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POWER MOSFET PRODUCTS 

This MOSFET Databook offers an extensive line of power MOSFET products for use 
in a wide range of consumer, industrial and high-reliability applications. This 
databook contains detailed technical information on the broad line of MOSFETs, 
including standard power MOSFETs (the popular RF-series types, the IRF-series of 
industry replacement types, and JEDEC types), MegaFETs, logic-level power MOS
FETs (L2FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and 
radiation-hardened power MOSFETs. 

Separate data sections provide definitive ratings and characteristics for each major 
category of devices. Data pages for individual devices are organized in numeric! 
alphanumeric sequence for each section. Because some devices are grouped 
together to show similarity of function or data, some individual types numbers may 
be out of sequence. If you have difficulty finding a type number, check the General 
Information Index, Section 1. 

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

Harris Semiconductor Literature Department 
P.O. Box 883, MS 53-204 

Melbourne, FL 32902 
Phone: 1-800-442-7747 

Fax: 407-724-7240 

See Section 14 for Information Available on AnswerFAX 
Phone: (407) 724-7800 

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 Costa Mesa ........................ 714-433-0600 

San Jose .......................... 408-985-7322 

FLORIDA Palm Bay .......................... 407-729-4984 

GEORGIA Duluth ............................. 404-476-2035 

ILLINOIS Schaumburg ........................ 708-240-3480 

INDIANA Carmel ............................ 317-843-5180 

MASSACHUSETTS Burlington .......................... 617-221-1850 

NEW JERSEY Voorhees .......................... 609-751-3425 

NEW YORK Hauppauge ......................... 516-342-0291 
Wappingers Falls .................... 914-298-1920 

TEXAS Dallas ............................. 214-733-0800 

INTERNATIONAL 

FRANCE Paris. . . . . . . . . . . . . . . . . . . . . . . . . . . . 33-1-346-54046 

GERMANY Munich ........................... 49-89-63813-0 

HONG KONG Kowloon ........................... 852-723-6339 

ITALY Milano ............................ 39-2-262-0761 

JAPAN Tokyo ........................... 81-3-3265-7571 

KOREA Seoul ............................ 82-2-551-0931 

SINGAPORE Singapore ........................... 65-291-0203 

TAIWAN Taipei ........................... 886-2-716-9310 

UNITED KINGDOM Camberley ....................... 44-2-766-86886 

For literature requests, please contact Harris at 1-800-442-7747 (1-80Q-4HARRIS) or call 
Harris AnswerFAX for immediate fax service at 407-724-7800 
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POWER MOSFETs 2 
POWER MOSFET CROSS REFERENCE 

PRODUCT HARRIS TYPE PRODUCT HARRIS TVPE PRODUCT HARRISTVPE 

2N6756 2N6756 2N6784 2N6784 2N6802 IRFF430R 

2N6758 IRF232 2N6784 IRFF210 2N6804 2N6804 

2N6758 IRF232R 2N6784 IRFF210R 2N6804 IRF9130 

2N6759 2N6759 2N6786 2N6786 2N6804 IRF9142 

2N6759 IRF333 2N6786 IRFF310 2N6804 RFM12Pl0 

2N6759 IRF333R 2N6786 IRFF310R 2N6806 IRF9230 

2N6760 2N6760 2N6788 2N6788 2N6845 IRFF9120 

2N6760 IRF330 2N6788 IRFF120 2N6847 IRFF9220 

2N6760 IRF330R 2N6788 IRFF120R 2N6849 2N6849 

2N6762 2N6762 2N6790 2N6790 2N6849 IRFF9130 

2N6762 IRF430 2N6790 IRFF220 2N6851 2N6851 

2N6762 IRF430R 2N6790 IRFF220R 2N6851 IRFF9230 

2N6764 2N6764 2N6792 2N6792 BUK452·10 BUZ72A 

2N6764 IRFl50 2N6792 IRFF320 BUK452·60 RFP3055 

2N6764 IRFl50R 2N6792 IRFF320R BUK453-10 IRF530 

2N6764 RFK35Nl0 2N6794 2N6794 BUK453-10 IRF530R 

2N6766 2N6766 2N6794 IRFF420 BUK453-10 BUZ20 

2N6766 IRF250 2N6794 IRFF420R BUK453-10 RFP12Nl0 

2N6766 IRF250R 2N6796 2N6796 BUK454-20 BUZ32 

2N6768 2N6768 2N6796 IRFF130 BUK454-20 IRF630 

2N6768 IRF350 2N6796 IRFF130R BUK454-20 IRF630R 

2N6768 IRF350R 2N6798 IRFF230 BUK454-40 BUZ76 

2N6nO 2N6nO 2N6798 IRFF230R BUK454-40 IRF720 

2N6nO IRF450 2N6800 2N6800 BUK454-40 IRF720R 

2N6nO IRF450R 2N6800 IRFF330 BUK455-10 RFP22Nl0 

2N6782 2N6782 2N6800 IRFF330R BUK455-10 BUZ21 

2N6782 IRFFll0 2N6802 2N6802 BUK455-10 IRF542 

2N6782 IRFFll0R 2N6802 IRFF430 BUK455-10 IRF542R 
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Power MOSFET Cross Reference 

PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE 

BUK455-40 BUZ60 BUZ60B BUZ60B IRF141 IRF141R 

BUK455-40 IRF730 BUZ60B IRF732 IRF142 IRF142 

BUK455-40 IRF730R BUZ60B IRF732R IRF142 IRF142R 

BUK455-50 BUZ41 A BUZ71 BUZ71 IRF143 IRF143 

BUK455-50 IRF830 BUZ71 RFP14N05 IRF143 IRF143R 

BUK455-50 IRF830R BUZ71A BUZ71A IRF150 IRF150 

BUK456-60 RFP45N06 BUZ72A BUZ72A IRF150 IRF150R 

BUK457-60 IRFBC40R BUZ73 BUZ32 IRF150 2N6764 

BUK552-60 RFP3055RL BUZ73 IRF630 IRF150 RFK35N10 

BUK553-60 RFP25N06L BUZ73 IRF630R IRF151 IRF151 

BUK553-60 RFP17N06L BUZ74 IRF820 IRF151 IRF151R 

BUK554-20 RFP8N20L BUZ74 IRF820R IRF152 IRF152 

BUZ10A BUZ71A BUZ74 RFP3N50 IRF152 IRF152R 

BUZ11 BUZ11 BUZ74A IRF822 IRF153 IRF153 

BUZ20 BUZ20 BUZ74A IRF822R IRF153 IRF153R 

BUZ20 RFP12N10 BUZ76 BUZ76 IRF153 2N6763 

BUZ21 BUZ21 BUZ76 IRF720 IRF220 IRF220 

BUZ21 IRF542 BUZ76 IRF720R IRF221 IRF221 

BUZ21 IRF542R BUZ76A BUZ76A IRF222 IRF222 

BUZ32 BUZ32 BUZ76A IRF722 IRF223 IRF223 

BUZ32 IRF630 BUZ76A IRF722R IRF230 IRF230 

BUZ32 IRF630R IRF120 IRF120 IRF230 IRF230R 

BUZ330 RFH10N50 IRF121 IRF121 IRF230 2N6758 

BUZ353 RFH10N50 IRF122 IRF122 IRF231 IRF231 

BUZ41A BUZ41 A IRF123 IRF123 IRF231 IRF231R 

BUZ41A IRF830 IRF130 IRF130 IRF232 IRF232 

BUZ41A IRF830R IRF130 IRF130R IRF232 IRF232R 

BUZ42 BUZ42 IRF131 IRF131 IRF233 IRF233 

BUZ42 IRF832 IRF131 IRF131R IRF233 IRF233R 

BUZ42 IRF832R IRF132 IRF132 IRF233 2N6757 

BUZ45 BUZ45 IRF132 IRF132R IRF234 IRF234 

BUZ45 RFM10N50 IRF133 IRF133 IRF235 IRF235 

BUZ45A BUZ45A IRF133 IRF133R IRF240 IRF240 

BUZ60 BUZ60 IRF140 IRF140 IRF240 IRF240R 

BUZ60 IRF730 IRF140 IRF140R IRF241 IRF241 

BUZ60 IRF730R IRF141 IRF141 IRF241 IRF241R 
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.------- Power MOSFET Cross Reference (Continued) ------...., 

PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE PRODUCT, HARRIS TYPE 

IRF242 IRF242 IRF342 IRF342 IRF442 ,'IRF442 '.' 

IRF242 IRF242R IRF342 IRF342R IRF442 IRF442R 

IRF243 IRF243 . IRF343 IRF343 IRF443 , IRF443 

IRF243 IRF243R IRF343 IRF343R IRF443 IRF443R 

IRF244 IRF244. IRF3SO 
.... 

IRF350 IRF448 BUZ45 

IRF245 'IRF245 IRF3SO IRF'350R IRF448 RFM10N50 . ' 
IRF250 .' IRF2SO; IRF350 2N6768 'IRF450 IRF450 

IRF250 IRF250R IRF351 IRF351 IRF450 IRF450R 

IRF250 . 2N6766 , IRF351 IRF351R ,IRF450 2N6nO 

IRF251, IHF251 IHF352 
,. 

, IRF352 IRF451 IRF45,l 

IRF251 ' ,IRF251R IRFq52 IRF352R IRF451 IRF451R 

IRF252 iRF252 IRF353 lRF353 IRF452 BUZ45B 

IHF252,. IRF252R , IRF353 IRF353R IRF452 JRF452 

IRF253 IRF253.· IRF353 2N6767 IRF452 IRF452R 

IRF253, IRF253R IRF360, ' ...... IRF360 IRF453 IRF453 

IRF253 2N!)765 IRF362 IRF362 '. IRF453 IRF453R 

IHF254 IAF254 , IRF420 IRF420 IRF453, 2N6769 

IRF255 IRF255 IRF420 RFM3N50 IRF460 IRF460 

IRF320 IRF320 IRF,421 IRF421 lRF462 IRF462 

IRF321 IRF321 
I 

' IRF421 ' RFM3N45 .. ,!RF510 IRF510 

IRF322 IAF322 IRF422 IRF422 , IRF510 JRF510R 

IRF323 IRF323 IflF423 IRF423 IRF511 IRF511 

IRF330 IRF430 : LRF430 .' IRF511 IRF511R 
'. 

IRF330 IR,F430 IRF430R . IRF512 IRF512 

IRF330 2N6760 IRF43Q 2N6762 ' IRF512' IRF512R 

IRF331 IRF331 IRF431,.' , IRF431 IRF513 IRF513 

IRF331 IRF331R IRF431 " lRF4&lR IRF513 IRF513R 

IRF332 IRF332 IRF432 IRF432 IRF520 IRF520 

IRF332 IRF332R II,\F432 ' ··IRF432R IRF520 IRF520R 

IRF333 IRF333 IRF433 IRF433 IRF521 
'. 

IRF521 

IRF333 IRF333R IRF433 IRF433R' . ,IRF521 IRF521R ". 
, 

IRF333 2N6759 iRF433 2N6761" .. IRF522 IRF522 

IRF340 IRF340 lAF440 IRF440 
" 

IRF522 IRF522R 

IRF340 IRF340R lRF440 IRF440R IRF5?3 '. IRF523 

IRF341 IRF341 . IRF441 IRF441 IRF523 IRF523R, .. 

IRF341 IRF341R IRF441 IRF441R 
, 

IRF530 IHF530 
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.. 
,....------ Power MOSFET Cross Reference (Continued) ----..., 

PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE 

IRF530 IRF530R IRF630 IRF630 IRF722 IRF722R 

IRF531 IRF531 IRF630 IRF630R IRF723 IRF723 

IRF531 IRF531R IRF631 IRF631R IRF723 IRF723R 

IRF532 IRF532 IRF632 BUZ73A IRF730 BUZ60 

IRF532 IRF532R IRF632 IRF632 IRF730 IRF730 

IRF533 IRF533 IRF632 IRF632R JRF730 JRF730R 

IRF533 IRF533R IRF633 IRF633 IRF731 IRF731 

IRF540 IRF540 IRF633 IRF633R IRF731 JRF731R 

IRF540 IRF540R IRF634 IRF634 IRF732 BUZ60B 

IRF541 IRF541 IRF635 IRF635 JRF732 JRF732 

IRF541 IRF541R IRF640 IRF640 IRF732 IRF732R 

IRF542 BUZ21 IRF640 IRF640R IRF733 IRF733 

IRF542 IRF542 IRF641 IRF641 IRF733 IRF733R 

IRF542 IRF542R IRF641 IRF641R IRF740 IRF740 

IRF543 IRF543 IRF642 BUZ31 IRF740 IRF740R 

IRF543 IRF543R IRF642 IRF642 IRF741 IRF741 

IRF543 RFP18N08 IRF642 IRF642R IRF741 IRF741R 

IRF610 IRF610 IRF643 IRF643 IRF742 IRF742 

IRF610 IRF610R IRF643 IRF643R IRF742 IRF742R 

IRF611 IRF611 IRF644 IRF644 IRF743 IRF743 

IRF611 IRF611R IRF645 IRF645 IRF743 IRF743R 

IRF612 IRF612 IRF710 IRF712 IRF820 IRF820 

IRF612 IRF612R IRF710 IRF712R IRF820 IRF820R 

IRF613 IRF613 IRF711 IRF711 IRF820 RFP3N50 

IRF613 IRF613R IRF711 IRF711R IRF821 IRF821 

IRF614 IRF614 IRF712 IRF710 IRF821 IRF821R 

IRF620 IRF620 IRF712 IRF710R IRF821 RFP3N45 

IRF620 IRF620R IRF713 IRF713 IRF822 IRF822 

IRF621 IRF621 IRF713 IRF713R IRF822 IRF822R 

IRF621 IRF621R IRF720 BUZ76 IRF823 IRF823 

IRF622 IRF622R IRF720 IRF720 IRF823 IRF823R 

IRF623 IRF623 IRF720 IRF720R IRF820 IRF820 

IRF623 IRF623R IRF721 IRF721 IRF820 IRF820R 

IRF624 IRF624 IRF721 IRF721R IRF820 RFP3N50 

IRF625 IRF625 IRF722 BUZ76A IRF830 BUZ41A 

IRF630 BUZ32 IRF722 IRF722 IRF830 IRF830 
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.----- Power MOSFET Cross Reference (Continued) ------, 

PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE 

IRF830 IRF830R IRF9230 IRF9230 IRF9543 RFP12P08 

IRF831 IRF831 IRF9231 IRF9231 IRF9620 IRF9620 

IRF831 IRF831R IRF9232 IRF9232 IRF9621 IRF9621 

IRF832 BUZ42 IRF9233 IRF9233 IRF9622 IRF9622 

IRF832 IRF832 IRF9240 IRF9240 IRF9623 IRF9623 

IRF832 IRF832R IRF9241 IRF9241 IRF9630 IRF9630 

IRF833 IRF833 IRF9241 RFM10P15 IRF9631 IRF9631 

IRF833 IRF833R IRF9242 IRF9242 IRF9632 IRF9632 

IRF840 IRF840 IRF9243 IRF9243 IRF9633 IRF9633 

IRF840 IRF840R IRF9510 IRF9510 IRF9640 IRF9640 

IRF841 IRF841 IRF9511 IRF9511 IRF9641 IRF9641 

IRF841 IRF841R IRF9512 IRF9512 IRF9641 RFP10P15 

IRF842 IRF842 IRF9513 IRF9513 IRF9642 IRF9642 

IRF842 IRF842R IRF9520 IRF9520 IRF9643 IRF9643 

IRF843 IRF843 IRF9520 RFP6Pl0 IRFAC40 IRFAC40R 

IRF843 IRF843R IRF9521 IRF9521 IRFAC42 IRFAC42R 

IRF9130 2N6804 IRF9521 RFP6P08 IRFBC40 IRFBC40R 

IRF9130 IRF9130 IRF9522 IRF9522 IRFBC42 IRFBC42R 

IRF9130 IRF9142 IRF9523 IRF9523 IRFDl13 IRFDl13 

IRF9130 RFM12Pl0 IRF9530 IRF9530 IRFDl13 IRFD113R 

IRF9131 IRF9131 IRF9530 IRF9542 IRFD123 IRFD123 

IRF9131 IRF9143 IRF9530 RFP12Pl0 IRFD123 IRFD123R 

IRF9131 RFM12P08 IRF9531 IRF9531 IRFD1Z0 IRFD1Z0 

IRF9132 IRF9132 IRF9531 IRF9543 IRFD210 IRFD210 

IRF9132 RFM8Pl0 IRF9531 RFP12P08 IRFD210 IRFD210R 

IRF9133 IRF9133 IRF9532 IRF9532 IRFD213 IRFD213 

IRF9133 RFM8P08 IRF9532 RFP8Pl0 IRFD213 IRFD213R 

IRF9140 IRF9140 IRF9533 IRF9533 IRFD220 IRFD220 

IRF9141 IRF9141 IRF9533 RFP8P08 IRFD220 IRFD220R 

IRF9142 2N6804 IRF9540 IRF9540 IRFD223 IRFD223 

IRF9142 IRF9130 IRF9541 IRF9541 IRFD223 IRFD223R 

IRF9142 IRF9142 IRF9542 IRF9530 IRFD9110 IRFD9110 

IRF9142 RFM12Pl0 IRF9542 IRF9542 IRFD9113 IRFD9113 

IRF9143 IRF9131 IRF9542 RFP12Pl0 IRFD9120 IRFD9120 

IRF9143 IRF9143 IRF9543 IRF9531 IRFD9123 IRFD9123 

IRF9143 RFM12P08 IRF9543 IRF9543 IRFD9220 IRFD9220 
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Power MOSFET Cr()ssC~eferen¢e . (C()hti'1l!e~) . ," 

.' . I' 
.... .' .. ' •.. ·.c .. '.' 

PRODtlCT HARRIS TYPE PRODtlCT HARRIS 1"YPE.: i 'PROOtlCT HARR'~TYPE .. i 
IRF0922.3 IRFD9223 IRFF2t3 .IRFF213 JRFF323 IRFF323 

IRFFll0 2N6782 IRFF213 . 'RFF213R .... iRFF:323 . c··' IRFF323R . I 
IRFFnO IRFF110 IRFF220 

.' 
.IRFF220 " 

I •••. 
iRFF330 ; 'IRFF330 

IRFF110 IRFF110R IRFF220 IRFF220R IRFP330 ..... IRFF330R 

IRFFll1 IRFFlll IRFF220 '. 2N6790 IRFF330 . 2N6800 J . 
IRFF111 IRFF111R IRFF221 IRFF221 IRFF331' IRFF331 

IRFF1.12 IRFF112 IRFF221 IRFF221R IRFF331 IRFF33iR 

IRFF112 IRFFl12R IRFF222 IRFF222 IRFF332 " IRFF332. 
. '. 

IRFF113 IRFFl13 IRFF222 IRFF222R IRFF$32 .•. · IRFF332R 

IRFF113 IRFFl13R IRFF223 IRFF223 IRFF333 . IRFF333 
: 

IRFF\20 IRFF120 IRFF223 IRFF223R IRFI=333 .1f:lFF333R .. ' 

I IRFF120 IRFF120R IRFF230 IRFF230 IRFF420 18FF'I20 .: 
.. 

IRFF120 2N6788 IRFF230 IRFF230R I···· 11)1'1'420 IRFF420R 
'. 

IFlFF121 IRFF121 IRFF231 IRFF231 .. IRFF420 2N6794 . 
.... 

IRFf121 IRFF121R IRfl=231 iRFF231R IRFF421 
. 

IRI=F421 

IRFF122 . IRFF122 IRFF231· RFL4N15 .: IRFF421" IRFF421H .Ic 
I·'· . 

IRFF122 IRFF122R IRFF232 IRFF232 ····IRFF422 IRFF422 I 

IRFFf22 2N6798 IRFF232 11'11'1'2321'1 IRFF422 iRFF422R I 

IRFF123 IRFF123 IRFF233 IRFF233 
' ... 

IRFF423 IRFF423 
I 

IRFF123 IRFF123R IFtFF233 .;. IRFF233R IRFF423 IRFF4;23R 
. 

IRFF130 .. , IRFF130 IRFF310 IRFF3tO: IRFF430 . IRFF430 

IRFF130 IRFF130R IRFF310 IRFF310R IRFF430 IRFF430R . I····· 
IRFF130 2N6796 IRFF310 2N6786 IRFF430 2N6802 .•... 

IRFF131 IRFF131 IRFF311 IRFF311 • 'IRFF431 IRFF431 

IRFF131 IRFF131R IRFF3ll IRFF311.R 
" 

IRFF431 .'. IAF!=431H 

IRFF132 IRFF132 IRFF312 IRFF312 
I ·· ... ·.·cIRFF432 IRFF432 

IRFF132 IRFF132R (RFF312 IRFF312R iRFF432 I IRFF432R 

IRFF133 IRFF133 IRFF3l3 ... IRFF313 IRFF433 .fRFF433 
-

IRfF133 IRFF133R IRFF3t3 IRFF313R ...• , ..• 1\ ..... IRFF433 . IRFF433R 

IRFF2.10 IRFF210 IRFF320 . ····IRFF320 .•..... IRFF9120 IRFF9120 ; 

IRFF210 IRFF21OR IRFF320 IRFFa2QR· 
I' 

IRFF9121 '. '. IRFF9j21 .. ' 

IRFF210 2N6784 IRFF320 2N6792 ······1;.· IRFF9122 IAFF9l22 

IRFF2l1 IRFF2ll IRFF321 IRFF321 . c'. U:\FF9123 IRFF9123 

IRFF211 IRFF211R IRFF321 IRI=1=321R .. f. . IRI=F9130 IRFF9130 

IRFF212 . IRFF212 IRFF322 IRFF322 
....... 

IRFF9130 2N6849 

IRFF212 IRFF212R IRFF322 IRFF322R ..... . IRFF9131 IRFF9131 

'. , 

·c .... . 



'. 
..---::-~.-- Power MOSFET, Cross Reference (Continued) -------, 

',,' 

PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE 

IRFF9132 IRFF9132 I,RFP255 " IRFP255 IRFP9243 IRFP9243 

IRFF9133 IRFF9133 iRFP340 
, 

IRFP340R IRFPC40 IRFPC40R 

IRFF9220 IRFF9220 IRFP341 IRFP341R IRFPG40 IRFPG40 

IRFF9221 IRFF9221 iRFP342 'IRFP342R IRFPG42 IRFPG42 

IRFF9222 IRFF9222 IRFP343 IRFP343R IRFR020 RFD14N05S 

IRFF9223 IRFF9223 ,,', 
" 

IRFP350 IRFP350 IRFR110 IRFR110 

IRFF9230 2N6851 IRFP350 IRFP350R IRFR120 IRFR120 

IRFF9230 IRFF9230 

I' 
IRFP351 IRFP351 

IRFF9231 IRFF9231 IRFI>351 IRFP351R 

IRFR121 IRFR121 

IRFR214 IRFR214 

IRFF9232 IRFF9232 ' IRFP352 IRFP352 IRFR220 IRFR220 

IRFF9233 IRFF9233 iRFP352 IRFP352R IRFR222 IRFR222 

IRFP044 RFG45N06 ' IRFP353 IRFP353 IRFR320 IRFR320 

IRFP054 F\FG70N06 IRFP353 IRFP353R IRFR420 IRFR420 

IRFP,140 IRFPl'40R IRFP360 IRFP360 IRFR9022 RFD8P05SM 

IRFP141 IRFP141R , IRFP362 IRFP362 IRFU020 RFD14N05 

, , IRF'P14Z, IRFP142R 'IRFP440 IRFP440R IRFU110 IRFU110 

IRFP143 IRFPl43R IRFP441 ,IRFP441R IRFU120 IRFU120 

IRFP150 IRFP150 
" 

IRFP442 IRFP442R IRFU121 IRFU121 

IRFP150 IRFP150R IRFP443 IRFP443R IRFU214 IRFU214 , 

IRFP152 IRFP,l40R IRFP450 IRFP450 IRFU220 IRFU220 

IRFP153 IRFP141R IRFP450 lRFP450R IRFU222 IRFU222 

'IRFP240 IAFP240R IRFP451 IRFP451 IRFU320 IRFU320 

IRFP241 IRFP2,41R IRFP451 IRFP451R IRFU420 IRFU420 

IRFP242 IRFP242R " IRFP452 IRFP452 IRFU9022 RFD8P05 

IRFP243 IRFP243R 'IRFP452 
,'" ' 

IRFP452R IRFZ20 BUZ71 

IRFP244 IRFP244 IRFP453 
" 

IRFP453 IRFZ20 RFP14N05 

IRFP245 IRFP245 iRFP453 IRFP453R IRFZ22 BUZ71A 
" 

IRFP250 IRFP250 IAFP460 IRFP460 IRFZ35 RFP25N06 

IRFP250 IRFP250R IRFP462 IRFP462 IRFZ44 RFP45N06 

IRFP251 IRFP251 IRFP9140 IRFP9140 IRLZ24 RFP17N06l 

IRFP251 .IRFP251R' IRFP9141 IRFP9141 ITXP7N45 IRF843 

IRFP252" IRFP252 IRFP9142 IRFP9142 ITXP7N45 IRF843R 

IRFP252 IRFP252F\ IRFP9143 IRFP9143 IXFH12N5 IRFP452 
" 

" IRFP253 " IRFP253 IRFP9240 IRFP9240 IXFH12N5 IRFP452R 

IRFP253 IRFP253R IRFP9241 IRFP924,1 IXFH13N5 IRFP450 

'IH!;,P254 IRFP254 IRFP9242 IF\FP9242 IXFH13N5 IRFP450R 

" 
'" ", , 
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~--- Power MOSFET Cross Reference (Continued) -------, 

PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE 

IXFM12N5 BUZ45B IXTP4N50 IRF830R MTM15N40 2N6768 

IXFM12N5 IRF452 IXTP6N60 IRFBC40R MTM15N40 IRF350 

IXFM12N5 IRF452R IXTP7N45 IRF841 MTM15N40 IRF350R 

IXFM13N5 2N6770 IXTP7N45 IRF841R MTM15N40E 2N6768 

IXFM13N5 IRF450 IXTP7N50 IRF842 MTM15N40E IRF350 

IXFM13N5 IRF450R IXTP7N50 IRF842R MTM15N40E IRF350R 

IXTH12N4 IRFP453 IXTP7N50 IRF840 MTM15N45 IRF451 

IXTH12N4 IRFP453R IXTP7N50 IRF840R MTM15N45 IRF451R 

IXTH12N4 IRFP451 MLP1N06CL RLP1N06CL MTM15N50 2N6770 

IXTH12N4 IRFP451R MTD10N05E RFD14N05 MTM15N50 IRF450 

IXTH12N5 IRFP452 MTD2N50 IRFU410 MTM15N50 IRF450R 

IXTH12N5 IRFP452R MTD2N50 IRFU422< MTM2N50 IRF422 

IXTH12N5 IRFP450 MTD3055E RFD3055 MTM4N45 IRF431 

IXTH12N5 IRFP450R MTD3055EL RFD3055RL MTM4N45 IRF431R 

IXTH15N4 IRFP451 MTD3055EL RFD3055RL MTM4N50 2N6762 

IXTH15N4 IRFP451R MTH20P08 RFH25P08 MTM4N50 IRF430 

IXTH15N5 IRFP450 MTH20P10 RFH25P10 MTM4N50 IRF430R 

IXTH15N5 IRFP450R MTM10N12L RFM10N12L MTM5N35 IRF331 

IXTM12N4 2N6769 MTM10N15L RFM10N15L MTM5N35 IRF331R 

IXTM12N4 IRF453 MTM10N35 IRF234 MTM5N40 2N6760 

IXTM12N4 IRF453R MTM12N08L RFM12N08L MTM5N40 IRF330 

IXTM12N4 IRF451 MTM12N10 2N6756 MTM5N40 IRF330R 

IXTM12N4 IRF451R MTM12N10L 2N6902 MTM6N60 IRFAC40R 

IXTM15N5 2N6770 MTM12N10L RFM12N10L MTM7N50 BUZ45A 

IXTM15N5 IRF450 MTM12P08 IRF9131 MTM8N20 2N6758 

IXTM15N5 IRF450R MTM12P08 IRF9143 MTM8N20 IRF230 

IXTM6N60 IRFAC40R MTM12P08 RFM12P08 MTM8N20 IRF230R 

IXTP4N45 IRF833 MTM12P10 2N6804 MTM8N40 IRF340 

IXTP4N45 IRF833R MTM12P10 IRF9130 MTM8N40 IRF340R 

IXTP4N45 IRF831 MTM12P10 IRF9142 MTM8P08 IRF9133 

IXTP4N45 IRF831R MTM12P10 RFM12P10 MTM8P08 RFM8P08 

IXTP4N50 BUZ42 MTM13N50E 2N6770 MTM8P10 IRF9132 

IXTP4N50 IRF832 MTM13N50E IRF450 MTM8Pl0 RFM8P10 

IXTP4N50 IRF832R MTM13N50E IRF450R MTM8P20 IRF9242 

IXTP4N50 BUZ41 A MTM15N35 IRF351 MTP10N10E BUZ72A 

IXTP4N50 IRF830 MTM15N35 IRF351R MTP10N12L RFP10N12LD 
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.------ Power MOSFET Cross Reference (Continued) -----, 

PRODUCT HARRISTVPE PRODUCT HARRIS TYPE PRODUCT HARRIS TYPE 

MTP10N15 RFP10N15 MTP3N50E IRF820 MTW33Nl0E IRFP150R 

MTP10N15L RFP10N15L MTP3N50E IRF820R MTW45Nl0E RFG40Nl0 

MTP10N25 IRF634 MTP3N50E RFP3N50 SGSP330 IRF821 

MTP10N35 IRF741 MTP4N40E BUZ76 SGSP330 IRF821R 

MTP10N35 IRF741R MTP4N40E IRF720 SGSP330 RFP3N45 

MTP10N40E IRF740 MTP4N40E IRF720R SGSP332 IRF723 

MTP10N40E IRF740R MTP4N45 IRF831 SGSP332 IRF723R 

MTP12N05E BUZ71A MTP4N45 IRF831R SGSP362 IRF543 

MTP12N08L RFP12N08L MTP4N50E BUZ41A SGSP362 IRF543R 

MTP12Nl0E IRF530 MTP4N50E IRF830 SGSP362 RFP18N08 

MTP12Nl0E IRF530R MTP4N50E IRF830R SGSP364 IRF831 

MTP12Nl0L RFP12Nl0L MTP5N35 IRF731 SGSP364 IRF831R 

MTP12P05 RFP8P05 MTP5N35 IRF731R SGSP369 BUZ41A 

MTP12P08 IRF9533 MTP5N40E BUZ60 SGSP369 IRF830 

MTP12P08 RFP8P08 MTP5N40E IRF730 SGSP369 IRF830R 

MTP12Pl0 IRF9530 MTP5N40E IRF730R SGSP575 IRF340 

MTP12Pl0 IRF9542 MTP6N60 IRFBC40R SGSP575 IRF340R 

MTP12Pl0 RFP12Pl0 MTP6N60E IRFBC40R SMD15N05 RFD14NOSS 

MTP15N05E BUZ71 MTP8N20 BUZ32 SMP20Pl0 IRF9540 

MTP15N05E RFP14N05 MTP8N20 IRF630 SMP3Pl0 IRF9510 

MTP15N05L RFP15N05L MTP8N20 IRF630R SMP40Nl0 RFP40Nl0 

MTP2N25 RFP4N35 MTP8P08 IRF9533 SMP50N06 RFP45N06 

MTP2N35 IRF713 MTP8P08 RFP8P08 SMP60N06·14 RFP70N06 

MTP2N35 IRF713R MTP8Pl0 IRF9532 SMU15N05 RFD14N05 

MTP2N40 IRF710 MTP8Pl0 RFP8Pl0 SMV1Pl0 IRFD9110 

MTP2N40 IRF710R MTW10N40E IRFP340R SMW12P20 IRFP9240 

MTP2N45 IRF823 MTW14N05E IRFP450 SMW20Pl0 IRFP9140 

MTP2N45 IRF823R MTW14N05E IRFP450R SMW45Nl0 RFG40Nl0 

MTP2N50 IRF822 MTW16N40E IRFP350 SMW70N06-14 RFG70N06 

MTP2N50 IRF822R MTW16N40E IRFP350R STLT20 RFP3055 

MTP3055E RFP3055 MTW20N50E IRFP460 STP50N06 RFP45N06 

MTP3055EL RFP3055RL MTW23N25E IRFP254 

MTP3Nl0L RFP2Nl0L MTW24N40E IRFP360 

MTP3N45 IRF821 MTW32N20E IRFP250 

MTP3N45 IRF821R MTW32N20E IRFP250R 

MTP3N45 RFP3N45 MTW33N1OE IRFP150 
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.. 
RMOSFETs 

1. R x 

Power Product Selection Guide 

xxx 
-r= FEATURE SUFFIX 

R: Rugged Capabilities Guaranteed 
L: Logic Level 5V Gate 

SM: Surface Mount Leadform (TO-252) 
E: ESD Protected Device 

CS: Current Sensing 
C: Voltage Clamping 
B: Integral Turn-Off Driver 

VOLTAGE RATINGl10 
i.e .•. 05 = 50V, 10 = 100V, 20 = 200V, etc. 

POLARITY 
N: N-Channel 
P: P-Ghannel 

CURRENT RATING 
1 = 1A, 10 = 10A, 25 = 25A, etc. 

PACKAGE DESIGNATION 
A: MO-093AA 
B: TS"()01 
0: TO-25l, TCJ..252 (D-PAK) 
G: TO-247 
H: TO-2l8AC 
K: TO-204AE (TO-3 with 60 MIL Leads) 
L: TO-205AF (TO-39 with Low Profile Cap) 

M: TO-204M (TO-3 with 40 MIL Leads) 
P: TO-220AB 
V: 5 Lead TO-247 

DEVICE TYPE 
F: Standard MOSFET 
L: Current Limited MOSFET 

Example: RLP1N08LE ESD Protected, Current Limited, TO-220, lA, N-Channel, 80V Logic Level MOSFET 

RFD15N05SM D-PAK, l5A, N-Channel, 50V, Surface Mounl Leadform MOSFET 

RFP12N06RLE TO-220, l2A N-Channel, 60V, Rugged, Logic Level, ESD Protected MOSFET 

IRFMOSFETs 

R: Ruggedized (Early Indicator for Avalanche 
Capability. All Devices now have EAS Ratings) 

HEX DIE SIZE, Voltage Polarity 
and Electrical Selection 

PACKAGE DESIGNATION: 
C: 5 Lead TO-220, Current Sensing 

FA: TO-204M 
FD: 4 Lead DIP 
FF: TO-205AF (TO-39) 
FP: TO-247 
FR: TO-252 
FU: TO-25l 

Fl-F4: TO-204M 
F5-F8: TO-220 
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.Advanced Power MOS Products 

Current Limiting MOSFE!s 

Features TERMINAL DIAGRAM 

• Current Limits to a. Pre-Set .Levelln. a 
Shorted load Condition . 

, '", '.' :'. .', 

• Monolithic' Device Incorporales a • alpolar 
Transistor, 2 Resistors, a Zener Diode .and 
a Power MOSFET • . . 

• ESD Protectedto2kV 

VoltageClal71ping,. QUrrentLfmiting .MOSFETs 

s 

Features . TE:RMINAl DIAGRAM . . 
, ., .' -. .. 

• Excessive Drain~Source Voltage Ciamped .' 
by Active Region Turn·On, Clamp Voltage 
tevel:E/O. 70V 

• Current Limits toa Pre-Set Level Ina 
Shorted Load. Condition 

• Monolithic Device Il)corporatesa Bipolar •. 
Transistof,2 Resistor!;, 2 Zener.Dlodesaod 
a Power MOSFET '. . 

· Current SenSing MOSFETs 

Features 

• Built-In Current ~ensingFunctIooto be . 

tERMINAL DIAGRAM 

o 

Used as a Feed.Back Signal for Control 
andlor Protection 

-Low ROS(ON) ='O.Hl max . 

• Current Sensing Ratio =1500 :t10% . . . .. .' ., 

• AvalancheE;'ergYRatedf6r.Rugged~ 
ness 

Features 

• Fall Time If<5ns 

• . Similar . Electrical Performance of an 

SOURCE 
KELVIN 

• TEFIMINAl DIAGRAM 

'IRF450 Gl <>-:f-----:I:' 

.. ROS(ON) 0.480 max 

• Avalanche Rated to .IOM at +250 C and 
+ 1500C SK o----"'~-4--"' 

~ESD Protected Gates -2KV s 

MAXIMUM RATINGS 

BVoss ioS(uM) ROS(ON) ESD 
(V) (AI (n) (kV) 

80 1 0.75 2 

80 5.5 0.12 2 

MAXIMUM RATINGS 

BVoss loS(uM) Ros(oN) ESO 
(V) (AI (n) (kV) 

55 1 0.75 2 

MAXIMUM RATINGS 

BVoss 
(V) 

los 
(A) 

ROS(ON) 
(n) 

100 18 0.10 

MAXIMUM RATINGS 

BV oss los Ros (ON) tF 
(V) (A) (n) (ns) 

500 10 0.48 5 

PACKAGE 

~ 
T0-220 

RlP1N08LE 

RLP5N08LE 

PACKAGE 

~ 
T0-220 

RLP1N06CLE 

PACKAGE 

TS-001 

RFB18Nl0CS 

PACKAGE 

T0-247 

RFV10N50BE 
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Power Product Selection Guide. 

N-Channel Power MOSFET 

CROSS SECTION OF CHIP STRUCTURE 

PCONVERTED 
ALUMINUM GATE TO N-CHANNEL 

JUNCTION D!AGRAM SHOWING BIASING 
ARRANGEMENr.S 

r~NI 

SCHEMATIC SYMBOL 

+ 

Rugged and Standard IRF-Series Power 
MOSFETs 

Features 

• Single Pulse Avalanche Energy Rated 

• SOA is Power Dissipation Umited 

• Nanosecond Switching Speeds 

• Unear Transfer Characteristics 

' •. High Input Impedance 

• Allows Reduced Protection Circuitry 

• Reduced Drive Requirements 

• Increased System Reliability 

Description 

The Rugged Series of Power MOSFETs are designed. tested. 
and guaranteed to withstand a specified level of circuit induced 
electrical stress in thebre!ikdown avalanche mode·of operation. 
These are n-channel· enhancement mode polysilicon gate 
power field effecttransistors designed for applications· such as 
switching regulators. switching converters. motor and relay driv
ers. and drivers for h.igh power bipolar switching transistors 
requiring high speed and low gate drive power. 

Using state-of-Ihe-artintegrated· circuit processing techniques, 
these Rugged MOSFETs providasuperiof performance in induc
tive switching applications. The design is optimized to suppress 
the parasitic bipolar transistor .and improve system reliability. 
These types can be driven directly from integrated circuits. 

Rugged Series devices are identified by the suffix letter R fol
lowing the type number or by.the inclusion of a UIS SOA rating 
chart on the datasheet. This chart provides. the user. with a 
broad range of application usages for this capability, Application 
notes AN9321 and AN9322 detail this. rating system. 
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Power Product Selection Guide 

MegaFET Product Series 

MAXIMUM RATINGS PACKAGE 

~ ~ # # # d 
BVOSS lOS ROS(ON) EAS 

(V) (A) (0) (mj) TO-251 T()"252 T()"220AB T()"247 T()"218 M()"093 

N-CHANNEL 

30 70 0.010 t RFP70N03 

50 14 0.100 100 RFD14N05 RFD14N05SM RFP14N05 
16 0.047 200 RFD16N05 RFD16N05SM 
25 0.047 200 RFP25N05 
50 0.022 400 RFP50N05 RFG50N05 
75 0.008 800 RFG75N05E RFH75N05E 
100 0.008 800 RFA100N05E 

60 12 0.150 t RFD3055 RFD3055SM RFP3055 
45 0.028 t RFP45N06 RFG45N06 
50 0.022 t RFP50N06 RFG50N06 
70 0.014 t RFP70N06 RFG70N06 

100 22 0.080 t RFP22Nl0 
40 0.040 t RFP40Nl0 RFG40Nl0 

P-CHANNEL 

50 8 0.300 t RFD8P05 RFD8P05SM RFP8P05 
15 0.150 t RFD15P05 RFD15P05SM RFP15P05 
30 0.065 t RFP30P05 RFG30P05 
60 0.026 t RFGBOP05E 

60 30 0.075 t RFP30P06 RFG30P06 
BO 0.030 t RFGBOPOBE 

NOTE: t = More complete ruggedness capability now specified; UIS current vs time in avalanche graph on data sheet. 

Logic Level MegaFET Product Series 

MAXIMUM RATINGS PACKAGE 

~ ~ $f' # ~ BVOSS lOS ROS(ON) EAS 
(V) (A) (0 ) (mJ) T()"251 TO-252 T()"220AB TO-247 4LEAO OIP 

N-CHANNEL 

50 14 0.100 100 RFD14N05L RFD14N05LSM RFP14N05L 
lB 0.047 200 RFD16N05L RFD16N05LSM 
25 0.047 200 RFP25N05L 
50 0.022 400 RFP50N05L RFG50N05L 

60 2 O.lBO t RFW2NOBRLE 
12 0.135 t RFD12N06RLE RFD12NOBRLESM RFP12NOBRLE 

P-CHANNEL 

30 10 0.225 t RFD10P03L RFD10P03LSM RFP10P03L 

NOTE: t = More complete ruggedness capability now specified; UIS current vs time in avalanche graph on data sheet. 
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Power Product Selection Guide 
Logic Level Product Series 

MAXIMUM RATINGS PACKAGE 

m tf# ({P' ~ ~ ~ ~ 
BVOSS los ROS(ON) EAS 

(V) (A) (0) (mj) TQ-205AF TQ-204AA TQ-251 TO-252 TO-220AB TQ-247 4 LEAD DIP 

N-CHANNEL 

50 2 0.950 N.R. RFL2N05L 
4 O.SOO N.R. RFP4N05L 
14 0.100 100 RFD14N05L RFD14N05LSM RFP14N05L 
15 0.140 N.R. RFM15N05L RFP15N05L 
16 0.047 200 RFD16N05L RFD16N05LSM 
25 0.047 200 RFP25N05L 
50 0.022 t RFP50N05L RFG50N05L 

60 2 0.950 N.R. RFL2N06L 
2 0.160 t RFW2N06RLE 
4 O.SOO N.R. RFD4N06L RFD4N06LSM RFP4N06L 
12 0.135 t RFD12N06RLE RFD12N06RLESM RFP12N06RLE 
15 0.140 N.R. RFM15N06L RFP15N06L 
16 0.047 t RFD16N06LE RFD16N06LESM 
17 0.100 N.R. RFP17N06L 
25 0.OS5 N.R. RFP25N06L 
30 0.047 t RFP30N06LE 

SO 1 1.200 N.R. RFL1NOSL 
2 1.050 N.R. RFP2NOSL 
3 O.SOO N.R. RFD3NOSL RFD3NOSLSM 

12 0.200 N.R. RFM12N06L RFP12NOSL 
15 0.140 N.R. RFP15N08L 

100 1 1.200 N.R. RFL1N10L 
1.69 1.400 N.R. 2N6901tt 

2 1.050 N.R. RFP2N10L 
7 0.300 t RFD7N10LE RFD7N10LESM RFP7N10LE 
12 0.200 N.R. RFM12N10L RFP12N10L 
12 0.200 N.R. 2N6902tt 

120 1 1.900 N.R. RFL1N12L 
2 1.750 N.R. RFP2N12L 
10 0.300 N.R. RFM1ON12L RFP10N12L 

150 1 1.900 N.R. RFL1N15L 
2 1.750 N.R. RFP2N15L 
10 0.300 N.R. RFM10N15L RFP10N15L 

1S0 1 3.650 N.R. RFL1N1SL 
2 3.500 N.R. RFP2N1SL 
8 0.500 N.R. RFMSN18L RFP8N18L 

200 0.9S 3.650 N.R. 2N6903tt 
1 3.650 N.R. RFL1N20L 
2 3.500 N.R. RFP2N20L 
S 0.500 N.R. RFMSN20L RFP8N20L 
S 0.600 N.R. 2N6904tt 

P-CHANNEL 

30 10 0.225 t RFD10P03L RFD10P03LSM RFP10P03L 

.. .. 
NOTE: t = More complete ruggedness capability now specified; UIS current vs time In avalanche graph on data sheet. BOLD Indicates Develop

mental Products. N.R. Not Rated for UIS capability. tt = QPL Approved Types. 
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. Power ProductSe/~ction Guide 
18 Equivalent N-Channel Product Series 

MAXIMUM RATINGS' PACKAGE 

.~ £lJ ~ ~ 
BVDSS los . ~DS(ONl EAS 

(V) . (A) (0) '(mJ) TO·205AF T0-204 TO-251 TO-~52 

60. 0..40 3.2 N.R. 
0..50 2.4 N.R. 
33.0. 0..08 150 IRF153(R) 
34.0. 0..08 150 
40.0 0,0.55 150 IRF151(R) 

80. 0.8 0.8 19 
1.0. <0..6 .19 
1.1 0..4 36 
1.3 0.3 36 
3 .. 0 0..8 19 IRFFl13(R) 
3.5 0..6 19 IRFF.111 (R) 
4.9 0.74 19 
5;0. 0..4 36 IRFF123(R) 

.5.6 0.54 19 
6.0. 0.3 36 IRFF121(R) 

. 7.0. 0..25 .. 69 IRFF133(R) 
8.0. 0..36 NR IRF123 
8.0 0..36' 36 
8.0. 0.18 69 IRFF131(R) 
8.4. 0..27' 36 
9.2 -0.27 N.R. IRF121 
9.2 0..27 36 
12.0. p.23. 50 IRF133(R) 
12.0. 0.23 69 
14.0. 0.16, 50 IRF131(R) 
14.0 . 0.16. 69 
25.0. 0.1 100 IRFl43(R) 
25.0 0..1 230. 
27.0. 0.099 100 ' 
28.0' . 0.077 100 IRF141(R) 
28.0. 0.0.77 230 
31.0. 0.077 100 

3·8 

• 

~ .. ~.' 

IRFDH3(R) 
IRFD111(R) 
IRFD123(R} 
IRFD121(R) 

IRF51j(R) 

IRF523(R) 

IRF521(R) 

IRF543(R) 

IRF541(R) 



Power Product Selection Guide 
IR Equivalent N-Channel Product Series (Continued) 

MAXIMUM RATINGS PACKAGE 

m W ~ ~ 
BVoss los RDS(ON) EAS 

(V) (A) (n) (mil T0-205AF T0-204 TO-2S1 T0-252 

100 0.4 3.2 N.R. 
0.5 2.4 N.R. 
0.8 0.8 19 
1.0 0.6 19 
1.1 0.4 36 
1.3 0.3 36 
3.0 0.8 19 IRFF112(R) 
3.5 0.6 19 IRFF110(R) 
4.7 0.54 19 IRFUll0 IRFRll0 
4.9 0.74 19 
5.0 0.4 36 IRFF122(R) 
5.6 0.54 19 
6.0 0.3 36 IRFF120(R) 
7.0 0.25 69 IRFF132(R) 
8.0 0.36 36 
8.0 0.18 69 IRFF130(R) 
8.0 0.36 N.R. IRF122 
8.4 0.27 36 IRFU120 IRFR120 
9.2 0.27 36 
9.2 0.27 N.R. IRF120 
12.0 0.23 50 IRFl32(R) 
12.0 0.23 69 
14.0 0.16 50 IRFl30(R) 
14.0 0.16 69 
25.0 0.1 100 IRF142(R) 
25.0 0.1 230 
27.0 0.099 100 
28.0 0.077 100 IRF14O(R) 
28.0 0.077 230 
31.0 0.077 100 
33.0 0.08 150 IRF152(R) 
34.0 0.08 150 
40.0 0.055 150 IRF150(R) 

3-9 

4Jf' ~ ~ 
T0-220AB T0-247 4 LEAD DIP 

IRFD1Z2 
IRFD1Z0 

IRFD112(R) 
IRFDll0(R) 
IRFD122(R) 
IRFD120(R) 

IRF512(R) 

IRF510(R) 

IRF522(R) 

IRF520(R) 

IRF532(R) 

IRF530(R) 

IRFS42(R) 
IRFP142R 

IRFS40(R) 
IRFP140R 

IRFP152(R) 
IRFPl50(R) 



Power Product Selection Guide 
IR Equivalent N-Channel Product Series (Continued) 

MAXIMUM RATINGS PACKAGE 

m W ~ ~ 
BVoss los ROS(ON) EAS 

(V) (A) (0) (mj) To-205AF To-204 To-251 TO-252 

150 0.30 6.5 N.R. 
0.32 5.0 N.R. 
0.45 2.4 30 
0.60 1.5 30 
0.70 1.2 85 
0.80 0.8 85 
1.8 2.4 30 IRFF213(R) 
2.2 1.5 30 IRFF211(R) 
2.6 2.4 46 
3.0 1.2 85 IRFF223(R) 
3.3 1.5 46 
3.5 0.8 85 IRFF221(R) 
4.0 1.2 N.R. IRF223 
4.0 1.2 85 
4.5 0.6 85 IRFF233(R) 
4.6 0.8 85 IRFU221 IRFR221 
5.0 0.8 N.R. IRF221 
5.0 0.8 85 
5.5 0.4 85 IRFF231(R) 
8.0 0.6 150 IRF233(R) 
9.0 0.4 150 IRF231(R) 
18.0 0.22 510 
16.0 0.22 580 IRF243(R) 
20.0 0.18 510 
18.0 0.18 580 IRF241(R) 
25.0 0.12 910 IRF253(R) 
27.0 0.12 810 
30.0 0.085 910 IRF251(R) 
33.0 0.085 810 

200 0.30 6.5 N.R. 
0.32 5.0 N.R. 
0.45 2.4 30 
0.60 1.5 30 
0.70 1.2 85 
0.80 0.8 85 
1.8 2.4 30 IRFF212(R) 
2.2 1.5 30 IRFF210(R) 
2.6 2.4 46 
3.0 1.2 85 IRFF222(R) 
3.3 1.5 46 
3.5 0.8 85 IRFF220(R) 
3.8 1.2 85 IRFU222 IRFR222 
4.0 1.2 N.R. IRF222 
4.0 1.2 85 
4.5 0.6 85 IRFF232(R) 
4.6 0.8 85 IRFU220 IRFR220 
5.0 0.8 N.R. IRF220 
5.0 0.8 85 
5.5 0.4 85 IRFF230(R) 
8.0 0.6 150 IRF232(R) 
9.0 0.4 150 IRF230(R) 
18.0 0.22 510 
16.0 0.22 580 IRF242(R) 
20.0 0.18 510 
18.0 0.18 580 IRF240(R) 
25.0 0.12 910 IRF252(R) 
27.0 0.12 810 
30.0 0.085 910 IRF250(R) 
33.0 0.085 810 
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~ # ~ 
TO-220AB TO-247 4 LEAD DIP 

IRFD2Z3 
IRFD2Z1 

IRFD213(R) 
IRFD211(R) 
IRFD223(R) 
IRFD221(R) 

IRF613(R) 

IRF611(R) 

IRF623(R) 

IRF621(R) 

IRF633(R) 
IRF631(R) 

IRFP243R 
IRF643(R) 

IRFP241R 
IRF641(R) 

IRFP253(R) 

IRFP251(R) 

IRFD2Z2 
IRFD2Z0 

IRFD212(R) 
IRFD210(R) 
IRFD222(R) 
IRFD220(R) 

IRF612(R) 

IRF610(R) 

IRF622(R) 

IRF620(R) 

IRF632(R) 
IRF630(R) 

IRFP242R 
IRF642(R) 

IRFP240R 
IRF640(R) 

IRFP252(R) 

IRFP250(R) 
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Power Product Selection Guide 

IR Equivalent N-Channel Product Series (Continued) 

MAXIMUM RATINGS PACKAGE 

T1r W ~ ~ 
BVoss los RDS(ON) EAS 

(V) (A) (0 ) (mil TO-205AF T0-204 T0-251 T0-252 

250 2.0 2.0 61 
2.2 2.0 61 IRFU214 IRFR214 
3.3 1.5 120 
3.8 1.1 120 
6.5 0.68 180 IRF235 
8.1 0.45 180 IRF234 
13.0 0.34 550 IRF245 
14.0 0.34 550 
14.0 0.28 550 IRF244 
15.0 0.28 550 
20.0 0.17 1000 IRF255 
21.0 0.17 1000 
22.0 0.14 1000 IRF254 
23.0 0.14 1000 

275 3.3 1.5 120 
3.8 1.1 120 
6.5 0.68 180 IRF237 
8.1 0.45 180 IRF236 
13.0 0.34 550 IRF247 
14.0 0.34 550 
14.0 0.28 550 IRF246 
15.0 0.28 550 
20.0 0.17 1000 IRF257 
21.0 0.17 1000 
22.0 0.14 1000 IRF256 
23.0 0.14 1000 

350 0.3 5.0 45 
0.4 3.6 45 
0.4 2.5 100 
0.5 1.8 100 
1.15 5.0 150 IRFF313(R) 
1.35 3.6 150 IRFF311(R) 
1.7 5.0 120 
2.0 3.6 120 
2.0 2.5 100 IRFF323(R) 
2.5 1.8 100 IRFF321(R) 
2.8 2.5 190 
2.8 2.5 N.R. IRF323 
3.0 1.5 300 IRFF333(R) 
3.1 1.8 190 IRFU321 IRFR321 
3.3 1.8 190 
3.3 1.8 N.R. IRF321 
3.5 1.0 300 IRFF331(R) 
4.5 1.5 300 IRF333(R) 
5.5 1.0 300 IRF331(R) 
8.0 0.8 520 
8.3 0.8 520 IRF343(R) 
8.7 0.8 480 
10.0 0.55 520 IRF341(R) 
11.0 0.55 480 
13.0 0.4 700 IRF353(R) 
14.0 0.4 700 
15.0 0.3 700 IRF351(R) 
16.0 0.3 700 
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4§f" ~ ~ 
T0-220AB T0-247 4 LEAD DIP 

IRF614 

IRF625 
IRF624 
IRF635 
IRF634 
IRF645 

IRFP245 
IRF644 

IRFP244 

IRFP255 

IRFP254 

IRF627 
IRF626 
IRF637 
IRF636 
IRF647 

IRFP247 
IRF646 

IRFP246 

IRFP257 

IRFP256 

IRFD313(R) 
IRFD311(R) 
IRFD323(R) 
IRFD321(R) 

IRF713(R) 
IRF711(R) 

IRF723(R) 

IRF721(R) 

IRF733(R) 
IRF731(R) 
IRF743(R) 

IRFP343R 
IRF741(R) 

IRFP341R 

IRFP353(R) 

IRFP351(R) 



Power Product Selection Guide 
IR Equivalent N-Channel Product Series (Continued) 

MAXIMUM RATINGS PACKAGE 

111 tf:1J , ~ 
BVoss IDS RDS(ON) EAS 
M (A) (0) (mj) TO-205AF TO-204 T0-251 T0-252 

400 0.3 5.0 45 
0.4 3.6 45 
0.4 2.5 100 
0.5 1.8 100 
1.15 5.0 150 IRFF312(R) 
1.35 3.6 150 IRFF310(R) 
1.7 5.0 120 
2.0 3.6 120 
2.0 2.5 100 IRFF322(R) 
2.5 1.8 100 IRFF320(R) 
2.6 2.5 190 IRFU322 IRFR322 
2.8 2.5 190 
2.8 2.5 N.R. IRF322 
3.0 1.5 300 IRFF332(R) 
3.1 1.8 190 IRFU320 IRFR320 
3.3 1.8 190 
3.3 1.8 N.R. IRF320 
3.5 1.0 300 IRFF330(R) 
4.5 1.5 300 IRF332(R) 
5.5 1.0 300 IRF330(R) 
8.0 0.8 520 
8.3 0.8 520 IRF342(R) 
8.7 0.8 480 
10.0 0.55 520 IRF340(R) 
11.0 0.55 480 
13.0 0.4 700 IRF352(R) 
14.0 0.4 700 
15.0 0.3 700 IRF350(R) 
16.0 0.3 700 
20.0 0.25 ' 1200 
22.0 0.25 980 IRF362 
23.0 0.2 1200 
25.0 0.2 980 IRF360 

450 1.4 4.0 210 IRFF423(R) 
1.6 3.0 210 IRFF421(R) 
2.2 4.0 210 
2.2 4.0 N.R. IRF423 
2.25 2.0 300 IRFF433(R) 
2.5 3.0 210 IRFU421 IRFR421 
2.5 3.0 N.R. IRF421 
2.75 1.5 300 IRFF431(R) 
4.0 2.0 300 IRF433(R) 
4.5 1.5 300 IRF431(R) 
7.0 1.1 510 IRF443(R) 
7.0 1.1 480 
8.0 0.85 510 IRF441(R) 
8.0 0.85 480 
11.0 0.5 860 IRF453(R) 
12.0 0.5 860 
13.0 0.4 860 IRF451(R) 
14.0 0.4 860 

3·12 

~ ~ ~ 
T0-220AB T0-247 4 LEAD DIP 

IRFD312(R) 
IRFD310(R) 
IRFD322(R) 
IRFD320(R) 

IRF712(R) 
IRF710(R) 

IRF722(R) 

IRF720(R) 

IRF732(R) 
IRF730(R) 
IRF742(R) 

IRFP342R 
IRF740(R) 

IRFP340R 

IRFP352(R) 

IRFP350(R) 
IRFP362 

IRFP360 

IRF823(R) 

IRF821(R) 

IRF833(R) 
IRF831(R) 
IRF843(R) 

IRFP443R 
IRF841(R) 

IRFP441R 

IRFP453(R) 

IRFP451(R) 



Power Product Selection Guide 
IR Equivalent N-Channel Product Series (Continued) 

MAXIMUM RAnNGS PACKAGE 

~ cflJ d' (;?J-
BVD88 loa RD8(ON) EAS 

(V) (A) (0) (mj) TO-205AF To-204 To-251 To-252 

500 1.4 4.0 210 II'IFF422(R) 
1.5 7.0 45 IRFU410 IRFR410 
1.6 3.0 210 IRFF420(R) 
2.0 4.0 210 
22 4.0 210 IRFU422 IAFR422 
22 4.0 N.R. IRF422 

2.25 2.0 300 IRFF432(A) 
2.5 3.0 210 IRFU420 IAFR420 
2.5 3.0 N.R. IAF420 
2.75 1.5 300 IAFF43O(R) 
4.0 2.0 300 IAF432(A) 
4.5 1.5 300 IAF430(A) 
7.0 1.1 510 IRF442(A) 
7.0 1.1 480 
8.0 0.85 510 IAF440(A) 
8.0 0.85 480 
11.0 0.5 860 IRF452(A) 
12.0 0.5 860 
13.0 0.4 860 IRF450(A) 
14.0 0.4 860 
17.0 0.35 960 
19.0 0.35 1200 IRF462 
20.0 027 960 
21.0 0.27 1200 IAF460 

600 5.4 1.6 570 IAFAC42A 
5.9 1.6 410 
62 1.2 570 IAFAC40A 
6.8 1.2 410 

1000 3.9 4.2 490 
4.3 3.5 490 

~ ~ ~ 
To-220AB To-247 4 LEAD DIP 

IRF822(A) 

IRF820(R) 

IAF832(A) 
IRF83O(A) 
IAF842(R) 

IAFP442R 
IAF84O(A) 

IAFP440A 

IAFP452(A) 

IRFP450(R) 
IAFP462 

IAFP460 

IAFBC42A 
IAFPC42A 

IAFBC40A 
IAFPC40A 

IAFPG42 
IAFPG40 

NOTE: N.R. = Not Avalanche Rated. A = Augged ONLY Available. (A) = Augged AND Non-Rugged Available. EAS = Column Applies Only to Rugged 
MOSFETs. BOLD Indicates Developmental Products. 
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Power Product Selection Guide 
JEDEC N-Channel 

MAXIMUM RATINGS PACKAGE 

"111" \\" 

~ T ;fd} sf',,·\\,' 

-=- U 
BVoss los RDS(oN) 

(V) (A) (0) TO-205AF TQ-204 TO-254 

60 12.0 0.25 2N6755 
31.0 0.08 2N6763 

100 3.5 0.6 2N6782t 
6.0 0.3 2N6788t 
8.0 0.18 2N6796t 
14.0 0.18 2N6756t 
38.0 0.055 2N6764t 

150 8.0 0.6 2N6757 
25.0 0.12 2N6765 

180 34 0.07 2N7224t 

200 2.25 1.5 2N6784t 
3.5 0.8 2N6790t 
5.5 0.4 2N6798t 
9.0 0.4 2N6758t 

27.4 0.100 2N7225t 
30.0 0.085 2N6766t 

350 4.5 1.5 2N6759 
12.0 0.4 2N6767 

400 1.25 3.6 2N6786t 
2.0 1.8 2N6792t 
3.0 1.0 2N6800t 
5.5 1.0 2N676ot 
14.0 0.315 2N7227t 
14.0 0.3 2N6768t 

450 4.0 2.0 2N6761 
11.0 0.5 2N6769 

500 1.5 3.0 2N6794t 
3.5 1.5 2N6802t 
4.5 1.5 2N6762t 
12.0 0.415 2N7228t 
12.0 0.4 2N677ot 

NOTE: t = QPL - Approved Types 

3-14 
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RF and BUZ Series MOSFETs 

MAXIMUM RATINGS PACKAGE 

m tf# ~ 
BVDSS los RD8(oN) 

(V) (A) (0) T()'205AF T()'204 T()'220AB 

50 2.0 0.95 RFL2N05 
4.0 0.8 RFP4N05 
13.0 0.12 BUZ71A 
14.0 0.1 BUZ71 
15.0 0.14 RFM15N05 RFP15N05 
30.0 0.04 BUZ11 
45.0 0.04 RFK45N05 

