUTS ON

MAX. ALL ON CURRENT LIMITED /

Imax ALL ON DISSIPATION LIMITED

150 - T
s i = [ =
Rps(on) = 1Q MAX SXOJCXRDS
T THERMAL RESISTANCE, 9,c = 3°C/W
0.0 t y t +— +—t y t —t 4 t —t—tt t 1
50 7% 100 125 150
CASE TEMPERATURE (°C)

FIGURE 6. CURRENT vs CASE (TAB) TEMPERATURE, ALL OUTPUTS ON WITH EQUAL CURRENT
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SEMICONDUCTOR

HIP0080, HIP0081

PRELIMINARY Quad Inverting Power Drivers
April 1994 with Serial Diagnostic Interface
Features Description

* Low Side Power MOSFET Output Drivers
¢ Output Driver Protection
- Over-Current Shutdown
- Over-Temperature Shutdown with Hysteresis
- Over-Voltage Internal Clamp
¢ Load Current Switching Capability
- HIP0081. .. 3A Pk, 2A DC - Each; 5A Total All ON
= HIP0080. .1.5A Pk, 1A DC - Each; 3A Total All ON
¢ HIP0080 - Low idle Current Shutdown Mode
Regulated 5V Logic Interface

5V CMOS Logics Inputs

Fault Mode Output for Shorts, Opens and Over-
Temperature

16 Bit Serial Diagnostic Register

* SPI Bus Compatible Data Readout

* HIP0081 - Low 6,c Power Package ...... .. 3°%Cw
* -40°C to +125°C Operating Temperature

o

The HIP0O080/HIP0081 Quad Power Drivers contain four individually
protected NDMOS power output transistor switches to drive inductive
and resistive loads such as: relays, solenoids, injectors, AC and DC
motors, heaters and incandescent lamp displays. The 4 Power Drivers
are low-side switches driven by CMOS logic input control stages. Each
Output Power Driver is protected against over-current, over-tempera-
ture and over-voltage. An internal drain-to-gate zener diode provides
the clamping protection for over-voltage. Diagnostic circuits provide
ground short, supply short, open load and thermal overload detection
for each of the 4 output stages. Each of the 4 input drivers and their
respective diagnostic filters are controlled by one ENABLE input.

The inputs are CMOS logic compatible and individually control the out-
put drivers with an active high state for tum-on. All other control inputs
are active high with the exception of the Chip Select (CS) which is
active low. The DATAIN (DI) and DATAOUT (DO) are positive logic
and the Clock (CLK) input for the Serial Interface is active on the rising
edge of the CLK pulse. All inputs, except the HIPO080 ENABLE,
include a nominal level of hysteresis. IN1, IN2, IN3, IN4 and ENABLE
have pull-down resistors of -approximately 100kQ This switches off
any channel that has an unterminated input.

Filters are used on the outputs of the fault sensing comparators to
avoid the detection of short duration transient spikes. The on-chip

outt &—1

Ny &——J 2
DATAOUT &—— 3
GND &———] &
ENABLE C—— 9
——j10
—1

IN3 &—— 12

Vee
ouTs

DATAIN C——]13
INg ———J14
outrs ———15

: : oscillator is used to clock an internal shift register in each filter. If the
Ap P lications fault condition is longer than a preset number of clock cycles, the fault
 Drivers For * System Use condition is recognized and the respective bit is set in the diagnostic
- Solenoids - Injectors . Automotive  'egister. No filter is used in the thermal-overioad feedback circuit and
Rel St i the bit is set when thermal shutdown occurs.
- Relays - Steppers - Appliances For normal operating conditions, a Reset turns off all outputs when the
- Power Output - Motors - Industrial Vg level drops below 3.5V. The internal bandgap and bias supply
- Lamps - Displays - Robotics function includes a 5V regulated supply for the low voltage signal and
logic circuits.
Pinouts Ordering Information
HIP0081 (SIP) HIP0080 (PLCC)
TOP VIEW TOP VIEW PART TEMP. | PACKAGE &
HEAT SINK TAB AT SAME & . a - NUMBER | RANGE | LEAD FORM
POTENTIAL AS PIN 8 GND B3 8 £58z 8 HIPO0B1AST | 40°Cto | 15 Lead Plastic
/ \i 4] 13] j2] |1 +125°C | SIP Staggered
_6} . Vertical Mount
HIPO081AS2 | -40°Cto |15 Lead Plastic
+125°C | SIP Surface
Mount
HIPOOBOAM | -40°Cto |28 Lead PLCC
+125°C
D O O (

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

Copyright © Harris Corporation 1994

File Number 3018.2
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Functional Block Diagram
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NOTE 1. HIP0080 - No ENABLE Hysteresis

Functional Signal Flow Diagram

1 OF 4 SWITCH/CHANNELS (SEE FUNCTIONAL BLOCK DIAGRAM)
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Specifications HIP0080, HIP0081

Absolute Maximum Ratings

Thermal Information

Supply Voitage (Logic & Control), VoG - ovvvvenvennnn -16t0 45V Thermal Resistance 6,4 6y
Power MOSFET Drain Voltage, Vg (Note 1) ....... 0.5 to Vouamp HIP0080 (28 Lead PLCC Power Pkg) ...  45°C/W -
Output Clamp Energy, Egy (HIP0080) ............vunnn TBOMJ HIP0081 (15 Lead SIP Power Pkg) .. ... 45°C/W  3°CW
Output Clamp Energy, Eqk (HIP0081) .. .....ovuvvvntts TBDmJ  HIP0080 Power Dissipation: (with PC Board as Heat Sink, Note 3)
Input Voltage (Logic and Driver Inputs), ViN. . ... ov vt -0.5Vto 7V UPto485°C. .ot viiiiiiiii ittt 2.2W
Output Voltage, DATAOUT . ......ovviieneennnnnnns 0.7Vto 7V Above +85°C.........c..ennnnn Derate Linearly at 33mwW/°C
Output Current HIP0081 Power Dissipation
HIP0080 Upto +125°Cw/oHeatSink.........ovivvvvininnnnn 0.56W
Each Output, loyT(peak), (Note 2).......... -0.5A to +1.5A Above +125°C w/o Heat Sink . ... . .. Derate Linearly at 22mwW/°C
Each Output, louT(De) + -+ e vvvreceensranen. 0Ato +1A Up to +125°C w/Infinite Heat Sink ................... 8.33w
All 4 Outputs ON, Equal loyt .« -+ v o v vvvennnnn +0.75A each Above +125°C
Total of 4 Outputs, Unequal loyt «+.cvvvvnnnn +3A (to GND) w/infinite Heat Sink ............. Derate Linearly at 333mwW/°C
HIP0081 Lead Temperature (During Soldering)
Each Output, loyt(peak), (Note 2)............. -2Ato +3A At a distance 1/16 inch + 1/32 inch (1.59mm + 0.79mm)
Each Output, loyt(DC) « -« v vrvvrrncrnnenenns 0A to +2A FromCasefor10SMax ...........cooviinennnnnn, +265°C
All 4 Output, ON, équal IOUT +vvvvvreennnnnns +1.25A each
Total of 4 Outputs, Unequal loyt + ...+ ....... +5A (to GND)
Operating Ambient Temperature Range ........ -40°C to +125°C
Operating Junction Temperature Range ........ -40°C to +150°C
Storage Temperature Range, TgTg v« vvvvennn -55°C to +150°C

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

Electrical Specifications V¢ = 5.5V to 25V + 5%, Ty = -40°C to +125°C; Unless Otherwise Specified

HIP0080 HIP0081
PARAMETER SYMBOL TEST CONDITIONS miN [ Tvp | max | miN | Tvp | max | units

POWER OUTPUTS
Output ON Resistance Ron | Vec = 10 to 25V, All OQutputs ON - - - - - 0.5 Q
(HIP0O081) loutt = lout2 = louts = loutsa = 1A

Ve = 5.5 to 10V, All Outputs ON - - - - - 1.0 Q

louts = lout2 = louta = louts = 0.7A
Output ON Resistance Ron | Vec = 10 to 25V, All Outputs ON - - 1.0 - - - Q
(HIP008O) lout: = louTz = louts = louts = 0.5A

Vec = 5.5 to 10V, All Outputs ON - - 2.0 - - - Q

louts = lout2 = louta = louts = 0.4A
HIPO081 Output Off lIore | Inputs, IN_ Low, Voyr_ =60V - - - - lors| 10 mA
Current -
HIP0081 Output Leakage lorrLk | Inputs, IN_ Low, Voyr_ =60V - - - - 1.0 10 kA
Current Vee =0V
HIP0080 Output Off lore | Inputs, IN_ Low, Voyt_ =25V - 0.75 1 - - - mA
Current Enable High
HIP0080 Output Leakage lorrLk | Inputs, IN_ Low, Voyt_ =25V - 1.0 10 - - - pA
Current Enable Low
Over-Voltage Clamp Range | Vgiamp | Output Programmed OFF, Input Low 27 - 43 73 - 89 v
Current Short Circuit Prot. lout(sc) |(Note 2) 1.3 - 25§ 22 - 4.8 A
Short Circuit Det. Delay tscoLy - 6 - - 6 - us
Output ON-OFF Voltage (Resistive load) - 10 - - 10 - Vius
Ramp Rate
Turn-On Delay teHL Vcc =14V, me =14Q - - 8 - - us
Turn-Off Delay ttn | Voo = 14V, Riopp = 14Q - - 8 - - us
SUPPLY
Power Supply Current lec - 20 25 - 20 25 mA
Power Supply Reset Active | Voc_rst 3 - 4 3 - 4 \'
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Electrical Specifications V¢ =5.5V to 25V 1 5%, T, = -40°C to +125°C; Unless Otherwise Specified (Continued)

HIP0080 HIP0081
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX | UNITS
Shut-Down Current Mode lsyton | Enable LOW - 130 | 200 - - - uA
INPUTS
Low-Level Input Voltage Vi - - 1 - - 1 '
High-Level Input Voltage Vin 35 - - 3.5 - - v
Input Hysteresis Threshold | Vin_nys | (N.A. to HIPO080 ENABLE 0.85 - 225|085 | - | 225 v
Input Pull-Down Resistance Rpp  |IN1, IN2, IN3, IN4, ENABLE 50 | 100 | 200 | 50 | 100 | 200 KQ
DATAOUT (Open Drain)
Leakage Current loo_teak | Voo = 7V, DO OFF (High) - - 10 - - 10 pA
Logic Low Output Voltage VoL lon = 1.6mA, DO ON (Low) - - 0.4 - - 0.4 Vv
Max. Logic Low Current lon Vpo = 4.5V, DOON 1.6 - - 1.6 - - mA
Oscillator Frequency fosc - 500 - - 500 - kHz
Serial Interface Clock Freq. fax | (Note 4) - - 2 - - 2 MHz
DIAGNOSTIC AND PROTECTION
Over-Temperature 150 - - 150 - - °c
Shutdown Threshold
Shutdown Temp. Hysteresis - 15 - - 15 - °c
Output Short-to-GND Vour—=5.5V to 16V - 0.24 - - 024 - v
Threshold x Vee x Vee
Short-to-GND Hysteresis Vourt— = 5.5V to 16V - 0.02 - - 0.02 - v
x Vee x Vee
Open-Load Resistance for Vour- = 5.5V to 16V 5 - 25 5 - 25 kQ
No-Load Warning
Filter Delay Time for O.L. or - 12 - - 12 - us
Short-to-GND
NOTES:

1. The MOSFET Output Drain is internally Clamped with a Drain-to-Gate zener diode that turns-on the MOSFET to hold the Drain at the
VcLamp Voltage. Refer to the Electrical Specifications Table for the Vg amp voltage limits.

2. Each Output has Over-Current Shutdown protection in the positive current direction. The maximum peak current rating is determined by
the minimum Over-Current Shutdown as detailed in the Electrical Specification Table. In the event of an Over-Current Shutdown the input
drive is latched OFF. The output short must be removed and the input toggled OFF and ON to restore the output drive.

3. Effective Heat Sinking for the HIP0O080 PLCC package requires a PC Board solder mount. For a PC Board layout having a ground plane
of copper extending away from the package, the junction-to-air thermal resistance may be as low as 30°C/W.

4. The maximum serial Clock Frequency may be limited by the time constant of the external load network at the DATAOUT pin.

Diagnostic Interface Overview

Each Quad Inverting Power Driver IC may be used as a sin-
gle power switching driver, with or without the diagnostic
interface. Where more than 4 Power Driver Switches are
required, the HIPO080 or HIP0081 may be used in a multiple
IC cascade connection. In cascade operation, the diagnostic
data from all chips is read as a single serial sequence of
fault bits. As shown in the Functional Block Diagram each
output stage has voltage and temperature sensors to detect

fault conditions while comparators and delay filters process
the data. Four bits of diagnostic information is provided as
fault feedback from each of the four output stages. When
detected, the diagnostic data is put in a parallel diagnostic
data register. Using the diagnostic control interface to
address the system (one or more ICs in cascade), the fault
data is transferred from the parallel diagnostic data register
to a serial diagnostic data register as a sequence of 16 bits
for each IC.
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All diagnostic data bits may be read using the Chip Select
(CS) and the Clock (CLK) inputs. The CLK input must be
low, when CS goes active low. After reading the first bit at
DO to determine if there is an error flag, the following 16 bits
of serial diagnostic data may be clocked out of DO. Clocking
the CLK input synchronously shifts the serial register data
out of DO while cascaded data (from other devices or
sources) is shifted into the DI input. As data is shifted out of
DO, the parallel diagnostic data register is cleared on the
first rising edge of the CLK input, following the CS low. After
each16 clocks, cascaded diagnostic data from the next IC in
sequence is then shifted out of the DO output. Shifting the
serial diagnostic data out of DO is done as a continuous
sequence, reading the data from all ICs in cascade while CS
remains low. New diagnostic data can be stored in the paral-
lel diagnostic data registers on each IC while the existing
serial diagnostic data is read.

Referring to Figure 1 and Figure 2, there are_two sources
that generate an OR'd Fault Flag at DO when CS goes low.
The two fault data sources are (1) the on-chip fault detection
and (2) the off-chip DI input from front end ICs in the cas-
cade. The fault data bit, labeled DF (Data Fault) in Figure 2,
contains the OR'd inputs from both sources. The DF bit is
not part of the 16 bit serial diagnostic data sequence. In cas-
caded operation, the DI input for the first of the selected
chips should be tied low. And, in single IC operation (no cas-
cade), the DI input should also be tied low. In cascaded
operation, the Error Flags are cascaded via the DI inputs.

The on-chip fault Error Flag goes high if any one of the 16
diagnostic data fault bits have been set HIGH. This fault
Error Flag bit precedes the 16 diagnostic data fault bits and
is OR'd with all diagnostic data fault bits. The DF bit flags the
presence of an Error Flag fault on the IC and in any part of
the cascaded string, including DI data input. As shown in fig-
ure 3 each IC in the cascade provides an output which is
passed to the DI input of the following IC and is passed on
as an OR'd bit to the DO output of the last IC in the cascade.
A fault condition is immediately evident without reading all
diagnostic data bits. However, all bits must be read to deter-
mine which chip and which diagnostic bit has been set. The
Fault Flag is reset by the CLK input when the bits are read.
When no fault condition is detected, it is not necessary to

4 OUTPUTS AND
4 BITS PER QUTPUT

O O O

16 BIT PARALLEL
DIAG. DATA REG.

T

RESET 1€,

LOGIC

toggle the CLK input. When a fault is detected, at least one
toggle of the clock is needed to reset the parallel diagnostic
register which clears the register of all detected fault states.

The last IC in the string ORs its own 16 fault bits in the paral-
lel diagnostic register data and sends this data bit to an Error
Flag register. The Error Flag register outputs the presence of
a fault in one or more bits of the parallel diagnostic data reg-
ister. As shown in Figure 2, the Error Flag is the first bit in
front of the serial register and is input to OR Gate, U7 with
the DI input. The DI input passes thru AND Gate, U6 when
the GATE signal is high and output via the amplifier U8 to
DO. The output amplifier U8 is active only while CS is low.
When CS is low, the RS Flip-Flop drives the GATE output
high. When the GATE is high, the cascaded DF bits are
jammed from DI to DO. All Error Flags in the cascade are
cleared (by the CLK input) when the serial diagnostic data is
clocked out of DO.

The GATE is an internal control signal that is forced high
when the CLK input is low and CS goes low. The GATE will
remain high, even when CS is returned to a high state, pro-
vided the CLK input has not changed from a low state. This
condition still applies when fault data is detected. The DO
output_is not latched; however, the Error Flag is latched
when CS goes low and will not be updated until the next time
CS goes low. The fault data is preserved as long as the CLK
input does not go high. If the CLK is high when CS goes low,
the GATE will be disabled and no cascade data will be
shifted from DI to DO. Under normal conditions, the CLK sig-
nal goes high to switch the GATE low and simultaneously
shifts the first of 16 diagnostic data bits out of the serial diag-
nostic data register to DO. The CS low input is not latched
and must be held low while all data is shift of out DO.

The diagnostic interfaces to the HIPO080 and HIP0081 are
SPI compatible. The microcontroller is programmed to con-
trol the read and respond action based on the diagnostic
readout. Normally the CS input is addressed and DO is read.
If a fault is indicated by the Error Flag, all data is shifted out
of DO and processed to determine the diagnostic fault condi-
tion. The Error Flag bit does require a separate input back to
the microcontroller to initiate the serial data shift. When the
CLK signal starts, the serial sequence starting with the first
of the 16 serial diagnostic bits is input to the microcontroller.

16 BIT SERIAL
DIAG. DATA REG.

ERROR

DI
l.!2l
L/

FLAG BIT
R
U4 Do
GATE (OPEN DRAIN)
s

FIGURE 1. DIAGNOSTIC INTERFACE LOGIC
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—

Do

’
DF : OT1 SB1 SGi Oi

’
ERROR FLAG BIT

oT2 sB2..

FIGURE 2. DATA AND CLOCK TIMING

SHIFT
REGISTER

Do

Q

SHIFT
REGISTER

SHIFT
REGISTER

FIGURE 3. CASCADED CHIP OPERATION TO READ
DIAGNOSTIC DATA

Serial Register Data Sequence

The fault data follows the Serial Register Data Sequence of
Table 1 in bit sequence and, in cascade, by IC sequence. In
each of the 4 power switching output channels, the
diagnostic sense circuits set 1 bit in the parallel diagnostic
register for each of 4 diagnostics fault conditions. A total of
16 diagnostics data bits are shifted to the serial register
when CS goes low. Table 1 shows the order and sequence
of the serial bits as they are shifted out of DO. The fault
action that sets each of the diagnostics bits for each of the 4
switches is described below:

Bit 1 - Indicates a thermal overload when the sensed
junction temperature of the output is greater than 150°C.
When over-temperature is sensed, the sensor output directly
gates-off the drive to the power output and the respective
fault bit is set in the diagnostic register. When the chip is
sufficiently cooled, the output is gated-on if the input remains
ON.

Bit 2 - Indicates the fault condition for an output-to-supply
short (shorted load). A small value of resistance (~0.01Q) in
the source-to-ground line of the output stage is used to
sense the output short. A comparator senses the voltage
level and filters the output to provide an input to the control
stage and to the diagnostic register. The control state
directly shuts down the output when an over-current condi-
tion is sensed. Under this condition of fault, the input driver is
latched off. To restore the output drive, the short must be
removed and the input toggled OFF and then ON. A short to
the supply is the only error condition that requires an input
toggle reset.

Bit 3 - Indicates the condition of an output to ground short.
As shown in the Functional Block Diagram, each output
stage has drain-to-supply (Vg 1) and drain-to-ground pull-up
and pull-down resistors of approximately 10k to sense this
condition. When the output is off and the sense level is low,

an output-to-ground short is detected by the comparator.
This condition is sensed when the output is pulled lower than
0.24 x V¢ (typical).

Bit 4 - Indicates the condition of an open load on the output.
The same divider noted for Bit 3 is used to ‘set the output
level. If the sense level is at or near the mid-range of the
voltage supply, Vgc1 when the output is in the off condition,
a no-load condition is detected.

TABLE 1. SERIAL REGISTER DATA SEQUENCE

BIT FAULT
CHANNEL NO. | NO. | FAULT FUNCTION | SYMBOL
Switch 1 Over-temperature oT1
Channel 1 2 Short to Supply SB1
3 Short to Ground SGt
4 Open Load (o/}]
Switch 5 Over-temperature oT2
Channel 2 6 Short to Supply SB2
7 Short to Ground SG2
8 Open Load o
Switch 9 Over-temperature oT3
Channel 3 10 Short to Supply SB3
11 Short to Ground SG3
12 Open Load oI3
Switch 13 Over-temperature oT4
Channel 4 14 Short to Supply SB4
15 | Short to Ground SG4
16 Open Load oi4
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Dissipation In Multiple Outputs

The HIPO080 and HIP0081 Power Drivers have multiple
MOS Output Drivers and require special consideration with
regard to maximum current and dissipation ratings. While
each output has a maximum current specification consistent
with the device structure, all such devices on the chip can
not be simultaneously rated to the same high level of peak
current. The total combined current and the dissipation on
the chip must be adjusted for maximum allowable ratings,
given simultaneous multiple output conditions.

For the HIP0081, the maximum positive output current rating
is 3A when one output is ON. When ALL outputs are ON, the
rating is reduced to 1.2A because the total maximum current
is limited to 5A. For any given application, all output drivers
on a chip may or may not have a different level of loading.
The discussion here is intended to provide relatively simple
methods to determine the maximum dissipation and current
ratings as a general solution and, as a special solution,
when all switched ON outputs have the same current load-
ing.

General Solution

A general equation for dissipation should specify that the
total power dissipation in a package is the sum of all
significant elements of dissipation on the chip. However, in
Power BiMOS Circuits very little dissipation is needed to
control the logic and predriver circuits on the chip. The
overall chip dissipation is primarily the sum of the I2R dissi-
pation losses in each channel where the current, |.is the out-
put current and the resistance, R is the NMOS channel
resistance, Rpg(on) of each output driver. As such, the total
dissipation, Pp for n output drivers is

n
Po= 3 Px
K=1
This expression sums the dissipation, P of each output
driver without regard to uniformity of dissipation in each
MOS channel. The dissipation loss in an NMOS channel is

Pk = 2 x Rps(on) (EQ.2)

where the current, | is the determined by the output load
when the channel is turned ON. The channel resistance,
Rps(on is a function of the circuit design, level of gate volt-
age and the chip temperature. Other switching losses may
include I2R lost in the interconnecting metal on the chip and
bond wires of the package.

The temperature rise in the package due to the dissipation is
the product of the dissipation, Pp and the thermal resis-
tance, 8¢ of the package (Junction-to-Case). To determine
the chip junction temperature, T, given the case (heat sink
tab) temperature, Tg, the linear heat flow solution is

TJ=Tc+PDX9JcOI’Tc=TJ-PDXQJC

(EQ. 1)

(EQ.3)

Since this solution relates only to the package, further con-
sideration must be given to a practical heat sink. The equa-
tion of linear heat flow assumes that the thermal resistance
from Junction-to-Ambient (8,,) is the sum of the thermal
resistance from Junction-to-Case and the thermal resistance
from Case (heat sink)-to-Ambient. The Junction-to-Ambient
thermal resistance, 6, is the sum of all thermal paths from

the chip junction to the ambient temperature (T,) environ-
ment and can be expressed as

64 =0yc +6ca (EQ. 4)
The Junction-to-Ambient equivalent to Equation 3, 3A is
Ty=Ta+Ppx8ya0r To=T,-Ppx6y, (EQ. 5, 5A)
Not all Integrated Circuit packages have a directly defineable

case temperature because the heat is spread thru the lead
frame to a PC Board which is the effective heat sink.

Calculation Example 1

For the HIP0081, 8,c = 3°C/W and the worst case junction
temperature, as an application design solution, should not
exceed 150°C. For a given application, Equation 1 deter-
mines the dissipation, Pp.

Assume the package is mounted to a heat sink having a
thermal resistance of 6°C/W and, for a given application,
assume the dissipation is 3W and the ambient temperature
(Ta) is 100° C From Equation 4, 8,4 is 9°C/W. The solution
for junction temperature (Tg) by Equation 3 is

T, =+100°C + 3W x 9°C/W = +127°C
Calculation Example 2

Assume for the HIP0080, 8, = 30°C/W mounted on a PC
Board with good heat sinking characteristics. Again, the
worst case junction temperature, as an application design
solution, should not exceed +150°C. Assume from the appli-
cation, based on Equation 1, the dissipation, Pp = 1.5W. The
maximum junction temperature is known and can be used to
determine the maximum allowable ambient temperature
from Equation 5A as follows:

Ta = +150°C - 1.5W x 30°C/W = 105°C
Equal Current Loading Solution

Many applications may have equal current loading in the
output drivers with equal saturated turn ON and temperature
conditions. As such, a convenient method to show rating
boundaries is to substitute the dissipation Equation 2 into
the junction temperature Equation 3. For m outputs that are
ON and conducting with equal currents, where
1=l4=l,.....=ly, we have the following solution for dissipation:

PD =mXx PK =mX |2 X RDS(ON) (EQ. 6)

T -7
| = J HC__ (EQ.7)

The number of output drivers ON and conducting (m) may
be from 1to n. (i.e., For all four output drivers of the HIPO081
ON, m=4.) Maximum temperature, dissipation and current
ratings must be observed. For a defined number of conduct-
ing Power MOS Output Drivers, we can plot the results for m
devices showing | vs T¢.

Given the HIP0081 as an example, Figure 4 and Figure 5
illustrate the boundaries for temperature and current. Figure
4 shows the maximum current for a single output ON while
Figure 5 shows the maximum current for all four outputs ON
with equal current plotted versus Case Temperature, Tg.
Boundary conditions relate to the Absolute Maximum Rat-
ings as defined in the Data Sheet.
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MAX. DRIVE CURRENT, ALL OUTPUTS ON

MAX. DRIVER OUTPUT CURRENT
SINGLE OUTPUT ON (A)

(WITH EQUAL CURRENT) (A)

5.0

45

4.0

35

3.0

25

2.0

15

1.0

0.5

0.0

1 e, .., .,
1 b :u. ................. e, R i
., RANGE OF SHORT
1 e, CIRCUIT CURRENT PROT.
... . (SINGLE DEVICE RANGE
MAX. Hout(er) ™. __Y OF SHUTDOWN)
MAX +lou1’(pc)
—®— (1)  CURVE(1): Rpgon=1Q
T —8— (2) CURVE(2): Rpsion)=0.5Q
1 THERMAL RESISTANCE, 0,¢ = 3°C/W
——t—t —
50 75 100 125 150
CASE (HEAT SINK TAB) TEMPERATURE (°C)
FIGURE 4. HIP0081 MAXIMUM SINGLE OUTPUT CURRENT vs CASE (TAB) TEMPERATURE
I ...".' 'u..‘
I '..,'. “.
<+ oy “,
4 "'.. ..'o.
I MAX. ALL ON
T CURRENT LIMIT
1 (EQUAL CURRENT)
1 —h— (3) CURVE (3): Rpsion)=1Q
T ——(9) CURVE (4): Rpg(on) = 0.5
1 THERMAL RESISTANCE, 6,¢ = 3°CW
At 1
50 75 100 125 150

CASE (HEAT SINK TAB) TEMPERATURE (°C)

FIGURE 5. HIP0081 CURRENT vs CASE (TAB) TEMPERATURE, ALL OUTPUTS ON WITH EQUAL CURRENT

DISSIPATION WATTS (W)

-y
o

-
&

-
N

-
=)

'é'c!’é’,%?‘u‘é’,'&“sﬁi‘{' HIP0081 WITH INFINITE
(844 = 9°C/W) HEAT SINK

(8yc = 844 = 3°C/W)

HIP008O WITH 0,4 = 30°C'W
(PC BOARD AS HEAT SINK)

AMBIENT TEMPERATURE (°C)
FIGURE 6. DISSIPATION DERATING CURVES
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SEMICONDUCTOR

HIP0082

PRELIMINARY Quad Power Driver with
April 1994 Serial Diagnostic Interface
Features Description
¢ Low Side Power MOSFET Output Drivers The HIP0082 Quad Power Driver contains four individually
- Output Voltage Rating ..... feesesenssscaneas 75V protected NDMOS transistor switches to drive inductive and
- Maximum Output Current Switching ..... ......oA resistive loads such as: fuel injectors, relays, solenoids, etc.

The outputs are low-side switches driven by active-low
CMOS logic inputs. Each output is protected against exces-
sive current due to a short-circuit. Internal drain-to-gate
zener diodes provide output clamping for over-voltage. An
integrated charge pump allows operation from a single 5V
logic supply. Diagnostic circuits provide ground short (SG),
supply short (SC) and open load (OL) detection for each of
the four output stages and indicate over-temperature. Diag-
nostic information may be read via a synchronous serial
interface. Six bits of write/store data controls the OL fault
delay time or sets Outputs 3 and 4 to the 2A or 5A mode.

The HIP0082 is fabricated in a Power BiMOS IC process and
is intended for use in automotive and other applications with
a wide range of temperature and electrical stress. It is partic-
ularly suited for driving high-current inductive loads requiring
high breakdown voltage and high output current.

The HIP0082 is supplied in a 15 Lead Power SIP package
with lead form options for either vertical or surface mount.

- Max. Output Rpson (TJ =+1 50°C) .e....0.57Q/0.62Q

Programmable Output Current Limiting
- Bit Select 2A or 5A on Outputs 3 and 4

Output Protection

- Output Over-Current Shutdown

- Output Over-Voltage Clamp

- Over-Temperature Diagnostic Feedback

Diagnostics for Shorts, Opens and Over-Temperature

Synchronous Serial Interface with
- 22-Bit Serial Diagnostic Register
- SPI Compatible Interface

Single 5V Supply Operation with CMOS Logic Inputs
¢ Low Icc Supply Current with Full Load ........ 10mA
¢ Low 6,c Power SIP Package....... ceeeees ...3°Cw
¢ -40°C to +125°C Operating Temperature

Applications Ordering Information
* Drivers For ¢ System Use TEMPERATURE PACKAGE AND
- Solenoids - Injectors - Automotive PART NUMBER RANGE LEAD FORM
- Relays - Steppers - Appliances HIP0082AS1 -40°C to +125°C | 15 Lead Plastic SIP
- Power Output - Motors - Industrial Staggered Vertical Mount
- Lamps - Displays - Robotics HIPO082AS2 -40°C to +125°C | 15 Lead Plastic SIP
Surface Mount
Pinout Block Diagram
HIP0082 (SIP)
TOP VIEW
HEAT SINK TAB INTERNALLY CONNECTED
TO PIN 8 GROUND (Vss)
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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Specifications HIP0082

Absolute Maximum Ratings

Supply Voltage (Logic and Control), Veg +.ovvvvnnnn. -0.3Vto 7V
Power MOSFET Drain Voltage, Vo (Note 1) ........ -0.7 to Vorame
Output Clamp Energy, Egg - -+ cvvvvvnnenniienienn, TBDmMJ
Input Voltage (Logic and Driver inputs), Vjy . .. .-0.5V to Ve +0.5V
Maximum Output Current, Outputs1and2 ................ +2A
Maximum Output Current, Qutputs3and4 ................ +5A
Maximum Total Output Current, All Qutputs ON . ............ +8A
Maximum Peak Output Current, logMaxys (Note 2)....... -5A to lgc
Operating Ambient Temperature Range . ........ -40°C to +125°C
Operating Junction Temperature Range ........ -40°C to +150°C
Storage Temperature Range, Tgrg . ««cceeeeenn. -55°C to +150°C

Thermal Information
Thermal Resistance 648 8,c

Plastic 15 Lead SIP Power Package . . ... 45°C/W  3°C/W
Powaer Dissipation

Up to +125°C withoutheatsink. .................... 0.56W

Above +125°C without Heat Sink . . .Derate Linearly at 22mwW/°C

Up to +125°C with Infinite Heat Sink. .. .............. 8.33W

Above +125°C with

Infinite Heat Sink .. ........... Derate Linearly at 333mwW/°C

Lead Temperature (During Soldering)

At a Distance 1/16 inch £1/32 inch (1.59mm +0.79mm)

fromCasefor 10SMaxX. ........ccoeeeeenneenenens +265°C

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

Electrical Specifications V¢ =5V £10%, T = 40°C to +125°C; Unless Otherwise Specified

PARAMETER | symsoL TEST CONDITIONS [ mn | TP | max | uniTs
POWER OUTPUTS
Output ON Resistance (Normal Mode) Rpsont» | Outputs 1 and 2, One Output ON, - - 0.62 Q
RDSON2 IOUT = 2A, TJ = +150°C
Rpsons, | Outputs 3 and 4, One Output ON, - - 0.57 Q
RDSONd IOUT = 2A, TJ =+1 5000
Output ON Resistance, Open-Load Detec- | RpgonioL, | Outputs 1 and 2, One Output ON, - - 6.2 Q
tion Mode Rpsonzot | lour = 10mA, T, = +150°C
RpsonsoL: | Outputs 3 and 4, One Output ON, - - 5.7 Q
Rosonso | lour = 10mA, T = +150°C
Output Clamp Voltage Veramp lout = 40mA 72 - 90 \
Current Limit, Outputs 3 and 4 Isc() I1SC Bit Low 5.1 - 7.4 A
Current Limit, Outputs 1, 2, 3 and 4 Isci) ISC Bit High 2.1 - 34 A
Over-Current Shutdown Time, tsc1s loutx = Iscq), - - 1 us
Outputs 1 and 2 tsc2 From 30% of INx to 30% of OUTx
Over-Current Shutdown Time, tscar loutx=Isc), - - 1 us
Outputs 3 and 4 tscs From 20% of INx to 20% of OUTx
Output Positive Voltage Ramp Rate Vee = 12V, Ind. Load 120mH with 5 - 40 Vius
6Q in Series; Measure 25% to 75%
Output Negative Voltage Ramp Rate Ve = 12V, Ind. Load 120mH with 2 - 12 Vips
6Q in Series; Measure 75% to 25%
Output Negative Voltage Ramp Time at Vee = 12V, Resistive Load, - - 25
Maximum Load loutx = 2A, Measure 90% to 10%
Turn-Off Delay tyor | Vec=12V,R =6Q 0.5 - 3 us
From 50% of INx to 10% of OUTx
Output Leakage Current Ik INX = High, Voyrx =72V - - 5 pA
Maximum Currentin Open-Load Detection loumax) | Rosonmax) = 5.7Q or 6.2Q 90 - 180 mA
Mode.
Minimum Current in Normal Mode Inmgviny | Rosongmax) = 0-57Q or 0.62Q 0.4X - 0.95 X mA
. loLmaxy loLmaxy
SUPPLY
Power Supply Current lec Standby, No Load - 75 15 mA
Low V¢ Shutdown Threshold Vecow) | (Note 3) 3.4 - 4.1 v
Active Supply Range for RST Pin Veersn 3.5 - 5.5 v
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Specifications HIP0082

Electrical Specifications V¢ =5V £10%, Ty = 40°C to +125°C; Unless Otherwise Specified (Continued)

PARAMETER | symoL | TEST CONDITIONS | min | tve | max | units
INPUTS (INx, CS, CLK, RS, RAW, TXD)
Low-Level Input Voltage Vi - - 02X v
Ve
High-Level Input Voltage Vin 0.7x - Vee + v
Vee 0.3
Input Hysteresis Voltage Vhvs 0.85 - 225 \'
Input Pull-Up Resistance Rin 20 - 300 kQ
Input Current In Vi = High - - 2 pA
TXD Pin (R/W = High)
Three-State Leakage Current lmxo | CS = High, Vrxp = Vee 5 - +5 pA
Logic High Output Voltage Vion | lon = 4mA, C8 = Low vgi N ; v
Logic Low Output Voltage Vior | loL=32mA, CS = Low - - 0.42 v
DIAGNOSTIC AND PROTECTION
Over-Temperature Detection Threshold Tvp - 165 - °C
Over-Temperature Hysteresis Thys - 15 - °c
Qutput Short-to-Gnd Threshold Vsg 2.4 - 29 \"
Short-to-Gnd Filter Time s 150 - 350 us
Open-Load Threshold for High Rpson lotn 3 - 20 mA
Pull-up Resistance for Open-Load Rot 2 - 6.5 KQ
Detection
Open-Load Delay Time after INX H—L tooLL Td_OLx Bit = Low 3 - 5.2 ms
Open-Load Delay Time after INX HoL tooLH Td_OLx Bit = High (Note 4) 190 - 690 Hs
SERIAL INTERFACE (See Figure 3)
Serial Clock Frequency fouk 50% Duty Cycle, Cgxr = 50pF - - 3 MHz
Propagation Delay CLK to Data Valid tecLkov - - 150 ns
Setup Time, CS to CLK tesieik 150 - - ns
CS Low to Data Valid testov - - 100 ns
Hold Time CS after CLK tokesH 150 - - ns
CS High to Output High Z tesHoz - - 100 ns
Minimum Time CLK = High toLkH 100 - - ns
Minimum Time CLK = Low towkL 100 - - ns
Setup Time R/W Low to CLK tawLoLk 150 - - ns
R/W Low to Output High Z tawLoz - - 100 ns
Setup Time Data Valid to CLK Low toveike 20 - - ns
Setup Time R/W High to CLK tawHCLK 100 - - ns
Time R/W High to Data Valid tawnpv - - 100 ns
NOTES:

1. The MOSFET Output Drain is internally clamped with a Drain-to-Gate zener diode that turns on the MOSFET to hold the Drain at the
VcLamp Volitage. Refer to the Electrical Specifications Table for the Vo amp Voltage limits.

2. Each Output has Over-Current Shutdown protection in the positive current direction. The maximum peak current rating is set equal to the
minimum Over-Current Shutdown as detailed in the Electrical Specification Table. In the event of an Over-Current Shutdown the input
drive is latched OFF. The output short must be removed and the input toggled OFF and ON to restore the output drive.

3. The “Low V¢ Shutdown” is an internal control that switches off all power drive stages when V¢ is less than Vg ow)
4. Measurement includes the Filter Time.
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HIPO082

Functional Description
Reset Operation

There are two ways to reset the IC. The first is at power-up,
when the on-chip reset circuitry ensures that all counters
and registers are reset and that the programmabile functions
are in their default states. The second way occurs when the
RST pin is switched active low.

After a reset (and after power-up) the short-circuit current (3,
4) is set to the higher value and the delay times for the
open-load circuits are set to the higher value between 3ms
and 5.2ms.

Low Power Drive Shutdown

There is a low voltage power drive shutdown when the sup-
ply voltage, Vgc drops below the voltage threshold,
Vceow)- During the low voltage condition the output stages
are held off.

Over-Voltage Clamp Operation

A drain-to-gate zener diode on each output driver internally
clamps an over-voltage pulse, including the kick pulse gen-
erated when turning off an inductive load. While providing
over-voltage protection, it is not part of the diagnostic feed-
back via the Diagnostic Register.

Short-Circult Protection

If the output current is above the current limit for a time
greater than tgc the output is switched off and the correspond-
ing bit in the diagnostic register set. The current level for shut-
down on outputs 3 and 4 is programmable between 2A and
5A with the ISC bit. After shutdown, the output remains off
until the corresponding input'is taken high and again low.

Open-Load Detection

Load currents are monitored while the outputs are ON. If a
load current is below the Ig threshold, an open-load condi-
tion is detected. After a delay time tpg (which is program-
mable between two levels) the condition is stored in the
diagnostic register. The outputs of the open-load compara-
tors (OL) are also connected directly to the diagnostic regis-
ter so that they can be monitored via the serial interface.

Output Short-to-Ground Detection

When the voltage on an output pin is below Vgg and the out-
put is off, a ground short is detected and stored in the diag-
nostic register after a delay tgg. The outputs of the short-to-
ground (SG) comparators are also connected directly to the
diagnostic register so that they can be monitored via the
serial interface.

Serial Interface Operation

Microprocessor communication to the diagnostic/control reg-
isters is via a 4 wire serial interface. Data control is bidirec-
tional, the direction of data transfer being dependent on the
state of the R/W pin (See Figure 1).

Diagnostic Read Operation

When CS goes from high to low (while CLK is high), the TXD
pin exits three-state and outputs the FSB bit which indicates
whether any of the other bits in the shift register are set. All
data can be read on the high-to-low transition of the clock
input (see Figure 2). The bit descriptions are as follows:

FSB Bit - Indicates that one or more of the bits in the diag-
nostic register are set.

' fok !
v .
H b !
Vo otoke ¢ tokH o ! RWHCLK H
' ' h \ '
' [} H '
\ \ ! ) {
oK tesiek . :
i \
3= ! tcLkesH
H ]
N 1
~teswov .

i
: : R = oo i
]
: o | otoved | tawnoy! | : !
H = E<— trRwLDZ :h——')', — - : —
] N \

L G X

2Z = HIGH IMPEDANCE

FIGURE 1. SERIAL INTERFACE TIMING DIAGRAM
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TMP BIt - Indicates that the chip temperature has exceeded
the limit Tyyp. The outputs are not switched off when this
occurs; the condition is indicated by the setting of the TMP
bit. Sensors for the TMP bit are located near the power driv-
ers and are OR'd to provide a single bit for the chip.

SCx Bits - Indicate a short-circuit to battery or over-current
on the corresponding output.

OLXx Bits - Indicate that no load (or a high resistance load) is
connected to the corresponding output.

SGx Bits - Indicate that the voltage on the corresponding
output is below the Vgg limit.

The final 8 bits (most significant bits) of the diagnostic word
indicate the states of the open-load and short-to-ground
comparators when the CS pin went from high to low. Using
this feature, an external microprocessor can monitor the sta-
tus of the OL and SG comparators directly.

Diagnostic Write Operation

When the RAW pin is in the low state it is possible to write six
bits to the IC to influence its mode of operation. The write
operation is illustrated in Figure 3. The programmable bits
are as follows:

Test Bit - Used to put the IC in test mode (not recom-
mended). This bit should be low for normal operation.

ISC Bit - This bit programs the short-circuit level for outputs
3 and 4. When this bit is set high the lower value for the cur-
rent shutdown threshold is set.

Td_OLx Bits - These bits set the delay times for the open-
load measurements individually for each of the four outputs.
A logical high sets the open-load delay time to its shorter
value.

CLK

=

Pin Descriptions

Vcc and GND - 5V Supply and Ground connections. A
charge pump is used to boost the Power MOSFET gate
drive. This allows a single 5V supply to satisfy all logic and
drive requirements.

OUT1 - OUT4 - Low-side output drivers with 0.62Q (OUT1
and OUT2) or 0.57Q (OUT3 and OUT4) on resistance. The
outputs are provided with over-current shutdown and over-
voltage clamping. Additionally open-load and short-to-
ground detection is carried out when the outputs are ON.

iNT - IN4 - Active-low CMOS logic inputs which control the
output stages OUT1 - OUT4. These inputs are provided with
pull-up resistors.

RST - Active-low logic-level reset input with internal pull-up
resistor. When RST is in the low state all outputs are off and
all registers and counters are reset. When the reset pin is
taken high the IC remains in reset mode for a time trgr.

CLK - Clock input for synchronous serial interface with inter-
nal pull-up resistor. This input must be high when CS transi-
tions from high to low.

CS - Active-low chip select input for serial interface. This
input has an internal pull-up resistor.

R/W - Read/write control pin for serial interface. This input
controls whether the TXD pin is an input or output.

TXD - Bidirectional data pin for serial interface. When RWE
high diagnostic data can be read from HIP0082. When R/W
is low, 6 bits may be written to the internal program register.

RIW

TXD

ZZ = HIGH IMPEDANCE

CLK

= 7

DIRECT COMPAF‘IXTOR OUTPUTS
FIGURE 2. SERIAL INTERFACE READ OPERATION

vy uyuy T

w T

—
-

N NP

TXD

ZZ = HIGH IMPEDANCE

I SN [

zz) rss X opGuoip{a.opuonX s Xres Xz

FIGURE 3. SERIAL INTERFACE WRITE OPERATION
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High Side Switches Selection Guide

MAX DC SUPPLY PEAK MAX DC MAX RECOMMENDED
TYPE FUNCTION | SUPPLY RANGE CURRENT CURRENT PACKAGE APPLICATIONS
PROTECTED POWER SWITCHES
CA3273 Single 40V 4V to 24V 1.2A 0.6A 3Lead Mod. | Solenoid, Relay,
Power TO-202 Lamp and Motor
HIP1030 Single 35v 4.5V to 25V 2.5A 1.1A 5 Lead Solenoid, Relay,
Power TS-001AA Lamp and Motor
HIP1031 Single 35v 4.5V to 25V 1.7A 0.7A 5 Lead Solenoid, Relay,
Power TS-001AA Lamp and Motor
HIP1090 Single +90V, 4V to 16V 2A 1A 3 Lead Solenoid, Relay,
Power 15ms TO-220 Lamp and Motor
DC
MAX SUPPLY PEAK MAX MAX RECOMMENDED
TYPE FUNCTION SUPPLY RANGE CURRENT FREQUENCY PACKAGE APPLICATIONS
MOSFET DRIVERS
HV400 Single 35VDC 15Vto 30V | 6A (Source) 20kHz (MC) 8 Lead PDIP | SMPS,
High Speed 30A Sink 200kHz and SOIC FET Drivers., and
(Pulsed) (SMPS) Motor Controllers
ICL7667 Dual Power 15v 4.5V to 15V | 1.5A (Pulsed 200kHz 8 Lead SMPS,
Gate) TO-99,PDIP, | FET Drivers, and
CerDIP, and Motor Controllers
SOIC
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@ HARRIS CA3273

April 1994 High-Side Driver
Features Description
¢ Equivalent High Pass P-N-P Transistor The CA3273 is a power IC equivalent of a P-N-P pass tran-
sistor operated as a high-side-driver current switch in either
e Current Limiting................ PR 0.6A to 1.2A the saturated (ON) or cutoff (OFF) modes. The CA3273
¢ Over-Voltage Shutdown..... feeeienean +25V to 440V  incorporates circuitry to protect the pass currents, excessive
input voltage, and thermal overstress. The high-side driver is
¢ Junction Temperature Thermal Limit.........+150°C intended for general purpose, automotive and potentially
¢ Equivalent Betaof 25..................400mA/0.5v high-stress applications. If high-stress conditions exist, the
use of an external zener diode of 35V or less between sup-
¢ Internal Bandgap Voltage and Current Reference ply and load terminals may be required to prevent damage
. . due to severe conditions (such as load dump, reverse bat-
Applications tery and positive or negative transients). The CA3273 is 3 |
« Fuel P Dri designed to withstand a nominal reverse-battery 8
uel Pump Driver (VBAT = 13V) condition without permanent damage to the |
* Relay Driver IC. The CA3273 is supplied in a modified 3-lead TO-202
lastic power package. w o
* Solenoid Driver P P packag o %
"s
* Stepper Motor Driver Ordering Information IE
 Remote Power Switch T g
PART TEMPERATURE
¢ Logic Control Switch NUMBER RANGE PACKAGE
CA3273 -40°C to +85°C | TO-202 Modified SIP
Pinout Block Diagram
CA3273 (SIP)
TOP VIEW groTTTTTsssssaseoasnseasaanaee” H
! OUTPUT PASS '
Vee ! lec Rs TRANSISTOR |, i Vo
———— (3) Vo (LOAD, > W 9
Vo (LOAD) PIN1 § ¥ P PIN3
[ ——————3 (2) Vsw (CONTROL) ' : RL
’
[ ————— (1) V¢ (SUPPLY) H DRIVE AND LIMITING E LOAD
H CONTROL : L
$ CA3273 i_‘_ ¥
PIN2 l
V. CONTROL |
sw i INPUT 1
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 21 1 3.4
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Specifications CA3273

Absolute Maximum Ratings
Fault Max, Supply Voltage, Veg +« v v et vveniiinieennnnn. 40V

Maximum Operating Vc:

At 15=400mA (-40°C to +85°C Ambient) ......
At lo=600mA (-40°C to +25°C Ambient) ......
Max. Positive Output Peak Pulse, Vgy Open .. ...

Max. Operating Output Load Current
Short Circuit Load Current, Igc ......
ReverseBattery ..ottt -13v

Thermal Information

Thermal Resistance 64a
Plastic SIPPackage ..........ccovuiviiiinienannn, +70°C/W
......... 16V Maximum Power Dissipation, Pp
......... 24v At +25°C Ambient, Ta(Note 1)....ovevvvnnnennnn. ... 1.8W
..... Vee+12V Derate above +25°C (No Heat Sink) .............143mW/rC
Maximum Junction Temperature, T, (Note 2) ............. 150°C
Internal Limiting  Ambient Operating Temperature Range .......... -40°C to +85°C
Storage Temperature Range. . ................ -40°C to +150°C
Lead Temperature (Soldering 10smax) ................ +265°C

CAUTION: Stresses above those listed in “Absolute Maximum Rarmgs may causa permanant damage to the device. This is a stress only rating and operation

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

Hinat

d in the

of this specification is not implied.

Electrical Specifications T, = -40°C to +85°C, Unless Otherwise Noted, See Block Diagram for Test Pin Reference

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Operating Voltage Range Vee Ve Reference to Vg 4 - 24 Vv
Saturation Voltage(Vec - Vo) Vsar lo = -400mA, Vgy = 0V, Vgo = 16V - - 0.5 v
Operating Load Ry Vsw = 0V (Switch ON)

Ta=+85°C, Vgc = 16V 40 - .
Ta = +25°C,Vgg = 24V 40
Over-Voltage Shutdown Threshold Vee(tHp) Vsw = OV,R = 1kQ, Increase Vcc, 25 33 40 \
(Vo goes low)
Over-Current Limiting lowimy Ve =16V,Vgy = 1V (Switch ON) - - 1.2 A
Over-Temperature Limiting Tum - 150 - °C
Control Current, Switch ON lsw Vee =16V, Vg = 0V
lo = OmA - -15 - mA
=-400mA - -22 - mA
Control Current, Max. Load, Ve = 24V, Vgy = 0V, g = -600mA - -33 - mA
Switch ON
Max. Control Current,High and lsw(max) =40Q, Vgy =1V
Low Ve Vo = 24V -50 . . mA
Ve =7V -50 - - mA
Min. Control Current, No Load, Iswine) = Open,(Switch OFF)
Switch OFF
Ve =24V, Vgy =23V -200 - +50 pA
Vec =7V, Vgw = 6V -200 - +50 pA
Output Current Leakage loLeak) Vg = 0V, V¢ = 16V, (Switch OFF)
Vg =16V -100 - +100 .y
Vgw =15V -100 - +100 pA
NOTES:

1. The calculation for dissipation and junction temperature rise due to dissipation is: Pp = (Vg - Vo)X l g + Ve X Igw and
T, = T + Pp x 84 where T, is device junction temperature, Ty is ambient temperature and 6, is the junction-to-ambient

thermal resistance.

2. Thermal limiting occurs at +150°C on the chip.
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CA3273

[ Stttk H
: OUTPUT PASS :
Veo : Rs TRANSISTOR : Vo
ineut U™ MW : @ OUTPUT
: . o :
; 1 ! 1 ;
H BANDGAP :
! L vouraceounrent | | overvourace | | THERMAL | | cURRENT :
; AEFERENCE SHUTDOWN uMmIT LIMIT :
’ :
i T I l OUTPUTDEVICE | !
: BASE DRIVE P
' CONTROL CIRCUIT] §
: :
’ ’
LSRN DI H
Vsw
CONTROL INPUT
FIGURE 1. FUNCTIONAL BLOCK DIAGRAM OF CA3273
Vz
Vee ©
+4 70 +24V

(SUPPLY INPUT)
2N5320

ON CONTROL
INPUT O
1KQ L
OFF -
OR EQUIVALENT

FIGURE 2. TYPICAL APPLICATION WITH ZENER DIODE FOR
OVER-VOLTAGE PROTECTION WITH INDUCTIVE
LOAD SWITCHING. V; SHOULD BE LESS THAN
35V. WHEN CURRENT IS SWITCHED OFF IN THE
OUTPUT LOAD (L), THE INDUCTIVE KICK PULSE
GOES NEGATIVE. THE CLAMPED CLAMP LEVEL
OF THE NEGATIVE GOING PULSE IS V¢ - V.

DERATING 70°C/W
(WITH?UT HEAT SINK)

N

N

N

AN
N

DISSIPATION WATTS (W)

-50 -25 0 25 50 75 100 125 150
TEMPERATURE (°C)

FIGURE 4. DISSIPATION DERATING CURVES

ON CONTROL
INPUT O
1KQ
OFF = 2N5320

OR EQUIVALENT

FIGURE 3. OPTIONAL RANGE SHIFTING OF THE V¢ INPUT
VOLTAGE USING A ZENER DIODE TO OFFSET
THE Vgy CONTROL PIN. (LE.,THE OVER-VOLT-
AGE SHUTDOWN THRESHOLD WILL BE IN-
CREASED TO Vccmip) + Vz AND THE MINIMUM
Vec OPERATING VOLTAGE IS Vz + 4V).

RESISTIVE
AA A'

W —é—
LAMP
> @ 1
faaaa) SOLENOID
2 _— _;_
—o’ c:‘
R (8242 RELAY
= _L_

FIGURE 5. TYPICAL LOADS
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HARRUS HIP1030

PRELIMINARY 1A High Side Driver with
April 1994 Overload Protection
Features Description
» Over Operating Temperature Range -40°C to +125°C The HIP1030 is a High Side Driver Power Integrated Circuit
- 1V Max Vgarat 1A designed to switch power supply voltage to an output load. It
- 1A Current Switching Capability is the equivalent of a PNP pass transistor operated as a

protected high side current switch in the saturated ON state
‘ with low forward voltage drop at the maximum rated current.
* Over-Voltage Shutdown Protected The HIP1030 has low output leakage and low idle current in

« Over-Current Limiting the OFF state.

The Functional Block Diagram for the HIP1030 shows the

protection control circuit functions of over-current, overvoltage

¢ 60Vpk Load Dump and over-temperature. A small metal resistor senses over-
R current in the power supply path of the pass transistor and

* Reverse Battery Protection to -16V load. Overvoltage detection and shutdown of the output driver

- 4.5V to 25V Power Supply Range

¢ Thermal Limiting Protection

; : occurs when a comparator determines that the supply voltage
Ap P lications has exceeded a comparator reference level. Over-
¢ Motor Driver/Controller temperature is sensed from a Vg differential sense element

that is thermally close to the output drive transistor. In addition
to the input detected overvoltage protection, negative peak
¢ MOSFET and IGBT Driver voltage of a switched inductive load is clamped with an inter-
« Driver for Temperature Controller nal zener diode. An internal bandgap voltage.source provides
a stable voltage reference over the operating temperature
range, providing bias and reference control for the protection

¢ Driver for Solenoids, Relays and Lamps

Ordering Information circuits.
PART TEMPERATURE The HIP1030 is particularly well suited for driving lamps,
NUMBER RANGE PACKAGE relays, and solenoids in automotive and industrial control

applications where voltage and current overload protection

O
HiPiosons 40" to +125°C 5 Lead TS-001AA SIP at high temperatures is required. The HIP1030 is supplied in
a 5 lead TS-001AA Power SIP package.
Pinout Functional Block Diagram
HIP1030 (SIP)
TOP VIEW
E———> 5V (CONTROL) Vee ’: P v
——> 4GND R s 1 ouT
O O B——= 3msBanD (1} N . .
2V | o | | T VA
— 1 Vg (SUPPLY) sumTy NEG. L
vorree | | current | | tuerma L} controL | [ZENER
SHUTDOWN umir LMt CIRCUIT
l | J{ ] i =
L ]
ViN
R Yo
CONTROL HIP1030
é TAB 92
GND GND
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 2788.5
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Specifications HIP1030

Absolute Maximum Ratings

Max. Supply Voltage Veg .+ . . .. ..« See O.V. Shutdown Limit, Voysp
Input Voltage, Viy (Note 1) . .. ...oovvvnnnnt -1V to (Vg - 0.5V)
Load Current, loyy v v ovvveneveniiiniinnnnn, Internal Limiting
Load Dump (Survival) ........cviiiiiiiiiiiinennnn. +60Vpk
ReverseBattery ............ooiiiiiiiiiiiiiiie, -16V

Thermal Information
Thermal Resistance I7Y 0,

Plastic SIP Package ................ 50°C/W 4°C/W
Maximum Power Dissipation (Note 2)

At Ty = +125°C, Infinite Heat Sink. . . ... .....ooovnnnn. 6.25W
Maximum Junction Temperature, Ty..........c.coeinnnn. 150°C
Ambient Operating Temperature............... -40°C to +125°C
Storage Temperature Range. . ................ -40°C to +150°C
Lead Temperature (Soldering 10smax) ................ +265°C

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

d in the op

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

of this specification is not implied.

Electrical Specifications

Ta = -40°C to +125°C, V) = 2V, V¢ = +12V, Unless Otherwise Specified.

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Operating Voltage Range Vee 45 - 25 \
Over-Voltage Shutdown Vovsp R =1KQ; V)y =2V 26 33 38 Vv
Over-Temperature Limiting Tsp - 150 - °c
Negative Pulse Voo lgg =-100mA; Vec =4.5V1t025V | (Ve - 35) | (Ve -30.5) | (Vec - 28) v
Output Clamp Voltage
Short Circuit Current Limiting Isc (Note 4) 1.1 1.6 25 A
Input Control ON Vi 2.0 - - \
Input Control OFF Vi - - 0.8 v
input Current High In Vin =5.5V, Ve = 6V to 24V 6 - 40 HA
Input Current Low e Vin = 0.8V, Ve = 6V to 24V 6 - 30 pA
Supply Current, Full Load lcemax | Vin =2V;lour = 1.0A; - 1.05 1.1 A
Input Control ON
Supply Current, No Load lcomin Vin = 0V; lgyt = 0A; - 55 100 HA
Input Control OFF
Input-Output Forward Voltage Vsar lout = 1A; Vg = 4.5V to 25V - 0.6 1 \
Drop (Vcc - Vour)

Output Leakage lout ik | Vin=0.8V; Ve =6V to 24V - 4 50 pA

Turn ON Time ton R = 80Q; (Note 3) - 5 20 Hs

Turn OFF Time tore R_ = 80Q; (Note 3) - 25 65 us
NOTES:

1. The Input Control Voitage, V,y shall not be greater than (V¢¢ - 0.5V) and shall not exceed +7V when V¢ is greater than 7.5V.
2. The worst case thermal resistance, 8¢ for the SIP TS-001AA 5 lead package is 4°C/W. The calculation for dissipation and junction tem-

perature rise due to dissipation is:

Pp = (Vee-Voun(lout) + (Veo)lcemax - lout) o (Vee)lcomax) - (Vour)(lour)

Ty = Tamsient + (Pp) (84¢) for an infinite Heat Sink.

Refer to Figure 2 for Derating based on Dissipation and Thermal Resistance. Derating from +150°C is based on the reciprocal of thermal
resistance, 8,c +8ys. For example: Where 6 c = 4°C/W and given 65 = 6°C/W as the thermal resistance of an external Heat Sink, the

junction-to-air thermal resistance, 6, = 10°C/W. Therefore, for the

maximum allowed dissipation, derate 0.1W/°C for each degree from

Tawmp t0 the maximum rated junction temperature of +150°C. If Tyyg = +100°C, the maximum Pp is (150 - 100) x 0.1W/°C = 5W.
3. Refer to Figure 3A and 3B for typical switching speeds with a 20Q Load.
4. Short circuit current will be reduced when thermal shutdown occurs. Testing of short circuit current may require a short duration pulse.

See Figure 7.
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HIP1030

Typical Application
OATUF ~ POWER  ;=====s=s==ssssssssssssssecsssscscssssssessssssacsssseseses \
! SUPPLY | \
1] 1)
T Vee | l Rs b ): I: Vour
= O— Hie
1) 1)
: | | | ¥ NEG. |
' CLAMP )
: Vg‘lf'IEARG.E curRENT | | THERMAL coNnTRoL | |ZENER) 3
{ | sHotbown Mt LMIT CIRCUIT E
: \
! L | 1 . Vo=
: ! LOADS:
Vi v RELAYS
IN N v
\ !  SOLENoIDS
O Jmproso i Lawes
------------------------------------------------------- MOTORS
TAB "
LOGIC SWITCH
TO Vin = GND = GND
Typical Performance Curves
16 15 R =105, Voo = Vear + ILRLI V Ay
A\ \ WITH EXT. L=10Q, Ve = Vsar + I R Vsar = (Vec - Vour)
\ \ :’I:“m':és- INPUT: Vjy = 5V
£ ., L HEAT SINK) DATA TAKEN USING 110CM x 110CM
s FLAT ALUM. HEAT SINK
E WITH EXT. S 10
£ 6°CW H. S 2 [ /
z . \ S IL=1.25A
o N w
5 NN g %
2 N a3 so IL=1.0A
& N > |
\ ( I=05A
0 N |
-50 1) 50 100 150 -50 o 50 100 150
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)
FIGURE 1. DISSIPATION DERATING CURVES FIGURE 2. TYPICAL FORWARD VOLTAGE DROP,Vgr
CHARACTERISTICS vs AMBIENT OPERATING
TEMPERATURE
15 Voo = 12V, LOAD = 200 1N PARALLEL 18 [Vce = 12V, LOAD = 200 IN PARALLEL
WITH 2200pF; Tp = +25°C WITH 2200pF; Ty = +25°C
S | INPUT: Vjy =0V to 2V STEP, 1ms PERIOD, 500us PULSE S | INPUT: Vi = 2V to OV STEP, 1ms PERIOD, 500:s PULSE
w Ton 8 j\
§ 10 E10
°
s : \
w [} N
] 2 \
2 - &
-
'5 5 2 5 \\
[ =
§ 3 NG
< T
olFF —~ -l
° [
1 2 0 10 20

FIGURE 3A. OUTPUT TURN-ON TIME (us)

FIGURE 3B. OUTPUT TURN-OFF TIME (us)

FIGURE 3. TYPICAL RISE TIME AND FALL TIME CHARACTERISTICS OF THE HIP1030 WITH A RESISTIVE AND CAPACITIVE
LOAD. THE TURN-ON TIME OF APPROXIMATELY 1.1js IS PRIMARILY DETERMINED BY THE V¢c SUPPLY. THE OUT-
PUT FALL TIME IS LIMITED BY RC TIME CONSTANT OF THE LOAD.
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Typical Performance Curves (Continued)

15
Ve = 12V, LOAD = 16; Ta = +25°C

INPUT: Vi = OV to 2V STEP, 50% DUTY CYCLE PULSE

-
o

OUTPUT PULSE VOLTAGE (V)
@

0 0.4 0.8 12 1.6 2.0
SWITCHING TIME (ms)

FIGURE 4. TYPICAL SWITCHING CHARACTERISTIC OF THE
HIP1030 WITH AN OUTPUT RESISTIVE LOAD

s Vcg =45V, LOAD = 8Q, Tp = +25°C
) INPUT: Vjy =0V to 2V STEP, 1ms PERIOD, 500us PULSE
§ ~—Ton—3
S5 a4
<3
w
]
H
= 2 M
>
[-9
=4
2
o

[

0 1 2 3 4 5

FIGURE 6A. TURN-ON TIME (us)

Vce = 15V, LOAD = 70mH + 22.3Q IN SERIES; Tp = +25°C
INPUT: V| = OV to 2V STEP, 50% DUTY CYCLE PULSE

-
«n

-
o

o

|
|

- NEGATIVE INDUCTIVE
SWITCHING PULSE 3}

OUTPUT PULSE VOLTAGE (V)
3

.
-
o

0 1 2 3 4 5
INDUCTIVE PULSE SWITCHING TIME (ms)

FIGURE 5. TYPICAL OUTPUT INDUCTIVE LOAD SWITCHING
PULSE. THE NEGATIVE CLAMP VOLTAGE
(Ve -31V) FOR THE INDUCTIVE KICK PULSE IS
REFERENCED TO THE V¢¢ SUPPLY INPUT

Ve = 4.5V, LOAD = 82, T = +25°C

S |INPUT: V=0V to 2V STEP, 1ms PERIOD, 500us PULSE
w
2
a4
>
w
3 N
g N
a2
5 N
&
o TorF I

0 11

0 4 8 12 16 20

FIGURE 6B. TURN-OFF TIME (us)

FIGURE 6. TYPICAL LOW SUPPLY VOLTAGE SWITCHING CHARACTERISTICS OF THE HIP1030. THE TURN-ON AND TURN-OFF

CHARACTERISTICS ARE SHOWN FOR V¢ = 4.5V.