60 2.0 0.95 RFL2N06 
4.0 0.8 RFP4N06 
15.0 0.14 RFM15N06 RFP15N06 
25.0 0.07 RFM25N06 RFP25N06 
45.0 0.04 RFK45N06 

80 1.0 12 RFL1N08 
2.0 1.05 RFP2N08 
12.0 0.2 RFM12N08 RFP12N08 
18.0 0.1 RFM18N08 RFP18N08 
35.0 0.055 RFK35N08 

100 1.0 1.2 RFL1N10 
2.0 1.05 RFP2N10 
9.0 0.25 BUZ72A 
12.0 0.2 RFM12N10 RFP12N10,BUZ20 
18.0 0.1 RFM18N10 RFP18N10 
19.0 0.1 BUZ21 
35.0 0.055 RFK35N10 

120 1.0 1.9 RFL1N12 
2.0 1.75 RFP2N12 
4.0 0.4 RFL4N12 
10.0 0.3 RFM10N12 RFP10N12 
15.0 0.15 RFM15N12 RFP15N12 
30.0 0.075 RFK30N12 

150 1.0 1.9 RFL1N15 
2.0 1.75 RFP2N15 
4.0 0.4 RFL4N15 
10.0 0.3 RFM10N15 RFP10N15 
15.0 0.15 RFM15N15 RFP15N15 
30.0 0.075 RFK30N15 

180 1.0 3.65 RFL1N18 
2.0 3.5 RFP2N18 
8.0 0.5 RFM8N18 RFP8N18 
12.0 0.25 RFM12N18 RFP12N18 
25.0 0.15 RFK25N18 

200 1.0 3.65 RFL1N20 
2.0 3.5 RFP2N20 
5.8 0.6 BUZ73A 
8.0 0.5 RFM8N20 RFP8N20 
9.5 0.4 BUZ32 
12.0 0.25 RFM12N20 RFP12N20 
25.0 0.15 RFK25N20 

3-15 

# 
T()'218 

RFH45N05 

RFH45N06 

RFH35N08 

RFH35N10 

RFH30N12 

RFH30N15 

RFK25N18 

RFK25N20 



Power Product Selection Guide 
RF and BUZ Series MOSFETs (Continued) 

MAXIMUM RATINGS PACKAGE 

m tfilJ d 
BVoss los RDS(ON) 

(V) (A) (0) T0-205AF T0-204 T0-220AB 

350 4.0 2.0 RFM4N35 RFP4N35 
7.0 0.75 RFM7N35 RFP7N35 
12.0 0.3B 
12.0 0.5 RFM12N35 

400 2.S 2.5 BUZ7SA 
3.0 1.B BUZ7S 
4.0 2.0 RFM4N40 RFP4N40 
4.5 1.5 BUZSOB 
5.5 1.0 BUZSO 
7.0 0.75 RFM7N40 RFP7N40 
11.5 0.4 
12.0 0.3B 
12.0 0.5 RFM12N40 

450 3.0 3.0 RFM3N45 RFP3N45 
6.0 1.25 RFM6N45 RFP6N45 
10.0 O.S RFM10N45 

500 3.0 3.0 RFM3N50 RFP3N50 
4.0 2.0 BUZ42 
4.5 1.5 BUZ41 A 
S.O 1.25 RFPSN50 
B.3 O.B BUZ45A 
9.S O.S BUZ45 
10.0 O.S RFM10N50 
10.0 0.5 BUZ45B 

1000 4.3 3.5 RFP4Nloo 

RF and BUZ Series P-Channel MOSFETs 

MAXIMUM RATINGS PACKAGE 

~ m " ;fi27 'I,I \\,\ 

a~ 
'=- U 

BVoss los ROS(ON) 
(V) (A) (0) T0-205AF TO-204 T0-220AB 

80 1.0 3.65 RFL1POB 
2.0 3.5 RFP2POB 
s.o O.S RFMSPOB RFPSPOB 
B.O 0.4 RFMBPOB RFPBPOB 
12.0 0.3 RFM12POB RFP12P08 
25.0 0.15 RFK25P08 
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# 
T0-218 

RFH12N35 

BUZ351 
RFH12N40 

RFH10N45 

RFH10N50 

fit? 
T0-218 

RFH25P08 
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Power Product Selection Guide 

RF and BUZ Series P-Channel MOSFETs (Continued) 

MAXIMUM RATINGS PACKAGE 

tf-y ~ ~ 11f 
"'11'''' 

" 't I I ,,,, 

9~ 
-=- U 

BVoss los RoS(oN) 
(V) (A) (0) T()"205AF T()"204 T()"220AB T()"218 

100 1.0 3.65 RFL1Pl0 
2.0 3.5 RFP2Pl0 
6.0 0.6 RFP6Pl0 
B.O 0.4 RFMBP10 RFPBP10 
12.0 0.3 RFM12Pl0 RFP12Pl0 
25.0 0.15 RFK25Pl0 RFH25Pl0 

120 5.0 1.0 RFM5P12 RFP5P12 
10.0 0.5 RFM10P12 RFP10P12 

150 5.0 1.0 RFM5P15 RFP5P15 
10.0 0.5 RFM10P15 RFP10P15 

JEDEC P-Channel 

MAXIMUM RATINGS PACKAGE 

frr 
'11111\' B r ( , I \ " 

e ~ 
-=- U 

BVoss los RDS(ON) 
(V) (A) (0) T()"205AF TO-204 

100 1.16 3.65 2N6895t 
6.0 0.6 2N6896t 
6.5 0.3 2N6849t 

11.0 0.3 2N6804 
12.0 0.3 2N6897t 
25.0 0.2 2N6898t 

200 4.0 0.8 2N6851t 

NOTE: t = QPL - Approved Types 
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IR Equivalent P-Channel Product Series 

MAXIMUM RATINGS PACKAGE 

~ 

~ tf# fST 
BVoss los RDS(ON) EAS 

(V) (A) (0) (mil TO-205AF TO-204 T0-220AB 

80 0.6 1.6 190 
0.8 0.8 370 
2.5 1.6 190 IRF9513 
3.0 1.2 190 IRF9511 
3.5 0.8 370 IRFF9123 
4.0 0.6 370 IRFF9121 
5.0 0.8 370 IRF9523 
5.5 0.4 500 IRFF9133 
6.0 0.6 370 IRF9521 
6.5 0.3 500 IRFF9131 
10.0 0.4 500 IRF9133 IRF9533 
12.0 0.3 500 IRF9131 IRF9531 
15.0 0.3 960 IRF9143 IRF9543 
16.0 0.3 960 
19.0 0.2 960 IRF9141 IRF9541 
25.0 0.15 1300 IRF9151 

100 0.7 1.2 190 
1.0 0.6 370 
2.5 1.6 190 IRF9512 
3.0 1.2 190 IRF9510 
3.5 0.8 370 IRFF9122 
4.0 0.6 370 IRFF9120 
5.0 0.8 370 IRF9522 
5.5 0.4 500 IRFF9132 
6.0 0.6 370 IRF9520 
6.5 0.3 500 IRFF9130 

10.0 0.4 500 IRF9132 IRF9532 
12.0 0.3 500 IRF9130 IRF9530 
15.0 0.3 960 IRF9142 IRF9542 
16.0 0.3 960 
19.0 0.2 960 IRF9140 IRF9540 
25.0 0.15 1300 IRF9150 

150 0.45 2.4 290 
2.0 2.4 290 IRFF9223 
2.5 1.5 290 IRFF9221 
3.0 2.4 290 IRF9623 
3.5 1.5 290 IRF9621 
3.5 1.2 500 IRFF9233 
4.0 0.8 500 IRFF9231 
5.5 12 500 IRF9233 IRF9633 
6.5 0.8 500 IRF9231 IRF9631 
9.0 0.7 790 IRF9243 IRF9643 
10.0 0.7 790 
11.0 0.5 790 IRF9241 IRF9641 
12.0 0.5 790 
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# ~ 
T0-247 4 LEAD DIP 

IRFD9113 
IRFD9123 

IRFP9143R 
IRFP9141R 
IRFP9151 

IRFD9110 
IRFD9120 

IRFP9142R 
IRFP9140R 
IRFP9150 

IRFD9223 

IRFP9243R 

IRFP9241R 
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Power Product Selection Guide 
IR Equivalent P-Channel Product Series (Continued) 

MAXIMUM RATINGS PACKAGE 

m £1J # 
BVoss los RDS(oN) EAS 

(V) (A) (0) (mJ) T0-205AF T0-204 T0-220AB 

200 0.6 1.5 290 
2.0 2.4 290 IRFF9222 
2.5 1.5 290 IRFF9220 
3.0 2.4 290 IRF9622 
3.5 1.5 290 IRF9620 
3.5 1.2 500 IRFF9232 
4.0 0.8 500 IRFF9230 
5.5 1.2 500 IRF9232 IRF9632 
6.5 0.8 500 IRF9230 IRF9630 
9.0 0.7 790 IRF9242 IRF9642 
10.0 0.7 790 
11.0 0.5 790 IRF9240 IRF9640 
12.0 0.5 790 

NOTE: All P·Channel MOSFETs are avalanche rated whether Indicated by an R suffix or not. 
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POWER MOSFETs 4 
N-CHANNEL POWER MOSFETs 

PAGE 

N·CHANNEL POWER MOSFET DATA SHEETS 

2N6755, 2N6756 

2N6757, 2N6758 

2N6759, 2N6760 

2N6761, 2N6762 

2N6763, 2N6764 

2N6765, 2N6766 

2N6767, 2N6768 

2N6769, 2N6770 

2N6782 

2N6784 

2N6786 

2N6788 

2N6790 

2N6792 

2N6794 

2N6796 

2N6798 

2N6800 

2N6802 

BUZ11 

BUZ20 

BUZ21 

BUZ32 

BUZ351 

BUZ41A 

BUZ42 

BUZ45 

BUZ45A 

BUZ45B 

BUZ60 

• R Suffix Types Only 
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N-Channel Enhancement-Mode Power Field-Effect Transistor ............. . 4-129 
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N-CHANNEL POWER MOSFETs (Continued) 
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Features 

• 12A and 14A, 60V - 100V 

• rDS(on) = 0.180 and 0.250 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

2N6755 
2N6756 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-204AA 

eOTTOM VIEW 

DRAIN 

sou~.. . /(FLANGE) o 
GATE 

The 2N6755 and 2N6756 are n-channel enhancement-mode Terminal Diagram 
silicon-gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor drivers, N-CHANNEL ENHANCEMENT MODE 
relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. These D 
types can be operated directly from integrated circuits. 

These types are supplied in the JEDEC TO-204M steel package. 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . .. VDS 
Drain-Gate Voltage (RGS = 20kO) .....•........................• VDGR 
Continuous Drain Current 

TC = +250 C ................................................... 10 
TC = +1000 C ..............................................•... 10 

Pulsed Drain Current. ............................................ 10M 
Gate-Source Voltage ........................................... VGS 
Maximum Power Dissipation 

TC = +250 C (See Fig.11) ....................................... Po 
TC = +1000 C(See Fig. 11) ...................................... Po 

Linear Derating Factor (See Fig. 11) ..•............................•... 
Inductive Current, Clamped ....................................... ILM 

(See Figures 1 and 2, L = 100IlH) 
Operating and Storage Junction Temperature Range ............ T J, T STG 
Maximum Lead Temperature for Soldering ........................... TL 

(0.OS3" (1.Smm) from case for 10s) 

*JEDEC registered values 

2N6755 

SO' 
SO' 

12' 
8.0' 
25 

:1:20 

75' 
30' 
O.S' 
25 

-55 to +150' 
300' 

G 

CAUTION: These devices are sensitive to electrostatic discharge. Properl.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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2N6756 UNITS 

100' V 
100' V 

14' A 
9.0' A 
30 A 

:1:20 V 

75' W 
30' W 
O.S' W;oC 
30 A 

-55 to +150' oc 
301' oc 

File Number 1586.1 
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Specifications 2N6755, 2N6756 

Electrical Characteristics @ T C = 25°C (Un .... 0therwI8e Specified) 
Parameter Type Min. TVp· Max, 

BVOSS Drain - Source Breakdown Voltage 2N67S5 60 

2N6756 "Xl 
VGSIthl Gatl Threshold Voltage ALL 2.0· 4.0" 

'GSSF Gate - Body Leakage Forward ALL - 100· 

'GSSR Gate - Body Leakage Reverse ALL 100· 

lOSS Zero Gate Voltage Drain Current 0.1 1.0" 
ALL 

0.2 4.0· 

VOSlo") Static Drain·Source On-State 2N675S 3.0· 
Voltage (i) 

2N6756 2.52· 

ROS(on) St81,iC Drain·Source On-State 2N6755 0.20 0.25· 
Resl$tanctJ CD 

2N6756 0.14 O.lS" 

ROSlon) Sta~;c Drain-Source OnoStat. 2N6755 0.45" 
ReSIstance CD 

2N6756 0.33" 

0 .. Forward Transconductance 0 ALL 4.0· 5.5 12.0· 

Ciss Input Capacitance ALL 350' 600 800· 

COH Output Capacitance ALL 150· 300 500· 

Crss Reverse Trans'er Capacitance ALL SO· 100 lSO' 

td (on) Turn·On Delay Time ALL 30· 

I, Rise Time ALL 75· 

td (off) Turn-Off Oelay Time ALL '0· 

I. Fall Time ALL .5· 

Thermal Resistance 
RthJC Junction-to·Case ALL 

RthCS Case·to·Sink 

RthJA JuncliotHo·Ambient 

Body-Drain Diode Ratings and Characteriatic8 
's Continuous Source Current 2N67S5 12' 

(Body Diode) 2N6756 1.· 

25 'SM Pulsed Source Current 2N67SS 
(Body Diode) 2N6756 30 

VSO Diode Forward Voltage 0) 2N675S 0.85· 1.7" 

2N6756 0.90· 1.S-

I" Reverse Recovery TIme ALL 300 

QRR Reverse Recovered Charge ALL '.0 

• JEDEC regIstered values. (0 Pulse Tett Pulse Width ~ 300 .uS8C, Duty Cycle ~ 2% 

VARY lp TO OBTAIN 
REQUIRED PEAK Il vGs.H OUT 

'l+---<~--"-JW __ .J 

Fig. 1 - Clamped Inductive Test Circuit 

20 
lOVy.:V ILs POISE nJT _ r-I 

)V 

'/ " 

VG." '1= F 

sr-i--

.v-i--
10 20 30 40 50 

Vos. DRAIN·TO·SOURCE VOLTAGE {VOLTS) 

Fig. 3 - Typical Output Characteristics 
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Units Test Conditions 

VGS = 0 

V '0" 1.0mA 

V VOS" VGS.IO'" mA 

nA VGS'" 20V 

nA VGS'" -20V 

mA Ves" Max. Rating, VGS" 0 

mA VOS'" Max. Rating, V GS '" 0, T C = 125°C 

V "GS = lOV,lO = 12A 

VGS = lOV, '0'" ,4A 

n VGS = lOV, '0 = SA 

n VGS" lOV, '0 0' 9A 

n VGS = lOV,lO ~8A. TC- 125°C 

n VGS ~ 10V, 10 ~ 9A, TC ~ 125°C 

S IU) VOS' l5V, 10 = 9A 

pF 

pF 

pF 

VGS '" 0, Vos '" 2SV,' = 1.0 MHz 

See Fig. 10 

VOD":::' 36V, 10 ~ 9A, Zo - 1sn 

(See Figs. 13 and 14) 

(MQSFET switching times are essentially 

independent of operating temperature.) 

Mounting sufface flat. smooth, and greased. 

Free Air Operation 

A 
Modilied MOSFET symbol 

G~O shOWing the integral 
reverse P·N junction rectilier. 

A 
~ S 

V TC = 25°C, IS '" 12A, VGS" 0 

V TC 2SoC. IS ~ 14A. VGS . 0 

TJ = 1SOo C. IF - ISM, dlF/dt = 100 AI"" 

.C TJ " 1SOo C, IF = ISM, dlFldt" 100 A/p.s 

r.-~--l 
Il "".... , 

.... "'''' \ El \._-----
Fig. 2 - Clamped Inductive Waveforms 
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2N6755, 2N6756 
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2N6755, 2N6756 
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Features 

• SA and 9A, 150V - 200V 

• rOS(on) = 0.40 and 0.60 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The 2N6757 and 2N6758 are n-channel enhancement-mode 
silicon-gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor drivers, 
relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 

These types are supplied in the JEDEC TO-204AA steel package. 

2N6757 
2N6758 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-204AA 

BOTTOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MoOe 

o 

G 

s 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage. . • • • . . • • . • • • • • . . • . • • • . . . • • • . . . • • • • • . • . • • •. VOS 
Drain-Gate Voltage (RGS = 20kO) •...•••••....•••••.••••.•.••••• VOGR 
Continuous Drain Current 

TC=+2S0C .•••••...•••..•••••••...•••••.••••..••••••••..••..• 10 
TC=+1000C ..•..••.•.•.•..•.••.•••...•.••.••...••••.••••..••. 10 

Pulsed Drain Current. ••.••..•.••.••••...••••••.•••..•••••.••.••.. 10M 
Gate-Source Voltage ..•••.••.•.•.....•.......•.•......•.....••. VGS 
Maximum Power Dissipation 

TC = +2SoC (See Figure 11) ••.••.....••.....••....••••..•...•.•. Po 
TC = +1000C(See Figure 11) •.••••.......••...•••....•••....•.•. Po 

Unear Derating Factor (See Figure 11) ...•••.......•.••..•.•.•..•..... 
Inductive Current, Clamped .••.••..•...••......•.•..••..••••...••. ILM 

(See Figures 1 and 2, L = l00flH) 
Operating and Storage Junction Temperature Range .•.•.••••.•. T J. TSTG 
Maximum Lead Temperature for Soldering ..•••••..•••.....•••••..•.. TL 

(0.063" (1.6mm) from case for lOs) 

"'JEDEC registered values 

2N6757 

150· 
150· 

8.0· 
5.0· 
12 

±20 

75· 
30' 
0.6' 
12 

-55to+150' 
300' 

CAUTION: These devices are sensilive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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2N6758 UNITS 

200· V 
200· V 

9.0· A 
6.0' A 
15 A 

±20 V 

75' W 
30· W 
0.6· W/oC 
15 A 

-5Sto+150· oc 
300· oc 

File Number 1587.1 



Specifications 2N6757, 2N6758 

P.r.met.r Type Mi(l. Typ. Max. 

BVOSS Drain - Source B, .. kdown Voltage 2N6757 ISO 

2N67S8 200 

VGShhl Gate Threshold Voltage ALL 2.0· 4.0· 

IGSSF Gat. - Body Leakage Forward ALL 100· 

'GSSR Gate - Body Le.k.., Rever .. ALL 100· 

'OSS Zaro G.t. Voltage Drain Current 0.1 1.0· 
ALL 

0.2 4.0· 

V OSlonl Static Dfliin-Source On-.6t.,. 2N67S7 4.8-
Voltage 0 

2N6758 3.6-

ROSlon) St.tic Drain-Source On-8t.t. 2NG7S7 0.4 0.6· 
Rni,teRce 0 

2N67S8 0.25 0 .• -

ROSlon ' Stetie Drain-Source On-8t", 2NG7S7 1.13-
Resist,nce CD 

2N6758 0.75-... Forward Transconductance 0 ALL 3.0· 5.0 9.0· 

eiM Input Capacitance ALL 350" 600 800' 

C ... Output Capacitance ALL. 100· 250 4SO' 

C, .. Rewrse Transfer Capacitance ALL 40· 80 150· 

~ Ion) Turn-On Delay Time ALL 30' 

" FU .. Time ALL - SO' 

td loff) Turn·Off Oelay Tima ALL SO· 

'f Fall Time ALL 40· 

Thermal Reelstence 
RthJC Junetion·to-Case 

RthCS c..-to-Sink 

RthJA Junction-lo-Ambient 

Body-Drain Diode Ridings and Characterildlc:s 
'5 Continuous Source Current 2N6757 8.0· 

fBodv Diode) 2N67S8 9.0· 

'SM Pulsed Source Current 2N67S7 12 
fBody Diode) 2N67S8 15 

VSO Diode Forward Voltage CD 2N6757 0.75· 1.50· 

2N67S8 O.BO" 1.60· 

'" Reverse Racovery Time ALL 650 

aRR Reverse Racowred Charge ALL 10 

·JEOEC registered valuel. CD Pulse Test: Pulse Width '" 300psec. Duty Cycle'" 2% 

VARY tp TO OBTAIN 
REOUIRED PEAK IL YGs.R OUT 

20 

16 

2 

e 

4 

'l +-_-<>-_--4 ....... ".,..--1 

Fig. 1 - Clamped Inductive Test Circuit 
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20 .. .. .. 100 
Vos, ORAIN·TO·SOURCE VOLTAGE IVOlTS) 

Fig. 3 - Typical Output Cha,acte,istics 
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Unitt; Test CGndition' 

V VGS"'D 

V 10" 1.0mA 

V VOS.VGS,'O'" mA 

nA Vas = lOV 

nA VGS" -lOY 

mA Ves" Max. A,tint. VGS" 0 

mA Ves = MIl •. Ratinl, VGS" 0, TC" 125°C 

V VGS'" tOV, '0 = SA 

V vGS " tOV,IO" 9A 

n VGS" tOV,le" SA 

n VGS" tOV,IO" SA 

n VGS" 10V.I D " SA, TC" 125°C 

n VGS" tOV, '0" GA, TC T 12SoC 

S (UI VOS" 1SV, 10 '" 6A 

pF 

pF 
VGS '" 0, VOS" 25V. f .. 1.0 MHz 

pF 
See Fig. 10 

VOO :!!!90V, 10" 6A, Zo" 1S!l 

(See Figl. '3 and 14) 

fMOSFET switching timn are HMntially 

independent of operating temperature.! 

Mounting surface flat, smooth, and greued. 

Fr .. A.ir Qperation 

A 
Modified MOSFET symbol 

G~: showing the integral 
,ever .. P-N junc.tion rectifier. 

A 

V TC" 2SoC,IS " 8A, VGS" 0 

V Te" 2SoC, IS " 9A., Vas" 0 

TJ " 1sooe, IF '" ISM, dlF/dt .. 100 Allls 

,C TJ = 1SOoe, IF '" ISM, dIF/dt .. 100 A//.Js 

Fig. 2 - Clamped Inductiv. Waveforms 
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2N6757,2N6758 
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Fig. 6- Typical Saturation Characteristics 
(2N6758) 

2N&158 
'0",'-

~~ l .... .- !- I 
10 

2N6757 

0 

0 

0 

o. , 

o. 1 
'.0 

1000 

'600 

lOOps 

" 
" 
~ 'm.t-

10m~_ 

TJ = 1500C MAX. 
SINGLE PULSE 

DC 

2N6757 2N6158 

'0 10 50 'OIl 100 
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2N6757, 2N6758 
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Features 

• 4.5A and 5.5A, 350V - 400V 

• rDS(on) = 1.00 and 1.50 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

2N6759 
2N6760 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-204AA 

BonOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

The 2N6759 and 2N6760 are n-channel enhancement-mode Terminal Diagram 
silicon-gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor drivers, N-CHANNEL ENHANCEMENT MODE 
relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. These D 
types can be operated directly from integrated circuits. 

These types are supplied in the JEDEC TO-204AA steel package. 

Absolute Maximum Ratings (TC == +250 C), Unless Otherwise Specified 

Orain-Source Voltage. . . . . . . . . • . • . . . . • . . . . . . . • . . . . . . • • • . . . . • . . .. VOS 
Orain-Gate Voltage (RGS = 20kO) .••...•..•.....•••..•...••...•. VOGR 
Continuous Orain Current 

TC = +250 C .....•............•...........................••... 10 
TC=+100oC .........•.••..••••.•....•••••.•...•••.•...••..•.• 10 

Pulsed Orain Current. •••..•...•....•....••••............•.••...•. 10M 
Gate-Source Voltage .••..•...•.•....•.....•.•.....••.....••.... VGS 
Maximum Power Dissipation 

T C = +250 C (See Figure 11) ....••........•••.•.....••••••.••...• Po 
TC = +1000 C (See Figure 11) ...•.........••..•.....•••....••.... Po 

Linear Oerating Factor (See Figure 11) ...•.•.......••.....•.••.......• 
Inductive Current, Clamped .•••...••...•.........••......•.•..•.•. ILM 

(See Figures 1 and 2, L = 1 OO~H) 
Operating and Storage Junction Temperature Range ......••••.. T J, TSTG 
Maximum Lead Temperature for Soldering ........•.......••...•..... TL 

(0.063" (1.6mm) from case for 1 Os) 

*JEDEC registered values 

2N6759 

350' 
350' 

4.5' 
3.0' 
7.0 
±20 

75' 
30' 
0.6' 
7.0 

-55 to +150' 
300' 

G 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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s 

2N6760 UNITS 

400' V 
400' V 

5.5' A 
3.5' A 
8.0 A 
±20 V 

75' W 
30' W 
0.6' WfOC 
8.0 A 

-55 to +150' oC 
300' oC 

File Number 1588.1 



Specifications 2N6759, 2N6760 

Electrical Characteristlca @ T C = 2SoC (Un .... Otherwiee Specitled) 
Parameter Tv .. Min. TVp. Max. 

BVOSS Dr,in SoYrc. Breakdown Voltage 2N6759 350 

2N6760 400 

VGShh) Gate Threshold Voltage ALL 2.0· 4.0· 

'GSSF Gat. Body Leak. Forward ALL '00· 

'OSSR G,I. Body Leakage R.~n. ALL '00· 

'OSS Zero Gat. Voltage Drain Curl'tnt 0.' 1.0" 
ALL 

0.2 4.0· 

VOSleRI Static Drain-Source On-State 2N6759 7.0· 
Voltage (0 ) 

2N6760 6.7" 

ROSlonl St.t.ic Orain·Source On-State 2N67S9 '.0 1.5· 
Resistance CD 

2N6760 0.8 1.0· 

ROSlon) Static Drain·Souree On-Stat. 2N6759 3.3" 
Resistance CD 

2N6760 2.2" ... Forward Tranaconductance 0 ALL 3.0· 4.5 9.0· 

CilS Input Capacitance ALL 3SO· 600 BOO' 

COH Output Capacitance ALL 50· '50 300· 

Crll Reverse Transfer Capacitance ALL 20· 40 BO' 

td ion) Turn-On Delay Time ALL 30· 

I, Rise Time ALL 35· 

td elm Turn.Qff Delay Time ALL 55· 

If FaU Time ALL 35· 

Thermal Resistance 
RthJC Junction·to·Case 

RthCS Case-to·Sink 

RthJA Junction·to·Ambient 

'5 Continuous Source Current 2N67S9 4.5-
(Body Diode) 2N6160 - 5.S-

'SM Pulsed Source Currant 2N67S9 7.0 
f Body Diode) 2N6160 B.O 

VSD DiocH Forward Voltage (I) 2N6159 0.10· 1.4· 

2N6160 0.15- 1.5-

I" Reverse Recovery Time ALL 550 

ORR Reverse Flecovered Cl'tar\il& ALL 8.0 

-JEOEC registered values. CD Pulse Ten: Pulse Width :!O;; 300 JoIHC, Duty Cycle :E; 2% 

VARY tp TO OBTAIN 
REQUIRED PEAK Il 

VGs·H 
OUT 

" 
Fig. 1 - Clamped Inductive Test Circuit 
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Fig.3 - Typical Output Characteristics 
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Units Test Conditions 

V VGS=O 

'0= LOmA 

V Vas" VGS. 10" 1 mA 

nA Vas = lOV 

nA Vas" ~20V 

mA Vas = Max. Rating, VGS" 0 

mA VOS" Mu. Rating, VGS" O. TC '" 12SoC 

V VGS'" lOV, 10 '" 4.SA 

V VGS'" 10V.IO '" S.SA 

n VGS = tOV,Io - 3A 

n VGS = 10V, '0 '" 3.5A 

n Vas - lOV, 10 = 3A, T coO 125°C 

n VGS'''' tOV,IO'" 3.SA, TC - 125°C 

S iUl VOS'" 15V. '0 '" 3.SA 

pF 

pF 
VGS " O. VOS = 25V. f = 1.0 MHz 

pF 
See Fig. 10 

VOO:::: 175V.IO - 3.5A, Zo '" 1sn 

i5M Figs. 13 lind 141 

fMOSFET switching time •• re essentially 

independent of operating temperatureJ 

Mounting surface flat, smooth, and 9reased. 

F~ .. Air Operation 

A 
Modified MOSFET symbol 

Gj,~: showing the integral 
reverse P·N junction rectifier. 

A 

V TC -2SoC,IS =4.5A,VGS"'O .~-
V TC ~ 25oC, IS ~ 5.5A, VGS - a 

TJ .. 1S00e.IF = 'SM. dlF/dt - 100 A/jl.s 

,C TJ '" 150oC"F '" 'SM. dlF/dt = 100 A/JIoI 

r~-+-1 
Il'-.y ..... 

\ E, ./" 
'-------

Fig. 2 - Clamped Inductive Waveform. 
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Fig. 4 - Typical Transfer Characteristics 



2N6759, 2N6760 
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2N6759, 2N6760 
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Features 

• 4.0A, 5.5A and 450V • 500V 

• ROS(ON) = o.ao 
• SOA Is Power.Dlsslpatlon Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The 2N6761 and 2N6762 are n-channel enhancement-mode 
silicon-gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor drivers, 
relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 

These types are supplied in the JEDEC TO-204AA steel package. 

2N6761 
2N6762 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-204M 

BOTTOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

Terminal Diagram 

N-CHANNEl ENHANCEMENT MODE 

D 

G~ 
s 

Absolute Maximum Ratings (TC '" +250 C) Unless Otherwise Specified 

Drain-Source Voltage. . . . . • • . . . . . . • . . . . . . . • . . . . . . . • • . . . . . . . . . . .. VOS 
Drain-Gate Voltage (RGS = 20kl1) ..••.•..•.....•......•......... VOGR 
Continuous Drain Current 

TC=+250 C ..•••......•..•....•...•.•................•........ 10 
TC=+1000C ....•.••••....••...••...•.......•••....•...•...... 10 

Pulsed Drain Current. .••••....••...•...••.....•.•....•••...•..... 10M 
Gate-Source Voltage •....••.......•............................ VGS 
Maximum Power Dissipation 

TC = +250 C (See Figure 11) ..•.•.......• , .......••.....•....•... Po 
TC = +1000 C (See Figure 11) ••...•..............•............... Po 

linear Derating Factor (See Figure 11) •••...••............•.•....•.... 
Inductive Current, Clamped .......•.......••......•.......••....•. IlM 

(See Figures 1 and 2, l = 1 OO~H) 
Operating and Storage Junction Temperature Range ...•......•. T J, TSTG 
Maximum lead Temperature for Soldering ....•..........•....•.....• Tl 

(0.063" (1.6mm) from case for 10s) 

*JEOEC registered values 

2N6761 

450* 
450* 

4.0* 
2.5* 
6.0 
±20 

75* 
30* 
0.6* 
6.0 

-55to+150* 
300* 

eAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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2N6762 UNITS 

500* V 
500* V 

5.5* A 
3.0* A 
7.0 A 
±20 V 

75* W 
30* W 
0.6* W/oC 
7.0 A 

-55to +150* oC 
300* °C 
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Specifications 2N6761, 2N6762 

Electrical Characteristics @ T C = 250C (Un .... 0therwI8e Specifted) 
Parameter Type Min. Typ. Ma,. 

BVOSS Drain - Source Breakdown Voltage 2N67S1 4SO 

2N6162 500 

VGShhl Gata ThreshGld Voltage ALL 2.0· 4.0· 

IGSSF Gat. - Body Leak. Forward ALL 100" 

IGSSR Gate - Body Leakage Reverse ALL 100" 

'OSS Zero Gata Voltage Drain Curranl 0.1 1.0· 
ALL 

0.2 4.0· 

VOSlonl Static; Drain-Source On·Stele 2N6761 8.0· 
Voltage <2) 

2N6762 7.7· 

ROSlon} Sta~ic Drain-Source O"..Stata 2N6761 1.5 2.0· 
R.llltance 0 

2N6762 1.3 1.5-

ROSlon) Stat.ie Orain,SOUfCl On-Stata 2N6761 4.4-
Reslstanca 0 

2N6762 3.3-

' .. Forward Transconductance 0 ALL 2.5" 3.5 7.S" 

CilS Input Capacitance ALL 3SO" 600 800" 

Con Output Capacitance ALL 25" 100 200" 

Cm Rever .. Transf.r Capacitance ALL 15" 30 SO" 
td Ion) Turn·On Delav Time ALL 3D" 

" Ri .. Tima ALL 30" 

'd loffl Turn.Qff Delay Time ALL 55" 

" Fall Time ALL 3~" 

Thermal ResIat8nce 
RthJC Junction·to·Ca .. ALL 

RthCS ca .. ·to-Sink 

R thJA Junction·to-Ambiant 

Body-Drain Diode Ratings and Characterl8tlca 
'S Continuous Source Current 2N6761 4.0· 

(BodV Oiodel 2N6162 4.5" 

'SM Pulsed Source Current 2N6161 6.0 
(Body oiodel 2N6762 7.0 

VSO Diode Forward Voltage 0 2NG761 0.65" 1.3" 

2N6762 0.7· 1.4" 

1" Raver. Recoverv Time ALL 500 

ORR Rever .. Recovered Chal'1l8 ALL 7.0 

"JEOEC rlglstered values. 0 Pulse Test: Pulse Width <;; 300 jJ.S8C. Duty Cycle <;; 2% 

VARY tp TO OBTAIN 
REQUIRED PEAK 'L VGs.R D~T 

'l ... --'-----<>--~'_"IM......J 

Fig. 1 - Clamped Inductive Test Circuit 

10V s.sv-r- -
t--'IOJI$lULSE'TESTI. 

vGS '" s.ov-r- -

4·r- = r= 

1 

'IV~ = ~ 
IDO 200 300 

VOS. ORAIN·TO-SOURCE VOLTAGE (VOL TSI 

Fig. 3 - Typical Output Characteristics 
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Unlu Test Conditions 

V Vas '= 0 
10 = 4.0mA 

Vos = VGS' 10 = 1 rnA 

nA Vas" lOV 

nA V GS " w20V 

mA VOS ~ 0.8 xMax. Rating, Vas"" 0 

mA VOS" Max. Rating, Vas'" 0, TC '" 2SoC to 12SoC 

V VGS = 10V, 10 = 4A 

V Vas" lOV, '0" 4.SA 

0 VGS - 10V, '0 = 2.SA 

0 VGS '" lOV, 10 = 3.0A 

0 VGS = lOV,l O '" 2.5A. TC = 125°C 

0 VGS = 10V, ID '" 3.0A, TC '" 125°C 

S IU) VOS '" l6V, 10 " 3A 

pF 

pF 
VGS" 0, VOS" 25V, f .. 1.0MHz 

pF 
See Fig. 10 

VOO:! 225V,IO = 3A, Zo '" 1S0 

ISee Figs. 13 and 14) 

(MOSFET switching tima. are essentiallV 

independent of operating temperature.! 

Mounting surface flat, smooth. and graased. 

Fr. Air Operation 

A 
Modified MOSFET symbol 

~ 
showing the integral 
reverse P·N junction rectifier. 

A 

V TC '" 25°C, IS '" 4A, VGS =0 

V TC '" 25°C. IS .. 4.5A. VGS '" 0 

TJ • 150oC. IF = ISM. dlF=/dt .. 100 Alps 

.C TJ .. 1500 t, IF" ISM. dlF/dt"' 100 A/jJ.1 

Fig. 2 - Clamped Inductive Waveforms 

IO"IPULSE TESf , 
VDS'" 16V 

- r- TJ ~ ~1250C 

TJ ~ 2S0C ....... ~ I - r--TJ"'I_5S0C ....... 
".''--L 

1 fJ/ 
/rJ 
~ 

VGS. GATE TO-SOURCE VOL TAGE (VOL TS) 

Fig. 4 - Typical Transfer Characteristics 
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Fig. 6- Typical Saturation Characteristics 
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Fig. 12 - Typical Body-Drain Diode Forward Voltage 
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Em HARRIS 2N6763 
2N6764 

August 1991 

N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 

Features 

• 31A and 3BA, 60V - 100V 

• rDS(on) = O.OBO and 0.0550 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-204AE 

BOTTOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

The 2N6763 and 2N6764 are n-channel enhancement-mode Terminal Diagram 
silicon-gate power MOS field-effect transistors designed for 
applications such as switching regulators, switching converters, N-CHANNEL ENHANCEMENT MODE 
motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. D 
These types can be operated directly from integrated circuits. 

These types are supplied in the JEDEC TO-204AE steel package. 

G 

s 

Absolute Maximum Ratings (TC = +250C) Unless Otherwise Specified 

2N6763 2N6764 UNITS 

Drain-Source Voltage ........................................... VOS 
Orain-Gate Voltage (RGS = 20kO) ............................... VOGR 
Continuous Orain Current 

TC = +250 C ................................................... 10 
TC = +1000 C .................................................. 10 

Pulsed Orain Current. ............................................ 10M 
Gate-Source Voltage ........................................... VGS 
Maximum Power Oissipation 

TC = +250 C (See Figure 11) ..................................... Po 
T C = +1 OOoC (See Figure 11) .................................... Po 

Linear Oerating Factor (See Figure 11) ............................... . 
Inductive Current, Clamped ....................................... ILM 

(See Figures 1 and 2, L = 100flH) 
Operating and Storage Junction Temperature Range ............ T J, TSTG 
Maximum Lead Temperature for Soldering ........................... TL 

(0.063" (1.6mm) from case for 1 Os) 

*JEDEC registered values 

60' 
60' 

31 
20 
60 

±20' 

150' 
60' 
1.2 
60 

-55to +150' 
300' 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

4-23 

100' V 
100' V 

38 A 
24 A 
70 A 

±20' V 

150' W 
60' W 
1.2 WloC 
70 A 

-55 to +150' °c 
300' oC 

File Number 1590_1 
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Specifications 2N6763, 2N6764 

ELECTRICAL CHARACTERISTICS @ T c = 25° C (Unle .. Otherwl.e Specified) 
'aremeter Typo Min. Typ. Max. 

BVOSS Drlin - Source Breakdown Voltage 2N6763 60 - -
2N6764 100 - -

VGSlthl Got. Th'tlhold VoIlOgo ALL 2.0· - 4.0" 

IGSSF Gatl - Body Leakage Forward ALL - - 100" 

IGSSR G ... - Body Lookogo R ...... ALL 100" 

lOSS Zero Gat. Voltage Drain Current - 0.1 1.0" 
ALL 

- 0.2 4.0" 

Voston) Static Drain-Source CnoStat. 2N6763 - - 2.48" 
Voltage 0 2N6764 - - 2.09" 

AOSlonl Static Drain-Source On-Stltl 2N6763 - 0.06 O.OS" 
R •• iltance 0) 

2N6764 - 0.045 0.055" 

AOSlonl Static Drain-Source On-State 2N6763 - - 0.136" 
R .. istanci CD 

2N6764 - - 0.094" 

9,. Forward T ransconductanca' 0 ALL 9.0" 12.5 27-

Cin Input Capacitance ALL 1000" 2000 3000" 

COlI Output Capacitance ALL SOO" 1000 1500" 

Cm Reve,.. Transfer Capacitance ALL ISO" 350 500" 

'd lonl Turn-On Delay Time ALL - - 3S" 

I, Ri .. Time ALL - - 100" 

'd loff) Turn.()ff o.'ay Time ALL - - 125" 

If fall Tim. ALL 100" 

THERMAL RESISTANCE 
I A,hJC JunCtiOn-fo-Ca .. ALL 0.S3" 

l A,hCS c. .. ·to·Sink ALL - 0.1 -
I A'hJA Junction-ta-Ambient ALL - - 30 

BODY-DRAIN DIODE RATINGS AND CHARACTERISTICS 

IS Continuous Source Current 2N6763 31" 
IBody Oiod.1 2N6764 - - 3S-

ISM PUlsed Source Current 2N6763 60 
ISody Oiodel 2N6764 - - 70 

VSO Diode Forward Voltage 0) 2N6763 0.90" - I.S" 

2N6764 0.95" - 1.9" 

I" Reverse Recovery Time ALL - 500 -
QRR Rever .. Recovered Charge ALL 10 

-JEDEC regiltered valu ••. o Pulse Test: Pulse Width ~ 300 j,tsec, Duty CYCI. ~ 2% 

VARY Ip TO OBTAIN 
REQUIRED PEAK 'L 

vGs=fF=L 
IL+----6---4-N.---l 

Fig, 1 - Clamped inductive test circuit. 
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Units Test Conditions 

V VGS-O 

V 10=1.0mA 

V VOS 'VGS,IO-lmA 

nA VGS - 20V 

nA VGS - -20V 

mA VOS' Max. Raling, VGS - 0 

mA VOS - Max. Raling, VGS' 0, TC' 125°C 

V VGS ' 10V 10 ' 31A 

V VGS = 10V, 10 ' 3SA 

n VGS = 10V, 10 = 20A 

n VGS = 10V,I0 = 24A 

n VGS = 10V,I0 = 20A, TC = 12SoC 

n VGS = 10V, 10 = 24A, T C = 12SoC 

S lUI VOS - ISV, 10 - 24A 

pF 

pF 
VGS - 0, VOS' 2SV, f = 1.0 MHz 

pF 
Sa. Fig. 10 

ns VOO'" 24V,I0 = 24A, Zo = 4.7n 

ns ISH Figs. 13 and 141 

ns (MOSFET switching tim .. are essentially 

ns independent of operating temperatur •. ) 

'C/W 1 
'C/W I Mounting surface flat. smooth. and greased. 

'C/W I Free Air Operation 

A 
Modified MOSFET symbol 

G~~ 
showing the integral 
r.Yerse P·N junction rectifier. 

A 

V TC = 25°C, IS - 31A'vGS =0 

V T C - 25°C, IS : 38A, VGS = 0 

ns TJ • 150°C, IF = ISM, dlF/dl' 100 A/~s 

~C TJ = '50oC,IF-ISM,dIF/dl"00A/~s 

Fig. 2 - Clamped inductive waveforms. 



2N6763, 2N6764 
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Fig. 3 - Typical output characteristics. 
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Fig. 5 - Typical saturation characteristics for the 2N6763. 
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Fig. 7 - Typical transconductance VS. drain current. 
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Fig. 4 - Typical transfer characteristics. 
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2N6763, 2N6764 
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Fig. 9 - Typical normalized on-resistance vs. temperature. 
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Fig. 13 - Switching time test circuit. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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ISM.2N6164 -
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IIS,2N6764 
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1/ 
I 

I 
TJ= 1500Ct- TJ'" 25°C 
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0 

~ I 

1.0 
o 

Vso. SOURCE·TO·DRAIN VOL lAGE (VOL lS) 

Fig. 12 - Typical body-drain diode forward voltage. 
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Fig. 14 - Switching time waveforms. 
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Features 

• 25A and 30A, 150V - 200V 

• rOS(on) = 0.0850 and 0.120 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 
The 2N6765 and 2N6766 are n-channel enhancement-mode 
silicon-gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor drivers, 
relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 

These types are supplied in the JEDEC TO-204AE steel package. 

2N6765 
2N6766 

N-Channel En hancement-Mode 
Power Field-Effect Transistors 

Package 
TO-204AE 

BonOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

Absolute Maximum Ratings (Tc = +250 C) Unless Otherwise Specified 

Drain-Source Voltage ........................................... VOS 
Drain-Gate Voltage (RGS = 20kO) ............................... VOGR 
Continuous Drain Current 

TC=+250C ................................................... 10 
TC=+1000C .................................................. 10 

Pulsed Drain Current ............................................. 10M 
Gate-Source Voltage ........................................... VGS 
Maximum Power Dissipation 

TC = +250C (See Figure 11) ..................................... Po 
TC = +1 OOOC (See Figure 11) .................................... Po 

Unear Derating Factor (See Figure 11) .............................. .. 
Inductive Current, Clamped ....................................... ILM 

(See Figures 1 and 2, L = l00JlH) 
Operating and Storage Junction Temperature Range .•..••••.• " T J, TSTG 
Maximum Lead Temperature for Soldering ........................... T L 

(0.063" (1.6mm) from case for lOs) 

'JEOEC registered values 

2N6765 

150· 
150· 

25· 
16· 
50 

±20 

150· 
60· 
1.2· 
50 

-55to +150· 
300· 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright @ Harris Corporation 1991 
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2N6766 UNITS 

200· V 
200· V 

30· A 
19· A 
60 A 

±20 V 

150· W 
60· W 
1.2· W/oC 
60 A 

-55to+150· oc 
300· °c 

File Number 1591.1 
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Specifications 2N6765, 2N6766 

Electrical Characteristics @ T C = 25° C (Unless Otherside Specified) 
'arameter Type Min. Typ. Max. 

BVoSS Drain - Source Breakdown Voltage 2N676S 150 - -
2N6766 200 - -

VGShh) Gate Threshold V oItlgl ALL 2.0' - 4.0' 

IGSSF Gata Body Leakage Forward ALL 100' 

IGSSR Gatl - Body Leakage Reverse ALL - - 100' 

lOSS Zero Gate Voltage Drain Current - 0.1 1.0' 
ALL - 0.2 4.0' 

VOSlon) Static Drain-Source On-State 2N676S - - 3.0' 
Vol .... CD 

2N6766 - - 2.7· 

ROSlon) St8~ic Orain-SoufCe O,...Stat. 2N676S - 0.09 0.12' 
Resistance CD 

2N6766 - 0.07 0.085' 

ROSlon) St.~ic Drain-Source On-State 2N676S - - 0.216' 
ResIstance CD 

2N6766 0.153' 

~. Forward Transconductance CD ALL 9.0' 15.5 27' 

Ciu Input Capacitance ALL 1000' 2000 3000' 

Con Output Capacitance ALL 450' 800 1200' 

Cm Reverse Transfer Capacitance ALL lSO' 300 SOO' 

'd Ion) Turn-On Delav Time ALL - - 35' 

" AiseTime ALL - 100' 

td loff) Turn-Off Delay Time ALL - - 125' 

tl Fall Time ALL 100' 

Thermal Resistance 
R thJC JU!'tction-to-Case 

RthJA Junction-to-Ambient 

Body-Drain Diode Ratings and Characteristics 
IS Continuous Source Current 2N676S - - 25' 

IBody Oiode) 2N6766 30' 

ISM PUlsed Source- Current 2N676S 50 
IBody Diode) 2N6766 - - 60 

VSo Oiode Forward Voltage (0 2N676S 0.85' 1.7* 

2N6766 0.9' - 1.8' 

t" Reverse Recoverv Time ALL - 500 

QRR Rever. Recovered Charge ALL 10 

* JEOeC registered values. CD Pulse Test: Pulse Width, 300 ~sec, Duty Cycle ~ 2% 

VARY tp TO OBTAIN 

REQUIRED PEAK IL 

VGs=R OUT 

IL ... ---<>----< ..... ..." ........ -' 
Fig. 1 - Clamped Inductive Test Circuit 
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Units Test Conditions 
V VGS'O 

V lo'1.0mA 

V VoS'VGS·lo-lmA 

nA VGS ·lOV 

nA VGS = -20V 

mA VOS'" Max. Rating, VGS'" 0 

mA VOS"" Max. Rating, VGS '" O. TC '" 125°C 

V VGS '10V. 10 - 25A 

V VGS - 10V. 10 - 30A 

n VGS' 10V. 10 = 16A 

n VGS' 10V, 10' 19A 

n VGS' 10V, 10' 16A, TC = 125°C 

n VGS = 10V, 10 -19A, TC -125°C 

S IU) VoS' lSV, 10 = 19A 

pF 

pF 
VGS - 0, Vos' 2SV, I = 1.0 MHz 

pF 
See Fig. 10 

n. VOO '" 9SV, 10 - 19A, Zo = 4.70 

ns (See Figs. 13 and 141 

ns (MOSFET switching times are essentially 

ns independent of operating temperature.) 

Mounting surface flat, smooth, and greased. 

Typical socket mount 

A 
Modified MOSF ET symbol 

~ 
showing the integral 
reverse P-N junction rectifier, 

A 

V TC - 25°C, IS - 2SA, VGS - 0 

V T C = 2SoC, IS = 30A, VGS - 0 

ns TJ - 150°C, IF = ISM, dlF/dt - 100 AI., 

.C TJ = 150°C, IF = ISM, dlF/dt - 100 A/.s 

Fig. 2 - Clamped Inductive Waveforms 



2N6765, 2N6766 
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2N6765, 2N6766 
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2N6768 

August 1991 

N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 

Features 

• 12A and 14A, 350V - 400V 

• rDS(on) = 0.40 and 0.30 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-204AA 

BonOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

The 2N6767 and 2N6768 are n-channel enhancement-mode Terminal Diagram 
silicon-gate power MaS field-effect transistors designed for 
applications such as switching regulators, switching converters, N-CHANNEL ENHANCEMENT MODE 
motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. D 
These types can be operated directly from integrated circuits. 

These types are supplied in the JEDEC TO-204M steel package. 

G 

s 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

2N6767 2N6768 UNITS 

Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. VDS 
Drain-Gate Voltage (RGS = 20kfl) ............................... VDGR 
Continuous Drain Current 

TC = +250 C ................................................... 10 
TC=+1000 C .................................................. 10 

Pulsed Drain Current. ............................................ IDM 
Gate-Source Voltage ........................................... VGS 
Maximum Power Dissipation 

T C = +250 C (See Figure 11) ..................................... Po 
Above TC = +250 C, Derate Linearly ............................... . 

Inductive Current, Clamped ....................................... ILM 
(See Figures 1 and 2, L = 100IlH) 

Operating and Storage Junction Temperature Range ............ T J, T STG 
Maximum Lead Temperature for Soldering ........................... TL 

(0.063" (1.6mm) from case for 10s) 

*JEOEC registered values 

350* 
350* 

12* 
7.75* 

20 
±20* 

150* 
1.2* 
20 

-55to +150' 
300* 

CAUTION: These devices afe sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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400' V 
400' V 

14* A 
9* A 
25 A 

±20* V 

150* W 
1.2* WloC 
25 A 

-55 to +150' oc 
300* °c 

File Number 1898.1 



Specifications 2N6767, 2N6768 

Electrical Characterletlce @ T C - 2SoC (Un .... 0therwIee Specified) 
Plrameter Type Min. Typ. MIx. 

avOSS Oroin - Source Breakdown Volt. 2N6767 350 - -
2N6768 400 - -

VGShh ) Gall Thra.hold Volta", ALL 2.0" - 4.0" 

IGSSF Gall - Body lllka", Forward All - - 100" 

IGSSR Gall - Body loaka", R ...... All - - 100" 

lOSS ZtrO Glto Volta", Orain Current - 0.1 1.0" 
All - 0.2 4.0" 

VOS(on) Static Orain·Sourco OnoState 2N6767 - - 5.4" 
Volt. CD 

2N6768 - - 5.6" 

ROS(on) Static Dr.in~Source On-St.te 2N6767 - 0.3 0.4" 
Resistance CD 2N6768 - 0.25 0.3" 

ROS(on) Static Drain·Source On-Stat. 2N6767 - - 0.8B" 
Resiltance CD 2N6768 - - 0.66" 

gfl Forward Transconductance CD All 8.0" 11.0 24" 

Cin Input Capacitence All 1000" 2000 3000" 

COlI Output Capacitance All 200" 400 600· 

Cra Rever .. Transf,r Capacitance All SO· 100 200" 

td (on) Turn·On- Delay Tim. All - - 3S" 

tr RiuTim. All - - 65· 

td (off) Turn-Off Oolay Time All - - 150" 

tf FIll Time All - - 75· 

Thermal Reelstanee 
RthJC Junction-to·Ca .. All - - 0.83" 

RthCS Ca .. ·to·Sink All - 0.1 -
RthJA Junction-to-Ambient All - - 30 

Body-Drain Diode Ratings and Characterletlca 
IS Continuous Source Current 2N6767 - - 12" 

(Body Diode) 2N6768 14" 
ISM Pulsed Source Current 2N6767 - - 20 

(Body Diode) 2N6768 - - 25 

VSO Diode Forward Voltage CD 2N6767 0.8' - 1,6· 

2N6768 0.8S" - 1.7· 

trr Reverse Recovery Time All - 1000 -
ORR Reverse Recovered Charge All - 25 -

*JEOeC regiltered value •. CD Pul .. Test: Pul .. Width';; 300 " .... Outy Cycle';; 2% 

VARY tp TO OBTAIN 
REQUIRED PEAK IL 

VGS=rF=t. 

IL .... ---<>----<_"""_ ..... 
Fig. 1 . Clamped inductive test circuit. 
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Units T"t Condition. 
V VGS-O 

V 10 -1.0mA 

V VOS-VGS·IO-lmA 

nA VGS' 20V 

nA VGS - -20V 

mA VOS' Mix. Rating. VGS' 0 

mA VOS • Max. Rating. V GS - O. T C - 125°C 

V VGS • 10V. 10 • 12A 

V VGS .10V.10 '14A 

n Vas· 10V.10 = 7.7SA 

n Vas' 10V. 10" 9.0A 

n Vas' 10V. 10· 7.75A. T C· 125°C 

n Vas = 10V. 10 = 9.0A. T C· 125°C 

S (U) VOS = 15V. 10 = 9.0A 

pF 

pF 
Vas' o. VOS· 25V. f· 1.0 MHz 

pF 
s.. Fig. 10 

n. VOO ~ 180V. 10 = 9.0A. Zo· 4.7n 

n. (s.. Figs. 13 and 14) 

n. (MOSFET switching tim" are .... ntially 

ns independent of operating temperatur •. ) 

·CIW 

·CIW Mounting surface flat, smooth. and gtHsed. 

·CIW Free Air Operation 

A 
Modifiod MOSF ET symbol 

~O showing the integral 
reverse peN junction rectifier. 

A G S 

V TC = 250 C. IS = 12A. VGS ~ 0 

V T C = 2SoC. IS = 14A. VGS = 0 

ns TJ = 150°C. IF = ISM.dIF/dt=I00A/". 

"C TJ = 1500 C.IF· ISM. dlF/dt = 100 AI". 

Fig. 2 - Clamped inductive waveforms. 
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mHARRIS 2N6769 
2N6770 

August 1991 

N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 

Features 

• 11A and 12A, 450V - 500V 

• rDS(on) = 0.50 and 0.40 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-204AA 

BOnOMVlEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

The 2N6769 and 2N6770 are n-channel enhancement-mode Terminal Diagram 
silicon-gate power MOS field-effect transistors designed for 
applications such as switching regulators, switching converters, N-CHANNEL ENHANCEMENT MODE 
motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. D 
These types can be operated directly from integrated circuits. 

These types are supplied in the JEDEC TO-204AA steel package. 

G 

s 

Absolute Maximum Ratings (Tc = +250 C), Unless Otherwise Specified 

2N6769 2N6770 UNITS 

Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . .. VDS 
Drain-Gate Voltage (RGS = 20kO) ............................... VDGR 
Continuous Drain Current 

TC = +250 C ....................................•.............. 10 
TC = +1000 C ..............................••..•.••...•••••...• 10 

Pulsed Drain Current. ............................................ 10M 
Gate-Source Voltage ........................................... VGS 
Maximum Power Dissipation 

TC = +250 C (See Figure 11) ..................................... Po 
Above T C = +250 C, Derate Linearly (See Figure 11) ................. . 

Inductive Current, Clamped .......................... , ............ ILM 
(See Figures 1 and 2, L = 100I1H) 

Operating and Storage Junction Temperature Range ............ T J, TSTG 
Maximum Lead Temperature for Soldering ........................... TL 

(0.063" (1.6mm) from case for 1 Os) 

"JEDEC registered values 

450' 
450' 

11 
7 
20 

±20' 

150' 
1.2' 
20 

-55 to +150' 
300' 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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500' V 
500' V 

12 A 
7.75 A 
25 A 

±20' V 

150' W 
1.2' W/oC 
25 A 

-55 to +150' oC 
300' oC 

File Number 1899.1 



Specifications 2N6769, 2N6770 

Electrical Characteristics @ T C = 25°C (Unless Otherwise Specified) 
Parameter Type Min. Typ. Max, 

BVoSS Drain - Source Breakdown Voltage 2N6769 4S0 - -
2N6770 SOO - -

VGSllh) Gale Threshold Voltage ALL 2.0' - 4.0· 

IGSSF Gate - Body Leakage Forward ALL - - 100' 

IGSSR Gate - BodV Leakage Reverse ALL - - 100' 

lOSS Zero Gate Voltage Drain Current - 0.1 1.0· 
ALL 

- 0.2 4.0' 

VoSlon) Static Drain·Source On-State 2N6769 - - 6.0' 
Voltage CD 6.0' 2N6770 - -

RoSlon) Static Drain-Source On-State 2N6769 - 0.4 O.S' 
Resistance CD 

2N6770 - 0.3 0.4· 

RoSlon) Static Drdin-Source On-State 2N6769 - - 1,J' 
Resistance 0 

2N6770 - - 0.88' 

gls Forward Transconductance CD ALL 8.0' 12.0 24' 

Cisl Input Capacitance ALL 1000' 2000 3000' 

Coss Output Capacitance ALL 200' 400 600' 

Crss Reverse Transfer Capacitance ALL SO' 100 200' 

Id Ion) Turn-On Delay Time ALL - - 3S' 

Ir Rise Time ALL - - 50' 

Id loff) Turn-Off Delay Time ALL - - 150' 

If Fall Time ALL - - 70' 

Thermal Resistance 
RthJC Junction·to-Csse ALL - - 0.83' 

RthCS Case-to-Sink ALL - 0.1 -
RthJA Junction-to-Ambient ALL - - 30 

Body-Drain Diode Ratings and Characteristics 
IS Continuous Source Current 2N6769 - - 1" 

IBody Diode) 2N6770 - 12' 

ISM Pulsed Source Current 2N6769 - - 20 
,I Body Diode) 2N6770 - - 25 

VSo Diode Forward Voltage CD 2N6769 0.75' - 1.5' 

2N6770 0.80' - 1.6* 

t" Reverse Recovery Time ALL - 1300 -

ORR Reverse Recovered Charge ALL - 7.4 -

* JEOEC registered values. CD Pulse Test: Pulse Width ~ 300 /-tsec, Duty Cycle ~ 2% 

VARY tp TO OBTAIN 

REQUIRED PEAK IL 

VGS"IF=L 
IL .... ---<> __ --<~~_...J 

Fig. 1 - Clamped inductive test circuit. 
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Units Test Conditions 

V VGS' 0 

V 10'4.0mA 

V VoS' VGS,lo=l mA 

nA VGS ' 20V 

nA VGS' -20V 

mA VoS .' 0.8 X Max. Raling, V GS • 0 

mA VoS' Max. Raling, V GS • 0, T C • 2SoC 10 12SoC 

V VGS ' 10V, 'D· llA 

V VGS ' 10V, 10 ' 12A 

n VGS • 10V, 10 , 7A 

n VGS ' 10V, 10' 7.7SA 

n VGS' 10V, 10' 7.0A, TC '125'C 

n VGS ' 10V, 10 • 7.75A, T C· 125'C 

S IU) VGS = 10V 10 = 7.75A 

pF 

pF 
VGS' 0, VOS' 25V, f· 1.0 MHz 

pF 
See. Fig. 10 

nl Voo ==210V, 10 ' 7.75A, Zo' 4.7n 

ns ISee Figs. 13 and 14) 

ns (MOSFET switching times are essentially 

ns independent of operating temperature.) 

'CIW 

'CIW Mounting surface flat, smooth, and greased. 

'C/W Free Air Operation 

A Modified MOSFET symbol ~ D 
showing the integral 
reverse P·N junction rectifier. 

A G S 

V T C • 25°C, IS' 11 A'vGS' 0 

V T C • 25°C, IS • 12A, V GS • 0 

ns TJ - 150°C, IF' ISM, dlF/dl- 100 A/"s 

"C TJ -150°C, IF' ISM,dIF/dt-l00A/"s 

Fig. 2 - Clamped inductive waveforms. 



2N6769, 2N6770 
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Fig. 3 - Typical output characteristics for both types. 
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Fig. 5 - Typical saturation characteristics for the 2N6769. 
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Fig. 4 - Typical transfer characteristics for both types. 
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Fig. 6. - Typical saturation characteristics for the 2N6770. 
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2N6769, 2N6770 
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erature for both types. 

140 

120 

g 
~ 100 
z 
c 

~ 80 

~ 
'" 60 

~ 
~ 40 

20 

'\. 

20 

i'. 
'\ 
~ 

'\ 
'\ 
~ 

"-
\ 

40 so 80 100 120 140 
Te, CASE TEMPERATU RE (OCl 
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Fig. 13 - Switching time test circuit. 
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Fig. 10 - Typical capacitance versus drain-to-source 
voltage for both types. 
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Fig. 12 - Typical body-drain diode forward voltage 
for both types. 
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Fig. 14 - Switching time waveforms 



El)HARRIS 2N6782 
August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistor 

Features 

• 3.SA, 100V 

• rOS{on) = 0.60 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

Package 
TO-205AF 

BonOM VIEW 

o 0 

DRAIN • High Input Impedance 

SounCE 
0 GATE 

. (CASE) 
• Majority Carrier Device 

Description 

The 2N6782 is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay N-CHANNEL ~NHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 
operated directly from integrated circuits. 

The 2N6782 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage (Note 1) ................................... VDS 
Drain-Gate Voltage (RGS = 20kO) (Note 1) ....................... VDGR 
Continuous Drain Current 

TC = +250C ................................................... 10 
TC=+1000C .................................................. ID 

Pulsed Drain Current (Note 2) ..................................... IDM 
Gate-Source Voltage ........................................... VGS 
Continuous Source Current (Body Diode) ............................. IS 
Pulse Source Current(Body Diode)(Note 2) ••..........•....•....... ISM 
Maximum Power Dissipation 

TC = +250C (See Figure 14) ..................................... Po 
Linear Derating Factor (See Figure 14) ............................... . 
Inductive Current, Clamped ....................................... ILM 

(L = 100IlH) 
Operating and Storage Junction Temperature Range ............ T J, TSTG 
Maximum Lead Temperature for Soldering ........................... TL 

(0.063" (1.6mm) from case for 1 Os) 

"'JEDEC registered values 

NOTES: 

1. TJ = +250C to +1500C 

2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Fig. 5). 