- Vec=24V,LOAD =1Q; T = +25°C
E INPUT: Vi = 2V, 1ms PERIOD, 100us PULSE
g ||
§ CURRENT
w LIMITING
]
g

1
3
=4
2
o

[}

o 40 80 120 160 200

OUTPUT PULSE TIME (us)

FIGURE 7. TYPICAL OUTPUT CURRENT PULSE WHEN
SWITCHING INTO A LOW IMPEDANCE (1), OR
SHORTED LOAD. FOR THE CONDITIONS SHOWN,
OUTPUT CURRENT LIMITING IS ~1.7A

Ve VARIED FROM 4V TO 36V, NO LOAD
INPUT: V= 2V (DC); Tp = +25°C

N
o

I
- OVER-VOLTAGE
|, SHUTDOWN

N
o

o]

| =T

-
o

SUPPLY CURRENT (mA)
-
w

o

»3

o

0O 5 10 15 20 25 30 35 40 45 50
SUPPLY VOLTAGE (V)

FIGURE 8. TYPICAL IDLE CURRENT vs SUPPLY VOLTAGE
WITH NO LOAD
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HARRIS

SEMICONDUCTOR

PRELIMINARY

March 1994

HIP1031

Half Amp High Side Driver with
Overload Protection

Features

* Thermal Limiting Protection
¢ 60Vpk Load Dump
¢ Reverse Battery Protection to -16V

Applications

¢ Motor Driver/Controller

o Driver for Solenoids, Relays & Lamps
¢ MOSFET and IGBT Driver

* Driver for Temperature Controlier

¢ Over Operating Range: -40°C to +125°C
- 1.0V Max Vgyy at 0.6A
- 4.5V to 25V Power Supply Range

Over-Voltage Shutdown Protected
¢ Over-Current Limiting

Description

The HIP1031 is a High Side Driver Power Integrated Circuit
designed to switch power supply voltage to an output load. It
is the equivalent of a PNP pass transistor operated as a
protected high side current switch in the saturated ON state
with low forward voltage drop at the maximum rated current. It
has low output leakage and low idle current in the OFF state.

The Functional Block Diagram for the HIP1031 shows the
protection control circuit functions of over-current, overvoltage
and over-temperature. A small metal - resistor senses
overcurrent in the power supply path of the pass transistor
and load. Overvoltage detection and shutdown of the output
driver occurs when a comparator determines that the supply
voltage has exceeded a comparator reference level. Over-
temperature is sensed from a Vg differential sense element
that is thermally close to the output drive transistor. In addition
to the input detected overvoltage protection, negative peak
voltage of an inductive load is clamped with an internal zener
diode. An internal bandgap supply voitage source provides a
stable voltage reference over the chip operating temperature

Ordering Information

range, providing bias and reference control for the protection
circuits.

PART TEMPERATURE The HIP1031 is particularly well suited for driving lamps,
NUMBER RANGE PACKAGE relays, and solenoids in automotive and industrial control
HIP1031AS -40°C to +125°C 5 Lead TS-001AA SIP applications where‘voltag'e and current overlgad pro!ecti'on at
high temperatures is required. The HIP1031 is supplied in a 5
lead TS-001AA Power SIP package.
Pinout Functional Block Diagram
HIP1031 (SIP)
TOP VIEW AR ':
L 5V} (CONTROL) A/ 5 N 4 ; "
] cc | '
12 GND : Rs ¢ out
O e, | T T ™ Y T 1
12 Vour v, ' NEG.

I 1Vec(SUPPLY) | qupply | cuae! o
| voimse || current | | HermaL || controL | [ZENER] |3
¢ | SHUTDOWN CL umiT CIRCUIT :

' '
' | 1 l n ; —_
i j ;
! H
’
’
'
HIP1031 |
@
iND
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 3596.2

Copyright © Harris Corporation 1994
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Specifications HIP1031

Absolute Maximum Ratings Thermal Information

Supply Voltage, Veg . o v v v vvnt See O.V. Shutdown Limit, Voysp  Maximum Thermal Resistance 6,4 0,c

Input Voltage, Viy(Note 1) . ...ttt -0.8Vto +7V Plastic SIP Package .................. 50°C/W  4°CW

Load Current, logr -+ v v vvveveniiinnnn... Internally Limiting  Maximum Power Dissipation, (Note 2)

Load Dump (Survival) ........... ..., 160Vpy At T, = +125°C, Infinite Heat Sink . . . ................. 6.25W

ReverseBattery ........ociiiiiiiiiiiiiiiinenennn, -16V  Maximum Junction Temperature, Ty ........c.covvvvennnn. 150°C
Ambient Operating Temperature. .............. -40°C to +125°C
Storage Temperature Range. . ................ -40°C to +150°C
Lead Temperature (Soldering 10s max) ................. 265°C

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

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

Electrical Specifications T, =-40°C to +125°C, Vjy = 2V, V¢ = +12V, Unless Otherwise Specified

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Operating Voltage Range Vee 4.5 - 25 v
Over-Voltage Shutdown Vovso R =1KQ, V|y=2V 26 33 38 )
Over-Temperature Limiting Tsp - 150 - °C
Negative Pulse Voo lo =-100mA, Ve = 4.5V 10 25V, | (Voo -62) | (Voc-37) | (Vec-28)| Vv
Output Clamp Voltage Viy=0.8V
Short Circuit Current Limiting Isc Note 3 0.7 1.1 1.7 A
Input Control ON Vi 2.0 - - \
Input Control OFF Vi - - 0.8 v
Input Current High Iy Viy=55V,Vec=6Vto24 - 10 - 40 pA
Input Current Low i Vin = 0.8V, Vg = 6V to 24V 10 - 30 pA
Supply Current, Full Load, loemax Vin =2V; loyt = 0.55A - - 0.6 A
Input Control ON
Supply Current, No Load, leomin Vin=0V; loyr = 0A - 55 100 pA
Input Control OFF
Input-Output Forward Voltage Vsar loyt = 0.6A, Ve = 4.5V to 25V - - 1.0 v

Drop (Vec - Vour)
Output Leakage louT_1x Vin =0.8V, Voo =6V to 24V - - 50 HA
Turn-On Time ton R, =80Q, Ty = +125°C - 6 20 us
Turn-OFF Time torr R = 80Q, Tp = +125°C - 17 65 us

NOTES:
1. The Input Control Voltage, Vyy may range from -0.85V to +7V for a V¢ supply voltage of OV to +25V.
2. The worst case thermal resistance,0 ¢ for the SIP TO-220 5 pin package is 4°C/W. The calculation for dissipation and junction temperature
rise due to dissipation is:
Pp = (Vec-Vour)lou) + (Vec)lcemax - lout) of (Veellcemax) - (Vour)(lour)
T, = Tamsient + (Pp) (8,¢) for an infinite Heat Sink.

Refer to Figure 1 for Derating based on Dissipation and Thermal Resistance. Derating from 150°C is based on the reciprocal of thermal
resistance, 8,c+8g. For example: Where 8;c = 4°C/W and given 6,5 = 6°W as the thermal resistance of an external Heat Sink, the
junction-to-air thermal resistance, 8,4 = 10°C/W. Therefore, for the maximum allowed dissipation, derate 0.1W/°C for each degree from
Tams to the maximum rated junction temperature of 150°C. If Tyyg = 100°C, the maximum Pp is (150 - 100) x 0.1W/°C = 5W.

3. Short Circuit current will be reduced when Thermal Shutdown occurs. Testing of a short circuit current may require a short duration pulse.
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HIP1031

Typical Application

HIP1031 HIGH SIDE DRIVER

RN 7 M
SUPPLY |
: >t
Vee | R
G)— AA
u : ] I VVVI !Iz__
H
'
: ,,3[’5':55 CURRENT THERMAL CONTROL
¢ | SHUTDOWN umir uMIT CIRCUIT :
H '
: | 1 1 1
H '
H ’
H ‘
I vIN H :
5)—- :
E HIP1031 é
:

LOGIC SWITCH é
TOViy

LOADS:
RELAYS
SOLENOIDS
LAMPS
MOTORS

GND GND
Typical Performance Curves
16
N, | WiTH EXT. 6°crw WITH EXT. 08 T T 1T T T 1
14 {EAT SINK a"ct;v o7 HIP1031 Vgar WITH
EAT SINK s 0 20Q RESISTIVE LOAD
£ 12 P (INFINITE 5 111 /
b N HEAT SINK) S 08 T T 7
S L~
E 10 w 05 Vsar AT lgyt = 0.75A
s A, \ g
z 8 N £
o \ \ al 0.4
E 6 > l/
[ Q 03
2 \\ E - Vgar AT lgyt = 0.5A
5 4 ; 1 1
N \ g 02 Vsar AT loyr = 0.25A =
2 N w
AN 01
% =2 o 2 w0 7 0
- 5 100 125 150 5 25 0 25 50 75 100 125
AMBIENT TEMPERATURE (°C)

FIGURE 1. DISSIPATION DERATING CURVES

AMBIENT TEMPERATURE (°C)

TEMPERATURE

FIGURE 2. TYPICAL Vgar CHARACTERISTIC vs




HARRIS

SEMICONDUCTOR HI‘ 1090
Protected High Side Power Switch

April 1994 with Transient Suppression

Features

e 190V Transient Suppression

* 4V to 16V Operating Voltage

* 1A Current Load Capability

¢ Low Input-Output Voltage Drop With Controlled Satu-
ration Detector for

- Fast Low Current Turn-OFF

- Reduced No-Load Idle Current

Over-Voltage Shutdown Protection

Short Circuit Current Limiting

¢ Over-Temperature Limiting Protected

¢ Thermal Limiting at T; = +150°C

-40°C to +105°C Operating Temperature Range

Applications
* Electronic Circuit Breaker
* Transient Suppressor
¢ Over-Voltage Monitor
¢ High Side Driver Switch for
- Relays
- Solenoids
- Heaters
- Motors
- Lamps

Ordering Information

Description

The HIP1090 is a Protected Power Interface Switch
designed to suppress potentially damaging overvoltage
transients with peak voltage source inputs ranging up to
+90V in amplitude. It is designed to be operated in a ‘hard-
wired’ pass-thru mode or as a high side power switch which
controls the current flow through a PNP pass transistor of
the IC. In either mode The HIP1090 has a low saturated
forward voltage drop. The protected load circuit is connected
to the output of the IC. As such, the HIP1090 operates as a
transient suppressor where the PNP drive transistor is
switched off when V) is greater than the Overvoltage Shut-
down range of 16V to 19V. Shutdown also occurs when Vy
is less than the forward turn-on threshold of approximately
2.5V, including the negative voltage range.

The merits of transient suppression depend on the required
integrity of the applications load elements. Instrument panel
signal warning lights for critical functions such as over
temperature or low fluid levels can be protected by the
HIP1090 against high level transient voltages and double
battery conditions that may potentially cause bulb burnouts.
The HIP1090 may be used to protect the power supplies of
small signal or logic circuits with voltages ranging from 4V to
16V, effectively blocking higher peak voltages.

The HIP1090 has internal current limiting protection in the
range of 1A to 2A for short circuit to ground conditions and
thermal shutdown protection when the junction temperature
is greater than 150°C It is capable of driving resistive,

PART TEMPERATURE inductive or lamp loads (such as lamps No. 168 or 194) with
NUMBER RANGE PACKAGE minimum risk of damage under harsh environmental stress
HIP1090AS 20°C 10 +105°C | TO-220AB SIP conditions. The HIP1090 is supplied in a 3 lead TO-220AB
- package.
Pinout Functional Block Diagram
HIP1090 (SIP) e e e em ez ee e e mmmee s emmmmmmmm
TOP VIEW : :
. Re i3
NOTE: Vin o7 MWy o Vour
nearonre =1 O | [ Gecor 0.020 x| ! moLoap)
CONNECTED Vearr) | I 1 :
PIN2 E H
L]
: OVER- BASE :
¢ | THERMAL | | CURRENT VceSAT | ¢
[+ 25 Pl || P | [ovorss,| | sunes | oerEcron
’
’ '
; I I I
........................................................... s
24
Vcon
(CONTROL OR GND)

(av0) 1N0p ===
.

(A1ddns) NA ===
(T0HLNOD) NOOA =]

H

HIGH SIDE
SWITCHES

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures.
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Specifications HIP1090

Absolute Maximum Ratings Thermal Information
Input (Supply) Voltage, Viy (Control Pin Reference). ........ 124V Thermal Resistance 64 6
Transient Max Voltage, Vjy (15ms).......ooovvevnnnn... 190V Plastic SIP Package ................ 50°CW  4°CW
Load Current, loyr «« e - vt vevneiinnennn Short Circuit Protected  Maximum Power Dissipation, (Note 4)
At T, = +105°C, Infinite Heat Sink. . . . ............... 11.25W
Junction Temperature . .......coviviiiiiiiinennnnn +150°C
Ambient Temperature Range ................ -40°C to +105°C
Storage Temperature Range. . ................ -40°C to +150°C
Lead Temperature (Soldering During). . .........coouunn +265°C

1/16 + 1/32 inch (1.59 £ 0.79mm) from case for 10s maximum

CAUTION: Stresses above those listed in “Absolute Maximum Ratings® may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indi d in the op ional jons of this specification is not implied.

Electrical Specifications T, = -40°C to +105°C; V = 4V to 16V; Vcoy = GND or OV, Unless Otherwise Specified

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS

Input (Supply) Voltage Operating Vin (Note 1); Also, see Figure 4 for 4 - 16 v

Range Expanding V|y Range

Input Voltage Threshold for Forward V1D Load = 1kQ - 25 - \

Turn-On to Load

Input Voltage for Output Shutdown Vsusp (Note 2) 16 - 19 v

Output Shutdown Leakage lLeaxt Vin = 19V and 24V; Load = 1kQ - - 100 HA

Output Cutoff Leakage leake Vin = 16V; Control Open; Load = 1kQ - 1 - pA

Thermal Shutdown Temperature Tsp - 150 - °C

Maximum Output Transient Pulse loyt(Tran) VN = 190V for 16ms, Voyr = 14V -20 - +20 mA

Current

Maximum Control Transient Pulse lcon(Tran) | Viy =190V for 15ms, Voyr = 14V -50 - +50 mA

Current

Short Circuit Current Isc 1 - 2 A

Input-to-Output Voltage Drop Vin =4V, lgyt = 175mA - - 0.25 v
Vin = 9V, lopt = 500mA - - 0.65 v
Viy = 16V, loyr = 800mA - - 1.05 v
Vin=16V, Igyr = 1A - 0.8 - v

Control Current lcon Vi = 16V, loyr = 100mA - - 25 mA

: Vin = 16V, lgyr = 800mA - - 50 mA

Vin=16V, lgyr = 1A - 50 - mA

Turn ON (Rise Time); ton Switch V), OV(GND) to 5.5V; Measure - - 20 Hs

“Pass-Thru” mode Vour (to 90%); Load = 1kQ (Note 3)

Turn OFF (Fall Time); torr Switch Viy 5.5V to 0V(GND); Measure - - 20 us

“Pass-Thru” mode Vour (to 90%); Load = 1kQ (Note 3)

Turn ON (Rise Time); ton See Figure 3 and Figure 4 (Note 3) - 15 - us

High Pass Switch mode

Turn OFF (Fall Time); torr See Figure 3 and Figure 4 (Note 3) - 15 - us

High Pass Switch mode

NOTES:

1.

2.

The Input Operating Voltage is not limited by the threshold of Shutdown. The V| voltage may range to +24V while the normal functional
switching range is typically +2.5V to +17.5V (reference to Vo).

The Output Drive is switched-off when the Input voltage(Supply pin), referenced to the Control pin exceeds the threshold shutdown
VSHSD or the input voltage is less than the forward turn-on threshold (Including negative voltages within the transient peak ratings).

. Ton and Toge times include Prop Delay and Rise/Fall time.
. The worst case thermal resistance,8 ¢ for the SIP TO-220 is 4°C/W. The calculation for dissipation and junction temperature rise due to

dissipation is:

Pp = (Vin-Vour) + (Vin)(icon )

Ty= TAMBIENT + (Pp) (6y¢) for an infinite Heat Sink.
Derating from 150°C is based on the reciprocal of thermal resistance, 8,c+0ys. For example: Where ;¢ = 4°C/W and given 8,5 = 6%W as
the thermal resistance of an external Heat Sink, the junction-to-air thermal resistance, 6,4 = 10°C/W. Therefore, for the maximum allowed

dissipation, derate 0.1W/°C for each degree from Tyyg to the maximum rated junction temperature of 150°C. If Tyyg = 100°C, the maximum
Pp is (150 - 100) x 0.1W/°C = 5W.
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HIP1090

Applications

The HIP1090 may be used as a “hard-wired pass-thru”
device to protect the load from source voltage transients or
may be used as an active high side power interface switch
with up to 1A of Load current capability An ON state
condition of (Viy - 4V) < Veopn < (Vi - 16V) is the normal
range required to activate the high pass switch, allowing the
supply source to conduct through the PNP to the load. When
the control terminal, Vgop is open, the high pass switch is
open (no conduction). Figure 2 shows an HIP1090
application example with a switch in the Vgop terminal. In
comparison to the hard wired circuit of Figure 1 where pin 2
is fixed at ground, pin 2 in the circuit of Figure 2 is switched
from open to ground to turn-ON the high pass switch. Used

in this mode, the HIP1090 is both an effective transient
suppressor and a high pass switch. The switch in the Vgon
terminal may be active or passive and conducts typically less
than 50mA of current. The HIP1090 used in the controlled
switching mode retains all of the protected features of the
device. In either circuit the output capacitor may be
increased in size to hold charge longer during transient
interruptions at the input. The charge duration for larger
capacitors or for lamp loads is tolerated because of the
internal short circuit current limiting protection. Sustained
short circuits may cause the junction temperature to reach
the thermal shutdown temperature (150° C).

) ’
INPUT 1§ Vin Rs Vour! 3 DASH PANEL LOAD
ot AMA ¢ TO OTHER
o Y T .1 LiGaTs
— y
SWITCH ‘1 i — ] 104 E E INSTRUMENTS
' ' - O
Voar OVER BASE :
¢ | TuermaL | | current - veesar | = =
voLTAGE | | curReNT i = =
N el uMIT - { Ishutoown| | AMPLIFIER | | DETECTOR] 4
’ ’
’
P 1 | | |
’ '
S B :
2
Veo
(CONTROL OR GND)

FIGURE 1. TYPICAL APPLICATION OF THE HIP1090 AS A TRANSIENT SUPPRESSOR IN A “PASS-THRU” MODE

.

[]
INPUT 1 R

Vorn 1 gvm A'A's;' Ve Vourj: 3 i _
s JEEED SN I I R TR AN
i [ I ] L ; 1ooopF:___|; 1
L] '
¢ | tHerMAL | | currenT OVER- BASE VeesAT | ! =
e oo | Lo | s |t
[
A I — I
Vo vowoconsnanrorsesessacssnsarsonaonasssnvwafoossooswnnnmasnnans 4

29 Vcon

NOTE: (CONTROL)

Vioap = Vearr - Vsar sw?::uloN

Vear TYP < 0.8V at 1A

FIGURE 2. TYPICAL APPLICATIONS OF THE HIP1090 AS A TRANSIENT SUPPRESSOR IN A HIGH PASS SWITCH MODE
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HIP1090

Figure 3 shows the pulsed output switching characteristics of
the HIP1090 as a high side driver. A small delay step is
noted on the rising edge due to the hold-off of a VgSAT
detector circuit. The VoeSAT circuit senses the saturation
level of the PNP pass transistor and controls the drive as a
ratio of load current. As the load current is reduced, the drive
current to the output transistor is reduced. Under low current
operation, the saturation level is controlled and the turn-OFF
switching time js much faster. The control switching element
is shown as a 2N5320 NPN transistor but may be any open
collector or MOS gate. A pull-up resistor of 2kQ is used for a
slight improvement in the turnoff fall time but is not an
essential requirement. The V¢op terminal may be controlled
with a mechanical switch or may be controlled from any
driver output that can sink the worst case condition of pin 2
current, lcon When the output load current is increased to 1A
(typically 50mA).

+16V  Vin Vour
(SUPPLY INPUT) HIP1090 (outPum)
K $ 24Q
OPTIONAL
k Vcon =
(CONTROL PIN)
1kQ
2N5320
OR EQUIVALENT

ON I'—| Ve
OFF

. 1

E<__T?."_>a TorF |
I

ON- ot s

1

H

:

OFF _J Ve
FIGURE 3. TYPICAL ON-OFF SWITCHING CHARACTERISTIC

OF THE HIP1090 USING AN NPN TRANSISTOR TO
SWITCH THE V¢op INPUT TERMINAL

The circuit of Figure 4 shows how the HIP1090 transient
suppression voltage shutdown threshold may be increased
by using a zener diode from the Vggy terminal to the collec-
tor terminal of the transistor switch. The preferred method is
to use a zener diode for a fixed level shift. While a resistor in
place of the zener diode having the same voltage drop will
work well, the parametric variation of the Igon current will
cause variations of the Over-Voltage Shutdown Threshold.
In this circuit, a 10V zener provides a typical overvoltage
threshold shift to ~27V. The threshold for overvoltage shut-
down is referenced to the (Vjy - Vcon) voltage difference.

+24V Vin Vour
(SUPPLY INPUT) HIP1090 ourPan
KQ 3 24Q

OPTIONAL

’ Veon =

10V
ke 2N5320
OR EQUIVALENT

ON
on=r-| l—
FIGURE 4. A TYPICAL APPLICATION CIRCUIT THAT USES A

ZENER TO THE V¢oy TRANSISTOR SWITCH TO

RAISE THE OVERVOLTAGE SHUTDOWN
THRESHOLD

Also, it is important to note that high peak current values
may be reached when driving nonlinear and inductive loads.
The peak output current of the HIP1090 is self limiting in the
1A to 2A range to protect against short circuit conditions.
Sustained high peak current may increase the junction tem-
perature to 150°C and cause thermal shutdown. When this
happens, the output current will fall off briefly before recover-
ing, unless the over-temperature condition is sustained.
Internally, both input and output overvoltage conditions are
sensed to protect the circuit, making the high levels of tran-
sient voltage ratings possible. Sustained voltage ratings of
+24VDC with transient ratings to 90V allow a wide variety
of applications in high stress environments.

Except for the VoeSAT detector circuit, the HIP1090 is a
higher current version of the CA3273 high side driver, which
turns-on without the delayed step on the leading edge of the
output pulse; switching with a typical Toy time of ~0.5ps.
The CA3273 has a higher transient suppression threshold.
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Typical Performance Curves

60

50

40

CONTROL CURRENT (PIN 2) (mA)
8

%

T =T 30 T T
Ta = +25°C < Ta=+25°C
Rioap = 162 /‘ E 2 Vout OPEN
Vcon = GND / S Vcon = GND
a 20
' g
/ i
4 g:: 15
/ 3
o
g 1
[«4
[=4
z
S s
o
0
5 10 15 20 0 5 10 15 20
Vi SUPPLY VOLTAGE (V) Vi SUPPLY VOLTAGE (V)
FIGURE 5. CONTROL (QUIESCENT) CURRENT CHARACTER- FIGURE 6. CONTROL (QUIESCENT) CURRENT CHARACTER-
ISTIC WITH LOAD ISTIC WITH NO LOAD
| I
I~ Ta= +25°C
E 1000 Roap= 160 /
<] Vcon = GND
£ 800 CoN
-
: /
B 600
3 /
: .
az 400 /
. ]
s 200
>
0
0 0.5 1.0 15
LOAD CURRENT (A)

FIGURE 7. SATURATION (Vy - Vour) CHARACTERISTIC

3-17

HIGH SIDE
SWITCHES




@ HARRIS HV400

April 1994 High Current MOSFET Driver
Features Description
e FastFallTimes................... 16ns at 10,000pF The HV400 is a single monolithic, non-inverting high current

driver designed to drive large capacitive loads at high slew
rates. The device is optimized for driving single or parallel
e PeakSourceCurrent...........c..cuun.. ceeeee 6A connected N-channel power MOSFETs with total gate
charge from 5nC to >1000nC. It features two output stages

¢ Peak Sink Current .............cooieennen. --30A  pinned out separately allowing independent control of the
« High Frequency Operation .................300kHz MOSFET gate rise and fall times. The current sourcing out-
put stage is an NPN capable of 6A. An SCR provides over

: ; 30A of current sinking. The HV400 achieves rise and fall

Ap P lications times of 54ns and 16ns respectively driving a 10,000pF load.

* No Supply Current in Quiescent State

* Switch Mode Power Supplies Special features are included in this part to provide a simple,

¢ DC/DC Converters high speed gate drive circuit for power MOSFETs. The
HV400 requires no quiescent supply current, however, the
* Motor Controllers input current is approximately 15mA while in the high state.
 Uninterruptible Power Supplies With the internal current steering diodes (pin 7) and an
external capacitor, both the timing and MOSFET gate power
come from the same pulse transformer; no special external
supply is required for high side switches. No high voltage
diode is required to charge the bootstrap capacitor.

Ordering Information

PART TEMPERATURE The HV400 in combination with the MOSFET and pulse
NUMBER RANGE PACKAGE transformer makes an isolated power switch building block
for applications such as high side switches, secondary side

Hv4001P -40°C 10 +85°C | 8 Lead Plastic DIP regulation and synchronous rectification. The HV400 is also

suitable for driving IGBTs, MCTs, BJTs and small GTOs.

The HV400 is a type of buffer; it does not have input logic
HV400MJ/883 | -55°C to +125°C | 8 Lead Ceramic SBDIP level switching threshold voltages. This single stage design
achieves propagation delays of 20ns. The output NPN
begins to source current when the voltage on pin 2 is
approximately 2V more positive than the voltage at pin 8.

HV4001B -40°C to +85°C | 8 Lead Plastic SOIC (N)

The output SCR switches on when the input pin 2 voltage is
1V more negative than the voltage at pins 3/6. Due to the
use of the SCR for current sinking, once the output switches
low, the input must not go high again until all the internal
SCR charge has dissipated, 0.5us - 1.5us later.

Pinout Schematic
HV400 (PDIP, SBDIP, SOIC) PIN1©
TOP VIEW X
PIN2 Pl—p— a1 D1
—\J D3 D2 PINS
v+ supPLY [1] (8] SOURCE OUTPUT
O PIN7
iNpuT [2] 7] olobes N30
© PIN6
SINK ouTPUT [3] 6] SINK OUTPUT
ano [4] 5] GND
SCR A D7
PIN4 PINS
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2850 i
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Specifications HV400

Absolute Maximum Ratings

Voltage Between PintandPin4/5....................... 35V
Input Voltage Pin7(Max) .. ........ccovinnnnnnn. Pin1+1.5V
Input Voltage PIn7(Min) .............. ...t Pin 4/5-1.5V
Input Voltage Pin2toPin4/5...................c.u... +/- 35V
Input Voltage Pin2toPin6 ..............ooiiviniinn -35V
Maximum Clamp Current (Pin7)........covvvvnvnninan.s +300mA

Thermal Information

Thermal Resistance 6,a 0,
PDIP oottt iiiiieeans 150°C/W -
SOIC ... iiiiiiiiiiiiiiiieiannnns 170°C/W -
SBDIP ..ttt 91°C/W  25°C/W

Power Dissipation at T, = +25°C
0] = 0.8W
0 02 0.7W
OBIP it e e 2.33W

Operating Temperature Range
HVA00IP/IB . ... oviieiiiiileeieens -40°C < T, < +85°C
HV400MJ/883 .. ...covvii i -55°C < T, < +125°C

Lead Temperature (Soldering 10s) .................... +265°C

Maximum Junction Temperature .. . ... ..c.covveeneenn.n +150°C

Storage Temperature Range. . ............ -65°C < T, < +150°C

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

DC Electrical Specifications Vgyppy = 15V

NOTE: Limits are 100% tested at +25°C; limits over the full temperature range are guaranteed but not tested.

3-19

PARAMETERS [ symsoL | CONDITIONS | TemperaTurRe | min | TvP | mAX | units
INPUT (PIN 2)
Input High Differential Voltage Vin Vour =0V, lgyr HI = 10mA +25°C 0.6 1.7 2.8 v
(Pin2-Pin g) Ful 0.5 . 35 v wa
Input Low Differential Voltage Vi, Vout =12V, loyr LO = -3mA +25°C -1.1 -0.9 -0.8 v o 5
(Pin 2 - Pin 3/6) Full 426 | - | 065 | Vv s E
Input High Current h Vpin 1,2 = 30V, | soupce = 0 +25°C 15 18 20 mA Tw
Full 15 22 mA
Input High Current Peak liwp | sounce = 6A, 1us pulse, +25°C 700 mA
Vin =9V, Vour =0V
Input Low Current I Vpinz = -30V +25°C -80 -50 pA
Full -120 pA
SOURCE OUTPUT (PIN 8)
High Output Voltage Von Vin = +V, loyr = 150mA +25°C 12.1 128 13.4 v
Full 12.0 135 \
Peak Output Current lops Vin =9V, tus Pulse, +25°C 6 A
Voyr =0V
Qutput Low Leakage loL Vout =0V, Viy =0V +25°C 0 10 50 HA
Full 55 pA
SINK OUTPUT (PIN 3/6)
Low Output Voltage Vou | Vin=0V, loyr = -150mA +25°C 0.8 0.89 1.0 v
Full 0.8 1.05 \
Peak Output Current lops Vin = 0V, 5us Pulse, +25°C 30 A
Vour =4V
Output High Leakage lon Viy =15V +25°C 0 0.3 2 pA
Full 0 135 pA
DIODES D1 AND D7 (PIN 7)
Forward Voltage Ve Ip = 100mA +25°C 0.8 1.03 1.4 v
Full 0.8 1.6 v
Reverse Leakage Current ™S Vg =30V +25°C 0 0.1 1 pA
Full 0 1 HA
Diode (Pin 7) Stored Charge Qpr Ip = 100mA +25°C 6.5 nC



Specifications HV400

Switching Time Specifications vgyppy = 15V

PARAMETERS SYMBOL CONDITIONS TEMPERATURE MIN TYP MAX | UNITS
Rise Time Ta See Switching Test Circuit Full 50 66 ns
Fall Time Te See Switching Test Circuit Full 15 24 ns
Delay Time (Lo to Hi) Tor See Switching Test Circuit Full 20 25 ns
Delay Time (Hi to Lo) Tor See Switching Test Circuit Full 17 28 ns
Minimum Off Time Tor See Switching Test Circuit Full 900 1500 ns
NOTES:
1. Switching times are guaranteed but not tested
2. Typical values are for +25°C
Switching Diagram and Test Circuit
INPUT /
ov —t%
Tor | TR
Vour
o~
OUTPUT / 0%
10% 4
+V
o
ct 4
330uF L
sov 2 R11001W
<
r L e Cc2
......................... - l
1N914 . ' T.0uF
o—P—p— Pt : 50V
L] TK :
2 E i 8
< o
: 3 :
Y ¥ ' 3&6
15V —-- "_‘n ; 1 VWA ? _/—\-; 12.8V
GND --- 5 E c 0.9V
INPUT : ! 0.01pF Ih OUTPUT
50Q SOURCE ! i CHIP 100K
(RISE & FALL TIMES <10ns) H H CAP
: :
& & -0
49 MG

v
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HV400 Switching Test Circuit

N

Vec

R1

$1 c2
Ut
—t 1 8
PULSE
2 7 j out
] 3 6 .-
L RL

J1

Parts List

R1 100Q, 1W Carbon Resistor

R2 Wire

R 100KQ, 1/8W Carbon Resistor

C1 330uF, 50V Capacitor

C2 1uF, 50V Capacitor

C_ 0.01pF, 50V Chip Capacitor

D1 1N914 Diode

J1, J2 PC Mount Banana Jack Johnson 108-0740-001
J3, J4 PC Mount SMA Connector Johnson EFJ142
U1 Harris HV400 I.C.

4.2 "

HV400 AC TEST BOARD
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Pin Descriptions

SYMBOL DESCRIPTION
DC INPUT PARAMETERS
Vi The differential voltage between the input (Pin 2) to the output (Pin 8) required to source 10mA
Vi The differential voltage between the input (Pin 2) to the output (Pins 3, 6) required to sink 3mA
™ The current required to maintain the input (Pin 2) high with loyy = 0A
hup The input (Pin 2) current for a given pulsed output current
" The current require to maintain the input (Pin 2) low
DC OUTPUT PARAMETERS
Vou The output (Pin 8) voltage with input (Pin 2) = V+
lops The pulsed peak source current form output (Pin 8)
loL The output (Pin 8) leakage current with the input (Pin 2) = Ground
Voo The output (Pins 3, 6) voltage with the input (Pin 2) = Ground
lops The pulsed peak sink current into output (Pins 3, 6)
lon The output (Pins 3, 6) leakage current with the input (Pin 2) = V+
Ve The forward voltage of diode D1 or D7
™ The reverse leakage current of diode D1 or D7
Qrr The time integral of thé reverse current at turn off
AC PARAMETERS (See Switching Time Specifications)
Ta The low to high transition of the output
Te The high to low transition of the output
Tor The output propagation delay from the input (Pin 2) rising edge
Toe The output propagation delay from the input (Pin 2) falling edge
Tor The minimum time required after an output high to low transition before the next input low to high transition
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Application Information
Circuit Operation

The HV400's operation is easily explained by referring to the
schematic. The control signal is applied to pin 2. If the
control signal is about 2V above pin 8, the output NPN Q1
turns on charging the MOSFET gate from a capacitor
connected to pin 1. Resistor R4 helps keep the SCR off by
applying a reverse bias to the SCR anode gate.

When the control input drops about 1V below pin 3/6, PNP
Q2 turns on which triggers the SCR by driving both the
anode and cathode gates. The SCR discharges the
MOSFET gate and when its current becomes less than
10maA, it turns off. Transistor Q2 conducts any gate leakage
currents, through resistors R1 and R2, once the SCR turns
off. Figure 7 shows the output characteristics before the
SCR turns on and after it turns off. When the SCR turns on,
resistor R4 provides a path to remove Q1 base charge.
Resistor R3 provides the base current for Q2 to reduce the
turn off delay time. Resistors R1 and R2 reduce the SCR
recovery time.

The two diodes connected to the diode input pin 7 provide
some operation flexibility. With pins 2 and 7 connected
together, diode D1 provides a path to recharge the storage
capacitor once the MOSFET gate is pulled high and, along
with diodes D2 and D3, keeps Q1 from going into hard
saturation which would increase delay times. Diode D7
would clamp the input near ground and provide a current
path if an input DC blocking capacitor is used.

Alternatively, pin 7 can be connected to pin 6 so that the
SCR and NPN Q1 don'’t have to pass reverse current if the
output “rings” above the supply or below ground. When high
performance diodes are required, pin 7 can be left
disconnected and external diodes substituted.

The diodes in series with pin 2 decouple the input from the
output during negative going transitions. The absence of
input current turns off Q1 and allows Q2 to trigger the SCR.
Diode D8 turns off Q2 once the SCR turns on pulling the out-
put low, otherwise Q2 would saturate and slow down circuit
operation. In addition, the diodes D2, D3 and D8 improve
noise immunity by adding about 2.5V of input hysteresis.

The HV400 is capable of large output currents but only for
brief durations due to power dissipation.

Circuit Board Layout

PC board layout is very important. Pins 3 and 6 should be
connected together as should pins 4 and 5. Otherwise the
internal interconnect impedance is doubled and only half of
the bond wires are used which would degrade the reliability.

The bootstrap capacitor should hold at least 10x the charge
of the MOSFET and should be connected between pins 1
and 4/5 with minimum lead lengths and spacings. Likewise,
the HV400 should be as close to the MOSFET as possible.
Any long PC traces (parasitic inductances) between the
MOSFET gate and pins 8 or 3/6 or between the source and

pins 4/5 should be avoided. Inductance between the HV400
and the MOSFET limit the MOSFET switching time. If they
are too large, the HV400 may operate erratically as
discussed below.

Cross Conduction Faults

It is possible to have both Q1 and the SCR on at the same
time resulting in very large cross conduction currents. The
SCR has larger current capacity so the output goes low and
the storage capacitor is discharged. The conditions that
cause cross conduction and precautions are discussed
below.

Minimum Off Time

The SCR requires a recovery time before voltage can be
reapplied without it switching back on. Figure 13 shows how
this SCR recovery time, called “minimum off time” (Tog), is a
function of the load capacitance. If the input voltage goes
high before this recovery time is complete, the SCR will
switch back on.

Note that reverse current flowing through the SCR, for
example due to load inductance ringing, extends the
minimum off time. Since the minimum off time is really
dependent upon how much stored charge remains in the
SCR when the anode (pin 3/6) is taken positive, it may vary
for different applications. Figure 13 indirectly shows that the
minimum off time increases with larger currents. It also
increases .at elevated temperatures as shown in Figure 14.
Excessive ringing increases the minimum off time since the
stored charge doesn’t begin to dissipate until the current
drops below 10mA for the last time. Rising anode voltage
acts on the internal SCR capacitance to generate its own
triggering current. The excess stored charge increases this
capacitance. Faster rise times and/or higher voltages also
increase the amount of internal trigger current from the inter-
nal capacitance so applications with larger dV/dt require
longer minimum off times.

The minimum off time must be considered for all occur-
rences of SCR current. For example, in a half bridge switch
mode power supply, there are two MOSFET’s connected to
the transformer primary. Assume that the high side MOSFET
switch is off. When the low side MOSFET switch is turned
on, the HV400 driving the high side MOSFET will have to
sink gate current from Cgy and will have to source gate
current when the low side MOSFET switches back off. Both
of these current pulses will try to flow through pin 3/6 since
the pin 8 output is turned off. Sourcing current from pins 3/6
through the SCR is possible, the pin 3/6 voltage becoming
negative with respect to pins 4/5 (See Figure 8). But a better
practice would be to connect a Schottky diode between pins
4/5 (anode) and 3/6 (cathode) so reverse current does not
flow through the SCR.

False SCR Triggering

The SCR may be triggered inadvertently. The output may
overshoot the input due to inductive loading or over driving
the output NPN (allowing it to saturate). Whenever pin 6 is
more positive than pin 2 by 1V, the SCR is triggered on. Also,
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if the output rises too rapidly, greater than 0.5V/nS, the SCR
may self trigger. Both issues are resolved by minimizing the
load inductance and inserting sufficient resistance, usually
0.1 to 10 ohms, between pin 8 and the load.

A very fast negative going input voltage can result in
minimum off times of about 2.5ps. If the output can not keep
up with the falling input, the stored charge of diode D4 is
transferred into the base of Q2. This excess charge in Q2
must have time to dissipate. Otherwise, when pin 3/6 goes
positive, Q2 will turn on and trigger the SCR. An external
diode in series with pin 2, as shown in Figure 1, will prevent
D4 from discharging into the base of Q2 but that will also
reduce the output voltage by the forward voltage of that
diode.

Internal Diodes

The internal diodes connected to pin 7 are provided for
convenience but may not be suitable for large currents.
Since they are part of the integrated circuit, they are
physically small, operate at high current densities, and have
long recovery times. Figure 15 shows that their forward
characteristics degrade above 100mA. In addition, Figure 16
shows their reverse recovery charge as a function of forward
current. The product of this charge, the applied reverse
voltage and the frequency is the additional power dissipation
due to the diodes. For stored charge calculations, use the
peak forward current within 100ns of the application of
reverse bias. In addition to the extra power dissipation, the
capacitance of these diodes may extend the switching delay
times.

Power Dissipation Calculations

The power required to drive the MOSFET is the product of
its total gate charge times the gate supply voltage (maximum
voltage on HV400 pin 1, 2 or 7) times the frequency.
Assuming that the MOSFET gate resistance is negligible,
this power is dissipated within the HV400. If resistors are
placed between the HV400 and the MOSFET, then some of
the power is dissipated in the resistors, the percentage
depending upon the ratio of resistors to HV400 output
impedance.

There are two other sources of power dissipation to
consider. First there is the power in R3 which is the product
of the input pin 2 current and voltage (with no output current)
times the duty cycle. Second is the product of the pin 7 diode
stored charge, which is dependent upon the forward current,
times the applied diode reverse voltage times the frequency.
This information is available from figures 3 and 16 in this
data sheet.

Applications Circuits

The HV400 was designed to interface a pulse transformer to
a power MOSFET. There must be some means to balance
the transformer volt-second product over a cycle. The
unipolar drive shown in Figure 1 lets the core magnetization
inductance reverse the primary and secondary voltages. The
zener diode on the primary side limits this voltage and must

be capable of dissipating the energy stored in the
transformer. The load may be connected to either the power
MOSFET drain or source.

Vs
J

AAA
AAAl

L

P X 75 POWER
= HV400 MOSFET

FIGURE 1. UNIPOLAR DRIVE

A diode is added in series with pins 2 and 7 to allow the
transformer secondary to go negative. The charge storage of
the pin 7 diode may cause the turn off delay time to be too
long. Alternatively, pin 7 could be left disconnected and a
second external diode connected between the transformer
(anode) and pin 1 (cathode). In some applications the diode
in series with pin 2 may be unnecessary but the -35V input
to output or ground maximum rating should be observed.

Sometimes the volt-second balance is achieved by a push-
pull drive on the pulse transformer primary. This is especially
useful if there are two secondary windings driving two
HV400’s out of phase such as in a half-bridge configuration

Other times it is more convenient to achieve volt-second
balance by using capacitors to block DC in the primary and
secondary windings as shown in Figure 2. The pin 7 diodes
provide a path for discharging the secondary side DC block-
ing capacitor. Both capacitors, Cjy and Cg, should be at
least 10 times the equivalent MOSFET gate capacitance.

The HV400 can be used as a current booster for low side
switches by connecting directly to the PWM output. The
circuit would be similar to the switching time test circuit.

It is worth restating that some consideration (and experimen-
tation) should be given to the choice of external components,
i.e. resistors, capacitors and diodes, to optimize
performance in a given application.

7 1
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> Py o Rour
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<
>
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@l
LA
ol <

£

HV400
FIGURE 2. BIPOLAR DRIVE WITH DC BLOCKING CAPACITOR
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Typical Performance Curves T,=+25°C Unless Otherwise Specified
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i erfo nce Cu Ta = +25°C Unless Otherwise Specified (Continued)
Typical Performance Curves T, o
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Typical Performance Qur VeS T, =+25°C Unless Otherwise Specified (Continued)
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D HarRs HV400MJ/883

April 1994 High Current MOSFET Driver

Features

* This Circuit Is Processed in Accordance to Mii-Std-
883 and Is Fully Conformant Under the Provisions
of Paragraph 1.2.1.

e FastFaliTimes...........ccu.e 16ns at 10,000pF
¢ No Supply Current in Quiescent State

e PeakSourceCurrent..............cciunnnn. 6A
¢ Peak Sink Current ......... Ceereesaeasaaes 30A
* High Frequency Operation .............. 300kHz
Applications

* Switch Mode Power Supplies

¢ DC/DC Converters

¢ Motor Controllers

¢ Uninterruptible Power Supplies

Ordering Information

PART TEMPERATURE
NUMBER RANGE PACKAGE

HV400MJ/883 | -55°C to +125°C | 8 Lead Ceramic

Description

The HV400MJ/883 is a single monolithic, non-inverting high
current driver designed to drive large capacitive loads at high
slew rates. The device is optimized for driving single or parallel
connected N-channel power MOSFETs with total gate charge
from 5nC to >1000nC. It features two output stages pinned out
separately allowing independent control of the MOSFET gate
rise and fall times. The current sourcing output stage is an NPN
capable of 6A. An SCR provides over 30A of current sinking.
The HV400MJ/883 achieves rise and fall times of 54ns and
16ns respectively driving a 10,000pF load.

Special features are included in this part to provide a simple,
high speed gate drive circuit for power MOSFETs. The
HV400MJ/883 requires no quiescent supply current, however,
the input current is approximately 15mA while in the high state.
With the internal current steering diodes (Pin 7) and an external
capacitor, both the timing and MOSFET gate power come from
the same pulse transformer; no special external supply is
required for high side switches. No high voltage diode is
required to charge the bootstrap capacitor.

The HV400MJ/883 in combination with the MOSFET and pulse
transformer makes an isolated power switch building block for
applications such as high side switches, secondary side regula-
tion and synchronous rectification. The HV400MJ/883 is also
suitable for driving IGBTs, MCTs, BJTs and small GTOs.

The HV400MJ/883 is a type of buffer; it does not have input
logic level switching threshold voltages. This single stage
design achieves propagation delays of 20ns. The output NPN
begins to source current when the voltage on Pin 2 is approxi-

SBDIP mately 2V more positive than the voltage at Pin 8.
The output SCR switches on when the input Pin 2V is 1V more
negative than the voltage at Pins 3/6. Due to the use of the SCR
for current sinking, once the output switches low, the input must
not go high again until all the internal SCR charge has dissi-
pated, 0.5us - 1.5us later.
Pinout Schematic
HV400MJ/883 (SBDIP) PIN 1
TOP VIEW !
PIN2 o—o—P—P}—1
\% D3 D2 PIN8
V+ SUPPLY E E] SOURCE OUTPUT
PIN7
ineur 2] 7] piobes PINS on
o 6
SINK ouTPuT [3] (6] SINK OUTPUT s
<
ano [4] 5] aND o4 * 1
4 a2 D8
>
R3 E: D6 <
Ri1 <
PIN 4 PINS

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

Copyright © Harris Corporation 1994
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Specifications HV400MJ/883

Absolute Maximum Ratings

Voltage Between Pin1andPins4/5 ..................... 35V
Input Voltage Pin7 (Max). . ......ccovvviiunnnenn. Pin1+1.5V
Input Voltage Pin 7 (Min) .................ovut. Pin 4/5 -1.5V
fnput Voltage Pin2toPin4/5. . ......oviiiiinnnnnnns +- 35V
Input Voltage Pin2toPin6 ..............cooiiiiien... -35V
Maximum Clamp Current (Pin7).........coovviiinenn. +300mA

Thermal Information

Thermal Resistance 0a 8¢
SidebrazedDIP ............ovnntn. 91°C/W  25°CW
Power Dissipation at Ty =+25°C...........covinnann... 2.33W

Operating Temperature Range

HV400MJ/B83 .........cvviint, -55°C < Ty < +125°C
Maximum Junction Temperature. . ............cvvvnnn. +200°C
Storage Temperature Range. ............. -65°C < Ty < +150°C

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

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

of this specification is not implied.

Recommended Operating Conditions

Operating Temperature Range. ............... -55°C to +125°C
Operating Supply Voltage. . .............ccouunn. +10V to +35V

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS

Device Tested at: Supply Voitage = +15V, Unless Otherwise Specified

PARAMETERS SYMBOL CONDITIONS Sﬁgggch TEMPERATURE MIN MAX | UNITS
Input High Differential Volt- Vin Vout =0V, loyt Hl = 10mA 1 +25°C 0.6 2.8 \
age (Pin2 - Pin 8) 2 +125°C 01 | 23 v

3 -55°C 1.0 3.2 v
Input Low Differential Voit- Vi Vour = 12V, 1 +25°C -11 -0.8 v
age (Pin 2 - Pin 3/6) loyr LO =-3mA 2 125°C 095 06 v
3 -55°C 1.2 -0.9 Vv
Input High Current (™ Vpiny,2 =30V, 1 +25°C 15.0 20.0 mA
! source =0 2 +125°C 130 | 180 [ mA
3 -55°C 18.0 25.0 mA
Input Low Current Iy Vpinz = -30V 1 +25°C 80 0 pA
2,3 +125°C, -55°C -80 0 A
High Output Voltage Vou Vin = +V, loyt = 150mA 1 +25°C 12.1 13.4 v
2 +125°C 12.2 13.5 \
3 -55°C 11.0 13.0 v
Output Low Leakage loL Vour =0V, Vjy =0V 1 +25°C 0 50 pA
2,3 +125°C, -55°C 0 60 HA
Low Output Voltage VoL Vin =0V, lgyt = -150mA 1 +25°C 0.8 1.0 \
2 +125°C 0.65 0.85 v
3 -55°C 0.9 1.1 v
Output High Leakage lon Viy =15V 1 +25°C 0 2.0 HA
2 +125°C 0 100 pA
3 -55°C 0 2.0 pA
Forward Voltage Ve Ip = 100mA 1 +25°C 0.8 1.4 v
2 +125°C 0.8 1.25 \
3 -55°C 0.8 1.6 Vv
Reverse Leakage Current ™ Vg =30V 1 +25°C -1.0 1.0 pA
2,3 +125°C, -55°C -1.0 1.0 A
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Specifications HV400MJ/883

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS

This Table Intentionally Left Blank. See AC Parameter on Table 3.

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Tested at: Supply Voltage = +15V, Unless Otherwise Specified

PARAMETERS SYMBOL CONDITIONS TEMPERATURE MIN MAX | UNITS
Input High Current fPeak hnp Isource = 6A, 1us Pulse, Vi = 9V, +25°C 500 900 mA
Vour =0V

Peak Output Current lops Vin =9V, 1pus Pulse, Voyr =0 +25°C 4 8 A

Peak Output Current lops Vin =9V, 1us Pulse, Voyr =0 +25°C 25 35 A

Diode (Pin 7) Stored Charge Qgrr Ip = 100mA +25°C 6 7 nC
Rise Time Tr See Switching Diagram and Test Circuit +25°C 37 62 ns
Fall Time Te See Switching Diagram and Test Circuit +25°C 14 21 ns
Delay Time (Lo to Hi) Tor See Switching Diagram and Test Circuit +25°C 6 13 ns
Delay Time (Hi to Lo) Toe See Switching Diagram and Test Circuit +25°C 7 16 ns
Minimum Off Time Tor See Switching Diagram and Test Circuit +25°C 400 1140 ns

NOTE:

1. Switching times are guaranteed but not tested.

TABLE 4. ELECTRICAL TEST REQUIREMENTS

MIL-STD-883 TEST REQUIREMENTS

SUBGROUPS (SEE TABLES 1 AND 2)

Interim Electrical Parameters (Pre Burn-IN)

1,

Final Electrical Test Parameters 1 (Note 1), 2

Group A Test Requirements 1,2

Groups C and D Endpoints 1,
NOTE:

1. PDA applies to Subgroup 1 only. No other subgroups are included in PDA.
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Specifications HV400MJ/883

Test Descriptions
SYMBOL DESCRIPTION
DC INPUT PARAMETERS
Vi The differential voltage between the input (pin 2) to the output (pin 8) required to source 10mA
Vi The differential voltage between the input (pin 2) to the output (pins 3, 6) required to sink 3mA
[ The current required to maintain the input (pin 2) high with gyt = 0A
hwp The input (pin 2) current for a given pulsed output current
e The current require to maintain the input (pin 2) low
DC OUTPUT PARAMETERS
VoH The output (pin 8) voltage with input (pin 2) = V+
lops The pulsed peak source current form output (pin 8) 3
loL The output (pin 8) leakage current with the input (pin 2) = Ground
Vo The output (pins 3, 6) voltage with the input (pin 2) = Ground E %
lops The pulsed peak sink current into outpdt (pins 3, 6) g §_
lon The output (pins 3, 6) leakage current with the input (pin 2) = V+ ITon
Ve The forward voltage of diode D1 or D7
I The reverse leakage current of diode D1 or D7
Qgr The time integral of the reverse current at tumn off
AC PARAMETERS (See Switching Time Specifications)
Tr The low to high transition of the output
Te The high to low transition of the output
Tor The output propagation delay from the input (pin 2) rising edge
Tor The output propagation delay from the input (pin 2) falling edge
Ton The minimum time required after an output high to low transition before the next input low to high transition
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HV400MJ/883

Switching Diagram and Test Circuit

INPUT
ov 10%
Tor | TR
Vour }
- 90%
OUTPUT /
10%

+V
¢ H
330pF

>
50V ; 3 R11001W
<

z
8
&~
.

c2
7 H 1.0uF
°—H—T—9———-H—— H l sov
' ’
' H—H-‘r—lg :
2 8
S “;
S H
9 '
GND --- : c L 0.9V
INPUT ! 0.01F :; Ry OUTPUT
50Q SOURCE : CHIP 100K
(RISE AND FALL TIMES <10ns) ' CAP
:
: °

HV400MJ/883 Switching Test Circuit

J R1

vee (@——I—M———J
* c 4.2 " ‘I
g (2] ; 2 . /l
U1
I b PULSE :
puLst 2 7 ] out
N3 6 » ©
4 5 =CL Ry
y
ane > HV400 AC TEST BOARD
Parts List
R1 100Q, 1W Carbon Resistor C_ 0.01pF, 50V Chip Capacitor
R2 Wire D1 1N914 Diode
R_ 100kQ, 1/8W Carbon Resistor J1, J2 PC Mount Banana Jack Johnson 108-0740-001
C1 330uF, 50V Capacitor J3, J4 PC Mount SMA Connector Johnson EFJ142
C2 1pF, 50V Capacitor U1 Harris HV400MJ/883 I.C.
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HV400MJ/883

Burn-In Circuit (Dynamic)

V3 o

Fx Qi | ¢

c1
0.01F 7

vi

Ir

[ o r»lu—l

el

c4
0.1pF ]

NOTES:

. R1=100%, 5%, 1/4W.

. R2 =5Q, 5%, 2W.

. R3=100Q, 5%, 2W.

. C1=0.01pF, 10%, 30V.

. C2 =0.001puF, 10%, 30V.

. C3, C4, C5 = 0.1pF, 20%, 50V.

. V1=-155V, £ 0.5V.

. V2 =-55V, +0.5V.

. V3 =+45.5V, £ 0.5V.

. Q1, Q2 = SK9505 or Equivalent. (One Pair Per Board Column)

. Fx = 12.5kHz, 50% Duty Cycle.
Vu. = 0.8V (Max)
Vi = +4V (Min)

- O WWOONOOAWN=

P
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HV400MJ/883

Metallization Topology

DIE DIMENSIONS:
1700 x 1820 x 483um

METALLIZATION:
Type: 1% Cu, 99% Al
Thickness: 16kA + 2kA

SUBSTRATE POTENTIAL (POWERED UP):
Unbiased

WORST CASE CURRENT DENSITY:

GLASSIVATION:
Type: Silox
Thickness: 12kA £ 2kA
Type: Nitride
Thickness: 3.5kA + 2.5kA
TRANSISTOR COUNT: 3

PROCESS: HFSB Linear Dielectric Isolation

8.2 x 10* A/em? during 1ps pulse with -35A output current,

through 8um wide line 14kA thick.

Metallization Mask Layout

HV400MJ/883

(8) SOURCE
OUTPUT
(8) SOURCE
OUTPUT

Ve (1)

INPUT (2)

SINK OUTPUT (3)

GROUND (4)

c @ ; (7) DIODES

08 9| ..
(6) SINK OUTPUT
(5) GROUND
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High Current MOSFET Driver

DESIGN INFORMATION

April 1994

The information contained in this section has been developed through characterization by Harris Semiconductor and is for use as applica-

tion and design informiation only. No guarantee is implied.

Circuit Operation

The HV400MJ/883s operation is easily explained by refer-
ring to the schematic. The control signal is applied to Pin 2. If
the control signal is about 2V above Pin 8, the output NPN
Q1 turns on charging the MOSFET gate from a capacitor
connected to Pin 1. Resistor R4 helps keep the SCR off by
applying a reverse bias to the SCR anode gate.

When the control input drops about 1V below Pin 3/6, PNP
Q2 turns on which triggers the SCR by driving both the
anode and cathode gates. The SCR discharges the
MOSFET gate and when its current becomes less than
10mA, it turns off. Transistor Q2 conducts any gate leakage
currents, through resistors R1 and R2, once the SCR turns
off. Figure 7 shows the output characteristics before the
SCR turns on and after it turns off. When the SCR turns on,
resistor R4 provides a path to remove Q1 base charge.
Resistor R3 provides the base current for Q2 to reduce the
turn off delay time. Resistors R1 and R2 reduce the SCR
recovery time.

The two diodes connected to the diode input Pin 7 provide
some operation flexibility. With Pins 2 and 7 connected
together, diode D1 provides a path to recharge the storage
capacitor once the MOSFET gate is pulled high and, along
with diodes D2 and D3, keeps Q1 from going into hard
saturation which would increase delay times. Diode D7
would clamp the input near ground and provide a current
path if an input DC blocking capacitor is used.

- Alternatively, Pin 7 can be connected to Pin 6 so that the
SCR and NPN Q1 don't have to pass reverse current if the
output “rings” above the supply or below ground. When high
performance diodes are required, Pin 7 can be left
disconnected and external diodes substituted.

The diodes in series with Pin 2 decouple the input from the
output during negative going transitions. The absence of
input current turns off Q1 and allows Q2 to trigger the SCR.
Diode D8 turns off Q2 once the SCR turns on pulling the out-
put low, otherwise Q2 would saturate and slow down circuit
operation. In addition, the diodes D2, D3 and D8 improve
noise immunity by adding about 2.5V of input hysteresis.

The HV400MJ/883 is capable of large output currents but
only for brief durations due to power dissipation.

Circuit Board Layout

PC board layout is very important. Pins 3 and 6 should be
connected together as should Pins 4 and 5. Otherwise the
internal interconnect impedance is doubled and only half of
the bond wires are used which would degrade the reliability.

The bootstrap capacitor should hold at least 10x the charge
of the MOSFET and should be connected between Pins 1
and 4/5 with minimum pin lengths and spacings. Likewise,
the HV400MJ/883 should be as close to the MOSFET as
possible. Any long PC traces (parasitic inductances)
between the MOSFET gate and Pins 8 or 3/6 or between the
source and Pins 4/5 should be avoided. Inductance between
the HV400MJ/883 and the MOSFET limit the MOSFET
switching time. If they are too large, the HV400MJ/883 may
operate erratically as discussed below.

Cross Conduction Faults

It is possible to have both Q1 and the SCR on at the same
time resulting in very large cross conduction currents. The
SCR has larger current capacity so the output goes low and
the storage capacitor is discharged. The conditions that
cause cross conduction and precautions are discussed
below.

Minimum Off Time

The SCR requires a recovery time before voltage can be
reapplied without it switching back on. Figure 13 shows how
this SCR recovery time, called “minimum off time” (Tog), is a
function of the load capacitance. If the input voltage goes
high before this recovery time is complete, the SCR will
switch back on.

Note that reverse current flowing through the SCR, for
example due to load inductance ringing, extends the
minimum off time. Since the minimum off time is really
dependent upon how much stored charge remains in the
SCR when the anode (Pin 3/6) is taken positive, it may vary
for different applications. Figure 13 indirectly shows that the
minimum off time increases with larger currents. It also
increases at elevated temperatures as shown in Figure 14.
Excessive ringing increases the minimum off time since the
stored charge doesn't begin to dissipate until the current
drops below 10mA for the last time. Rising anode voltage
acts on the internal SCR capacitance to generate its own
triggering current. The excess stored charge increases this
capacitance. Faster rise times and/or higher voltages also
increase the amount of internal trigger current from the inter-
nal capacitance so applications with larger dV/dt require
longer minimum off times.

The minimum off time must be considered for all occur-
rences of SCR current. For example, in a half bridge switch
mode power supply, there are two MOSFETSs connected to
the transformer primary. Assume that the high side MOSFET
switch is off. When the low side MOSFET switch is turned
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DESIGN INFORMATION (continueq)

The information contained in this section has been developed through characterization by Harris Semiconductor and is for use as applica-

tion and design informiation only. No guarantee is implied.

on, the HV400MJ/883 driving the high side MOSFET will
have to sink gate current from Cgp and will have to source
‘gate current when the low side MOSFET switches back off.
Both of these current pulses will try to flow through Pin 3/6
since the Pin 8 output is turned off. Sourcing current from
Pins 3/6 through the SCR is possible, the Pin 3/6 voltage
becoming negative with respect to Pins 4/5 (See Figure 8).
But a better practice would be to connect a Schottky diode
between Pins 4/5 (anode) and 3/6 (cathode) so reverse cur-
rent does not flow through the SCR.

False SCR Triggering

The SCR may be triggered inadvertently. The output may
overshoot the input due to inductive loading or over driving
the output NPN (allowing it to saturate). Whenever Pin 6 is
more positive than Pin 2 by 1V, the SCR is triggered on.

Also, if the output rises too rapidly, greater than 0.5V/ns, the
SCR may self trigger. Both issues are resolved by minimiz-
ing the load inductance and inserting sufficient resistance,
usually 0.1Q to 10Q, between Pin 8 and the load.

A very fast negative going input voltage can result in minimum
off times of about 2.5ps. If the output can not keep up with the
falling input, the stored charge of diode D4 is transferred into
the base of Q2. This excess charge in Q2 must have time to
dissipate. Otherwise, when Pin 3/6 goes positive, Q2 will turn
on and trigger the SCR. An external diode in series with Pin 2,
as shown in Figure 1, will prevent D4 from discharging into the
base of Q2 but that will also reduce the output voltage by the
forward voltage of that diode.

Internal Diodes

The internal diodes connected to Pin 7 are provided for
convenience but may not be suitable for large currents. Since
they are part of the integrated circuit, they are physically
small, operate at high current densities, and have long recov-
ery times. Figure 15 shows that their forward characteristics
degrade above 100mA. In addition, Figure 16 shows their
reverse recovery charge as a function of forward current. The
product of this charge, the applied reverse voltage and the fre-
quency is the additional power dissipation due to the diodes.
For stored charge calculations, use the peak forward current
within 100ns of the application of reverse bias. In addition to
the extra power dissipation, the capacitance of these diodes
may extend the switching delay times.

Power Dissipation Calculations

The power required to drive the MOSFET is the product of
its total gate charge times the gate supply voltage (maximum
voltage on HV400MJ/883 Pin 1, 2 or 7) times the frequency.
Assuming that the MOSFET gate resistance is negligible,
this power is dissipated within the HV400MJ/883. If resistors
are placed between the HV400MJ/883 and the MOSFET,

then some of the power is dissipated in the resistors, the per-
centage depending upon the ratio of resistors to HV400MJ/
883 output impedance.

There are two other sources of power dissipation to
consider. First there is the power in R3 which is the product
of the input Pin 2 current and voltage (with no output current)
times the duty cycle. Second is the product of the Pin 7
diode stored charge, which is dependent upon the forward
current, times the applied diode reverse voltage times the
frequency. This information is available from Figure 3 and
Figure 16 in this data sheet.

Applications Circuits

The HV400MJ/883 was designed to interface a pulse trans-
former to a power MOSFET. There must be some means to
balance the transformer volt-second product over a cycle.
The unipolar drive shown in Figure 1 lets the core magneti-
zation inductance reverse the primary and secondary volt-
ages. The zener diode on the primary side limits this voltage
and must be capable of dissipating the energy stored in the
transformer. The load may be connected to either the power
MOSFET drain or source.

\AAZ
®
]
o
S

IT_I...-..T

5 POWER
MOSFET

Hv400MJ/883

FIGURE 1. UNIPOLAR DRIVE

A diode is added in series with Pins 2 and 7 to allow the
transformer secondary to go negative. The charge storage of
the Pin 7 diode may cause the turn off delay time to be too
long. Alternatively, Pin 7 could be left disconnected and a
second external diode connected between the transformer
(anode) and Pin 1 (cathode). In some applications the diode
in series with Pin 2 may be unnecessary but the -35V input
to output or ground maximum rating should be observed.

Sometimes the volt-second balance is achieved by a push-pull
drive on the pulse transformer primary. This is especially useful
if there are two secondary windings driving two HV400MJ/883s
out of phase such as in a half-bridge configuration.
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DESIGN INFORMATION (continued)

The information contained in this section has been developed through characterization by Harris Semiconductor and is for use as application

and design informiation only. No guarantee is implied.

Other times it is more convenient to achieve volt-second
balance by using capacitors to block DC in the primary and
secondary windings as shown in Figure 2. The Pin 7 diodes
provide a path for discharging the secondary side DC block-
ing capacitor. Both capacitors, Cyy and Cg, should be at
least 10 times the equivalent MOSFET gate capacitance.

The HV400MJ/883 can be used as a current booster for low
side switches by connecting directly to the PWM output. The
circuit would be similar to the switching time test circuit.

It is worth restating that some consideration (and experimen-
tation) should be given to the choice of external components,
i.e. resistors, capacitors and diodes, to optimize
performance in a given application.

[4 ‘7 - 1 1C.
14y ’: LAY
Cin I »—p Cs E
° e 2 < i Rour :
(. AA
}"{ " W =
A 3AND 6
"

4 . 5
HV400M./883
FIGURE 2. BIPOLAR DRIVE WITH DC BLOCKING CAPACITOR
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HARRIS ICL7667

April 1994 Dual Power MOSFET Driver
Features Description
* Fast Rise and Fall Times The ICL7667 is a dual monolithic high-speed driver
- 30ns with 1000pF Load designed to convert TTL level signals into high current

outputs at voltages up to 15V. Its high speed and current

* Wide Supply Voltage Range output enabile it to drive large capacitive loads with high slew

= Vec=4.5Vto 15V rates and low propagation delays. With an output voltage
swing only millivolts less than the supply voltage and a

* Low Power Consumption maximum supply voltage of 15V, the ICL7667 is well suited
- 4mW with Inputs Low y

for driving power MOSFETs in high frequency switched-

- 20mW with Inputs High mode power converters. The ICL7667s high current outputs
« TTL/CMOS Input Compatible Power Driver minim}ze power Igsses ip the power MOSFETs by rapidly
- Royr=7QTyp charging and discharging the gate capacitance. The
ouT ICL7667s input are TTL compatible and can be directly
« Direct Interface with Common PWM Control ICs driven by common pulse-width modulation control ICs.
¢ Pin Equivalent to DS0026/DS0056; TSC426
Tvoical Applicati Order Information
ica ications
yp PP TEMPERATURE
¢ Switching Power Supplies PART NUMBER RANGE PACKAGE
« DC/DC Converters ICL7667CBA 0°C to +70°C |8 Lead SOIC (N)
« Motor Controllers ICL7667CPA 0°C to +70°C 8 Lead Plastic DIP
ICL7667CJA 0°C to +70°C 8 Lead Ceramic DIP
ICL7667CTV 0°C to +70°C 8 Pin Metal Can
ICL7667MTV (Note 1) | -55°C to +125°C |8 Pin Metal Can
ICL7667MJA (Note 1) | -55°C to +125°C |8 Lead CerDIP

NOTE: 1. Add /883B to Part Number for 883B Processing

Pinouts Functional Diagram
ICL7667 (CAN)
TOP VIEW Vee
V+

>o— out

N Z

ICL7667 (PDIP, SOIC, CERDIP)
TOP VIEW

\J
ne 7 Z]mc

INA @_.Do_j OUTA

v- [3] [6] v+

INB E >o—E] ouTB

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2853.2
Copyright © Harris Corporation 1994 3.38




Specifications ICL7667

Absolute Maximum Ratings

Supply Voltage V+toV-.............
InputVoltage. . . ...........cevinnnn
Package Dissipation, Ty +25°C ... ....