G 

2N6782 

100* 
100* 

3.5* 
2.25* 
14' 

±20' 
3.50' 
14* 

15* 
0.12' 

14 

-55 to +150' 
300* 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedure. should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6782 

Electrical Characteristics @ TC 25°C (Unless Otherwise Specified) _., Min, Typ. Max. Units Test Conditions 

'BVOSS Drlin - Source Breakdown Voltage 100" V VGS - aV,lO 0.25 mA 

VGSfthl Gate Threshold Voltage 2.0" 4.0" V ,oo-~~ IGSS Gate - Source Leakage Forward 100" oA VGS- :cOY 

IGSS Gate - Source leakage Reverse 100" oA VGS- -OV 

lOSS Zero Gate Voltage Drain Current 2W pA VOS - OV 
1000" pA VOS • VGS_ :: av, TC - 125"C 

VOSan On-State Voltage 2.1" V VGS 10V, 10 = 3.SA 
ROS(on) Static Drain-SoUfC8 On-5tate Resistance W 0.5 0.6" 0 VGS 10V. 10 - 2.25A. TC = 25°C 

1.08" a VGS - 10V, 10 = 2.25A, Tc - 125°C 

VSD Diode Forward Voltage 2 0.75" 1.5" V TC - 25°C, IS - 3.SA. Vds OV 

.fa Forward Transconductance (6) 1.0" 1.5 3.0" SIOI Vos - 5V, 10 - 2.25A 

Cjaa Input Capacitance 50" 135 200- pF VGS av. Vos - 25V, f - 1.0 MHz 
C Output Capacitance 40" eo 100- pF See Ag. 10 

C,as Reverse Transfer Capacitance W 20 25" pF 

"' .. Tum-On Delay lime 15" ns VOO a! 34V. 10 - 2.25A. Zo - 500 

~ Rise Time 25" ns See Ag. 15 

Idloffl Turn-Off Delav Time 25" ns (MOSFET switchi~g times are ItSSlIntiaity independent 

~ Fall Time 20" ns of operating temperature.) 

SOA Safe Operating Area 15 W VOS - SOV, 10 = 188 rnA, See Fig. 16. 
15 W VO.S. 4.2av, 10 - 3.SA, See Fig. 16. 

Thermal Resistance 
hJC Junction·~Case 8.33" "C/W 

A Junction-~Ambient 175 °C/W Free Air Operation 

Source-Drain Diode Switching Characteristics (Typical) 
trr Rev8l'se Recovery TIme 200 n8 TJ - 1SODC, IF = 3.SA. dJpdt "" 100A1". 

ton Forward Turn-on TIme Intrinsic turrH)n time is negligible. Turf'K)n speed .is substantiallV controlled by + La· 
(i) TJ = 25DC to fSOOC. ® Pulse Test: Pulse width" 3OOl's. Duty Cycle" 2%. ® Repetitive Rating: Put .. width 5mited by 

max. junction .temperatLlflll. 

"JEDEC ~ed value 

80"sPULSETEST I 
12 

..-r-r- 'OV 
10 

I 
I ,V 

• /' I 
I VGS"SV 

6 

fI I 
'V 

I 
,I/' 6~ 

L 
0 

14 

" 

6 

4 

2 

0 

I 
4V 

10 20 30 40 50 
VOS, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 1 - Typical Output Characteristics 

8D"IPULSE TEST 

10V'" ~ r:: I--" .,.,v-I--I--
,..;: ..... .,.8\!-r-r-

/.% ..... 
~~ --r- VGS"7V-r-

~~ I 
~ r- 6V--t-

~ 5~--f-
~.,.... 4~==:!:::: 

1 4 

VOS' DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 3 - Typical Saturation Characteristics 

60 
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See Transient Thermal Impedance CI.WVe (FIg. 6). 

8hs PULSE TEST J .1 
o F=V1os:> IO(~n) II 'ROS(on) MAX. ~ ;... 
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z 
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, 

~ 1. 0 

I"-
TJ ,.12~ C 

8 I"- TJ,.25;C 
;J. ~550C 

I 
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VGS, GATE-TO·SOURCE.VOLTAGE (VOLTS) 

Fig. 2 - Typical Transfer Charac;teristici 

OPERATION IN THIS AREA 
IS LIMITED BY RDS(on) 

to jl.S 

100 /oIS 

1 rn, 

-TC= 25°C 

5 ~ :~h:::O:~:~~;w 10ms-

100";' 

EO. 

, SINGLE PULSE 

III 
DC 

1 O. 
1.0 10 20 50 100 200 500 

Vos, DRAIN·TO·SOURCE V'oLTAGE (VOLTS) 

Fig.4 - Maximum Safe Operating Area 
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2N6782 
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Fig. 5 - Maximum Effective Transient Thermal Impedance. Junction-to-Case Vs. Pulse Duration 
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Of- ao .. tpul~E rJsT ~~ 

51- --T J = ISOoC 

!/ T = 25°C 
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Fig. 7 - Tvpical Source·Drain Diode Forward Voltage 
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2N6782 

VDD 

+15V 
VGS(ofl)°V 

~~~~GI+--~=oI. 
VDSton)-----~:;:..----.>!'" 

NOTES-

NOTES: 
1. lHOD63 CASE GROUNDED. 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 
J. PULSE WIDTH "'3 /oIS, PERIOOz 1 ms, AMPLITUDE; IOV 

WHEN MEASURING RISE TIME, VGS/on) SHAll BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, VGS/olI) SHALL BE SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE· 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
OOUBUNG THESE RESPONSES Will NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUffl. 
CIENTlY SMAll SO THAT DOUaliNG IT ODES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 

Fig. 15 - Switching Time Test Circuit 

NOTES: 
1 SET Vas TO THE VALUE SPECIFIED UNDER DETAILS USING AO.l! PULSE 

WIDTH WITH A MINIMUM Of 1 MINUTE BETWEEN PULSES. INCREASE VGS 
UNTil THE SPECifiED VALUE Of 10 AND VOS ARE OBTAINED. CASE 
TEMPERATURE" 2SDC. 

2. SelECT RS SUCH THAT 10· RS" 2.5:!; 1.0 Vdc. 

Fig. 16 - Safe Operating Area Test Circuit 
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m HARRIS 2N6784 
August 1991 

N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 

Features 

• 2.2SA, 200V 

• rDS(on) = 1.S0 

Package 
TO-20SAF 

BOTTOM VIEW 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

SOUTIRCE 0 GATE 

o 0 

DRAIN 
(CASE) 

Description 

The 2N6784 is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 
operated directly from integrated circuits. 

The 2N6784 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 

Absolute Maximum Ratings (TC = +250C) Unless Otherwise Specified 

Drain-Source Voltage ........................................... VDS 
Drain-Gate Voltage (RGS = 20kO) ............................... VDGR 
Continuous Drain Current 

TC = +250C ................................................... ID 
TC=+1000C .................................................. ID 

Pulsed Drain Current(Note 2) ..................................... IDM 
Gate-Source Voltage ........................................... VGS 
Continuous Source Current (Body Diode) ............................. IS 
Pulse Source Current (Body Diode) (Note 2) ......................... ISM 
Maximum Power Dissipation 

TC = +250C (See Figure.14) ..................................... PD 
Above TC = +250C, Derate Linearly (See Figure 14) ................. . 

Inductive Current, Clamped ....................................... ILM 
(L = 100~H) 

Operating and Storage Junction Temperature Range ............ T J, TSTG 
Maximum Lead Temperature for Soldering ..........•................ TL 

(0.063" (1.6mm) from case for 10s) 

*JEDEC registered values 

G 

2N6784 

200' 
200' 

2.25' 
1.5' 
9' 

±20' 
2.25' 
9' 

15' 
0.12' 

9 

-55 to +150' 
300' 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6784 

Electrical Characteristics @ TC = 25°C (Unless Otherwise Specified) 
Parameter Min. Typ. Max. Units Test Conditions 

BVOSS Drain - Source Breakdown Voltage 200- - - V VGS - OV, 10 - 0.25 mA 

VGS(thl Gate Threshold Vokage 2.0* 4.0- V VOS - VGS, 10 - 0.5 mA 

IGSS Gate - Source Leakage Forward - - 100- nA VGS - 20V, VOS - OV 

IGSS Gate - Source Leakage Reverse - - 100- nA VGS - - 20V, VOS - OV 

lOSS Zero Gate Voltage Drain Current - 250- ~A VOS - 200V, VGS - OV 

- - 1000- ~A VOS - 160V, VGS - OV, TC - 125°C 

VOSon On-State Voltage- 3.37' V VGS - 10V, 10 2.25A 

ROS(onl Static Drain-Source On-State Resistance8 - 1.0 1.5' 0 VGS - 10V, 10 - 1.5A, TA - 25°C 
- - 2.81' 0 VGS - 10V, 10 - 1.5A, TA - 125°C 

VSO Diode Forward Voltage a 0.7· 1.5' V TC - 25°C, IS 2.25A, VGS - OV 

9ls Forward Transconductance 8 O.g' 1.3 2.7' S(U) VOS - 5V, 10 - 1.5A 

Ciss Input Capacitance 60- 135 200- pF VGS - OV, VOS - 25V, I - 1.0 MHz 
Coss Output Capacitance 20' 60 50' pF See Fig. 10 

Crss Reverse Transfer Capacitance 5.0' 16 25" pF 

~Ionl Turn-On Delay Time 15- ns VOO - 75V, 10 1.5A, z" 500 

tr Rise Time - - 20- ns S .. F'9. 15 

~(off) Turn-Off Delay TIme - - 30- ns (MOSFET switching times are essentially independent 

tl Fall TIme 20- ns of operating temperature.) 

SOA Safe Operating Area 15 - - W VOS - 160V, 10 - 94 mA, See Fig. 16. 

15 - - W VOS - 6.67V, 10 - 2.25A, See Fig. 16. 

Thermal Resistance 
RthJC Junction-to-Case 

RthJA Junction-to-Ambient Free Air Operation 

Source-Drain Diode Switching Characteristics (Typical) 
Reverse Recovery Time 290 ns TJ - 150'C, IF - 2.25A, dlF/dt - 100A/~s 

Reverse Recovered Charge 2.0 TJ - 150°C, IF - 2.25A, dlF/dt - 100A/~s 

Ion Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by LS + La. 

* JEDEC registered value _ Pulse Test: Pulse width .. 3OO~s, Duty Cycle .. 2%. 
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NOTES: 
1. LHOO63 CASE GROUNDEO. 
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Fig. 14 - Power versus temperature derating curve. 
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~ Pl!106 
RL PROBE 

VGSI.ff) OV 

INPUT PULSE 
RISE. TIME 

VOSI.n)------.,,;::::;;...----~ 

NOTES: 

2. GROUNDEO CONNECTIONS COMMON TO GROUNO PLANE ON BOARD. 

WHEN MEASURING RISE TIME. VGS(on) SHALL BE AS SPECifiED ON THE INPUT 
WAVeFORM. WHEN MEASURING FALL TIME. VGSI.ff) SHALL BE SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE· 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI· 
CIENTLY SMAlL SO THAT DOUBLING IT ODES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 3. PULSE WIDTH·3~s. PERIOO-' mS,AMPLITUDE"lOV. 

Fig. 15 - Switching time test circuit. 

VOO 
NOTES: 
1. SET Vas TO THE VALUE SPECIFIED UNDER DETAILS USING A O.h PULSE 

WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE VGS 
UNTIL THE SPECIFIED VALUE OF 10 AND Vas ARE OBTAINED. CASE 
TEMPERATURE,. 250C. 

2. SElECT RS SUCH THAT 10. RS '" 2.5 ± 1.0 Vdc. 

Fig. 16 - Safe operating test circuit. 
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mlHARRIS 2N6786 
August 1991 

N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 

Features 

• 1.25A, 400V 

• rDS(on) = 3.60 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-205AF 

SODOM VIEW 

SOUTIRCE 0 , GATE 

The 2N6786 is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power MOS field-effect transistor designed for applications such as 

DRAIN 
(CASE) 

switching regulators, switching converters, motor drivers, relay N-CHANNEl ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 
operated directly from integrated circuits. 

The 2N6786 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 

Absolute Maximum Ratings (TC = +250C) Unless Otherwise Specified 

Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VOS 
Drain-Gate Voltage (RGS = 20kO) ............................... VOGR 
Continuous Drain Current 

TC=+250C ................................................... 10 
TC=+1000C .................................................. 10 

Pulsed Drain Current. ............................................ 10M 
Gate-Source Voltage ........................................... VGS 
Continuous Source Current .......................................... IS 
Pulse Source Current ............................................. ISM 
Maximum Power Dissipation 

TC = +250C (See Figure 14) ...................................... Po 
Above TC = +250C, Derate linearly (See Figure 14) ................... . 

Inductive Current, Clamped ....................................... IlM 
(l= 100IlH) 

Operating and Storage Junction Temperature Range ............ TJ, TSTG 
Maximum lead Temperature for Soldering ........................... Tl 

(0.063" (1.6mm) from case for 1 Os) 

'JEDEC registered values 

G 

2N6786 

400' 
400' 

1.25' 
0.8' 
5.5' 
±20' 
1.25' 
5.5' 

15' 
0.12' 

5.5 

-55 to +150' 
300' 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harfis Corporation 1991 
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Specifications 2N6786 

ELECTRICAL CHARACTERISTICS at Tc = 25·C (Unle,. Otherwl .. Specified) 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

UNITS 
Min. Typ. Max. 

Drain-Source Breakdown. Voltage BVoss Vos = 0 V, 10 - 0.25 mA 400* - -
V 

Gate Threshold Voltage Vos(th) Vos - Vcs, 10 = 0.5 mA 2.0* - 4.0* 
Gate-Source Leakage Forward loss Vos - 20 V, Vcs = 0 V - - 100' 

nA 
Gate-Source Leakage Reverse loss VGS - -20 V, Vos - 0 V - - 100' 

Zero-Gate Voltage Drain Current 
Vos = 400 V, Vos - 0 V - - 250* 

IlA loss 
Vos - 320 V, Vos - 0 V, Tc = 125·C - - 000' 

On-State VoltageS Vcs(on) Vas - 10 V, 10 - 1.25 A - - 4.5' V 

Static Drain-Source On-State ResistanceS 
Vos = 10 V, 10 - 0.8 A, TA - 25°C - 3.3 3.6* n ros(on) 

Vas - 10 V, 10 - 0.8 A, TA - 125·C - - 7.92* 
Diode Forward VoltageS Vso Tc = 25°C, Is = 1.25 A, Vos = 0 V 0.6' - 1.4* V 
Forward TransconductanceS gt. Vos - 5 V, 10 = 0.8 A 0.7* 1.2 2.1' S(U) 
Input Capacitance Ci •• Vos - 0 V, Vos = 25 V, f = 1 MHz 60' 135 200' 
Output Capacitance C ... See Fig. 10 15' 35 50' pF 
Reverse Transfer Capacitance C, .. 2' 8 15' 
Turn-On Delay Time t.(on) Voo"" 170 V, 10 - 0.8 A, Zo = 50 n - - 15' 
Rise Time t, See Fig. 15. (MOSFET switching - - 20' 
Turn-Of Delay Time t.(off) times are essentially independent 35' 

ns 
- -

Fall Time tt of operating temperature.) - - 30* 

Safe Operating Area 
Vos = 200 V 10 = 75 mA, See Fig. 16. 15 - -

W SOA 
Vos = 12 V, 10 = 1.25 A, See Fig. 16. 15 - -

THERMAL RESISTANCE 

J unction-to-Case R8Jc I 
~J~u~n~c~ti~o~n~-t~o--A~m~b~ie-n~t-------------------=R~8J~A~~~----~F~r-e-e~A~i-r~O-p-e-ra~t~io-n-------r---+---+~=-1 °C/W 

SOURCE-DRAIN DIODE SWITCHING CHARACTERISTICS (TYPICAL) 

Reverse. Recovery Time t" rrJ=150·C, IF=1.25 A, diF/dt-100 A/PSI 380 I ns 
Reverse Recovered Charge ORR rrJ=150·C, IF=1.25 A, dlF/dt=100 A/PSI 2.7 I pC 

Forward Turn-On Time t.n 
Intrinsic turn-on time is negligible. Turn-on speed is 
substantially controlled by Ls + Lo. 

'JEDEC registered value. 
sPulse Test: Pulse width :5 300 Ps, duty cycle :5 2%. 

6.0 86 ~s JULsk TE~T -
5.0 

10 v;, 9V I 1,_ 
iii 
w II BV 
a: 

6 80 ~s PULSE TEST 

Vos> lo(on) x ROS(on max) I I 
. -iii 5 

Iii P\ w 
a: 

w V/ I .. 
:Ii 4.0 

J VGS 7V :!. ... 
.1" I z .. 3.0 a: 

I a: 
:l 
0 
z 6V 

<i 2.0 , I a: 
Q 

I 
51v-E 1.0 

II 

w Vl TJ = 125'C .. 
:Ii 4 JjV :!. TJ = 25 'C 
... z ill TJ=-55'C w 3 a: V a: 
:l 
0 J' z 2 <i II a: 
0 

J E 1 

II 
V I ~ 

o 20 40 60 80 100 120 o 4 6 8 10 12 

Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTSI VGS. GATE-TO-SOURCE VOLTAGE (VOLTSI 

Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics_ 
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Fig. 3· Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 8 - Breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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Pfl106 

RL PROBE 

I PULSE WIOTH 

VOSION)+ 10V-----Irs 

'":~" .. "3 I ~:~.:. ~01~% 
RISE TIME INPUT PULSE FALL TIME 

VDS(OFF)~ld(onl~tr Id(O"I~tf" 
OUTPUT 10%\1 Ir 
VOS(ON) 90% .¥,O% 

NOTES: 
WHEN MEASURING Rise TIME, VGS~ON) SHALL BE AS SPECIFIED ON 

~=:L~N:EU;P:C~:~~~~H:~~~T~::i::~::. ~~iiN:~~~R~~:Wt~J 

2. GROUNDED CONNECTtONS COMMON TO GROUND PLANE ON BOARD. 

AND DRAIN VOLTAGE RESPONSe DETECTOR SHALL HAVE RISE AND 
FALL RESPONSE TIMES SUCH THAT DOUBLING THESE RESPONSES 
WILL NOT AFFECT THE AESUL T5 GREATER THAN THE PRECISION OF 
MEASUREMENT. THE CURRENT SHALL BE SUFFICIENTLY SMALL SO 
THAT DOUBLING IT DOES NOT AFFECT TEST RESULTS GREATER THAN 
THE PRECISION OF MEASUREMENT. 3. PULSE WIDTH" 3 Jilt PERIOD" 1 m., AMPLITUDE = 10 V. 

92GS·44134 

Fig. 15 - Switching time test circuit. 

NOTES: 
1. SET VDS TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1-. 

PULSE WIDTH WITH A MINIMUM OF 1 MINUTE B,ETWEEN PULSES. 
INCREASE VGS UNTIL THE SPECIFIED VALUE OF 10 AND VOS ARE 
OBTAINED. CASE TEMPERATURE" 25°C. 

2. SELECT RS SUCH THAT 10 • RS = 2.5 ± 1 Vdc. 

Fig. 16 - Safe operating test circuit. 
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m HARRIS 

August 1991 

Features 

• 6.0A, 100V 

• rDS(on) = 0.300 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The 2N6788 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The 2N6788 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 

2N6788 
N-Channel Enhancement-Mode 

Power Field-Effect Transistor 

Package 
TO-205AF 

BODOM VIEW 

SOUTIRCE 0 0 GATE 

Terminal Diagram 

DRAIN 
(CASE) 

N-CHANNEL ENHANCEMENT MODE 

o 

G~ 
S 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage (Note 1) ................................... VOS 
Drain-Gate Voltage (RGS = 20kO)(Note 1) ....................... VOGR 
Continuous Drain Current 

TC = +2SoC ................................................... 10 
TC=+1000C .................................................. 10 

Pulsed Drain Current (Note 2) ..................................... 10M 
Gate-Source Voltage ........................................... VGS 
Continuous Source Current (Body Diode) .............................. IS 
Pulse Source Current (Body Oiode)(Note 2) •.....••.••..•.•....•••.•. ISM 
Maximum Power Dissipation 

TC = +2SoC (See Figure 14) ...................................... Po 
Unear Derating Factor (See Figure 14) ............................... . 
Inductive Current, Clamped ....................................... ILM 

(L= lOOIlH) 
Operating and Storage Junction Temperature Range ............ T J, TSTG 
Maximum Lead Temperature for Soldering ........................... T L 

(0.063" (1.6mm) from case for lOs) 

*JEDEC registered values 

NOTES: 

1. TJ = +250 C to +1500 C 

2. Repetaive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Fig. 5). 

2N6788 

100" 
100' 

6.0" 
3.S· 
24" 

±20" 
6.0' 
24" 

20' 
0.16" 

24 

-SS to +150' 
300' 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6788 

Electrical Characteristics @ TC 25°C (Unless Otherwise Specified) 
Parameter Min. Typ. Max. Units Test Conditions 

BVOSS Drain" Source Breakdown Voltage 100" V VGS - av, 10 - 0.25 rnA 

VGSth Gate Threshold Voltage 2.0· 4.0· V VOS VGS, 10 1.0 rnA 

IGSS Gate· Source Leakage Forward 100' nA VGS 20V, Vos - OV 

IGSS Gate· Source Leakage Reverse 100' nA VGS lOV, VOS OV 

I lOSS Zero Gate Voltage Drain Current 250' ,A Ves - l00V, VGS - OV 

1000' ,A Vos BOV, VGS av, Te "" 12So C 

VOScn On-State Voltage 2 2.10· V VGS lOV, 10 6.0A 

ROSlonl Static Drain-Source On-State Resistance ® 0.25 0.30* 0 VGS lOV, 10 3.SA, Te 25°G 
0.54" VGS '" 10V, 10 '" 3.SA, Te "" 125°C 

VSO Diode Forward Voltage 2 0.8· 1.S" Te - ~oC, IS 6.0A, VGS OV 

91s Forward Transconductance 2 1.5" 2." 4.5" StU) VoS 5V. ID - 3.SA 

Giss Input Capacitance 200' 450 600' pF VGS - av, Vas - 2SV, f - 1.0 MHz 

Co .. Output Capacitllnce 100' 200 400' pF See Fig. 10 

C," Reverse Transfer Capacitance 20' 50 100' pF 

tdon Turn-On Oelay Time 40' VOO ll!: 35V, 10 3·5A.20 500 

1, Rise Time 70' See Fig. 15 

tdloffl Turn-Off Delav Time 40' (MOSFET switching times are essentially independent 

" Fall Time 70' of operating temperature.) 

SOA Safe Operating Area 20 W VOS - SOV, 10 - 250 mA, See Fig. 16. 

20 W VoS 3.3V,IO 6OA, See Fig. 16. 

Thermal Resistance 
RthJC J unction-to-Case 6.25- cw 
"thJA Junction-to-Ambient 175 cw Free Air Operation 

Source-Drain Diode Switching Characteristics (Typical) 
trr Reverse Recovery Time 230 
ORR Reverse Recovered Charge 1.2 
ton Forward Turn-on Time intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by LS + LO 

CD TJ = 25"C to 150"C. ® Pulse Test: Pulse width ~ 3OO~s, Duty Cycle ~ 2%. @ Repetitive Rating: Pulse width limited by 

• JEOEC registered value 
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Fig. 1 - Typical Output Characteristics 
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Fig.3 - Typical Saturation Characteristics 

4-55 

max. junction temperature. 
See Transient Thermal Impedance Curve (Fig. 51 . 
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Fig. 2 - Typical transfer Characteristics 

OPERATION IN THIS AREA 
IS LIMITED BY ROS(en) 
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2N6788 

11. SQUARE WAVE PULSE DURATION (SECONDS~ 

Fig. 5 - Maximum Effective Transient Thermal Impedance, Junction·ta-Case Vs. Pulse Duration 
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Fig. 6 - Typical Transconductance Vs. Drain Current Fig. 7 - Typical Source-Drain Diode Forward Voltage 
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VDD 

1 10
"' 

+15V ':' P6106 
RL PROSE 

-lSV 
NOTES' 
1. LH0063 CASE GROUNDED 
2, GROUNDED CONNECTlQNS COMMON TO GROUND PLANE' ON BOARD 
3. PULSE WIDTH"3 ~s, PERIOD= 1 ms, AMPLITUDE= IOV 

2N6788 

VGSlo!li°V 

VDSlonl-----~:..:..----..>f'" 

NOTES 
WHEN MEASURING RISE TIME, VGS~onl SHALL BE AS SPEClFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME. VGSloff) SHAll BE SPECIFIED ON 
THE INPUT WAVEFORM, THE INPUT TRANSmON AND DRAIN VOL lAGE RE 
SPONSE DETECTOR SHAll HAVE RISE ANO FAll RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSes WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT, THE CURRENT SHAll BE SUFFI· 
CIENTl Y SMALL SO THAT DOUBU~G IT ODES NOT AFFECT TESTS RESUl T5 
GREATER THAN THE PRECISION OF MEASUREMENT. 

Fig. 15 - Switching Time Test Circuit 

NOTES· 
1 SET VOS TO THE VALUE SPECIFIED UNDER DETAILS USING A O.h PULSE 

WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE VGS 

UNTIL THE SPECIFIEO VALUE OF 10 AND VOS ARE OBTAINED. CASE 
TE'\tPERATURE" 250C 

2. SElECT RS SUCH THAT 10. RS 2.5! 1.0 Vdc 

Fig. 16 - Safe Operating Area Test Circuit 
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tmHARRIS 2N6790 
August 1991 

N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 

Features 

• 3.SA, 200V 

• rDS(on) = o.ao 
• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 
The 2N6790 is an n-channel enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The 2N6790 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 

Package 
TO-205AF 

BOTTOM VIEW 

SOUTIRCE 0 GATE 

DRAIN 
(CASE) 

Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 

o 

G~ 
s 

Absolute Maximum Ratings (Tc = +250 C) Unless Otherwise Specified 

Drain-Source Voltage ........................................... VDS 
Drain-Gate Voltage (RGS = 20kO) ............................... VOGR 
Oontinuous Drain Ourrent 

TO = +250 0 ................................................... 10 
TO=+1000 0 .................................................. 10 

Pulsed Drain Current. ............................................ 10M 
Gate-Source Voltage ........................................... VGS 
Continuous Source Ourrent (Body Diode) •••••••••......••..•..•••....• IS 
Pulse Source Current (Body Diode) (Note 2) •.•.....•••..•..•••..••.•• ISM 
Maximum Power Dissipation 

TC = +250 0 (See Figure 14) ...................................... Po 
Above T C = +250 0, Derate Linearly (See Figure 14) •.•••••••••.•.....•. 

Inductive Current, Clamped ....................................... ILM 
(L= 100"H) 

Operating and Storage Junction Temperature Range •...••••.••• T J, TSTG 
Maximum Lead Temperature for Soldering ........................... TL 

(0.063" (1.6mm) from case for lOs) 

·JEDEC registered values 

2N6790 

200* 
200* 

3.5* 
2.25* 
14* 

±20* 
3.5* 
14* 

20* 
0.16* 

14 

-55 to +150* 
300* 

CAUTION: These devices are sensitive to electfOstatk: discharge. Proper I.C. handling procedures should be followed. 
Copyright @ Harris Corporation 1991 
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Specifications 2N6790 

Electrical Characteristics @ TC = 25°C (Unless Otherwise Specified) 
Parameter Min. Typ. Max. Units Test Conditions 

BVOSS Drain • Source Breakdown Voltage 200' V VGS - OV, 10 ~ 0.25 rnA 

VGSlthl Gate Threshold Voltage 2.0' 4.0' V VOS = VGS' 10 = 1.0 rnA 

IGSS Gate • Source Leakage Forward - - 100' nA VGS - lOV, Vos - OV 

IGSS Gate· Source Leakage Rever .. 100' nA VGS - 20V, VOS - OV 

lOSS Zero Gate Voltage Orain Current - - 260' p.A VOS - 2OOV, VGS = OV 
1000' I'A VOS_ = 160V, VGS = OV, TC = 125°C 

VOSlonl On·State Voltage a - 2.S· V VGS = 10V, ID - 3.5A 

ROSlonl Static Orein-Source Dn-State ResIstance" - 0.50 O.SO· 0 VGS - 10V, 10 = 2.25A, TA = 25°C 

1.50* 0 VGS - 10V, 10 = 2.25A, TA = 125°C 

VSO Diode Forward Vokage a 0.7' - 1.5' V T C = 25°C, IS = 3.5A, VGS - av 
~m Forward Tr8naconductancea 1.5" 2.25 4.5' slm VOS - 5V, 10 = 2.25A 

Ci .. Input Cepackence 200' 450 600' pF VGS - av, VOS - 25V, I = 1.0 MHz 
Coss Output Cepackance 60' 150 300' pF See Fig. 10 

Cr .. Rever .. Transfer Cepacitance 15' 40 SO' pF 

tdlonl Tum-On Delay Tirno - - 40' ns VOO .. 74V, 10 - 2.25A, Zo - 500 

t, Ri .. Time 50' ns See Fig. 15 

tdloff} Turn-Off Delay Time - - 50" ns IMOSFET switching times are ._ntially Independent 

II Fall Tim. - - 60' ns of operating temperature.) 

SOA Safe Operating Area 20 W VOS = 160V, 10 - 125 mA, See Fig. 16. 
20 - - w Vos - 5.7V, 10 - 3.5A, See Fig. 16. 

Thermal Resistance 
C Junction-to-Ce .. 
A Junction-to-Ambient Free Air Operation 

Source-Drain Diode Switching Characteristics (Typical) 
Rever .. Recovery Tirno 350 ns TJ = lSOoC, IF - 3.SA, dlF/dt = lOOA/I's 
Rever .. Recovered Charg. 2.3 I'C TJ = 150"C, IF 3.5A, dlpdt - lOOA/I's 
Forward Tum",n Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + LO. 

• JEOEC registered valu. 

a Pulse Test: Pulse width ~ 300ps, Duty Cycle:S: 2%. 
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BOjJS PULSE reST 
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[ 
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80 f.(SPIJLSE TEST .I 1 

-Vas >!D(on) x ROS(on) max 

6 I I 
I J 
~J = 12~OC 

'--.... 'I 2 T1J = 25~C 
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]V 
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jr 

V 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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NOTES, 
iii! 

1fUL 0.2 
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r-0.02 1. DUTY FACTOR, 0" ~ . 

I""" 0.01 ..... SINGLE PULSE (TRANSIENT 2. PER UNIT BASE" RthJC" 6.25 DEG. Ctw. 
I-"'!" THERMAL IMPEOANCE) 3. T JM - T C '" POM ZlhJC~tl. 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case versus pulse duration. 
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Fig. 6 - Typical transconductance versus drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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voltage. 
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Fig. 12 - Typical on-resistance versus drain current. 
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temperature. 

20 

VOS·40V 
r----I I 

VOS' 100V 

"" ~ 
~. 

I I 
VOS'160V 

~ ~ 
~V 

II 
J 10' 7A 

V 
12 16 20 

0,. TOTAL GATE CHARGE InC} 

Fig. 11 - Typical gate charge versus gate-to-source 
voltage. 

5 

4 

--" 3 

......... 

2 ~ 
.... r---.. 

1 D.. 
~. , 

0 
25 50 75 100 125 150 

TC, CASE TEMPERATURE I'C} 

Fig. 13 - Maximum drain current versus case 
temperature. 



H.P. 
BOIOA 
PULSE 
GEN. 

NOTES, 
-15V 

,. LH0063 CASE GROUNDED. 

+15V 

2N6790 

20 

'" 1\ 
[\. 

'\ 

'\ 
'\ 
~ 

r\ 
20 40 60 BO 100 120 140 

Te. CASE TEMPERATURE (OC) 

Fig. 14 - Power versus temperature derating curve. 

VOO 

1 '0 • 1 

~ P6106 
VGSloff) ov 

Rl PROBE 

~ZW0ff----;ru:~ 

VOSI")------".::::;::...---_""" 

NOTES, 

2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 

WHEN MEASURING RISE TIME, VGSI,,) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, VGSloff) SHALL BE SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE· 
SPONSE DETECTOR SHAll HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI· 
CIENTl Y SMAll SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 3. PU LSE WIDTH =3 P.i, PERIOO'" ms, AMPLITUDE= IOV. 

Fig. 15 - Switching time test circuit. 

VOD 
NOTES, 
1. SET VOS TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 

WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE VGS 
UNTIL THE SPECIFIED VALUE OF 10 AND Vas ARE OBTAINED. CASE 
TEMPERATURE = 250C. 

2. SELECT AS SUCH THAT 10 • AS = 2.5 ± 1.0 Vdc. 

Fig. 16 - Safe operating area test circuit. 
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mHARRIS 2N6792 
August 1991 

N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 

Features 

• 2A, 400V 

• rDS(on) = 1.80 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The 2N6792 is an n-channel enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 
sll'.:!ching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The 2N6792 is supplied In the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 

Package 
TO-20SAF 

BonOMVIEW 

SOUTIRCE 0 GATE 

o 0 

DRAIN 
(CASE) 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G~ 
s 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage. . • • . . . . . . . • • • • . . . . . . • • . . • • . . . • • • . . . • • • • • •. VDS 
Drain-Gate Voltage (RGS = 20kO) ••..•..•.••...•....••.......•.. VDGR 
Continuous Drain Current 

TC = +250 C •...•••.•...•........•••....•.•.•.•....••••...•••.. 10 
TC = +1000 C •...••••.•.•....•••••••..•••..••••..•.••••.••••••• 10 

Pulsed Drain Current. ............................................ IOM 
Gate-Source Voltage ........................................... VGS 
Continuous Source Current .......................................... IS 
Pulse Source Current ............................................. ISM 
Maximum Power Dissipation 

TC = +250 C (See Figure 14) ...................................... Po 
Above TC = +250 C, Derate Linearly (See Figure 14) ..•...••..•.•....••• 

Inductive Current, Clamped ....................................... ILM 
(L= 1001lH) 

Operating and Storage Junction Temperature Range ............ T J, TSTG 
Maximum Lead Temperature for Soldering ..•.•..••.•.•••••.•.•••••.. TL 

(0.063" (l.6mm) from case for lOs) 

*JEDEC registered values 

2N6792 

400· 
400· 

2· 
1.2S· 
10· 

±20· 
2· 
10· 

20· 
0.16· 

10 

-55 to +150· 
300· 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright @ Harris Corporation 1 991 
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Specifications 2N6792 

Electrical Characteristics @ TC = 25°C (Unless Otherwise Specified) 
Parameter Min. Typ. Max. Units Teot Condition. 

BVOSS Drain - Source Breakdown Voltage 400" V VGS - OV.IO 0.25 rnA 

VGS1!b1 Got. Threshold Voltage 2.0" 4.0" V VOS = VGS. 10 - 1.0 rnA 
IGSS Goto - Sourca Le.kag. Forwerd - - 100" nA VGS - 20V, VOS - OV 

IG6S. Gote - Sourca Leakage Rover .. 100" nA VGS 2OV, VOS OV 

lOSS Zero Gote Voltage Or.in Current - - 250" ,.A VOS - 4OOV, VGS - OV 
1000" ,.A VOS 320V, VGS OV, TC 125°C 

VOSlon) Dn-Stete Vo~ogo a - - 3.6" V VGS - 10V, 10 = 2.OA 
ROSlon) Sletic Orain-Sourca Dn-Slat. Rosietanca a 1.50 1.80" 0 VGS 10V, 10 - 1.25A, TA - 25°C 

- - 4.00" 0 VGS = 10V, 10 - 1.25A, TA = 125°C 

VSO Diode Forward Voltag. a 0.6" - 1.4" V T C - 25°C, IS - 2.0A, VGS = OV 

gfs Forward Transconductance a 1.0" 2.0 3.0" SIOI VOS - 5V, 10 - 1.25A 

Ci .. Input Capacitance 200" 450 600" pF VGS - OV, VOS = 25V, f - 1.0 MHz 

Coss Output Cepackanca 40" 100 200" pF See Fig. 10 
Crss Reverse Transfer Capacitance 5.0· 20 40" pF 

tdlon) Tum-On Delay Tome - - 40" ns VOO '" 175V, 10 - 1.25A, Zo = 500 
t,. Rise Time 35" ns See Fig. 15 

tdloff) Turn-Off Delay Tome - - 50" ns IMOSFET swkching times are .... ntially independent 

If Fall Time - - 35" ns of operating temperature.) 

SOA Salo Operating Area 20 - - W VOS - 2OOV, 10 = 100 rnA, See Fig. 16. 
20 - - W VOS - 10V, 10 - 2.0A, See Fig. 16. 

Thermal Resistance 
RthJC Junction-te-Ca .. 
RthJA Junction-te-Ambient Free Air Operation 

Source-Drain Diode Switching Characteristics (Typical) 
Reverse Recovery Time 450 ns TJ - 150°C, IF - 2.0A, dlF/dt - l00AJps 

Reverse Recovered Charge 3.1 TJ - 150°C, IF - 2.OA, dlpdt - l00AJps 

Ion Forward Turn-on Time Intrinsic turn~n time is negligibte. Turn-on speed is substantially controlled by LS + LO' 

"JEOEC registered value 

aPulse Test: Pulse width"'" 3OOp5. Duty Cycle:<S: 2%. 

1 
,b,.pJlSETIST 

1 

0 I 
/' V 

/OV 

8 L 1 
I 

0 

80 ~ pu "l TEST 1. I. 
~VOS > 10(on) lC ROSlon) max 

I 8 

I 
6 I 

6.5V 

6 , 
I 

VGS'- 6.0V , 
+V 

1 

't 
4.0V 

4 J 
TJ = 125°C 

I':-- 11 
TJ:; 25°C 

~ ~r I 
2f-- TJ:; -55°C 

~ W I 
~V 

'00 200 300 , 
'0 

Vas, ORAIN TO SOURCE VOLTAGE IVOl TS) VGS. GATE·TO~OURCE VOLTAGE IVOL TSI 

Fig. 1 - Typical output characteristics. Fig_ 2 - Typical transfer characteristics. 
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Fig. 3 - Typical saturation characteristics. 
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10-2 
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10 
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0.02 
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1.0 2 

OPERATION IN THIS AREA 
IS LIMITED BY RDSI""Lu 

10", 

!~~r 
1 m, 

10 ms 

Te" 2SoC 100 ms 

TJ" 150°C MAX. 

RthJC" 6,25 K/W 
DC 

SINGLE PULSE 

illlL 
10 20 50 100 200 500 

Vas, DRAIN-Ta·SOURCE VOLTAGE (VOLTS) 

Fig. 4 - Maximum safe operating area. 
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1 j 

IiiI! 
r.- NOTES, 

3.:rl.SL 
~2~ 

-
1. DUTY FACTOR, 0" :; 

I 
2. PER UNIT BASE" RlhJC ~ 6.2S OEG. C/W. 

3. T JM • T C " POM ZthJC(t)· 

to-1 1.0 

\1, saUARE WAVE PULSE DURATION (SECONDS) 

Fig. 5 - Maximum effective transient thermal impedance, junction-to-case versus pulse duration. 
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0 

10 
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10 

Fig. 6 - Typical transconductance versus drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 10 - Typical capacitance versus drain-to-source. 
voltage. 

u 
Z 

"" ~ 4 

z 
o 

3 

1 

I 

ROS(on) MEASURED WITH CURRENT PUI'" I 2.0~HOURATlON, INITIAL TJ !o250 C \HEATING 
EFFECT OF 2.0 ~s PULSE IS MINIMAL.1 

jV/ 
VGS"~ 

VGS '10V 

// 
... ~ 10-"'" 

10 11 

10. DRAIN CL'RP~"'T I"MPERESI 

Fig. 12 - Typical on-resistance versus drain current. 

2N6792 

4-67 

1.2 

~ 

V-
II' 

...... 11" 

./ 
V 

V VGS" IOV 

./ 
10" 1.25A 

I 
~ 0.6 

0.1 
·40 40 80 120 160 

TJ,JUNCTION TEMPERATURE (DC) 

Fig. 9 - Typical normalized on-resistance versus. 
temperature. 

10 

j 
I I 

Vas = 80Vj 
"-
~ VOS. ~OOV I 

r-- -- I--

~ 
I Vas" 320V 

I 

$ 
II 

~i 
i 

5 
I 

J 
• 

10 -5A 

V 1 
11 16 10 

QQ_ TOTAL GATE CHARGE IIIC) 

Fig. 11 - Typical gate charge versus gate-to-source. 
voltage. 

5 

0 

t"- r-..... 
........ 

i"'--.. 5 
.......... 

0 r--.. 
~ 

O. 5 

~ 
0 

15 50 75 100 150 

Te. CASE TEMPERATURE (DCI 

Fig. 13 - Maximum drain current versus case. 
temperature. 

~ 
..I W wu. 
z0 
zO 
C::l 
%:a: 
~W 
Z~ 

Q. 



H.P. 
801DA 
PULSE 
GEN. 

NOTES, 
~15V 

1. LH0063 CASE GROUNDED. 

+15V 

2N6792 

10 

'\ 

~ 
15 1"\ 

r\ 
z 
0 
;: '\ 
: 10 
lli 
i5 
'" 

-
'\ 

I 
~ \. 

~ 
\ 

20 40 60 80 100 120 140 
Te, CASE TEMPERATURE (OC) 

Fig. 14 - Power versus temperature derating curve. 

VOO 

l'D.' 
~ P6106 

RL PROBE 

VOSloll) OV 

INPUT PULSE 
RISE TIME 

VOSIOlf)---="L 
OUTPUT 

VOSlo")------1'=-------"f' 

NOTES, 

1. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 
3. PULSE WIDTH =3 pi, PERIOD-, 'ml, AMPLlTUDE-IOV. 

WHEN MEASURINO RISE TIME. VOSI,") SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME. VOSI,ll) SHALL BE SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE· 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI· 
CIENTL Y SMALL SO THAT OOUBLI~O IT DOES NOT AFFECT TESTS RESULTS 
OREATER THAN THE PRECISION OF MEASUREMENT. 

Fig. 15 - Switching time test circuit. 

VOO 
NOTES, 
1. SET VOS TO THE VALUE SPECIFIED UNDER DETAILS USING A O.1sPULSE 

WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE VOS 
UNTIL THE SPECIFIED VALUE OF 10 AND VOS ARE OBTAINED. CASE 
TEMPERATURE' 25'C. 

2. SELECT RS SUCH THAT '0. RS' 2.5 HO Vdt. 

Fig. 16 - Safe operating area test circuit. 
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:II HARRIS 2N6794 
August 1991 

N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 

Features 

• 1.SA, SOOV 

• rDS(on) = 30. 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-205AF 

BODOM VIEW 

SOUTIRCE 0 :ATE 

The 2N6794 is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power MOS field-effect transistor designed for applications such as 

DRAIN 
(CASE) 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 
operated directly from integrated Circuits. 

The 2N6794 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage ........................................ '" VOS 
Drain-Gate Voltage (RGS = 20kO) ............................... VOGR 
Continuous Drain Current 

TC = +250 C ................................................... 10 
TC = +1000 C .................................................. 10 

Pulsed Drain Current. ............................................ 10M 
Gate-Source Voltage ........................................... VGS 
Continuous Source Current ......................................... IS 
Pulse Source Current ............................................ ISM 
Maximum Power Dissipation 

TC = +250 C (See Figure 14) ..................................... PD 
Above TC = +250 C, Derate Linearly (See Figure 14) ................. . 

Inductive Current, Clamped ....................................... 'LM 
(L= 100I1H) 

Operating and Storage Junction Temperature Range ............ T J, TSTG 
Maximum Lead Temperature for Soldering ........................... TL 

(0.063" (1.6mm) from case for 1 as) 

*JEDEC registered values 

G 

2N6794 

sao' 
sao' 

1.5' 
l' 

6.5' 
±20' 
1.5' 
6.5' 

20' 
0.16' 

6.5 

-55 to +150' 
300' 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be follow~d. 
Copyright © Harris Corporation 1991 
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Specifications 2N6794 

Electrical Characteristics @ TC = 25°C (Unlesa Otherwise Specified) 
IW_ MIn. Typ. Max. Unlto TNt Conditione 

BVOSS DraIn· So .... IIreIkdown Voltage 600' V VGS - OV, 10 • O.2li rnA 
VGSIIhI Gate TInIhoId Voltage 2.0' 4.0' V VDS • VGS,IO • 1.0 rnA 
IGSS Gate • Sowce I..eekage Forward 100' M VGS - 2OV, VDS • OV 
IGSS Gate • Sowce LNIcage ReverIe 100' M VGS - -2OV, VDS - OV 
lOSS Zero Gate Voltage DraIn Current - - 260' gA VDS - 6OOV, VGS • OV 

1000' gA VDS - 4OOV, VGS - OV,TC • laoC 
VDSIonI 0n-St8Ie VoItagea - - 4.6' V VGS • 10V, ID - 1.1iA 
RDSIonI Stetic Draln-Source 0n-St8Ie RaaI_ a 2.& 3.0' 0 VGS - 10V, ID • 1oOA, TA • aoc 

- - S.S' 0 VGS -10V, ID - 1oOA, TA - laoC 
Vso Diode Forward Voltage. 0.8' 1.2' V TC - a"c, IS - UiA, VGS - OV 
g", Forward Tranaconductencea 1.0' 1.76 3.0' S(OI VDS - &V, ID - I.GOA 
Cj .. Input CapacItance 200' 300 800* pF VGS = OV, VDS - av, 1 - 1.0 MHz 
C .... Output CapacItance 30* 76 ISO' pF See fig. 10 

Cr .. Rever .. Transfer CapacItance &.0' 20 40' pF 

"'Ionl Turn-On Delay Tima 40' n. VDD ,. 22&V, ID = 1.00, 10 - &00 
t, Rise Tima 30' n. See fig. 1& 

"'10111 Tum-Off Delay Time - - SO' n. IMDSFET switching timaa ora ..-.tially IndIpandant 

If Fall Time 30' n. 01 operating temper_.1 

SOA Safe Operating Area 20 - - W VDS = 2OOV, ID - 100 rnA. See fig. IS. 
20 W VDS = 13.3V, ID = 1.SA. See fig. IS. 

Thermal Resistance 
RthJC Junction-IO-Ca .. 
RthJA Junction-IO-Ambient Free Air Operation 

Source-Drain Diode Switching Characteristics (Typical) 
Irr Rever .. Recovery Time 600 n. T J 1 SO"C, IF 1.&GA, dlpdt = lOOA1,.. 
QRR Rever .. Recovered Charge 3.5 "C T J - lSOOC, IF - 1.5C1A, dlpdt - lOOA1,.. 
Ion Forward Turn-on Time Intrinsic lurn-on tima i. negligible. Turn-on _d i. IUbatantiaily controlled by + lo. 

• JEDEC registered value a Pul .. TeBl: Pul .. width .. 300,.., Outy Cycle .. 2% . 

5 

I 80#J$ PULSE TEST 

~7.5V 
170V 0 

IV I 

r-8t~PUJSE nJ 'I 
Jos > I~(on) ~ RDS(~n) mul, 1/ 

7. 

s. 

5 
V t 

r·5V 

15 

~OV 
0 

VGS J5.5V 

I 
15.0V 

c-- TJ" 125°C 
-I I i'--,l/, TJ" 250C 

1 
TJ 0 ·550C "-i'--,~ 

/; '/ 
.45V 
4.0V ~ ~ 

50 100 150 200 250 • 6 8 10 
Vas. ORAIN·lOSOURCE Val lAGE (VallS) VGS. GATE·TO·SOURCE Val lAGE (Val lS) 

Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case versus pulse duration. 
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10 

Fig. 6 - Typical transconductance versus drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 8 - Breakdown voltage versus temperature. 

1000 

[ I 
VGS' 0 

I I 1'IMH, I I 
800 till" ellS + Cgd, Cds SHORTED - t--

C", • Cgd 

toss '" Cds+" tepee'" - t--
,,' gd - 600 ~ 

u z 
;: 
U 
'" 5 400 
u' 

~Cds + Cgd - t--

I 
l\ I 

1\ \ r--- tiss 

200 \ ' I 
\ '" r- Coss 

........ r- Crss --+-
10 20 30 40 50 

Vas. DRAIN·TO·SOURCE VOLTAGE (VOLTS) 

Fig. 10 - Typical capacitance versus drain-to-source 
voltage. 
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H.P. 
BOlDA 
PULSE 
GEN. 

NOTES, 
1. lH0063 CASE GROUNDED. 

2N6794 

10 -" 
i2! 

15 

" ~ " 1\ 
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0 

" :. 10 
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" ~ 
\ .. , -- --

\ 
~ 
~ '" ~ 

\ 
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Te, CASE TEMPERATURE tOC) 

Fig. 14 - Power versus temperature derating curve. 

Voo 

VGS(olf} OV 

INPUT PULSE 
RISE TIME 

VOS(off) ---=~ 
OUTPUT 

VOS(o"------.,="-----...,-

NOTES, 

2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 

WHEN MEASURING RISE TIME, VGS{on) SHAll BE AS SPECifiED ON THE INPUT 
WAVEFORM. WHEN MEASURING FAll TIME, VGS(off) SHALL BE SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOL lAGE RE· 
SPONSE DETECTOR SHAll HAVE RISE AND FAll RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES Will NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUfFI· 
CIENTLY SMALL SO THAT OOUBLI~G IT ODES NOT AFFECT TESTS RESULTS 
GAEATER THAN THE PRECISION OF MEASUREMENT, 3. PULSE WIDTH =3 #5, PERIOD;;;l ms, AMPLITUDE=10V. 

Fig. 15 - SWitching time test circuit. 

VOO 
NOTES, 
1. SET VOS TO THE VALUE SPECIFIED UNDER DETAILS USING A O.lsPULSE 

WIDTH WITH A MINIMUM OF f MINUTE BETWEEN PULSES. INCREASE VGS 

UNTIL THE SPECIFIED VALUE OF 10 AND VOS ARE OBTAINED. CASE 
TEMPERATURE;;; 25°C. 

2. SElECT RS SUCH THAT 10. RS;;; 2.S ± 1.0 Vd£. 

Fig. 16 - Safe operating test circuit. 
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mlHARRIS 2N6796 
August 1991 

N-Channel Enhancement-Mod~ 
Power Field-Effect Transistor 

Features 

• 8.0A,100V 

• rDS(on) = 0.180 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-205AF 

BOnOM VIEW 

SOUURCE, :AT< 

The 2N6796 is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power field-effect transistor designed for applications such as 

DRAIN 
(CASE) 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 0 
operated directly from integrated circuits. 

The 2N6796 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 

Absolute Maximum Ratings (TC "" +250 C) Unless Otherwise Specified 

Drain-Source Voltage (Note 1) ................................... VDS 
Drain-Gate Voltage (RGS '" 20kO)(Note 1) .•.........•......•...• VDGR 
Continuous Drain Current 

TC '" +250 C ................................................... ID 
TC = +1000C ......••••••..•..•...•......•..............•...... ID 

Pulsed Drain Current (Note 2) ..................................... IDM 
Gate-Source Voltage ........................................... VGS 
Continuous Source Current (Body Diode) .............................. IS 
Pulse Source Current (Body Diode) (Note 2) ........................•. ISM 
Maximum Power Dissipation 

TC = +250C (See Figure 14) ...................................... PD 
Linear Derating Factor (See Figure 14) .............................. .. 
Inductive Current, Clamped ....................................... ILM 

(L=100IlH) 
Operating and Storage Junction Temperature Range ............ T J, T STG 
Maximum Lead Temperature for Soldering ........................... TL 

(0.063" (1.6mm) from case for lOs) 

'JEOEC registered values 

NOTES: 

1. TJ = +250C to +1500C 

2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Fig. 5). 

G 

2N6796 

100' 
100' 

8.0' 
5.0' 
32' 
±20' 
8.0' 
32' 

25' 
0.20' 

32 

-55 to +150' 
300' 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6796 

Electrical Characteristics @ TC 25°C (Unless Otherwise Specified) 
Parameter Min. Typ. Max. Units Test Conditions 

BVOSS Drain· Source Breakdown Voltage 100" V VGS - OV.IO 0.25 rnA 

VGSlth Gete Threshold Vohage 2.0· 4.0· V vos-~~ 
'GSS Gate - Source leakege Forward 100" nA VGS = ov 
'GSS Gate - Source Leakage Reverse 100" nA VGS - OV 

'OSS Zero Gate Vohage Drain Current 250" ,.A- VOS '" 100V OV 
1000" ,.A- VOS - frlV, VGS - av, TC :co 125°C 

VOS(on On-State Voltage 2 1.56" V VGS "" 10V, 10 - 8.DA 
ROSIon) Static Drain-Source On·Stete Resistance c.v 0.14 0.18" " VGS '" tOV, 10 - S.DA, Te '" 26D C 

0.35" " ~GS _ - lOV, 10 - S.OA, TC - 125°C 

Vso Diode Forward Voltage 2 0.75" 1.5· V Te - 25°C, IS :: B.CA, VGS '" OV 

_Is Forward Transconductance 2 3.0· 5.5 9.0· SID) Vos - 5V, 10 - S.DA 
q .. Input Capacitance 350" 600 900" pF VGS - av, Vos ::: 25V, f =: 1.0 MHz 

Co .. Output Capacitance 150" 300 500" pF See Fig. 10 

C, .. Reverse T ranster Capacitance 50" 100 ISO" pF 

Idon Turn·On Delay Time 30" n. VOO ;a lOV, 10 "" S.DA, 2a - 500 

~ Rise Time 75" n. See Fig. 15 

td:offl Tum-Off Delay 11me 40" n. (MOSFET switching times are essentially independent 

If Fall Time 45" n. of operating temperature.! 

SOA Safe Operating Area 25 W VOS €KlV, '0 - 310 mA, See fig. 16. 

25 W VOS 3.l2V, '0 - B.OA, See Fig. 16. 

Thermal Resistance 
Ruuc Junction-to-Case 
RthJA Junction·to-Ambient 175 "C 'W Free Air Operation 

Source-Drain Diode Switching Characteristics (Typical) 
It-r Reverse Recovery Time 300 TJ 150°C, IF - B.DA, dlF'dt 100AI"s 
ORR Reverse Recovered Charge 1.5 pC T 150°C, IF - B.DA., dlFldt 100Af"s 
tan Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by LS + LO-

G) TJ = 25°C to 150°C. ® Pulse Test Pulse width ~ 300,,8, Duty Cycle" 2%. ® Repetitive Rating: Pulse width limited by 
max. junction temperature. 
See Transient Thermal Impedance Curve (Fig. 5) . 

• JEDEC regist8fed value 
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Fig. 1 - Typical Output Characteristics Fig. 2 - Typical Transfer Characteristics 
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TJ = 1SOoC MAX. 

RthJC = 5.0 KNI 
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o . 
1.0 10 20 SO 100 200 500 
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Fig. 3 - Typical Saturation Characteristics Fig. 4 - Maximum Safe Operating Area 
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2N6796 

I 

0"0.5 
NOTES 

'-~.2 Hl.Sl i-~, , 
=0.05 ~2~ 
_0.02 -- I DUTY FACTOR, 0 - '1 

'2 om 
~lNGlE PULSE (TRANSIENT 

I ~. PER UNIT MSE ~ RthJC = 5.0 OEG cw 2 

.J..-t-' 
THERMAL IMPeDANCE) J. TJM-TC"POMZ1hJCl1! , 

1.0 10 
'1. SQUARE WAVE PULse DURATION (SECONDSI 

fig. 5 - Maximum Effective Transient Thermal Impedance. Junction-to-Case Vs. Pulse Oura'tion 
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2N6796 
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Vnn 

NOTES: 
1. LH0063 CASE GROUNDED. 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 
3. PULSE WIDTH "'3 ,",S, PERIOO.1 ml, AMPLlTuoe"'10V. 

2N6796 

YGS(offl OV 

vOS(onl-----""";.;:..--'---..or" 

NOTES' 
WHEN MEASURING RISE TIME, VGSlon) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM, WHEN MEASURING fAll TIME. VGS(olf) SHALl8E SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE· 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHAll BE SUFFI· 
CiENTLY SMAll SO THAT DOUBlI~G IT ODES NOT AFFECT TESTS ReSULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 

Fig. 15 - Switching Time Test Circuit 

Vnn 
NOTES: 
1. SET Vas TO THE VALUE SPECIFIED UNDER DETAilS USING A 0,15 PULSE 

WIDTH WITH A MINIMUM OF 1 MINUTE 8ETWEEN PULSES. INCREASE VGS 
UNTil THE SPECIFIED VALUE OF 10 AND VOS ARE OBTAINED. CASE 
TEMPERATURE" 250C. 

2. SELECT RS SUCH THAT 10· RS '" 2.5 ± 1.0 Vdc. 

Fig. 16 - Safe Operating Are. Te.t Circuit 
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m HARRIS 2N6798 
August 1991 

N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 

Features 

• S.SA, 200V 

• rDS(on) = 0.40. 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speed:: 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-205AF 

BonOMVIEW 

SOU~TE DRAIN 

~(CASE) 

The 2N6798 is an n-channel enhancement-mode Silicon-gate Terminal Diagram 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 
operated directly from integrated circuits. 

The 2N6798 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . .• VDS 
Drain-Gate Voltage (RGS = 20kO) ...•...•..........•...•.••..... VDGR 
Continuous Drain Current 

TC = +250C .....................•......•••....•••......••.•... ID 
TC = +100oC ....•••........•....••...••.......•.•...•.......•• ID 

Pulsed Drain Current. ••.......•....••....•........•.....•........ IDM 
Gate-Source Voltage ....................•...................... VGS 
Continuous Source Current ...............•..............•........... IS 
Pulse Source Current ...•..............••................•........ ISM 
Maximum Power Dissipation 

T C = +250 C (See Figure 14) ........•..................•.......... PD 
Above T C = +250 C, Derate Linearly (See Figure 14) ........•........... 

Inductive Current, Clamped ....•.•..•.......•.......•..•..••...... ILM 
(L=100IlH) 

Operating and Storage Junction Temperature Range ..•......... T J, TSTG 
Maximum Lead Temperature for Soldering ....•..............•.•..... TL 

(0.063" (1.6mm) from case for 10s) 

• JEDEC registered values 

G 

2N6798 

200' 
200' 

5.5* 
3.5' 
22* 

±20' 
5.5* 
22* 

25* 
0.20* 

22 

-55 to +150* 
300' 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6798 

Electrical Characteristics @ TC = 25°C (Unless Otherwise Specified) 
Par.meter Min. Typ. Max. Units Test Conditions 

BVOSS Drain· Source Breakdown Voltage 200· V VGS - OV,IO 0.25 mA 

VGSlthl Gate Threshold Voltage 2.0· 4.0· V VOS = VGS, 10 - 0.5 rnA 

IGSS Gate - Source Leakage Forward - - 100· nA VGS = 2OV, VOS - OV 

IGSS Gate - Source Leakage Reveroe 100· nA VGS = - 2OV, VOS = OV 

lOSS Zero Gate Voltage Drain Current - - 250· p.A VOS - 200V, VGS - OV 
1000· p.A VOS 160V, VGS = OV, TC - 125°C 

VOS(onl ()n.State Voltagea - - 2.20· V VGS - 10V, 10 - 5.5A 

ROS(on) Static Drain-Sowc:e ()n.State Reaistanc:e a 0.25 0.4· 0 VGS 10V, 10 - 3.5A, TA - 25°C 

- - 0.75· 0 VGS - 10V, 10 - 3.5A, TA - 125°C 

VSO Olode Forward Voltage a 0.70· 1.4· V TC 25°C, IS 5.5A, VGS - OV 

gfs ~d Transconductance 8 2.5· 4.5 7.5· SIOI VOS - 5V, 10 - 3.5A 

Clas Input C8pac1tance 360· 600 900· pF VGS - OV, VOS = 25V, f - 1.0 MHz 

COlO Output Capacitance 100· 260 460· pF See Fig. 10 

Cr .. _se Transfer Capacitance 40· BO 150· pF 

tdionl Turn-On Delay lime 30· ns VOO "'nv, 10 3.5A, Zo - 500 

t, Alselime - - 50· n. See Fig. 15 

t,"off) Tum-Off Delay lim. - - 50· n. (MOSFET switching time. are .... nti.11y independent 

tf Fall lime 40· n. of operating temperature.) 

SOA Safs Operating Ar .. 25 - - W Vos - 160V, 10 - 155 mA, See Fig. 16. 
25 W Vos 4.5V, 10 - 5.5A, See Fig. 16. 

Thermal Resistance 
C Junction-to-Ceae 

RmJA Junction-to-Ambient Free Air Operation 

Source-Drain Diode Swltchl.lg Characteristics (Typical) 
Revarae Recovery lime 460 
Reverse Recovered Charge 3.0 ~C TJ - 150°C. IF - 5.5A, dlF/dt - l00AJ~. 
Forward Twn-on lim. Intrinsic tum-on time is negligibte. Turn-on speed is substantialty controlled by Ls + LO' 

• JEDEC nsglatered v.lue a Pulse T.st: Pulse width '" 300~., Duty Cycl. '" 2%. 
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I,ot 80,.s PU LSE TEST 

8V 

I 
I 

10 

/ .// 
80,.~ PULSE TEST / /' 
Vas> 10(on))( ROS(on) MAX, W 
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II 
7V 
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I 

0 I VGS;: 6V r 
5 I 

5V 

I 

rt ''--TJ. -5S'C 

1 I 
I r---- ---- T; • 2s,J 

T~. mJc 
I 

2 II 
l 

0.5 

o. 

4V 
0 

1 / II 20 40 60 80 100 o. 
Vos. DRAIN-Ta-SOURCE VOLTAGE (VOLTS) 

VGS. GATE-TO-SOURCE VOLTAGE NOLTS) 

10 

Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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2N6798 

100 

50 OPERATION IN THIS AREA 
IS LIMITED BY RaSlon) 

, 
10 lIS 

100.us 

2 1 m. 

TC = 25°C 10 ms 

o. S TJ - 1500C MAX. 

RthJC = 5.0 K/W 'll 2 
SINGLE PULSE 

O. 

DC 
1 O. 
1.0 10 20 50 100 200 SOO 

Vas. DRAIN-lO-SOURCE VOLTA.GE (VOLTS) 

Fig. 4 - Maximum safe operating area_ 

NOTES 

3n.JL 
~2~ 

1 DUTY FACTOR, 0 = :~ 

2. PER UNIT BASE = RthJC = 5.0 OEG. C/W 

3. T JM - T C = POM lthJCh)· 

10-2 10-1 1.0 
'I, SQUARE WAVE PULSE OURATION (SECONDS) 

0 

a 

6 

• 

2 

0 

I-- 8ol'.lpULsEtsT 

Fig_ 5 - Maximum effective transient thermal impedance, 
junction-to-case versus pulse duration. 

vOS>IO(D~I)( ROSlon) MAX. 

, 
TJ = -55°C 

I--""" TJ ~ 2S'C 

/ ,..-
TJ:1250C 

// --V / 
r; -+-

10 15 20 25 

'0. DRAIN CURRENT (AMPERES) VSD. sou RCE-lO·O RAI N VA L T AGE IVa L TS) 

10 

Fig. 6 - Typical transconductance versus drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 10 - Typical capacitance versus drain-to-source 
voltage. 
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Fig. 12 - Typical o'!-resistance versus drain current. 
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Fig. 9 - Typical normalized on-resistance versus 
temperature. 
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Fig. 11 - Typical gate charge versus gate-to-source 
voltage. 
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H.P. 
8010A 
PULSE 
GEN. 

NOTES, 
1. LHOD63 CASE GROUNDED. 

2N6798 

40 

35 

j;; 30 

:; 
~ 25 z 
0 

~ 20 iii 
0 
~ 

~ 
15 

~ 10 

" ~ " "- I 

I 
I "-

1"'-
" r-... 20 40 60 80 100 120 140 

Te. CASE TEMPERATURE (OCI 

Fig. 14 - Power versus temperature derating curve. 

VOD ~:~~~n) +10V __ -+"""".,... ___ = ..... 
VGS(off) OV 

INPUT PULSE 
RISE TIME 

VDSlofll ___ =,,"-
OUTPUT 

VDSlonl------... .::.:;.::-.----..3f 
NOTES: 

2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 

WHEN MEASURING RISE TIME. VGS(onl SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME. VGS!off) SHAll BE SPECifIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND QRAIN VOLTAGE RE· 
SPONSE DETECTOR SHALL HAVE RISE ANO FALL RESPONSE TIMES SUCH THAT 
DDU8L1NG THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL 8E SUFFI· 
CIENTL Y SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 3. PULSE WIDTH·3~s. PER100-1 ml, AMPLITUDE"'10V. 

Fig. 15 - Switching time test circuit. 

VDD 
NOTES, 
1. SET VDS TO THE VALUE SPECIFIED UNDER DETAILS USING A O.h PULSE 

WIDTH WITH A MINIMUM OF 1 MINUTE 8ETWEEN PULSES. INCREASE VGS 
UNTIL THE SPECIFIED VALUE OF 10 AND VDS ARE 08TAINED. CASE 
TEMPERATURE = 250C. 

2. SELECT RS SUCH THAT '0. RS '" 2.5 ± 1.0 Vde. 

Fig. 16 - Safe operating test circuit. 
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til HARRIS 2N6800 
August 1991 

N-Channel En hancement-Mode 
Power MOS Field-Effect Transistor 

Features 

• 3A, 400V 

• rOS(on) = 10 

• SOA is Power~Dissipat1on Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Package 
TO-205AF 

BOnOM VIEW 

DRAIN 

• Majority Carrier Device 

SOUTIRCE , , GATE 

. (CASE) 

Description 

The 2N6800 is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 0 
operated directly from an integrated circuit. 

The 2N6800 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage. . . . . • • . • . . • . . . • . • . . • • • . . . . . • . • • • . . . . • . • • •. VOS 
Drain-Gate Voltage (RGS = 20kO) ..•...•.••.........•........•.• VDGR 
Continuous Drain Current 

TC = +250 C ••.•••.•...••••..•..••....••........•.•..••...••..• 10 
TC=+1000C ....................•.•••.•.....••.•••.....••..... 10 

Pulsed Drain Current. ....•.••...•.•.••.•••••..•..•.•••......•••.. 10M 
Gate-Source Voltage .......•...•...•.•••••..•.•.•..••.....•.••. VGS 
Continuous Source Current •.•..••...•••••.•..•...•••••....•••••..••. IS 
Pulse Source Current •................•......•....•.••.......•..•• ISM 
Maximum Power Dissipation 

TC = +250 C (See Figure 14) ...................................... Po 
Above T C = +250C, Derate Linearly (See Figure 14) •••.....••.•...•..•. 

Inductive Current, Clamped •....••...••••..•..•.•...•••....•..•.... ILM 
(L= 100]lH) 

Operating and Storage Junction Temperature Range ..........•. T J, T STG 
Maximum Lead Temperature for Soldering ••....•.....•.•.....•••.... TL 

(0.063" (1.6mm) from case for 10s) 

*JEDEC registered values 

G 

2N6800 

400* 
400* 

3* 
2* 
14* 

±20* 
3* 
14* 

25* 
0.20* 

14 

-55 to +150* 
300* 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6800 

Electrical Characteristics @ TC = 25°C (Unless Otherwise Specified) 
Parameter Min. Typ. Max. Units Test Conditions 

BVOSS Drain· Source Breakdown Voltage 400' V VGS - OV, 10 0.25 mA 

VGSlthl Gate Threshold Voltage 2.0' - 4.0' V VOS VGS, 10 0.5 mA 

IGSS Gate . Source Leakage Forward 100' nA VGS 20V, VOS OV 

IGSS Gate - Source Leakage Reverse - - 100' nA VGS - 20V, VOS - OV 

lOSS Zero Gate Voltage Drain Currant - 250' ~A VOS 4OOV, VGS OV 

- - 1000' ~ VOS 320V, VGS OV, TC = 125°C 

VOSlonl On·State Voltage a - - 3.0' V VGS - 10V, 10 - 3.0A 

ROS(on) Static Drain-Source On-State Resistance a o.a 1.0· 0 VGS 10V, 10 2.0A, TA = 25°C 

- - 2.4' 0 VGS - 10V, 10 = 2.0A, TA = 125°C 

VSO Diode Forward Voltage a 0.70' 1.4' V TC 25°C, IS 3.0A, VGS = OV 

9fs Forward Transconductance a 2.0' 3.5 6.0' 5101 VOS - 5V, 10 = 2.0A 

Ciss Input Capacitance 350' 700 900' pF VGS - OV, VOS - 25V, f - 1.0 MHz 
Coss Output Capacitance 50' 150 300' pF See Fig. 10 

Crss Reverse Transfer Capacitance 20' 40 BO' pF 

tdon Turn-On Delay Time JO' ns VOO " 176V, 10 2.0A, z" 500 

tr Rise Time - - 35' ns See Fig. 15 

tdloffl Turn-Off Delay Time - - 55' ns (MOSFET switching times are essentiaUy independent 

tf Fall Time 35' ns of operating temperature.) 

SOA Safe Operating Area 25 - - W VOS - 200V, 10 - 125 mA, Sae Fig. 16. 

25 - - W VOS - a.3V, 10 - 3.0A, Sa. Fig. 16. 

Thermal Resistance 
AthJC Junction·ta-C ... 

RthJA Junction-to-Ambient Free Air Operation 

Source-Drain Diode Switching Characteristics (Typical) 
Reverse Recovery Time 600 ns 

Reverse Recovered Charge 4.0 .C TJ - 150°C, IF - 3.0A, dlFldt - l00AI~s 

Forward Turn--on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by LS + LO' 

* JEDEC registered value a Pulse Test: Pulse width ~ 3ooP.5, Duty Cycle ~ 2%. 

14 
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I 

80 ~llpUlSE TEST L I 
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12 
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I I 

I , 

r-----1-' I 

, 5.J 
i 

sol 
I 

.J I 

I 
4.QV 

iJ , t1250C 

ITJ' 21"C",~ ~ 
TJ' w~~ if, 

r-
'N q-. 

I.' / 
I La 

50 100 150 200 250 300 350 

Vas. 0 RAIN -TO .sou RCE vo L TAG E (VO LiS) VGS, GATE TO·SOURCE VOL TAGF. l'JOlTS) 

Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, 
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Fig. 6 - Typical transconductance versus drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 12 - Typical on-resistance versus drain current. 

2N6800 

2.2 

z .. 17 
t; '.8 
~ V 
13 V 

~ 
14 )7 

e 
z 

1.0 ~ 
0 

/ 
l/ 

j 0.6 
V VGS = lOV 

/ 
'0 ~ 2.0A, 

0.2 
·40 40 80 120 160 

T J. JUNCTION TEMPE RATUAE (OC) 

Fig. 9 - Typical normalized on-resistance versus 
temperature. 

20 

1-I I 
VOS·80V,,--

VpS ~ 2~OV ........ ~ 
, 

Vas = 320V ... 

~ ~ 

I~ Ii'" 

- ~ I 
5 

/ 7AI 10 = 

I 
16 24 32 40 

Qg. TOTAL GATE CHARGE (nC) 

Fig. 11 - Typical gate charge versus gate-to-source 
voltage. 

5 

4 

3_ 

~t... 
J"'.. r--.... 2 

.......... 
I I"-... 
, 

i\.. 
I 

, 
! I\. 
I " 0 

25 50 150 75 100 125 

'0, DRAIN CURRENT (AMPERES) 

Fig. 13 - Maximum drain current versus case temperature. 

4-87 



H.P. 
8010A 
PULSE 
GEN. 

NOTES, 
1. LH0063 CASE GROUNDED. 

+loV 

2N6800 

40 
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30 

< 
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" '-" " f 
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TC. CASE TEMPERATURE (OCI 

Fig. 14 - Power versus temperature derating curve. 

VOO ~:;~~nl +10V----+== ___ =:'>I.-

VGS(otf) OV 1 '0 "' 
~ P6106 

RL PR08E 

VOS(offl---=~ 
OUTPUT 

VOS("'------1=-------"f" 

NOTES, 

2. GROUNDED CONNECTIONS COMMON TO GROUN~ PLANE ON BOARD. 

WHEN MEASURING RISE TIME, VGS{on) SKAlL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME. VGS(offl SHAll 8E SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE· 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI· 
CIENTLY SMAll SO THAT DOUBLING IT ~OES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 3. PULSE WIDTH "'3 ~s, PERIOD-1 ms, AMPLITUDE-IOV. 

Fig. 15 - Switching time test circuit. 

VOO 
NOTES, 
1. SET VOS TO THE VALUE SPECIFIED UNDER DETAILS USING A 0." PULSE 

WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREAse VGS 
UNTIl THE SPECIFIED VALUE OF 10 AND VDS ARE OBTAINED. CASE 
TEMPERATURE' 250C. 

2. SElECT RS SUCH THAT 10. RS ,. 2.5 ± 1.0 Vdc. 

Fig. 16 - Safe operating test circuit. 
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m HARRIS 2N6802 
August 1991 

N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 

Features 

• 3.SA, soov 

• rDS(on) = 1.50 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-205AF 

SODOM VIEW 

SOUTIRCE , GATE 

The 2N6802 is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power MOS field-effect transistor designed for applications such as 

DRAIN 
(CASE) 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 0 
operated directly from an integrated circuit. 

The 2N6802 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage ........................................... VDS 
Drain-Gate Voltage (RGS = 20k!1) ............................... VDGR 
Continuous Drain Current 

TC = +250 C .....................................•............. '0 
TC=+1000 C .................................................. 10 

Pulsed Drain Current ............•.........................•...... IDM 
Gate-Source Voltage ........................................... VGS 
Continuous Source Current .......•.................................. IS 
Pulse Source Current ............................•..........•..... ISM 
Maximum Power Dissipation 

TC = +250 C (See Figure 14) ....•................................. Po 
Above TC = +250 C, Derate Linearly (See Figure 14) ................... . 

Inductive Current, Clamped .•..................................... ILM 
(L= 100~H) 

Operating and Storage Junction Temperature Range ...........• T J, TSTG 
Maxim um Lead Temperature for Soldering ........................... T L 

(0.063" (1.6mm) from case for 10s) 

*JEDEC registered values 

G 

2N6802 

500* 
500* 

3.5* 
1.5* 
11' 

±20* 
2.5* 
11* 

25* 
0.20* 

11 

-55 to +150* 
300* 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6802 

Electrical Characteristics @ TC = 25°C (Unless Otherwise Specified) 
Parameter Min. Typ. Max. Units Test Conditions 

BVOSS Drain - Source Breakdown Voltage 500' - - V VGS = OV, 10 - 0.25 rnA 

VGSlth) Gate Threshold Voltage 2.0' 4.0' V VOS = VGS' 10 - 0.5 rnA 

IGSS Gate· Source Leakage Forward - - 100' nA VGS - 20V, Vos - OV 

IGSS Gate - Source Leakage Reverse 100' nA VGS 20V, VOS OV 

lOSS Zero Gate Voltage Drain Current 250' ~A VOS - 5OOV, VGS - OV 

- - 1000' ~A Vos - 400V, VGS - OV, TC - 125°C 

VDSlon On-State Vok_geB 3.75' V VGS 10V, 10 - 2.5A 

RDSlon) Static Drain-Source On-State Resistance a - 1.3 1.5· !l VGS - 10V, ID - 1.5A, TA - 25°C 

- - 3.5' !l VGS - 10V, 10 - 1.5A, TA - 125°C 

VSD Diode Forward Voltage a 0.70' 1.4' V T C - 25°C, IS - 2.5A, VGS - OV 

Qt. Forward Transconductance a 1.5' 2.5 4.5· SIUI VDS - SV, ID - 1.5A 

Ciss Input Capacitance 350' 600 900' pF VGS - OV, VDS - 25V, t - 1.0 MHz 

Coss Output Capacitance 25' 100 200' pF See Fig. 10 

Crss Reverse Transfer Capacitance 15' 30 60' pF 

tdlon! Turn-On Delay Time - - 30' n. VDD " 225V, 10 - 1.5A, z" - 501l 

tr Rise Time - - 30' ns See Fig. 15 

tdloffl Turn-Off Delay Time - - 55' ns (MOSFET switching times are essentially independent 

tf Fall Time - - 30' ns of operating temperature.) 

SOA Safe Operating Area 25 - W VOS - 200V, ID - 12SmA, See Fig. 16. 

25 - - W VOS - 10V, 10 - 2.SA, See Fig. 16. 

Thermal Resistance 
RthJC Junction-ta-Case 
RthJA JunctiO_~_t~_A_m __ bi_en_t ______________________ ~ ____ L-__ ~ ____ -L-=~~_Fr_e_e_A_ir_O~p_e_rat_i_o_n __________________________ ~ 

Source-Drain Diode Switching Characteristics (Typical) 
trr Reverse Recovery Time 800 ns 

Reverse Recovered Charge 4.6 ~C 

Ion Forward Turn-on Time Intrinsic turn-on time is negli,gible. -Turn-on speed is substantially controlled by LS + LO' 

* JEDEC registered value apulse Test: Pulse width ~ 300,us, Duty Cycle ~ 2%. 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 

4-90 



2N6802 

10 

BLpUL~ETESj 

8 

1~y-
~ 

5.5V 

~ 
...d~ _5V I--

~ 
~ 

~ ~ iGS ' '1·5V -

~ .+-
10 

Vas. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

"' 
'" 

20 

10 

: 1.0 

~ 0.5 

1 

.. 
~ 0.2 

P O. 

0.05 

0.02 

0.0 1 
1.0 

OPERATION IN THIS AREA 
IS LIMITED BY RaS{on) 

10 ~s-

100,,5 

ll'~~k 
== 

10 ms-
TC"'250C 

~6~'m5 TJ = 150°C MAX. 
RthJC - 5.0 KfW 
SINGLE PULSE 

DC 

10 20 50 100 200 500 

VOs. DRAIN·TO-SOURCE VOLTAGE (VOLTS) 

Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 

1 

I ; I 1 I I I 
I , 

O· 0.5 
NOTES: 

-~.2 ---- 3:JlJL -h., 
=0.05 ~2~ 
....... 0.02 

0.01 
:,... - lDUTYFACTOR,D,,:l 

12 

""-;'NGLE PULSE (TRANSIENT 2. PER UNIT BASE = RthJC '" 5.0 OEG. C W 

..J...+-
THERMAL IMPEDANCE) , 3. TJM - Te - POM Z\~Jc(t) 

10-3 '.0 
I,. SQUARE WAVE PULSE DURA nON (SECONDS) 

Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case versus pulse duration. 

8~.IIS pJLSE TIEST 

Vas> jOlon) J( RaS(on) MAX. 
TJ' ~550J - f--' 

1---

1/ TJ",1250C 

/ -V TJ=1250C 

1/ ".. 

I 
rJl 
II 

• 10 12 

'D. ORA'N CURRENT (AMPERESI Vso. SOURCE TO DRAIN VOL TAGE IVOl TS) 

'0 

Fig. 6 - Typical transconductance versus drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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H.P. 
8010A 
PULSE 
OEN 

NOTES: 
1. LHOD63 CASE GROUNDED. 

2N68Q2 
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Fig. 14 - Power versus temperature derating curve. 
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VIlSI.llIOV 
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NOTES: 

1. GROUNOED CONNECTIONS COMMON TO GROUND PLANE ON BOARO. 
3. PULSE WIDTH "31J$, PERIOD .. 1 ms, AMPLlTUDJ:;;1(1V. 

WHEN MEASUfliNG RISHIME. VGslonl SHALL BE ASSPECIFIEO ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME. VGSI.1f) SHALL BE SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE ,RE· 
SPONSE DETECTOR SHALL HAV~ RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI· 
CIENTLY SMALL SO THAT DOUBLING IT ODES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRWSION OF MEASUREMENT. 

Fig. 15 • Switching time test circuit. 

VOO 
NOTES: 
1. SET Vos TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PUI-SE 

WIOTH WITH A MINIMUM OF 1 MINUTE,BETWEEN PULSES. INCREAse VGS 
UNTIL THE SPECIFIED VALUE OF 10 AND VoS ARE OBTAINED. CASE 
TEMPERATURE' 2S.C. 

2. SHECT ilSSUCH THAT 10. RS .. 2.5 t 1.0 Vdc. 

Fig. 16 - Safe operating test circuit. 
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mtHARRIS BUZ11 
August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistor 

Features 

• 30A, 50V 

• rDS(on) = 0.040 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-220AB 
TOP VIEW 

The BUZ11 is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power field-effect transistor designed for applications such as 

: SOURCE 
DRAIN 
GATE 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and tow gate-drive power. This type can be D 
operated directly from integrated circuits. 

The BUZ11 is supplied in the JEDEC TO-220AB plastic package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage. . .. . . . . . . . . .. . .. • .. .. . .. . . . .. .. . . . .. . .. ... VDS 
Drain-Gate Voltage (RGS = 20kO) ............................... VDGR 
Continuous Drain Current 

TC = +300 C ................................................... 10 
Pulsed Drain Current 

TC=+250 C .................................................. IDM 
Gate-Source Voltage ........................................... VGS 
Maximum Power Dissipation 

TC=+250 C ................................................... PD 
Operating and Storage Junction Temperature Range ..••••..••.. TJ, TSTG 
DIN Humidity Category - DIN 40040 ................................ .. 
IEC Climatic Category - DIN IEC 68-1 ............................... .. 

G 

BUZ11 

50 
50 

30 

120 
±20 

75 
-55to+150 

E 
55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ 11 

ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25° C Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITIONS 
MIN. 

Drain-Source Breakdown Voltage BVoss VGS = 0 V 
50 

10 = 0.25 mA 

Gate-Threshold Voltage VGSUh~ Vos = VGS 
2.1 

10= 1 mA 

Zero-Gate Voltage Drain Current loss Tj = 25°C -
Tj =125°C -

Vos = 50 V, VGS = 0 V 

Gate-Source Leakage Current IGSS VGS = 20 V 
-

Vos = 0 V 

Drain-Source On Resistance rOSton) VGs=10V -
10= 15A 

Forward Transconductance g" Vos = 25 V 
4.0 

10 = 15 A 

Input Capacitance Ciss VGS =0 V 
-

Output Capacitance Co~ Vos = 25 V -
Reverse Transfer Capacitance C~, 

f = 1 MHz -
Turn-On Time torr tdlOn) Vcc=30V 

-

(ton = tdlon) + tr) t. 10=3A -
Turn-Off Time toH tCt/Offl 

VGs= 10V -
(toH = tdloH) + t.) t. RGS =50 0 

-

Thermal Resistance, Junction-to-Case R6Jc 