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

..... V--0.3V to V+ +0.3V PDIP Package............
............... 500mW SOIC Package............
Metal Can Package........
CerDIP Package . ........
Storage Temperature Range

Lead Temperature (Soldering 10s) .................
(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Rarmgs may causs pormansnl damage to the device. This is a stress only rating and operation

68 8¢
....... 150°CW -
....... 170°CW -
....... 156°CW 68°C/W
........ 115°C/W 30°C/W
............... -65°C to +150°C
...+300°C

of the device at these or any other conditions above those i din the op of this specification is not implied.
Operating Temperature Range
ICL7667C ...ttt 0°C to +70°C ICL7667M ... ...t -55°C to +125°C
Electrical Specifications
ICL7667C, M ICL7667M
Ta=+25°C -55°C < T, < +125°C
‘ PARAMETERS SYMBOL TEST CONDITIONS MIN [ TYP J MAX | MIN ] TYP I MAX | UNITS
DC SPECIFICATIONS
Logic 1 Input Voltage Vin Ve =4.5V 20 - - 2.0 - - \
Logic 1 Input Volitage Viy Vee = 15V 2.0 - - 2.0 - - \
Logic 0 Input Voltage ViL Vgg = 4.5V - - 0.8 - - 0.5 \
Logic 0 Input Voltage Vi Vee = 15V - - 0.8 - - 0.5 v
Input Current e Vee = 15V, Viy =0V and 15V -0.1 - 0.1 -0.1 - 0.1 HA
Output Voltage High Vou Vee =4.5V and 15V Vee | Vec - Vee | Vee - v
-0.05 -0.1
Output Voltage Low VoL Ve = 4.5V and 15V - 0 0.05 - - 0.1 v
Output Resistance Rour | Vin=ViL lour =-10mA, Vec =15V - 7 10 - - 12 Q
Output Resistance Rour | ViNn=Viu lour=10mA,Vec =15V ] - 8 12 - - 13 Q
Power Supply Current lee Vee = 15V, V) = 3V both inputs - 5 7 - - 8 mA
Power Supply Current lec Vee = 15V, Vjy = 0V both inputs - 150 400 - - 400 HA
SWITCHING SPECIFICATIONS
Delay Time Toz Figure 3 - 35 50 - - 60 ns
Rise Time Th Figure 3 - 20 30 - - 40 ns
Fall Time Te Figure 3 - 20 30 - - 40 ns
Delay Time Toy Figure 3 - 20 30 - - 40 ns
NOTE: All typical values have been characterized but are not tested.
Test Circuits
V- -‘ 15V W5V
90%
h——17—1 INPUT
14_7p;= l 0.1pF 10%
= = =0.4V
INPUT >— —Do— ouTPUT
ICL7667 Cy_=1000pF
INPUT RISE AND —D° 'l‘ il
FALL TIMES <10ns
é OUTPUT

ov
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ICL7667

Typical Performance Curves
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ICL7667

Typical Performance Curves (Continued)

50
40
N
=
o 30
-
a \ Tr
2
5 20
- m—
e Tot
10
C_=1nF
° 5
15
Vee-(V)
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FIGURE 8. RISE TIME vs V¢

Detailed Description

The ICL7667 is a dual high-power CMOS inverter whose inputs
respond to TTL levels while the outputs can swing as high as
15V. Its high output current enables it to rapidly charge and dis-
charge the gate capacitance of power MOSFETSs, minimizing
the switching losses in switchmode power supplies. Since the
output stage is CMOS, the output will swing to within millivolts
of both ground and Vg without any external parts or extra
power supplies as required by the DS0026/56 family. Although
most specifications are at Vg = 15V, the propagation delays
and specifications are almost independent of V.

In addition to power MOS drivers, the ICL7667 is well suited
for other applications such as bus, control signal, and clock
drivers on large memory of microprocessor boards, where
the load capacitance is large and low propagation delays are
required. Other potential applications include peripheral
power drivers and charge-pump voltage inverters.

Input Stage

The input stage is a large N-channel FET with a P-channel con-
stant-current source. This circuit has a threshold of about 1.5V,
relatively independent of the VCC voltage. This means that the
inputs will be directly compatible with TTL over the entire 4.5V -
15V V¢ range. Being CMOS, the inputs draw less than 1A of
current over the entire input voltage range of ground to Vgg.
The quiescent current or no load supply current of the ICL7667
is affected by the input voltage, going to nearly zero when the
inputs are at the 0 logic level and rising to 7mA maximum when
both inputs are at the 1 logic level. A small amount of hystere-
sis, about 50mV to 100mV at the input, is generated by positive
feedback around the second stage.

Output Stage

The ICL7667 output is a high-power CMOS inverter, swinging
between ground and VCC. At V¢ = 15V, the output imped-
ance of the inverter is typically 7Q. The high peak current
capability of the ICL7667 enables it to drive a 1000pF load
with a rise time of only 40ns. Because the output stage imped-
ance is very low, up to 300mA will flow through the series N-
channel and P-channel output devices (from V¢ to ground)
during output transitions. This crossover current is responsible

for a significant portion of the internal power dissipation of the
ICL7667 at high frequencies. It can be minimized by keeping
the rise and fall times of the input to the ICL7667 below 1ps.

Application Notes

Although the ICL7667 is simply a dual level-shifting inverter,
there are several areas to which careful attention must be paid.

Grounding

Since the input and the high current output current paths
both include the ground pin, it is very important to minimize
and common impedance in the ground return. Since the
ICL7667 is an inverter, any common impedance will
generate negative feedback, and will degrade the delay, rise
and fall times. Use a ground plane if possible, or use
separate ground returns for the input and output circuits. To
minimize any common inductance in the ground return,
separate the input and output circuit ground returns as close
to the ICL7667 as is possible.

Bypassing

The rapid charging and discharging of the load capacitance
requires very high current spikes from the power supplies. A
parallel combination of capacitors that has a low impedance
over a wide frequency range should be used. A 4.7uF
tantalum capacitor in parallel with a low inductance 0.1uF
capacitor is usually sufficient bypassing.

Output Damping

Ringing is a common problem in any circuit with very fast
rise or fall times. Such ringing will be aggravated by long
inductive lines with capacitive loads. Techniques to reduce
ringing include:

1. Reduce inductance by making printed circuit board traces
as short as possible.

2. Reduce inductance by using a ground plane or by closely
coupling the output lines to their return paths.

3. Use a 10Q to 30Q resistor in series with the output of the
ICL7667. Although this reduces ringing, it will also slightly
increase the rise and fall times.

4. Use good bypassing techniques to prevent supply voltage
ringing.
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Power Dissipation

The power dissipation of the ICL7667 has three main
components:

1. Input inverter current loss
2. Output stage crossover current loss
3. Output stage IR power loss

The sum of the above must stay within the specified limits for
reliable operation.

As noted above, the input inverter current is input voltage
dependent, with an Igc of 0.1mA maximum with a logic 0
input and 6mA maximum with a logic 1 input.

The output stage crowbar current is the current that flows
through the series N-channel and P-channel devices that
form the output. This current, about 300mA, occurs only dur-
ing output transitions. Caution: The inputs should never be
allowed to remain between V) _and V) since this could leave
the output stage in a high current mode, rapidly leading to
destruction of the device. If only one of the drivers is being
used, be sure to tie the unused input to a ground. NEVER
leave an input floating. The average supply current drawn by
the output stage is frequency dependent, as can be seen in
lcc vs Frequency graph in the Typical Characteristics
Graphs.

The output stage I2R power dissipation is nothing more than
the product of the output current times the voltage drop
across the output device. In addition to the current drawn by
any resistive load, there will be an output current due to the
charging and discharging of the load capacitance. In most
high frequency circuits the current used to charge and
discharge capacitance dominates, and the power dissipation
is approximately

Pac = CVec?t
where C = Load Capacitance, f = Frequency

In cases where the load is a power MOSFET and the gate
drive requirement are described in terms of gate charge, the
ICL7667 power dissipation will be

Pac =QgVccf

where Qg = Charge required to switch the gate, in Coulombs,
f = Frequency.

Power MOS Driver Circuits

Power MOS Driver Requirements

Because it has a very high peak current output, the ICL7667
the at driving the gate of power MOS devices. The high
current output is important since it minimizes the time the
power MOS device is in the linear region. Figure 9 is a
typical curve of charge vs gate voltage for a power MOSFET.
The flat region is caused by the Miller capacitance, where
the drain-to-gate capacitance is multiplied by the voltage
gain of the FET. This increase in capacitance occurs while
the power MOSFET is in the linear region and is dissipating

significant amounts of power. The very high current output of
the ICL7667 is able to rapidly overcome this high capaci-
tance and quickly turns the MOSFET fully on or off.
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FIGURE 9. MOSFET GATE DYNAMIC CHARACTERISTICS

Direct Drive of MOSFETs

Figure 11 shows interfaces between the ICL7667 and typical
switching regulator ICs. Note that unlike the DS0026, the
ICL7667 does not need a dropping resistor and speedup
capacitor between it and the regulator IC. The ICL7667, with
its high slew rate and high voltage drive can directly drive the
gate of the MOSFET. The SG1527 IC is the same as the
SG1525 IC, except that the outputs are inverted. This inver-
sion is needed since ICL7667 is an inverting buffer.

Transformer Coupled Drive of MOSFETs

Transformers are often used for isolation between the logic
and control section and the power section of a switching
regulator. The high output drive capability of the ICL7667
enables it to directly drive such transformers. Figure 11
shows a typical transformer coupled drive circuit. PWM ICs
with either active high or active low output can be used in
this circuit, since any inversion required can be obtained by
reversing the windings on the secondaries.

Buffered Drivers for Multiple MOSFETs

In very high power applications which use a group of MOS-
FETs in parallel, the input capacitance may be very large
and it can be difficult to charge and discharge quickly. Figure
13 shows a circuit which works very well with very large
capacitance loads. When the input of the driver is zero, Q1 is
held in conduction by the lower half of the ICL7667 and Q2 is
clamped off by Q1. When the input goes positive, Q1 is
turned off and a current pulse'is applied to the gate of Q2 by
the upper half of the ICL7667 through the transformer, T1.
After about 20ns, T1 saturates and Q2 is held on by its own
Cgs and the bootstrap circuit of C1, D1 and R1. This boot-
strap circuit may not be needed at frequencies greater than
10kHz since the input capacitance of Q2 discharges slowly.
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Other Applications

Relay and Lamp Drivers

The ICL7667 is suitable for converting low power TTL or
CMOS signals into high current, high voltage outputs for
relays, lamps and other loads. Unlike many other level
translator/driver ICs, the ICL7667 will both source and sink
current. The continuous output current is limited to 200mA
by the I2R power dissipation in the output FETs.

Charge Pump or Voltage Inverters and Doublers

The low output impedance and wide VCC range of the ICL7667
make it well suited for charge pump circuits. Figure 13A shows
a typical charge pump voltage inverter circuit-and a typical per-
formance curve. A common use of this circuit is to provide a low
current negative supply for analog circuitry or RS232 drivers.
With an input voltage of +15V, this circuit will deliver 20mA at
-12.6V. By increasing the size of the capacitors, the current
capability can be increased and the voltage loss decreased.
The practical range of the input frequency is 500Hz to 250kHz.
As the frequency goes up, the charge pump capacitors can be
made smaller, but the internal losses in the ICL7667 will rise,
reducing the circuit efficiency.

Figure 14, a voltage doubler, is very similar in both circuitry and
performance. A potential use of Figure 13 would be to supply
the higher voltage needed for EEPROM or EPROM
programming.

Clock Driver

Some microprocessors (such as the CDP68HCO05 families)
use a clock signal to control the various LSI peripherals of
the family. The ICL7667s combination of low propagation
delay, high current drive capability and wide voltage swing
make it attractive for this application. Although the ICL7667
is primarily intended for driving power MOSFET gates at
15V, the ICL7667 also works well as a 5V high-speed buffer.
Unlike standard 4000 series CMOS, the ICL7667 uses short
channel length FETs and the ICL7667 is only slightly slower
at 5V than at 15V.

+15V +15
1kHz - 250kHz
SQUARE .
1”2 .
LEVELS  |CL7667 10uF IN4001 T 47pF

FIGURE 14. VOLTAGE DOUBLER
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Half Bridges Selection Guide

MOSFET Driver Circuits

MAX RECOM-
BUS MENDED MAX PULSED | MAX PWM RECOM-
VOLT- SUPPLY GATE FRE- |SHOOTTHRU MENDED
TYPE FUNCTION AGE VOLTAGE CURRENT QUENCY |PROTECTION| PACKAGE | APPLICATION
HIP2030 | P-Channel 30Vpe | 8Vpcto 15Vpe 6A 180kHz Yes 28 Lead PLCC | Motor Control
Power Driver
HIP2500 | N-Channel 500Vpe | 10Vpe to 15Vpe 2A 400kHz No 14 Lead PDIP | Motor Control
Half Bridge 16 Lead PDIP | SMPS
Wafer, Die
16 Lead SOIC
HIP5500 | N-Channel 500Vpe | 10Vpc to 15Vpe 7 2.3A 300kHz Yes 20 Lead PDIP | SMPS
Half Bridge 20 Lead SOIC
SP600 N-Channel 500Vpc 14.5Vpc to 0.5A 20kHz Yes 22 Lead PDIP | Motor Control
Half Bridge 16.5Vpc
SP601 N-Channel 500Vpc 14.5Vpc to 0.5A 20kHz Yes 22 Lead PDIP | Motor Control
Half Bridge 16.5Vpe
HIGH SIDE DRIVERS THAT CAN BE USED IN HALF BRIDGE CONFIGURATION
HV400 N-Channel 35Vpe | 15Vpe to 30Vpc | 6A (ON) Source | 20kHz(MC) N/A 8 Lead PDIP | Motor Control
Power Driver 30A(OFF) Sink |  200kHz 8Lead SOIC |SMPS
(SMDS)
ICL7667 | N-Channel 15Vpe | 4.5Vpe to 15Vp¢ 1.5A 100kHz No TO-99, Motor Control
Dual Driver PDIP, CerDIP | SMPS, and
and SOIC MOSFET Driver
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SEMICONDUCTOR

HIP2030

30V MCT/IGBT Gate Driver

PRELIMINARY

April 1994

Features Description

+/- Polarity Gate Drive

Ability to Interface and Drive P-MCTs
Programmable Minimum ON/OFF Time
Gate Output Inhibit Latch

The HIP2030 is a medium voltage integrated circuit (MVIC)

« High Output Voltage SWing..........cccvuvun.. 30v capable of driving large capacitive loads at high voltage slew
o Peak OUtPUE CUITENt « .. oo eeeeeeeeeeennnnns 6.0A rates (dV/dts). This device is optimized for driving 60nF of
o FastRISETIMG ...eurennrnnnnn.. 200ns at 60,000pF VOS gate capacitance at 30V peak to peak in less than

200ns. The half bridge gate driver is ideal for driving MOS
Controlled Thyristor (MCT) and IGBT modules.

The architecture of the HIP2030 includes four comparator
input channels, a 5V reference, a 12V regulator, and a high

e 5VReference .......cccvveunnnnn Sinks Up to 30mA  gi4e charge pump. The device provides the user with the
¢ High Side Charge Pump ability to control minimum low time (MLT) and minimum high
o 120kHz Operation. ...... eeeraraees .. at15,000pF time (MHT) at the gate channel output (GO) by varying two
external capacitances. In addition, the device contains two
Applications uncommitted compar:ator channels (channels_ A aqd 9) that
can be used as monitors (temperature sensing), indicators
¢ Motor Controllers (LEDs or opto-couplers), input signal conditioning (both con-
¢ Uninterruptible Power Supplies tain Schmitt triggers), or oscillators.
* Resonant Inverters The power requirements of the HIP2030 are low. The driver
* Static Circuit Breakers can be easily configured to operate in one of three power
¢ Inverters configurations. This allows the use of a small PCB mount-
« Converters able transformer or battery to provide isolated power to the
* Arc Welders driver chip.
The HIP2030 supplies high output current drive to large
Ordering Information f:apacmve Ioac_!s and.requwes few exterpal cpmponents to
implement a wide variety of MOS gate driver circuits.
TEMPERATURE
PART NUMBER RANGE PACKAGE
HIP2030IM -40°C to +85°C 28 Lead PLCC
Pinout Functional Block Diagram
HIP2030 (PLCC|
o ( ) A ; M cMos D 24 A0
- - + y + © o
] @o < < a z -
[ 5] 2] [7] el [ [ Puos
" \ 81 : b » D 25 BO
) )
) NMOS
82- 5] 25] BO B2 : b § —D@—— 26 LO
B2+ [6] 24] A0 21 POS
CHARGE 19 C
v [ [B] s0 L : A LATCH Q PUMP 17 C:;
u 3] [72] po ¥ 28 P
R [® 21] Pos g P uy. b—4¢ i >o_ 23 GO
h [ e e INHIBIT —20 REa
& [i] [19] cPa 22 PO
\ Y, Ty o-l— 15 REF
E W EEEE oo H e 14 | A
+ = m g TIME
f3sk e T
MLT 13 14 MHT 16 P-
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 3691
Copyright © Harris Corporation 1994
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Specifications HIP2030

Absolute Maximum Ratings Thermal Information

Gate Channel Supply Voltage, VP+toVP- ............ -0.5Vt032V Thermal Resistance...............covvunnnn 6ja

Logic Supply Voltage, VPOtOVP- ..........co0vvennnnn 7V to 18V PLCCPackage. ......ccooveveninnnnnnnns

All Other Pin Voltages Lead Temperature (Soldering10s) ................. +265°C
(A+, A-, Bi+, Bi-, B2+, B2-, L+, L-, R+, R-)... (VP-)-0.5 to (VP+)+0.5 Storage Temperature Range ............... -40°C to +150°C

Junction Temperature ...........cceeeeeececenass +125°C
CAUTION: Stresses above those listed in “Absolute Maximum Hatmgs may cause pemvanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the op tions of this specification is not implied.

Recommended Operating Conditions (T, = -40°C to +125°C Unless Otherwise Noted, All Voltages Referenced to VP-)

Gate Channel Supply Voitage, VP+to VP- ............ -0.5V 1030V  Max Output Source Current, ChannelsA,B ........... 10mA
Logic Supply Voltage, VPOtoVP- ..................... 10to 15V Max Output Sink Current, Channels A, L.............. 10mA
All Other Pin Voltages Min Load Current, ReftoP-..................oeeane. 2mA

(A+, A-, Bi+, B1-, B2+, 32!-, L+, L-, R+, R-). .. (VP-}42V to (VPO)}+2V

Static Electrical Specifications VPO to VP- = 15V, VP+ to VP- = 30V, VP- = OV and T, = +25°C, Unless Otherwise Specified

T;=+25°C
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
lapo Quiescent Vpo Supply - 275 - mA
lgpp Quiescent Vpp Supply VPP to VP- = 30V - 15 - pA
lapos Quiescent Vpog Supply Osc Freq = 100kHz - 35 - mA
lswpo VPO Switching Current A, B, and G Input - 3.0 - mA
Freq = 10kHz
lswpp VPP Switching Current A, B, and G Input - 525 - HA
Freq = 10kHz
BVpp VPP-VPM Breakdown Voltage 30 35 - v
Vgea Regulator VQJMge, PO to Ref IREF =2mA - 5 - v
Rpeg Regulator Impedance, PO to Ref IREF = 10mA, 30mA - 5 - Q

Veuwe Clamp Voltage, REG to P- loump = 15MA - 12 - v

Rewe | Clamp impedance, REG to P- loLwp = 15mA, 30mA - 15 - Q

FQpyp Charge Pump Frequency - 100 - kHz

DQpyp Charge Pump Duty Cycle - 50 -

VoQpyp Charge Pump Voyy, VP+ to VP- 1P+ = 500pA - 28.5 - \
VoQpyp Charge Pump Voyy, VP+ to VP- IP+=5mA - 27.5 -

IINcmp Comparator input Leakage VINgyp = VP02 - 10 - nA
VOScup Comparator offset Voltage Vem = VP0/2 - 15 - mV
VCMcpp Comparator Common Mode Voitage (VP-)+2 VP0+2 v

Range
RDSgpc | AO, BO Output RDS, Sourcing Ispc = 10mA - 75 - Q
RDSgac | GO Output RDS, Sourcing Ispc = 6A - 2 - Q
RDSgnk AO, LO Output RDS, Sinking Isnk = 10mA - 75 - Q
RDSgnk | GO Output RDs, Sinking lspc = 6A - 1 - Q




Specifications HIP2030

Dynamic Electrical Specifications VPO to VP- = 15V, VP+ to VP- = 30V, VP- = 0V, VIN- = 7.5V, VIN+ = (VIN-) + 2V and
T, = +25°C, Unless Otherwise Specified

Ty =+25°C

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

TGOHuMN Min GO Output High Duration MHT Open - 750 - ns

TGOLmin Min GO Output Low Duration MLT Open - 1200 - ns
TP Prop Delay, Low To High, Channels A, B Croap = 300pF - 100 - ns
TP Prop Delay, Low To High, Channel L Cioap = 300pF - 120 - ns
TPuL Prop Delay, Low To High, Channel A Croap = 300pF - 150 - ns
TRas Rise Time, Channels A, B Croap = 300pF - 50 - ns
TFaL Fall Time Channels A, L Croap = 300pF - 50 - ns
TPy Prop Delay, Low To High, Channel G Croap = 60nF - 150 - ns
TPuL Prop Delay, High To Low, Channel G Ciroap = 60nF - 300 - ns
TRg Rise Time, Channel G CLoap = 60nF - 250 - ns
TFaL Fall Time Channel G Croap = 60nF - 200 - ns

HIP2030 Application Information

The Harris Photo-Coupled Isolated Gate Drive (HPCIGD)
circuit, illustrated in Figure 1, contains four subcircuits: a Single
Supply DC bias, a Regulated voltage divider reference, a Local
Energy Source Capacitance, and a Photo-Couple Receiver.

The Single Supply DC Bias Circuit, shown in Figure 1,
consists of a single external dropping resistor (R1) con-
nected between pins P+ (U1-28) and PO (U1-22). When an
input voltage of 30V is applied across pins P+ and P- (U1-
16), R1 forms a resistive divider network with the input
impedance located between pins PO and P- (RVPO0). This
allows the circuit designer to adjust the value of R1 to obtain
a desired bias voltage between pins PO and P- (VP0.). The
value of RVPO can be calculated by evaluating the equiva-
lent Quiescent Input Impedance (RQ) and the 5V reference
impedance (RR) as parallel resistances. The values for R1,
RQ, RR, and RVPO can be determined by using equations
1(A, B, C, D) as shown in appendix A, exercise 1.1.

The Regulated Voltage Divider Reference is comprised of
two resistors (R3 and R4) connected in series and are
located across pins PO and REF. This voltage divider pro-
vides a stable voltage reference to all of the HIP2030 com-
parator inputs. Resistors R3 and R4 are selected equal in
value to create a midpoint bias reference between the peak
to peak input signal of U2. Also, the midpoint bias method
ensures that input signals generated from U2 and midpoint
bias reference voltages are within a safe common mode volt-
age range of the comparators.

The Local Energy Source Capacitances, C2 and C3, are
needed to supply the charge required to drive large capaci-
tance loads at high dV/dts. The HPCIGD circuit uses low
cost “oversized” tantalum capacitors (C = 10uF) that are
used for C2 and Ca3. If rise times and overshoot are critical,

ceramic capacitors with low ESL and ESR should be used to
improve gate drive signals. In a power circuit, where the gate
driver is exposed to high dV/dts, the network of C2 and C3
directs noise current away from the HIP2030. This allows the
HFOIGD circuit to operate well in half bridge power circuits
that use a transformer coupled power source.

The Photo-Coupled Recelver subcircuit consists of U2, R5,
C4, and R6. U2 is a photocoupler which combines an infra-
red emitter diode (IRED)and a high speed photo detector to
translate light pulses to low voltage input signals. These sig-
nals are routed to the G channel and are used to control the
output GO. Component R5 is used to limit the DC current
through the IRED when the input signal voltage switches to
its most positive level. A wide range of input voltages may be
accommodated by varying R5 to limit the IRED current to
25mA. C4 is a speed up capacitor and is selected to match
the forward bias capacitance of the IR diode. The last com-
ponent, R6, is an optional part and is intended to be a termi-
nation resistor with the value set by the user.

The Harris HIP2030 Driver Board (HIP2030DB) is a printed
circuit board (PCB) developed to help evaluate the perfor-
mance of the HIP2030 MCT/IGBT Driver IC in power switch-
ing circuits. The component layout of the HIP2030DB circuit
enables the user to conveniently populate the PCB for either
Photo-Coupled or fiber-optic receivers. In addition, the PCB
layout has provisions for “on board prototyping” and special
function components. This facilitates the gate drive circuit
design and allows the user to exercise the intemnal architec-
ture and special functions of the HIP2030. The schematic of
the HIP2030DB, illustrated in Figure 2, uses the basic
HPCIGD circuitry and has provisions for “on board prototyp-
ing” and special function components.
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HIP2030

TABLE 1. LOGIC

INPUTS OUTPUTS

G L R Lo GO
0 0 0 LS H
0 0 1 H H
0 1 0 H
0 1 1 L H
1 0 0 LS v
1 0 1 H L
1 1 0 L H
1 1 1 L H

1 = Input True U = Undefined

0 = Input False LS = Last State
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FIGURE 1. HARRIS PHOTO-COUPLED ISOLATED GATE DRIVE
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FIGURE 2. HARRIS HIP2030 DRIVER BOARD
NOTES:

1. Capacitors C5 and C6 are special function components which control MLT and MHT.

®ONDO AN

Asymmetrical gate drive may be obtained by opening J2 and adjusting R1 and R2 for the desired voltage ratio.
. Insert C7 for charge pump operation.

. Open J3 to disable the charge pump oscillator.

. Open J1 to disable the internal 12V regulator.

R5 is added for noise rejection at CdV/dts.

. The internal 5V reference (REF) must be operational for MHT and MLT functions to work properly.
. P1- P12 are access pads for all comparitor inputs.
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Printed Circuit Board
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HIP2030

Appendix A Exercises

Exercise 1.1

Q: How do | calculate the value of the series dropping resis-
tor R1, shown in Figure 1?

A: The values for R1, Rq, R and Rypg can be determined
by using equations 1 (A, B, C, D).

\'Z
Rg = l_P_Q EQ1(A)
QPO
Vpo
Rp = T T N EQ1(B)
opto*vor*IRpP
1
Rypo = —1—+~1— EQ1(C)
RQ RH
Where: Vpg = Voltage between pins PO and P- (U1 - U22
and U1 - U16)
lapo = Quiescent current flowing into pin PO.
lapto = Quiescent current of the HBR-2521 fiber-
optic receiver.
lypr = Current flowing through R3 and R4 (volt-
age divider reference).
Igp = Current flowing through pull up resistor R2

(in “ON” or “OFF” state)

The maximum value of R1 can easily be determined in four
design steps:

1. Assume the following values:

VIN = 30vDC
lapo = 2.75mA at Vpo =15V
lopro = SmA
lvpr = 2.5mA

lnpoN) = 5mA, R2= 1K, VR2 = 5V

2. Select a usable value of Vpq between 7V and 15V DC.
Use Vpo=15V

3. Solve for Rypg using EQ1(A, B, C):

15V
= ——— = 545K
Q" 275mA 545

15V

Rp= — — ———
R ™ (5mA+2.5mA +5mA)

= 1.20K

1
Rypo = —4—7— =94

545K T 120K
4. Solve for R1 using EQ1(D):

Rupg (Vin = Vep)
Ry = _YPO'IN PO EQ1(D)
Vro

984 (30V-15V)

A1 15V

984

4-9
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B HARRIS HIP2500

April 1994 Half Bridge 500Vp¢ Driver

Features Description

e MaximumRating ..................... ... 500V The HIP2500 is a high voltage integrated circuit (HVIC) opti-

« Abllity to Interface and Drive N-Channel Power mMized to drive N-Channel MOS gated power devices in half
Devices bridge topologies. It provides the necessary control for PWM
Floating Bootstrap Power Supply for r Rajl Motor drive, power supply, and UPS applications. The SD pin

* Drive 9 P Power Supply Upper Ra allows external shutdown of gate drive to both upper and lower

gate outputs. Undervoltage lockout will not allow gating when

¢ g%opsu'ﬁgt;w::t-ﬁiggered inputs with Hysteresis the bias voltage is too low to drive the external switches into

Up to 400kHz Operatio saturation.

. z

P peration The HIP2500IP is pin and function compatible to the Interna-
* Single Low Current Bias Supply tional Rectifier IR2110. The HIP2500 has superior ability to

¢ Latch-Up Immune CMOS Logic accept negative voltages from the Vg pin to the COM pin due to

e Peak Drive...... e reessetsetaennneens Up to 2.0A forward recovery of the lower flyback diode.

« Gate Drive Rise Time (+125°C). ...... <25ns (Typ) The HIP2500IB is a SOIC or small outline IC form of the
HIP2500. The HIP2500IB drives high side and low side refer-

A ppIicatio ns enced power switches just like the HIP2500IP.

The HIP2500IP1 is a 16 pin Plastic DIP form of the HIP2500.
’ Pins 4 and 5 removed from lead frame to provide extra creep-
¢ Induction Heating and Welding age and strike distances in high voltage applications.

¢ Switch Mode Amplifiers

¢ AC and DC Motor Drives

¢ Electronic Lamp Ballasts

o Battery Chargers

* UPS Inverters

* Noise Cancellation in Amplifier Systems

¢ High Frequency Switch-Mode Power Supply

Functional Block Diagram

\[]

s

LEVEL :

SHIFT J‘_Hurcul-u DRIVER ' HO
’

Vs

Voo

Ordering Information A

PART TEMPERATURE
NUMBER RANGE PACKAGE sb

HIP25001P -40°C to +85°C | 14 Lead Plastic DIP
HIP2500IP1 | -40°Cto +85°C |16 Lead Plastic DIP LIN
HIP25001B -40°C to +85°C |16 Lead Plastic SOIC (W) Vss

Loaic Vee

Lo

COM

Pinouts
HIP2500 (PDIP) HIP2500 (SOIC) HIP2500 (PDIP)
TOP VIEW TOP VIEW TOP VIEW
Lo [i e i3] NC (LY [16] NC w3 = [16] NC
com [Z] 3] Vss com [2] 18] Vss com [Z] 18] Vss
Vee [3] 2] un Vee 3] 73] uN vee 3] @] uN
ne [7] [13] sD i3] sp
Ne E E s0 NC |5 12 | HIN 12 | HIN
Vg E E HIN : :] :]
v vs 5] 1] Voo vs [E] 7] Voo
& €] 5] voo vg [7] 6] NC ve [7] 0] NC
Ho (7] [5] Ne Ho [E] 5] ne Ho [E] 5] ne
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2801.6
Copyright © Harris Corporation 1994
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Specifications HIP2500

Absolute Maximum Ratings Full Temperature Range Unless ~ Thermal Information
Otherwise Noted, All Voltages Referenced to Vgg Unless Otherwise Noted.