Thermal Resistance, Junction-to-Ambient RaJA 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC TEST CONDITIONS 
MIN. 

Continuous Reverse Drain Current lOR -
Tc=25'C 

Pulsed Reverse Drain Current lOAM -

Diode Forward Voltage Vso IF = 2 X lOR -
VGs=OV, Tj =25°C 

Reverse Recovery Time tIT Tj = 25°C, IF = lOR -
Reverse Recovered Charge QRR dlFldt = 100 Alps, VR = 30 V -

DRAIN-TO-SOURCE VOLTAGE IV,,) - V 

Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 3 - Normalized gate threshold voltage as a function 
of junction temperature for all types. 
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Features 

• 12A, 100V 

• rDS(on) = 0.20 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The BUZ20 is an n-channel enhancement~mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The BUZ20 is supplied in the JEDEC TO-220AB plastic package. 

BUZ20 
N-Channel Enhancement-Mode 

Power Field-Effect Transistor 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MODE 

D 

G~ 
s 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage .•..... , ..........•......................• , VDS 
Drain-Gate Voltage (RGS = 20kO) .......•....................... VDGR 
Continuous Drain Current 

TC = +300 C ................................................... 10 
Pulsed Drain Current 

TC = +250 C ••...•..........••................•......•........ IDM 
Gate-Source Voltage ..................................•...••... VGS 
Maximum Power Dissipation 

TC = +250 C .....•...........................•................. Po 
Operating and Storage Junction Temperature Range •......••... T J, T STG 
DIN Humidity Category - DIN 40040 .....•.•.........•.....•...•...... 
IEC Climatic Category - DIN IEC 68-1 ............................... .. 

BUZ20 

100 
100 

12 

48 
±20 

75 
-55to+150 

E 
55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedur~ should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ20 

ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

UNITS 
MIN. TYP. MAX. 

Drain-Source Breakdown Voltage BVoss VGS =OV 
100 - -

10=0.25 mA 
V 

Gate-Threshold Voltage VGSUhl Vos = VGS 
2.1 3 4 

10= 1 mA 

Zero-Gate Voltage Drain Current loss T;=25°C - 20 250 
T; = 125°C - 100 1000 /.IA 

Vos = 100 V, VGS = 0 V 

Gate-Source Leakage Current lass VGS = 20V - 10 100 nA 
Vos =0 V 

Drain-Source On Resistance rOSIon! VGS = 10 V - 0.15 0.2 n 
lo=SA 

Forward Transconductance gl, Vos = 25 V 
2.7 4.0 - S 

lo=SA 

Input Capacitance C", VGs= OV 
- 1500 2000 

Output Capacitance CO" Vos = 25 V - 300 500 pF 

Reverse Transfer Capacitance C.., f = 1 MHz - BO 140 

Turn-On Time to" tdlonl Vcc=30V 
- 30 45 

(to" = to,O"' + t,) t, 10= 2.9 A - 50 75 
ns 

Turn-Off Time toft tdloffJ 
Vos = 10 V - 110 140 

(ton = tdlOft, + t,) t, RGs=50n 
- SO 80 

Thermal Resistance, Junction-to-Case RlIJc :5: 1.S7 
°CIW 

Thermal Resistance, Junction-to-Ambient RIIJA :5:75 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC TEST CONDITIONS 
MIN. 

LIMITS 

TYP. MAX. 
UNITS 

Continuous Reverse Drain Current lOR - - 12 A Tc=25°C 
Pulsed Reverse Drain Current IORM - - 48 

Diode Forward Voltage Vso IF = 2 X lOR - 1.4 1.B V 
VGs=OV, T;=25°C 

Reverse Recovery Time t. T; = 25°C, IF = lOR - 200 - ns 

Reverse Recovered Charge ORR dlF/dt = 100Al/.lS, VR = 30 VI - 1.6 - /.IC 

la' 

« 
I 10' 

~<:) t, = 5~s 
~~ 10~s 

r- ; (' ... j 

~~II'" ~, 100~S 
~ 
f-
Z 
UJ lms 
II: 
II: 
:J 
() 

z la' ;;: 

lams 

100~s 
II: 
0 ~ itU ! t, 

D=T n T t 
-, IIIIIIII I IIII 

10 la' 5 la' 5 la' 5 la' 
DRAIN-TO-SOURCE VOLTAGE (Vos) - V 

Fig. 1 - Maximum safe operating areas for al/ types. 
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;J)HARRIS BUZ21 
August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistor 

Features 

• 19A, 100V 

• rDSton) = 0.1 n 
• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-220AB 
TOP VIEW 

The BUZ21 is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power field-effect transistor designed for applications such as 

: SOURCE 
DRAIN 
GATE 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 0 
operated directly from integrated circuits. 

The BUZ21 is supplied in the JEDEC TO-220AB plastic package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage ...•.••.........••..••.....•••...•.......•• VDS 
Drain-Gate Voltage (RGS = 20kO) ............................... VDGR 
Continuous Drain Current 

TC = +550 C .....•.......•....•.....•.•..............•.....•... ID 
Pulsed Drain Current 

TC = +250 C .................................................. IDM 
Single Pulse Avalanche Energy', EAS .................................. . 
Gate-Source VoHage ........................................... VGS 
Maximum Power Dissipation 

TC = +250 C ................................................... PD 
Operating and Storage Junction Temperature Range ............ T J, TSTG 
DIN Humidity Category - DIN 40040 ................................. . 
IEC Climatic Category - DIN IEC 68-1 ................................ . 

'voo = 25V. starting Tj = 250C. L = 440~Hy. RgS = 50n. Ipeak = 28A. see Figures 14 and 15. 

G 

BUZ21 

100 
100 

19 

75 
230 
±20 

75 
-55to+150 

E 
55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ21 

ELECTRICAL CHARACTERISTICS At Case Temperature (TcJ = 250C unless otherwise specified. 

CHARACTERISTICS TEST CONDITIONS MIN. 

Drain-Source Breakdown Voltage BVDSS VGS=OV 100 
ID=0.25mA 

Gate-Threshold Voltage VGS(th) VDS=VGS 2.1 
ID=l mA 

Tj= 250 C -
Zere-Gate Voltage Drain Current lOSS Tj = 1250 C -

VDS = 100V, VGS =OV 

Gate-Source Leakage Current IGSS VGS=20V -
VDS=OV 

Drain-Source on Resistance rDS(on) VGS=10V -
ID=9A 

Forward Transconductance gfs VDS=25V 4 
ID=9A 

Input Capacitance Ciss VGS=OV -
Output Capacitance Coss VDS=25V -
Reverse Transfer Capacitance Crss f = 1 MHZ -
Turn-On Time ton td(on) Vcc=30V -

(ton = td(on) + tr) tr ID=3A -
Turn-Off Time toff Id(off) VGS=10V -

(toff = td(off) = tr) Ir RGS=50n -
Thermal Resistance, Junction-te-Case RaJC 

Thermal Resistance, Junction-Ie-Ambient RaJA 

*VDD = 25 V, starting Tj = 25OC, L = 440 ~Hy, Rgs = 50 n, Ipeak = 28 A, see figure 14 & 15. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTI:RISTICS 

CHARACTERISTICS TEST CONDITIONS MIN. 

Continuous Reverse Drain Current lOR Tc=250 C -
Pulsed Reverse Drain Current IDRM -
Diode Forward Voltage VSD IF=2xIDR -

VGS =OV, Tj = 250 C 

Reverse Recovery Time Irr Tj = 250 C, IF = lOR -
Reverse Recovered Charge QRR dIF/dt= 100NMS, VR =30V -

4·103 
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m HARRIS BUZ32 
August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistor 

Features 

• 9.5A, 200V 

• rOS(on) = 0.40 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-220AB 
TOP VIEW 

The BUZ32 is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power field-effect transistor designed for applications such as 

: SOURCE 
DRAIN 
GATE 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 
operated directly from integrated circuits. 

The BUZ32 is supplied in the JEDEC TO-220AB plastic package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . .. VDS 
Drain-Gate Voltage (RGS = 20kO} ................•........•.•.•• VDGR 
Continuous Drain Current 

TC = +550 C •...•....................•..............••.•••..•.. ID 
Pulsed Drain Current 

TC = +250 C •....••..•..•.•......•.........••.....•••......•.. IDM 
Single Pulse Avalanche Energy', EAS .................................. . 
Gate-Source Voltage ........................................... VGS 
Maximum Power Dissipation 

T C = +250 C .......................................... , .•...... PD 
Operating and Storage Junction Temperature Range ..........•• TJ, TSTG 
DIN Humidity Category - DIN 40040 ................................. . 
IEC Climatic Category - DIN IEC 68-1 ................................ . 

'voo = 20V. starting Tj = 250 C. L = 3.31~Hy. RgS = 50n.lpeak = 9A. see Figures 14 and 15. 

G 

BUZ32 

200 
200 

9.5 

38 
150 
±20 

75 
-55to +150 

E 
55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ32 

ELECTRICAL CHARACTERISTICS At Case Temperature (TcJ '" 250 C unless otherwise specified. 

LIMITS 

CHARACTERISTICS TEST CONDITIONS MIN. TYP. MAX. UNITS 

Drain-Source Breakdown Voltage BVDSS VGS",OV 200 - -
10 = 0.25mA 

V 
Gate-Threshold Voltage VGS(th) VDS=VGS 2.1 3 4 

10=1 mA 

Ti=250 C - 20 250 
Zero-Gate Voltalle Drain Current lOSS Ti = 1250 C - 100 1000 ~A 

VDS", 200 V, VGS = 0 V 

Gate-Source leakage Current IGSS VGS=20V - 10 100 
VDS=OV nA 

Drain-Source on Resistance rDS(on) VGS=10V - 0.35 0.4 
ID=4.5A n 

Forward Transconductance gls VDS=25V 2.2 5.0 -
ID=4.5A S 

Input Capacitance Ciss VGS=OV - 1500 2000 

Output Capacitance Coss VDS=25V - 250 400 pF 

Reverse Transler Capacitance Crss 1= 1 MHZ - 70 120 

Turn-On Time ton Id(on) Vcc=30V - 30 45 

(ton = td(on) + Ir) tr ID=2.9A - 40 60 
ns 

Turn-Oft Time toll td(oft) VGS",10V - 110 140 

(toft = Id(oll) = tr) tr OOS=500 - 60 80 

Thermal Resistance, Junction-to-Case ReJC ~1.67 
oCIW 

Thermal Resistance, Junction-Io-Ambienl RaJA ::;75 

'VDD = 20 V, starting Ti = 250C, l = 3.37 ~Hy, Rgs = 50 0, Ipeak = 9 A, see ligure 14 & 15. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTICS TEST CONDITIONS MIN. TYP. MAX. UNITS 

Continuous Reverse Drain Current lOR Tc=250 C - - 9.5 
A 

Pulsed Reverse Drain Current IDRM - - 38 

Diode Forward Voltage VSD IF",2xIDR - 1.3 1.7 
VGS =OV, Ti '" 250 C V 

Reverse Recovery Time trr Ti = 2SoC, IF '" lOR - 400 - ns 

Reverse Recovered Charge QRR dIF/dl", 100N~s,VR '" 100V - 6.0 - ~C 
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m HARRIS BUZ351 
August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistor 

Features 

• 11.SA, 400V 

• rDS(on) = 0.40 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-218AC 
TOP VIEW 

The BUZ351 is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 

drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 
operated directly from integrated circuits. 

The BUZ351 is supplied in the JEDEC TO-218AC plastic package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VOS 
Drain-Gate Voltage (RGS = 20k!1) ........................•....•• VOGR 
Continuous Drain Current 

T C = +300 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ID 
Pulsed Drain Current 

TC = +250 C .......•.....•......•............................. IOM 
Gate-Source Voltage ........................................... VGS 
Maximum Power Dissipation 

TC = +250C .....................•.......................•..... Po 
Operating and Storage Junction Temperature Range ............ T J, T STG 
DIN Humidity Category- DIN 40040 ................................. . 
IEC Climatic Category - DIN IEC 68-1 ................................ . 

G 

BUZ351 

400 
400 

11.5 

46 
±20 

125 
-55 to +150 

E 
55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ351 

ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITIONS 
MIN. 

Drain-Source Breakdown Voltage BVDSS VGS = 0 V 
400 

10=0.25 mA 

Gate-Threshold Voltage VGSUhl Vos = VGS 
2.1 

10= 1 mA 

Zero-Gate Voltage Drain Current loss T; = 25°C -
T;= 125°C -

Vos = 400 V, VGS = 0 V 

Gate-Source Leakage Current IGSS VGS = 20 V -
Vos = 0 V 

Drain-Source On Resistance rDS(On) VGs=10V -
10= 5.5 A 

Forward Transconductance gfs Vos = 25 V 
3.3 

10= 5.5 A 

Input Capacitance Ciss VGS =0 V -
Output Capacitance C= Vos = 25 V -

Reverse Transfer Capacitance C= 
f = 1 MHz -

Turn-On Time ton tdlonl Vee = 30 V -
(ton = tUon) + tr) t, 10=2.9A -

Turn-Off Time toff tJ(off) 
VGs=10V -

(toff = t •• offl + t,) t, RGs=50n 
-

Thermal Resistance, Junction-to-Case ROJC 

Thermal Resistance, Junction-to-Ambient RBJA 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC TEST CONDITIONS 
MIN. 

Continuous Reverse Drain Current lOR -
Te=25°C 

Pulsed Reverse Drain Current IORM -
Diode Forward Voltage Vso IF = 2 X lOR -

VGs=OV, T;=25°C 

Reverse Recovery Ti me t" T; = 25°C, IF = lOR -
Reverse Recovered Charge ORR dlF/dt = 100 N/ls, VR = 100 V -
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Features 

• 4.SA, soov 

• rDSlon) = 1.50 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The BUZ41A is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The BUZ41A is supplied in the JEDEC TO-220AB plastic package. 

BUZ41A 
N-Channel Enhancement-Mode 

Power Field-Effect Transistor 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (TC'" +250 C), Unless Otherwise Specified 

Drain-Source Voltage .......................•........•.......... VDS 
Drain-Gate Voltage (RGS = 20kO) ............••.•..........•.... VDGR 
Continuous Drain Current 

T C = +350 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . .. ID 
Pulsed Drain Current 

TC = +250 C .................................................. IDM 
Gate-Source Voltage .....................................•..... VGS 
Maximum Power Dissipation 

TC = +250 C ............................................••..... PD 
Operating and Storage Junction Temperature Range ............ T J, TSTG 
DIN Humidity Category- DIN 40040 ................................. . 
IEC Climatic Category - DIN IEC 68-1 ................................ . 

BUZ41A 

500 
SOO 

4.5 

18 
±20 

75 
-55 to +150 

E 
55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ41A 

ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25° C Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITIONS 

Drain-Source Breakdown Voltage BVDSS VGS = OV 
10 = 0.25 mA 

Gate-Threshold Voltage VGS(lh) Vos::::: VGS 

10 = 1 mA 

Zero-Gate Voltage Drain Current loss T,=25°C 
T, = 125°C 

VDS = 500 V, VGS = 0 V 

Gate-Source Leakage Current IGSS VGS = 20 V 
VDS =0 V 

Drain-Source On Resistance rOSlon) VGs= 10V 
10 = 2.5 A 

Forward Transconductance gfs VDS = 25 V 
10 = 2.5 A 

Input Capacitance C,,, VGS =OV 
Output Capacitance C"" VDS = 25 V 

R.everse Transler Capacitance C", 1=1 MHz 

Turn-On Time too tdlOn) Vcc=30V 
(ton = tdton) + tr) t, 10 = 2.6 A 

Turn-all Time 10. td(offl 
VGs= 10V 
RGs=500 

(toff = 1.1 .. ' + t,) t, 

Thermal Resistance, Junction-to-Case R/iJC 

Thermal Resistance, Junction-to-Ambient R/iJA 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC 

Continuous Reverse Drain Current 

Pulsed Reverse Drain Current 

Diode Forward Voltage 

Reverse Recovery Time 

Reverse Recovered Charge 
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VSD I, = 2 X IDA 
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t. T, = 25°C, I, = IDA 

OAA dlF/dt = 100 N/.Is, VR = 100 V 
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Fig. 1 - Maximum safe operating areas for all. types. 
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flJHARRIS BUZ42 
August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistor 

Features 

• 4.0A, 500V 

• rDS(on) = 2.on 
• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-220AB 
TOP VIEW 

The BUZ42 is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power field-effect transistor designed for applications such as 

: SOURCE 
DRAIN 
GATE 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 
operated directly from integrated circuits. 

The BUZ42 is supplied in the JEDEC TO-220AB plastic package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage ...............••.•.......•................ VDS 
Drain-Gate Voltage (RGS = 20kO) .....•.•......•...........•.... VDGR 
Continuous Drain Current 

TC = +550 C ................................................... 10 
Pulsed Drain Current 

TC = +250 C .........•..........•..•......................•... IDM 
Single Pulse Avalanche Energy', EAS .................................. . 
Gate-Source Voltage .........•................................. VGS 
Maximum Power Dissipation 

TC = +250 C ......••••.....•...•......•...........•.....•...... Po 
Operating and Storage Junction Temperature Range ............ T J, TSTG 
DIN Humidity Category - DIN 40040 ................................. . 
IEC Climatic Category - DIN IEC 68-1 ................................ . 

'Voo = 50V. starting Tj = 250C. l = 25~Hy. RgS = 250. Ipeak = 4.5A. see Figures 14 and 15. 

G 

BUZ42 

500 
500 

40 

16 
300 
±20 

75 
-55 to +150 

E 
55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ42 

ELECTRICAL CHARACTERISTICS At Case Temperature (Td = 250 C unless otherwise specified. 

LIMITS 

CHARACTERISTICS TEST CONDITIONS MIN. TYP. 

Drain-Source Breakdown Voltage BVDSS VGS=OV 500 -
ID=0.25mA 

Gate-Threshold Voltage VGS(th) VDS=VGS 2.1 3 
10=1 mA 

Tj= 250 C - 20 
Zero-Gate Voltage Drain Current lOSS Tj=1250 C - 100 

VDS = 500 V, VGS = OV 

Gate-Source Leakage Current IGSS VGS=20V - 10 
VDS=OV 

Drain-Source on Resistance rDS(on) VGS=10V - 1.6 
ID=2.5A 

Forward Transconductance gfs VDS=25V 1.5 2.5 
ID=2.5A 

Input Capacitance Ciss VGS=OV - 1500 

Output Capacitance Coss VDS=25V - 110 

Reverse Transfer Capacitance Crss f= 1 MHZ - 40 

Turn-On Time ton td(on) Vcc=30V - 30 

(ton = td(on) + tr) Ir ID=2.5A - 40 

Turn-Off Time toff td(off) VGS=10V - 110 

(toff = td(off) = Ir) tr RGS=500. - 50 

Thermal Resistance, Junction-to-Case ReJC < 1.67 

Thermal Resistance, Junction-to-Ambient ReJA 5 75 

'VDD = 50 V, starting Tj = 250 C, L = 251lHy, Rgs = 250., Ipeak = 4.5 A, see figure 14 & 15. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTICS TEST CONDITIONS MIN. TYP. 

Continuous Reverse Drain Current lOR Tc=250 C - -
Pulsed Reverse Drain Current IDRM - -
Diode Forward Voltage VSD IF=2xIDR - 1.1 

VGS = OV, Tj = 250 C 

Reverse Recovery Time Irr Tj = 250 C, IF = lOR - 1200 

Reverse Recovered Charge QRR dlF/dl = 100 NilS, VR = 100 V - 6.0 
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Features 

• 9.6A, 500V 

• rOS(on) = 0.60. 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 
The 8UZ45 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applica~ions such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The 8UZ45 is supplied in the JE:DEC TO-204AA plal:)tic package. 

8UZ45 
N-Channel Enhancement-Mode 

Power Field-Effect Transistor 

Package 
TO-204AA 

BOTTOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G~ 
s 

Ab$olute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltllge ........................................... VDS 
Orain~Gllte Voltage (RGS '" 20kfl) ............................... VOGR 
Continuous Drain Current 

TC '" +250C ................................................... 10 
Pulsed Drain Cl.Irrent 

T C = +250C .................................................. 10M 
Gate-Source Voltage ........................................... VGS 
Maximl,Jm Power Dissipation 

TC = +250C ..............•.•.•••.................•.....•...... PD 
Operating and Storage Junction Temperature Range ...••...•••• T J, TSTG 
DIN Humidity Category - DIN 40040 ................................. . 
IEC Climatic Category - DIN IEC 68-1 ................................ . 

BUZ45 

500 
500 

9.6 

38 
±20 

125 
-55 to +150 

E 
55/150/56 

CAUTION: T-hese devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris corporation 1991 
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Specifications BUZ45 

ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITIONS 

Drain-Source Breakdown Voltage BVoss VGS -OV 
10=0.25 mA 

Gate-Threshold Voltage VGSUhJ Vos = VGS 
10'= 1 mA 

Zero-Gate Voltage Drain Current loss T;=25°C 
T;=125°C 

Vos = 500 V, VGS = 0 V 

Gate-Source Leakage Current IGSS Vos = 20 V 
Vos = 0 V 

Drain-Source On Resistance rOSlonl VGs=10V 
lo=5A 

Forward Transconductance g .. Vos = 25V 
lo=5A 

Input Capacitance C"" VGS = OV 
Output Capacitance Coso Vos= 25 V 

Reverse Transfer Capacitance C ... f = 1 MHz 

Turn-On Time ton tdton) Vee = 30 V 
(tOn = tUonl + t,) t, 10 = 2.8A 

Turn-Off Time toft leiloHi 
VGs= 10V 
RGs=50n (to' = t.,oftl + t,) t, 

Thermal Resistance, Junction-to-Case R/JJC 

Thermal Resistance, Junction-to-Ambient RBJA 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC 

Continuous Reverse Drain Current 

Pulsed Reverse Drain Current 

Diode Forward Voltage 

Reverse Recovery Time 

Reverse Recovered Charge 

« 
I I 10 

~ 
a: 
a: 
::J 
() 

0 ~ 10 
a: o 

TEST CONDITIONS 

lOR 
Tc=25°C 

IORM 

VSO IF = 2 X lOR 
VGS = 0 V, T; = 25°C 

t. T; = 25°C, IF = lOR 

QRR dlF/dt = 100 AlpS, VR = 100 V 

tp= 

~'" 0,9 
~~ L'tt • i' 1'\ 

~~ 10 
~s 

100 
)JS 

II 

~> 11~~ 

10 
-:- tp . tp ms 

100 = itM, 
0=1" ms 

1-r'lllllllL iJ..U~ UJj 
5 101 

DRAIN-TO-SOURCE VOLTAGE (Vos) - V 

Fig. 1 - Maximum safe operating areas for all types. 
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MIN. 

500 

2.1 

-
-

-

-

2.7 

-
-
-
-
-
-
-

MIN. 

-
-
-
-
-

LIMITS 

TYP. MAX. 
UNITS 

- -
V 

3 4 

20 250 
100 1000 IJA 

10 100 nA 

0.55 0.6 n 

5 - S 

3800 4900 

250 400 pF 

100 170 

50 75 

80 120 
ns 

330 430 

110 140 

::;1 
°C/W 

::;35 

LIMITS 

TYP. MAX. 
UNITS 

- 9.6 A 
- 38 

1.3 1.7 V 

1200 - ns 

12 - IJC 
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Fig. 3 - Normalized gate threshold voltage as a function 
of junction temperature for all types. 
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Fig. 9 - Typical capacitance vs. drain-to-source voltage 
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Features 

• S.3A, 500V 

• rOS(on) = O.so 
• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The BUZ45A is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The BUZ45A is supplied in the JEDEC TO-204AA plastic package. 

BUZ45A 
N-Channel Enhancement-Mode 

Power Field-Effect Transistor 

Package 
TO-204AA 

SODOM VIEW 

DRAIN 
SOU~l.ANGE) 

o 
GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

o 

G 

s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage ..................................•.....•.• VDS 
Drain-Gate Voltage (RGS = 20kfl) .........•...•.....•....•....•. VDGR 
Continuous Drain Current 

TC = +250 C ................................................... ID 
Pulsed Drain Current 

TC = +250C ..............................................•.•. IDM 
Gate-Source Voltage ........•..••.............................. VGS 
Maximum Power Dissipation 

TC = +250 C .............•..........•........................•. Po 
Operating and Storage Junction Temperature Range ............ T J, T STG 
DIN Humidity Category - DIN 40040 ................................. . 
IEC Climatic Category - DIN IEC 68-1 ................................ . 

BUZ45A 

500 
500 

8.3 

33 
±20 

125 
-55to+150 

E 
55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ45A 

ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25° C Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITIONS 

Drain-Source Breakdown Voltage BVoss VGs= 0 V 
10=0.25 mA 

Gate-Threshold Voltage VGSlthl Vos = Vas 
10= 1 mA 

Zero-Gate Voltage Drain Current loss Tj =25°C 
Tj =125°C 

Vos = 500 V, VGS = 0 V 

Gate-Source Leakage Current lass VGS = 20 V 
Vos = 0 V 

Drain-Source On Resistance rOSIOn ) VGs=10V 
10=5A 

Forward Transconductance gfs Vos = 25 V 
10=5A 

I nput Capacitance Ciss VGS = 0 V 
Output Capacitance C"", Vos = 25 V 

Reverse Transfer Capacitance C"" 
f= 1 MHz 

Turn-On Time too tdfonJ Vee = 30 V 
(ton:::::: tdfonJ + tr) t, 10 = 2.8 A 

Turn-Off Time toff ld(offl 
VGs=10V 
RGS = 50 Cl (toff = t.'off) + t,) t, 

Thermal Resistance, Junction-to-Case RlIJe 

Thermal Resistance, Junction-to-Ambient ROJA 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC 

Continuous Reverse Drain Current 

Pulsed Reverse Drain Current 

Diode Forward Voltage 

Reverse Recovery Time 

Reverse Recovered Charge 

10' 

<{ 

~ 10 

>
Z 
IlJ 
II: 
II: 
:::J 
() 

, 

Z 0 ;;: 10 
II: o 

TEST CONDITIONS 

lOR 
Te=25°C 

lOAM 

Vso I, = 2 X lOR 
VGs=OV, Tj =25°C 

t" Tj = 25°C. I, = lOR 

QRR dl,idt = 100 Alps, VR = 100 V 

fp = 
~'" 1,5 

..:.ij ~s 

• ;;- , 1~1 ~~c,-;( ~s 

0(/ 100 
~s 

II 

~>, lms 

== i~ 
10 
ms 

o-.!:L p 100 
- T ms n T f 

, 11111111 I 1111 
10 100 

III 
5 10' 5 10' 103 

DRAIN-TO-SOURCE VOLTAGE (Vos) - v 

Fig. 1 - Maximum safe operating areas for a/l types. 
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MIN. 

500 

2.1 

-
-

-

-

2.7 

-
-
-
-

-
-

-

MIN. 

-
-

-

-

-

LIMITS 

TYP. MAX. 
UNITS 

- -
V 

3 4 

20 250 
100 1000 pA 

10 100 nA 

0.7 0.8 Cl 

5 - S 

3800 4900 

250 400 pF 

100 170 

50 75 

80 120 
ns 

330 430 

110 140 

:S1 
°CIW 

:S 35 

LIMITS 
UNITS 

TYP. MAX. 

- 8.3 A 
- 33 

1.3 1.6 V 

1200 - ns 

12 - pC 
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Features 

• 10A, 500V 

• rDS(on) = 0.50 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

BUZ45B 
N-Channel Enhancement-Mode 

Power Field-Effect Transistor 

Package 
TO-204AA 

BOTTOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

The BUZ45B is an n-channel enhancement-mode Silicon-gate Terminal Diagram 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 0 
operated directly from integrated circuits. 

The BUZ45B is supplied in the JEDEC TO-204AA plastic package. 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage •....................•........•........•... VDS 
Drain-Gate Voltage (RGS = 20kO) ................•.•........•... VDGR 
Continuous Drain Current 

TC = +350C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . • . . . . . . . •• 10 
Pulsed Drain Current 

TC = +250 0 .................................................. IDM 
Gate-Source Voltage ..................................•...•...• VGS 
Maxim um Power Dissipation 

TO = +250 0 ................................................... Po 
Operating and Storage Junction Temperature Range .......•...• TJ, TSTG 
DIN Humidity Category - DIN 40040 •..........•.•••........•.••....•. 
IEC Climatic Category - DIN IEC 68-1 .•......•.....••..........••.•... 

G 

BUZ45B 

500 
500 

10 

40 
±20 

125 
-55to+150 

E 
55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be foHowed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ45B 

ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITIONS 

Drain-Source Breakdown Voltage BVoss VGS =OV 
10=0.25 mA 

Gate-Threshold Voltage VGSltl'l1 VDS = VGS 
10= 1 mA 

Zero-Gate Voltage Drain Current loss Tj =25°C 
Tj =125°C 

Vos = 500 V, VGS = 0 V 

Gate-Source Leakage Current IGSS VGs=20V 
VDS =OV 

Drain-Source On Resistance rOSlon) VGs=10V 
ID=5A 

Forward Transconductance 9fs VDS = 25 V 
ID=5A 

Input Capacitance CiSS Vas = OV 
Output Capacitance C.,., VDs = 25 V 

Reverse Transfer Capacitance C ... f= 1 MHz 

Turn-On Time to, td(onJ Vcc=30V 
(10, = 1..'0" + t,) t, ID=2.9A 

Turn-Off Time Ion td(offJ 
VGs=10V 

(10. = td(o" + t,) t, RGs=50n 

Thermal Resistance, Junction-to-Case Rl/Jc. 

Thermal Resistance, Junction-to-Ambient Rl/JA 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC 

Continuous Reverse Drain Current 

Pulsed Reverse Drain Current 

Diode Forward Voltage 

Reverse Recovery Time 

Reverse Recovered Charge 
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TEST CONDITIONS 
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Tc=25°C 
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Vas = 0 V, Tj = 25·C 

t" Tj = 25°C, IF = lOR 

ORR dlF/dt = 100 N/lS, V R '" 100 V 
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Fig. 1 - Maximum safe operating areas for all types. 
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MIN. 

500 

2.1 

-
-

-

-

2.7 

-
-
-
-
-
-
-

MIN. 

-
-

-

-
-

LIMITS 

TYP. MAX. 
UNITS 

- -
V 

3 4 

20 250 
100 1000 pA 

10 100 nA 

0.49 0.50 0 

5 - S 

3800 4900 

250 400 pF 

100 170 

50 75 

80 120 
ns 

330 430 

110 140 

:51 
°CIW 

:5 35 

LIMITS 
UNITS 

TYP. MAX. 

- 10 A 
- 40 

1.3 1.7 V 

1200 - ns 

12 - pC 
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Features 

• 5.5A, 400V 

• rDS(on) = 1.00 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The BUZ60 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The BUZ60 is supplied in the JEDEC TO-220AB plastic package. 

BUZ60 
N-Channel Enhancement-Mode 

Power Field-Effect Transistor 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MODE 

o 

G 

s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage ....................•...................... VDS 
Drain-Gate Voltage (RGS = 20kO) .........•.......••....•....... VDGR 
Continuous Drain Current 

TC = +350C ................................................... ID 
Pulsed Drain Current 

TC=+250C ...................•.......•...........••......... IDM 
Gate-Source Voltage ........................................... VGS 
Maximum Power Dissipation 

TC = +250C ....•.•.•..........•.•......................•....•. Po 
Operating and Storage Junction Temperature Range ...........• T J, T STG 
DIN Humidity Category - DIN 40040 ................................. . 
IEC Climatic Category - DIN IEC 68-1 .•............•...........••..... 

BUZ60 

400 
400 

5.5 

22 
±20 

75 
-5510+150 

E 
55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handlina orflt""otjures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ60 

ELECTRICAL CHARACTERISTICS At Case Temperature (Te) ~ 25°C Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITIONS 

Drain-Source Breakdown Voltage BVoss VGS = 0 V 
ID = 0.25 mA 

Gate-Threshold Voltage VGS(th) VDS = VGS 

ID= 1 mA 

Zero-Gate Voltage Drain Current loss T, = 25°C 
Tj =125°C 

VDS = 400 V, VGS = 0 V 

Gate-Source Leakage Current IGSS VGS = 20 V 
VDS = 0 V 

Drain-Source On Resistance rOS(on) VGs=10V 
ID = 2.5 A 

Forward Transconductance gig VDS = 25 V 
ID = 2.5 A 

Input Capacitance C iSS VGS = 0 V 
Output Capacitance Coo, VDs = 25 V 

Reverse Transfer Capacitance C= 
f= 1 MHz 

Turn-On Time to" td(onl Vee = 30 V 
(ton = td(on) + t-r) t, ID=2.7 A 

Turn-Off Time toff td(OHl 
VGs=10V 

(toft = td{Off} + tr) t, RGs=500 

Thermal Resistance, Junction-Io-Case ReJC 

Thermal Resislance, Junction-lo-Ambient ROJA 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC 

Continuous Reverse Drain Current 

Pulsed Reverse Drain Current 

Diode Forward Voltage 

Reverse Recovery Time 

Reverse Recovered Charge 
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" ~ 10' 

f
Z 
w 
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a: 
::J 
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z « 10° 
a: 
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TEST CONDITIONS 

IDR 
Te=25°C 

IDRM 

VSD IF = 2 X IDR 
VGS = 0 V, T j = 25 ° C 

tIT Tj = 25°C, IF = IDR 

QRR dlFldt = 100 AlJiS, VR c= 100 V 

I, = 

V-'" 1~s 

·W ~, III ,l1 
~N ~ 

DC 100 
\ ~s I 

['. ['. III 
1ms 

~ i~ tp t, 10ms 
D=y 100 

10' 
n T t 
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Fig. 1 - Maximum safe operating areas for al/ types. 
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LIMITS 

TYP. MAX. 
UNITS 

- -
V 

3 4 

20 250 
100 1000 JiA 

10 100 nA 

0.9 1 0 

2.5 - S 

1.5 2 

120 180 pF 

35 60 

30 45 

40 60 
ns 

110 140 

50 65 

:; 1.67 
°C/W 

:; 75 

LIMITS 
UNITS 

TYP. MAX. 

- 5.5 A 
- 22 

1.15 1.6 V 

1000 - ns 

5 - JiC 
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N-Channel Enhancement-Mode 
Power Field-Effect Transistor 

Features 

• 4.5A, 400V 

• rDS(on) = 1.50 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-220AB 
TOP VIEW 

The BUZBOB is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power field-effect transistor designed for applications such as 

: SOURCE 
DRAIN 
GATE 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 
operated directly from integrated circuits. 

The BUZ60B is supplied in the JEDEC TO-220AB plastic package. 

Absolute Maximum Ratings (TC '" +250C), Unless Otherwise Specified 

Drain-Source Voltage ...................................•....... VOS 
Drain-Gate Voltage (AGs = 20kO) ............................... VOGR 
Continuous Drain Current 

TC=+350C ................ ; .................................. 10 
Pulsed Drain Current 

Te= +250<: .................................................. IOM 
Gate--SourceVo/tage ........................................... VGS 
Maximum Power Dissipation 

TC=+250C .................................................... PD 
Operating and Storage Junction Temperature Range .•.•.......• T J. TSTe;, 
DIN Humidity Category - DIN 40040 ................................ .. 
lEe Climatic Category - DIN IEC S8-1 ................................ . 

G 

BUZ60e 

400 
400 

4.5 

18 
±20 

75 
-5510+150 

E 
55/150/56 

CAtmON: These devices are •• n.aive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ60B 

ELECTRICAL CHARACTERISTICS At Case Temperature (Te) = 25° C Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITIONS 

Drain-Source Breakdown Voltage BVoss VGS = 0 V 
10=0.25 mA 

Gate-Threshold Voltage VGS!thl Vos = VGS 
10= 1 mA 

Zero-Gate Voltage Drain Current loss T;-25°C 
T;= 125°C 

Vos = 400 V, VGS = 0 V 

Gate-Source Leakage Current lass VGS = 20 V 
Vos=O V 

Drain-Source On Resistance rOSiOn) VGs-l0V 
10 = 2.5 A 

Forward Transconductance g .. Vos = 25 V 
10= 2.5 A 

Input Capacitance Ciss VGS =OV 
Output Capacitance Coso Vos = 25 V 

Reverse Transfer Capacitahce C"", f = 1 MHz 

Turn-On Time ton tdlon) Vee = 30 V 
(Ion = to,oh} + t,) t, 10= 2.6A 

Turn-Off Time toft tdlOff) 
VGs =10V 

(iolt= to,oft, + t,) t, RGs=50n 

Thermal Resistance, Junction-to-Case R8JC 

Thermal Resistance, Junction-lo-Ambient R8JA 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC 

Continuous Reverse Drain Current 

Pulsed Reverse Drain Current 

Diode Forward Vollage 

Reverse Recovery Time 

Reverse Recovered Charge 
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:::J 
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;;: 10" 
a: 
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TEST CONDITIONS 

lOR 
Tc=25°C 

IORM 

VSO IF - 2 X lOR 
VGs=OV, T;=25°C 

tn T; = 25°C, IF = lOR 

ORR dlF/dt'" 100 Alps, VR = 100 V 

tp = 
~'" I' 1,5~s 

;;.~ 1111 
;- 10~s 

~$ 
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I " ~s 

,II 
lms 

t to ~ i~ D=y n T t 
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Fig. 1 - Maximum safe operating areas for al/ types. 
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MIN. 
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-
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-
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-

MIN. 

-
-

-

-
-

LIMITS 

TYP. MAX. 
UNITS 

- -
V 

3 4 

20 250 
100 1000 pA 

10 100 nA 

1.2 1.5 (l 

2.5 - S 

1.5 2 

120 180 . pF 

35 60 

30 45 

40 60 
ns 

110 140 

50 65 

~ 1.67 
°C/W 

~75 

LIMITS 
UNITS 

TYP. MAX. 

1.7 4.5 A 
- 18 

1.15 1.50 V 

1000 - ns 

5 - fJC 
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Features 

• 14A, 50V 

• rDS(on) = 0.1 n 
• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The BUZ71 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The BUZ71 is supplied in the JEDEC TO-220AB plastic package. 

BUZ71 
N-Channel Enhancement-Mode 

Power Field-Effect Transistor 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MODE 

o 

G~ 
S 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage .........•................................. VOS 
Drain-Gate Voltage (RGS = 20kO) ............................... VDGR 
Continuous Drain Current 

TC = +550 C ...................................•...•........... 10 
Pulsed Drain Current 

TC = +250 C •••..........••................................... IDM 
Single Pulse Avalanche Energy', EAS ............................... .. 
Gate-Source Voltage ..............•.•..............•........... VGS 
Maximum Power Dissipation 

TC = +250 C ......•...•....................................•... Po 
Operating and Storage Junction Temperature Range ............ T J, TSTG 
DIN Humidity Category - DIN 40040 ................................. . 
IEC Climatic Category- DIN IEC 68-1 ................................ . 

'voo = , ov. starting Ti = 25°C. L = 820~Hy. Ipeak = 1 4A. see Figures 14 and 15. 

BUZ71 

50 
50 

14 

56 
100 
±20 

40 
-55to +150 

E 
55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

4-145 

UNITS 

V 
V 

A 

A 

mi 
V 

w 
oC 

File Number 2418 

{! 
..J W 
WIL 
ZU) 
zO 
<:::E 
::J:a: 
~W 
z~ 
~ 



Specifications BUZ71 

ELECTRICAL CHARACTERISTICS At Case Temperature (TCl = +250 C Unless Otherwise Specified. 

LIMITS 

CHARACTERISTICS TEST CONDITIONS MIN. TYP. MAX. UNITS 

Drain-Source Breakdown Voltage BVDSS VGS=OV 50 - -
ID=0.25mA 

V 
Gtlte-Threshold Voltage VGS(th) VDS=VGS 2.1 3 4 

ID=l mA 

Tj=250C - 20 250 
Zera-Gate Voltage Drain Current IDSS Tj = 1250C - 100 1000 !1A 

VDS'" 50 V, VGS = OV 

Gate-Source Leakage Current IGSS VGS=20V - 10 100 
VDS=OV nA 

Drain-Source on Resistance rDS(on) VGS=10V - 0.09 0.1 
ID=9A n 

Forward Transconductance gls VDS=25V 3.0 5.2 -
ID=9A S 

Input Capacitance Ciss VGS=OV - 480 650 

Output Capacitance Coss VDS=25V - 280 450 pF 

Reverse Transfer CapaCitance Crss 1=1 MHZ - 160 280 

Turn-On Time ton td(on) Vcc=30V - 20 30 

(ton = td(on) + tr) tr 1D=3A - 55 85 
ns 

Turn-Off Time toff td(oll) VGS=10V - 70 90 

(toll .. td(oII) '"' tr) tr RGS=50n - 80 110 

Thermal Resistance, Junction-ta-Case RaJC <3.1 
°C/W 

Thermal Resistance, Junction-to-Ambient RaJA :5,75 

""DD = 10 V, starting Tj = 2S0C, L = 820 ~Hy, Ipeak = 14 A, see figure 14 & 15. 

SOURCE-DRAIN DIOOE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTICS TEST CONDITIONS MIN. TYP. MAX. UNITS 

continuous Reverse Drain Current IDR Tc = 250C - - 14 
A 

Pulsed Reverse Drain Current IDRM - - 56 

Diode Forward Voltage VSD IF=2xIDR - 1.6 1.8 
VGS =OV, Tj= 250C V 

Reverse Recovery Time trr Tj'"' 250C,IF = IDR - 120 - ns 

Reverse Recovered Charge QRR dlF/dt = 1 00 N~s, VR = 30 V - 0.15 - ~C 
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mHARRIS BUZ71A 
August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistor 

Features 

• 13A, SOV 

• rDS(on) = 0.120 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-220AB 
TOP VIEW 

,The BUZ71A Is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power field-effect transistor designed for applications such as 

:SOUR"CE 
DRAIN 
GATE 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 0 
operated directly from integrated circuits. 

The BUZ71A is supplied in the JEDEC TO-220AB plastic package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage ........................................... VDS 
Drain-Gate Voltage (RGS = 20kO} ............................... VDGR 
Continuous Drain Current 

TC = +550 C ................................................... ID 
Pulsed Drain Current 

TC=+250 C .................................................. IDM 
Single Pulse Avalanche Energy', EAS .................................. . 
Gate-Source Voltage ........................................... VGS 
Maximum Power Dissipation 

TC=+250 C ................................................... PD 
Operating and Storage Junction Temperature Range ....•••••... T J, TSTG 
DIN Humidity Category - DIN 40040 ................................. . 
IEC Climatic Category - DIN IEC 68-1 ............................... .. 

'Vee = 10V. slarling Tj = +250 C. L = 820~Hy, Ipeak = 14A. see Figure. 14 and 15. 

G 

BUZ71A 

50 
50 

13 

48 
100 
±20 

40 
-55to+150 

E 
55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright @ Harris Corporation 1991 
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Specifications BUZ71A 

ELECTRICAL CHARACTERISTICS At Case Temperature (Te) = +250 C Unless Otherwise Specified. 

LIMITS 

CHARACTERISTICS TEST CONDITIONS MIN. TYP. 

Drain-Source Breakdown Voltage BVDSS VGS=OV 50 -
ID=0.25mA 

Gate-Threshold Voltage VGS(th) VDS=VGS 2.1 3 
ID=1 mA 

Tj= 250C - 20 
Zero-Gate Voltage Drain Current IDSS Tj=1250C - 100 

VDS = 50 V, VGS = 0 V 

Gate-Source Leakage Current IGSS VGS=20V - 10 
VDS=OV 

Drain-Source on Resistance rDS(on) VGS=10V - 0.11 
ID=9A 

Forward Transconductance gfs VDS=25V 3.0 5.2 
ID=9A 

Input Capacitance Ciss VGS=OV - 480 

Output Capacitance Coss VDS=25V - 280 

Reverse Transfer Capacitance Crss f= 1 MHZ - 160 

Turn-On Time ton td(on) Vcc=30V - 20 

(ton = Id{on) + tr) Ir ID=3A - 55 

Turn-OffTime toff td(off) VGS=10V - 70 

(toff = Id(of!) = Ir) Ir RGS=500 - 80 

Thermal Resislance, Junction-Ie-Case RaJC <3.1 

Thermal Resistance, Junction-Ie-Ambient RaJA <75 

'VDD = 10 V, starting Tj = 250 C, L = 820 ~Hy, Ipeak = 14 A, see figure 14 & 15. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTICS TEST CONDITIONS MIN. TYP. 

Continuous Reverse Drain Current IDR Tc= 250 C - -

Pulsed Reverse Drain Currenl iDRM - -

Diode Forward Voltage VSD IF= 2 xlDR - 1.6 
VGS = OV, Tj = 250 C 

Reverse Recovery Time lrr Tj = 250 C, IF = IDR - 120 

Reverse Recovered Charge QRR dlF/dt = 1 00 N~s, VR = 30 V - 0.15 

4-151 

MAX. 

-

4 

250 
1000 

100 

0.12 

-

650 

450 

280 

30 

85 

90 

110 

MAX. 

13 

52 

2.2 

-

-

UNITS 

V 

~A 

nA 

0 

S 

pF 

ns 

oCM 

UNITS 

A 

V 

ns 

I1C 

~ 
,.JW 
W IL 
Zen 
zO 
<:::iii 
::E:a:: 
~W 

z~ 



BUZ71A 

la' 

« 
I la' 
o 
<=-.... z 
UJ 
a: 
a: 
~ 

~ la' 
~ 
o 

, 

\\'0 
;"'~ 

-
r- ~'O~: r'" 

DC 

" '-.: 

~i~ t ' 0'1 
c-- T t 

I I 1111111 

tp= 
5~s 

"- 'm 
l~b~s 

1m 
I 

"- lams 
I II 

lOOms 

lO
la' la' la' 
DRAIN-TO-SOURCE VOLTAGE (VDS) - V 

Figure 1 - Maximum safe operating areas for all types. 

60 

50 
;: 
I 
!t 40 
z 
Q 

~ 30 
Cii 
'" 0 

~ '-I-

" ~ 4-r-
a: 20 
UJ 
;: " 0 
0. 

10 
~ 

o '\. 
o 50 100 150 

CASE TEMPERATURE (TC) - 0c 

Figure 2 - Power vs temperature derating curve for all types. 

0.25 

0.20 

0.\5 

0.\0 

0.05 

a 

VO• = 10 V 
10= 9A 

50 a 

typo 

50 100 

JUNCTION TEMPERATURE (TJ)-OC 

150 

Figure 4 - Normalized drain-to-source on resistance 
to junction temperature for all types. 

4-152 

V DS = VGS 

ID = lrnA 

4 w 
(!) 

~ 
...J 
0 > > 
c I ...J 

typo 
3 

0 :2 J: <::. en w '" rc '" J: G 2 
,... 
w 
!;;: 
(!) 

1 

0_ 50 0 50 100 150 

JUNCTION TEMPERATURE (TJ) - °C 

Figure 3 - Normalized gate threshold voltage as a function 
of junction temperature for all types. 

15 I BOJ.1s Pulse Test, 

« 
VOS = 25V 

I 1'1 
..". 

c 
.!? 
g 10 ... 
z 

i i I 
I i I 
I I 

UJ 
a: ! 
a: 
::J 
U 
Z 

i I l 
; Tj = 250C 

;;: 
a: I 

, 
i 

0 
UJ 

! ! II 

~ 
Z 
0 

1 

Ii if 
II 
II 

10 

GATE-TO-SOURCE VOLTAGE (VGS) - V 

Figure 5 - Typical transfer characteristics for all types. 



« 
I 

30 

r-- illg:4OW 

\ I f)(-
\ I v 

I I 
I 

10V I 
20V \(;s= 

I 8,OV 

V V 
g 20 
>z 
UJ 
a: 
a: 
::> 
() 

z 

lIN.. 
II ~ 
liD 

7,5V 

7,OV 

6,5V 

111'// 
, 

6,OV 

~/ ~ ... I 
~ 10 

" JV 

" ,'/ 
IY o 
o 

...... ,5,5V 

5,OV:: 
4,5V 
4,OV 

ORAIN-TO-SOURCE VOLTAGE (VOS) - V 

Figure 6 - Typical output characteristics, 

c: 0, 

I 4 '~G;~5V ~,~~W6I5~~V~,5Iv'~J 
Z 
Q. 
CI) 

go, 
UJ 
() 
Z 

g 

3 

~ 0,2 
a: 
z 
o 
UJ 
() 
II: 
::> 0, 

~ 
~ 
z 

1 

~ 
" 00 

9V ' 
III' 
10V 

I 
20V 

10 15 20 25 

DRAIN CURRENT (10) - A 

30 

Figure 8 - Typical on-resistance vs drain current, 

>z 
UJ 
a: 
a: 
::> 
() 

z 
~ 
" 

15 

! 

I 

i 

i 

I vGs:! 10V 

~ 

, "-
i I 

! • 'l"- I 

I I ! t I 
I , 

I \i 
I , ; , r-., 

! ! I i 

t'\ I I 
'j 

i ; , 

I I 
50 100 150 

CASE TEMPERATURE (T c) - °c 
Figure 10 - Maximum drain current vs case temperature. 

BUZ71A 

4-153 

CI) 5 

I 
'2 
-94 
UJ 
() 
Z 

~ 
::> 

" z 
o 
() 
!J) 

z « 
a: 
t-

o 
o 

II 

I 

v ...... 
1/ 

II 

80)..18 Pulse Test 
VOS = 2SV, Tj = 25°C 

10 
DRAIN CURRENT (10) - A 

15 

Figure 7 - Typical transconductance vs drain current, 

10 
, 

0 

-, 

10 -, 

VGS 0, f lMHz 

t- ['ss 

r- [m j r--
[rss 

o w ro ~ w 
ORAIN-TO-SOURCE VOLTAGE (VOS) - V 

Figure 9 - Typical capacitance vs drain-to-source voltage, 

10 2 

« 
I 

~ 10 
w 
II: 
II: 
::> 
() 

z 
~ o 
w 10 

~ 
w 
> w 
a: 

10-

I 

0 

I 

80 !,S PULSE TEST 

TJ 

10-25· C typ_ 
1--150· C typo 

o O.S 1.0 I.S 2.0 2.5 3.0 

SOURCE-TO-DRAIN VOLTAGE (VSD) - V 

Figure 11 - Typical source-drain diode forward voltage, 

~ 
.,JW 
WLL. 
Zt/) 
zO 
<:::IE 
::Z::a: 
(jIW 

z~ 



BUZ71A 

5 10~4 10~l 5 10~2 5 1O~1 5 100 10' 
RECTANGULAR PULSE DURATION (11) - S 

Figure 12 - Maximum effective transient thermal impedance, 
junction-to-case vs pulse duration 

Vos 

OUT 

VGS=10V~ 
O.OI11 

Figure 14 - Unclamped energy test circuit. 

4-154 

> 1 

I 
Ui 
<!l 
G 
UJ 

~1 
~ 
UJ 
() 
II: 
:J 
o 
'f 
~ 
UJ :c 
<!l 

5 

0 

V 

IDpuls = 18A JI 
i 

Vas= 10 ~ " 
40V 

~ 
V 

II 

10 15 20 
TOTAL GATE CHARGE (OG> - nC 

Figure 13 - Typical gate charge vs gate-to-source voltage. 

BVoss 

r 'pi 
___ I_L~/ \ 

1 
____ I:../ __ .....J 

\ 

Vos 

Voo 

\ 

'---------

Figure 15 - Unclamped energy test waveforms. 

25 



mHARRIS BUZ72A 
August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistor 

Features 

• 9A, 100V 

• rDS(on) = 0.250 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-220AB 
TOP VIEW 

The BUZ72A is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power field-effect transistor designed for applications such as 

: SOURCE 
DRAIN 
GATE 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 
operated directly from integrated circuits. 

The BUZ72A is supplied in the JEDEC TO-220AB plastic package. 

Absolute Maximum Ratings (TC '" +250 C), Unless Otherwise Specified 

Drain-Source Voltage. . . . . . . . . . . . . . . . . . • . . . • . • . • . • . . . . • . . . . . • . .. VDS 
Drain-Gate Voltage (RGS = 20kO) .....•....••••••....•.•••...••• VDGR 
Continuous Drain Current 

TC = +250 C ..••••••.••.•..••••••••.•....•.•••..•....•••..•••.. 10 
Pulsed Drain Current 

TC=+250 C •..••••.••..•...•••.•••••....•....•..•..........•• IDM 
Gate-Source Voltage ....................•..•......•............ VGS 
Maximum Power Dissipation 

TC=+250 C ...•..•..•........•...•...........•.........•...... PD 
Operating and Storage Junction Temperature Range •....••..... T J, T STG 
DIN Humidity Category - DIN 40040 ....•••.•.•....•.........••...••.• 
IEC Climatic Category - DIN IEC 68-1 .•.•••.........•........•....••.• 

G 

BUZ72A 

100 
100 

9 

36 
±20 

40 
-55 to +150 

E 
55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ72A 

ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 250 C Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITIONS 

Drain-Source Breakdown Voltage BVess Vas ~ 0 V 
10 = 0.25 mA 

Gate-Threshold Voltage VOS(lhl Vos = VGS 

10= 1 mA 

Zero-Gale Vollage Drain Currenl loss T; = 25 DC 
T;= 125°C 

VDS = 100 V, Vas = a V 

Gate-Source Leakage Currenl IGSS Vas = 20 V 
Vos = 0 V 

Drain-Source On Resislance rOSlon) Vas = 10V 
ID=5A 

Forward Transconductance g" VDS = 25 V 
ID=5A 

Input Capacilance Ciss Vas =OV 
Outpul Capacilance Co~ VDs =25V 

Reverse Transfer Capacilance Cm, 
f = 1 MHz 

Turn-On Time too td{onJ Vee = 30 V 
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m HARRIS BUZ73A 
August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistor 

Features 

• S.SA, 200V 

• rDSlon) = 0.60 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-220AB 

TOP VIEW 

The BUZ73A is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power field-effect transistor designed for applications such as 

: SOURCE 
- DRAIN 

GATE 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 

drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 0 
operated directly from integrated circuits. 

The BUZ73A is supplied in the JEDEC TO-220AB plastic package. 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VDS 
Drain-Gate Voltage (RGS = 20kO) ............................... VDGR 
Continuous Drain Current 

TC = +250 C ................................................... 10 
Pulsed Drain Current 

TC=+250 C .............•.................................... IDM 
Gate-Source Voltage ....................•...........•.......... VGS 
Maximum Power Dissipation 

TC = +250 C .................•................................. Po 
Operating and Storage Junction Temperature Range ............ T J, T STG 
DIN Humidity Category - DIN 40040 ................................. . 
IEC Climatic Category - DIN IEC 68-1 ................................ . 

G 

BUZ73A 

200 
200 

5.8 

23 
±20 

40 
-55 to +150 

E 
55/150/56 

CAUTION; These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ73A 

ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 250 C Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITIONS 

Drain-Source Breakdown Voltage BVoss VGS = 0 V 
10= 0.25 mA 

Gate-Threshold Voltage VGS(th~ VDS = VGS 

10= 1 mA 

Zero-Gate Voltage Drain Current IDss Tj=25°C 
Tj = 125°C 

Vos = 200 V, VGS = 0 V 

Gate-Source Leakage Current IGSS VGs=20V 
Vos = 0 V 

Drain-Source On Resistance rDS(On) VGs=10V 
10 = 3.5 A 

Forward Transconductance gfs Vos = 25 V 
10 = 3.5 A 

I nput Capacitance CiSS VGS = 0 V 
Output Capacitance Cos, Vos = 25 V 

Reverse Transfer Capacitance C.., f = 1 MHz 

Turn-On Time to" td1on) Vcc=30V 
(10" = 10'0"1 + t,) t, 10 = 2.BA 

Turn-Off Time toff td(offl 
VGs=10V 
RGs =50n 

(toff = td.offl + t,) t, 

Thermal Resistance, Junction-to-Case Rruc 

Thermal Resistance, Junction-to-Ambient RruA 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC 

Continuous Reverse Drain Current 

Pulsed Reverse Drain Current 

Diode Forward Voltage 

Reverse Recovery Time 

Reverse Recovered Charge 

TEST CONDITIONS 

lOR 
Tc=25°C 

IORM 

Vso I, = 2 X lOR 
VGs=OV,Tj=25°C 

t" Tj = 25°C, I, = lOR 

ORR dl,/dt = 100 NflS, VR = 100 V 
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Fig. 1 - Maximum safe operating areas for all types. 
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LIMITS 

TYP. MAX. 
UNITS 

- -
V 

3 4 
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10 100 nA 

0.5 0.6 0 

3.5 - S 

450 600 

100 160 pF 

50 80 

15 20 

40 60 
ns 

70 90 

40 55 

:S 3.1 
°CIW 

:S 75 

LIMITS 
UNITS 

TYP. MAX. 
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- 23 

1,4 1.7 V 

200 - ns 

0.6 - flC 
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Ell HARRIS BUZ76 
August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistor 

Features 

• 3A, 400V 

• rDS(on) = 1.80 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-220AB 
TOP VIEW 

The BUZ76 is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 
operated directly from integrated circuits. 

The BUZ76 is supplied in the JEDEC TO-220AB plastic package. 

Absolute Maximum Ratings (Tc'" +250 C), Unless Otherwise Specified 

Drain-Source Voltage ........................................... VDS 
Drain-Gate Voltage (RGS = 20kO) ............................... VDGR 
Continuous Drain Current 

TC = +350C ................................................... 10 
Pulsed Drain Current 

TC=+250C .................................................. IDM 
Gate-Source Voltage ........................................... VGS 
Maximum Power Dissipation 

TC=+250C ................................................... PD 
Operating and Storage Junction Temperature Range .....•••.... TJ, TSTG 
DIN Humidity Category - DIN 40040 ................................ .. 
IEC Climatic Category - DIN IEC 68-1 ............................... .. 

G 

BUZ76 

400 
400 

3 

12 
±20 

40 
-5510+150 

E 
55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ76 

ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITION,S 

Drain-Source Breakdown Voltage BVDss VGS = a V 
ID = 0.25 mA 

Gate-Threshold Voltage VGS(th} Vos = VGS 

ID= 1 mA 

Zero-Gate Voltage Drain Current loss Tj =25°C 
Tj =125°C 

VDS = 400 V, VGS = 0 V 

Gate-Source Leakage Current IGSS VGs=20V 
VDS =0 V 

Drain-Source On Resistance rOS(on) VGs= 10V 
ID= 1.5A 

Forward Transconductance gfs VDS = 25 V 
ID= 3A 

Input Capacitance Giss VGS = 0 V 
Output Capacitance C~, VDS = 25 V 

Reverse Transfer Capacitance C ... 
f= 1 MHz 

Turn-On Time ton td(onJ Vcc=30V 
(ton = td(onJ + tr) t, ID= 2.5 A 

Turn-Off Time toff td(off) 
VGs=10V 

(toff = td10ff) + tr) t, RGs=50n 

Thermal Resistance, Junction-to-Case R8JC 

Thermal Resistance, Junction-to-Ambient R8JA 

SOURCE·DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC 

Continuous Reverse Drain Current 

Pulsed Reverse Drain Current 

Diode Forward Voltage 

Reverse Recovery Time 

Reverse Recovered Charge. 
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TEST CONDITIONS 

IDR 
Tc=2SoC 

IORM 

VSD IF = 2 X IDR 
VGs=OV, Tj =25°C 

tn Tj = 25°C, IF = IDR 

ORR dlF/dt = 100 A//Js, VR = 100 V 
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\\" 

}~ 
-,.. l~s 

~'>:Jc."i' 10~s 

0C'- r..; 
" 
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Fig. 1 - Maximum safe operating areas for all types. 
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-
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-
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LIMITS 

TYP. MAX. 
UNITS 

- -
V 

3 4 

20 250 
100 1000 /JA 

10 100 nA 

1.65 1.B n 

2.5 - S 

300 500 

50 BO pF 

35 60 

15 20 

40 60 
ns 

50 65 

30 40 

:s 3.1 
°C/W 

:s 75 

LIMITS 

TYP. MAX. 
UNITS 

- 3 A 

- 12 

1.1 1.4 V 

300 - ns 
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August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistor 

Features 

• 2.6A, 400V 

• rDS(on) = 2.50. 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-220AB 

TOP VIEW 

The BUZ76A is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power field-effect transistor designed for applications such as 

: SOURCE 
DRAIN 
GATE 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 

drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be D 
operated directly from integrated circuits. 

The BUZ76A Is supplied in the JEDEC TO-220AB plastic package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage ...................................•....... VDS 
Drain-Gate Voltage (RGS = 20kO) ............................... VDGR 
Continuous Drain Current 

TC = +300 C ...........................................•....... 10 
Pulsed Drain Current 

TC = +250C ...................•.............................. IDM 
Gate-Source Voltage ................................•.....•.... VGS 
Maximum Power Dissipation 

TC = +250 C .........................................•......... Po 
Operating and Storage Junction Temperature Range ............ T J, TSTG 
DIN Humidity Category - DIN 40040 ........................•......... 
IEC Climatic Category - DIN IEC 68-1 ...................•.......•....• 

G 

BUZ76A 

400 
400 

2.6 

10 
±20 

40 
-55to +150 

E 
55/150/56 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ76A 

ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 

CHARACTERISTIC TEST CONDITIONS 

Drain-Source Breakdown Voltage BVDss VGS =0 V 
10=0.25 mA 

Gate-Threshold Voltage VGS(thl Vos = VGS 

10= 1 mA 

Zero-Gate Voltage Drain Current loss T,=25°C 
T,= 125°C 

V DS = 400 V, VGS = 0 V 

Gate-Source Leakage Current IGSS VGs=20V 
V DS =OV 

Drain-Source On Resistance rOS(on) VGs =10V 
10 = 1.5 A 

Forward Transconductance gt, VDS = 25 V 
10= 1.5A 

Input Capacitance CiSS Vas =0 V 
Output Capacitance Co§ VDS = 25 V 

Reverse Transfer Capacitance C", f = 1 MHz 

Turn-On Time Ion tdlOnJ Vcc=30V 
(Ion = t.ton. + t,) t, 10 = 2.4 A 

Turn-Off Time !ott tdlOffJ 
VGs=10V 
RGs=500 (10. = t.loff' + t,) t, 

Thermal Resistance, Junction-to-Case R/IJC 

Thermal Resistance, Junction-to-Ambient ROJA 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC 

Continuous Reverse Drain Current 

Pulsed Reverse Drain Current 

Diode Forward Voltage 

Reverse Recovery Time 

Reverse Recovered Charge 
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., 
Cl 10 

E= 1= D- tp 
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.,1- I I 
10 100 

TEST CONDITIONS 

lOR 
Tc=25°C 

IORM 

VSD IF = 2 X lOR 
VGs =OV,T,=25°C 

tn T, = 25°C, IF = lOR 

ORR dlFldt = 100 Alps, V R = 100 V 

\\~ 
t, = 

;.\<2 1,5~s 

~~\.,O~ 10~s 

/':. 

OC "" " 100~s 

lms 
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Fig. 1 - Maximum safe operating areas for all types. 
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LIMiTS 

TYP. MAX. 
UNITS 

- -

V 

3 4 

20 250 
100 1000 pA 

10 100 nA 

2.2 2.5 0 

2.5 - S 

300 500 

50 80 pF 

35 60 

15 20 

40 60 
ns 

50 65 

30 40 

53.1 
°CIW 

575 
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TYP. MAX. 
UNITS 
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300 - ns 
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IRF120, IRF121 
IRF122,IRF123 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Features Package 

• 8.0A and 9.2A, 80V - 100V 

• rDS(on) = 0.270. and 0.360. 

TO-204M 
BOTTOM VIEW 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

DRAIN 
SOU~LANGE) 

o • High Input Impedance 

• Majority Carrier Device 
GATE 

Description 

Terminal Diagram The IRF120, IRF121, IRF122, and IRF123 are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRF120 IRF121 

Drain-Source Voltage (1) . . . . . . . . . . . . . . . . . . . . . . . . . . .. VDS 100 80 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR 100 80 
Continuous Drain Current 

TC = +250 C ....................................... ID 9.2 9.2 
TC = +1000 C ...................................... ID 6.5 6.5 

Pulsed Drain Current (3) .............................. IDM 37 37 
Gate-Source Voltage ............................... V GS ±20 ±20 
Maximum Power Dissipation 

TC=+250 C ....................................... PD 60 60 
Linear Derating Factor .................................. . 0.4 0.4 
Inductive Current, Clamped ........................... ILM 32 32 

(See Figures 14 and 15, L = lOOlJH) 

o 

G 

S 

IRF122 

100 
100 

8.0 
5.6 
32 

±20 

60 
0.4 
28 

Operating and Storage Junction .................. TJ, TSTG -55to+175 -55to +175 -55 to +175 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

1. TJ = +2SoC to +1S00 C. 

2. Pulse Test: Pulse width ~ 300~s. Duty Cycle ~ 2%. 

3. Repetitive Rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRF120, IRF121, IRF122, IRF123 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 
CHARACTERISTIC SYMBOL TEST CONOITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -25011A 
IRF120, IRF122 100 - - V 

IRF121,IRF123 80 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 = -250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 
Gate-Source Leakage Reverse IGSS VGS--20V - - -100 nA 
Zero Gate Voltage Orain Current lOSS VOS = Max Rating, VGS - OV - - 250 ~A 

VOS - Max Rating x 0.8, VGS - OV, - - 1000 ~A 
TJ=+1500C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS - 10V 
IRF120,IRF121 9.2 - - A 

IRF122,IRF123 8.0 - A 

Static Orain-Source On-State rOS(ON) VGS = 1 OV,IO = 5.6A 
Resistance (Note 2) 

IRF120,IRF121 - 0.25 0.27 0 
IRF122.IRF123 - 0.27 0.36 (} 

Forward Transconductance (Note 2) gts VOS> 10(ON) x rOS(ON) Max, 10 - 5.6A 2.9 4.0 - S(m 
Input Capacitance CISS VGS - OV, VOS = 25V, f - 1.0MHz - 350 - pF 

Output Capacitance COSS See Figu re 1 0 - 130 - pF 

Reverse Transfer Capacitance CRSS - 36 - pF 

Turn-On OelayTime td(ON) VOO - 50V,I0 - 9.2A,rd - 5.1 0, RG -180 - 8.8 13 ns 
RiseTime Ir See Figure 16. (MOSFET switching times - 30 45 ns 

Turn-Off OelayTime td(OFF) 
are essentially independent of operating - 19 29 ns temperature) 

Fall Time tf - 20 30 ns 

Total Gate Charge Og V GS - 1 OV, 10 - 5.6A, VOS -0.8 Max - 9.7 15 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit 

Gate-Source Charge Ogs (Gate charge is essentially independent of - 2.2 - nC 

Gate-Drain ("Miller") Charge Oqd 
operating temperature.) - 2.3 - nC 

Internal Orain Inductance .. Lo Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate 

~'"@. 
pins and center of 
die. LO 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm G 
(0.25") from header 

LS and source bonding 
pad. S 

Junction-to-Case ROJC - - 2.5 °C/W 
Case-to-Sink ROCS Mounting surface flat, smooth and greased - 0.1 - °C/W 
Junction-ta-Ambient ROJA Free air operation - - 30 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 8.0 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 32 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TC - +250 C,IS = 9.2A, VGS - OV - - 2.5 V 

Reverse Recovery Time trr TJ - +250 C,IF - 9.2A, dlF/dt -100A/~s 55 110 240 ns 

Reverse Recovered Charge ORR T J - +250 C, IF - 9.2A, dl F/dt - 1 OOA!~s 0.25 0.53 1.10 ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO. 

NOTES: 
1. TJ = +250c to +1500C 
2. Pulse Test: Pulse width :0. 300~s, Duly Cycle :0. 2%. 

3. Repetitive Rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5) 

4-172 



IRF120, IRF121, IRF122, IRF123 
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IRF120, IRF121, IRF122, IRF123 
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IRF120, IRF121, IRF122, IRF123 
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mJHARRIS IRF130/131/132/133 
IRF130R/131R/132R/133R 

May 1992 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 12A and 14A, 80V - 100V 

• rDS(on) = 0.160 and 0.230 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRF130, IRF131, IRF132, and IRF133 are n-channel 
enhancement-mode silicon-gate power field-effect transis' 
tors. IRF130R, IRF131R, IRF132R, and IRF133R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 

Package 
TO-204M 

BOTTOM VIEW 

DRAIN 
SOUR~CE /(FLANGE) 

O~ 0 
+ 

GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRF130 IRF131 IRF132 IRF133 
IRF130R IRF131R IRF132R IRF133R 

Drain-Source Voltage (1) ............................ VDS 100 80 100 80 
Drain-Gate Voltage (RGS = 20kD) (1) ................ VDGR 100 80 10 80 
Continuous Drain Current 

TC=+250 C ....................................... 10 14 14 12 12 
TC = +100oC ...................................... 10 9.9 9.9 8.3 8.3 

Pulsed Drain Curren! (3) •.•..•...•..................•. IOM 56 56 48 48 
Gate-Source Voltage .........•............•........ VGS ±20 ±20 ±20 ±20 
Maximum Power Dissipation ........................... Po 79 79 79 79 
Linear Derating Factor ................................... 0.53 0.53 0.53 0.53 
Inductive Current, Clamped ..................•........ ILM 56 56 48 48 

(See Figure 14, L = 1 OO~H) 
Single Pulse Avalanche Energy Rating (4) ...........••. Eas . 50 50 50 50 
Operating and Storage Junction ................•. T J, T STG -55to+175 -55to+175 -55to+175 -55 to +175 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 
(0.063" (1.6mm) from case for 1 as) 

NOTES: 

1. TJ ~ +250C to +1S0oC. 

2. Pulse Test: Pulse width ~ 300~s. Duly Cycle ~ 2%. 

3. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5). 

* R Suffix Types Only 

300 300 300 

4. VDO = SOV. starting TJ = +2SoC. L 
IpEAK ~ 14A. See Figur. 15. 

300 

UNITS 

V 
V 

A 
A 
A 
V 
W 

WloC 
A 

mJ 

°c 

°c 

250. 

CAUTION:' These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 

File Number 1566_2 
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IRF130, IRF131, IRF132, IRF133 IRF130R, IRF131 R, lRF132R, IRF133R 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV,IO = 2501lA 
IRF130/132,IRF130R/132R 100 - - V 

IRF131/133,IRF131 R/133R BO - - V 

Gate Threshold Voltage VGS(TH) VDS - VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -100 nA 

Zero Gate Voltage Drain Current loSS VOS - Max Rating, VGS - OV - - 250 ~A 

VOS = Max Rating x O.B, VGS - OV, - - 1000 IlA 
TJ=+1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRF130/131,IRF130R/131 R 14 - - A 

IRF132/133,IRF132R/133R 12 - - A 

Static Drain-Source On-State rOS(ON) VGS -10V,10 =B.3A 
Resistance (Note 2) 

IRF130/131,IRF130R/131R - 0.12 0.16 11 

IRF132/133,IRF132R/133R - 0.16 0.23 11 

Forward Transconductance (Note 2) gts VOS> 50V, 10 - B.3A 4.6 6.9 - S(m 
Input Capacitance CISS VGS - OV, VDS - 25V, f - 1.0MHz - 600 - pF 

Output Capacitance COSS See Figure 10 - 300 - pF 
Reverse Transfer Capacitance CRSS - 100 - pF 

Turn-On OelayTime td(ON) VOO - 50V,I0 -14A, RG = 1211 - - 30 ns 
Rise Time tr See Figure 16. (MOSFET switching times - - 75 ns 

Turn-Off Delay Time ict(OFF) 
are essentially independent of operating - - 40 ns temperature) 

Fall Time tf - - 45 ns 
Total Gate Charge Og VGS-10V,ID = 14A, VOS -O.B Max 18 26 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit 

Gate-Source Charge OqS (Gate charge is essentially independent of - 5.5 - nC 
Gate-Drain ("Miller") Charge Oqd 

operating temperature.) - 11 - nC 

Internal Drain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate inductances. 
pins and center of 

~ 
center of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm G I 
(0.25") from header 

LS and source bonding 
pad. 

S 
Junction-ta-Case ROJC - - 1.9 °C/W 
Case-lo-Sink Roes Mounting surface flat, smooth and greased - 0.1 - °e/W 
Junction-la-Ambient ROJA Free air operation - - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 14 A 

(Body Diode) symbol showing the 
Pulse Source Current ISM integral reverse - - 56 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO TJ = +250 C,IS = 14A, VGS =OV - - 2.5 V 
Reverse Recovery Time trr TJ - +250 C,IF = 14A,dlF/dt -l00A!~s 55 120 250 ns 
Reverse Recovered Charge ORR TJ - +250 C,IF - 5.5A, dIF/dt-l00A/~s 0.26 0.58 1.3 IIC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + Lo. 

NOTES: 1. TJ ~ +2Soc to +1S0oC 
2. Pulse Test: Pulse width 5 300 lIS. 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figur. S) 

4. VDD ~ SOV. Start TJ ~ +2SoC, L ~ 380pH, 
RGS = 250, IpEAK = 14SA (See Figure 1 S) 

Duty Cycle 5 2% 
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IRF130, IRF131, IRF132, IRF133 IRF130R, IRF131R, IRF132R, IRF133R 
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IRF130, IRF131, IRF132, IRF133 IRF130R, IRF131 R, IRF132R, IRF133R 
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IRF130, IRF131, IRF132, IRF133 IRF130R, IRF131R, IRF132R, IRF133R 
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m HARRIS 'RF140/141/142/143 
'RF140R/141R/142R/143R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features Package 

• 28A and 25A, 80V - 100V 

• rDS(on) = O.077n and 0.100 

• Single Pulse Avalanche Energy Rated" 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

TO-204AE 

BonOMVIEW 

DRAIN 
SOUR<k)CE / (FLANGE) 

O"$- 0 
, 

GATE 

The IRF140, IRF141, IRF142, and IRF143 are n-channel 
enhancement-mode silicon-gate power field-effect transis· 
tors. IRF140R, IRF141 R, IRF142R, and IRF143R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-204AE steel 
package. 

Absolute Maximum Ratings (TC = +250C), Unless Otherwise Specified 

IRF140 IRF141 
IRF140R IRF141R 

Drain-Source Voltage (1) ............................ VDS 100 80 
Drain-Gate Voltage (RGS = 20k!1) (1) ................ VDGR 100 80 
Continuous Drain Current 

TC = +250 C ....................................... ID 28 28 
TC = +1000 C ...................................... 10 20 20 

Pulsed Drain Current (3) .............................. IDM 110 110 
Gate-Source Voltage .............................•. VGS ±20 ±20 
Maximum Power Dissipation ........................... Po 150 150 
Linear Derating Factor .................................. . 1.0 1.0 
Inductive Current, Clamped ........................... ILM 108 108 

(See Figure 14, L = 100~H) 
Single Pulse Avalanche Energy Rating (4) .............. Eas* 100 100 

o 

G 

s 

IRF142 IRF143 
IRF142R IRF143R 

100 80 
100 80 

25 25 
17 17 

100 100 
±20 ±20 
150 150 
1.0 1.0 
96 96 

100 100 
Operating and Storage Junction .................. TJ, TSTG -55to+175 -55to +175 -55 to +175 -55 to +175 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

1. TJ = +250C to +1500C. 

2. Pulse Test: Pulse width.:S 300~s. Duty Cycle :0. 2%. 

3. Repetitive Rating: Pulse width limited by max junction (emp. See 
Transient Thermal Impedance Curve (Figure 5), 

* R Suffix Types Only 

300 300 300 

4. VDD = 25V, starling T J = +250C, L 
IpEAK = 28A. See Figure 15. 

300 

UNITS 

V 
V 

A 
A 
A 
V 
W 

WloC 
A 

mJ 
oc 

°C 

250, 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 2306.1 
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IRF140, IRF141, IRF142, IRF143 IRF140R, IRF141R, IRF142R, IRF143R 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250jJA 
IRF140/142,IRF140R/142R 100 - - V 

IRF141/143, IRF141 R/143R 80 - - V 

Gate Threshold Voltage VGSITHI VOS - VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -100 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - 250 ~A 

VOS - Max Rating x 0.8, VGS - OV, - - 1000 ~A 
TJ=+1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS - 10V 
IRF140/141, IRF140R/141 R 28 - - A 

IRF142/143, IRF142R/143R 25 - - A 

Static Orain-Source On-State rOS(ON) VGS -10V, 10 -17A 
Resistance (Note 2) 

IRF140/141, IRF140R/141 R - 0.07 0.077 0 

IRF142/143,IRF142R/143R - 0.09 0.100 0 

Forward Transconductance (Note 2) gts VOS > 50V, 10 - 17 A 8.7 13 - Sm) 

Input Capacitance CISS VGS = OV, VOS - 25V, f - 1.0MHz - 1275 - pF 

Output Capacitance COSS 
See Figure 10 - 550 - pF 

Reverse Transfer Capacitance CRSS - 160 - pF 

Turn-On OelayTime tdlON) VOO - 50V, 10 - 28A,RG - 9.10 - 16 23 ns 

RiseTime tr See Figure 16. (MOSFET switching times - 27 110 ns 

Turn-Off Oelay Time 1d(OFF) 
are essentially independent of operating - 38 60 ns temperature) 

Fall Time tf - 14 75 ns 

Total Gate Charge Og VGS -10V,ID - 28A, VOS - 0.8 Max - 38 59 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit 

Gate-Source Charge Ogs (Gate charge is essentially independent of - 9 - nC 
Gate-Orain ("Miller") Charge Oed 

operating temperature.) - 21 - nC 

Internal Orain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate inductances. 
pins and center of 

~ 
center of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm 
(0.25") from header 

LS and source bonding 
pad. 

S 
Junction-ta-Case RaJC - - 1.0 oCIW 

Case-to-Sink Racs Mounting surface flat, smooth and greased - 0.1 - oCIW 

Junction-ta-Ambient RaJA Free air operation - - 30 oCIW 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 28 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 110 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C,IS = 28A, VGS = OV - - 2.5 V 
Reverse Recovery Time trr TJ - +250 C,IF = 28A,dlF/dt = 100A/~s 70 150 300 ns 
Reverse Recovered Charge ORR TJ - +250 C, IF= 5.5A,dIF/dt-100Al~s 0.44 0.9 1.9 ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +250c 10 +1500C 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VOO = 25V. Slart TJ = +250C. L = 190pH. 
2. Pulse Tesl: Pulse widlh ~ 3OOJlS. RGS = 250. IpEAK = 28A (See Figure 15) 

Duly Cycle ~ 2% 
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IRF140, IRF141, IRF142, IRF143 
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m HARRIS IRF150/151/152/153 
'RF150R/151 R/152R/153R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 33A and 40A, 60V - 100V 

• rDS(on) == 0.0550 and 0.080 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRF150, IRF151, IRF152, and IRF153 are n-channel 
enhancement-mode silicon-gate power field-effect transis' 
tors. IRF150R, IRF151 R, IRF152R, and IRF153R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-204AE steel 
package. 

Package 
TO-204AE 

BOTTOM VIEW 

DRAIN 

SOU~. /(FLANGE) 

o 
GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G~ 
s 

Absolute Maximum Ratings (TC == +250 C), Unless Otherwise Specified 

IRF150 IRF151 IRF152 IRF153 
IRF150R IRF151R IRF152R IRF153R 

Drain-Source Voltage (1) ............................ VDS 100 60 100 60 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR 100 60 10 60 
Continuous Drain Current 

TC=+250 C ........•.............•.......•........ 10 40 40 33 33 
TC = +1000 C ..........................••.......... 10 25 25 20 20 

Pulsed Drain Current(3) .•............................ 10M 160 160 132 132 
Gate-Source Voltage ....•....••....•.•.....•....... VGS ±20 ±20 ±20 ±20 
Maximum Power Dissipation (See Fig. 14) .......•....... Po 150 150 150 150 
Linear Derating Factor .........•......................... 1.2 1.2 1.2 1.2 
Inductive Current, Clamped ........................... ILM 160 160 132 132 

(See Figure 14, L = 100~H) 
Single Pulse Avalanche Energy Rating (4) .............. Eas' 150 150 150 150 
Operating and Storage Junction ....•............. T J, T STG -55 to +150 -55to+150 -55 to +150 -55to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

1. TJ = +250C to +1500C. 

2. Pulse Tesl: Pulse width S 300~s. Duty Cycle:::. 2%. 

3. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5), 

• R Suffix Types Only 

300 300 300 

4. VDO = 10V, starting T J = +250C, L 
IpEAK = 40A. See Figure 15. 

300 

UNITS 

V 
V 

A 
A 
A 
V 
W 

WloC 
A 

mJ 
oc 

°c 

50n, 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 1824.1 
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IRF150, IRF151, IRF152, IRF153 IRF150R, IRF151R, IRF152R, IRF153R 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVDSS VGS = OV, 10 = 2501lA 
IRF150/152,IRF150R/152R 100 - - V 

IRF151 /153, IRF151 R/153R 60 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -100 nA 

Zero Gate Voltage Drain Current lOSS VOS - Max Rating, VGS - OV - - 250 ~A 

VOS - Max Rating x 0.8, VGS - OV, - - 1000 ~A 
TJ=+1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS - 10V 
IRF150/151, IRF150R/151 R 40 - - A 

IRF152/153,IRF152R/153R 33 - - A 

Static Drain-Source On-State 
Resistance (Note 2) 

rOS(ON) VGS = 10V, 10 = 20A 

IRF150/151, IRF150R/151 R - 0.045 0.055 0 

IRF152/153,IRF152R/153R - 0.06 0.08 0 

Forward Transconductance (Note 2) 9fs VOS > 10(ON) x rOS(ON) Max, 10 - 20A 9.0 11 - Sm) 

Input Capacitance CISS VGS - OV, VOS - 25V, f - 1.0MHz - 2000 - pF 

Output Capacitance COSS 
See Figure 10 - 1000 - pF 

Reverse Transfer Capacitance CRSS - 350 - pF 

Turn-On OelayTime td(ON) VOO '" 24V, 10 - 20A, Zo - 4.70 - - 35 ns 

RiseTime tr See Figure 16. (MOSFET switching times - - 100 ns 

Turn-Off Delay Time Ict(OFF) 
are essentially independent of operating - - 125 ns temperature) 

Fall Time tf - - 100 ns 

Total Gate Charge Og VGS - 10V, 10 - 50A, VOS - 0.8 Max - 63 120 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Oos 
(Gate charge is essentially independent of - 27 - nC 

Gate-Drain ("Miller") Charge Ood 
operating temperature.) - 36 - nC 

Internal Drain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate 

'~ 
pins and center of 
center of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm 
(0.25") from header LS 
and source bonding 
pad. S 

Junction-ta-Case ROJC - - 0.8 oC/W 

Case-to-Sink ROCS Mounting surface flat, smooth and greased - 0.1 - oC/W 

Junction-ta-Ambient ROJA Free air operation - - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 40 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 160 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 40A, VGS = OV - - 2.5 V 

Reverse Recovery Time trr TJ - +1500 C, IF - 40A, dlF/dt -100A/~s - 600 - ns 

Reverse Recovered Charge ORR TJ - +250 C, IF - 5.5A,dIF/dt -100A/~s - 3.3 - ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +250C to +150oC 
2. Pulse Test: Pulse width ~ 300ps, 

Duty Cycle ~ 2% 

3. Repel~ive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 10V, Start T J = +250C, L = 170pH, 
Ras = 50n, IpEAK = 40A (See Figure 15) 
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IRF150, IRF151, IRF152, IRF153 IRF150R, IRF151R, IRF152R, IRF153R 

50 
IOVV9V 80 ,",s PULSE TEST 

~ 

40 

~ 
tJ 

I' 
~ 

'" ~ 30 
>-

~ 7V 

" " 20 z 

~ 
Eo 

10 

6l 
-1-

Slv 

4~ 
10 20 30 40 50 

VDS. DRAIN·TO·SOURCE VOL TAIlE IVOL TS} 

FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 

16 I-----+~+-~t-f.,.' 

~ 
~ 12f---+~-r~~~~~~-r~+---+---~-; 
>-

~ 
~ 

" " z 

~ 
" Eo 

20 
VDS. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 

... 
i5 
~ 
~~ 1,0 
"'Z >::> 
;:: a: 0.5 

§~ 
~ ~ 0.2 
~~ 
-'0. :! 0.1 
"'-' 0« 
2. ~ 0,05 
u'" 2: 

<E>-:t 0.02 

J 0.01 

0" 0.5 

-0.2 

0.1 

=0.05 
_0.02 
_001 

I 

I 

-

-~~ .. 
..... SINGLE PULSE !TRANSIENT 

THERMALI~tEO~NCIEI I 

II1I11 I I 

0 

'0 
5 - 80~SPUlSE tEST r 

I I I. 
f- VDS > IDlon}' RDSlon} max. 

II 
II 

l'1 
TJ"+125()C~ 

II I 
r T J " 2sic VI 
~ J " -sstc "1 VI 

5 h j 
/'/ II 
~ :/ 

4 

VGS. GATE·TO·SOURCE VOLTAGE IVOLTS) 

FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 

1000a~1I 500 OPERATION IN THIS 
AREA IS LIMITED 
BY RaS(anl 

200 f-1RF150R, 1A 

VDS' DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 4. MAXIMUM SAFE OPERATING AREA 

III! I I II I I I I I! I 
I i II 

--

NOTES 

3:.fLJL 
I 

~2~ 
f-. - 1 OUTY fACTOR. O' :; 

·2. PER UNIT BASE' R"JC • 0 83 OEG C W 

3. TJM - TC' POM ZIhJCItI 

10-5 10-4 10-3 10-2 10-1 1.0 
'1. SOUARE WAVE PULSE DURATION (SECONOSI 

FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 

4-188 

10 



IRF150, IRF151, IRF152, IRF153 IRF150R, IRF151R, IRF152R, IRF153R 
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IRF150, IRF151, IRF152, IRF153 IRF150R, IRF151R, IRF152R, IRF153R 
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IRF220,IRF221 
IRF222, IRF223 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Features Package 

• 4.0A and S.OA, lS0V - 200V 

• rDS(on) = 0.80 and 1.20 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

TO-204AA 
BonOMVIEW 

DRAIN 

SOU~. /(FLANGE) o 
GATE 

The IRF220, IRF221, IRF222, and IRF223 are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 

N-CHANNEL ENHANCEMENT MODE 

o 

G 

S 

Absolute Maximum Ratings (TC = +250C) Unless Otherwise Specified 

IRF220 IRF221 IRF222 IRF223 

Drain-Source Voltage (1) ............................ VOS 200 150 200 150 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VOGR 200 150 200 150 
Continuous Drain Current 

TC = +250C ....................................... 10 5.0 5.0 4.0 4.0 
TC = +1000 C ...................................... 10 3.0 3.0 2.5 2.5 

Pulsed Drain Current (3) .............................. 10M 20 20 16 16 
Gate-Source Voltage ............................... VGS ±20 ±20 ±20 ±20 
Maximum Power Dissipation 

T C = +250 C (See Figure 14) ......................... PD 40 40 40 40 
Linear Derating Factor (See Figure 14) .................... 0.32 0.32 0.32 0.32 
Inductive Current, Clamped ........................... ILM 20 20 16 16 

(See Figures 14 and 15, L = 100MH) 
Operating and Storage Junclion .................. T J, T STG -5010+150 -5010+150 -5010 +150 -5010 +150 
Temperature Range 

Maximum Lead Temperalure for Soldering ............... TL 300 300 300 300 
(0.063" (1.6mm) from case for 1 Os) 

NOTES: 

1. TJ = +250C to +1500C. 

2. Pulse Test: Pulse width S. 300~s, Duly Cycle.s. 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

UNITS 

V 
V 

A 
A 
A 
V 

W 
WloC 

A 

°C 

°C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications JRF220, JRF221, JRF222, JRF223 

Electrical Characteristics @TC = 25°C (Unless Otherwise Specified) 
Parameter Type Min. Typ. Max. Units Test Conditions 

BVOSS Drain Source Breakdown Voltage IAF220 200 V VGS = OV IRF222 

IRF221 150 V 10 = 250~A IRF223 

VGSth Gate Threshold Voltage ALL 2.0 4.0 V Vos - VGS. 10 =e 250JlA 

lOSS Gate-Source Leakage Forward ALL 100 nA VGS - 20V 

lOSS Gate-Source Leakage Reverse ALL 100 nA VGS - -20V 

lOSS Zero Gate Voltage Drain Current 250 /.A Vos - Max. Rating, VGS :::: OV 
ALL 

1000 .A VOS - Max. RstingxO.8, VGS - OV, TC "" 125°C 

1010ni On-State Drain Current ® IRF220 5.0 A 
IRF221 

VOS) 'Olonl x ROSlon) max,' VGS .. lOV 
IRF222 
IRF223 

4.0 A 

ROSlon) Static Drain-Sourc$o'On-State IRF220 0.5 0.8 
Aesistance ® IRF221 

IRF222 
VGS == 10V, 10 == 2.5A 

IRF223 
0.8 1.2 

gf, Forward Transconductance ® ALL 1.3 2.5 S(OI Vos > lolon) x ROSlon) max.' 10 - 2.5A 

Ciss Input Capacitance ALL 450 pF 
VGS ;, OV, VOS ~ 25V, f "" 1.0 MHz 

Coss Output Capacitance All 150 pF 
See Fig. 10 

erss Reverse Transfer Capacitance All 40 pF 

td on Turn-On Delay Time All 20 40 VOO "" 0.5 BVOSS' 10 = 2.5A, Zo = 500 

t, Rise Time All 30 60 See Fig. 17 

td off Turn-Off Delay Time ALL 50 100 (MOSFET switching times are essentially 

t, Fall Time All 30 60 independent of operating temperature.) 

ag Total Gate Charge 
All 11 15 nC VGS = 10V, 10 "" B.OA, VOS = 0.8 Max. Rating. 

(Gate-Source Plus Gate-Drain) See Fig. 18 for test circuit. (Gate charge is essentially 

ag• Gate-Source Charge ALL 5.0 nC independent of operating temperature.) 

aod Gate-Drain {"Miller"} Charge ALL 6.0 nC 

lD Internal Drain Inductance All 5.0 nH Measured between Modified MOSFET 
the contact screw on symbol showing the 
header that is closer to internal device 
source and gate pins inductances, 
and center of die. 0 

lS Internal Source Inductance All 12.5 nH Measured from the $" source pin, 6 mm GJJ LS (0.25 in.) from header 
and source bonding 
pad. 

S 

Thermal Resistance 
RthJC Junction-to-Case All 3.12 °C/W 

RthCS Case-to-Sink All 0.1 °C/W Mounting surface flat, smooth, and greased. 

RthJA Junction-ta-Ambient ALL 30 °C/W Free Air Operation 

Source-Drain Diode Ratings and Characteristics 
's Continuous Source Current IAF220 5.0 A 

Modified MOSFET symbol 
(Bodv Diode) IRF221 showing the integral 

0 
IRF222 reverse P·N junction rectifier. 

G~ IRF223 
4.0 A 

'SM Pulse Source Current IRF220 
20 A 

(Body Diodel @ IRF221 

IAF222 16 A 
IAF223 

VSD Diode Forward Voltage ® IAF220 2.0 V TC'" 25°C, IS = 5.0A, V GS '" OV IRF221 

IAF222 1.8 V TC"" 25°C, IS '" 4.0A, VGS = OV 
IAF223 

t" Reverse Recovery Time All 350 TJ 150°C, IF 5.0A, dlF/dt = 1 OOA/~s 

ORR Reverse Recovered Charge All 2.3 .C TJ - 150oC,IF - 5.0A,dIF/dt - l00A/~s 

ton Forward Turn·on Time ALL Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by LS + La. 

Q)TJ"" 25°Cto 150°C. (i)Pulse Test: Pulse width" 300p.s, Duty Cycle" 2%. @ Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 
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IRF220, IRF221, IRF222, IRF223 
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IRF220, IRF221, IRF222, IRF223 
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IRF220, IRF221, IRF222, IRF223 
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;m HARRIS IRF230/231/232/233 
IRF230R/231R/232R/233R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features Package 

• 8.0A and 9.0A, 150V - 200V 

• rDS(on) = 0.40 and 0.60 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

TO-204AA 

BOTIOMVIEW 

DRAIN 
SOU~LANGE) o 

GATE 

The IRF230, IRF231, IRF232, and IRF233 are n-channel 
enhancement-mode silicon-gate power field-effect transis
tors. IRF230R,)RF231 R, IRF232R and IRF233R types are ad
vanced power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown ava
lanche mode of operation. All of these power MOSFETs are de
signed for applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage (1) .. , ......................... VDS 
Drain-Gate Voltage (RGS = 20kO) (1). , ..•........... VOGR 
Continuous Drain Current 

TC = +250 C ....................................... 10 
TC = +100oC ...................................... 10 

Pulsed Drain Current (3) .................•.........•.. 10M 
Gate-Source Voltage ............................... V GS 
Maximum Power Dissipation 

TC = +250 C ....................................... Po 
Linear Derating Factor •.............•........•..........• 
Inductive Current, Clamped ....... , ................... IlM 

(See Figure 14, L = 100I'H) 
Single Pulse Avalanche Energy Rating (4) ............... EAS' 
Operating and Storage Junction .•..........••.... T J, T STG 
Temperature Range 

Maximum lead Temperature for Soldering ............... Tl 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

IRF230 
IRF230R 

200 
200 

9.0 
6.0 
36 

±20 

75 
0.6 
36 

150 
-55 to +150 

300 

IRF231 
IRF231R 

150 
150 

9.0 
6.0 
36 

±20 

75 
0.6 
36 

150 
-55 to +150 

300 

o 

G~ 
S 

IRF232 IRF233 
IRF232R IRF233R 

200 150 
200 150 

8.0 8.0 
5.0 5.0 
32 32 

±20 ±20 

75 75 
0.6 0.6 
32 32 

150 150 
-55 to +150 -55 to +150 

300 300 

UNITS 

V 
V 

A 
A 
A 
V 

W 
Wloc 

A 

mj 

°c 

°C 

1. TJ = +250C to +1S00C. 4. VDD = 20V, starting T J = +2SoC. L = 3.37mH. RGS = son, IpEAK = 9A. 

2. Pulse Test: Pulse width,::: 300~s. Duty Cycle.s. 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 

See Figure 15. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
- Copyright © Harris Corporation 1991 
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IRF230, IRF231, IRF232, IRF233 IRF230R, IRF231 R, IRF232R, IRF233R 

Electrical Characteristics TC = 250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONOITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -250~A 
IRF230/232,IRF230R/232R 200 - - V 

IRF231/233, IRF231 R/233R 150 - - V 

Gate Threshold Voltage VGSITH) VOS = VGS, 10 = 250rA 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS=20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS - -20V - - -100 nA 

Zero Gate Voltage Orain Current loSS VOS = Max Rating, VGS - OV - - 250 ~A 

VOS = Max Rating x 0.8, VGS - OV, - - 1000 ~A 
TJ = +1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRF230/231, IRF230R/231 R 9.0 - - A 

IRF232/233,IRF232R/233R 8.0 - - A 

Static Orain-Source On-State rOS(ON) VGS - 1 OV, 10 - 5.0A 
Resistance (Note 2) 

IRF230/231, IRF230R/231 R - 0.25 0.4 '1 

IRF232/233,IRF232R/233R - 0.4 0.6 n 
Forward Transconductance (Note 2) gts VOS> 50V, 10 - 5.0A 3.0 4.8 - Sm) 

Input Capacitance CISS VGS - OV, VOS - 25V, f - 1.0MHz - 600 - pF 

Output Capacitance COSS 
See Figure 10 - 250 - pF 

Reverse Transfer Capacitance CRSS - 80 - pF 

Turn-On OelayTime td(ON~ Vob '" 90V, 10 = 5.0A, Zo = 15'1 - - 30 ns 

Rise Time tr See Figure 17. (MOSFET switching times - - 50 ns 

Turn-Off Oelay Time td(OFF) 
are essentially independent of operating - - 50 temperature) ns 

Fall Time tf - - 40 ns 

Total Gate Charge Og VGS -10V, 10 -12A, VOS - 0.8V Max - 19 30 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 18 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 10 - nC 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) 

9.0 - nC 

Internal Orain Inductance Lo Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate 

'"~ pins and center of 
center of die. 

Internal Source Inductance LS Measured from Ihe - 12.5 - nH 
source lead, 6mm 
(0.25") from header LS 
and source bonding 
pad. S 

Junction-to-Case ReJC - - 1.6 oC/W 

Case-to-Sink Recs Mounting surface flat, smooth and greased - 0.1 - °C/W 
Junction-to-Ambient ReJA Free air operation - - 30 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 9.0 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 36 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 9A, VGS = OV - - 2.0 V 

Reverse Recovery Time Irr TJ - +1500 C, IF = 9.0A, dlF/dt -1 OOA/~s - 450 - ns 

Reverse Recovered Charge ORR TJ - +1500 C, IF = 9.0A, dlF/dt = 1 OOA/~s - 3.0 - ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: Pulse width :;, 300~s, 

Duty Cycle:;, 2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VOD = 20V, Start TJ = +2SoC, L = 3.37mH, 
RGS = son, IpEAK = 9A (See Figure 15) 
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IRF230, IRF231, IRF232, IRF233 IRF230R, IRF231R, IRF232R, IRF233R 
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IRF230, IRF231, IRF232, IRF233 IRF230R, IRF231 R, IRF232R, IRF233R 
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IRF230, IRF231, IRF232, IRF233 IRF230R, IRF231R, IRF232R, IRF233R 
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Ell HARRIS IRF234, IRF235 
IRF236, IRF237 

May 1992 

N-Channel Power MOSFETs 
Avalanche-Energy Rated 

Features Package 

• 8.1A and 6.5A, 275V - 250V 

• rDS(on) = 0.450 and 0.680 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 275V, 250V Rating - 120V AC Line System Operation 

TO-204AA 

BonOMVIEW 

DRAIN 
SOU~LANGE) o 

GATE 

Description Terminal Diagram 
The IRF234, IRF235, IRF236, and IRF237 are advanced power 
MOSFETs designed, tested, and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement-mode silicon 
gate power field-effect transistors designed for applications 
such as switching regulators, switch ing converters, motor driv
ers, relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 

N-CHANNEL ENHANCEMENT MODE 

The IRF-types are supplied in the JEDEC TO-204AA steel 
package. 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage (1) ............................ VDS 
Drain-Gate Voltage (RGS = 20kO) (1) ..•••........... VDGR 
Continuous Drain Current 

TC = +250 C ..••............•...................... ID 
TC = +1000 C ...................................... ID 

Pulsed Drain Current(3) .............................. IDM 
Gate-SourceVoltage ............................... VGS 
Maximum Power Dissipation 

TC = +250 C ....................................... PD 
Linear Derating Factor ....•.............................. 
Single Pulse Avalanche Energy Rating (4) ............... EAS 
Operating and Storage Junction .................. TJ, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ............... T L 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

IRF234 

250 
250 

8.1 
5.1 
32 

±20 

75 
0.6 
180 

-55to +150 

300 

IRF235 

250 
250 

6.5 
4.1 
26 

±20 

75 
0.6 
180 

-55 to +150 

300 

D 

G 

s 

IRF236 IRF237 

275 275 
275 275 

8.1 6.5 
5.1 4.1 
32 26 

±20 ±20 

75 75 
0.6 0.6 
180 180 

-55 to +150 -55to+150 

300 300 

UNITS 

V 
V 

A 
A 
A 
V 

W 
WIOC 

mj 
oC 

oC 

1. TJ = +250 C to +150oC. 4. VDD = 50V. starting T J = +250 C. L = 4.5mH. RGS = 250, IpEAK = S.1A. 
2. Pulse Test: Pulse width::; 300iJS. Duty Cycle::; 2%. See Figures 14 & 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 
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Specifications IRF234, IRF235, IRF236, IRF237 

Electrical Characteristics Te = 250 e, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -250~A 
IRF236,IRF237 275 - - V 

IRF234,IRF235 250 - - V 

Gate Threshold Voltage Vm3{Tf:ll VOS = VGS, 10 = -250~A 2.0 - 4.0 V 

Gate-Source leakage Forward IGSS VGS=20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS=20V - - -100 nA 

Zero Gate Voltage Orain Current lOSS VOS = Max Rating, VGS = OV - - 250 IlA 
VOS = Max Rating x 0.8, VGS - OV, - - 1000 IlA 
TJ = +1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRF234,IRF236 8.1 - - A 

IRF235,IRF237 6.5 - - A 

Static Orain-Source On-State 
Resistance (Note 2) 

rOS(ON) VGS-10V,10-4.1A 

IRF234,IRF236 - 0.32 0.45 0 

IRF235, IRF237 - 0.48 0.68 0 

Forward Transconductance (Note 2) gts VOS - 2 XVGS, 10 - 4.1A 2.9 4.3 - S(U) 

Input CapaCitance CISS VGS - OV, VOS - 25V, f - 1.0MHz - 600 - pF 

Output Capacitance COSS See Figure 10 - 180 - pF 

Reverse Transfer Capacitance CRSS - 52 - pF 

Turn-On Oelay Time td(ON) VOO - 125V, 10 - 8.1 A, RG - 120 - 9.1 14 ns 

RiseTime tr See Figure 16. (MOSFET switching times - 23 35 ns 

Turn-Olf Oelay Time td(OFF) 
are essentially independent of operating - 31 47 temperature) ns 

Fall Time tf - 19 29 ns 
Total Gate Charge Og VGS -10V, 10 - 8.1A, VOS - 0.8 Max - 24 35 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Oos 
(Gate charge is essentially independent of - 5.1 - nC 

Gate-Orain ("Miller") Charge Qgd 
operating temperature.) - 12 - nC 

Internal Orain Inductance lO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate inductances. 
pins and center of 

~ 
center of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm 
(0.25") from header 

LS and source bonding 
pad. S 

Junction-te-Case ROJC - - 1.67 °C/W 
Case-to-Sink ROCS Mounting surface flat, smooth and greased - 0.1 - °C/W 
Junction-te-Ambient ROJA Free air operation - - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 8.1 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 32 A 
(Body Oiode) (Note 3) P-N june. rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C,IS = 8.1A, VGS = OV - - 2.0 V 
Reverse Recovery Time trr TJ - +250 C, IF - 8.1 A, dlF/dt -100A/~s 92 180 390 ns 

Reverse Recovered Charge ORR TJ - +250 C, IF - 8.1 A, dlF/dt - 100A/~s 0.63 1.3 2.7 ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: Pulse width 5. 300~s, 

Duty Cycle 5. 2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 50V. Start T J = +250C. L = 4.5mH, 
RGS = 250, IpEAK = 8.1 A 
(See Figures 14 & 15) 
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IRF234, IRF235, IRF236, IRF237 

l10V 30 !.IS PULSE TEST 
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102 80 ..,._ PULSE TEST 
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0.1 I / 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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fRF234, lRF235, IRF236, IRF237 

'0 
80 pS Pl/I,.$E TEST 
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Fig. 6 - Typical tranllConductllnce VS. drain curfllnt. 
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Fig. 10 - Typical capacitance vs; drain-to-source voltage. 
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IRF234, IRF235, IRF236, IRF237 
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Figure 12. Typical On Resistance vs Drain Current 
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Figure 14. Unclamped Energy Test Circuit 
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mHARRIS IRF240/241/242/243 
'RF240R/241R/242R/243R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features Package 

• 16A and 18A, 200V, 150V 

• rDS(on) = 0.180. and 0.220. 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

TO-204AE 
BOTTOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

The IRF240, IRF241, IRF242, and IRF243 are n-channel 
enhancement-mode silicon-gate power field-effect transis· 
tors. IRF240R, IRF241 R, IRF242R and IRF243R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

The IRF-types are supplied in the JEDEC TO-204AE steel 
package. 

N-CHANNEL ENHANCEMENT MODE 

o 

G~ 
S 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

IRF240 IRF241 IRF242 IRF243 
IRF240R IRF241R IRF242R IRF243R 

Drain-Source Voltage (1) ............................ VOS 200 150 200 150 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VOGR 200 150 200 150 
Continuous Drain Current 

TC=+250C ....................................... 10 18 18 16 16 
TC=+1000C ...................................... 10 11 11 10 10 

Pulsed Drain Current (3) .............................. ID M 72 72 64 64 
Gate-Source Voltage ............................... VGS ±20 ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250C ................•...................... PD 125 125 125 125 
Unear Derating Factor .•................................. 1.0 1.0 1.0 1.0 
Inductive Current, Clamped ........................... ILM 72 72 64 64 

(See Figure 14, L = 1OOflH) 
Single Pulse Avalanche Energy Rating (4) ............... EAS' 580 580 580 580 
Operating and Storage Junction .................. T J, TSTG -55 to +150 -55 to +150 -55 to +150 -5510+150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

UNITS 

V 
V 

A 
A 
A 
V 

W 
WloC 

A 

mj 
oC 

oc 

1. TJ = +2SoC to +1S00C. 4. VDD = SOV. starting T J = +2SoC, L = 2.7mH, RGS = 250, IpEAK = SA. 

2. Pulse Test: Pulse width :5. 300~s. Duty Cycle::=: 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5), 

foR Suffix Types Only 

See Figure 15. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF240, IRF241, IRF242, IRF243 IRF240R, IRF241 R, IRF242R, IRF243R 

Electrical Characteristics TC = 250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV,ID = 250flA 
IRF240/242,IRF240R/242R 200 - - V 

IRF241 /243, IRF241 R/243R 150 - - V 

Gate Threshold Voltage VGSjJH) VOS = VGS, 10 = 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS=20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -100 nA 

Zero Gate Voltage Drain Current lOSS VOS = Max Rating, VGS = OV - - 250 ~A 

VOS = Max Rating x 0.8, VGS = OV, - - 1000 ~A 
TJ = +1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS - 10V 
IRF240/241, IRF240R/241 R 18 - - A 

IRF242/243,IRF242R/243R 16 - - A 

Static Drain-Source On-State rOS(ON) VGS = 1 OV,IO = 10A 
Resistance (Note 2) 

IRF240/241,IRF240R/241 R - 0.14 0.18 0 

IRF242/243,IRF242R/243R - 0.20 0.22 0 

Forward Transconductance (Note 2) gts VOS> 10(ON) x 'OS(ON)Max, 10 - 10A 6.7 9.0 - S(m 

Input Capacitance CISS VGS - OV, VOS = 25V, f - 1.0MHz - 1275 - pF 

Output Capacitance COSS 
See Figure 10 - 500 - pF 

Reverse Transfer Capacitance CRSS - 160 - pF 

Turn-On OelayTime td(ON) VOO -100V,10 -18A, RG - 9.10 - 16 30 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 27 60 ns 

Turn-Off Delay Time td(OFF) 
are essentially independent of operating - 40 80 temperature) ns 

Fall Time tf - 31 60 ns 

Total Gate Charge Qg VGS - lOV,lO - 18A, VOS - 0.8V Max - 43 60 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge QqS (Gate charge is essentially independent of - 8 - nC 

Gate-Orain ("Miller") Charge Qqd 
operating temperature.) - 27 - nC 

Internal Orain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate 

'"~ pins and center of 
center of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm 
(0.25") from header LS 
and source bonding 
pad. S 

Junction-Io-Case RSJC - - 1.0 °C/W 

Case-to-Sink Recs Mounting surface flat, smooth and greased - 0.1 - oC/W 

Junction-Ie-Ambient RSJA Free air operation - - 30 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 18 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 72 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO TJ = +250 C,IS = 18A, VGS = OV - - 2.0 V 

Reverse Recovery Time trr TJ - +1500 C,IF = 18A,dIF/dt-100A/~s - 650 - ns 

Reverse Recovered Charge QRR TJ - +1500 C,IF -18A,dIF/dt- 100A/~s - 4.1 - ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +2SoC to +lS00C 
2, Pulse Test: Pulse width'$. 300j..ls, 

Duty Cycle.:;: 2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = SOV. Start T J = +2SoC, L = 2.7mH, 
Ras = 2S0, IpEAK = 18A (See Figure lS) 
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IRF240, IRF241, IRF242, IRF243 IRF240R, IRF241 R, IRF242R, IRF243R 
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Fig. 1 - Typical Output Characteristics 
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IRF240, IRF241, IRF242, IRF243 IRF240R, IRF241R, IRF242R, IRF243R 
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IRF240, IRF241, IRF242, IRF243 IRF240R, IRF241 R, IRF242R, IRF243R 
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IRF244, IRF245 
IRF246, IRF247 

N-Channel Power MOSFETs 
Avalanche Energy Rated 

Features Package 

• 14A and 13A, 275V - 250V 

• rDS(on) = 0.280 and 0.340 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 275, 250V DC Rated - 120V AC Line System Operation 

TO-204AA 
BonOMVIEW 

DRAIN 
SOU~LANGE} 

o 
GATE 

Description Terminal Diagram 
The IRF244, IRF245, IRF246, and IRF247 are advanced power 
MOSFETs designed, tested, and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement-mode silicon 
gate power field-effect transistors designed for applications 
such as switching regulators, switch ing converters, motor driv
ers, relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRF244 IRF245 

Drain-Source Voltage (1) . . . . . . . . . . . . . . . . . • • . . . . • • . .. VOS 250 250 
Drain-Gate Voltage (RGS = 20kO) (1) ...•.........•.. VOGR 250 250 
Continuous Drain Current 

TC=+250C •....•...•....•.••....•...•....••...... 10 14 13 
TC=+1000C .•••••.••......•..•.•...•••....••..•.. 10 8.8 8.0 

Pulsed Drain Current (3) .....•.......•........•.....•• 10M 56 52 
Gate-Source Voltage .....••.•....•....••...•....••• VGS ±20 ±20 
Maximum Power Dissipation 

TC=+250C .........•••.......•.•...•...•....••••. PO 125 125 
Linear Derating Factor ...••.•.....•••..•....•...••.•..... 1.0 1.0 
Single Pulse Avalanche Energy Rating (4) ....•.......... Eas 550 550 
Operating and Storage Junction •................. T J, T STG -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

D 

G 

s 

IRF246 IRF247 

275 275 
275 275 

14 13 
8.8 8.0 
56 52 

±20 ±20 

125 125 
1.0 1.0 
550 550 

-55 to +150 -5510+150 

300 300 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/oC 

mJ 
oC 

oC 

1. TJ = +2SoC to +1S00C. 

2. Pulse Test: Pulse width ~ 300~s. Duty Cycle ~ 2%. 

4. VDD = 50V. Starting TJ = +250C. L = 4.5mH. RG = 250. Peak IL = 14A 
(See Figures 14 & 15). 

3. RepetHiv9 Rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRF244, IRF245, 1RF246,IRF247 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX 

Drain-Source Breakdown Voltage BVDSS VGS = OV, 10 = 2501lA 
IRF244, 1 RF245 250 - -
IRF246,IRF247 275 - -

Gate Threshold Voltage VGS(TH) VOS = VGS, 10 = 250~A 2.0 - 4.0 

Gate-Source Leakage Forward IGSS VGS=20V - - 100 

Gate-Source Leakage Reverse IGSS VGS=20V - - -100 

Zero Gate Voltage Orain Current IDSS VOS = Max Rating, VGS = OV - - 250 

VOS = Max Rating x 0.8, VGS - OV, - - 1000 
TJ=+1250C 

On-State Orain Current (Note 2) 10(ON) VDS> ID(ON) xrDS(ON) Max, VGS = 10V 
IRF244,IRF246 14 - -
1 RF245, IRF247 13 - -

Static Orain-Source On-State rOS(ON) VGS-l0V,ID-8A 
Resistance (Note 2) 

IRF244,IRF246 - 0.20 0.28 

1 RF245.IRF247 - 0.24 0.34 

Forward Transconductance (Note 2) gfs VOS~ 50V, 10 - 8A 6.7 10 -
Input CapaCitance CISS VGS = OV, VOS = 25V, f = 1.0MHz - 1300 -
Output Capacitance COSS See Figure 10 - 320 -
Reverse Transfer Capacitance CRSS - 69 -
Turn-On OelayTime td(ON) VDO = 125V, 10 = 14A, RG = 9.10 - 16 24 

Rise Time tr See Figure 16. (MOSFET switching times - 67 100 

Turn-Off Oelay Time 'd(OFFI 
are essentially independent of operating - 53 80 temperature) 

Fall Time tf - 49 74 

Total Gate Charge Og VGS -10V, 10 = 14A, VOS - 0.8 Max - 39 59 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 6.6 -
Gate-Orain ("Miller") Charge Ogd 

operating temperature.) - 20 -
Internal Orain Inductance LO Measured from the Modified MOSFET - 5.0 -

source lead, symbol showing the 
6mm (0.25 in.) internal device 
from package 

'"~ 
to center of 
die. 

Internal Source Inductance LS Measured from the - 12.5 -
source lead, 6mm G I 

(0.25") from header LS 
and source bonding 
pad. S 

Junction-te-Case ReJC - - 1.0 

Case-to-Sink Recs Mounting surface flat, smooth and greased - 0.5 -
Junction-to-Ambient ReJA Free air operation - - 30 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 14 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 56 
(Body Oiode) (Noie 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250C, IS = 14A, VGS = OV - - 1.8 

Reverse Recovery Time Irr TJ = +250C, IF = 14A, dIF/dt= 100A/~s 150 300 640 

Reverse Recovered Charge ORR T J - +250C, IF - 14A, dlF/dt - 100A/rls 1.6 3.4 7.2 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - -

speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +2S0C 10 +1S00C 3, Repetitive Rating: Pul.e width limited by 4. VDD = SOY, Starting T J = +2S0C, 
2. Pulse Test: Pulse width ~ 300/-16, maximum junction temperature. See Transient 

Duty Cycle :'02%. Thermal Impedance Curve (Figure S). 

4-212 

L = 4.SmH. RG = 2SI1. Peak IL = 14A 
(See Figures 14& 15). 
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IRF244, IRF245, IRF246, IRF247 

25 ',0 V 80 ... S PULSE TEST 
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Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 
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IRF244, IRF245, IRF246, IRF247 
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Fig. 6 - Typical transconductance vs. drain current. 
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IRF244, IRF245, IRF246, IRF247 
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mJ HARRIS 'RF250/251/252/253 
'RF250R/251R/252R/253R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features Package 

• 25A and 30A, 150V - 200V 

• rDS(on) = 0.0850 and 0.1200 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

TO-204AE 

BOnOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

The IRF250, IRF251, IRF252, and IRF253 are n-channel 
enhancement-mode silicon-gate power field-effect transis
tors. IRF250R, IRF251 R, IRF252R, and IRF253R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-d rive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-204AE steel 
package. 

Absolute Maximum Ratings (TC = +250C), Unless Otherwise Specified 

IRF250 IRF251 
IRF250R IRF251R 

Drain-Source Voltage (1) . . . . . . . . . . . . . . . . . . . . . . . . . . .. VDS 200 150 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR 200 150 
Continuous Drain Current 

TC=+250C ....................................... 10 30 30 
TC=+1000C ...................................... 10 19 19 

Pulsed Drain Current (3) .............................. IDM 120 120 
Gate-Source Voltage ............................... VGS ±20 ±20 
Maximum Power Dissipation ........................... Po 150 150 
Linear Derating Factor ................................... 1.2 1.2 
Inductive Current, Clamped ........................... ILM 120 120 

(See Figure 14, L = 100~H) 
Single Pulse Avalanche Energy Rating (4) .............. Eas' 910 910 
Operating and Storage Junction .................. TJ, TSTG -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

D 

G 

S 

IRF252 IRF253 
IRF252R IRF253R 

200 150 
200 150 

25 25 
16 16 

100 100 
±20 ±20 
150 150 
1.2 1.2 
100 100 

910 910 
-55 to +150 -55 to +150 

300 300 

UNITS 

V 
V 

A 
A 
A 
V 
W 

WfOC 
A 

mJ 
oc 

oc 

1. TJ = +2Soc to +1S00 C. 4. VOO = SOY, starting TJ = +250C, L 
IpEAK = 30A. See Figure 15. 

1.5mH, RGS 25n, 

2. Pulse Test: Pulse width ~ 300~s, Duty Cycle ~ 2%. 

3. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5), 

* R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF250, IRF251, IRF252, IRF253 IRF250R, IRF251R, IRF252R, IRF253R 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250flA 
IRF250/252,IRF250R/252R 200 - - V 

IRF251 /253, IRF251 R/253R 150 - - V 

Gate Threshold Voltage VGSITH) VOS = VGS, 10 = 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -100 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - 250 ~A 

VOS - Max Rating x 0.8, VGS - OV, - - 1000 ~A 
TJ = +1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) XrOS(ON) Max, VGS = 10V 
IRF250/251, IRF250R/251 R 30 - - A 

IRF252/253,IRF252R/253R 25 - - A 

Static Orain-Source On-State rOS(ON) VGS-l0V,10-16A 
Resistance (Note 2) 

IRF250/251, IRF250R/251 R - 0.07 0.085 0 

IRF252/253,IRF252R/253R - 0.09 0.120 0 

Forward Transconductance (Note 2) 9fs VOS > 50V, 10 = 16A 13 19 - Sm) 

Input Capacitance CISS VGS = OV, VOS = 25V, f = 1.0MHz - 2000 - pF 

Output Capacitance COSS See Figure 1 0 - 800 - pF 

Reverse Transfer Capacitance CRSS - 300 - pF 

Turn-On OelayTime td(ON) VOO - 1 OOV, 10 '" 30A, RG - 6.20 - 20 30 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 120 180 ns 

Turn-Off Oelay Time id(OFF) 
are essentially independent of operating - 70 100 ns temperature) 

Fall Time If - 80 120 ns 

Total Gate Charge Og VGS = 1 OV, 10 - 30A, VOS = 0.8 Max - 79 120 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 13 - nC 

Gate-Drain ("Miller") Charge Ogd 
operating temperature.) - 42 - nC 

Internal Drain Inductance LD Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate inductances. 
pins and center of 

~ 
center of die. 

Internal Source Inductance LS Measu red from the - 12.5 - nH 
source lead, 6mm G I 
(0.25") from header 

LS and source bonding 
pad. S 

Junction-te-Case RaJC - - 0.83 oC/W 

Case-to-Sink Racs Mounting surface flat, smooth and greased - 0.1 - °C/W 

Junction-te-Ambient RaJA Free air operation - - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 30 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 120 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSD TJ = +250 C, IS = 30A, VGS = OV - - 2.0 V 

Reverse Recovery Time trr TJ - +250 C, IF - 30A, dlF/dt - 100A/~s 140 350 630 ns 

Reverse Recovered Charge ORR TJ = +250 C, IF = 30A, dlF/dt = 100A/~s 1.8 4.7 8.1 ~C 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + Lo. 

NOTES: 1. TJ = +250C to +1500c 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 50V. Start T J = +250C. L = 1.5mH. 
2. Pulse Test: Pulse width < 300~s. 

Duty Cycle i" 2% 
RGS = 25n. IpEAK = 30A (See Figure 15) 
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IRF254, IRF255 
IRF256, IRF257 

N-Channel Power MOSFETs 
Avalanche Energy Rated 

Features Package 

• 22A and 20A, 275V - 250V 

• rDS(on) = 0.140 and 0.170 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 275, 250V DC Rated - 120V AC Line System Operation 

TO-204AE 

BonOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

Description Terminal Diagram 
The IRF254, IRF255, IRF256, and IRF257 are advanced power 
MOSFETs designed, tested, and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement-mode silicon
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv· 
ers, relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-204AE steel 
package. 

Absolute Maximum Ratings (TC == +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) ............................ VDS 
Drain-Gate Voltage (RGS = 20kO) (1) .........•....•. VDGR 
Continuous Drain Current 

TC == +250C •••.••.......•..........•.•••..• " ...•. ID 
TC = +1000C ...................................... ID 

Pulsed Drain Current(3) ... , .......................... IDM 
Gate-Source Voltage ............................... V GS 
Maximum Power Dissipation 

TC = +250C .....•...........................•..... PD 
Linear Derating Factor .................................. . 
Single Pulse Avalanche Energy Rating (4) ............... Eas 
Operating and Storage Junction ..•............•.. TJ, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ....•.......... TL 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

IRF254 

250 
250 

22 
14 
88 

±20 

150 
1.2 

1000 
-55to+150 

300 

IRF255 

250 
250 

20 
12 
80 

±20 

150 
1.2 

1000 
-55 to +150 

300 

D 

G 

S 

IRF256 IRF257 

275 275 
275 275 

22 20 
14 12 
88 80 

±20 ±20 

150 150 
1.2 1.2 

1000 1000 
-55 to +150 -5510 +1.50 

300 300 

UNITS 

V 
V 

A 
A 
A 
V 

W 
wloe 

mJ 
oC 

oC 

1. TJ == +250C to +1500C. 

2. Pulse Test: Pulse width ~ 300IlS, Duty Cycle ~ 2%. 

4. VDD == 50V, Starting TJ == +250C, L = 3.3mH, RG == 25n, Peak IL = 22A 
(See Figure. 14 & 15). 

3. Repetitive Rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

CAUTION: The.e devices are sensitive to electrostalic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRF254, IRF255, 1 RF256, IRF257 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 2501lA 
IRF254, 1 RF255 250 - - V 

IRF256,IRF257 275 - - V 

Gate Threshold Voltage VGSITH} VOS - VGS, 10 - 250MA 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS- 20V - - -100 nA 

Zero Gate Voltage Drain Current lOSS VOS = Max Rating, VGS - OV - - 250 ~A 

VOS - Max Rating x 0.8, VGS - OV, - - 1000 ~A 
TJ=+1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRF254,IRF256 22 - - A 

1 RF255, IRF257 20 - - A 

Static Drain-Source On-State rOS(ON) VGS = 10V, 10 -12A 
Resistance (Note 2) 

IRF254,IRF256 - 0.11 0.14 0 

1 RF255.IRF257 - 0.14 0.17 0 

Forward Transconductance (Note 2) gts VOS> 50V, 10 -12A 11 17 - S(U) 

Input Capacitance CISS VGS - OV, VOS - 25V, f - 1.0MHz - 2700 - pF 

Output Capacitance COSS See Figure 10 - 580 - pF 

Reverse Transfer Capacitance CRSS - 130 - pF 

Turn-On Delay Time td(ON} VOO = 125V, 10 - 22A, RG - 6.20 - 19 29 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 84 130 ns 

Turn-Off OelayTime Id(OFF) 
are essentially independent of operating - 75 110 temperature) ns 

Fall Time tf - 65 98 ns 

Total Gate Charge Og VGS = 1 OV, 10 = 22A, VOS = 0.8 Max - 87 130 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Oas 
(Gate charge is essentially independent of - 14 - nC 

Gate-Drain ("Miller") Charge Oad 
operating temperature.) - 73 - nC 

Internal Drain Inductance LO Measured from the Modified MOSFET - 5.0 - nH 
source lead, symbol showing the 
6mm (0.25 in.) internal device 
from package inductances. 
to center of 

~ 
die. 

Internal Source Inductance LS Measured from the - 13 - nH 
source lead, 6mm G I 
(0.25") from header LS 
and source bonding 
pad. S 

Junction-ta-Case RaJC - - 0.83 oCIW 
Case-to-Sink ROCS Mounting surface flat, smooth and greased - 0.10 - oCIW 
Junction-ta-Ambient ROJA Free air operation - - 30 oCIW 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 22 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 88 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO TJ = +250C, IS = 22A, VGS = OV - - 1.8 V 

Reverse Recovery Time trr T J - +250 C, IF = 22A, dlF/dt - 100A/IIS 150 310 650 ns 

Reverse Recovered Charge ORR T J - +250 C, IF = 22A, dlF/dt - 1 OOA/~s 1.9 4 8.4 ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C to +1500C 3. RepelRive Raling: Pulse widlh limited by 4. VDD = 50V. Slarling T J = +250C. 
2. Pulse Test: Pulse width::::. 300ps. maximum junction temperature. See Transient L = 3.3mH, Ra = 250, Peak IL = 22A 

Duty Cycle::::. 2%. Thermal Impedance Curve (Figure 5). (See Figure. 14 & lS). 
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mlHARRIS IRF320,IRF321 
IRF322, IRF323 

August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Features 

• 2.8A and 3.3A, 350V - 400V 

• rDS(on) = 1.80. and 2.50. 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-204AA 

BonOMVIEW 

DRAIN 

SOU~. /(FLANGE) o 
GATE 

The IRF320, IRF321, IRF322, and IRF323 are n-channel Terminal Diagram 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, N-CHANNEL ENHANCEMENT MODE 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 0 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. G 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Orain-Source Voltage (1) ............................ VOS 
Orain-Gate Voltage (RGS = 20kO) (1) ...•...•....•... VOGR 
Continuous Drain Current 

TC ~ +250C ....................................... 10 
TC~+1000C ...................................... 10 

Pulsed Drain Current (3) .............................. IDM 
Gate-Source Voltage ............................... V GS 
Maximum Power DisSipation 

TC ~ +250C ..•............................•.....•. Po 
Linear Oerating Factor ......•............................ 
Inductive Current, Clamped ........................... ILM 

(See Figures 14 and 15, L = lOOIlH) 
Operating and Storage Junction .............•.... TJ. TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

1. TJ = +2SoC 10 +1S00 C. 

2. Pulse Test: Pulse width .s 300llS, Duty Cycle .5 2%. 

IRF320 

400 
400 

3.3 
2.1 
13 

±20 

50 
0.4 
12 

-55 to +150 

300 

3. Repetitive Rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

IRF321 

350 
350 

3.3 
2.1 
13 

±20 

50 
0.4 
12 

-55 to +150 

300 

s 

IRF322 

400 
400 

2.8 
1.8 
11 

±20 

50 
0.4 
10 

-55 to +150 

300 

IRF323 

350 
350 

2.8 
1.8 
11 

±20 

50 
0.4 
10 

-55to +150 

300 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/oC 

A 

oC 

°C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyrighl © Harris Corporation 1991 

File Number 1569.1 
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Specifications IRF320, IRF321, IRF322, IRF323 

Electrical Characteristics TC '" +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250JJA 
IRF320,IRF322 400 - - V 

IRF321,IRF323 350 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - 250MA 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -100 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - 250 MA 

VOS = Max Rating x 0.8, VGS - OV, - - 1000 MA 
TJ=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, V GS = 10V 
IRF320,IRF321 3.3 - - A 

IRF322,IRF323 2.8 - - A 

Static Orain-Source On-State rOS(ON) VGS-10V,10-1.8A 
Resistance (Note 2) 

IRF320,IRF321 - 1.5 1.8 0 

IRF322,IRF323 - 1.8 2.5 0 

Forward Transconductance (Note 2) gts VOS> 50V, 10 - 1.8A 1.8 2.7 - Sm) 
Input Capacitance CISS VGS - OV, VOS - 25V, f - 1.0MHz - 450 - pF 

Output Capacitance COSS See Figure 1 0 - 100 - pF 

Reverse Transfer Capacitance CRSS - 20 - pF 

Turn-On OelayTime td(ON) VOO - 200V, 10 -3.3A, RG -180 - 10 15 ns 
Rise Time tr See Figure 16. (MOSFET switching times - 14 20 ns 

Turn-Off Oelay Time IdIOFF) 
are essentially independent of operating - 30 45 temperature) ns 

Fall Time tf - 13 20 ns 

Total Gate Charge Og VGS = 1 OV, 10 - 3.3A, VOS = 0.8 Max - 12 20 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 3.3 - nC 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) - 11 - nC 

Internal Orain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate inductances. 
pins and center of 

~ 
die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm G I 
(0.25") from header LS 
and source bonding 
pad. S 

Junction-ta-Case ReJC - - 2.5 °C/W 
Case-to-Sink Recs Mounting surface flat, smooth and greased - 0.1 - °C/W 
Junction-ta-Ambient ReJA Free air operation - - 30 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 3.3 A 

(Body Diode) symbol showing the 
Pulse Source Current ISM integral reverse - - 13 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TC = +250 C, IS - 3.3A, VGS = OV - - 1.8 V 

Reverse Recovery Time trr T J = +250 C, IF = 3.3A, dlF/dt = 100A/fiS 120 270 600 ns 
Reverse Recovered Charge ORR T J = +250 C, IF - 3.3A, dlF/dt = 100NflS 0.64 1.4 3.0 MC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO. 

NOTES: 
1. TJ = +250 C 10 +1500 C 3. Repetitive Rating: Pulse width limited by max.imum junction temperature. 
2. Pulse Test: Pulse width ~ 300~s. Duly Cycle ~ 2%. See Transient Thermal Impedance Curve (Figure 5) 
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IRF320, IRF321, IRF322, IRF323 
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IRF320, IRF321, IRF322, IRF323 
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IRF320, IRF321, IRF322, IRF323 
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fIl HARRIS 'RF330/331/332/333 
'RF330R/331R/332R/333R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features Package 

• 4.5A and 5.5A, 350V - 400V 

• rDS(on) = 1.00 and 1.50 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

TO-204AA 
BOTTOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

The IRF330, IRF331, IRF332, and IRF333 are n-channel 
enhancement mode silicon gate power field effect transistors. 
IRF330R, IRF331 R, IRF332R, and IRF333R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of the power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-204M steel 
package. 

G 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage (1) ...... . . . . . . . . . . . . . • • . . . . . .. VoS 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR 
Continuous Drain Current 

TC=+250C ........•...................•.....•.... ID 
TC = +1000C ...................................... 10 

Pulsed Drain Current (3) .....•.................••..... IDM 
Gate-Source Voltage ............................... V GS 
Maximum Power Dissipation ................••......... Po 
Linear Derating Factor ...................•............... 
Inductive Current, Clamped ..•........................ ILM 

(See Figure 14, L 100pH) 
Single Pulse Avalanche Energy Rating (4) .............. Eas* 
Operating and Storage Junction ...•.............. TJ, TSTG 
Temperature Range 

Maximum Lead Temperalure for Soldering ............... TL 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

IRF330 
IRF330R 

400 
400 

5.5 
3.5 
22 

±20 
75 
0.6 
22 

300 
-55to+150 

300 

IRF331 
IRF331R 

350 
350 

5.5 
3.5 
22 

±20 
75 
0.6 
22 

300 
-55to+150 

300 

o 

s 

IRF332 IRF333 
IRF332R IRF333R 

400 350 
400 350 

4.5 4.5 
3.0 3.0 
18 18 

±20 ±20 
75 75 
0.6 0.6 
18 18 

300 300 
-55 to +150 -5510+150 

300 300 

UNITS 

V 
V 

A 
A 
A 
V 
W 

WloC 
A 

mJ 
oC 

°C 

1. TJ = +2S0C to +150oC. 4. VOD = 50V. starting T J = +2SoC, L 
IpEAK = S.5A. See Figure 1 S. 

17mH. RGS 2sn. 
2. Pulse Test: Pulse width S 300rs. Duty Cycle S 2%. 

3. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5). 

* R Suffix Types Only 

CAUTION; These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF330, IRF331, IRF332, IRF333 IRF330R, IRF331R, IRF332R, IRF333R 

Electrical Characteristics Te = 250 e, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -25OflA 
IRF330/332, IRF330R/332R 400 - - V 

IRF331/333, IRF331 R/333R 350 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - -250flA 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS= 20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -100 nA 

Zero Gate Voltage Drain Current lOSS VOS - Max Rating, VGS - OV - - 250 flA 
VOS - Max Rating x 0.8, VGS - OV, - - 1000 flA 
TJ=+1250 C 

On-State Drain Current (Note 2) iO(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRF330/331, IRF330R/331 R 5.5 - - A 

IRF332/333,IRF332R/333R 4.5 - - A 

Static Drain-Source On-State rOS(ON) VGS - 1 OV, 10 - 3.0A 
Resistance (Note 2) 

IRF330/331, IRF330R/331 R - 0.8 1.0 0 

IRF332/333,IRF332R/333R - 1.0 1.5 0 

Forward Transconductance (Note 2) gts VOS > 50V, 10 - 3.0A 2.9 4.0 - Scm 
Input Capacitance CISS VGS = OV, VOS - -25V, f - 1.0MHz - 700 - pF 

Output Capacitance COSS See Figure 10 - 150 - pF 

Reverse Transfer Capacitance CRSS - 40 - pF 

Turn-On OelayTime td(ON) VOO = 200V, 10 '" 5.5A, RG = 120 - 11 17 ns 
Rise Time tr See Figure 16. (MOSFET switching times - 20 29 ns 

Turn-Off Delay Time Id(OFF) 
are essentially independent of operating - 35 56 ns temperature) 

Fall Time tf - 15 24 ns 

Total Gate Charge Qg VGS - 1 OV, 10 - 5.5A, VOS - 0.8 Max - 21 35 nC 
(Gate-'Source + Gate-'Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Qgs (Gate charge is essentially independent of - 4 - nC 

Gate-'Orain ("Miller") Charge QQd 
operating temperature.) - 17 - nC 

Internal Drain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate inductances. 
pins and center of 

~ 
center of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm 
(0.25") from header 

LS and source bonding 
pad. S 

Junction-ta-Case ReJC - - 1.67 °C/W 
Case-to-Sink Recs Mounting surface flat, smooth and greased - 0.1 - °C/W 
Junction-ta-Ambient ReJA Free air operation - - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 5.5 A 

(Body Diode) symbol showing the 

Pulse Source CUrrent ISM integral reverse - - 22 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 5.5A, VGS = OV - - 1.6 V 

Reverse Recovery Time trr TJ -+250 C, IF = 5.5A, dIF/dt-100A/flS 140 400 660 ns 

Reverse Recovered Charge QRR TJ = +250 C, IF - 5.5A,dIF/dt-100A/fls 0.93 2.4 4.3 flC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C 10 +1500C 
2. Pulse Tesl: Pulse widlh < 300~s, 

Duly Cycle $2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 50V, Start TJ = +250C, L = 17mH, 
Ras = 250, IpEAK = 5.5A (See Figure 15) 
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IRF330, IRF331, IRF332, IRF333 IRF330R, IRF331 R, IRF332R, IRF333R 
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IRF330, IRF331, IRF332, IRF333 IRF330R, IRF331 R, IRF332R, IRF333R 
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IRF330, IRF331, IRF332, IRF333 IRF330R, IRF331R, IRF332R, IRF333R 
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(IJ HARRIS IRF340/341/342/343 
IRF340R/341R/342R/343R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features Package 

• 10A and 8.3A, 400V - 350V 

• rDS(on) = 0.55.0 and 0.80.0 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

TO-204M 
BOTTOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

The IRF340, IRF341, IRF342, and IRF343 are n-channel 
enhancement-mode Silicon-gate power field-effect transis· 
tors. lRF340R, IRF341 R, IRF342R, and IRF343R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-204M steel 
package. 

Absolute Maximum Ratings (TC "" +250 C), Unless Otherwise Specified 

IRF340 IRF341 
IRF340R IRF341R 

Drain-Source Voltage (1) • • . . . . . . . . . . . . • . . . . . . . • . . . .. VOS 400 350 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VOGR 400 350 
Continuous Drain Current 

TC=+250 C .....•.....••.....•........•..•.......• 10 10 10 
TC=+1000C ...................................... 10 6.3 6.3 

Pulsed Drain Current (3) .••.••.........•...•........•. 10M 40 40 
Gate-Source Voltage ..•...••.............•......... V GS ±20 ±20 
Maximum Power Dissipation ......•....•.........•..... Po 125 125 
Linear Derating Factor •.•.••..•....•....•..............•• 1.0 1.0 
Inductive Current, Clamped .•..... ., ..............•.... ILM 40 40 

(See Figure 14, L = 100~H) 
Single Pulse Avalanche Energy Rating (4) .............. Eas· 520 520 
Operating and Storage Junction .................. T J, TSTG -55to+150 -55to+150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

D 

G 

s 

IRF342 IRF343 
IRF342R IRF343R 

400 350 
400 350 

8.3 8.3 
5.2 5.2 
33 33 

±20 ±20 
125 125 
1.0 1.0 
32 32 

520 520 
-5510 +150 -55 to +150 

300 300 

UNITS 

V 
V 

A 
A 
A 
V 
W 

WloC 
A 

mJ 
oc 

oC 

1. TJ = +2SoC to +1S00C. 4. VDD = SOV, starling T J = +2SoC, L 
IpEAK = 10A. See Figure 15. 

9.2mH, Ras 2S0, 

2. Pulse Test: Pulse width :5 300~s, Duty Cycle $. 2%. 

3. Repetitive Rating: Pu1se width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5) . 

• R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF340, IRF341, IRF342, IRF343 IRF340R, IRF341R, IRF342R, IRF343R 

Electrical Characteristics Te '" +250 e, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS ~ OV, 10 ~ 2501lA 
IRF340/342,IRF340R/342R 400 - - V 

IRF341/343, IRF341 R/343R 350 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS~-20V - - -100 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS ~ OV - - 250 ~A 

VOS - Max Rating x 0.8, VGS - OV, - - 1000 ~A 
TJ ~ +1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS - 10V 
IRF340/341, IRF340R/341 R 10 - - A 

IRF342/343,IRF342R/343R 8.3 - - A 

Static Drain-Source On-State rOS(ON) VGS ~ 10V, 10 ~ 5.2A 
Resistance (Note 2) 

IRF340/341, IRF340R/341 R - 0.4 0.55 n 
IRF342/343,IRF342R/343R - 0.5 0.80 n 

Forward Transconductance (Note 2) 9fs VOS > 50V, 10 ~ 5.2A 5.8 8 - S(Ul 

Input Capacitance CISS VGS - OV, VOS ~ 25V, f - 1.0MHz - 1250 - pF 

Output Capacitance COSS 
See Figure 10 - 300 - pF 

Reverse Transfer Capacitance CRSS - 80 - pF 

Turn-On OelayTime td(ON) VOO - 200V, 10 '" lOA, RG ~9.1 n - 17 21 ns 

Rise Time tr See Figure 18. (MOSFET switching times - 27 41 ns 

Turn-Off Oelay Time icJ(OFF) 
are essentially independent of operating - 45 75 ns ·temperature) 

Fall Time tf - 20 36 ns 

Total Gate Charge Og VGS ~ 10V, 10 ~ lOA, VOS -0.8 Max - 41 63 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge QqS (Gate charge is essentially independent of - 7 - nC 

Gate-Orain ("Miller") Charge Oqd 
operating temperature.) - 23 - nC 

Internal Orain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate inductances. 
pins and center of 

~ 
center of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm 
(0.25") from header 

LS and source bonding 
pad. S 

Junction-te-Case ROJC - - 1.0 oCIW 
Case-to-Sink ROCS Mounting surface flat, smooth and greased - 0.1 - oCIW 
Junction-to-Ambient ROJA Free air operation - - 30 oCIW 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 10 A 

(BodyOiode) symbol showing the 
Pulse Source Current ISM integral reverse - - 40 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSD TJ ~ +250 C, IS ~ lOA, VGS ~ OV - - 2.0 V 
Reverse Recovery Time trr T J - +250 C, IF ~ lOA, dlF/dt - 1 OOA/~s 170 350 790 ns 

Reverse Recovered Charge QRR TJ - +250 C, IF - lOA, dlF/dt - 1 OOA/~s 1.6 4.0 8.2 ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +250c to +1500C 
2. Pulse Test: Pulse width ~ 300~s. 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 50V. Start T J = +250C, L = 9.2mH, 
RGS = 250. IpEAK = 10A (See Figure 15) 

Duty Cycle ~ 2% 
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IRF340, IRF341, IRF342, IRF343 IRF340R, IRF341 R, IRF342R, IRF343R 
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IRF340, IRF341, IRF342, IRF343 IRF340R, IRF341R, IRF342R, IRF343R 
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IRF340, IRF341, IRF342, IRF343 IRF340R, IRF341 R, IRF342R, IRF343R 

5.0 
UJ 
U 
Z 
< ... 
~ 4.0 
Ul 
UJ 
0: 

Z 
0 

w 3.0 u 
0: 
::> 
0 
Ul 
I 

0 ... 2.0 I 

~ 
< 
0: 
0 

c: 1.0 
,g 
Ul 
0 

0: 

OJ-lS PULSE EST 

-

I 
II 

VGS • 10V VI 
~ VGS • 20V -..-~ 

10 20 30 40 
I D• DRAIN CURRENT (AMPERES) 

50 

FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 

VARY tp TO OBTAIN 
REQUIRED PEAK IL 

VGS=~~ DUT ITt;'"L 
El = 0.5 BVDSS EC = 0.75 BVDSS 

FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 

VDS 

FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 

PULSE WIDTH <:. lJl. S 
DUTY FACTOR <:. 0.1% 

FIGURE 16. SWITCHING TIME TEST CIRCUIT 

+ 
VDD 

4-240 

... 
z 
W 
0: 
0: 

3 
;S 

"' 0: 
CJ 

10 
.......... 

........ 

" r-... ~340.1341 .......... 
........ 

['... r-....""'-
IRF342.3.:10 "-

..... , 
i'\.\ 
~ 
'\ 

50 75 100 125 150 
T C. CASE TEMPERATURE (. C) 

FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 

VARYip TO OBTAIN 
REQUIRED PEAK IL 

L 

+ 

FIGURE 15a. UN CLAMPED ENERGY TEST CIRCUIT 

VDD 

FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 

+VDS 
(ISOLATED 
SUPPLy) 

~.5mA S 
o - -VDS 

VDD 

IG CURRENT _ ID CURRENT 
SAMPUNG RESISTOR - SAMPUNG RESISTOR 

FIGURE 17. GATE CHARGE TEST CIRCUIT 



Em HARRIS IRF350/351/352/353 
IRF350R/351R/352R/353R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features Package 

• 13A and 15.0A, 350V - 400V 

• rDS(on) = 0.30 and 0.40 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

TO-204AA 
BOTTOM VIEW 

DRAIN 
SOU~LANGE) o 

GATE 

The IRF350, IRF351, IRF352, and IRF353 are n-channel 
enhancement-mode silicon-gate power field-effect transis
tors. IRF350R, IRF351 R, IRF352R and IRF353R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-204M steel 
package. 

Absolute MaxImum RatIngs (TC = +250 C), Unless Otherwise Specified 

IRF350 IRF351 
IRF350R IRF351R 

Drain-Source Voltage (1) ............................ VDS 400 350 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR 400 350 
Continuous Drain Current 

TC = +250 C ..................................•.... 10 15 15 
TC = +100oC ...................................... 10 9.0 9.0 

Pulsed Drain Current (3) .............................. 10M 60 60 
Gate-Source Voltage ............................... VGS ±20 ±20 
Maximum Power Dissipation 

TC = +250 C ....................................... Po 150 150 
Linear Derating Factor .................................. . 1.2 1.2 
Inductive Currenl, Clamped ........................... ILM 60 60 

(See Figure 14, L = 10011H) 
Single Pulse Avalanche Energy Rating (4) ............... EAS* 700 700 
Operating and Siorage Junclion .................. TJ, TSTG -5510 +150 -5510+150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

D 

G~ 
S 

IRF352 IRF353 
IRF352R IRF353R 

400 350 
400 350 

13 13 
8.0 8.0 
52 52 

±20 ±20 

150 150 
1.2 1.2 
52 52 

700 700 
-5510+150 -5510 +150 

300 300 

UNITS 

V 
V 

A 
A 
A 
V 

W 
wfOC 

A 

mj 
OC 

oc 

1. TJ = +250C to +1500C. 

2. Pulse Test: Pulse width :'0 300~s. Duty Cycle :'0 2%. 