Floating Supply Voltage, Vg ............... Vg-0.5V to Vg+18.0V  Thermal Resistance 6ja
(Positive Terminal) HIP2500IP . . .. i ettt iiiiiiienneaceannns
Floating Supply Voltage, Vg .. .....oviiiiiiiiiiinnnnn.. 500V HIP25001P1
(Common Terminal) HIP2500IB.....coiviiiiiiiineeanneanncnnns
High Side Channel Output Voltage, Vo + .. ..... -0.5V to Vg+0.5V  See Maximum Power Dissipation vs Temperature Curve
Fixed Supply Voltage, Veg . v vvvvvneenninnnenn. -0.5Vto 18.0V  Junction Temperature Range ................. -40°C to +125°C
Low Side Channel Output Voltage, Vig . ... .... -0.5V to Vgc+0.5V  Storage Temperature Range, Tg............... -40°C to +150°C
Logic Supply Voltage, Vpp « «« v v vvvvviviinennn -0.5Vto 18.0V  Operating Ambient Temperature Range, T . ...... -40°C to +85°C
Logic Input Voltage, Viy .« e vev v -0.5V to Vpp+0.5V

[HIN, LIN & SD (Shutdown)]

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

Recommended DC Operating Conditions

Floating Supply Voltage, Vg ... ............. Vg+10V to Vg+15V  Low Side Channel Output Voltage, VLO.............. OV to Vee
(Floating Terminat) Logic Supply Voltage, Vpp + .« vvvvveenninniinnnnnns 4Vio Ve

High Side Channel Output Voltage, Vg ««voovvvnnnnn. 10Vto Vg Floating Supply Voltage, Vg .......coovnnnnnnn.. -4.0V to 500V
(With Respect to V) (Common Terminal)

Fixed Supply Voltage, Vog v vvvvevvnneniinnnennn. 10V to 15V

Electrical Specifications V¢c = (Vg-Vs) = Vpp = 15V, Com = Vss = 0, Unless Otherwise Noted

T,=+25°C T, =-40°C TO +125°C

PARAMETER SYMBOL | MIN | TYP | MAX | MIN | TYP T MAX | UNITS
DC CHARACTERISTICS
Quiescent V¢ Current lacc - 1.5 1.9 - - 2.0 mA
Quiescent Vgg Current logs - 300 400 - 300 435 HA
Quiescent Vpp Current lapp - 0.1 1 - - 1.8 pA
Quiescent Leakage Current I (500V) - 0.4 3.0 - - - pA
Logic Input Pulldown Current, V\\ = Vpp IN+ - 12 20 - - 22 HA
(HIN, LIN, SD)
Logic Input Leakage Current, V|y = Vgg IN- - 0 1 - 0 1 HA
(HIN, LIN, SD)
Logic Input Positive Going Threshold Vru+ 7.5 8.0 85 7.5 8.0 8.6 v
Logic Input Negative Going Threshold Vrye 5.5 5.9 6.3 5.5 5.9 6.4 v
Undervoltage Positive Going Threshold UV+ 8.0 9.35 9.99 7.8 - 9.99 \
Undervoltage Negative Going Threshold Uv- 7.7 9.05 9.69 7.5 - 9.69 v
Undervoltage Hysteresis (Veg) UVHYS (Vee) | 250 - 450 170 - 530 mv
Undervoltage Hysteresis (Vgs) UVHYS (Vgg) | 250 - 450 170 - 530 mv
Qutput High Open Circuit Voitage (HO, LO) Vout+ 14.95 15 - 14.95 15 - v
Output Low Open Circuit Voltage (HO, LO) Vout- - - 0.05 - - 0.05 v
Output High Short Circuit Current (Sourcing) lout+ 1.65 21 - 1.15 1.6 - A
Output Low Short Circuit Current (Sinking) lout- 1.85 23 - 1.36 17 - A

4-11
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Specifications HIP2500

Switching Specifications
T,=+25°C T, =-40°C TO +125°C
PARAMETER SYMBOL MIN i TYP | MAX MIN L TYP l MAX | UNITS
HIGH SIDE CHANNEL WITH 500V OFFSET, C| = 1000pF
High Side Turn-On Propagation Delay ton 320 420 525 230 - 725 ns
High Side Turn-Off Propagation Delay torr 300 385 450 230 - 625 ns
High Side Rise Time [ - 25 50 - 25 50 ns
High Side Turn-Off Fall Time 13 - 25 50 - 25 50 ns
LOW SIDE CHANNEL, C = 1000pF
Low Side Tum-On Propagation Delay ton 250 365 450 190 - 600 ns
Low Side Tumn-Off Propagation Delay tore 225 295 370 175 - 475 ns
Low Side Tum-On Rise Time tr - 25 50 - 30 50 ns
Low Side Tum-Off Fall Time t= - 25 50 - 30 50 ns
Shutdown Propagation Delay
High Side Shutdown tspHo 300 | 400 | 490 | 200 - 650 ns
Low Side Shutdown tsoLo 240 320 400 180 - 500 ns
HIGH SIDE CHANNEL WITH 500V OFFSET, C, = 1000pF
Turn-On Propagation Delay Matching M 0 - 125 0 - 185 ns
(Between HO and LO)
Minimum On Output Pulse Width (HO, LO) PWoutminy - 35 50 - 35 55 ns
Minimum Off Output Pulse Width (HO, LO) PWETTMIN 275 440 640 250 440 650 ns
Minimum On Input Pulse Width (HIN, LIN) PWonminy - 100 145 - 100 175 ns
Minimum Off Input Pulse Width (HIN, LIN) PWorrmiN) - 110 200 - 110 220 ns
Deadtime LO Tum-Off to HO Turn-On DHton - 125 - - 125 - ns
Deadtime HO Turn-Off to LO Turn-On DLtoy - -20 - - -20 - ns
MAXIMUM TRANSIENT CONDITIONS
Offset Supply Operating Transient l dVg/dt I - I - I 50 l - 1 - 1 50 J Vins
Logic Truth Table
HIN LIN uvy uv, SD HO Lo COMMENTS

0 0 0 0 0 0 0 Normal Off

0 1 0 0 0 0 1 Lower On

1 0 0 0 0 1 0 Upper On

1 1 0 0 0 1 1 Both On

X X X X 1 0 0 Chip Disabled

X X 1 1 X 0 0 Vec UV Lockout and Vg Lockout

X 1 1 0 0 0 1 Vgs UV Lockout

1 X 0 1 0 1 0 Ve UV Lockout
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HIP2500

Typical Performance Curves
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HIP2500

Typical Performance Curves (Continued)
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Typical Performance Curves (Continued)
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HARRIS SP600

April 1994 Half Bridge 500V p¢ Driver
Features Description
e Maximum Rating ........ eeenens Cereaeans ..500V The SP600 is a smart power high voltage integrated circuit
(HVIC) optimized to drive MOS gated power devices in half-
¢ Ability to Interface and Drive Standard and Current . : .
Sensing N-Channel Power MOSFET/IGBT Devices bridge topologies. It provides the necessary control and

management for PWM motor drive, power supply, and UPS
Creation and Management of a Floating Power Supply  applications.
for Upper Rail Drive

Simultaneous Conduction Lockout

Overcurrent Protection Orderin g Information

Single Low Current Bias Supply Operation

PART TEMPERATURE PACKAGE
¢ Latch Immune CMOS Logic
« Peak Drive in Excess of 0.5A SP600 -40°C to +85°C 22 Lead Plastic DIP
Pinout Functional Block Diagram
SP600 (PDIP) Vas

TOP VIEW 1 | 12
DiU
19

A/ 10Q R,
BIAS 'ND GiU

[} -4
F 'ONT 8
Voo LeveL | Torer 55 au §
‘ SHIFT ] R
35QR ‘ E 7
Vor  35QRgs - TRIP,
1 LOCK 15
ouT
I <

hRIPSEL

r
"o
S
+—ii
743

D »
ol

™ 10
lons GiL
«
) g
S

FAULT out TRIP,
p—-O

|||--9—D':
I V4
—

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2428_3
Copyright © Harris Corporation 1994 4-16



Specifications SP600

Absolute Maximum Ratings Full Temperature Range, All
Volitage Referenced to Vgg Unless Otherwise Noted. Note 1, Note 2.

Thermal Information

Low Voltage Power Supply, Vgiag(Note 1) .............. 18Vpc Thermal Resistance 64
Floating Low Voltage BootStrap ...................... 18Vpe Plastic DIPPackage ..............oovvunnnnn 75°CW
Power Supply to Phase, Vgg Maximum Package Power Dissipation at T, = +85°C, Pg
Low Voltage Signal Pins Plastic DIPPackage . .........ccceveniiiivnnnnnnens 500mW
Fault, lrpipsgrs Vpp, TRIP, CL1, G2L. .. ... -0.5Vpc to Vpp +0.5  Operating Ambient Temperature Range, Ty ....... -25°C to +85°C
G1L, DiL, Vpe, TOP, BOT Storage Temperature Range, Tg............... -40°C to +150°C
CL2, TRIPy, G1U, G2U, D1U to Phase. . ... -0.5ypc to Vgg +0.5  Lead Temperature (Soldering 10s) . ................... +265°C
High Voltage Pins
Phase, VBHASE -+ vrvvrrierieniiiiiiiinneneanen 500Vpc
(Ves» Vout» TRIPy, CL2, G2U and D1U: OV-18V Higher Than
Phase)
Dynamic High Voltage Rating Phase,............. 10,000V/us
DVpnasent
NOTES:
1. Care must be taken in the application of Vgjag as not to impose high peak dissi d ds on a relatively small d noise dropping resistor (Ryp).

Prolonged high peak currents may result if + 15Vpg is applied abruptly and/or if the local bypass capacitor Cpp is large. Itis suggested that Cpp be < 10MFD.
It it is desirable to switch the 15Vp¢ source or if a Cpp is larger, additional series impedance may be required.

2. Consult factory for additional package offerings.

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

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

of this specification is not implied.

Electrical Specifications

(Veias = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to

Vgs Except TRIPy, CL2, G1U, D1U, and Vg Referenced to PHASE. Dg: Vpg to Vps,

Cr: Vg to PHASE

PARAMETER | symsoL | TEMP [ mn | 1P | max | units
DC CHARACTERISTICS
Input Current (5V < Vyop, Veor: VrRiPseL < 15V) In +25°C - 20 30 HA
-40°C to +85°C - 30 33 pA
Igias Quiescent Current (All Inputs Low) Igy AS, +25°C - 1.7 2.05 mA
-40°C to +85°C - 1.7 2.1 mA
Igias Quiescent Current Igiasy +25°C - 1.7 2.05 mA
(Vour = Vaias, and AllInputs Low) ~40°C to +85°C - 17 2.1 mA
|gs Quiescent Current Bootstrap Supply lgs +25°C - 875 1000 HA
-40°C to +85°C - 900 1060 pA
TOP Threshold Level Vrop +25°C 7 8 9 \
-40°C to +85°C 6.95 8 9.1 v
BOTTOM Threshold Level Vgot +25°C 7 8 9 v
-40°C to +85°C 6.9 8 9.1 \
Current TRIPSELECT Threshold Level VrripseL +25°C 7 8 9 v
-40°C to +85°C 6.95 8 9.1 v
Trip Lower and Upper Comparator Threshold Vrae wuy +25°C 90 105 125 mvV
Lovel - Normal (iripseL = Vss) 40°C t0 +85°C 90 105 127 mv
Trip Lovger and Upper Comparator Threshold ViriPLUg +25°C 110 130 150 %
\[;‘:‘F":: w:“t (rripseL = Vop) % of Measured 40°C 10 +85°C 109 130 152 %
Under Voltage Lockout Thresholds (Vpp and Vigg) Viock +25°C 9 10 115 v
-40°C to +85°C 9.7 10.5 11.8 Vv
Phase Out of Status Voltage Threshold (PHASE) Vosvr +25°C 5 7 9 v
-40°C to +85°C 4.7 7 9.6 \'s
Faultbar Impedance at lrgag = 1MmA RF +25°C 500 760 1000 Q
-40°C to +85°C 450 760 1100 Q
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Specifications SP600

Electrical Specifications (vg,g = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to
Vgs Except TRIPy, CL2, G1U, D1V, and Vgg Referenced to PHASE. Dg: Vpg to Vs,
Cg: Vgg to PHASE (Continued)

PARAMETER SYMBOL TEMP MIN TYP MAX UNITS
Upper/Lower Source Impedances (lsoypce = 10mA) | Rsgoy +25°C 12 17 23 Q
-40°C to +85°C 7 17 29 Q
Upper/Lower Sink Impedances (Igjyg = 10mA) Rsiwu +25°C 8 12 16 Q
-40°C to +85°C 5 12 20 Q
Bootstrap Supply Current Limiting Impedance Rgs +25°C 2 3.5 5 Q
-40°C to +85°C 14 3.5 5.6 Q
Noise Dropping Resistor Impedance Rnp +25°C 6 10 14 Q
-40°C to +85°C 5.4 10 14.6 Q
High Voitage Leakage (500V Vgs, Vout, PHASE, Ik +25°C - 1 3 HA
TRIPy, CL2, G1U, G2V, and D1U to Vgs. All other
Pins at Vgg)
Miller Clamp Diodes; D1U and D1L (Ip = 10mA) Vo +25°C 0.40 0.90 1.40 v
Noise Clamping Zeners; CL2 and CL1 (Iz=10mA) | Voion..ow +25°C 6.35 6.61 6.85 v
-40°C to +85°C 6.15 6.61 7.45 v
Noise Clamping Zeners; CL2 and CL1 (Iz = 50mA) | Vcizn-HigH +25°C 7.0 8.5 8.0 v
Vour Limiting Resistance Ro +25°C 2 35 5 Q
-40°C to +85°C 14 35 5.6 Q

NOTE: Maximum Steady State + 15Vpc Supply Current = lgiag_+ Igs

Switching Specifications (All Referenced to Vgs, Except: TRIPy, CI2, G1U, G2U, and D1U Referenced to PHASE.
Dg: Vpe to Vgs, CF: Vgs to PHASE) ‘

PARAMETER SYMBOL TEMP MIN TYP MAX UNITS

Refresh One Shot Timer tRer +25°C 200 350 500 us

-40°C to +85°C 180 350 540 us
Delay Time of Trip I/U Voltage (lygpsgL low) to torFry +25°C 2 3 4 us
G2U/G2L Low (50% Overdrive) 20°C 10 185°C 185 3 235 s
Delay Time of Trip | Voltage (lygpsg. o) to ten +25°C 2 3 4 us
Faultbar Low 40°C10+85°C | 1.85 3 435 ps
Delay Time of Phase Out of Status to Faultbar tosvr +25°C 500 700 900 ns
Low (TOP High) 40°C 10 +85°C | 400 700 1050 ns
Minimum Logic Input Pulse Width: TOP and taniw +25°C 300 430 600 ns
BOTTOM 40°C10+85°C | 275 230 660 ns
Minimum G1U/G1L On Time ton +25°C 1.6 23 3.1 us

-40°C to +85°C 1.5 24 34 us
Minimum Pulsed Off Time, G2U/G2L torF +25°C 1.3 2.0 3.4 us

-40°C to +85°C 1.05 241 3.9 us
Turn On Delay Time of G1U (BISTATE MODE) tonp +25°C 2.5 3.2 4.5 Hs

-40°C to +85°C 21 33 5.2 us
Turn On Delay Time of G1L (BISTATE MODE) tong +25°C 25 3.2 4.5 us

-40°C to +85°C 2.1 33 5.2 us
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Specifications SP600

Switching Specifications (Al Referenced to Vgg, Except: TRIPy, CI2, G1U, G2U, and D1U Referenced to PHASE.
Dg: Vpg to Vg, Cr: Vgs to PHASE) (Continued)

PARAMETER SYMBOL TEMP MIN TYP MAX UNITS

Turn On Delay Time of G1U tonp +25°C 0.75 1.0 1.5 us
(THREE-STATE MODE) 40°C10+85°C | 0.60 11 175 s
Turn On Delay Time of G1L tonp +25°C 0.75 1.0 1.5 us
(THREE-STATE MODE) -40°C to +85°C 0.60 1.1 1.75 us
Turn Off Delay Time of G2U and G2L torrp +25°C 0.75 1.0 1.45 us

-40°C to +85°C 0.60 1.1 1.75 us
Minimum Dead Time: G1U off to G1L on, or G1L tor +25°C 1.5 25 3.5 us
off to G1U on (BISTATE MODE) 40°C to +85°C 12 26 2 us
Fault Reset Delay to Clear Faultbar tat +25°C 34 45 6.6 us

-40°C to +85°C 3.15 438 7.4 us
Rise Time of Upper and Lower Driver thun +25°C 25 50 100 ns
(Load = 2000pF) 40°C to +85°C 15 50 115 ns
Fall Time of Upper and Lower Driver ttun +25°C 25 50 100 ns
(Load =2000pF) -40°C to +85°C 15 50 115 ns

Recommended Operating Conditions and Functional Pin Description (All Voltages Referenced to Vgg, Unless
Otherwise Noted. See Figure 1)

HALF BRIDGE

PARAMETER CONDITION
FAULTBAR Open Drain Fault Indicator Output
IrRipseLECT Digital Input Command to Increase TRIP| and TRIP, Threshold by 30%
Veias 14.5V to 16.5V with 15V nominal, = 1.5mA DC BIAS Current
Voo Cpp to Vss
Vss COMMON
TRIP | 100mV Signal to Shut Off LOWER Drive and Trigger a Fault Output
CL1 Lower Noise Clamp Zener

G2L and G1L Low Impedance Driver Designed to Drive Power MOS Transistors (LOWER)

Voe Current Limiting Charging Resistor for Bootstrap Capacitor Power Supply
Vgs Bootstrap Supply, Normally a Diode Drop Below Vpp Voltage with Respect to the Floating PHASE Reference
Vout Load Connection Node
PHASE Floating Reference Point for High Side Control Circuitry: Vgg, TRIPy, CL2, G1U, G2U and D1U
TRIPy 100mV Signal, Referenced to PHASE, to Shut Off UPPER Drive
cL2 Upper Noise Clamp Zener
G2U and G1U Low Impedance Driver Designed to Drive Power MOS Transistors (UPPER)
TOP Digital Input to Command the UPPER On
BOT Digital Input to Command the LOWER On
D1V Miller Clamp UPPER to Vgg
DiIL Miller Clamp LOWER to Vpp
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Timing Diagram
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loreT | n " loreT |
ot o 1 S | I N
o, ] | N | ||
N 0 lON °
1
lorrB I I n torB ! n I I I l
[
1 1
UPPER I I I I UPPER I l l I I I
0 [}
1
LOWER " " Lower |
0 ___|L__.I I__"__
Voc Voc
Vour \’ '\|’ V,
com our COM

THREE-STATE MODE SLOWER THAN REFRESH ONESHOTTIMER ~ BISTATE MODE SLOWER THAN REFRESH ONE SHOT TIMER
NOTE: BOT switching not relevant.

Typical Circuit Configuration

TRUTH TABLE
Applicable to Typical Circuit Configuration (Figure 1)
INPUTS OUTPUTS
TOP BOT TRIP, TRIP PHASE Veias UPPER LOWER | FAULT BAR
0 0 0 X X 1 0 0 1
1 1 0 0 1 1 1 0 1
1 1 0 1 1 1 0 0 0
1 1 0 X 0 1 0 0 0
X X 1 X X 1 0 0 0
0 1 0 X X 1 0 1 1
1 0 0 X X 1 0 0 1
X X X X X 0 0 0 0

NOTE: 0 = False, 1 = True, X = Don’t Care
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SYSTEM CONTROL

25Vpc < VK S 500Vpe
Rcu Rpuy
s :: Rpy
> >
AR WA- %
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2 s PRoL
>—1— hRipseLECT G2L AWA
6
Veias Voo  Vss TRIP e
3 [ > 2
R
STPL COM
15V 3 |4 B 5
LA)
IiAs Cop

FIGURE 1. TYPICAL CIRCUIT CONFIGURATION

LEGEND
Application Specific Reu Upper Gate Charging Resistor
Application Specific Rpu Upper Gate Discharge Resistor
Application Specific Rpy Upper Current Pilot Resistor
Application Specific ReL Lower Gate Charging Resistor
Application Specific RoL Lower Gate Discharging Resistor
Application Specific RpL Lower Current Pilot Resistor
3uF at> 15DC Coo Local LV Filter Capacitor
0.22uF Ceramic X7R at 2 15Vp¢ Ce Flying Capacitor for Bootstrap Supply
Harris P/N A114M or Equiv PRV 2 V )y De Flying Diode for Bootstrap Supply

NOTE: Refer to ‘Additional Product Offerings’ for information concerning power output devices.
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Functional Description

The SP600 provides a flexible, digitally controlled power
function which is intended to be used as PWM drivers of
N-Channel MOSFETs and/or IGBTs for up to 240VAC line
rectified totem-pole applications. The CMOS driveable
inputs are filtered and captured by the control logic to deter-
mine the output state. The logic includes fixed timing to pro-
hibit simultaneous conduction of the external power switches
and, thru the Voyr sense detector, verifies the output voltage
state is in agreement with the controlled inputs. The >11Vpg
floating power supply required to drive the upper rail external
power device is created and managed by the HVIC through
Ce and Dg This capacitor is refreshed from the Vpp supply
each time Vgyr goes low. If the upper channel is com-
manded on for a long period of time, the bootstrap capacitor
CF is automatically refreshed by bringing Vour low. This is
accomplished by turning off the upper rail MOSFET/IGBT,
momentarily turning on the lower rail output device, followed
by retuming control back to the upper switch. Otherwise, Cg
would gradually deplete its charge allowing the upper switch
to come out of saturation. The upper and lower gate drivers
allow for controlled charge and discharge rates as well as
facilitate the use of nearly lossless current sensing power
MOS devices. The over current trip level can be boosted
30% on a pulse by pulse basis by logic level ‘1’ applied to
ITripseLecT- A FAULT output signal is generated when any
of the following occurs:

V bias is low
Over current is detected
V phase doesn’t agree with the input signal

Reset of FAULT is provided by externally removing power or
by holding both TOP and BOT inputs low for the required
reset time (trtyax)-

Each application can be individually optimized by the selec-
tion of external components tailored to ensure proper overall
system operation including:

Determining the ratings and sizing of MOSFETs and IGBTSs,
mixed or matched, as well as flyback diodes (FBD).

The selection of separate gate charge (R¢) and discharge
(Rp) impedance chosen per the load capacitance, frequency
of operation, and Dy/D dependent recovery characteristics
of the associated FBDs. Rp should also be sized to prevent
simultaneous bridge conduction by ensuring gate discharge
in the allotted turn off pulse width (torr min)-

The selection of over current detection resistors (Rp), com-
patible with current sense MOSFETs/IGBTs or shunt(s) may
be used.

For the floating bootstrap supply Dg and Cg must be deter-
mined. Dg must support the worse case system bus voltage
and handle the charging currents of Cg. Proper selection
should take into consideration Tgg and Tgg per the desired
operating frequency. Proper selection of Cg is a trade off
between the minimum tgy time of the lower rail to charge up
the capacitor, the amount of charge transfer required by the
load, and cost. Due to automatic refresh the capacitor is
replenished every 350us TYP (or even sooner if input com-
mands the TOP to switch at a faster repetition rate).

The local filter capacitor (Cpp) should be sized sufficiently
large enough to transfer the charge to Cg without causing a
significant droop in Vpp. As a rule of thumb it should be at
least 10 times larger than Cr and be located adjacent to the
Vpp and Vgg pins to minimize series resistance and
inductance.

Refer to Application Note AN8829 for more details about module operation and selection of external components.
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April 1994 Half Bridge 500V Driver
Features Description
e Maximum Rating ...... feteeeceteserateenans 500V The SP601 is a smart power high voltage integrated circuit

(HVIC) optimized to drive MOS gated power devices in half-
* Ability 1o Interface and Drive Standard and Current bridge topologies. It provides the necessary control and

Sensing N-Channei Power MOSFET/IGBT Devices management for PWM motor drive, power supply, and UPS

* Creation and Management of a Floating Power Supply  applications.
for Upper Rail Drive

¢ Simultaneous Conduction Lockout

« Overcurrent Protection Ordering Information
¢ Single Low Current Bias Supply Operation TEMPERATURE
o Latch Inmune CMOS Logic PART RANGE PACKAGE
* Peak Drive in Excess of 0.5A SP601 -40°C to +85°C 22 Lead Plastic DIP
Pinout Functional Block Diagram
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2429.4
Copyright © Harris Corporation 1994 4-23
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Specifications SP601

Absolute Maximum Ratings Full Temperature Range, All
Voltage Referenced to Vgg Unless Otherwise Noted. Note 1, Note 2.

Low Voltage Power Supply, Vgag(Note 1) .............. 18Vpe
Floating Low Voltage Boot Strap ...........coovvvnnnnn 18Vpe
Power Supply to Phase, Vgg
Low Voltage Signal Pins
Fault, 'TF"PSEL' vDDv TR'PL, CL1,G2L...... -o.sch to VDD +0.5
G1L, DiL, Vpg, TOP, BOT
CL2, TRIPy, G1U, G2U, D1U to Phase. . ... -0.5ypc to Vgs+0.5
High Voltage Pins
Phase, VpHASE «««+rccrrrererennninniieeeannnnns 500Vpe

(Ves, Vout, TRIPy, CL2, G2U and D1U: OV-18V Higher Than
Phase)
Dynamic High Voltage Rating Phase,.............
DVeuasent
NOTES:

10,000V/ps

Thermal Information

Thermal Resistance, Junction-to-Ambient 64
Plastic DIPPackage .........oooveveunnenenn 75°C/W
Maximum Package Power Dissipation at T, = +85°C, Pg
Plastic DIPPackage ........cooveiviinennnnennnns 500mW
Operating Ambient Temperature Range, Ty ....... -25°C to +85°C
Storage Temperature Range, Tg. . ......oovu.n. -40°C to +150°C
Lead Temperature (Soldering 10s) .................... +265°C

1. Care mustbe taken in the application of Vg ag as not to impose high peak dissipation demands on a relatively small metallized noise dropping resistor (Ryp).
Prolonged high peak currents may result if +15Vp¢ is applied abruptly and/or if the local bypass capacitor Cpp is large. It is suggested that Cpp be < 10MFD.
If it is desirable to switch the 15Vp¢ source or if a Cpp is larger, additional series impedance may be required.

2. Consult factory for additional package offerings.

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

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

d in the op:

tions of this specification is not implied.

Electrical Specifications (Vg s = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to Vg Except
TRIPy, CL2, G1U, D1U, and Vgg Referenced to PHASE. Dg: Vpg to Vgs, Cg: Vg to PHASE

PARAMETER | symsoL | TEMP [ mn | Tvp | mAx | uniTs
DC CHARACTERISTICS
Input Current (5V < Vyop, Vaor, VrripseL < 15V) Iin +25°C - 20 30 pA
-40°C to +85°C - 30 33 pA
Igias Quiescent Current (All Inputs Low) lias, +25°C - 1.7 2.05 mA
-40°C to +85°C - 1.7 241 mA
lgias Quiescent Current lgiasy +25°C - 17 2.05 mA
(Vout 2 Vaias, and All Inputs Low) 20°C 1o +85°C " 17 21 A
Igs Quiescent Current Bootstrap Supply lgs +25°C - 875 1000 pA
-40°C to +85°C - 900 1060 HA
ENABLE Threshold Level Vrop +25°C 7 8 9 v
-40°C to +85°C 6.95 8 9.1 \
UP/DN Threshold Level Veor +25°C 7 8 9 A"
-40°C to +85°C 6.95 8 9.1 v
Current Trip Select Threshold Level VIRIPSEL +25°C 7 8 9 \
-40°C to +85°C 6.95 8 9.1 \"
Trip Lower and Upper Comparator Threshold Vrrip Luy +25°C 90 105 125 mv
Level - Normal (trripsey. = Vss) 20°C10+85°C | 90 105 27 | mv
Trip Lower and Upper Comparator Threshold VrRiPLUg +25°C 110 130 150 %
Level - Boost (ltipseL = Vpp) % of Measured 40°C to +85°C ) 130 152 %
VrRIPLUY
Under Voltage Lockout Thresholds (Vpp and Vgs) Viock +25°C 9 10 115 \
-40°C to +85°C 9.7 10.5 11.8 \
Phase Out of Status Volitage Threshold (PHASE) Vosvr +25°C 5 7 9 v
-40°C to +85°C 47 7 9.6 v
Faultbar Impedance at lrgag = 1MA RF +25°C 500 760 1000 Q
-40°C to +85°C 450 760 1100 Q
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Specifications SP601

Electrical Specifications (Vs = 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to Vgg Except
TRIPy, CL2, G1U, D1U, and Vgg Referenced to PHASE. Dg: Vpg to Vgg, Cg: Vg to PHASE (Continued)

PARAMETER SYMBOL TEMP MIN TYP MAX UNITS
Upper/Lower Source impedances (lsoyrce = 10mA) Rso wu +25°C 12 17 23 Q
-40°C to +85°C 7 17 29 Q
Upper/Lower Sink Impedances (Ignk = 10mA) Rsiwu +25°C 8 12 16 Q
-40°C to +85°C 5 12 20 Q
Bootstrap Supply Current Limiting Impedance Rgs +25°C 2 3.5 5 Q
-40°C to +85°C 14 3.5 5.6 Q
Noise Dropping Resistor Impedance Rnp +25°C 6 10 14 Q
-40°C to +85°C 54 10 14.6 Q
High Voltage Leakage (500V Vgs, Vouyt, PHASE, Ik +25°C - 1 3 HA
TRIPy, CL2, G1U, G2U, and D1U to Vgs.
All other Pins at Vgg)
Miller Clamp Diodes; D1U and DiL (Ip = 10mA) Vo +25°C 0.4 0.9 14 v
Noise Clamping Zeners; CL2 and CL1 (I = 10mA) Verzn-Low +25°C 6.35 6.61 6.85 v
-40°C to +85°C 6.15 6.61 7.15 \
Noise Clamping Zeners; CL2 and CL1 (Iz = 50mA) VeL2/1-HIGH +25°C 7.0 8.5 8.0 v
Vour Limiting Resistance Ro +25°C 2 35 Q
-40°C to +85°C 1.4 3.5 5.6 Q
NOTE: Maximum Steady State + 15Vp¢ Supply Current = lgias, +lgs
Switching Specifications (All Referenced to Vgg, Except: TRIPy, CI2, G1U, G2U, and D1U Referenced to PHASE.
Dg: Vpr to Vig, Cg: Vgs to PHASE)
PARAMETER SYMBOL TEMP MIN TYP MAX UNITS
Refresh One Shot Timer tRer +25°C 200 350 500 us
-40°C to +85°C 180 350 540 ps
Delay Time of Trip I/U Voltage (lrgpsgL low) to torFry +25°C 2 3 4 us
G2U/G2L Low (50% Overdrive 20°C to +85°C 1.85 3 2.35 s
Delay Time of Trip | Voltage (IygpsgL low) to ten +25°C 2 3 4 ps
Faultbar Low 40°C10+85°C | 1.85 3 435 us
Delay Time of Phase Out of Status to Faultbar tosvr +25°C 500 700 900 ns
Low (TOP High) 40°C to +85°C 400 700 1050 ns
Minimum Logic Input Pulse Width: TOP and tinw +25°C 300 430 600 ns
BOTTOM -40°C to +85°C 275 430 660 ns
Minimum G1U/G1L On Time ton +25°C 1.6 23 3.1 us
-40°C to +85°C 1.5 24 3.4 us
Minimum Pulsed Off Time, G2U/G2L torr +25°C 1.3 2.0 34 us
-40°C to +85°C 1.05 24 3.9 us
Turn On Delay Time of G1U (BISTATE MODE) tonp +25°C 2.5 3.2 45 Hs
-40°C to +85°C 2.1 33 5.2 us
Turn On Delay Time of G1L (BISTATE MODE) tonp +25°C 2.5 32 4.5 us
-40°C to +85°C 2.1 3.3 5.2 us
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Specifications SP601

Switching Specifications (All Referenced to Vgg, Except: TRIP, CI2, G1U, G2U, and D1U Referenced to PHASE.

Dg: Vp to Vgg, Cr: Vs to PHASE) (Continued)

PARAMETER SYMBOL TEMP MIN TYP MAX UNITS

Turn On Delay Time of G1U tong +25°C 0.75 1.0 1.5 us
(THREE-STATE MODE) 40°C to +85°C 0.60 11 1.75 s
Turn On Delay Time of G1L tong +25°C 0.75 1.0 1.5 us
(THREE-STATE MODE) -40°C to +85°C 0.60 1.4 1.75 us
Turn Off Delay Time of G2U and G2L torrp +25°C 0.75 1.0 1.45 us

-40°C to +85°C 0.60 1.1 1.75 Hs
Minimum Dead Time: G1U OFF to G1L ON, or o1 +25°C 1.5 25 35 us
GiL off to G1U on (BISTATE MODE) 20°C to +85°C 12 26 2 s
Fault Reset Delay to Clear Faultbar taT +25°C 3.4 45 6.6 us

-40°C to +85°C 3.156 438 7.4 Hs
Rise Time of Upper and Lower Driver taun +25°C 25 50 100 ns
(Load = 2000pF) 40°C to +85°C 15 50 115 ns
Fall Time of Upper and Lower Driver tFun +25°C 25 50 100 ns
(Load =2000pF) 40°C 10 +85°C 15 50 115 ns

Recommended Operating Conditions and Functional Pin Description (Al Voitages Referenced to Vg, Unless

Otherwise Noted. See Figure 1)

PARAMETER CONDITION
FAULTBAR Open Drain Fault Indicator Output
hrRiPSELECT Digital Input Command to Increase TRIP, and TRIPy Threshold by 30%
Vaias 14.5V to 16.5V with 15V nominal, = 1.5mA DC BIAS Current
Voo Cop to Vss
Vss COMMON
TRIP | 100mV Signal to Shut Off LOWER Drive and Trigger a Fauit Output
cL1 Lower Noise Clamp Zener
G2L and G1L Low Impedance Driver Designed to Drive Power MOS Transistors (LOWER)
Vpr Current Limiting Charging Resistor for Bootstrap Capacitor Power Supply
Vgs Bootstrap Supply, Normally a Diode Drop Below Vpp Voltage with Respect to the Floating PHASE Reference
Vout Load Connection Node
PHASE Floating Reference Point for High Side Control Circuitry: Vgs, TRIPy, CL2, G1U, G2U and D1U
TRIPy 100mV Signal, Referenced to PHASE, to Shut Off UPPER Drive
cL2 Upper Noise Clamp Zener
G2U and G1U Low Impedance Driver Designed to Drive Power MOS Transistors (UPPER)
ENABLE Digital Input to ENABLE the UP/DN Command to Turn on Top/Bottom Devices
UP/DN Digital Input to Top/Bottom Device (If ENABLE is High)
D1V Miller Clamp UPPER to Vgg
D1L Miller Clamp LOWER to Vpp
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Timing Diagram
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Typical Circuit Configuration

TRUTH TABLE
Applicable to Typical Circuit Configuration (Figure 1)
INPUTS OUTPUTS
UP/DN ENABLE TRIP, TRIPy PHASE Vaias UPPER LOWER FAULT BAR
0 0 0 X X 1 0 0 1
1 1 0 0 1 1 1 0 1
1 1 0 1 1 1 0 0 0
1 1 0 X 0 1 0 0 0
X X 1 X X 1 0 0 0
0 1 0 X X 1 0 1 1
1 0 0 X X 1 0 0 1
X X X X X 0 0 0 0

NOTE: 0 = False, 1 = True, X = Don’t Care
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FIGURE 1. TYPICAL CIRCUIT CONFIGURATION
LEGEND

Application Specific Ry Upper Gate Charging Resistor
Application Specific Rou Upper Gate Discharge Resistor
Application Specific Rpy Upper Current Pilot Resistor
Application Specific RoL Lower Gate Charging Resistor
Application Specific RpL Lower Gate Discharging Resistor
Application Specific RpL Lower Current Pilot Resistor
3uF at> 15DC Cop Local LV Filter Capacitor
0.22uF Ceramic X7R at 2 15Vpg Ce Flying Capacitor for Bootstrap Supply
Harris P/N A114M or Equiv PRV 2 V|« De Flying Diode for Bootstrap Supply

NOTE: Refer to ‘Additional Product Offerings’ for information concerning power output devices.
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Functional Description

The SP601 provides a flexible, digitally controlled power
function which is intended to be used as PWM drivers of
N-Channel MOSFETs and/or IGBTs for up to 240VAC line
rectified totem-pole applications. The CMOS driveable
inputs are filtered and captured by the control logic to deter-
mine the output state. The logic includes fixed timing to pro-
hibit simultaneous conduction of the external power switches
and, thru the Vgoyt sense detector, verifies the output voltage
state is in agreement with the controlled inputs. The > 11Vp¢g
floating power supply required to drive the upper rail external
power device is created and managed by the HVIC through
Cr and D This capacitor is refreshed from the Vpp supply
each time Vgyr goes low. If the upper channel is com-
manded on for a long period of time, the bootstrap capacitor
Cr is automatically refreshed by bringing Vot low. This is
accomplished by turning off the upper rail MOSFET/IGBT,
momentarily turning on the lower rail output device, followed
by returning control back to the upper switch. Otherwise, Cg
would gradually deplete its charge allowing the upper switch
to come out of saturation. The upper and lower gate drivers
allow for controlled charge and discharge rates as well as
facilitate the use of nearly lossless current sensing power
MOS devices. The over current trip level can be boosted
30% on a pulse by pulse basis by logic level ‘1" applied to
ItripseLecT- A FAULT output signal is generated when any
of the following occurs:

V bias is low
Over current is detected
V phase doesn't agree with the input signal

Reset of FAULT is provided by externally removing power or
by holding the ENABLE input low for the required reset time
(trtmax)-

Each application can be individually optimized by the selec-
tion of external components tailored to ensure proper overall
system operation including:

Determining the ratings and sizing of MOSFETs and IGBTs,
mixed or matched, as well as flyback diodes (FBD).

The selection of separate gate charge (R¢) and discharge
(Rp) impedance chosen per the load capacitance, frequency
of operation, and D/Dy dependent recovery characteristics
of the associated FBDs. Rp should also be sized to prevent
simultaneous bridge conduction by ensuring gate discharge
in the allotted turn off pulse width (torg MiN)-

The selection of over current detection resistors (Rp), com-
patible with current sense MOSFETs/IGBTs or shunt(s) may
be used.

For the floating bootstrap supply Dg and Cg must be deter-
mined. Dg must support the worse case system bus voltage
and handle the charging currents of Cg. Proper selection
should take into consideration Ty and Tgg per the desired
operating frequency. Proper selection of Cg is a trade off
between the minimum tgy time of the lower rail to charge up
the capacitor, the amount of charge transfer required by the
load, and cost. Due to automatic refresh the capacitor is
replenished every 350us TYP (or even sooner if the UP/DN
input switches at a faster repetition rate).

The local filter capacitor (Cpp) should be sized sufficiently
large enough to transfer the charge to Cg without causing a
significant droop in Vpp. As a rule of thumb it should be at
least 10 times larger than Cg and be located adjacent to the
Vpp and Vgg pins to minimize series resistance and
inductance.

Refer to Application Note AN8829 for more details about module operation and selection of external components.
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AC to DC Converter Selection Guide

AC INPUT MAX MAX
VOLTAGE AT | DC SUPPLY OUTPUT SENSOR
50-60Hz AND VOLTAGE CURRENT RANGE
DEVICE DESCRIPTION 400Hz (VAC) () (mA) (RX) (KQ) FEATURES
CA3059 Zero Voltage Switch 24V 14 124 210 100 Contains, Power Supply Zero
AC Power Control 120v Crossing Detector, External
CA3079 System on a Chip 208/230V 10 124 21050 Sensor Comparator and Triac
277V Driver. (Inhibit and Protection
Circuits on CA3059 only)
HV-2405E | World Wide Single 15V to 275V Output 50 - UL Recognized E130808
Chip Power Supply 5V to 24V
NOTE:

1. Electrical Characteristics at Ty = +25°C, 14 Lead Dual-In-Line (E) Package
Operating Temperature Range (T,) -55°C to +125°C.

INPUT OUTPUT MAXIMUM
VOLTAGE | VOLTAGE OUTPUT BIAS
DEVICE DESCRIPTION RANGE RANGE CURRENT | CURRENT TEMPERATURE RANGE
HIP5600 | High Voltage 50V to 400V 1.2Vt 35mA 600pA -40°C to +100°C
Linear Regulator 350V Thermal Protection at 134°C
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@ HARRIS  CA3059, CA3079

PRELIMINARY Zero-Voltage Switches for 50Hz-60Hz and
April 1994 400Hz Thyristor Control Applications
Features Description

¢ Relay Control

* Vaive Control

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

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

* Photosensitive Control
¢ Power One-Shot Control
« Heater Control 2
¢ Lamp Control

The CA3059 and CA3079 zero-voitage switches are mono-
lithic 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 50Hz-60Hz
and 400Hz. Each of the zero-voltage switches incorporates
4 functional blocks (see the Functional Block Diagram) as
follows:

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

. Differential On/Off Sensing Amplifier - Tests the condition
of external sensors or command signals. Hysteresis or
proportional-control capability may easily be implement-
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Type Features CA3059 CA3079 ed in this section.
* 24V, 120V, 208/230V, 277V at 50/60.... X X 3. Zero-Crossing Detector - Synchronizes the output pulses
or 400Hz Operation of the circuit at the time when the AC cycle is at zero volt-
e Differential input ........ eeeneans X X age point; thereby eliminating radio-frequency interfer-
« Low Balance Input Current (Max)-pA... 1 2 ence (RFI) when used with resistive loads.
¢ Built-In Protection Circuitfor........ X X 4. Triac Gating Circuit - Provides high-current pulses to the
Opened or Shorted Sensor (Term 14) gate of the power controlling thyristor.
* Sensor Range (Rx) -kQ............. 2-100 2-50 |5 aqdition, the CA3059 provides the following important
e DCMode (Term12) ................ X auxiliary functions (see the Functional Block Diagram).
¢ External Trigger (Term®6)............ X 1. Abuilt-in protection circuit that may be actuated to remove
e External Inhibit(Term 1) ............ X drive from the triac if the sensor opens or shorts.
« DC Supply Volts (Max) ............. 14 10 2. Thyristor firing may be inhibited through the action of an
* Operating Temperature Range (°C) ... -55to +125 internal diode gate connected to Terminal 1.
3. High-power dc comparator operation is provided by over-
Ordering Information riding the action of the zero-crossing detector. This is ac-
5 complished by connecting Terminal 12 to Terminal 7.
ART NUMBER TEMPERATURE PACKAGE Gate current to the thyristor is continuous when Terminal
CA3059 -55°C to +125°C | 14 Lead Plastic DIP 13 is positive with respect to Terminal 9.
CA3079 -55°C to +125°C | 14 Lead Plastic DIP The CA3059 and CA3079 are supplied in 14 lead dual-in-
line plastic packages.
Pinouts
CA3059 (PDIP) CA3079 (PDIP)
TOP VIEW TOP VIEW
\J \J
INHIBIT [T] T3] FAIL-SAFE DO NoOT USE [7] [14 DO NOT USE
DC SUPPLY 2] [13] SENSE AMP IN DC SUPPLY [Z [13] SENSE AMP IN
HIGH CURRENT
NEG. TRIGGER 72| 2CD OVERRIDE NG TrGGER 2 [13 DO NoT USE
TRIGGER OUT E [7] R DRIVER (COM) TRIGGER OUT [_T_ E R DRIVER (COM)
ACINB] [10] R DRIVER V* ACIN[] 10| R DRIVER V*
TRIGGER IN [€] [3] SENSE AMP REF DO NOT USE [§] [9] SENSE AMP REF
COMMON [7] 3] COMMON COMMON [7] 3] coMMON

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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CA3059, CA3079

Functional Block Diagram

- ----------------------------------------------
e POWER
) VWA— SUPPLY
cA  |EXTERNAL
INHIBIT
ACINPUTE - m By
VOLTAGE | ' e . Same
Sre Rt _ [ProTECTION —
C3 * 1 cmcur | INHIBIT
100uF |+ (AR
| RE% x% P
r NS
* NTC SENSOR

Ry

CURRENT
BOOST

3 MT,

MTy

PP PR P p——— |

-

BicA

* NEGATIVE TEMPERATURE COEFFICIENT

AC INPUT VOLTAGE (50/60 OR 400Hz) INPUT SERIES RESISTOR (Rg) DISSIPATION RATING FOR Rg
VAC kQ w
24 2 0.5
120 10 2
208/230 20 4
277 25 5

NOTE: Circuitry within shaded areas, not included in CA3079

W See chart
A 1C = Internal connection - DO NOT USE (Terminal restriction applies only to CA3079)

FOR DC MODE

OR 400z c Re  Rsenson
|cA§ OPERATION 1 DOp;
N 15V
.
. COMMON — == COMMON
\
..................................................................... A
A
"
v
SR2 Ry shs Ry \
De S 27K 10K $12K 10K \
\
Dy Dy i E
E
Q
o o % s
Dg L 'S \
<Ry \
3 \FOR
40K CREASED
ATE DRIVE
"""""""" FAILSAFE INPUT @3 (cA
All resistance values are in Q TO INHIBIT FOR
NOTE: Circuitry within shaded areas COMMON INPUT EXTERNAL

not included in CA3079
A IC = Internal connection - DO NOT USE (Terminal restriction applies only to CA3079)

FIGURE 1. SCHEMATIC DIAGRAM OF CA3059 AND CA3079
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Specifications CA3059, CA3079

Absolute Maximum Ratings T, = +25°C Thermal Information

DC Supply Voltage (Between Terminals 2 & 7) Thermal Resistance 64a
CA3059. . . e e 14v PDIPPackage........cooveveiiiiiennenenennnn 100°CW
(07 14 74 TR PP 10V Power Dissipation

DC Supply Voltage (Between Terminals 2 & 8) Up to Ty = +55°C CA3059, CA3079 ........connnnnnn 950mwW
[0 101 14v Above T, = +55°C CA3059, CA3079 . .Derate Linearly 10mW/ C
(7% 1 7 £ TR 10V Ambient Temperature

Peak Supply Current (Terminals 5&7) ................... +50mA Operating. . . . cvvviiiiiiiiiiiii e -55°C to +125°C

Output Pulse Current (Terminal 4) . .................... 150mA Storage .....coviiiiiiiiii i e -65°C to +150°C

Lead Temperature (During Soldering). ... .............. +265°C

At distance 1/16" + 1/32" (1.59 t 0.79) from case
for 10 seconds max

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

Electrical Specifications T, = +25°C, For all Types, Unless Otherwise Specified. All voltages are measured with respect to
Terminal 7. For Operating at 120Vgys, 50-60Hz (AC Line Voltage) (Note 1)

PARAMETERS | symsoL TEST CONDITIONS | MmN | TYP | maX | UNITS
DC SUPPLY VOLTAGE (Figure 2A, 2B, 2C)
Inhibit Mode At 50/60Hz Vs Rs=8kQ, | =0 6.1 6.5 7 '
At 400Hz Rg=10kQ, 1, =0 - 6.8 - v
At 50/60Hz Rg=5kQ, I =0 - 6.4 - v
Pulse Mode At 50/60Hz Vs Rg=8kQ, I =0 6 6.4 7 v
At 400Hz Rg=10kQ, I, =0 - 6.7 - Y
At 50/60Hz Rg=5kQ, I, =0 - 6.3 - v
Gate Trigger Current (Figures 3, 4A) laT Terminals 3 and 2 Connected, - 105 - mA

Terminal 4 | Vgr=1V
PEAK OUTPUT CURRENT (PULSED) (Figures 4, 5)

With Internal Power Supply lom Terminal 3 open, Gate Trigger 50 84 - mA
Figure 4a, 4b Terminal 4 | Voltage (Vgr) = 0
Terminals 3 and 2 Connected, Gate 90 124 - mA
Trigger Voltage (Vgr) =0
With External Power Supply lom Terminal 3 open, V+ = 12V, Vgr=0 - 170 - mA
Figure 5a, 5b, S¢ Terminal 4 e minals 3 and 2 Connected, 240 - mA
V+=12V,Vgr=0
Inhibit Input Ratio (Figure 6) Vo/V, Voltage Ratio of Terminals 9 to 2 0.465 | 0.485 | 0.520 -
TOTAL GATE PULSE DURATION (Note 2) (Figure 7A, 7B, 7C, 7D)
For Positive dv/dt 50-60Hz tp Cexr=0 70 100 140 ps
400Hz Cexr =0, Regxr = - 12 - us
For Negative dv/dt 50-60Hz tn Cexr=0 70 100 140 us
400Hz Cexr =0, Rexr =0 - 10 - us
PULSE DURATION AFTER ZERO CROSSING (50-60Hz) (Figure 7A)
For Positive dv/dt tpy Cexr =0, Rexy =0 - 50 - us
For Negative dv/dt Nt - 60 - us
OUTPUT LEAKAGE CURRENT (Figure 8)
Inhibit Mode | I l ] - | 0.001 | 10 | HA
INPUT BIAS CURRENT (Figure 9)
CA3059 b - 220 | 1000 | nA
CA3079 - 220 | 2000 nA
Common-mode Input Voltage Range Vemr Terminals 9 and 13 Connected - 1.5t - v
5
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Specifications CA3059, CA3079

Electrical Specifications T, = +25°C, For all Types, Unless Otherwise Specified. All voltages are measured with respect to
Terminal 7. For Operating at 120Vgys, 50-60Hz (AC Line Voltage) (Note 1) (Continued)

| SYMBOL |

PARAMETERS
SENSITIVITY (Note 3) (Figures 4(a), 11)
Pulse Mode [
NOTES:

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

2. Pulse Diration in 50Hz applications is approximately 15% longer than shown in Figure 7(b).
3. Required voltage change at Terminal 13 to either turn OFF the triac when ON or turn ON the triac when OFF.

TEST CONDITIONS | MIN rTYP [MAx |unrrs

AV,3 J Terminal 12 open

¥

Maximum Voltage Ratings TAL= +25°C

MAXIMUM
CURRENT
MAXIMUM VOLTAGE RATINGS T, = +25°C RATINGS
NOTES
TERM. NOTE 1 | NOTE 3 NOTE3 2,3 In | lour
NO. 2 3 4 5 6 7 8 9 10 11 12 13 14 mA | mA
1 Note 4| Note 4| Note 4| Note 4| 15 10 [Note 4| Note 4 | Note 4 [ Note 4 | Note 4 [ Note 4 [Note 4] 10 0.1
0 -2
0 0 2 0 0 0 0 0 0 |Noted4| O 0 150 10
-15 -15 -14 -14 |Note 5|Note 5| -14 -14 -14 -14 -14
-14 -14
0 | Note 4] Note 4 | Note 4 | Note 4 | Note 4 | Note 4 | Note 4 | Note 4 | Note 4 | Note 4| Note 4 | Note
4
Note 4 2 Note 4 { Note 4 | Note 4 | Note 4 | Note 4 | Note 4 | Note 4| Note 4§ 0.1 150
-10
Note4| 7 |Note 4|Note 4 |Note 4 | Note 4 | Note 4 | Note 4 | Note 4] 50 10
-7
14 | Note 4 | Note 4 | Note 4 | Note 4 | Note 4 | Note 4 | Note 4 | Note 4 | Note
0 4
Note4| 14 |Note4| 20 25 14 6 Note 4 | Note
0 0 -25 0 -6 4
10 {Note 4 | Note 4 | Note 4 | Note 4| Note 4] 0.1 2
Note 4 | Note 4 [ Note 4 | Note 4 | Note 4 | Note
4
ote 4 | Note 4 | Note 4 | Note 4 | Note 4 | Note4
Note 4 | Note 4 | Note 4 | Note4
Note 4| Note 4] 50 50
Note 4 ] Note 4 | Note4
2 2

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 voitage range of horizontal Terminal 6 to vertical Terminal 4 is 2V to -10V.

NOTES:

1. Resistance should be inserted between Terminal 5 and external supply or line voltage for limiting current into Terminal 5 to less than

50mA.
2.
3.

ified voltage limits between all other terminals are not exceeded.

. For CA3079 (0V to -10V).

Resistance should be inserted between Terminal 14 and external supply for limiting current into Terminal 14 to less than 2mA.
For the CA3079 indicated terminal is internally connected and, therefore, should not be used.
. Voltages are not normally applied between these terminals; however, voltages appearing between these terminals are safe, if the spec-




CA3059, CA3079

PULSE 46K
0.3K
INHIBIT
Rs R

o—AW—

AC LINE 100pF == Vs
o———t

l EXTERNAL
LOAD
ALL RESISTANCE CURRENT

VALUES ARE IN Q
FIGURE 2A. DC SUPPLY VOLTAGE TEST CIRCUIT FOR CA3059

AND CA3079
120VRMS, 50/60Hz OPERATION
Tp = +25°C
65 T .
s Rg =5kQ
> 60 NN N (NHBIT
: N N
=) 55 N N
3 s
g A\ A\
- 5.0
3 V Rg = 10k \
INHIBIT
G 45 \ Hooe) Rg =5k
3 \ PULSE
4.0 Rg = 10kQ ODE)
ﬁm.se \ |
ODE)
35

] 1 2 3 4 5 6 7 8
EXTERNAL LOAD CURRENT (mA)

FIGURE 2C. DC SUPPLY VOLTAGE vs EXTERNAL LOAD
CURRENT FOR CA3059 AND CA3079

OSCILLOSCOPE
WITH
HIGH GAIN

INPUT

@® B
4
° = Ver

8K 5K % to0uF

FIGURE 4A. PEAK OUTPUT (PULSED) AND GATE TRIGGER
CURRENT WITH INTERNAL POWER SUPPLY
TEST CIRCUIT FOR CA3059 AND CA3079

120VRMS, 50/60Hz OPERATION
INPUT RESISTANCE (Rg) = 10kQ
NO EXTERNAL LOAD
s
> 700
g INHIBIT MODE
3 675 . —
S es0 PULSE MODE
2 Z
T 625 g
- /
F
6.00 “ /
5.75

75 50 25 0 25 50 75 100 125
AMBIENT TEMPERATURE (°C)

FIGURE 2B. DC SUPPLY VOLTAGE vs AMBIENT TEMPERA-
TURE FOR CA3059 AND CA3079

120VRMS, 50/60Hz OPERATION
= Tp = +25°C
I 130
f— 120 PN
Z 10 SN
g N
< 100 _ TERMINALS 2 AND 3
’;:‘ 90 \CONNECTED
8 80 [y N
2 N
~
w60
w
g 50 i N
40 TERMINAL 3 OPEN
|
0 1 2 3
GATE TRIGGER (V)

FIGURE 3. GATE TRIGGER CURRENT vs GATE TRIGGER
VOLTAGE FOR CA3059 AND CA3079

120VRMS, 50/60Hz OPERATION
GATE TRIGGER, Vgr =0 (V)

175

150 TERMINALS 2 AND 3
CONNECTED

125 —
I
100

a

TERMINAL 3 OPEN
50 L1 1 1

75 50 25 0 25 50 75 100 125

PEAK OUTPUT CURRENT, PULSED (mA)

AMBIENT TEMPERATURE (°C)

FIGURE 4B. PEAK OUTPUT CURRENT (PULSED) vs AMBIENT
TEMPERATURE FOR CA3059 AND CA3079
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CA3059, CA3079

o V+

Rs
10K
120VRMS
60Hz
Oy OSCILLOSCOPE
lome) | S 1Q WITH
$#1% | HIGH GAIN
INPUT
= Ver

ALL RESISTANCE VALUES ARE IN Q

FIGURE 5A. PEAK OUTPUT CURRENT (PULSED) WITH EXTER-
NAL POWER SUPPLY TEST CIRCUIT FOR CA3059

250

EXTERNAL
SUPPLY
V+=13V

200

M 12v

;> 10V
13V

oot 12v
I~ e

150

- 10V

PEAK OUTPUT, PULSED (mA)

100

*2200), 8V

It 5V

rred
s Mt £ 220 PV

Vooorrds. . BV

——
50 - 3V

3v

t
120VRMS, 50/60Hz OPERATION
GATE TRIGGER VOLTS (Vgy) =0
e TERMINALS 2 AND 3 CONNECTED
»srr». TERMINAL 3 OPEN

50 20 10 40 70 100 130

AMBIENT TEMPERATURE (°C)

FIGURE 5C. PEAK OUTPUT CURRENT (PULSED) vs AMBIENT
TEMPERATURE FOR CA3059

T T —
120VRMS, 50/60Hz OPERATION
z 300F GATE TRIGGER, VGT = 0 (V)
£ TERMINALS 2 AND 3|
o 250 p CONNECTED
w
3 a0 ' |
a TERMINAL 3 OPEN
g
150
g "4
g /i
a 50
7
0
) 5 10 15 20

EXTERNAL POWER SUPPLY, V+ (V)

FIGURE 5B. PEAK OUTPUT CURRENT (PULSED) vs EXTER-
NAL POWER SUPPLY VOLTAGE FOR CA3059

120VRMS
60Hz

[

ALL RESISTANCE VWA—4
VALUES INQ

FIGURE 6(A). INPUT INHIBIT VOLTAGE RATIO TEST CIRCUIT
FOR CA3059 AND CA3079

120VRMS, 50/60Hz OPERATION
0.60

0.50

0.45

0.40

0.35

INPUT INHIBIT VOLTAGE RATIO, Vg/Vy

0.30
50 25 0 25 50 75
AMBIENT TEMPERATURE (°C)

FIGURE 6B. INPUT INHIBIT VOLTAGE RATIO vs AMBIENT TEM-
PERATURE FOR CA3059 AND CA3079
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5-8



CA3059, CA3079

NOTE: Circuitry within shaded area not included in CA3079.
All resistance values are in Q

FIGURE 7A. GATE PULSE DURATION TEST CIRCUIT WITH

- 700

PULSE DURATION AFTER
ZERO CROSSING (us)

500

400

300

200

100

0

-
o

ASSOCIATED WAVEFORM FOR CA3059 AND
CA3079

120VRMS, 50/60Hz OPERATION

120VRMS, 50/60Hz OPERATION

300 | TA= +25°C
|
tp (POSITIVE dv/dt) |
200
i
# - e
[~ tn (NEGATIVE dv/dt) |

/
v

100

TOTAL GATE PULSE DURATION (us)

0 0.01 002 0.03 004 005 0.06 0.07 0.08 0.09
EXTERNAL CAPACITANCE (pF)

FIGURE 7B. TOTAL GATE PULSE DURATION vs EXTERNAL
CAPACITANCE FOR CA3059 AND CA3079

40

120VRMS, 50/60Hz OPERATION

Ta=+25°C gi— \ Ta = +25°C
]
1 g *)KN |
tns (NEGATIVE dv/dt) € \
[=]
w N
N
l/;r/ 3 2 ([ te (POSITIVE dvidt)
~— o
1 // w \
- tpy (POSITIVE dv/dt) | Z
7 (2] 10 ¥
L~ 2 t (NEGATIVE dvidt)
o
P 2, | 11
0 001 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 10 100
EXTERNAL CAPACITANCE (uF) EXTERNAL RESISTANCE (kQ)
FIGURE 7C. PULSE DURATION AFTER ZERO CROSSING vs FIGURE 7D. TOTAL GATE PULSE DURATION vs EXTERNAL
EXTERNAL CAPACITANCE FOR CA3053 AND RESISTANCE FOR CA3059
CA3079
FIGURE 7.
100 ———
[ 120VRMS, 50/60Hz OPERATION
| INPUT RESISTANCE (Rs = 100kQ2 /
| NO EXTERNAL LOAD / V+=6V
Vi
/

OUTPUT LEAKAGE (nA)

0.1

-80 60 -40 20 0 20 40 60 80 100 120 140

AMBIENT TEMPERATURE (°C)

FIGURE 8. OUTPUT LEAKAGE CURRENT (INHIBIT MODE) vs

AMBIENT TEMPERATURE FOR CA3059 AND CA3079

CA3059
CA3079

+3V o

FIGURE9. INPUT BIAS CURRENT TEST CIRCUIT FOR CA3059
AND CA3079
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CA3059, CA3079

T 220VRMS, 50/60Hz OPERATION ® 600 T
2 ) 220VRMS, 50/60Hz OPERATION
Z  gg9 | "NPUT RESISTANCE (Rs) = 10kQ % INPUT RESISTANCE (Rg) = 20k 50Hz, tp
2 | e Voo (+ avidt) [
g 60Hz, & 60Hz, tp \
z, tp dv/dt) —
3 | S0Hztp _ (+ dvidi) 3 400 + avldt) i
w200 |7 (4 dvidt) 7_—- ﬁ I S
E hw—— —
3 W =) _— —
w & e ~ — 17
: 100 T '2 7 4
] coHz. 4 b} " o 60Hz, ty
z,ty S0Hz, t - dvidt) —
g iy (- dvid) 2 (- dviet) ( ' )|
L] ° 1 | 14 0 L 1
0 0.02 0.04 0.06 0.08 0.1 [} 0.02 0.04 0.06 0.08 0.1
EXTERNAL CAPACITANCE (yF) EXTERNAL CAPACITANCE (:F)
FIGURE 10A. FIGURE 10B.
600 —
220VRMS, 50/60Hz OPERATION 220VRMS, 50/60Hz OPERATION
g INPUT RESISTANCE (Rg) = 10k ___| S0 ura! € o0 | INPUT RESISTANCE (Rs) = 20ka //
23 1 23 60Hz, tug
o 60Hz, 1 \ S (- vidt)
G 400 - dvidy) T &9 /
H /;// o3 400 50Hz, ty ,/
e . — ga - dvidt) i
uy /;/ NG §0Hz, t
=5 L~ - =0 z, tpy
22 200 L —] o2 A (+ dvidt)
[ z 1 60Hz, tpy EQ 200 l/ N
w 50Hz, tp, (+ dv/dt) wP 60Hz, tpy
= (+ dv/dt) = (+ dv/dt)
E [ | E
0 [
0 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06  0.08 0.1
EXTERNAL CAPACITANCE (1F) EXTERNAL CAPACITANCE (uF)
FIGURE 10C. FIGURE 10D.

FIGURE 10. RELATIVE PULSE WIDTH AND LOCATION OF ZERO CROSSING FOR 220V OPERATION FOR CA3059 AND CA3079

g
£ 3
&
z
&
<
W20
2
=
@
&
€ 10
o
G
1]
z
w
£
0

L Ll L) L] ¥
SENSOR RESISTANCE = 5k 7 SerrroeTeekete § THYRISTOR TURN-OFF
18 | AREA OF UNCERTAIN
/ 6 OPERATION
3
K g °®
>
- TERMINALS 7 AND 12 CONNECTED 123 3 4
DC GATE CURRENT MODE Z - AREA OF NORMAL
| (CA3058 & CA3059) ] s z OPERATION
> s 3
| |+ 2 &
z
— ¢ 2
TERMINAL 12 OPEN AREA OF UNCERTAIN
PULSED GATE CURRENT MODE 1 OPERATION
(ALL TYPES) I l "THYRISTOR TURN-OFF
— 0 °
75 50 25 0 25 50 75 100 125 5 25 0 25 50 75

FIGURE 11. SENSITIVITY vs AMBIENT TEMPERATURE FOR

AMBIENT TEMPERATURE (°C)

CA3059 AND CA3079

AMBIENT TEMPERATURE (°C)

FIGURE 12. OPERATING REGIONS FOR BUILT-IN PROTEC-

TION CIRCUIT FOR CA3059




CA3059, CA3079

ton = 0.67 R,C,
R;(max. value allowable) = 1mQ

FIGURE 13. LINE-OPERATED ONE-SHOT TIMER

P OFF

120VAC
60Hz

1004F -[* J

15vDC '} .

hY

<
<
<
9

t4=0.67 R,C,

FIGURE 14. LINE-OPERATED THYRISTOR CONTROL TIME
DELAY TURN-ON CIRCUIT

™5 ON L
OFF W3 R AL
A'A'A
L c1 EEF‘? D GG MT,
o 2
>R G
AT Y Al e i Ty
1svoc T 13 CA3059 0
3] NTC J
3) SENSOR 7
t4=RCy 3) G
R,R, - 91011
Ry +R;
FIGURE 15. ON/OFF TEMPERATURE CONTROL CIRCUIT WITH DELAYED TURN-ON
SWITCHED 1
LOA
oO—d M‘l‘2
120VAC T23008
1 w RECTIFIER MAX LOAD = 2.5A
= AND TRIAC s |MTy
CONTROL
3
10ke 3 _I__" R2
= = R6 L 68KQ
= ma =
SENSOR ' 7S (?)
RESET B sKQS
Vpp+ 5 PULSE GENZRATOR
OUTPUT N CA3097E THYRISTOR/
. ® COS/MOS CD4040A TRANSISTOR ARRAY
_':OT[,':'aj ; Hih 12-STAGE COUNTER O,
erminal 1 goes “High”
(Logic *1%) after 2048 ONOXDNOXDAD,
pulses are applied to R
Terminal 10. ® 1K£§ R
For 8 hour delay: = 13 =
R, = 12MQ Ka
Cy=2yuF =

FIGURE 16A. LINE-OPERATED IC TIMER FOR LONG TIME PERIODS
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CA3059, CA3079

SENSOR ILLUMINATION

b “DAY”

“NIGHT” —>

I-—-—tl-—-

COUNTER RESET ' ]—l I_Qz—
(TERMINAL 11 OF CD4040) 2@
leg.8HRS>™ |
“CLOCK” PULSES 1 PULSE/SEC —>-: !
(TERMINAL 9 OF CA3097E) ) :
-3 : o a . y T
1)
COUNTER OUTPUT 1
(TERMINAL 1 OF CD4040) 5 : Y >3
22 + 2 R
’
1
TERMINAL 6 OF CA3059 AND )_[——ﬂ———
TERMINAL 5 OF CA3097E 2 . | 2
’
TERMINAL 4 OF CA3059 |
AND POWER IN LOAD 2 , 2
FIGURE 16B. TIMING DIAGRAM FOR FIGURE 16A
C4
Al
=
120VAC | 10K
60Hz 2w
AAA,
M T23028
RESo——-IET cA0s  TRIAC MAX LOAD = 2.5A
swi == CONTROL
RUN l_—J I;ECTIFIER
AMA—(5)-| GENERATOR
% 1K @ TRIAC
= 10K| _ MONOSTABLE
o2
~ ASTABLE
= 2 ) RESET | +Vop (465V)
120pps
1 16
+Vpp (= +6.5V)
10 Ccos/MOS CD4020A o0
Ca L 14-STAGE BINARY
0.001 . COUNTER
7 28 59 10 11 12 13 14 H ﬁ
27 28 29 210 211 212 13 5
- Tl I l F o
o— CD4048A
abcdet D o—] EXPANDABLE
8 INPUT GATE
t I ¢ o— OUTPUT
PROGRAMMING 8 o—f
INTERCONNECTIONS

A

Vss Kb

FIGURE 17A. PROGRAMMABLE ULTRA-ACCURATE LINE-OPERATED TIMER.
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CA3059, CA3079

TIME PERIODS (t = 0.5333 5)
| 2 | e | st | et | oz | eat | 128 to
CD4020A TERMINALS
a | b | c | a4 ] e | ¢t | g | h
CD4048A TERMINALS

A B c D E F G H

c NC NC NC NC NC NC NC 1t
NC c NC NG NG NG NC NC 2t

c c NC NC NC NC NC e 3t
NG NC c NG NC NG NC NC 4t

c NC c NC NC NC NC NC 5t
NC c c NC NC NC NC NC 6t

c c c NC NC NG NC NC 7t
NC NC NC c NC NG NC NC 8t

c NC NC c NC NC NC NC ot
NC c NG c NC NG NG NC 10t

c c NG c NC NG NC NC 11t
NC NC c c NC NG NC NC 12t

c NC c c NC NC NC NC 13t
NG c c c NC NC NC NC 14t
c c c c NC NC NC NC 15t
c c c c NC c c NC 11t
NC NC NG NC c c c NC 12t
c NC NC NG c c c NC 113t
c c c c c c c c 255t

NOTES:
1. o =Total time delay =ny t + na t+. .. npt.
2. C = Connect. For example, interconnect terminal a of the CD4020A and terminal A of the CD4048A.
3. NC = No Connection. For example, terminal b of the CD4020A open and terminal B of the CD4048A connected to +Vpp bus.