4. VD.D = 40V. starting T J = +250C. L = 5.66mH. RGS = son. IpEAK = 
15A. See Figure 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedu(es should be followed. 
Copyright © Harris Co(poration 1991 
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IRF350, IRF351, IRF352, IRF353 IRF350R, IRF351R, IRF352R, IRF353R 

Electrical Characteristics TC '" 250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -250flA 
IRF350/352,IRF350R/352R 400 - - V 

IRF351/353,IRF351 R/353R 350 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, ID - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS=20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -100 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - 250 ~A 

VOS - Max Rating x 0.8, VGS - OV, - - 1000 ~A 
TJ = +1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> IO(ON) x rOS(ON) Max, VGS - 10V 
IRF350/351,IRF350R/351 R 15 - - A 

IRF352/353,IRF352R/353R 13 - - A 

Static Drain-Source On-State rOS(ON) VGS = 1 OV, 10 = 8.0A 
Resistance (Note 2) 

IRF350/351,IRF350R/351 R - 0.25 0.3 0 

IRF352/353,IRF352R/353R - 0.3 0.4 0 

Forward Transconductance (Note 2) gts VOS> 10(ON) x rDS(ON)Max,IO - 8.0A 8.0 10 - Sm) 
Input Capacitance CISS VGS - OV, VOS - 25V, f - 1.0MHz - 2000 - pF 

Output Capacitance COSS 
See Figure 1 0 - 400 - pF 

Reverse Transfer Capacitance CRSS - 100 - pF 

Turn-On OelayTime td(ON) VOO '" 180V,I0 - 8.0A, Zo - 4.70 - - 35 ns 

RiseTime tr See Figure 16. (MOSFET switching times - - 65 ns 

Turn-Off Oelay Time td(OFF) 
are essentially independent of operating - - 150 temperature) ns 

Fall Time tf - - 75 ns 

Total Gate Charge Qg VGS - 1 OV,IO - l8A, VOS = 0.8V Max - 79 120 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Qas (Gate charge is essentially independent of - 38 - nC 
Gate-Orain ("Miller") Charge Qad 

operating temperature.) - 41 - nC 

Internal Orain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate 

.~ 
pins and center of 
center of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6rnm 
(0.25") from header lS 
and source bonding 
pad. S 

Junction~to-Case RaJC - - 0.83 °C/W 
Case-to-Sink ROCS Mounting surface flat, smooth and greased - 0.1 - oC/W 

Junction-to-Ambient RaJA Free air operation - - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 15 A 

(Body Diode) syrnbol showing the 
Pulse Source Current ISM integ ral reverse - - 60 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C,IS = 15A, VGS = OV - - 1.6 V 
Reverse Recovery Tirne Irr TJ - +1500 C,IF -15A, dlF/dt - 100A/fiS - 1000 - ns 

Reverse Recovered Charge QRR TJ - +1500 C,IF = 15A, dlF/dt -100N~s - 6.6 - ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +2SoC to +1S00C 
2. Pulse Test: Pulse width :$.300j.1s. 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. Voo = 40V, Start TJ = +2SoC. L = S.66mH, 
Ras = son, IpEAK = 1SA (5 •• Figur. 1S) 

Duty Cycle 5. 2% 
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IRF350, IRF351, IRF352, IRF353 IRF350R, IRF351R, IRF352R, IRF353R 
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Features 

• 25A and 22A, 400V 

• rDS(on) = 0.200 and 0.250 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRF360 and IRF362 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are n-channel enhancement-mode silicon gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transis
tors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 

The IRF-types are supplied in the JEDEC TO-204AE metal 
package. 

IRF360 
IRF362 

N-Channel Power MOSFETs 
Avalanche-Energy Rated 

Package 
TO-204AE 

BonOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRF360 IRF362 UNITS 

Continuous Drain Current 
TC=+250C ............................................. 10 
TC = +1000C ............................................ 10 

Pulsed Drain Current (1) .................................... IOM 
Gate-Source Voltage ..................................... VGS 
Maximum Power DisSipation 

TC = +250C ............................................. Po 
Unear Derating Factor ........................................ . 
Single Pulse Avalanche Energy Rating (2) ..•......•........... EAS 

See Figure 14 
Avalanche Current, Repemive or Non-repetitive (1 ) .•........... IAR 
Operating and Storage Junction ........•.•..•...•...... T J, T STG 
Temperature Range 

Maximum Lead Temperature for Soldering ..................... T L 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

1. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

2. VOO ~ SOV, starting T J ~ +2SoC. L = 2.8mH. RGS = 2S0. Peak IL = 2SA. 

3. Pulse Test: Pulse width:::;, 300flS. Duty Cycle ~ 2%. 

25 
16 

100 
±20 

300 
2.4 
980 

25 
-55 to +150 

300 

22 
14 
88 

±20 

300 
2.4 
980 

25 
-5510+150 

300 

CAUTION: These devices are sensitive to electrostatic discharge. Proper' I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRF360, IRF362 

Electrical Characteristics TC = 250C, Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250flA 

Gate Threshold Voltage VGS(TH) VOS = VGS, 10 = 250~A 

Gate-Source Leakage Forward IGSS VGS=20V 

Gate-Source Leakage Reverse IGSS VGS=-20V 

Zero Gate Voltage Orain Current lOSS VOS = Max Rating, VGS = OV 

VOS = Max Rating x 0.8, VGS = OV, 
TJ=+1250 C 

On-State Orain Current (Note 3) 
IRF360 

10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 

IRF362 

Static Orain-Source On-State 
Resistance (Note 3) 

rOS(ON) VGS = 10V, 10 = 14A 

IRF360 

IRF362 

Forward Transconductance (Note 3) 9fs lOS = 14A, VOS > 50V 

Input Capacitance CISS VGS - OV, VOS - 25V, f - 1.0MHz 

Output Capacitance COSS See Figure 10 

Reverse Transfer Capacitance CRSS 
Turn-On OelayTime td(ON) VOO - 200V, 10 = 25A, RG = 4.30 
Rise Time tr RO = 7.50. (MOSFET switching times 

Turn-Off Oelay Time Id(OFF) 
are essentially independent of operating 
temperature) 

Fall Time tf 
Total Gate Charge Qg VGS = 1 OV, 10 = 25A, VOS = 0.8V x Max 
(Gate-Source + Gate-Orain) Rating. See Figure 16 for test circuit. 

Gate-Source Charge Qas (Gate charge is essentially independent of 

Gate-Orain ("Miller") Charge Qgd 
operating temperature.) 

Internal Orain Inductance LO Measured between Modified MOSFET 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate 

'"~ pins and center of 
center of die. 

Internal Source Inductance LS Measured from the 
source lead, 6mm 
(0.25") from header LS 
and source bonding 
pad. S 

Junction-te-Case RSJC 
Case-to-Sink RSCS Mounting surface flat, smooth and greased 

Junction-te-Ambient ROJA Free air operation 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO T J = +250 C, IS = 25A, VGS = OV 

Reverse Recovery Time trr T J = +250 C, IF - 25A, dlF/dt - 1 OOA/~s 

Reverse Recovered Charge QRR T J = +250 C, IF - 25A, dlF/dt - 1 OOA/~s 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by LS + LO' 

NOTES: 
1. Repetitive Rating: Pulse width limited by max. junction temperature. See 

Transient Thermal Impedance Curve (Figure 5) 
2. VDD = 50V. Starting T J = +250C, L = 2.8mH. IL = 25A 
3. Pulse Test: Pulse widlh ~ 300~s. Duty Cycle", 2% 
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LIMITS 

MIN TYP 

400 -
2.0 -
- -
- -
- -
- -

25 -
22 -

- 0.18 

- 0.20 

14 21 

- 4000 

- 550 

- 97 

- 22 

- 94 

- 80 

- 66 

- 120 

- 19 

- 60 

- 5.0 

- 13 

- -
- 0.10 

- -

- -

- -

- -
200 460 

3.1 7.1 

- -

MAX 

-
4.0 

100 

-100 

250 

1000 

-
-

0.20 

0.25 

-
-
-
-
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140 
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-
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IRF360, IRF362 
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Fig. 12 - Typical on-resistance vs. drain current. 
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m HARRIS IRF420,IRF421 
IRF422, IRF423 

August 1991 

N-Channel Enhnancement Mode 
Power Field-Effect Transistors 

Features Package 

• 2.2A and 2.5A, 450V - 500V 

• rDS(on) = 3.00. and 4.00. 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

TO-204AA 
BonOMVIEW 

DRAIN 
SOU~LANGE) o 

GATE 

The IRF420, IRF421, IRF422, and IRF423 are n-channel 
enhancement mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

The IRF-types are supplied in the JEDEC TO-204AA steel 
package. 

Absolute Maximum Ratings (TC '" +250C), Unless Otherwise Specified 

IRF420 IRF421 

Drain-Source Voltage (1) . . . . . . . . . . . . . . . . . . . . . . . . . . .. VDS 500 450 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR 500 450 
Continuous Drain Current 

TC = +250C ....................................... 10 2.5 2.5 
TC=+1000C ...................................... ID 1.6 1.6 

Pulsed Drain Current (3) .............................. IDM 10 10 
Gate-Source Voltage ............................... VGS ±20 ±20 
Maximum Power Dissipation 

TC = +250C ....................................... Po 50 50 
Linear Derating Factor ................................. .. 0.4 0.4 
Inductive Current, Clamped ............................... . 10 10 

(See Figures 14 & 15, L = 1 OO~H) 
Operating and Storage Junction .................. T J, T STG -5510+150 -5510+150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

D 

G~ 
S 

IRF422 IRF423 

500 450 
500 450 

2.2 2.2 
1.4 1.4 
8.0 8.0 
±20 ±20 

50 50 
0.4 0.4 
8.0 8.0 

-55 to +150 -55 to +150 

300 300 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/oC 

A 

oC 

oC 

1. tJ = +250C to +1500C 3. Repetitive rating: Pulse width limited by maximum junction temperature. 
2. Pulse Test: Pulse width.5 300~s. Duty Cycle.5 2%. See Transient Thermal Impedance Curve (Figure 5). 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRF420, IRF421, IRF422, IRF423 

Electrical Characteristics TC = 250 C. Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV.IO = 250~ 
IRF420.IRF422 500 - - V 

IRF421.IRF423 450 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS. 10 - 2S0pA 2.0 - 4.0 V 
Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS= -20V - - -100 nA 

Zero Gate Voltage Orain Current lOSS VOS = Max Rating. VGS - OV - - 250 ~A 

VOS - Max Rating x 0.8. VGS - OV. - - 1000 ~A 
TJ=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max. VGS- 10V 
IRF420.IRF241 2.S - - A 

IRF242.IRF243 2.2 - - A 
Static Orain-Source On-State rOS(ON) VGS=10V.10=1.4A 
Resistance (Note 2) 

IRF420.IRF241 - 2.S 3.0 0 
IRF242.IRF243 - 3.0 4.0 0 

Forward Transconductance (Note 2) gts VOS > SOV. 10 - l.4A 1.5 2.3 - S(m 
Input Capacitance CISS VGS = OV. VOS = 25V. f = 1.0MHz - 300 - pF 

Output Capacitance COSS 
See Figure 10 - 75 - pF 

Reverse Transfer Capacitance CRSS - 20 - pF 

Turn-On OelayTime td(ON) VOO - 250V.10 = 2.5A. RG = 180 - 10 15 ns 

RiseTime tr See Figure 16. (MOSFET switching times - 12 18 ns 

Turn-Off Oelay Time ld(OFF) 
are essentially independent of operating - 28 42 ns temperature) 

Fall Time If - 12 18 ns 
Total Gate Charge Og VGS -10V.10 - 2.5A. VDS - 0.8 Max - 11 19 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Ogs (Gate charge is essentially independent of - S.O - nC 
Gate-Orain ("Miller") Charge Ogd 

operating temperature.) - 6.0 - nC 

Internal Drain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate inductances. 
pins and center of 

~ 
center of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead. 6mm G I 
(0.25") from header 

LS and source bonding 
pad. S 

Junction-ta-Case ROJC - - 2.5 °C/W 
Case-Io-Sink ROCS Mounting surface flat. smooth and greased - 0.1 - °C/W 

Junction-la-Ambient ROJA Free air operation - - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 2.5 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 10 A 
(Body Diode) (Note 3) P-N june. rectifier. 

Diode Forward Voltage (Note 2) VSO TJ = +250 C.IS = 2.5A. VGS = OV - - 1.4 V 

Reverse Recovery Time tr, TJ = +250 C.IF - 2.5A.dIF/dt-l00A/~s 130 270 540 ns 

Reverse Recovered Charge ORR TJ - +250 C.IF = 2.5A. dlF/dt - 100A/~s 0.57 1.2 2.3 ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +250C to +1 50°c 
2. Pulse Test: Pulse width ::; 30Q~s, Duty Cycle::; 2% 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 
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IRF420, IRF421, IRF422, IRF423 

Performance Curves 
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IRF420, IRF421, IRF422, IRF423 

Performance Curves (Continued) 
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IRF420, IRF421, IRF422, IRF423 

Performance Curves (Continued) 
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m HARRIS 'RF430/431/432/433 
'RF430R/431R/432R/433R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features Package 

• 4.0A and 4.SA, 4S0V - 500V 

• rDS(on) = 1.S0 and 2.00 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

TO-204AA 
BOTTOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

The IRF430, IRF431, IRF432, and IRF433 are n-channel 
enhancement-mode silicon-gate power field-effect transis
tors. IRF430R, IRF431 R, IRF432R and IRF433R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRF430 IRF431 
IRF430R IRF431R 

Drain-Source Voltage (1) ..........•.....••......•... VDS 500 450 
Drain-Gate Voltage (RGS = 20kfl) (1) ....•........... VOGR 500 450 
Continuous Drain Current 

TC=+250 C •..........•..•........................ 10 4.5 4.5 
TC = +1000 C ....•.•............................... ID 3.0 3.0 

Pulsed Drain Current (3) .....•....•...........•....•.. IDM 18 18 
Gate-Source Voltage ............................... VGS ±20 ±20 
Maxim urn Power Dissipation 

TC = +250 C .•.......•......••...•••..............• Po 75 75 
Linear Derating Factor .....•........•.............•...... 0.6 0.6 
Inductive Current, Clamped ........................... ILM 18 18 

(See Figure 14, L = 100~H) 
Single Pulse Avalanche Energy Rating (4) ............... EAS* 300 300 
Operating and Storage Junction ...........•••.... T J, T STG -55to+150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

o 

G 

S 

IRF432 IRF433 
IRF432R IRF433R 

500 450 
500 450 

4.0 4.0 
2.5 2.5 
16 16 

±20 ±20 

75 75 
0.6 0.6 
16 16 

300 300 
-55 to +150 -55 to +150 

300 300 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/oC 

A 

mj 
oC 

oC 

1. TJ = +2S0C to +1S0oC. 4. VDD = SOV. starting T J = +2SoC. L = 2SmH. Ras = 20n.tpEAK = 4.SA. 

2. Pulse Test: Pulse width :0 300~s. Duty Cycle:o 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

'R Suffix Types Only 

See Figure 15. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF430, IRF431, IRF432, IRF433 IRF430R, IRF431 R, IRF432R, IRF433R 

Electrical Characteristics TC = 250C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250flA 
IRF430/432,IRF430R/432R 500 - - V 

IRF431/433, IRF431 R/433R 450 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -100 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - 250 ~A 

VOS - Max Rating x 0.8, VGS - OV, - - 1000 ~A 
TJ = +1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRF430/431, IRF430R/431 R 4.5 - - A 

IRF432/433,IRF432R/433R 4.0 - - A 

Static Orain-Source On-State rOS(ON) VGS - 10V, 10 -.2.5A 
Resistance (Note 2) 

IRF430/431, IRF430R/431 R - 1.3 1.5 0 

IRF432/433,IRF432R/433R - 1.5 2.0 0 

Forward Transconductance (Note 2) gts VOS> 50V, 10 = 2.5A 2.7 3.2 - Sm) 
Input Capacitance CISS VGS = OV, VOS = 25V, f = 1.0MHz - 600 - pF 

Output Capacitance COSS See Figure 1 0 - 100 - pF 

Reverse Transfer Capacitance CRSS - 30 - pF 

Turn-On OelayTime td(ON) VOO - 250V, ID - 4.5A, RG - 120 - 11 17 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 15 23 ns 

Turn-Off Oelay Time td(OFF) 
are essentially independent of operating - 35 53 temperature) ns 

Fall Time tf - 15 23 ns 

Total Gate Charge Og VGS - 1 OV, 10 - 6.0A, VOS - 0.8V Max - 22 32 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Oas (Gate charge is essentially independent of - 3.5 - nC 
Gate-Orain ("Miller") Charge °ad 

operating temperature.) - 11 - nC 

Internal Orain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate 

'~ 
pins and center of 
center of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm 
(0.25") from header LS 
and source bonding 
pad. S 

Junction-te-Case ROJC - - 0.83 oCIW 
Case-to-Sink ROCS Mounting surface flat, smooth and greased - 0.1 - oCIW 
Junction-te-Ambient ROJA Free air operation - - 30 oCIW 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 4.5 A 

(BodyOiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 18 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 4.5A, VGS = OV - - 1.4 V 

Reverse Recovery Time trr TJ = +250 C, IF = 4.5A, dlF/dt = 100A/~s 180 370 760 ns 

Reverse Recovered Charge ORR TJ - +250 C, IF - 4.5A,dIF/dt -100A/~s 0.96 2 4.3 IIC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +250C to +1500 C 
2. Pulse Test: Pulse width < 300~s, 

Duty Cycle:; 2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 50V, Start T J = +250C, L = 25mH, 
RGS = 250, IpEAK = 4.5A (See Figure 15) 
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IRF430, IRF431, IRF432, IRF433 IRF430R, IRF431 R, IRF432R, IRF433R 
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IRF430, IRF431, IRF432, IRF433 
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IRF430, IRF431, IRF432, IRF433 IRF430R, IRF431 R, IRF432R, IRF433R 
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m HARRIS IRF440/441/442/443 
IRF440R/441R/442R/443R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features Package 

• 7A and 8A, 450V - 500V 

• rDs(on) = 0.850 and 1.10 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

TO-204AA 

BOnOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

The IRF440, IRF441, IRF442, and IRF443 are n-channel 
enhancement-mode silicon-gate power field-effect transis
tors. IRF440R, IRF441 R, IRF442R and IRF443R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRF440 IRF441 
IRF440R IRF441R 

Drain-Source Voltage (1) ............•............... VDS 500 450 
Drain-Gate Voltage (RGS = 20k(1) (1) ................ VDGR 500 450 
Continuous Drain Current 

TC=+250C ....................................... 10 8.0 8.0 
TC=+1000C ...................................... 10 5.0 5.0 

Pulsed Drain Current (3) •......................... " .. 10M 32 32 
Gate-Source Voltage .•............................. VGS ±20 ±20 
Maximum Power Dissipation 

TC = +250C ....................................... Po 125 125 
Linear Derating Factor ...................•............... 1.0 1.0 
Inductive Current, Clamped.; ..................... " .. ILM 32 32 

(See Figure 14, L = 100~H) 
Single Pulse Avalanche Energy Rating (4) ............... EAS' 510 510 
Operating and Storage Junction .................. TJ, TSTG -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ...........•... TL 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

D 

G 

S 

IRF442 IRF443 
IRF442R IRF443R 

500 450 
500 450 

7.0 7.0 
4.4 4.4 
28 28 

±20 ±20 

125 125 
1.0 1.0 
28 28 

510 510 
-55 to +150 -55 to +150 

300 300 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/oC 

A 

m; 
°C 

oc 

1. TJ = +250C to +1500C. 

2. Pulse Test: Pulse width .:;; 300~s. Duty Cycle.:;; 2%. 

4. VOO = 50V. starling TJ = +250C. L = 14mH. RGS = 250.lpEAK = BA. 
5ee Figure 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C.' handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF440, IRF441, IRF442, IRF443 IRF440R, IRF441R, IRF442R, IRF443R 

Electrical Characteristics Te == 250 e, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV,IO = 2501lA 
IRF440/442,IRF440R/442R 500 - - V 

IRF441/443,IRF441 R/443R 450 - - V 

Gate Threshold Voltage VGSITHI VOS - VGS, 10 - 250~A 2.0 - 4.0 V 
Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -100 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - 250 ~A 

VOS = Max Rating x 0.8, VGS = OV, - - 1000 ~A 
TJ=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS - 10V 
IRF440/441,IRF440R/441 R 8.0 - - A 

IRF442/443,IRF442R/443R 7.0 - - A 

Static Drain-Source On-State rOS(ON) VGS - 1 OV,IO - 4.4A 
Resistance (Note 2) 

IRF440/441,IRF440R/441 R - 0.70 0.85 n 
IRF442/443,IRF442R/443R - 0.85 1.1 n 

Forward Transconductance (Note 2) gts VOS ~ 50V, 10 = 4.4A 4.9 7.5 - S(U) 

Input Capacitance CISS VGS = OV, VOS = 25V, f = 1.0MHz - 1225 - pF 

Output Capacitance COSS 
See Figure 10 - 200 - pF 

Reverse Transfer Capacitance CRSS - 85 - pF 

Turn-On OelayTime td{ON) VOO = 250V,I0 '" 8A, RG = 9.1 n - 15 21 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 22 35 ns 

Turn-Off Delay Time id(OFFl 
are essentially independent of operating - 49 74 ns temperature) 

Fall Time If - 20 30 ns 

Total Gate Charge Og VGS -1 OV,IO - 8A, VOS - 0.8V Max - 42 63 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 9 - nC 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) - 22 - nC 

Internal Orain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate inductances. 
pins and center of 

~ 
center of die. 

Internal Source Inductance LS Measu red from the - 12.5 - nH 
source lead, 6mm 
(0.25") from header 

LS and source bonding 
pad. S 

Junction-to-Case ROJC - - 1.0 °C/W 
Case-to-Sink ROCS Mounting surface flat, smooth and greased - 0.1 - oC/W 

Junction-to-Ambient ROJA Free air operation - - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 8.0 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 32 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C,IS = 8.0A, VGS = OV - - 2.0 V 

Reverse Recovery Time trr T J - +250 C, IF - 8.0A, dlF/dt = 1 OON~s 210 460 970 ns 

Reverse Recovered Charge ORR TJ - +250 C,IF - 8.0A, dlF/dt - 100A/~s 2 4 8.9 ~C 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +250C 10 +1500C 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. Vee = 50V. Start TJ = +250C. L = 14mH. 
2. Pulse Test: Pulse width < 300~s. 

e uty Cycle :S 2% 
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IRF440, IRF441, IRF442, IRF443 IRF440R, IRF441 R, IRF442R, IRF443R 

Performance Curves 
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IRF440, IRF441, IRF442, IRF443 IRF440R, IRF441 R, IRF442R, IRF443R 

Performance Curves (Continued) 
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IRF440, IRF441, IRF442, IRF443 IRF440R, IRF441R, IRF442R, IRF443R 

Performance Curves (Continued) 
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mHARRIS IRF450/451/452/453 
,RF450R/451R/452R/453R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features Package 

• 11A and 13A, 450V - 500V 

• rDS(on) = 0.40. and 0.50. 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

TO-204M 

BOTTOM VIEW 

DRAIN 
SOU~LANGE) o 

GATE 

The IRF450, IRF451, IRF452. and IRF453 are n-channel 
enhancement-mode silicon-gate power field-effect transis
tors. IRF450R, IRF451 R, IRF452R and IRF453R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

iRF450 IRF451 
IRF450R IRF451R 

Drain-Source Voltage (1) ............................ VDS 500 450 
Drain-Gate Voltage (RGS = 20kO) (1) •.••............ VDGR 500 450 
Continuous Drain Current 

TC=+250C ....................................... ID 13 13 
TC=+1000C ...................................... ID 8.1 8.1 

Pulsed Drain Current (3) .............................. ID M 52 52 
Gate-Source Voltage ............................... VGS ±20 ±20 
Maximum Power Dissipation 

TC=+250C ...•..••.....•........................ ,PD 125 125 
Linear Derating Factor ................................... 1.2 1.2 
Inductive Current, Clamped ........................... ILM 52 52 

(See Figure 14, L = 100~H) 
Single Pulse Avalanche Energy Rating (4) ............... EAS* 860 860 
Operating and Storage Junction ....•.......•..... TJ, TSTG -55to+150 -55 to +150 
Temperature Range 

Maximum Lead TemperatureforSoldering ............... TL 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

o 

G~ 
S 

IRF452 IRF453 
IRF452R IRF453R 

500 450 
500 450 

11 11 
7.2 7.2 
44 44 

±20 ±20 

125 125 
1.2 1.2 
4& 48 

860 860 
-55 to +150 -55to+150 

300 300 

UNITS 

V 
V 

A 
A 
A 
V 

W 
WloC 

A 

mj 

°c 

°C 

1. TJ = +250 C to +1 SOoC. 4. Voo = 25V. starting TJ = +250 C. L = 9.2mH. RGS = 250. IpEAK = 13A. 

2. Pulse Test: Pulse width :;:. 300~s. Duty Cycle::: 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal· Impedance Curve (Figure 5). 

*R Suffix Types Only 

See Figure 15. 

CAUTION: These·devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF450, IRF451, IRF452, IRF453 IRF450R, IRF451R, IRF452R, IRF453R 

Electrical Characteristics Te = 250e. Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV. 10 = 2501lA 
IRF450/452.IRF450R/452R 500 - - V 

IRF451 /453.IRF451 R/453R 450 - - V 

Gate Threshold Voltage VGSITH) VOS = VGS. 10 = 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -100 nA 

Zero Gate Voltage Orain Current lOSS VOS = Max Rating. VGS = OV - - 250 ~A 

VOS = Max Rating x 0.8. VGS = OV. - - 1000 ~A 
TJ=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max. VGS - 10V 
IRF450/451.IRF450R/451 R 13 - - A 

IRF452/453.IRF452R/453R 11 - - A 

Static Orain-Source On-State rOS(ON) VGS - 1 OV.IO - 7.2A 
Resistance (Note 2) 

IRF450/451.IRF450R/451 R - 0.3 0.4 0 

IRF452/453.IRF452R/453R - 0.4 0.5 0 

Forward Transconductance (Note 2) gts VOS> 50V.10 - 7.2A 6.0 11 - Sm) 

Input Capacitance CISS VGS - OV. VOS = 25V. f - 1.0MHz - 1800 - pF 

Output Capacitance COSS 
See Figure 10 - 400 - pF 

Reverse Transfer Capacitance CRSS - 100 - pF 

Turn-On OelayTime td(ON) VOO - 250V,I0 '" 13A. RG - 6.20 - 20 27 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 40 66 ns 

Turn-Off Oelay Time td(OFF) 
are essentially independent of operating - 72 100 ns temperature) 

Fall Time tf - 35 60 ns 

Total Gate Charge Og VGS -10V.10 = 13A, VOS - 0.8V Max - 85 130 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Oas (Gate charge is essentially independent of - 12 - nC 

Gate-Orain ("Miller") Charge °ad 
operating temperature.) - 42 - nC 

Internal Orain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate inductances. 
pins and center of 

~ 
center of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead. 6mm 
(0.25") from header 

LS and source bonding 
pad. S 

Junction-to-Case ROJC - - 0.83 oCIW 
Case-to-Sink ROCS Mounting surface flat. smooth and greased - 0.1 oCIW 

Junction-to-Ambient RaJA Free air operation - - 30 oCIW 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 13 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 52 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C.IS = 13A, VGS = OV - - 1.4 V 

Reverse Recovery Time trr T J - +250 C, IF - 13A, dlF/dt - 1 OOAl~s 280 600 1200 ns 

Reverse Recovered Charge ORR TJ - +250 C.IF = 13A. dlF/dt - 1 OOA/~s 3.2 7.5 14 ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +250C 10 +150oC 
2. Pulse Tesl: Pulse widlh < 300~s, 

Duly Cycle ,.5-2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 25V, Slart T J = +250C, L = 9.2mH, 
Ras = 250, IpEAK = 13A (See Figure 15) 
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Performance Curves 
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Performance Curves (Continued) 
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Performance Curves (Continued) 
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Features 

• 21A and 19A, 500V 

• rDslon) = 0.270 and 0.350 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRF460 and IRF462 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are n-channel enhancement-mode silicon gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transis
tors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 

The IRF-types are supplied in the JEDEC TO-204AE metal 
package. 

IRF460 
IRF462 

N-Channel Power MOSFETs 
Avalanche-Energy Rated 

Package 
TO-204AE 

BOnOMVIEW 

DRAIN 
SOU~LANGE) o 

GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

o 

G 

S 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRF460 IRF462 UNITS 

Continuous Drain Current 
TC = +250 C ...........•...................•.........•... 10 
TC = +1000 C ............................................ 10 

Pulsed Drain Current (1) .......................••........... IDM 
Gate-Source Voltage ..................................... V GS 
Maximum Power Dissipation 

TC = +250 C ...................................•......... Po 
Linear Derating Factor ........................................ . 
Single Pulse Avalanche Energy Rating (2) .................... EAS* 

See Figure 14 
Avalanche Current, Repetitive or Non-repetitive (1) ............. IAR 
Operating and Storage Junction ......•................. T J, T STG 
Temperature Range 

Maximum Lead Temperature for Soldering ..................... T L 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

1. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5), 

2. VDD = 50V.starting TJ = +250C. L = 4.9mH. RGS = 250. Peak IL = 21A. 

3. Pulse Test: Pulse width :<;'300~s. Duty Cycle s.2%. 

21 
14 
84 

±20 

300 
2.4 

1200 

21 
-55 to +150 

300 

19 
12 
76 

±20 

300 
2.4 

1200 

21 
-55 to +150 

300 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF460, IRF462 

ELECTRICAL CHARACTERISTICS At Case Temperature (TJ) = 25° C Unless Otherwise Specified 
Parameter 

BVOSS Drain-ta-Source Breakdown Voltage 

ROSlon} Static Drain-tc:rSource 
On-State Resistance @ 

101on} On-State Drain Current @ 

VGSlth} Gate Threshold Voltage 

915 Forward Transconductance @ 

lOSS Zero Gate Voltage Drain Current 

IGSS Gate-ta-Source Leakage Forward 

--'-GSS Gate-to-Source Leakage Reverse 

Og Total Gate Charge 

Ogs Gate-to-Source Charge 

Ogd Gate-ta-Drain ("Miller") Charge 

tdlon} Turn-On Delay Time 

t, Rise Time 

'dloffi Turn-Off Delay Time 

tf Fall Time 

LO Internal Drain Inductance 

LS Internal Source Inductance 

Ciss Input Capacitance 

Coss Output Capacitance 

Crss Reverse Transfer Capacitance 

RthJC Junction-ta-Case 

RthJS Case-to-Sink 

RthJA Junction-to-Ambient 

® Repetitive Rating; Pulse width limited by 
maximum junction temperature (see figure 5) 
Refer to current HEXFET reliability report 

@ @ VOO ~ 501( Starting T J ~ 25°C, 
L ~ 4.9 "H, RG ~ 250, 
F\>ak IL ~ 21A. 

Type Min. Typ. Max. Units Test Conditions 

All 500 - - V VGS ~ 01( 10 ~ 250 "A 

IRF460 - 0.24 0.27 
0 VGS ~. 101( 10 ~ 12A 

IRF462 - 0.27 0.35 

IRF460 21 - - A VOS> 101on} X ROSlon} Max. 

IRF462 19 - - VGS ~ lOV 

All 2.0 - 4.0 V VOS ~ VGS, 10 ~ 25O"A 

ALL 13 20 - SIIlI VOS " 5OV, lOS ~ 12A 

ALL 
- - 250 

"A 
VOS ~ Max. Rating, V GS ~ OV 

- - 1000 VOS =: 0.8 x Max. Rating 

VGS ~ OV, TJ ~ 125°C 

ALL - - 100 nA VGS ~ 20V 

ALL - - -100 nA VGS ~ -20V 

ALL - 120 190 nC VGS ~ 101( 10 ~ 21A 

ALL - 18 - nC 
VOS =: 0.8 x Max. Rating 
See Fig. 16 

ALL - 62 - nC (Independent of operating temperature) 

ALL - 23 35 ns VOO ~ 250V, 10 ~ 21A, RG ~ 4.30 

ALL - 81 120 ns RO ~ 120 

ALL - 85 130 ns See Fig. 15 

ALL - 65 98 ns (ln~ependent of operating temperature) 

ALL - 5.0 - nH Measured from the drain Modified MOSFET symbol 
lead, 6mm (0.25 in.) from 

_h'~~ package to center of die. inductances. ~ D 

ALL - 13 - nH Measured from the source ~~ lead, 6mm (O.25 in.) from 
package to source bonding 
pad. 

, 

ALL - 4100 - pF VGS ~ OV, VOS ~ 25V 

ALL - 480 - pF f ~ 1.0 MHz 

ALL - 84 - pF See Fig. 10 

ALL - - 0.42 °C/W 

ALL - 0,10 - °C/W Mounting surface flat, smooth, and greased 

ALL - - 30 °C/W Typical socket mount 

@ Pulse width s 300 IJ.S; Duty Cycle s 2% 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
Parameter Type Min. Typ. Max. Units Test Conditions 

IS Continuous Source Current ALL - - 21 A Modified MOSFET symbol showing the integral 
IBody Oiodel Reverse p-n junction rectifier. 

~ ISM Pulsed Source Current ALL - - 84 A 
(Body Diode) CD 

VSO Diode Forward Voltage @ ALL - - 1.8 V TJ ~ 25"C, IS ~ 21A, VGS = OV 

trr Reverse Recovery Time ALL 280 580 1200 ns TJ ~ 25°C, IF = 21A, dildt = 100 AI"" 

ORR Reverse Recovery Charge ALL 3.8 8.1 18 "C 

Ion Forward Turn-On Time ALL Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by LS + Ln. 

4-272 



IRF460, IRF462 

40 102 

OV ~6 OV BOps PULSE TEST Vos > 50V 

U) 32 
w 
a: w 
0-

'" ~ 
24 

1-46 8 

40 

en 32 
Ii' 
\.oJ 
0-
X 
~ 

... 
z 
w 
a: 
a: 
::J 
u 

~ .. 
a: 
Cl 

24 

16 

...... 0 8 

.. . 
BOps PULSE TEST 

A 

Ui 
10 w ~ 

a: 
w 
0-

'" 55V-
~ 

I 
>-z 
w 
a: 
a: =TJ i50DC 'rk T J 25°C 
::J 
<.J 

~ .. 
a: 
Cl 0 1 

.3 

I 

I I VGS",.OV 

4L."... 
I 

I 
4 OV_ 

50 100 150 200 250 4 8 10 
VOS' ORAIN-TO-SOURCE VOLT AGE (VOLTS) V GS' GATE - TO-SOURCE VOLT AGE (VOLTS) 

Fig. 1 . Typical output characteristics. Fig. 2· Typical transfer characteristics. 

80p5 PULSE TEST 
)OV .. 6.6v-

L, /" 
5= f= OPERATION IN THIS AREA LIMITED 

- r- BY AOS (ON) 

2 

/"'" 
f' 5.5V-

~ 

= IAF460 1 JLS 

5~ IRF462 10J.LS 

- IRF460 ..... 
1O~J - IAF462 .... JLs 

II 1 ms 

VGS 5.0V 10 
ms 

IF 
I 4L= 

IF I 
4.0V ... 

5t= TC- 25°C DC 

~ TJ 150°C 
21- SINGLE PULSE 

0.1 
1 5 10 5 102 2 5 4 12 16 20 

VOS' DRAIN-TO-SOURCE VOLTAGE (VOLTS) VOS' OAAIN·TQ·SOUACE VOLTAGE (VOLTS) 

92GS-44230 

Fig. 3 . Typical saturation characteristics. Fig. 4 . Maximum safe operating area. 

jO 

0Ll 

~O. 

rr II ..... 

'~~~~A.PU~~~~ I 
:) NOTES: 

1. DUTY FACTOR. D t 1/t 2 

II !III 2. PEAK TJ=PDM X ZthJC + 

10-3 10-2 0.1 1 

(SECONDS) RECTANGULAR PULSE DURATION 

P~ 
l<-t l '1 ~ <------t2 

Tc 

Fia. 5 - Maximum effective transient thermal imoedance. iunction-to-case VS. Dulse duration. 

4-273 

10 

~ 
-JLIJ 
LlJIL 
ZC/) 
zO 
ce:::t 
Xa: 
c,>LIJ 

z~ 
a. 



IRF460, IRF462 

40 

en 
z 32 '" :>: 
~ 
!!l 

'" 24 u z .., 
>-
u 
:::> 
0 z 

15 0 
u 
Ul z .., 
<I 
>-

.i' 
'" 

Vos :::: 50V 

80e5 PULSE TEST 

-l-

V ..... 
T "'250c 

V J I I 
V /' V -I I 

/ V 
T J'= i500C 

IV 
II 
If 

8 15 24 32 
10, DRAIN CURRENT (AMPERES) 

40 

Fig. 6 - Typical transconductance vs. drain current. 

1.25 

V i-" 

V 
./ V 

./ 
/" 

/' 
/" 

10 ~ ImA 

.75 
-50 -40 -20 0 20 40 50 80 100 120 140 160 

T J. JUNCTION TEMPERATURE (oC) 

Fig. 8 - Breakdown voltage vs. temperature. 

10000 

8000 

1..U GOOO 
u z .., 
~ 
u .., 
~ 4000 
u 

2000 

o 

VGS - av, f - 1MHz 

Ciss '" Cgs + Cgd. Cds SHORTED 

"- erss '" Cgd 

"'- COSS '" Cds + egs egd / [Cgs + Cgd) 

\. " 
'" Cds + egd 

II 
\. IJI 

1\ I\. 
ISS ............ 

t-- f-. 

\ I'\. 

\ I' 

~ os~ 

erss ...... r-I-
I 10 102 

VDS' DRAIN-TO-SOURCE VOL rAGE (VOLTS) 

Fig. 10 - Typical capacitance vs. drain-to-source voltage. 

4-274 

102 

en 
'" 0: r/ 
W 
a. V 
:>: 
:0 
>- 10 

/ II 
z 
W 
<I 

r= T J-150oC 
<I 
:::> 
u 

~ I I I .., 
<I 
0 II I T J=250C 

W 
Ul 
<I 

'" > 
W 
0: 

Ii: 
HO 

o. I 

I 

I 
0 .0 0.4 0.8 1.2 16 2.0 

VSO' SOURCE-TO-oRAIN VOLTAGE (VOLTS) 

Fig. 7 - Typical source-drain diode forward voltage. 

3.0 

'" 10 ~ 21A 
u 
z .., 
>-
~ 2.4 
Ul 
w 
0: / 
Z 
0 

w 3 1 ,8 u 
0: w 
:::> ~ 0 

/ 

/ 
Ul ...J 
I « 

0 :>: 
>- ~I .2 I 

~ 6 
« 

...... V 
V 

0: 
0 

~ 
0.6 

V 
....-

Ul 
0 

0: VGS e IOV 
0.0 

-60 -40 -20 0 20 40 60 80 100 120 140 160 
T J. JUNCTION TEMPERATURE (oC) 

Fig. 9 - Normalized on-resistance vs. temperature. 

W 
LO 
« 
>-

20 

5 12 
> 
w 
U 
0: 
:::> 
o 
Ul 
I 
o 
>
I 

LU 
>« 
LO 

OJ 
LO 

> 

4 

0 

TO - 21A I I I 
vos "" 400V~ 
vos '" 250V 

':jj vos e 100V-

~ 
~ 

~ 
~ 

/ 
/ 

1/ FOR TEST CIRCUIT 

SEE FIGURE 15 

40 80 120 160 

Qg. TOTAL GATE CHARGE (nC) 
200 

Fig. 11 - Typical gate charge vs. gate-to-source voltage. 



IRF460, IRF462 

2.5 80ps PULSE TEST 
UJ 
U 
Z 
< 
I-

~ 
Ul 

2.0 
UJ 
a: 
z 
a 
UJ 1.5 u 
a: 
::> a 
Ul 
I 

a 
I- 1.0 I 

~ 
< 

VG5 ~ 10V I 
I 

a: 
a V '" C 

0.5 

E -..-~ 
Ul VG5 ~ 20V -
a 

a: -
0.0 o 

vI' I 
20 40 60 80 
10 , DRAIN CURRENT (AMPERES) 

Fig. 12 - Typical on-resistance vs. drain current. 
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Fig. 14a - Unclamped inductive test circuit. 
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Fig. 13 - Maximum drain current vs. case temperature. 

BVoss 

r-tP----l 
Il~1 

-----, I 
I 

\ 
\ 

Vos 

Voo 

'------

Fig. 14b - Unclamped inductive waveforms. 

9~------~~-------------\~-----t.~ 

10% ---J'-~-----\:-----------+---,f-~--i--
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Ell HARRIS 'RF510/511/512/513 
'RF510R/511R/512R/513R 

AU9ust 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 4.9A and 5.SA, 80V - 100V 

• rDs(on) = 0.540 and 0.740 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

: 
SOURCE 

::. DRAIN 
GATE 

The IRF510, IRF511, IRF512, and IRF513 are n-channel 
enhancement-mode silicon-gate power field-effect transis
tors. IRF510R, IRF511 R, IRF512R and IRF513R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated Circuits. 

N-CHANNEL ENHANCEMENT MODE 

D 

G~ 
The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRF510 IRF511 
IRF510R IRF511R 

Drain-Source Voltage (1) ............................ VDS 100 80 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VOGR 100 80 
Continuous Drain Current 

TC = +250C ....................................... ID 5.6 5.6 
TC=+1000C ............................. , ........ ID 4 4 

Pulsed Drain Current (3) •............................. IOM 20 20 
Gate-SourceVoltage ............................... VGS ±20 ±20 
Maximum Power Dissipation 

Te = +250C ....................................... Po 43 43 
Linear Derating Factor .........••........................ 0.29 0.29 
Inductive Current, Clamped ........................... ILM 16 16 

(See Figure 14, L = 100pH) 
Single Pulse Avalanche Energy Rating (4) ............... EAS* 19 19 
Operating and Storage Junction .................. T J, T STG -55to +175 -55to+175 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for las) 

NOTES: 

S 

IRF512 
IRF512R 

100 
100 

4.9 
3.4 
18 

±20 

43 
0.29 
14 

19 
-55 to +175 

300 

IRF513 
IRF513R 

80 
80 

4.9 
3,4 
18 

±20 

43 
0.29 
14 

19 
-55 to +175 

300 

UNITS 

V 
V 

A 
A 
A 
V 

W 
Wloc 

A 

mJ 

°c 

oC 

1. TJ = +250C to +1500C. 4. VDD = 25V, starting TJ = +250C, L = 91 OMH, Ras = 250, IpEAK = 5.6A. 

2. Pulse Test: Pulse width ~ 3OOMS, Duty Cycle :s 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

'*R Suffix Types Only 

See Figure 15. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF570, IRF57 7, IRF572, IRF573 IRF570R, IRF57 7R, IRF572R, IRF573R 

Electrical Characteristics TC = 250C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250JlA 
IRF51 0/512, IRF51 OR/512R 100 - - V 

IRF511/513, IRF511 R/513R 80 - - V 

Gate Threshold Voltage VGS(TH) VOS = VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -500 nA 

Zero Gate Voltage Drain Current lOSS VOS - Max Rating, VGS - OV - - 250 ~A 

VOS = Max Rating x 0.8, VGS - OV, - - 1000 ~A 
TJ = +1500 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRF51 0/511, IRF510R/511 R 5.6 - - A 

IRF512/513,IRF512R/513R 4.9 - - A 

Static Drain-Source On-State rOS(ON) VGS = 10V, 10 = 3.4A 
Resistance (Note 2) 

IRF510/511, IRF510R/511 R - 0.4 0.54 0. 

IRF512/513,IRF512R/513R - 0.5 0.74 0. 

Forward Transconductance (Note 2) 9ls VOS> 50V, 10 - 3.4A 1.3 2.0 - Sm) 

Input Capacitance CISS VGS - OV, VOS - 25V, f - 1.0MHz - 135 - pF 

Output Capacitance COSS 
See Figure 1 0 - BO - pF 

Reverse Transfer Capacitance CRSS - 20 - pF 

Turn-On OelayTime td(ON) VOO - 50V, 10 '" 5.6A, RG - 240. - 8 11 ns 

RiseTime tr See Figure 16. (MOSFET switching times - 25 36 ns 

Turn-Off Delay Time id(OFF) 
are essentially independent of operating - 15 21 temperature) ns 

Fall Time tf - 12 21 ns 

Total Gate Charge Og VGS = 1 OV, 10 - 5.6A, VOS - O.BV Max - 5.0 7.7 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Oas (Gate charge is essentially independent of - 2.0 - nC 

Gate-Drain ("Miller") Charge Oad 
operating temperature.) - 3.0 - nC 

Internal Drain Inductance LO Measured from the Modified MOSFET - 3.5 - nH 
contact screw on symbol showing the 
tab to center of die internal device 

inductances. 
Measured from the 

~ 
- 4.5 - nH 

drain lead, 6mm 
(0.25in.) from pack-
age to center of die G I 

Internai Source Inductance LS Measured from the - 7.5 - nH 
source lead, 6mm LS 
(0.25") from header S and source bonding 
pad. 

Junction-ta-Case RaJC - - 3.5 °C/W 
Case-to-Sink Recs Mounting surface flat, smooth and greased - 0.1 - °C/W 
Junction-to-Ambient RaJA Free air operation - - 80 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 5.6 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 20 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO T J = +250 C, IS = 5;6A, VGS = OV - - 2.5 V 

Reverse Recovery Time trr TJ - +250 C, IF = 5.6A, dlF/dt = 100A/~s 4.6 96 200 ns 

Reverse Recovered Charge ORR T J - +250 C, IF = 5.6A, dlF/dt - 100A/fiS 0.17 0.4 0.83 flC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: Pulse width < 300~s, 

Duty Cycle ~ 2% 

.. . . 
3. Repetitive Rating: Pulse width limited by max. 

junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 25V, Start TJ = +250C, L = 910~H, 
RGS = 25.0, IpEAK = 5.6A (See Figure 15) 
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IRF510, IRF5", IRF512, IRF513 IRF510R, IRF511R, IRF512R, IRF513R 

Performance Curves 
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IRF510, IRF511, IRF512, IRF513 IRF510R, IRF511R, IRF512R, IRF513R 

Performance Curves (Continued) 
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IRF510, IRF511, IRF512, IRF513 IRF510R, IRF511R, IRF512R, IRF513R 

Performance Curves (Continued) 
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til HARRIS IRF520/521/522/523 
IRF520R/521R/522R/523R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 8A and 9.2A, 80V - 100V 

• rDslon) = 0.270 and 0.360 

Package 
TO-220AB 

TOP VIEW 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 
: ~~~~CE 

GATE 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRF520, IRF521, IRF522, and IRF523 are n-channel 
enhancement-mode silicon-gate power field-effect transis
tors. IRF520R, IRF521 R, IRF522R and IRF523R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) ............................ VOS 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VOGR 
Continuous Drain Current 

TC = +250C ...................•.......••.......... 10 
TC=+1000 C ..............•.•..•........•......... 10 

Pulsed Drain Current (3) .............................. 10M 
Gate-Source Voltage ............................... V GS 
Maximum Power Dissipation 

TC = +250 C ••..................................... Po 
Linear Derating Factor .................................. . 
Inductive Current, Clamped ........................... ILM 

(See Figure 14, L = 100flH) 
Single Pulse Avalanche Energy Rating (4) ............... EAS* 
Operating and Storage Junction .................. T J, T STG 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

IRF520 
IRF520R 

100 
100 

9.2 
6.5 
37 

±20 

60 
0.4 
32 

36 
-55to+175 

300 

IRF521 
IRF521R 

80 
80 

9.2 
6.5 
37 

±20 

60 
0.4 
32 

36 
-55 to +175 

300 

o 

G~ 
S 

IRF522 IRF523 
IRF522R IRF523R 

100 80 
100 80 

8 8 
5.6 5.6 
32 32 

±20 ±20 

60 60 
0.4 0.4 
28 28 

36 36 
-55 to +175 -55 to +175 

300 300 

1. TJ = +250C to +1 500C. 

2. Pulse Test: Pulse width ::: 300~s, Duty Cycle S 2%. 

4. VDD = 25V, starling TJ = +250C, L = 640~H, RGS = 25fl, 
IpEAK = 9.2A. 5ee Figures 15 & 16. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

"'R Suffix Types Only 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/oC 

A 

mJ 

°c 

°C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 1574.1 
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JRF520, JRF521, JRF522, JRF523 JRF520R, JRF521R, JRF522R, JRF523R 

Electrical Characteristics Te = 250e, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250flA 
IRF520/522,IRF520R/522R 100 - - V 

IRF521 /523, IRF521 R/523R BO - - V 
Gate Threshold Voltage VGS(TH) VOS = VGS, 10 = 250llA 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS=20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -500 nA 

Zero Gate Voltage Orain Current lOSS VOS = Max Rating, VGS = OV - - 250 IIA 
VOS = Max Rating x O.B, VGS = OV, - - 1000 IIA 
TJ=+1500C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS - 10V 
IRF520/521, IRF520R/521 R 9.2 - - A 

IRF522/523,IRF522R/523R B.O - - A 

Static Orain-Source On-State rOS(ON) VGS = 1 OV, 10 - 5.6A 
Resistance (Note 2) 

IRF520/521, IRF520R/521 R - 0.25 0.27 0 

IRF522/523,IRF522R/523R - 0.27 0.36 0 

Forward Transconductance (Note 2) gts VOS > 50V, 10 - 5.6A 2.7 4.1 - Sm) 
Input Capacitance CISS VGS - OV, VOS - 25V, f = 1.0MHz - 350 - pF 

Output Capacitance COSS See Figure 10 - 130 - pF 

Reverse Transfer Capacitance CRSS - 25 - pF 

Turn-On OelayTime td(ON) VOO = 50V, 10 "" 9.2A, RG = 1BO - 9 13 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 30 45 ns 

Turn-Off Delay Time 1tiIOFF) 
are essentially independent of operating - 1B 29 ns temperature) 

Fall Time tf - 20 30 ns 

Total Gate Charge Og VGS -10V, 10 - 9.2A, VOS -O.BV Max - 10 15 nC 
(GatecSource + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 2.5 - nC 

Gate-Drain ("Miller") Charge Ogd 
operating temperature.) - 2.5 - nC 

Internal Orain Inductance LO Measured from the Modified MOSFET - 3.5 - nH 
contact screw on symbol showing the 
tab to center of die internal device 

inductances. 
Measured from the 

~ 
- 4.5 - nH 

drain lead, 6mm 
(0.25in.) from pack-
age to center of die 

G I 
Internal Source Inductance LS Measured from the - 7.5 - nH 

source lead, 6mm LS 
(0.25") from header 

S and source bonding 
pad. 

Junction-te-Case ReJC - - 2.5 °C/W 
Case-to-Sink Recs Mounting surface flat, smooth and greased - 0.5 - °C/W 
Junction-te-Ambient ReJA Free air operation - - BO °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 9.2 A 

(BodyOiode) symbol showing the 

Pulse Sourc" Current ISM integral reverse - - 37 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 9.2A, VGS = OV - - 2.5 V 

Reverse Recovery Time trr TJ - +250 C, IF - 9.2A, dlF/dt - 100A/lls 5.5 100 240 ns 

Reverse Recovered Charge ORR TJ - +250 C, IF - 9.2A, dlF/dt - 100A/IIS 0.25 0.5 1.1 IIC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO. 

NOTES: 1. T J = +250C to +1500C 
2. Pulse Test: Pulse width:; 300fiS. 

.. . . 3. RepetitIVe Rating: Pulse width limited by max . 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 25V, Start TJ = +250 C. L = 640~H, 
RGS = 25n, IpEAK = 9.2A 

Duty Cycle ~ 2% (See Figures 15 & 16) 
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Performance Curves 
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IRF520, IRF521, IRF522, IRF523 IRF520R, IRF521 R, IRF522R, IRF523R 

Performance Curves (Continued) 
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Performance Curves (Continued) 
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miHARRIS 'RF530/531/532/533 
'RF530R/531R/532R/533R 

May 1992 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• l2A and l4A, SOV - 100V 

• rDS(on) = 0.160 and 0.230 

Package 
TO-220AB 
TOP VIEW 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited : ~~~~CE 
GATE 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRF530, IRF53l, IRF532, and IRF533 are n-channel 
enhancement-mode silicon-gate power field-effect transis' 
tors. IRF530R, IRF531 R, IRF532R and IRF533R types are 
advanced power MOSI=ETs designed, tested, and guaranteed 
to withstand a speCified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

G~ 
S 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) •.•.•.•••••••.•••••.••••.••• VOS 
Drain-Gate Voltage (RGS = 20kO) (1) .•.•••.••.••..•• VOGR 
Continuous Drain Current 

TC=+250C •.....•.•..•...••••••••.•.•••..••.•.••• 10 
TC=+1000C ...••••.....•.•.•.•.••...••.....•..••• 10 

Pulsed Drain Current (3) •.......•••••••.••••..••••..•• 10M 
Gate-Source Voltage ••••••••••••••••••••••••••••••• VGS 
Maximum Power Dissipation 

TC=+250C •••.•....••••..•.••.••.•..••••.•.•••.•• PO 
Linear Derating Factor ••.•••••.•••..••••••.•••••••••••••• 
Inductive Current, Clamped .•••.•••••••.••••...•••.••• ILM 

(See Figure 14, L = 1001lH) 
Single Pulse Avalanche Energy Rating (4) ...••...••••.•. EAS· 
Operating and Storage Junction •.•••••.••.••••• " T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering •••.••.•••.••.. TL 
(0.063" (1 .6mm) from case for 1 Os) 

NOTES: 

1. TJ = +2Soc to +1500C. 

2. Pulse Test: Pulse width S 300~s, Duty Cycle :s 2%. 

IRF530 IRF531 IRF532 IRF533 
IRF530R IRF531R IRF532R IRF533R 

100 80 100 80 
100 80 100 80 

14 14 12 12 
10 10 8.3 8.3 
56 56 48 48 

±20 ±20 ±20 ±20 

79 79 79 79 
0.53 0.53 0.53 0.53 
56 56 48 48 

69 69 69 69 
-55to+175 -55to+175 -55 to +175 -55 to +175 

300 300 300 300 

4. VDD = 25V, starting TJ = +2SoC, L = S30~H, Ras = 250, 
IpEAK = 14A. See Figure 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 

UNITS 

V 
V 

A 
A 
A 
V 

mJ 
oc 

°C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 

File Number 1575.2 
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IRF530, IRF531, IRF532, IRF533 IRF530R, IRF531R, IRF532R, IRF533R 

Electrical Characteristics TC = 250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250fjA 
IRF530/532,IRF530R/532R 100 - - V 

IRF531/533, IRF531 R/533R 80 - - V 

Gate Threshold Voltage VGS(TH) VOS = VGS, 10 = 250flA 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS=20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -500 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - 250 flA 

VOS - Max Rating x 0.8, VGS - OV, - - 1000 flA 
TJ = +1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS - 10V 
IRF530/531, IRF530R/531 R 14 - - A 

IRF532/533,IRF532R/533R 12 - - A 

Static Drain-Source On-State rOS(ON) VGS = 10V, 10 = 8.3A 
Resistance (Note 2) 

IRF530/531, IRF530R/531 R - 0.14 0.16 0 

IRF532/533,IRF532R/533R - 0.20 0.23 0 

Forward Transconductance (Note 2) gts VOS> 50V, 10 = 8.3A 5.1 7.6 - S(m 

Input Capacitance CISS VGS = OV, VOS = 25V, f = 1.0MHz - 600 - pF 

Output Capacitance COSS See Figure 10 - 250 - pF 

Reverse Transfer Capacitance CRSS - 50 - pF 

Turn-On OelayTime td(ON) VOO - 50V, 10 '" 14A, RG - 120 - 12 15 ns 

RiseTime tr See Figure 16. (MOSFET switching times - 35 51 ns 

Turn-Off Oelay Time td(OFF) 
are essentially independent of operating - 25 35 ns temperature) 

Fall Time tf - 25 36 ns 

Total Gate Charge Og VGS = 10V, 10 = 14A, VOS =0.8V Max - 18 26 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OqS (Gate charge is essentially independent of - 4 - nC 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) - 7 - nC 

Internal Drain Inductance LO Measured from the Modified MOSFET - 3.5 - nH 
contact screw on symbol showing the 
tab to center of die internal device 

inductances. 
Measured from the 

~ 
- 4.5 - nH 

drain lead, 6mm 
(0.25in.) from pack-
age to center of die 

G I 
Internal Source Inductance LS Measured from the - 7.5 - nH 

source lead, 6mm LS 
(0.25") from header 

S and source bonding 
pad. 

Junction-to-Case ROJC - - 1.9 °C/W 
Case-Io-Sink ROCS Mounting surface flat, smooth and greased - 0.5 - °C/W 
Junction-to-Ambient ROJA Free air operation - - 80 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 14 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 56 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 14A, VGS = OV - - 2.5 V 

Reverse RecoveryTime trr TJ - +250 C, IF -14A,dIF/dt -100A/flS 5.5 120 250 ns 

Reverse Recovered Charge ORR T J - +250C, IF - 14A, dlF/dt - 100A/flS 0.26 0.6 1.3 flC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: Pulse widlh S 300~s. 

.. . . 3. Repetillve Rating: Pulse Width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 25V, Start TJ = +250C, L = 350~H • 
RGS = 25n. IpEAK = 14A (See Figure 15) 

Duty Cycle S 2% 
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IRF530, IRF531, IRF532, IRF533 IRF530R, IRF531 R, IRF532R, IRF533R 

Performance Curves 
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Performance Curves (Continued) 
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IRF530, IRF531, IRF532, IRF533 IRF530R, IRF531 R, IRF532R, IRF533R 

Performance Curves (Continued) 
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IJ HARRIS IRF540/541/542/543 
IRF540R/541R/542R/543R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 25A and 28A, 80V - 100V 

• rDS(on) = 0.0770 and 0.100 

Package 
TO-220AB 
TOP VIEW 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited : ~~~~CE 
GATE 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRF540, IRF541, IRF542, and IRF543 are n-channel 
enhancement-mode silicon-gate power field-effect transis
tors. IRF540R, IRF541 R, IRF542R and IRF543R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

N-CHANNEL ENHANCEMENT MODE 

o 

G~ 
S 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) ............................ VDS 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR 
Continuous Drain Current 

TC=+250C ......................•...............• 10 
TC=+1000C ••••....••.•..•••....................• 10 

Pulsed Drain Current (3) .............................. 10M 
Gate-Source Voltage ............................... V GS 
Maximum Power Dissipation 

TC = +250C •..••..••••••...•......•••.•........... Po 
Linear Derating Factor ......•............................ 
Inductive Current, Clamped .•......................... 'LM 

(See Figure 14, L = 100"H) 
Single Pulse Avalanche Energy Rating (4) .............•. EAS' 
Operating and Storage Junction ....•............. T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ....••......•.• TL 
(0.063" (1.6mm) from case for 1 Os) 

NOTES: 

1. TJ = +250 C to +150oC. 

2. Pulse Test: Pulse width S 300lJ$, Duty Cycle S 2%. 

IRF540 IRF541 IRF542 IRF543 
IRF540R IRF541R IRF542R IRF543R 

100 80 100 80 
100 80 100 80 

28 28 25 25 
20 20 17 17 

110 110 100 100 
±20 ±20 ±20 ±20 

150 150 150 150 
1.0 1.0 1.0 1.0 
108 108 96 96 

230 230 230 230 
-55 to +175 -55 to +175 -55 to +175 -55to+175 

300 300 300 300 

4. VOO = 25V, starting TJ = +250C, L = 440~H, RGS = 250, 
IpEAK = 28A. See Figure 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

'R Suffix Types Only 

UNITS 

V 
V 

A 
A 
A 
V 

W 
WloC 

A 

mJ 

°c 

oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 2309.1 
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IRF540, IRF541, IRF542, IRF543 IRF540R, IRF541R, IRF542R, IRF543R 

Electrical Characteristics TC = 250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source BreaKdown Voltage BVOSS V GS '" OV, 10 = 2501lA 
IRF540/542,IRF540R/542R 100 - - V 

IRF541 /543, IRF541 R/543R 80 - - V 

Gate Threshold Voltage VGSITHI VOS - VGS, 10 - 2501lA ' 2.0 - 4.0 V 

Gate-Source leakage Forward IGSS VGS-20V - - 500 nA 

Gate-Source leakage Reverse IGSS VGS--20V - - -SOO nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - 250 IlA 
VOS - Max Rating x 0.8, VGS - OV, - - 1000 IlA 
TJ"'+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max,VGS '" 1 OV 
IRF540/541, IRF540R/541 R 28 - - A 

IRF542/543,IRF542R/543R 25 - - A 

Static Orain-Source On-State rOS(ON) VGS -10V, 10 -17A 
Resistance (Note 2) 

IRF540/541, IRF540R/541 R - 0.06 0.077 n 
IRF542/543,IRF542R/543R - 0.08 0.10 n 

Forward Transconductance (Note 2) gts VOS> 50V, 10 '" 17A 8.7 13 - S<l) 

Input Capacitance CISS VGS '" OV, VOS '" 25V, f '" 1.0MHz - 1450 - pF 

Output Capacitance COSS 
See Figure 10 - 550 - pF 

Reverse Transfer Capacitance CRSS - 100 - pF 

Turn-On OelayTime td(ON) VOO '" 50V, 10 '" 28A, RG '" 9.Hl - 15 23 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 70 110 ns 

Turn-Off Oelay Time id(OFF) 
are essentially independent of operating - 40 60 temperature) ns 

Fall Time tf - 50 75 ns 

Total Gate Charge Og V GS '" 1 OV, 10 '" 28A, VOS '" 0.8V Max - 38 59 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Oas 
(Gate charge is essentially independent of - 8 - nC 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) - 21 - nC 

Internal Orain Inductance lO Measured from the Modified MOSFET - 3.5 - nH 
contact screw on symbol showing the 
lab to center of die internal device 

inductances. 
Measured from the 

~ 
- 4.5 - nH 

drain lead, 6mm 
(0.25in.) from pack-
age to center of die 

Internal Source Inductance lS Measured from the - 7.5 - nH 
source lead, 6mm LS 
(0.25") from header 

S and source bonding 
pad. 

Junction-ta-Case ReJC - - 1.0 oC/W 

Case-to-Sink Recs Mounting surface flat, smooth and greased - 0.5 - oC/W 

Junction-ta-Ambient RaJA Free air operation - - 80 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 28 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 110 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ'" +250 C, IS '" 27A, VGS'" OV - - 2.5 V 

Reverse Recovery Time trr T J'" +250 C, IF '" 28A, dlF/dt '" 1 OOA/lls 70 150 300 ns 

Reverse Recovered Charge ORR TJ - +250 C, IF '" 28A, dlF/dt - 100A/lls 0.44 1.0 1.9 IIC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled byLS + LO. 

NOTES: 1. TJ = +250C to +1500C 
.. .. 

3. Repemlve Raling: Pulse Width limited by max . 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 25V. Start TJ = +250C. L = 440~H. 
2. Pulse Test: Pulse width ~ 300~s. Ras = 250. IpEAK = 28A (See Figure 15) 

Duty Cycle ~ 2% 
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IRF540, IRF541, IRF542, IRF543 IRF540R, IRF541 R, IRF542R, IRF543R 

Performance Curves 
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IRF540, IRF541, IRF542, IRF543 IRF540R, IRF541R, IRF542R, IRF543R 

Performance Curves (Continued) 
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IRF540, IRF541, IRF542, IRF543 IRF540R, IRF541R, IRF542R, IRF543R 

Performance Curves (Continued) 
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FIGURE 15a. UN CLAMPED ENERGY TEST CIRCUIT 
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m HARRIS 'RF610/611/612/613 
'RF610R/611R/612R/613R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 2.6A and 3.3A, 1S0V - 200V 

• rDS(on) = 1.S0 and 2.40 

Package 
TO-220AB 
TOP VIEW 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 
: ~~~CE 

GATE 

• Nanosecond Switching Speeds 

• Unear Transfer Characteristics 

• High Input Impedance 

Description 
The IRF610, IRF611, IRF612, and IRF613 are n-channel 
enhancement-mode silicon-gate power field-effect transis' 
tors. IRF610R, IRF611R, IRF612R and IRF613R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

N-CHANNEL ENHANCEMENT MODE 

G~ 
S 

Absolute Maximum Ratings (Tc = +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) • • • • . . . • • • • . . • . • • . • • . . . . . • •• VDS 
Drain-Gate Voltage (RGS = 20kO) (1) .•..•••..•....•• VOGR 
Continuous Drain Current 

TC=+250C ••••••••••••••..•.••....•••••.......•.• 10 
TC=+1000C •••.•••••..••••..•.•••.•...•••..•..... 10 

Pulsed Drain Current (3) .......•........•...•......••• 10M 
Gate-Source Voltage .•••...•••..•.•••••...••••.•... VGS 
Maximum Power Dissipation 

TC=+250C .•.•.•••••...•••..•.••.••••..•.•.••..•• PO 
Unear Derating Factor ....•.•......................•..•.. 
Inductive Current, Clamped •.......................... ILM 

(See Figure 14, L = 1 DOl/H) 
Single Pulse Avalanche Energy Rating (4) ............... EAS' 
Operating and Storage Junction .............•.... T J. TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ....•••.••...•. TL 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

1. TJ = +2SoC to +IS0oC. 

2. Pulse Test: Pulse width ~ 300~s, Duty Cycle.:o 2%. 

IRF610 IRF611 IRF612 IRF613 
IRF610R IRF611R IRF612R IRF613R 

200 150 200 150 
200 150 200 150 

3.3 3.3 2.6 2.6 
2.1 2.1 1.6 1.6 
8 8 6.5 6.5 

±20 ±20 ±20 ±20 

43 43 43 43 
0.34 0.34 0.34 0.34 
10 10 8.0 8.0 

46 46 46 46 
-55to+150 -55to+150 -5510 +150 -55 to +150 

300 300 300 300 

4. VOO = SOV, starting TJ = +2S0C, L = 6.4mH, RGS = 2Sn, 
IpEAK = 3.3A. See Figur. 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5), 

*R Suffix Types Only 

UNITS 

V 
V 

A 
A 
A 
V 

W 
Wloc 

A 

mJ 
oC 

°C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 1576.1 
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IRF610, IRF611, IRF612, IRF613 IRF610R, IRF611R, IRF612R, IRF613R 

Electrical Characteristics TC = 250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVDSS VGS = OV, ID = 250MA 
IRF61 0/612, IRF61 OR/612R 200 - - V 

IRF611 /613, IRF611 R/613R 150 - - V 

Gate Threshold Voltage VGS(TH) VDS = VGS, ID = 250fiA 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS=20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -500 nA 

Zero Gate Voltage Drain Current lOSS VOS = Max Rating, VGS = OV - - 250 fiA 

VDS = Max Rating x 0.8, VGS = OV, - - 1000 fiA 
TJ=+1250 C 

On-State Drain Current (Note 2) ID(ON) VDS> ID(ON) x rDS(ON) Max, VGS - 10V 
IRF610/611, IRF61 OR/611 R 3.3 - - A 

IRF612/613,IRF612R/613R 2.6 - - A 

Static Drain-Source On-State rDS(ON) VGS = 10V, ID = 1.6A 
Resistance (Note 2) 

IRF61 0/611, IRF61 OR/611 R - 1.0 1.5 0 

IRF612/613,IRF612R/613R - 1.5 2.4 0 

Forward Transconductance (Note 2) 9fs VDS > 50V, 10 - 1.6A 0.8 1.3 - Sm) 

Input Capacitance CISS VGS - OV, VOS - 25V, f - 1.0MHz - 135 - pF 

Output Capacitance COSS 
See Figure 1 0 - 60 pF 

Reverse Transfer Capacitance CRSS - 16 - pF 

Turn-On Delay Time td(ON) VDD = 1 OOV, ID '" 3.3A, RG = 240 - 8 12 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 17 26 ns 

Turn-Off Delay Time id(OFF) 
are essentially independent of operating - 13 21 ns temperature) 

Fall Time tf - 9 13 ns 

Total Gate Charge Og VGS = 1 OV, ID = 3.3A, VDS = 0.8V Max - 5.3 8.2 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit 

Gate-Source Charge Oos 
(Gate charge is essentially independent of - 1.2 - nC 

Gate-Drain ("Miller") Charge Ogd 
operating temperature.) - 3.0 - nC 

Internal Drain Inductance LD Measured from the Modified MOSFET - 3.5 - nH 
contact screw on symbol showing the 
tab to center of die internal device 

inductances. 
Measured from the 

~ 
- 4.5 - nH 

drain lead, 6mm 
(0.25in.) from pack-
age to center of die 

Internal Source Inductance LS Measured from the 
LS 

- 7.5 - nH 
source lead, 6mm 
(0.25") from header S 
and source bonding 
pad. 

Junction-te-Case ROJC - - 2.9 oC/W 

Case-to-Sink ROCS Mounting surface flat, smooth and greased - 0.5 - °C/W 
Junction-te-Ambient RaJA Free air operation - - 80 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~~ 
- - 3.3 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 8 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSD TJ = +250 C, IS = 3.3A, VGS = OV - - 2.0 V 

Reverse Recovery Time trr TJ - +250 C, IF - 3.3A,dIF/dt-100A/fiS 75 160 310 ns 

Reverse Recovered Charge ORR T J - +250 C, IF - 3.3A, dlF/dt - 100A/fiS 0.33 0.9 1.4 fiC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LD. 

NOTES: 1. TJ = +250C 10 +1500C .. .. 3. Repetitive Ratmg: Pulse Width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. Vee = 50V, Slart T J = +250C. L = S.4mH. 
2. Pulse Test: Pulse width :S 300~s. Ras = 250. IpEAK = 3.3A (See Figure 15) 

Duly Cycle :S 2% 
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IRF610, IRF611, IRF612, IRF613 IRF610R, IRF611R, IRF612R, IRF613R 

Performance Curves 
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IRF610, IRF611, IRF612, IRF613 IRF610R, IRF611R, IRF612R, IRF613R 

Performance Curves (Continued) 
1. 

en 
~1. 

~ 
!'! 

~ o. 
~ 
f
U 
=> 

5 

2 

9 

§1 
8 0 . 6 
en 
~ 
a: 
f-

~O.3 
'0> 

Vas 2: 50V 

80~s PU SE TEST 

/' 

/ 
/ ./' 

V / 
III 
II 
/1 

..,......... 
~ I--T J"'250C 

~ :J 
T J= 1500C'::: I--

-

I-I--

I--I-- ~ - --- C----

0,0 
0.0 1.0 2.0 3.0 4.0 

10, DRAIN CURRENT (AMPERESI 
5.0 

FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 

1.2 S 
w 

~ - i-I- - - - - - - - f-----
.J 
§; 

1.1 5 

./ Z 

~ 
D 

'" ~ ~ 1 05 
<D N 
w H 

./ 

./ 
L - -

V 
-- - -~ ~ 

...... V 
o gj 
~ 5 0 .95 

7 
~ 

10 '" lmA_ - -
~ 0.85 

ill 
D 

> 
<D 

- - -

0.75 
-60 40 20 0 20 40 60 80 100 120 140 160 

TJ , JUNCTION TEMPERATURE (DC) 

FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 

400 
VGS '" ov, f " lMHz 

f--- - -Ciss '" Cgs .. Cgd· Cds SHORTED 

320 
Crss " Cgd 

Coss = Cds f Cgs Cgd I (Cgs .. Cgd) 

~ -- - - .. Cds + Cgd 

w 240 u z 

~ 
~ 

~ !----"' ...... ~ 160 
u 

U 

BO 

i' 
155_ 

-I-III 
~ :~!55 

...... 11"-f---

o 
Ir.55_ 

1--1-
1 10 102 

Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 

4-299 

10· 

en 
w 
a: 
w 
"-
'" .-; 
f- lO 

I--
",. I-

z --w 
a: 
a: == '--A 

I-- ,- - --I--=> u I--~ TJ -1500 C !-
I ~ 

a: 
D / IT J 250 C 

~ 
W ,-'-- ------; 
> w ,_. 
a: 
a: 

HD 
I I 
I / 0.1 

0.0 0.4 O.B 1.2 1.6 2.0 
VSD' SQURCE- lO-DRAIN VOLTAGE (VOLTS) 

FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 

'" u 

~ 
il! 
z 
o 

3.0 

2,4 

~ 0 1 . 8 
a: w 
=> N o H 
en .J , "' 
o '" 'I g; 1. 2 
~3 

"' a: 
o 

~ 0.6 

en 
D 

a: 
0,0 

10 '" 3.2A 

.--~ - --

- - -

,./ 

-

- - l-I- - - - -

/ 
/ 

~ 
V 

I- -~ - V .- -

V 

VGS = 10V 

-60 40 -20 a 20 40 60 80 100 120 140 160 
TJ• JUNCTION TEMPERATURE (DC) 

FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 

w 

" "' f-

~ 
\j 
a: 
=> o 
en , 
o ., 
W 
f-

"' " 

2 ~ 
I--+--I-+--I~-~ I----

I 

FOR TEST CIRCUIT 
see FIGURE 17 

°O~-L--~~--~~--~-----8~--~1'0 

ag• TOTAL GATE CHARGE (nC) 

FIGURE 11. TYPICAL GATE CHARGE vs 
GATE-TO-SOURCE VOLTAGE 

{! 
..J W 
11.11&. 
ZU) 
zO 
C:::E 
J:a:: 
911.1 
z~ 

Q. 



IRF610, IRF611, IRF612, IRF613 IRF610R, IRF611R, IRF612R, IRF613R 

Performance Curves (Continued) 
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IRF614 
May 1992 

N-Channel Power MOSFETs 
Avalanche Energy Rated 

Features 

• 2.0A,250V 