AC
SUPPLY #
VOLTAGE |
]

CA3059
OUTPUT
(PIN 4 AND PIN 6)

|
I
CD4048A
-

OUTPUT

ACINLOAD (R,) [\[\/\/\f\//./ \ —

FIGURE 17B. “PROGRAMMING” TABLE FOR FIGURE 17(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 and 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
Figures 2(b) and 2(c).

Power Supply Considerations for CA3059

The output current available from the internal supply may not
be adequate for higher power applications. In such applica-
tions an external power supply with a higher voltage should
be used with a resulting increase in the output level. (See
Figure 4 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 Figure 5(a).

Operation of Built-In Protection for the CA3059

A special feature of the CA3059 is the inclusion of a protec-
tion circuit which, when connected, removes power from the
load if the sensor either shorts or opens. The protection cir-
cuit is activated by connecting Terminal 14 to Terminal 13 as
shown in the Functional Block Diagram. To assure proper
operation of the protection circuit the following conditions
should be observed:

1. Use the internal supply and limit the external load current
to 2mA with a 5kQ dropping resistor.

2. Set the value of Rp and sensor resistance (Ry) between
2kQ and 100kQ

3. Theratio of Ry to Rp typically, should be greaterthan 0.33
and less than 3. If either of these ratios is not met with an
unmodified sensor over the entire anticipated tempera-
ture 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 desired under condi-
tions other than those specified above, then apply the data
given in Figure 12.

External Inhibit Function for the CA3059

A priority inhibit command may be applied to Terminal 1. The
presence of at least +1.2V at 10pA 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 differential 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.

52-60
(1.321-1.524)

0o—
[y 4-10
‘ (0.102-0.254)

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

59-67
(1.499-1.702)

The photographs and dimensions represent a chip when it is par 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 (0.17mm) larger in both dimensions.

DIMENSIONS AND PAD LAYOUT FOR CA3059H AND CA3079H
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@ HARRIS HV-2405E

World-Wide
April 1994 Single Chip Power Supply
Features Description
¢ Direct AC to DC Conversion The HV-2405E is a single chip off line power supply that con-
verts world wide AC line voltages to a regulated DC voltage.
* Wide Input Voltage Range........... 15Vrms-275Vrms The output voltage is adjustable from 5Vpg to 24Vps with an
¢ Dual Output Volitages Available output current of up to 50mA. The HV-2405E can operate
from input voltages between 15Vrms and 275Vrms as well
* OutputCurrent...........c..ovnennns upto50mA as input frequencies between 47Hz to 200Hz (see Table 1 in
e Output Voltage ............... teseeccans 5V to 24V section titled “Minimum Input Voltage vs Output Current” for
« Line and Load Regulation.................... <29 details).

The wide input voltage range makes the HV-2405E an excel-
lent choice for use in equipment which is required to operate
from either 240V or 120V. Unlike competitive AC-DC conver-

* UL Recognition, File # E130808

Ap P lications tors, the HV-2405E can use the same external components
« Power Supply for Non-Isolated Applications for operation from either voltage. This flexibility in input volt-
age, as well as frequency, enables a single design for a
* Power Supply for Relay Control world wide supply.
¢ Dual Output Supply for OFF-LINE Motor Controls The HV-2405E has a safety feature that monitors the incom-
« Housekeeping Supply for Switch-Mode Power ing AC line for large dv/dt (i.e. random noise spikes on AC
Supplies line, initial power applied at or near peak line voltage). This
inhibit function protects the HV-2405E, and subsequent cir-
cuitry, by turning off the HV-2405E during large dv/dt tran- 8 g:’
. . sients.This feature is utilized to ensure operation within the w
Order ing Information SOA (Safe Operating Area) of the HV-2405E. o E
w
TEMPERATURE The HV-2405E can be configured to work directly from an z >
PART NUMBER RANGE PACKAGE electrical outlet (see Figure 1) or imbedded in a larger sys- < 5
HV3-2405E.5 0°C to 375°C 3 Load Plastic DIP tem (see Flgure 7). Both applgcatlon circuits have compo- o
nents that will vary based on input voltage, output current
HV3-2405E-9 -40°C to +85°C | 8 Lead Plastic DIP and output voltage. It is important to understand these val-

ues prior to beginning your design.

CAUTION: This Product Does Not Provide Isolation From The AC line. See “General Precautions”. Failure to use a properly rated
fuse may cause R1 to reach dangerously High Temperature or Cause the HV-2405E to Crack or Explode.

Pinout Functional Diagram
HV-2405E (PDIP) SWITCHING LINEAR
| PRE-REGULATOR | POST-REGULATOR
TOP VIEW | 1 i
AC oo '
v HioH R | DA1 SA1  DA2 at ‘e |
AC RETURN E E AC HIGH O—'\J—W\f—_9_»“ T 1 Vour
PRE-REG Fuse 8 :
AP (c2) [2] 7] Ne : ;
GND [3 6] v | RA4Z ‘ )
E : ouT oL : S HV-2405E r—'o: SENSE |
INHIBIT 7 5] VseNsE [ + 1= ZRBI11! 5
. RASS 9 !
. > '
! i
: \ <‘ RB10
' < [ 1
N 1
' BANDGAP i ,
H REFERENCE ! i
: H1,3)
AC G U U I AC
RETURN 2 RETURN
o
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2487_5

Copyright © Harris Corporation 1992 5-15



Specifications HV-2405E

Absolute Maximum Ratings

Voltage Between Pin1and8,Peak.............c..ouennnn +500V
Voltage BetweenPin2and6.................ocvuunnn, 15V
InputCurrent, Peak ........coovvieiiininnnnnnennnnnns 2A
OutputCurrent . ...ttt 100mA
OUPULVORAGE - . oo eieei it iieenans 34V

Thermal Information

Thermal Resistance 6ja
PlasticDIP. ...ttt ittt 150°CW

Maximum Junction Temperature. . .. ........ccoueeueen. +150°C

Storage Temperature Range. . ................ -65°C to +150°C

CAUTION: Stresses above those listed in "Absolute Maximum Flatlngs may causs permananr damage to the device. This is a stress only rating and operation

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

P

of this specification is not implied.

Electrical Specifications Unless Otherwise Specified: V;y

= 264Vms at 50Hz, C1 = 0.054F, C2 = 4704F, C4 = 1F, Vour = 5V,

lout = 50mA, Source Impedance R; = 150Q. Parameters are Guaranteed at the Specific Vjy and
Frequency Conditions, Unless Otherwise Specified. See test circuit for Component Location.

HV-2405E-5/-9
PARAMETER CONDITIONS TEMP MIN TYP MAX UNITS
Output Voltage (At Preset 5V) Vger = 0Vpe +25°C 4.75 5.0 5.25
Full 4.65 5.0 5.35
Output Voltage (At Preset 24V) Vier = 19Vpe +25°C 228 24.0 252
Full 22.32 24.0 25.68
Line Regulation 80Vrms to 264Vrms +25°C - 10 20 mV
Full - 15 40 mV
Load Regulation (lout = 5MA to 50mA) +25°C - - 20 mVv
Full - - 40 mV
Output Current Full 50 - - mA
Output Ripple (Vp-p) Full - 24 - mV
Short Circuit Current Limit Full - 70 - mA
Output Voltage TC Full - 0.02 - %°C
Quiescent Current Post Regulator | 11Vpg to 30Vpc on Pin 2 +25°C - 2 - mA
Test Circuit
—o0 +
R1
150Q
v ‘V‘V‘v
FILTER o4 Vour
NETWORK =1 uF
AUTOMATIC c1
TEST =
EQUIPMENT T oo oE | o0swF W
FILTERED TO
PRECLUDE
TRANSIENTS
TO LESS THAN c3
10Vius c2 150pF
T 470vF T




HV-2405E

Application Information

1N5231A

0.14F 1000 j-eeemmmmmnancnn fFuse
OPERATING CONDITIONS 1} A +n~0 AC HIGH
ViN = 50Vrms TO 275Vrms E ﬁ z
FREQUENCY = 50Hz to 60Hz ~ ! '
lout = 0mA to SOmA {1} a|—| i Gl gR2 i ] acReTURN
Vour =5V + Vz 7] 3 i20pF <’220Kﬂ: =
<] '
le HV-2405E [ — P
T erowF [-bE 3 1+ 4 Vour
— = jjm ca H
= = —-E 5 _1__-_10;:F E E
O ) e ISR :
[ 2N2222 :
H
'
'
’
’
’
’
’
’
’
:

cessssscscncesy

COMPONENT LIST

FUSE = 1/4A

R1 = 100Q, 5W
R2 = 220kQ, 1W
R3 = 3.9kQ, 1/4W
R4 = 5.6kQ2, 1/4W
R5=3.3Q,1/4W
R6 = 5.6k, 1/4 W

€1 = 0.14F, AC RATED
€2 = 470yF, 15V + Vour, ELECTROLYTIC
C3 = 20pF, CERAMIC

C4 = 104F, Vour + 10V, ELECTROLYTIC
C5 = 0.0474F, 10V

Z1 = Voyr - 5V, 1AW

22=5.1V, 1N5231/A OR EQUIVALENT

Q1 = 2N2222 OR EQUIVALENT

FIGURE 1. OFF LINE WORLD-WIDE SUPPLY (loyr 2 50mA)

Off line World Wide Supply (Ioyr < 50mA)

Figure 1 shows the recommended application circuit for an
off line world wide supply. The circuit will deliver an output
voltage of 5V to 24V and an output current from 0 to 50mA.
The value of C2 can be reduced for applications requiring
less output current (see section titled “Optimizing Design” for
details). For a basic understanding of the internal operation
of the HV-2405E reference section titled “How the HV-2405E
Works”.

The following is a detailed explanation of this application cir-
cuit:

Basic Operation

When the input voltage goes positive an internal switch
connects pin 8 to pin 2 allowing current to flow through R1 to
charge up C2. When the voltage on C2 reaches a
predetermined voltage the switch opens and the charging of
C2 stops. R1 limits the input current and along with C1
provides a snubber for the internal switch. A linear regulator
takes current from C2 further regulating the voltage and
limiting the ripple at pin 6. The voltage at pin 6 is equal to
Vz, +5V. The linear regulator also provides output current
limiting. The capacitor C4 on pin 6 is required for stability of
the output.

Input Current Limiting Circuit

The external components in the shaded area of Figure 1 per-
form two functions. The first is to shut down the HV-2405E in
the presences of a large voltage transients and the second is
to provide input current limiting.

Resistors R2, R3 and capacitor C3 monitor the input voltage
and turn on Q1 which shuts down the HV-2405E when the
input voltage or the dv/dt is too large. This network antici-
pates the voltage applied to pin 8, since R1 and C1 add
several micro seconds delay, and turns off the HV-2405E
when a predetermined input voltage is exceeded. The differ-
ence between R3/C3 and R1/C1 time constants ensures
that the HV-2405E internal switch opens before the voltage,
and thereby the input current, is allowed to rise to a danger-
ous level at pin 8.The input voltage at which the HV-2405E is
turned off, is dependent upon the voltage on C2. The higher
the voltage on C2 the larger the input current that the HV-
2405E can safely turn off. For a detailed explanation of why
the voltage on C2 determines the maximum input current
that the HV-2405E can safely turn off, reference “Start-up” in
section titled “How the HV-2405E Works”.

Input current limiting is provided when the voltage at the
base of Q1 forward biases the base to emitter junction, turn-
ing off the internal switch. The voltage required at the base
to turn on Q1 increases as the voltage on C2 increases the
emitter voltage. When the voltage on C2 is >10V, the emitter
voltage is held constant by Z2 and the maximum input cur-
rent is set by resistors R2, R3, R4 and R5 (see section titled
“Design Equations” for more details).

Operation

The circuit in Figure 1 ensures operation within the SOA of
the HV-2405E by limiting the input current to <5S00mA when
the voltage on C2 equals zero and <2A when the voltage on
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HV-2405E

Application Information (Continued)

C2 is greater than 10V. The circuits operation is illustrated in
Figure 2 and Figure 3. In Figure 2 the initial current pulse is
approximately 400mA when Vg, = OV and gradually
increases to approximately 1.8A when C2 = 10V. Also notice
that after the 17th line cycle the input current is approxi-
mately 1.4A. At this point C2 is fully charged. The input cur-
rent required to maintain the voltage on C2 is less than the
current to charge it and the circuit has reached steady state
operation. Since the steady state current is less than the
input current limit, the circuit in the shaded area is off and no
longer has any effect.

OFFLINE WORLD-SIDE SUPPLY
lout = 50mA

Viy=264Vrms | |
(500V/DIV)

-
A
—
S
A

INPUT CURRENT
(1ADIV)
p=08A i

A AN ADARIADNDDGS
NN NN

N

"I C2FULLY CHARGED

N
(10V/DIV)

Vout i,
(5V/IDIV)

FIGURE 2. START UP OPERATION

Under short circuit operation the maximum voltage on pin 2
is less than 10V and the input current limiting circuit is
invoked. Figure 3 shows that under output short circuit con-
ditions, the input current is limited to. about 800mA. The
effects on the output current when the input current limiting
circuit is invoked is illustrated in Figure 6.

e vﬂivﬁaﬂuﬂv\vhvgvﬁ'uﬂv Wl J‘MN\NM
e M uiu” i J,L‘ 1l
ol | 0 I I

FIGURE 3. SHORT CIRCUIT OPERATION

Design Equations for Input Current Limiting
Initial Start-Up

Assume: Vg =0V, R1 =100Q, R2 = 220kQ, R3 = 3.9kQ,
R4 = 5.6kQ, R5 = 3.3kQ, R6 = 5.6kQ, Vgg = 0.54V, ligg =
60pA, Vpin g - Vpin 2 = 3.5V at low inputs currents. Vi =
Voltage on AC high when input current limit circuit is invoked
(Vez=0V)

Vin1 - Vping - Vein2

liN(min) = P (EQ1)
R2 +R3 R4 (R5 + R6)
= I EQ. 2
Ving A3 (Vee + R4+ R5 + F6 xlmig) (EQ.2)
Ving = 57.41 (0.54 + 3.437kQ x 60pA) = 42.84V (EQ.3)
4284-35
liNgmin) = BT 393mA (EQ.4)

Equation 1 through Equation 4, for the given assumptions,
predict that the initial input current will be limited to 393mA.

The following equations can be used to predict the maximum
input current during start-up.

Assume: Vgp > 10V, R1 = 100Q, R2 = 220kQ, R3 = 3.9kQ,

R4 = 56kQ, R5 = 56kQ. RG = 33kQ, VBE = 054V, lTRIG =
60pA, Vz = 5.1V, Vpi, g - Vpin 2 = 6V at high inputs currents,

Vpin2 = Vpins» Vinz = Voltage on AC high when input current

circuit is invoked (Vg > 10V).

Vinz - Vout - (Vpin 8 - Vpin 2) - (Vpin 2 - Vpine)

hiN(max) = R (EQ.5)
R2+R3[ R4 R5 R4

Vi = + x| ————vVy |(EQ.6

me="mg | Ve RasRs X ™S RatRs z’]( )

Vo= 57.41[0.54 +(2.076kQ x 60pA) + (0.6202x5.1)]  (EQ.7)
222 -Vour-6 -6

Inmax) = ———%’——— =2.05A at Vour = 5V (EQ.8)
222 -Voyr -6 6

IiNmex) = ——1—3:T— = 1.86A at Vour = 24V (EQ.9)

Equation 5 through Equation 9 predict the maximum input
current will be limited to less than 2.05A. In practice at 5V
operation the current is less than predicted due to the low
bias current through Z2.

Setting The Output Voltage

The circuit shown in Figure 1 provides a regulated 5V to 24V
DC and is set by adjusting the value of Z1. The output volt-
age of the HV-2405E (pin 6) is set by feedback to the sense
pin (pin 5). The output will rise to the voltage necessary to
keep the sense pin at 5V. The output voltage is equal to the
Zener voltage (Vz4) plus the 5V on the sense pin. For a 5V
output, pin 5 and pin 6 would be shorted together. The out-
put voltage has the accuracy and tolerance of both the Zener
diode and the band-gap of the HV-2405E (see Figure 16).
The maximum output voltage is limited by Zg, to ~ 34Vpe.
Zg, protects the output by ensuring that an overvoltage con-
dition does not exist. Note: the output voltage can also be set
by placing a resistor (1/4W) between pin 5 and pin 6. If a
resistor is placed between pin 5 and pin 6 an additional 1V
per ka (+10%) is added to the 5V output.




HV-2405E

Application Information (Continued)

Optimizing Design (World-Wide Supply)
Selecting the Storage Capacitor C2

For applications requiring less than 50mA or the full input
voltage range, the value of C2 can be reduced for a more
cost effective solution. The minimum C2 capacitor value is
determined by the intersection between the maximum input
voltage and the output current curve in Figure 4. (Note, for
50Hz operation see Figure 19 in section titled “Typical Per-
formance Curves”.) Advantages of making C2 as small as
possible are:

¢ Reduced total size and cost of the circuit.
¢ Reduced start up time.

Consideration should be given to the tolerance and tempera-
ture coefficient of the C2 value selected. (Note; momentary
peak output current demands should be considered in the
sizing of C2. Increasing the output capacitor C4 is another
way to supply momentary peak current demands.)

OFFLINE WORLD-WIDE SUPPLY

~<—35mA
~<—10mA /

12:: / / 50mA
150 / 25mA L
JAR VA

90 / /

275
240

INPUT VOLTAGE (Vrms)
-
N
°

0 75100 220 0 470

33
C2 (uF)

FIGURE 4. MINIMUM C2 VALUE vs INPUT VOLTAGE

The following example illustrates the method for determining
the minimum C2 value required:

EXAMPLE

Requirements: Voyt = 5V to 24V, loyr = 35mA, Vinmax) =
120Vrms, 60Hz.

For the given conditions, the minimum C2 value (from Figure
4) is determined to be 220uF.

Determining the Power Dissipation in R1

Circuit efficiency is limited by the power dissipation in R1.
The power dissipation for 240Vrms and 120Vrms is shown in
Figure 5.

For input voltages other than 240Vrms or 120Vrms equation
10 can be used to determine the power dissipation in R1.

Pd=28 \[RTVims (lour)® (EQ. 10)

Example: Ry = 100Q, Input Voltage = 240Vrms, lgyr =
50mA, Pp = 4.8W

NOTE: Under short circuit conditions the Pp in R1
decreases to 1.2W Due to fold back current limiting (loyt =
20mA, Reference Figure 6).

OFFLINE WORLD-WIDE SUPPLY (R1 = 100Q)

4 240Vm74
/

“
-~

POWER DISSIPATION (W)
(~]

2 // 7" 120vrms |
, A~
0 -/

) 10 50

20 30 4
LOAD CURRENT (mA)
FIGURE 5. POWER DISSIPATION IN R1 vs LOAD CURRENT

Operation Information

Effects of Temperature on Output Current:

Figure 6 shows the effects of temperature on the output
current for the circuit shown in Figure 1. Figure 6 illustrates
operation with the output configured for 5V. Temperature
effects on the output current for Vour = 24V operation is
similar. The foldback current limiting is the result of reduced
voltage on C2. The circuit delivers SOmA output current
across the specified temperature range of -40°C to +85°C
for all output voltages between 5V and 24V. The effect of
decreasing the value of C2 (470uF) reduces the maximum
output current (i.e. moves curve to the left). For all C2 values
selected from Figure 4 (assuming tolerance and temperature
coefficient are taken into account) the circuit meets the
expected output current across the above mentioned
temperature range.

OFFLINE WORLD-WIDE SUPPLY

5 \ <
s 4 +85°C —>
s \
£ 5 P4 \
3 +25°C ——»)
> 1
-
2 2 =~
3 . =T aovc

1 / P

/
/ 2 ]

0 10 20 30 40 50 60 70 80 90 100

OUTPUT CURRENT (mA)
FIGURE 6. OUTPUT CURRENT vs TEMPERATURE
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HV-2405E

Application Information (Continued)

Minimum Input Voltage vs gyt

Table 1 shows the minimum input voltage range as a
function of output current. Notice that the HV-2405E can
deliver 5V at 10mA from a source voltage as little as 15Vrms
and requires a minimum of 50Vrms to deliver 24V at 50mA.

TABLE 1. MINIMUM INPUT VOLTAGE vs OUTPUT CURRENT

lour
Vour 10mA 25mA 35mA 50mA
5v 15Vrms 21Vms 25Vrms 30Vrms
24V 31Vrms 38Vrms 41Vrms 50Vrms

Component List (Worid Wide Supply <50mA)
Fuse

Opens the connection to the power line.
Recommended value: 1/4AG

R1 Source Resistor

R1 limits the input current into the HV-2405E. Needs to be
large enough to limit inrush current when C2 is discharged
fully. The maximum inrush current needs to be limited to less
than 2A (V peak / R1 <2A). The equation for power dissipa-
tion in R1 is:

Pd=2.8 +R1Vims (loy7)? (EQ. 10)

Wirewound resistors are recommended due to their superior
temperature characteristics.

R1 = 1000 (+10%)

R2, R3, R4, R5 and R6 Resistors

R2, R3, R4, R5 and R6 set the bias level for Q1 that
establishes the minimum and maximum input current limit
during start-up.
Resistor values (+5%):
R2 = 220kQ, 1W

R3= 3.9kQ, 1/4W

R4 = 5.6kQ, 1/4W

C1 Snubber Capacitor

C1 and R1 form a low pass filter that limits the voltage rate
of rise across SA1 (the main current carrying SCR of the
HV-2405E) and therefore its power dissipation.

C1 =0.1uF (+10%) AC rated, metallized polyester.
C2 Pre-Regulator Capacitor

R5 = 3.3kQ, 1/4W
R6 = 5.6kQ, 1/4W

C2 is charged once each line cycle. The post regulator
section of the HV-2405E is powered by C2 for most of the
line cycle. If the application requires a smaller input voitage,
the value of C2 can be reduced from that shown in Figure 1
(see section on “Optimizing Design” for details). Note:
capacitors with high ESR may not store enough charge to
maintain full load current. The voltage rating of C2 should be
about 10V greater than the selected Vour.

Recommended value = 470uF electrolytic (+20%), unless
otherwise specified.

C3 Feed Forward Capacitor

C3 is part of the input Current limiting circuitry shown in
Figure 1. C3 detects large voltage transients on the AC line
and turns off the HV-2405E by turning Q1 on.

C3 = 20pF (20%), breakdown voltage >500V.
C4 Output Fliter Capacitor

C4 is required to maintain the stability of the output stage.
Larger values may help in supplying short momentary
current peaks to the load and improve output ripple during
start-up.

C4 = 10uF (x20%)
Z1 Output Voltage Adjust

Z1 is used to set the output voltage above the 5V reference
on pin 5 (see section titled “Setting The Output Voltage” for
more details).

Z1=Vgyr - 5V,1/4W. V2 valve at 1mA.

Note, the wattage rating is different when configured as a
dual supply (see dual supply section for on how to determine
wattage).

Z2 Clamp Diode

Z2 clamps the voltage on Q1s emitter when the voltage on
C2 >10V. This results in limiting the maximum input current
to less than 2A.

Z2 = 5.1V, 1IN5231A or equivalent
Q1 Input Current Limiting Transistor

Q1 shuts down the HV-2405E when the input voltage or dv/dt
is too large.

VCEO =40V min.
Q1 =2N2222 or equivalent

Imbedded Supply (1oyr <30mA)

—1 +
o
FUSE R1 z
150Q © Fl o] |wv Vour
FILTER
NETWORK D HV-2405E
c1 =%
L T 10uF
OIuF T
dv/dt < 10V/us H"J o [ T
R2 c3
2.7Q T 150pF
c2
T 330uF
COMPONENT LIST
FUSE = 1/4A €2 = 330pF, 15V + Voyt, ELECTROLYTIC
R1 = 150Q, 3W C3 = 150pF, CERAMIC
R2=27Q, 1/4W C4 = 10uF, Vour + 10V, ELECTROLYTIC

C1=0.1pF, ACRATED  Z1 = Voyr -5V, 14W
FIGURE 7. IMBEDDED SUPPLY lgyr < 30mA
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HV-2405E

Application Information (Continued)

For applications requiring 30mA or less and not directly off
line (i.e. filter network preceding supply), the external tran-
sistor and associated resistors in Figure 1 can be replaced
with a single 1/4W resistor R2 and capacitor C3 (Figure 7) if:
(1) The filter network reduces the input dv/dt to less than
10V/us (ensures sufficient pin 2 voltage at turn off), (2)
Source resistor R1 equals 150Q (limits the maximum input
current) and (3) Inhibit Capacitor C3 equals 150pF (turns off
the HV-2405E during large voltage transients).

For applications where EMI (conductive interference) is a
design requirement, the circuit shown in Figure 8 is the rec-
ommended application circuit. This circuit delivers an output
voltage of 5V to 24V with an output current from 0 to 30mA
and passes VDE 0871 class “B” test requirements for con-
ductive interference with a resistive load.

e . .
¢ou s Rl

‘
FUSE! 22mh 11500 —° +
H\'TW + A'A'Ar o z1
AC HIGH! : |l| =
E E © [:1 © w VOUT
[ ’
' '
] ’
E ; ) HV-2405E
/ { L C4
! col! cil T 1owF
! 0.33uF T /0.1 WFT
E ; Lv:l of o] [«
N |4 !

’
; : 270 T1s0pF
' H .
H ' c2
: : T 330uF

AC RETURN
COMPONENT LIST
FUSE = 1/4A €3 = 150pF, CERAMIC
R1 = 1500, 3W Ca = 10uF, Vour + 10V,
R2 =270, 1/4W ELECTROLYTIC
€1 = 0.1yF, AC RATED 21 = Vour -5V, 1/4W
€2 = 330pF, 15V + Vour, L1 = 2.2mh, 1 = 2000
ELECTROLYTIC C0 = 0.33uF, AC RATED

FIGURE 8. IMBEDDED SUPPLY WITH EMI FILTER (lgy7 < 30mA)
Basic Operation

When power is initially applied the filter network reduces the
magnitude of any transient noise spikes that might result in
operation outside the SOA of the HV-2405E (see Start-up in
section titled “How the HV-2405E Works” for and explanation
of the SOA). When the voltage on pin 8 goes positive an
internal switch connects pin 8 to pin 2 and C2 starts to
charge through R1 and R2. When the voltage on pin 2
reaches a predetermined voltage the switch opens and the
charging of C2 stops. R1 limits the input current and along
with C1 provides a snubber for the internal switch. R2 also
has the effect of limiting the input current by increasing the
voltage on pin 2 sooner in the cycle. A linear regulator takes
current from C2 and provides a DC voltage at pin 6. The volt-
age at pin 6 is equal to V,4+ 5V. The inhibit capacitor (C3)
provides protection from large input voltage transients by
turning off the HV-2405E and the output capacitor C4 pro-
vides stabilization of the output stage.

Operation

The operation of the imbedded supply is illustrated in Figure 9
and Figure 10. Figure 9 shows operation with a 30mA load
and Figure 10 with the output short circuited. Notice that In
both cases, the inhibit function of the HV-2405E prevents the
circuit from turning on when the input voltage was applied
near the peak line voltage. Also notice the initial current pulse
(Figure 9) is approximately 1.6A and decreased to 1A within
40ms. This decrease in the input current results when the
charging current required to maintain the voltage on C2
decreased. The effect of the series resistor (R2) is illustrated
by the small voltage spike on the Vpin 2 trace. This voltage
spike increases the voltage on pin 2 to the 10V trip point
sooner in the cycle, thereby limiting the input current.

.....JMBEDDED SUPPLY
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FIGURE 9. START UP OPERATION
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FIGURE 10. SHORT CIRCUIT OPERATION
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HV-2405E

Application Information (Continued)

Setting The Output Voltage

The circuits shown in Figure 7 and Figure 8 provide a regu-
lated 5V to 24V output voltage that is set by adjusting the
value of Z1. The output voltage of the HV-2405E (pin 6) is
set by feedback to the sense pin (pin 5). The output will rise
to the voltage necessary to keep the sense pin at 5V. The
output voltage is equal to the Zener voltage (Vz) plus the 5V
on the sense pin. For a 5V output, pin 5 and pin 6 would be
shorted together. The output voltage has the accuracy and
tolerance of both the Zener diode and the band-gap of the
HV-2405E (see Figure 16). The maximum output voltage is
limited by Zg, to = 34Vpc. Zg, protects the output by ensur-
ing that an overvoltage condition does not exist. Note: the
output voltage can also be set by placing a resistor (1/4W)
between pin 5 and pin 6. If a resistor is placed between pin 5
and pin 6 an additional 1V per kQ (+10%) is added to the 5V
output.

Optimizing Design (imbedded Supply)
Selecting the storage capacitor C2

For applications requiring less than 30mA, the value of C2
can be reduced for a more cost effective solution. The mini-
mum C2 capacitor value vs. output current is presented in
Table 2. Advantages of making C2 as small as possible are:

* Reduced total size and cost of the circuit.
* Reduced start up time.

Consideration should be given to the tolerance and tempera-
ture coefficient of the C2 value selected. (Note: momentary
peak output current demands should be considered in the
sizing of C2. Increasing the output capacitor C4 is another
way to supply momentary peak current demands.)

TABLE 2. IMBEDDED SUPPLY

R1-150Q R2=2.7Q

VJN FREQ. C2 lout
264Vrms 50Hz 330uF 30mA
220pF 24mA

100pF 14mA

50uF 8mA

264Vims 60Hz 330uF 30mA
220pF 27mA

100pF 16mA

S50uF 9mA

132Vims 50Hz 330uF 30mA
220pF 30mA

100uF 16mA

S50uF 8mA

132Vrms 60Hz 330pF 30mA
220pF 30mA

100uF 16mA

50uF 9mA

Determining the Power Dissipation in R1

Circuit efficiency is limited by the power dissipation in R1.
The power dissipation for 240Vrms and 120Vrms is shown in
Figure 11.

For input voltages other than 240Vrms or 120Vrms Equation
10 can be used to determine the power dissipation in R1.

Pd=2.8 \[R1Vrms (lou1)° (EQ. 10)
IMBEDDED SUPPLY (R1 = 150Q)

4
3
3 a
E 240Vrms
g /
@ 2
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& L~
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¢ / 120Vrms

o -

0 10 20 30
LOAD CURRENT (mA)

FIGURE 11. POWER DISSIPATION IN R1 vs LOAD CURRENT
Operation information
Effect