• rDS(ON) = 2.00 

• Single Pulse Avalanche Energy Rated 

• SOA Is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• High Input Impedance 

• +150DC Operating Temperature 

Description 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 

GATE 

The IRF614 (TA17443) is an n·channel enhancement·mode 
silicon·gate power field-effect transistor designed, tested, 
and guaranteed to withstand a specified level of energy in 
the breakdown avalanche mode of operation. These 
advanced power MOSFETs are designed for use in 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers and drivers for high· 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These transistors can be operated 
directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRF614 is supplied in the JEDEC TO·220AB plastic 
package. 

Absolute Maximum Ratings (T C = +2SDC), Unless Otherwise Specified 

G 

Drain-Source Voltage (1) .................................................... Vos 

Drain-Gate Voltage .......................•......................••......•.. VOGA 

Continuous Drain Current 

Tc = +25°C ............................................................. 10 

To = +100oC ...................................................•.....•.. 10 

Pulsed Drain Current (2) ............................................•...•.... 10M 

Gate-Source Voltage ......•..........•.....................•.•............. VGS 

Maximum Power DiSSipation ................................................. Po 

Linear Derating Factor ..................................................... . 

Single Pulse Avalanche Rating (3) (See Fig. 14) .................................. Eas 

Operating and Storage Temperature . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. T J, T STG 

Maximum Lead Temperature for Soldering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T L 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

1. T J = +25°C to + 1500C. 

D 

s 

IRF614 UNITS 

250 V 

250 V 

2.0 A 

1.3 A 

8.0 A 

±20 V 

20 W 

0.16 Wf'C 

61 mj 

-55 to +150 °C 

300 ·C 

2. Repetitive rating: Pulse width limited by maximum junction temperature. See Transient Thermal Impedance Curve. (Figure 5) 

3. Voo = 50V, Starting TJ = +25°C, L = 21 mH, RG = 250, Peak IL = 2.2A. 

CAUTION: These d9\llces are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 

Copyright © Harris Corporation 1992 
File Number 3273 
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Specifications IRF614 

Electrical Characteristics T c = +2SoC, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVoss 10 = 2S0~, VGS = OV 2S0 - - V 

Gate Threshold Voltage VGS(TH) VGS = Vos, 10 = 25011A 2 - 4 V 

Gate-Source Leakage Current IGSS VGs= ±20V - - SOO nA 

Zero Gate Voltage Drain Current loss Vos = 2S0V, VGS = OV - - 2S0 IIA 

Vos = 200V, VGS = OV, TJ = +12SoC - 1000 IIA 
On-State Drain Current IO(ON) Vos> IO(ON) x rOS(ON)Max' VGS = 10V 2.0 - - A 

On Resistance (Note 1) rOS(ON) 10 = 1.0A, VGS = 10V - 1.6 2.0 n 

Forward Transconductance (Note 1) 9fs Vos = 2 X VGS, los = 1.0A 0.8 1.2 - S 

Input CapaCitance CISS VGS = OV, Vos = 2SV, f = 1.0MHz - 180 - pF 

Output CapaCitance Coss 
See Figure 10 - 53 - pF 

Reverse Transfer Capacitance CRSS - 14 - pF 

Turn-On Delay Time 'd(ON) Voo = 125V,Io =2.0A, RG =240. Ro =6H2, See 8.9 13 ns 

Rise Time tr 
Figure 16 (MOSFET switching times are essen-

12 18 ns tially independent of operating temperature) 
Turn-Off Delay Time 'd(OFF) - 18 27 ns 

Fall Time tf - 8.9 15 ns 

Total Gate Charge Og10 VGS = 10V,Io = 2.0A Vos = 0.8 x Max Rating. - 9.6 14.4 nC 

Gate-Source Charge Ogs 
See Figure 17 for test circuit (Gate charge is es- - 2.4 3.6 nC sentially independent of operating temperature) 

Gate-Drain ("Miller") Charge °gd 4.5 6.7 nC 

Intemal Drain Inductance Lo Measured from the Modified MOSFET 4.5 - nH 
drain lead, 6mm symbol showing the 
(0.25") from package internal device 
to center of die. inductances. 

Internal Source Inductance Ls Measured from the 

~ 
- 7.5 - nH 

source lead, 6mm 
(0.25") from header 
and source bonding 

Ls pad. 
s 

Junction to Case RaJC - 6.4 °C/W 

Case-to-Sink Recs Mounting surface flat, smooth and greased - 0.50 - °C/W 

Junction to Ambient RaJA Free air operation - - 80 °C/W 

Source-Drain Diode Ratings and Characteristics 

Continuous Source Current Is Modified MOSFET 

~ 
- - 2.0 A 

(Body Diode) symbol showing the 

Pulse Source Current (Body Diode) ISM 
integral reverse P-N - - 8.0 A 

(Note 2) 
junction rectifier. 

Diode Forward Voltage (Note 1) Vso TJ = +25°C, Iso = 2.0A, VGS = OV - - 2.0 V 

Reverse Recovery Time trr TJ = +25°C, Iso = 2.0A, dlsoldt = 100NIIS 67 - 340 ns 

Reverse Recovery Charge ORR TJ = +25°C, Iso = 2.0A, dlsoldt = 100NIIS 0.24 0.54 1.2 IIC 

Forward Turn-on Time ioN Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lo. 

NOTES: 1. Pulse Test: Pulse Width :s; 300115. .. 
2. Repetitive Rating: Pulse Width limited by max. Junction temperature . 

Duty Cycle :s; 2% See Transient Thermal Impedance Curve (Figure 5). 
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IRF614 

Performance Curves 
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IRF614 

Performance Curves (Continued) 
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Performance Curves (Continued) 
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mtHARRIS 'RF620/621/622/623 
'RF620R/621R/622R/623R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 4.0A and 5.0A, 150V - 200V 

• rDS(on) = O.SO and 1.20 

• Single Pulse Avalanche Energy Rated· 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

The IAF620, IRF621, IRF622, and IRF623 are n-channel 
enhancement-mode silicon-gate power field-effect transis' 
tors. IRF620R, IRF621 R, IRF622R and IRF623R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to witl1stand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

D 

.~ 
The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRF620 IRF621 
IRF620R IRF621R 

Drain-Source Voltage (1) ............................ VOS 200 150 
Drain-Gate Voltage (RGS = 20kO) (1) .•..•..••....... VOGR 200 150 
Continuous Drain Current 

TC=+250 C ....................................... 10 5.0 5.0 
TC = +1000C ...................................... 10 3.0 3.0 

Pulsed Drain Current (3) .............................. 10M 20 20 
Gate-Source Voltage ............................... VGS ±20 ±20 
Maximum Power Dissipation 

TC=+250 C ....................................... Po 40 40 
Unear Derating Factor ................................... 0.32 0.32 
Inductive Current, Clamped ........................... ILM 20 20 

(See Figure 14, L = 1001lH) 
Single Pulse Avalanche Energy Rating (4) ....••......... EAS' 85 85 
Operating and Storage Junction .................. T J, TSTG -55to+150 -55to+15O 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

S 

IRF622 IRF623 
IRF622R IRF623R UNITS 

200 150 V 
200 150 V 

4.0 4.0 A 
2.5 2.5 A 
16 16 A 

±20 ±20 V 

40 40 W 
0.32 0.32 WloC 
16 16 A 

85 85 mJ 
-55 to +150 -55 to +150 oC 

300 300 °c 

1. TJ - +250C to +1500C. 4. VDD = 10V. starting TJ = +250C. L = 6.1 BmH. RGS = 50n. 

2. Pulse Test: Pulse width ~ 300118. Duty Cycle ~ 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

'a'R Suffix Types Only 

IpEAK = 5A. 5ee Figure 15. 

CAUTION: These devices are sensitive 10 electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF620, IRF621, IRF622, IRF623 IRF620R, IRF621R, IRF622R, IRF623R 

Electrical Characteristics TC '" 250C, Unless Otherwise Specified 

UMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV,IO = 2S0JlA 
IRF620/622,IRF620R/622R 200 - - V 

IRF621/623,IRF621 R/623R lS0 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - 2S0~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - SOO nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -SOO nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - 2S0 JlA 
VOS - Max Rating x O.B, VGS - OV, - - 1000 JlA 
TJ = +12SoC 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS - 10V 
IRF620/621,IRF620R/621 R 5.0 - - A 

IRF622/623,IRF622R/623R 4.0 - - A 

Static Orain-Source On-State rOS(ON) VGS = 10V,I0 = 2.SA 
Resistance (Note 2) 

IRF620/621,IRF620R/621 R - O.S O.B n 
IRF622/623,IRF622R/623R - O.B 1.2 n 

Forward Transconductance (Note 2) 9fs VOS> IO(ON) x ROS(ON)Max In = 2.SA 1.3 2.S - Sm) 

Input Capacitance CISS VGS = OV, VOS = 2SV, f = 1.0MHz - 450 - pF 

Output Capacitance COSS 
See Figure 10 - lS0 - pF 

Reverse Transfer Capacitance CRSS - 40 - pF 

Turn-On Delay Time td(ON) VOO - 2.SBVOSS,IO - S.OA, RG - 9.1 n - 20 40 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 30 60 ns 

Turn-Off Delay Time Id(OFF) 
are essentially independent of operating - SO 100 ns temperature) 

Fall Time tf - 30 60 ns 

Total Gate Charge Og VGS = 1 OV,IO = S.OA, VOS = O.BV Max - 11 lS nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit 

Gate-Source Charge Oas 
(Gate charge is essentially independent of - S.O - nC 

Gate-Drain ("Miller") Charge Ood 
operating temperature.) - 6.0 - nC 

Internal Drain Ind uctance LO Measured from the Modified MOSFET - 3.5 - nH 
contact screw on symbol showing the 
tab to center of die internal device 

Measured from the 

'"~ 
- 4.S - nH 

drain lead, 6mm 
(0.2Sin.) from pack-
age to center of die 

Internal Source Inductance LS Measured from the LS - 7.S - nH 
source lead, 6mm 
(0.2S") from header S 
and source bonding 
pad. 

Junction-ta-Case ReJC - - 3.12 oC/W 

Case-to-Sink Recs Mounting surface flat, smooth and greased - O.S - oC/W 

Junction-ta-Ambient RAJA Free air operation - - BO oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - S.O A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 20 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO TJ = +2SoC,IS = S.OA, VGS = OV - - 1.B V 

Reverse Recovery Time trr T J - + lS00 C, IF - S.OA, dlF/dt - 1 OOA/~s - 350 - ns 

Reverse Recovered Charge ORR T J = + 1 SOoC, IF - S.OA, dlF/dt - 1 OOA/~s - 2.3 - ~C 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO' 

-NOTES. 1. TJ - +250C to +1500C 
2. Pulse Test: Pulse width :s 300~s, 

Duty Cycle .:s 2% 

.. . . 3. Repetillve Rating. Pulse Width limited by max . 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 10V, Start T J = +250C, L = 6.1 BmH, 
RGS = 50n, IpEAK = 5A (See Figure 15) 
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IRF620, IRF621, IRF622, IRF623 IRF620R, IRF621R, IRF622R, IRF623R 
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Fig, 1 - Typical Output Characteristics 
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NOTES: 
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Fig. 5 - Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRF620, IRF621, IRF622, IRF623 IRF620R, IRF621 R, IRF622R, IRF623R 
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IRF620, IRF621, IRF622, IRF623 IRF620R, IRF621 R, IRF622R, IRF623R 
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Fig. 15a - Unclamped Energy Test Circuit 
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IRF624, IRF625 
IRF626, IRF627 

N-Channel Power MOSFETs 
Avalanche Energy Rated 

Features Package 

• 3.SA and 3.3A, 250V - 275V 

• rDS{on) = 1.10 and 1.50 

TO-220AB 

TOP VIEW 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited ": ~~~~CE 
GATE 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 250/275V DC Rating - 120V AC Line System Operation 

Description 

The IRF624, IRF625, IRF626, and IRF627 are advanced power 
MOSFETs designed, tested and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement mode silicon
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv
ers, relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

The IRF-types are supplied in the JEDEC TO-220AB plastic 
package. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

o 

G~ 
S 

Absolute Maximum Ratings (TC '" +250 C), Unless Otherwise Specified 

IRF624 IRF625 IRF626 IRF627 UNITS 

Drain-Source Voltage (1) ............................ VDS 250 250 275 275 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR 250 250 275 275 
Continuous Drain Current 

TC= +250C .....................•................. 10 3.8 3.3 3.8 3.3 
TC = +1000 C ...................................... 10 2.4 2.1 2.4 2.1 

PUlsed Drain Current (3) ..........•................... 10M 15 13 15 13 
Gate-Source Voltage .............••................ VGS ±20 ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250 C ...................••••..........•....• Po 40 40 40 40 
Linear Derating Factor ................................... 0.32 0.32 0.32 0.32 
Single Pulse Avalanche Energy Rating (4) ................ EAS 120 120 120 120 
Operating and Storage Junction .................. T J, T STG -55to+150 -55 to +150 -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... T L 
(0.063" (1.6mm) from case for 1 Os) 

NOTES: 

1. TJ = +250 C to +1500 C 
2. Pulse Test: Pulse width ~ 300~s, Duty Cycle ~ 2%. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

300 300 300 300 

4. VDD = SOY, starting T J = +2SoC, L = 13.6mH, RGS = 2S0, 
IpEAK = 3.8A. See Figures 14 & 1S. 

V 
V 

A 
A 
A 
V 

W 
W/oC 

mJ 

°c 
oc 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRF624, IRF625, IRF626,IRF627 

Electrical Characteristics TC = 250C, Unless Otherwise Specified 

.... 
LIMiTS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = DV,lo = 25DpA 
IRF&24, IRF625 25Q .. - - V 

IRF626, IRF627 275 - - V 

Gate Threshold Voltage VGS(TH}. VOS = VGS, 10 = 25DvA 2 . .0 - 4 . .0 V 

Gate-Source Leakage Forward IGSS VGS=2DV - - 5.0.0 nA 

Gate-Source Leakage Reverse IGSS VGS=-2DV .- . - -5.0.0 nA 

Zero Gate Voltage Drain Current lOSS VOS = Max Rating, VGS = DV I ~> - 25.0 ·VA 

VOS - Max Rating x .0.8, VGS -DV, - - 1.0.0.0 VA 
TJ=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS '- lDV 
IRF624,IRF626 3,8 - - A 

IRF625,IRF627 3.3 - - A 

Static Orain-Source On-State rOS(ON) VGS = lDV,lO = 1.4A 
Resistance (Note 2) 

IRF624,IRF626 - .0.8 1.1 n 

IRF625,IRF627 - 1,.05·· .. 1.5 n 

Forward Transconductance (Note 2) 9fs VOS - 2 x VGS, lOS -1.9A 1.4 2.1 - Sm) 
Input Capacitance CISS VGS - .oV, VOS = 25V, f -l . .oMHz - 34.0 - pF 

Output Capacitance COSS See Figure 1 .0 - 11.0 - pF 

Reverse Transfer Capacitance CRSS - 32 - pF 

Turn-On OelayTime td{ONl VOO - 125V,I0 - 3.8A, RG - 18n - 11 17 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 24 36 ns 

Turn-Off Oelay Time idCOFFI 
are essentially independent of operating - '2'1 32 temperature) ns 

Fall Time tf - 13 2.0 ns 
Total Gate Charge Og V GS - l.oV, 10 - 3.8A, VOS - .0.8 Max - 15 22 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 4 . .0 - nC 
Gate-Orain ("Miller") Charge Ogd 

operating temperature.) - 7.2 - ·nC 

Internal Orain Inductance LO Measured between Modified MOSFET - 4.5 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate inductances. 
pins and center of 

~ 
center of die. , 

Internal Source Inductance LS Measured from the - 7.5 - nH 
source lead, 6mm 
(.0.25") from header 

LS and source bonding 
pad. S 

Junction-ta-Case ROJC - - 3.12 oC/W 

Case-to-Sink ROCS Mounting surface flat, smooth and greased - .0.5 - oC/W 

Junction-ta-Ambient ROJA Free air operation - . - 8.0 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - .3.8 A 

(Body OiOde) symbol showing the 

Pulse Source Current ISM integral reverse - - 15 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

... . 
Oiode Forward Voltage (Note 2) VSO TJ = +250 C,IS = 3.8A, VGS =.oV ~ . _. 1.8 V 

Reverse Recovery Time trr TJ - +250 C,IF - 3.8A, dlF/dt _ lO.oA/llS 81 .18.0 . 37.0 ns 

Reverse Recovered Charge ORR TJ - +250 C,IF -3.8A; dlF/dt - l.o.oA/p~ .0.44 .0.93 2 . .0 -IIC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn~on - - -

speed is substantially controlled by LS + 'lo. 

NOTES: 1. TJ = +250C to +1500C 4. VDD =20.V, starting T J = +250C; L = 3.37mH, RGS = 50n, . 
2. Pulse Test: Pulse width S 300~s, Duty Cycle S 2% 
3. Repetitive ,Rating: Pulse width limited by max. junction 

temperature. See Transient Thermal Impedance Curve (Figure 5) 
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IFlF624, JRF625, ·JRF626, lRF627 

5 
I OV 80_5 PULSE TEST 

I . 
6.5V_ 

6.0V-

I 
VGS·5 5V~ 

I 
5,OV-

.L 
0 25 50 75 100 12 

o 
5 

VOS' DRAIN-TO-SOURCE· VOL TAGE (VOLTS) 

Fig. 1 - Typical Output Characteristics 
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IRF624, IRF625, IRF626, IRF627 
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(II HARRIS 'RF630/631/632/633 
'RF630R/631R/632R/633R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• B.OA and 9.0A, 150V - 200V 

• rDS(on) = 0.40, and 0.60, 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

The IRF630, IRF631, IRF632, and IRF633 are n-channel 
enhancement-mode silicon-gate power field-effect transis
tors. IRF630R, IRF631 R, IRF632R and IRF633R types are 
advanced power MOSFETsdesigned, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated Circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRF630 IRF631 
IRF630R IRF631R 

Drain-Source Voltage (1) ......... " .......•......•.. VDS 200 150 
Drain-Gate Voltage (RGS = 20kO) (1) ............•... VOGR 200 150 
Continuous Drain Current 

TC = +250C ....................••....•.....•....• ; 10 g.O 9.0 
TC=+1000C ...................................... 10 6.0 6.0 

Pulsed Drain Current (3) •....•......•.•..........•.... 10M 36 36 
Gate-Source Voltage .....•.........•............•.. VGS ±20 ±20 
Maximum Power DiSSipation 

TC = +250C .....•................................. Po 75 75 
Linear Derating Factor ................................... 0.6 0.6 
Inductive Current, Clamped •....•....•........•....... ILM 36 36 

(See Figure 14, L = 100flH) 
Single Pulse Avalanche Energy Rating (4) .......•.....•. EAS' 150 150 
Operating and Storage Junction ............•..... T J, T STG -55to+150 -55to+150 
Temperature Range 

Maxim um Lead Temperature for Soldering ....•..•....... T L 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

D 

G 

S 

IRF632 IRF633 
IRF632R IRF633R UNITS 

200 150 V 
200 150 V 

8.0 8.0 A 
5.0 5.0 A 
32 32 A 

±20 ±20 V 

75 75 W 
0.6 0.6 WloC 
32 32 A 

150 150 mi 
-55 to +150. -55 to +150 oc 

300 300 oc 

1. TJ = +2S0Cto +150oC. 

2. Pulse Test: Pulse width ~ 300~s, Duty Cycle ~ 2%. 

4. vDD = 20V, starting TJ = +250C, L = 3.37mH, Ras = 50n, 
IpEAK = 9A. See Figure 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

·R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF630, IRF631, IRF632, IRF633 IRF630R, IRF631R, IRF632R, IRF633R 

Electrical Characteristics TC '" 250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 2501JA 
IRF630/632,IRF630R/632R 200 - - V 

IRF631/633,IRF631R/633R 150 - - V 
Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -500 nA 

Zero Gate Voltage Drain Current lOSS VOS - Max Rating, V GS - OV - - 250 ~A 

VOS = Max Rating x O.B, VGS = OV, - - 1000 ~A 
TJ=+1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS - 10V 
IRF630/631, IRF630R/631 R 9.0 - - A 

IRF632/633,IRF632R/633R B.O - - A 

Static Drain-Source On-State rOS(ON) VGS= 10V,10 = 5.0A 
Resistance (Note 2) 

IRF630/631, IRF630R/631 R - 0.25 0.4 n 
IRF632/633,IRF632R/633R - 0.4 0.6 n 

Forward Transconductance (Note 2) 9fs VOS> 10(ON) x ROS(ON)Max, 10 = 5.0A 3.0 4.B - Sm) 
Input Capacitance CISS VGS = OV, VOS = 25V, f = 1.0MHz - 600 - pF 

Output Capacitance COSS 
See Figure 10 - 250 - pF 

Reverse Transfer Capacitance CRSS - BO - pF 
Turn-On Delay Time td(ON) VOO = 90V, 10 = 9.0A, RG = 9.1 n - - 30 ns 

Rise Time tr See Figure 16. (MOSFET switching times - - 50 ns 

Turn-Off Delay Time id{OFF) 
are essentially independent of operating - - 50 temperature) ns 

Fall Time tf - - 40 ns 
Total Gate Charge Qg VGS -10V, 10 =9.0A, VOS -O.BV Max - 19 30 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Qas (Gate charge is essentially independent of - 10 - nC 
Gate-Drain ("Miller") Charge Qad 

operating temperature.) - 9.0 - nC 

Internal Drain Inductance LO Measured from the Modified MOSFET - 3.5 - nH 
contact screw on symbol showing the 
tab to center of die internal device 

inductances. 
Measured from the 

~ 
- 4.5 - nH 

drain lead, 6mm 
(0.25in.) from pack-
age to center of die 

Internal Source Inductance LS Measured from the 
LS 

- 7.5 - nH 
source lead, 6mm 
(0.25") from header S 
and source bonding 
pad. 

Junction-la-Case ROJC 1.67 oCIW 
Case-ta-Sink Recs Mounting surface flat, smooth and greased 0.5 - oCIW 
Junction-ta-Ambient Rn.IA Free air operation - - BO oCIW 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 9.0 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 36 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 9.0A, VGS = OV - - 2.0 V 
Reverse Recovery Time trr T J = + 1500 C, IF = 9.0A, dlF/dt = 1 OON~s - 450 - ns 

Reverse Recovered Charge QRR T J - + 1500 C, IF - 9.0A, dlF/dt - 1 OOA/~s - 3.0 - ~C 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +250C to +1S00C .. . . 
3. Repetitive Rattng: Pulse Width tlmlted by max. 

junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 20V, Start T J = +2SoC, L = 3.37mH. 
2. Pulse Test: Pulse widlh < 300"". 

Duly Cycle {" 2% 
RGS = son. IpEAK = SA (See Figure 1S) 
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IRF630, IRF631, IRF632, IRF633 IRF630R, IRF631R, IRF632R, IRF633R 
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IRF630, IRF631, IRF632, IRF633 IRF630R, IRF631 R, IRF632R, IRF633R 
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mHARRIS 

August 1991 

IRF634, IRF635 
IRF636, IRF637 

N-Channel Power MOSFETs 
Avalanche Energy Rated 

Features Package 

• 8.1A and 6.5A, 250V - 275V 

• rDs(on) = 0.450. and 0.680. 

TO-220AB 

TOP VIEW 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 
:~~~~CE 

GATE 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 275/250V DC Rating - 120V AC Line System Operation 

Description Terminal Diagram 
The IRFS34, IRFS35, IRFS3S, anc!IRFS,37 are advanced power 
MOSFETs designed, tested and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement mode silicon
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv
ers, relay drivers, and drivers for high-'power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRF-types are supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) .................••......... VDS 
Drain-Gate Voltage (RGS = 20kO) (1) .......•........ VDGR 
Continuous Drain Current 

T C = +250 C ...............•.•..... ; . . . . . . . . • . . . . .. 10 
TC=+1000 C .......•....•....•.•............•..... ID 

Pulsed Drain Current (3) .........•• ; •......•.....•.... 10M 
Gate-Source Voltage .•..........••.• , ...•••........ V GS 
Maximum Power Dissipation . 

TC = +250 C ................ d •••• ,' •••••••• ; ........ Po 
Linear Derating Factor ..........• ., •............•.....••. 
Single Pulse Avalanche Energy Rating (4) ...• ; •.......... EAS 
Operating and Storage Junction .••.•............. T J, T STG 
Temperature Range 

Maximum Lead Temperature for Soldering ••..... , ....... TL 
(0.063',' (1.6mm) from case for 10s) 

NOTES: 

IRF634 IRF635 

250 250 
250 250 

8.1 6.5 
5.1 4.1 
32 26 

±20 ±20 

75 75 
0.6 0.6 
180 180 

-55to+150 -55to+15O 

300 300 

D 

G 

S 

IRF636 IRF637 

275 275 
275 275 

8.1 6.5 
5.1 4.1 
32 26 

±20 ±20 

75 75 
0.6 0.6 
180 180 

-55 to +150 -55 to +150 

300 300 

1. TJ = +2SoC to +1500 C 
2. Pulse Test: Pulse width < 300!iS, Duty,Cycle'< 2%. 
3. Repetitive rating: Pulse ;idth limited by max'imuln junction temperature. 

4. VDD = SOY, starting TJ = +2SoC, L = 4.SmH, RGS = 250, 
IpEAK = 8.1 A. See Figures 14 & 15. 

See Transient Thermal Impedance Clirve (Figure ,5). 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/oC 

mJ 
°c 

OC 

CAUTION: These devices are sensjtjve to elec,rostatic d.~charge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 2168.1 
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Specifications IRF634, IRF635, IRF636, IRF637 

Electrical Characteristics Te == 250 e, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVDSS VGS ~ OV, ID ~ -250JlA 
IRF636,IRF637 275 - - V 

IRF634,IRF635 250 - - V 

Gate Threshold Voltage VGS(TH) VDS ~ VGS, ID ~ -250JlA 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS~20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS~20V - - -500 nA 

Zero Gate Voltage Drain Current IDSS VDS ~ Max Rating, VGS ~ OV - - 250 JlA 
VDS ~ Max Rating x 0.8, VGS ~ OV, - - 1000 JlA 
TJ~+1250C 

On-State Drain Current (Note 2) IO(ON) VOS> ID(ON) x rDS(ON) Max, VGS - 10V 
IRF634,IRF636 8.1 - - A 

IRF635,IRF637 6.5 - - A 

Static Drain-Source On-State rDS(ON) VGS-10V,ID~4.1A 
Resistance (Note 2) 

IRF634,IRF636 - 0.32 0.45 0 
IRF635,IRF637 - 0.48 0.68 0 

Forward Transconductance (Note 2) 9fs VDS - 2 x VGSOV,ID - 4.1A 2.9 4.3 - Sm) 
Input Capacitance CISS VGS ~ OV, VDS - 25V, f - 1.0MHz - 600 - pF 

Output Capacitance COSS 
See Figure 1 0 - 180 - pF 

Reverse Transfer Capacitance CRSS - 52 - pF 

Turn-On DelayTime td(ON) VDD -125V, ID "'8.1A, RG -120 - 9.1 14 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 23 35 ns 

Turn-Off Delay Time Id(OFF) 
are essentially independent of operating - 31 47 temperature) ns 

Fall Time tf - 19 29 ns 
Total Gate Charge Og VGS ~ 10V, ID ~ 8.1A, VDS ~0.8 Max - 24 35 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 5.1 - nC 
Gate-Drain ("Miller") Charge Ogd 

operating temperature.) - 12 - nC 

Internal Drain Inductance LD Measured between Modified MOSFET - 4.5 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate inductances. 
pins and center of 

~ 
center of die. 

Internal Source Inductance LS Measured from the - 7.5 - nH 
source lead, 6mm G I 
(0.25") from header LS 
and source bonding 
pad. S 

Junction-ta-Case RaJC - - 1.67 ocm 

Case-to-Sink Racs Mounting surface flat, smooth and greased - 0.5 - ocm 

Junction-ta-Ambient RaJA Free air operation - - 80 ocm 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 8.1 A 

(Body Diode) symbol showing the 
Pulse Source Current ISM integral reverse - - 32 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSD TJ ~ +250C, IS ~8.1A, VGS ~ OV - - 2.0 V 

Reverse Recovery Time trr TJ - +250C, IF - 8.1A, dlF/dt - 100A/Jls 92 180 390 ns 

Reverse Recovered Charge ORR TJ - +250 C, IF - 8.1A,dIF/dt-100NJls 0.63 1.3 2.7 "C 
Forward Turn on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LD' 

NOTES: 1. TJ = +2SoC to +IS00C 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = SOy. Start TJ = +2SoC. l = 4.SmH. 
2. Pulse Test: Pulse width .., 300~s. 

Duty Cycle.., 2% 

4-322 

RGS = 2Sn. IpEAK = S.IA 
(See Figures 14 & IS) 
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mHARRIS 'RF640/641/642/643 
'RF640R/641R/642R/643R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• l6A and l8A, 150V - 200V 

• rDs(on) = 0.180 and 0.220 

Package 
TO-220AB 
TOP VIEW 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited :~~~~CE 
GATE 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Terminal Diagram The IRF640, IRF641, IRF642, and IRF643 are n-channel 
enhancement-mode silicon-gate power field-effect transis
tors. IRF640R, IRF641 R, IRF642R and IRF643R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-d rive power. These types can be operated 
directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRF640 IRF641 
IRF640R IRF641R 

Drain-Source Voltage (1) ............................ VOS 200 150 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VOGR 200 150 
Continuous Drain Current 

TC=+250C ....................................... 10 18 18 
TC=+1000C ...........•.......................... 10 11 11 

Pulsed Drain Current (3) .............................. 10 M 72 72 
Gate-Source Voltage ............................... VGS ±20 ±20 
Maximum Power Dissipation 

TC = +250C ....................................... Po 125 125 
Linear Derating Factor ................................... 1.0 1.0 
Inductive Current, Clamped ........................... ILM 72 72 

(See Figure 14, L = 100f/H) 
Single Pulse Avalanche Energy Rating (4) ......... , ..... EAS' 580 580 
Operating and Storage Junction .................. T J, TSTG -55to+150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for 1 Os) 

NOTES: 

o 

G~ 
S 

IRF642 IRF643 
IRF642R IRF643R 

200 150 
200 150 

16 16 
10 10 
64 64 

±20 ±20 

125 125 
1.0 1.0 
64 64 

580 580 
-55 to +150 -55 to +150 

300 300 

1. TJ = +2SoC to +IS00C. 4. VOO = SOV. starting TJ = +2SoC. L = 2.7mH. Ras = 2S0. 

2. Pulse Test: Pulse width ~ 300ps. Duty Cycle ~ 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 

IpEAK = 18A. See Figure 15. 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/oc 

A 

mJ 
oC 

oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 1585.1 
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IRF640, IRF641, IRF642, IRF643 IRF640R, IRF641R, IRF642R, IRF643R 

Electrical Characteristics TC = 250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TY? MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250[lA 
IRF640/642,IRF640R/642R 200 - - V 

IR F641 /643, IRF641 R/643R 150 - - V 

Gate Threshold Voltage VGSfTHl VOS - VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -500 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - 250 [lA 

VOS - Max Rating x 0.8, VGS - OV, - - 1000 [lA 
TJ = +1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRF640/641, IRF640R/641 R 18 - - A 

IRF642/643,IRF642R/643R 16 - - A 

Static Orain-Source On-State rOS(ON) VGS -10V, 10 -10A 
Resistance (Note 2) 

IR F640/641 , IRF640R/641 R - 0.14 0.18 0 
IRF642/643,IRF642R/643R - 0.20 0.22 0 

Forward Transconductance (Note 2) 9fs VOS~ 50V, 10 = 10A 6.7 10 - S((j) 

Input Capacitance CISS VGS = OV, VOS = 25V, f = 1.0MHz - 1275 - pF 

Output Capacitance COSS See Figure 10 - 400 - pF 

Reverse Transfer Capacitance CRSS - 100 - pF 

Turn-On OelayTime td(ONl VOO = 100V,10 = 18A, RG = 9.10 - 13 21 ns 

RiseTime tr See Figure 16. (MOSFET switching times - 50 77 ns 

Turn-Off Oelay Time Id(OFFl 
are essentially independent of operating - 46 68 ns temperature) 

Fall Time tf - 35 54 ns 

Total Gate Charge Og VGS - 1 OV, 10 - 18A, VOS - 0.8V Max - 43 64 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit 

Gate-Source Charge Ogs (Gate charge is essentially independent of - 8 - nC 
Gate-Orain ("Miller") Charge Oqd 

operating temperature.) - 22 - nC 

Internal Orain Inductance LO Measured from the Modified MOSFET - 3.5 - nH 
contact screw on symbol showing the 
tab to center of die internal device 

inductances. 
Measured from the 

~ 
- 4.5 - nH 

drain lead, 6mm 
(0.25in.) from pack-
age to center of die 

Internal Source Inductance LS Measured from the - 7.5 - nH 
source lead, 6mm LS 
(0.25") from header 

S and source bonding 
pad. 

Junction-ta-Case ROJC - - 1.0 oC/W 

Case-to-Sink ROCS Mounting surface flat, smooth and greased - 0.5 - oC/W 

Junction-ta-Ambient ROJA Free air operation - - 80 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 18 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 72 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 18A, VGS = OV - - 2.0 V 

Reverse Recovery Time trr TJ - +250 C, IF = 18A, dlF/dt -100A/~s 120 240 530 ns 

Reverse Recovered Charge ORR TJ = +1500 C, IF = 18A, dlF/dt - 100A/~s 1.3 2.8 5.6 ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C to +1500C 
2. Pu:se Test: Pulse width 5300/ls, 

Duty Cycle::; 2% 

.. .. 
3. Repetitive Rallng: Pulse Width limited by max. 

junction temper'ature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 20V. Start TJ = +250C. L = 3.37mH, 
RGS = 250. IpEAK = I SA (See Figure 15) 
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IRF640, IRF641, IRF642, IRF643 IRF640R, IRF641 R, IRF642R, IRF643R 

Performance Curves 
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IRF640, IRF641, IRF642, IRF643 IRF640R, IRF641 R, IRF642R, IRF643R 

Performance Curves (Continued) 
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IRF640, IRF641, IRF642, IRF643 IRF640R, IRF641R, IRF642R, IRF643R 

Performance Curves (Continued) 
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IRF644, IRF645 
IRF646, IRF647 

N-Channel Power MOSFETs 
Avalanche Energy Rated 

Features Package 

• 13A and 14A, 250V - 275V 

• rDslon) = 0.280 and 0.340 

TO-220AB 
TOP VIEW 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 
:~~~~CE 

GATE 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 275/250V DC Rating - 120V AC Line System Operation 

Description Terminal Diagram 
The IRF644, IRF645, IRF646, and IRF647 are advanced power 
MOSFETs designed, tested and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement mode silicon
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv
ers, relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRF-types are supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings ITC "" +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) . . . . . . . . . . . . . . . . . . . . . . . . . . .• VDS 
Drain-Gate Voltage (RGS = 20kO) (1) ...........•••.. VDGR 
Continuous Drain Current 

TC = +250C ....................................... 10 
TC=+1000C ...................................... ID 

Pulsed Drain Current (3) .........•••..............•••. 10M 
Gate-Source Voltage ............................... V GS 
Maximum Power Dissipation 

TC=+250C ....................................... PD 
Linear Derating Factor .................................. . 
Single Pulse Avalanche Energy Rating (4) ............... EAS 
Operating and Storage Junction •••....•........•• T J, T STG 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 
(0.063" (1.6mm) from case for 1 Os) 

NOTES: 

IRF644 

250 
250 

14 
8.8 
56 

±20 

125 
1.0 
550 

-55to+150 

300 

IRF645 

250 
250 

13 
8.0 
52 

±20 

125 
1.0 
550 

-55 to +150 

300 

o 

G 

s 

IRF646 IRF647 

275 275 
275 275 

14 13 
8.8 8.0 
56 52 

±20 ±20 

125 125 
1.0 1.0 
550 550 

-55 to +150 -55to+150 

300 300 

1. TJ = +250C to +1500C 
2. Pulse Test: Pulse width ~ 300~s. Outy Cycle ~ 2%. 

4. VOO = 50V. starting TJ = +250C. L = 4.5mH, RGS = 250, 
IpEAK = 14A. See Figures 14 & 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/oC 

mJ 
oc 

oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright @ Harris Corporation 1991 

File Number 2169.1 
4-331 



Specifications IRF644, IRF645, IRF646, IRF647 

Electrical Characteristics Te = 250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVDSS VGS = OV, ID = 250pA 
IRF646,IRF647 275 - - V 

IRF644,IRF645 2SO - - V 

Gate Threshold Voltage VGSITHI VOS - VGS, 10 - -250pA 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS=20V - - SOO nA 

Gate-Source Leakage Reverse IGSS VGS=20V - - -500 nA 

Zero Gate Voltage Drain Current lOSS VOS = Max Rating, VGS = OV - - 250 pA 

VOS = Max Rating x 0.8, VGS - OV, - - 1000 pA 
TJ=+1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRF644,IRF646 14 - - A 

IRF645,IRF647 13 - - A 

Static Drain-Source On-State rOS(ON) VGS = 10V,I0 =8A 
Resistance (Note 2) 

IRF644,IRF646 - 0.20 0.28 0 
IRF645,IRF647 - 0.28 0.34 0 

Forward Transconductance (Note 2) 9fs VOS> 50V, 10 = 8A 6.7 10 - S(.Q) 
Input Capacitance CISS VGS = OV, VOS = 25V, f .. 1.0MHz - 1300 - pF 

Output Capacitance COSS 
See Figure 10 - 320 - pF 

Reverse Transfer Capacitance CRSS - 69 - pF 

Turn-On OelayTime idCONI VOO -125V,10 -14A, RG - 9.10 - 16 24 ns 
Rise Time tr See Figure 16. (MOSFET switching times - 67 100 ns 
Turn-Off.Oelay Time id(OFF) 

are essentially independent of operating - 53 80 ns temperature) 
Fall Time tf - ~9 74 ns 
Total Gate Charge Og VGS-l0V,lo = 14A, VOS = 0.8 Max - 39 59 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Ogs (Gate charge is essentially independent of - 6.6 - nC 
Gate-Drain ("Miller") Charge Oed 

operating temperature.) - 20 - nC 
Internal Drain Inductance Lo Measured between Modified MOSFET - 4.5 - nH 

the contact screw on symbol showing the 
header that is closer internal device 
to source and gate inductances. 
pins and center of 

~ 
center of die. 

Internal Source Inductance Ls Measured from the - 7.5 - nH 
source lead, 6mm 
(0.25") from header LS 
and source bonding 
pad. S 

Junction-ta-Case RaJC - - 1.0 oC/W 

Case~to-Sink Recs Mounting surface flat, smooth and greased - 0.5 - oC/W 

l:unction-ta-Ambient RaJA Free air operation - - 80 °C/W 

Sc.lurce Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 14 A 

(Body Diode) symbol showing the 
Pulse Source Current ISM integral reverse - - 56 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSo TJ = +250 C,IS = 14A, VGS = OV - - 1.8 V 
Reverse Recovery Time trr TJ -+250 C,IF -14A,dIF/dt= l00Njls lSO 300 640 ns 
Reverse Recovered Charge ORR TJ = +250 C,IF-14A,dIF/dt-l00A/jis 1.6 3.4 7.2 IIC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + Lo. 

NOTES:.l. TJ = +2500 1o +1500C 3. Repetitive-Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 50V. Start T J .. +250C. l .. 4.SmH. 
2.PulsQ Test: Pulse width ~ 3OOps. 

Duty Cycle.';; 2% 
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RGS = 250. IpEAK = 14A 
(See Figures 14 & 15) 
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miHARRIS IRF710/711/712/713 
IRF710R1711R1712R/713R 

August 1991 

N-Channel Power MOSFETs 
Avalanche "Energy Rated*' 

Features 

• 1.7A and 2.0A, 350V - 400V 

• rDs(on) = 3.60 and 5.00 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO ... 220AB 
TOP VIEW 

Terminal Diagram 

:~~~CE 
" GATE 

The IRF710, IRF711, IRF712, and IRF713 are n-channel 
enhancement-mode silicon-gate power field-effect transis' 
tors. IRF710R, IRF711 R, IRF712R and IRF713R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, ,and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can b!;l operated 
directly from integrated Circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) ...............•.........•• , VDS 
Drain-Gate Voltage (RGS = 20kO) (1 ) ....••..•••..... VDGR 
Continuous Drain Current 

TC = +250C ........................................ ID 
TC=+1000C .......•••..........•...•......... : ... ID 

Pulsed Drain Current (3) •••..•••••••....• ; •.•••.....•• IDM 
Gate-SourceVoHage .•.....••••••.......•••••••.••. VGS 
Maximum Power Dissipation 

TC=+250C •...•..•••..••.•...............••.....• PD 
Unear Derating Faclor ••••.•••.•........••..... : ...•..... 
Inductive Current, Clamped ....•••.•••.....•.••....•.. ILM 

(See Figure 14, L = 100!,H) 
Single Pulse Avalanche Energy Rating (4) ...... , ....••.. EAS' 
Operating and Storage Junction ••••.•...••••.••.. T J. TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ....•.•..••.... TL 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

IRF710 
IRF7tOR 

400 
400 

2 
1.2 
5 

±20 

36 
0.29 
6.0 

120 
-55 to +150 

300 

IRF711 
IRF711R 

350 
350 

2 
1.2 
5 

±20 

36 
0.29 
6.0 

120 
-5510+150 

300 

G 

IRF712 
IRF712R 

400 
400 

1.7 
1.1 
4.3 
±20 

36 
0.29 
5.0 

120 
-55to+150 

300 

IRF713 
IRF7t3R 

350 
350 

1.7 
1.1 
4.3 
±20 

36 
0.29 
5.0 

120 
-55 to +150 

300 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/oC 

A 

mJ 
oC 

oC 

1. TJ = +250C to +150oC. 4. VDD = SOY. starting TJ = +250C. L .. 53mH, RGS = 250. 

2. Pulse Test: Pulse width :s 300~s. Duty Cycle ~ 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

irR Suffix Types Orily 

IpEAK = 2A 5ee, Figure 15. 

CAUTION: These devices are sensit~e tQ electrostatic disct)arge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 ' 
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IRF710, IRF711, IRF712, IRF713 IRF710R, IRF711R, IRF712R, IRF713R 

Electrical Characteristics TC = 250 C, Unless Otherwise Specified 

UMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV,IO = 250~ 
IRF710/712,IRF710R/712R 400 - - V 

IRF711 /713,IRF711 R/713R 350 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -500 nA 

Zero Gate Voltage Drain Current lOSS VOS - Max Rating, VGS - OV - - 250 ~ 
VOS - Max Rating x O.S, VGS - OV, - - 1000 ~ 
TJ = +1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x ROS(ON) Max, VGS = 10V 
IRF71 0/711,IRF71 OR/711 R 2.0 - - A 

IRF712/713,IRF712R/713R 1.7 - - A 

Static Drain-Source On-State rOS(ON) VGS=10V,10=1.lA 
Resistance (Note 2) 

IRF71 0/711,IRF71 OR/711 R - 3.3 3.6 0 

IRF712/713,IRF712R/713R - 3.6 5.0 0 

Forward Transconductance (Note 2) 9ls VOS> 50V, 10 = 1.lA 1.0 1.5 - S(U) 

Input Capacitance CISS VGS = OV, VoS - 25V, f = 1.0MHz - 135 - pF 

Output Capacitance COSS 
See Figure 10 - 35 - pF 

Reverse Transfer Capacitance CRSS - 8.0 - pF 

Turn-On OelayTime td(ON) VOO = 50V, 10 '" 5.6A, RG - 240 - ao 12 ns 

RiseTime tr See Figure 16. (MOSFET switching times - 10 15 ns 

Turn-Off Delay Time id(OFF) 
are essentially independent of oper"ting - 21 32 temperature) ns 

Fall Time tf - 11 17 ns 

Total Gate Charge Og VGS -10V,10 - 2.0A, VOS - O.SV Max - 7.0 12 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuil. 

Gate-Source Charge Q gS (Gate charge is essenti"lIy independent of - 1.2 - nC 

Gate-Drain ("Miller") Charge Ogd 
operating temperature.) - 4.0 - nC 

Internal Drain Inductance LO Measured from the Modified MOSFET - 3.5 - nH 
contact screw on symbol showing the 
tab to center of die internal device 

inductances. 
Measured from the 

~ 
- 4.5 - nH 

drain lead, 6mm 
(0.25in.) from pack-
age to center of die 

Internal Source Inductance LS Measured from the - 7.5 - nH 
source lead, 6mm LS 
(0.25") from header 

S and source bonding 
pad. 

Junction-to-Case ReJC - - 3.5 °C/W 
Case-to-Sink Recs Mounting surface flat, smooth and greased - 0.5 - °C/W 
Junction-to-Ambient ReJA Free air operation - - 80 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 2.0 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 5.0 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO T J = +250 C, IS = 2.0A, VGS = OV - - 1.6 V 

Reverse Recovery Time Irr TJ = +250 C,IF - 2.0A, dlF/dt - 100Al~s 110 - 520 ns 

Reverse Recovered Charge ORR TJ = +250 C,IF - 2.0A, dlF/dt - 100Al~s 0.40 - 1.4 JlC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +2S0C 10 +1S00C 
2. Pulse Test: Pulse widlh ~ 300~s. 

.. . . 3. Repetitive Ratmg: Pulse Width limited by max . 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = SOV, Slart T J = +2SoC. L = S3mH, 
RGS = 2Sn. IpEAK = 2A (See Figur. 1 S) 

Duly Cycle ~ 2% 
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IRF770, IRF77 7, IRF772, IRF773 IRF770R, IRF77 7R, IRF772R, IRF773R 
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IRF710, IRF711, IRF712, IRF713 IRF710R, IRF711R, IRF712R, IRF713R 

Performance Curves (Continued) 
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IRF710, IRF711, IRF712, IRF713 IRF710R, IRF711R, IRF712R, IRF713R 

Performance Curves (Continued) 
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m HARRIS IRF720/721/722/723 
IRF720R/721R/722R/723R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 2.8A and 3.3A, 350V- 400V 

• rDs(on) = 1.8fland 2.50 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Tr,ansfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

; SOURCE 
- - DRAIN 

GATE 

The IRF720, IRF721, IRF722, and IRF723 are n-channel 
enhancement-mode Silicon-gate power field-effect transis
tors. IRF720R, IRF721 R, IRF722R and IRF723R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) ................ , ........... VOS 
Orain-Gate Voltage (RGS = 20kfl) (1) ................ VOGR 
Continuous Drain Current 

TC = +250 C .....................................•• 10 
TC = +1000 C ...................................... 10 

Pulsed Drain Current(3) .•......•••..........•.••....• 10M 
Gate-Source Voltage ........•.•..•...........••.... V GS 
Maximum Power Dissipation 

TC = +250C •....•....•••••••••........••••••...••• Po 
Linear Derating Factor .................................. . 
Inductive Current, Clamped .•...............•......... ILM 

(See Figure 14, L = 100flH) 
Single Pulse Avalanche Energy Rating (4) ..............• EAS' 
Operating and Storage Junction ..........•....... T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering .......•.•.•... TL 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

IRF720 
IRF720R 

400 
400 

3.3 
2.1 
13 

±20 

50 
0.4 
12 

190 
-55 to +150 

300 

IRF721 
IRF721R 

350 
350 

3.3 
2.1 
13 

±20 

50 
0.4 
12 

190 
-55 to +150 

300 

o 

G 

S 

IRF722 IRF723 
IRF722R IRF723R 

400 350 
400 350 

2.8 2.8 
1.8 1.8 
11 11 

±20 ±20 

50 50 
0.4 0.4 
10 10 

190 190 
-55 to +150 -55 to +150 

300 300 

1. TJ = +2SoC to +1S0oC. 

2. Pulse Test: Pulse width .s 300~s, Puty Cycle :>.'2%. 

• 4. VPP = SOV, starting TJ = +2SoC, L = 31 mH, Ras = 2S0, 
IpEAK = 3.3A. See Figure 1S. 

3. Repetitive rating: Pulse width limited by maximum junction t~mperature. 
See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/oC 

A 

mJ 
oC 

oC 

CAUTION: These devices are sensitive to· electrostatic discharge. Proper ,I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 1579.1 
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IRF720, IRF721, IRF722, IRF723 IRF720R, IRF721R, IRF722R, IRF723R 

Electrical Characteristics TC = 250C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV,IO = 250flA 
IRF7201722,IRF720R/722R 400 - - V 

IRF7211723,IRF721 R/723R 350 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -500 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - 250 ~A 

VOS - Max Rating x 0.8, VGS - OV, - - 1000 ~A 
TJ=+1250C 

On-State Orain Current (Note 2) 10(ON) VOS > 10(ON) x ROS(ON) Max, V GS - 10V 
IRF7201721, IRF720R1721 R 3.3 - - A 

IRF7221723,IRF722R/723R 2.8 - - A 

Static Orain-Source On-State rOS(ON) VGS = 10V, 10 = 1.8A 
Resistance (Note 2) 

IRF7201721,IRF720R/721 R - 1.5 1.B 0 
IRF7221723,IRF722R/723R - 1.B 2.5 0 

Forward Transconductance (Note 2) 9fs VOS > 50V, 10 - 1.BA 1.B 2.7 - Sm) 

Input Capacitance CISS VGS"- OV, VOS = 25V, f = 1.0MHz - 360 - pF 

Output Capacitance COSS 
See Figure 10 - 55 - pF 

Reverse T ransler Capacitance CRSS - 20 - pF 

Turn-On OelayTime td(ON) VOO - 200V,I0 '" 3.3A, RG - lBO - 10 15 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 14 21 ns 

Turn-Off Oelay Time ld(OFF) 
are essentially independent of operating - 30 45 temperature) ns 

Fall Time tf - 13 20 ns 

Total G ate Charge Og VGS - 1 OV,IO - 3.3A, VOS - O.BV Max - 12 20 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Qos (Gate charge is essentially independent of - 2.0 - nC 

Gate-Orain ("Miller") Charge Qgd 
operating temperature.) - 6.0 - nC 

Internal Orain Inductance LO Measured from the Modified MOSFET - 3.5 - nH 
contact screw on symbol showing the 
tab to center of die internal device 

inductances. 
Measured from the 

~ 
- 4.5 - nH 

drain lead, 6mm 
(0.25in.) from pack-
age to center of die 

Internal Source Inductance LS Measured from the - 7.5 - nH 
source lead, 6mm LS 
(0.25") from header 

S and source bonding 
pad. 

Junction-to-Case RaJC - - 2.5 oC/W 

Case-to-Sink ROCS Mounting surface flat, smooth and greased - 0.5 - oC/W 

Junction-to-Ambient RaJA Free air operation - - BO oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 3.3 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 13 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSD TJ = +250 C,IS = 3.3A, VGS = OV - - 1.6 V 

Reverse Recovery Time trr T J = +250 C, IF - 3.3A, dlF/dt - 1 OOA/~s 120 - 600 ns 

Reverse Recovered Charge QRR TJ = +250 C,IF - 3.3A, dIF/dt-l00N~s 0.64 - 3.0 JlC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +2SoC 10 +1S00C 
2. Pulse Tesl: Pulse widlh ~ 300~s. 

00 .. 3. Repetitive Rating: Pulse Width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure S) 

4. VOO = SOY. Slart T J = +2SoC, L = 31 mHo 
RGS = 2Sn, IpEAK = 3.3A (See Figure 1 S) 

Duly Cycle ~ 2% 
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IRF720, IRF721, IRF722, IRF723 IRF720R, IRF721 R, IRF722R, IRF723R 

Performance Curves. 
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IRF720, IRF721, IRF722, IRF723 IRF720R, JRF721R, IRF722R, IRF723R 

Performance Curves (Continued) 
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IRF720, IRF721, IRF722, lRF7231RF720R, IRF721 R, IRF722R, IRF723R 

Performance Curves (Continued) 
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III HARRIS 'RF730/731/732/733 
'RF730R/731R/732R/733R 

August .1991 

N-Channei Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 4.SA and S.SA, 3S0V - 400V 

• rDs(on) = 1.00 and 1.50 

Package 
TO-220AB 
TOP VIEW 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 
:~~I~CE 

GATE 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Terminal Diagram The IRF730, IRF731, IRF732, and IRF733 are n-channel 
enhancement-mode silicon-gate power field-effect transis
tors. IRF730R, IRF731 R, IRF732R and IRF733R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from Integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 

IRF730 IRF731 
IRF730R IRF731R 

Drain-Source Voltage (1) ............................ VDS 400 350 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR 400 350 
Continuous Drain Current 

TC=+250C ....................................... ID 5.5 5.5 
TC=+1000C ...................................... ID 3.5 3.5 

Pulsed Drain Current (3) .............................. IDM 22 22 
Gate-Source Voltage ............................... VGS ±20 ±20 
Maximum Power Dissipation 

TC=+250C ....................................... PD 75 75 
Unear Derating Factor ................................... 0.6 0.6 
Inductive Current, Clamped ........................... ILM 22 22 

(See Figure 14, L = 1001lH) 
Single Pulse Avalanche Energy Rating (4) ............... EAS* 300 300 
Operating and Storage Junction .................. T J, T STG -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

D 

G 

s 

IRF732 IRF733 
IRF732R IRF733R 

400 350 
400 350 

4.5 4.5 
3.0 3.0 
18 18 

±20 ±20 

75 75 
0.6 0.6 
18 18 

300 300 
-55 to +150 -55 to +150 

300 300 

1. TJ = +250C to +1500C. 

2. Pulse Test: Pulse width'::; 300,,", Duty Cycle ~ 2%. 

4. VDD = 50V. starting TJ = +250C. L = 17mH, RGS = 250, 
IpEAK = 5.5A. See Figure 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
Sea Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 

UNITS 

V 
V 

A 
A 
A 
V 

W 
Wloc 

A 

mJ 
oC 

oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © HarriS Corporation 1991 

File Number 1580.1 
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IRF730, IRF731, IRF732, IRF733 IRF730R, IRF731R, IRF732R, IRF733R 

Electrical Characteristics TC = 250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 2501JA 
IRF7301732,IRF730R/732R 400 - - V 

IRF7311733, IRF731 R/733R 350 - - V 

Gate Threshold Voltage VGSITHI VOS - VGS, 10 - 2SO~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -SOO nA 

Zero Gate Voltage Drain Current lOSS VOS - Max Rating, VGS - OV - - 250 ~A 

VOS - Max Rating x O.B, VGS - OV, 
TJ=+1250C 

- - 1000 ~A 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x ROS(ON) Max, VGS = 10V 
IRF7301731, IRF730R/731 R 5.5 - - A 

IRF7321733,IRF732R/733R 4.5 - - A 

Static Drain-Source On-State rOS(ON) VGS - 1 OV, 10 - 3.0A 
Resistance (Note 2) 

IRF7301731, IRF730R/731 R - O.B 1.0 0 

IRF7321733,IRF732R/733R - 1.0 1.5 n 
Forward Transconductance (Note 2) 9fs VOS > 50V, 10 - 3.0A 2.9 4.4 - Sm) 
Input Capacitance CISS VGS - OV, VOS = 25V, f - 1.0MHz - 600 - pF 

Output Capacitance COSS 
See Figure 10 - 150 - pF 

Reverse Transfer Capacitance CRSS - 40 - pF 

Turn-On Delay Time td(ONt VOO - 200V, 10 '" 5.5A, RG - 120 - 10 17 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 20 29 ns 

Turn-Off Delay Time id(OFF) 
are essentially independent of operating - 35 56 ns temperature) 

Fall Time tf - 15 24 ns 

Total Gate Charge Og VGS = 10V, 10 - 5.5A, VOS -O.BV Max - 20 35 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Oas (Gate charge is essentially independent of - 3.0 - nC 
Gate-Drain ("Miller") Charge °ad 

operating temperature.) - 10 - nC 

Internal Drain Inductance LO Measu red from the Modified MOSFET - 3.5 - nH 
contact screw on symbol showing the 
tab to center of die internal device 

inductances. 
Measured from the 

~ 
- 4.5 - nH 

drain lead, 6mm 
(0.25in.) from pack-
age to center of die 

Internal Source Inductance LS Measured from the - 7.5 - nH 
source lead, 6mm LS 
(0.25") from header 

5 and source bonding 
pad. 

Junction-ta-Case RaJC - - 1.67 oC/W 

Case-to-Sink Racs Mounting surface flat, smooth and greased - 0.5 - °C/W 
Junction-ta-Ambient RaJA Free air operation - - BO °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 5.5 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 22 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 5.5A, VGS = OV - - 1.6 V 

Reverse Recovery Time trr TJ - +250 C, IF - 5.5A, dlF/dt -100A/~s 140 300 660 ns 

Reverse Recovered Charge ORR TJ - +250 C, IF - 5.5A, dlF/dt - 100A/~s 0.93 2.1 4.3 ~C 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C to +1500C .. 3. Repetitive Rating: Pulse Width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 50V. Start T J = +250C. L = 17mH. 
2. Pulse Test: Pulse width .s 3001JS. RGS = 250. IpEAK = 5.5A (See Figure 15) 

Duty Cycle..s 2% 
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Performance Curves 
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Performance Curves (Continued) 
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Performance Curves (Continued) 
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{II HARRIS 'RF740/741/742/743 
'RF740R/741R/742R/743R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• SA and lOA, 350V - 400V 

• rDS(on) = 0.550 and O.SO 

Package 
TO-220AB 

TOP VIEW 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 
:~~~~CE 

GATE 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Terminal Diagram The IRF740, IRF741, IRF742, and IRF743 are n-channel 
enhancement-mode silicon-gate power field-effect transis
tors. IRF740R, IRF741 R, IRF742R and IRF743R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRF740 IRF741 
IRF740R IRF741R 

Drain-Source Voltage (1) ............................ VDS 400 350 
Drain-Gate Voltage (RGS = 20kfl) (1) ................ VDGR 400 350 
Continuous Drain Current 

TC=+250 C ...............••..............•....... ID 10 10 
TC = +1000 C ..............•••.........•...•....••. ID 6.3 6.3 

Pulsed Drain Current(3} .......•...................... IDM 40 40 
Gate-Source Voltage ......•..•••.........•......... VGS ±20 ±20 
Maximum Power Dissipation 

TC = +250 C .................•..................... PD 125 125 
Linear Derating Factor ................................... 1.0 1.0 
Inductive Current, Clamped ....••..•.................. ILM 40 40 

(See Figure 14, L = lOOflH) 
Single Pulse Avalanche Energy Rating (4) .....•......... EAS* 520 520 
Operating and Storage Junction .................. T J, TSTG -55 to +150 -55to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

D 

G 

s 

IRF742 IRF743 
IRF742R IRF743R 

400 350 
400 350 

8.0 8.0 
5.2 5.2 
33 33 

±20 ±20 

125 125 
1.0 1.0 
32 32 

520 520 
-55 to +150 -55 to +150 

300 300 

1. TJ = +250C to +1500C. 

2. Pulse Test: Pulse width :s. 300/lS. Duty Cycle :s. 2%. 

4. VOO = 50V, starting TJ = +250C, L = 9.1 mH, RGS = 250, 
IpEAK = 10A. 5ee Figure 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal, Impedance Curve (Figure 5). 

*R Suffix Types Only 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/oC 

A 

mJ 

°c 

oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 2311_1 
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, 

IRF740, lRF741, IRF74'2, IRF743 IRF740R IRF741R, IRF742R, IRF743R 

Electrical Characteristics TC =250C,UlllessOtherwise Specified 
" 

LIMITS 
, . " 

CHARACTERISTIC SYMBOL " TES" C,ONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10= 2qOllA 
IRF740(742,IRF740R/742R 400 - - V 

fRF741/743"IRF741 R/743R , 350 - - V 
Gate Threshold Voltage VGS(THl VOS - VGS, ,10 =250~k 2.0 - 4.0 V 

Gate-'Source Leakage Forward IGSS " VGS-20V " - - 500 nA 

Gate-Source Leakage Reverse , IGSS '(GS - -20V 
, - - -500 nA 

Zero, GateVoltage Drain Current lOSS ':JOS = Max Rating; VGS-OV - - 250 ~A 

VOS - Max Rating x 0.8,VGS = OV, - - 1000 ~ 
"', TJ = +1250 C 

On~Stateprain Current (Note 2) 10(ON) VOS> 10(ON) x ROS(ON) Max, VGS = 10V 
IRF740/741, IRF740R/741 R 10 - - A 

IRF742/743,IRF742R/743R , "'" 8.3 - - A 

Static Drain-SOurce On-State 
Resistance (Note 2) 

rOS(ON) Vas - 10V,ID- 5.2A 

IRF740/741, IRF740R/741 R - OA7 0.55 n 
18 F7 42/743, IRF7 42R/7 43R - 0.68 0.80 n 

Forward Transconductance (Note 2) 9fs VOS> 50V, 10 = 5.2A 5.8 ,8.9 - Sm) 
Input Capacitance CISS VGS = OV, VOS= 25V, f = 1.0MHz " - 1250 - pF 
Output Capacitance COSS 

See Figure 10 - 300 - pF 

Reverse TransferCapaciiarce CRSS - 80 - pF 

Turn-On Delay Time td(ONl VOO - 200V,10 -lOA, RG - 9.1 n, ' - 15 21 ns 

Rise Time , 
tr See Figure 16, (MOSFET switching times - 25 41 ns 

Turn-Off O,elay lime id(bFFl 
are essentially.independent of operating' - 52 75 ns temperature) , 

Fall Time If 
, 

" - 25 36 ns 

TOtal Gate Charge Og VGS = 10V, 10- tOA, VOS ::-0.8VMax - 41 63 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circ~it. 

Gate~Sour<::e Charge Ogs (Gate charge is essentially independent of - 6.,5 - nC 

Gate:"'Orain (",Mltler") Charge OQd 
operating temperature.) , " 

I - 23 - nC 

Internal, Drain Indu,ctance Lo Measured from the Modified MOSFET - 3.5 - nH 
contact $crevi.on symbol showing the 
tab tocenter,ofdie interrial device 

, inductarjces. 
Measured from the 

~ 
- 4.5 - nH 

drain lead, 6mm 
....• . ., (0.25in.) from pack- o ' 

age to center of die 
G " ", 

Internal Source Inductance L$ Measured from the - 7.5 - nH 
source lead, 6mm ' , ' 'LS 

(0.25"),jrom header 
,', ' S and source bonding 

pad. 
',' 

Junction-ta-Case RaJC - - 1.0 °C/W 
Case-to-Sink Raes 'Mounting surface flat,smooth and greased - 0.5 - °C/W 
Junction-ta-Ambient RaJA Free air operation - - 80 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 10 A 

(SodyOiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 40 A 
(SOdy Diode) (Note 3) P-N june. rectifier. ' 

~iode Forward Voltage (Note 2) , VSO TJ = +250 C,IS = lOA, '(GS = OV - - 2.0 V 

Reverse Recovery Time Irr TJ - +250 C,IF= 10A"dIF/dt = 100A/~s 170 390 790 ns 

Reverse Recovered Charge ORR TJ = .f.250 C,IF= lOA, dJF/dt = 1 OOA!~s 1.6 4.5 8.2 ~C 

Forward Turn-on Time tON Intrinsic turn-on time is'negligible. Turn-on 
speed is substantiallycontroHed by LS + LO. 

- - - -

-NOTES. 1.T J - + 250C 10 + 1500C 
2. Pulse Tesl: Pulse widlh < 300~s. 

Duly Cycle :S'"2% 

" 3. Repetitive Rating. Pulse wldtl') limited by max. 
junction temper~ture., See ,Transient 'Thermal, . 
Impedance Curve (Figure 5) 

- - ° -4. VDD -;- 50V, Slarl TJ - +25. C, L - 9.1mH, 
RGS = 250, IpEAK = 10A (See Figure 15) 



IRF740, IRF741, IRF742, IRF743 IRF740R, IRF741R, IRF742R, IRF743R 

Performance Curves 
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IRF740, IRF741, IRF742, IRF743 IRF740R, IRF741R, IRF742R, IRF743R 

Performance Curves (Continued) 
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IRF740, IRF741, IRF742, IRF743 IRF740R, IRF741 R, IRF742R, IRF743R 

Performance Curves (Continued) 
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(I) HARRIS IRF820/821/822/823 
IRF820R/821R/822R/823R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 2.2.and 2.SA, 4S0V - SOOV 

• rDs(on) = 3.00 and 4.00 

Package 
TO-220AB 
TOP VIEW 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited (F~r:IOII ~ :~~~~CE 
GATE 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRF820, IRF821, IRF822. and IRF823 are n-channel 
enhancement-mode silicon-gate power field-effect transis· 
tors. IRF820R. IRF821 R, IRF822R and IRF823R types are 
advanced power MOSFETs designed, tested. and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators. 
switching converters. motor drivers, relay drivers. and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from Integrated circuits. 

The. IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G~ 
s 

Absolute Maximum Ratings (TC = +250C), Unless Otherwise Specified 

Drain-Source Voltage (1) ............................ VOS 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VOGR 
Continuous Drain Current 

TC= +250C ....................................... 10 
TC=+1000C ...................................... 10 

Pulsed Drain Current (3) .............................. 10M 
Gate-Source VoHage ............................... V GS 
Maximum Power DisSipation 

TC = +250C ....................................... Po 
Unear Derating Factor .................................. . 
Inductive Current, Clamped ........................... ILM 

(See Figure 14, L = 1 OO~H) 
Sihgle Pulse Avalanche Energy Rating (4) ............... EAS* 
Operating and Storage Junction .................. T J, TSTG 
Temperature Range 

MaximumLeadTemperatureforSoldering ............... TL 
(0.063" (1.6mm) from case for 1 Os) 

NOTES: 

1. TJ = +250C to +1500C. 

2. Pulse Test: Pulse width .:s 300~s. Duty Cycle :0 2%. 

IRF820 IRF821 IRF822 IRF823 
IRF820R IRF821R IRF822R IRF823R 

500 450 500 450 
500 450 500 450 

2.5 2.5 2.0 2.0 
1.6 1.6 1.4 1.4 
8.0 8.0 7.0 7.0 
±20 ±20 ±20 ±20 

50 50 50 50 
0.40 0.40 0.40 0.40 
10 10 8.0 8.0 

210 210 210 210 
-55to+150 -55 to +150 -55 to +150 -55 to +150 

300 300 300 300 

4. Voo = 50V, starting TJ = +250C, L = 60mH, RGS = 250, 
IpEAK = 2.5A. 5ee Figure 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
OR Suffix Types Only 

UNITS 

V 
V 

A 
A 
A 
V 

mJ 
°c 

°C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 1581.1 
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IRF820, IRF821, IRF822, IRF823 IRF820R, IRF821 R, IRF822R, IRF823R 

Electrical Characteristics Te = 250e, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONOITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250flA 
IRF820/822,IRF820R/822R 500 - - V 

IR F821 /823, IRF821 R/823R 450 - - V 

Gate Threshold Voltage VGSITH) VOS - VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-SourceLeakage Forward IGSS VGS-20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -500 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - 250 ~A 

VOS - Max Hating x 0.8, VGS - OV, - - 1000 ~A 
TJ = +1250 C 

On-State Orain Current(Note 2) 10(ON) VOS> ID(ON) x ROS(ON) Max, V GS - 10V 
IRF820/821, IRF820R/821 R 2.5 - - A 

IRF822/823,IRF822R/823R 2.2 - - A 

Static Orain-Source On-State rOS(ON) VGS -10V, 10= l.4A 
Resistance (Note 2) 

IRF820/821, IRF820R/821 R - 2.5 3.0 0 

IRF822/823, IRF822R/823R - 3.0 4.0 0 

Forward Transconductance (Note 2) 9fs VOS> 50V, 10 = l.4A 1.5 2.3 - S(U) 

Input Capacitance CISS VGS = OV,VOS = 25V, f = 1.0MHz - 360 - pF 

Output Capacitance COSS See Figure 1 0 - 60 - pF 

Reverse Transler Capacitance CRSS - 10 - pF 

Turn-On OelayTime !d(ON) \tOO - 250V, 10 -2.5A, RG = 180 - 11 15 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 11 18 ns 

Turn-Off Oelay Time !d(OFF) 
"re essentially independent of operating - 29 42 temperature) ns 

Fall Time tf - 12 18 ns 

Total Gate Charge Og VGS - 1 OV, 10 - 2.5A, VOS -.0.8V Max - 12 19 nC 
(Gate~Source + Gate-Orain) Rating. See Figure 17 for test circui!. 

Gate-Source Charge Oas 
(Gate charge is.essehtially indepElndent of - 2;5 - nC 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) - 6.0 - nC 

Internal Orain Inductance LO Measured from the Modified MOSFET - 3.5 - nH 
contactscrewon symbol showing the 
tab to center of die internal device 

Measured from the ':@ - 4.5 - ·nH 
drain lead, 6mm 
(0.25in.) from pack-
age to center of die 

Internal Source Inductance LS Measured from the - 7.5 - nH 
source lead, 6mm LS 
(0.25") from header 

. S and source bonding 
pad. 

Junction-la-Case RaJC - - 2.5 °C/W 
Case-to-Sink Recs Mounting surface flat, $mooth and greased - 0.5 - °c/w 
Junction-ta-Ambient RaJA Free air operation - - 80 °C/W 

Source Dram Diode Ratmgs and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 2.5 A 

(BodyOiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 8.0 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ= +250 C, IS = 2.5A; VGS = OV - - 1.6 V 

Reverse Recove,yTime trr- TJ = +250 C, IF -2.5A, dlF/dt -100A/~s. 130 300 540 ns 

Reverse ReCOVered Ch<ltge ORR TJ - +250 C, IF - 2.5A,dIF/dt -100A/MS 0.57 1.4 2.3 ~C .. 

ForwardTurn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
sPeed is substantially controlled by LS +LO. 

NOTES: 1- TJ.- +250 C to +1500 C 
.. 

3. Repetitive Rating: P-ulse wldtl) limited b:y max . 
junction temperature. See Transient Thermal 
Impedance Curve (Figure ,5) 

4. VDO - SOV. Start TJ =+250 C. L - 60mH. 
2. Pulse Test:. Pul$e""idth~ 300~s. Ras" 2511, IpEAK = 2.5A (See Figure 15) 

Duty Cycle..$ 2'l!; 
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IRF820, IRF821, IRF822, IRF823 IRF820R, IRF821R, IRF822R, IRF823R 

Performance Curves 
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IRF820, IRF821, IRF822, IRF823 IRF820R, IRF821 R, IRF822R, IRF823R 

Performance Curves (Continued) 
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IRF820, IRF821, IRF822, IRF823 IRF820R, IRF821R, IRF822R, IRF823R 

Performance Curves (Continued) 
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mlHARRIS 'RF830/831/832/833 
'RF830R/831 R/832R/833R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 4.0A and 4.SA, 4S0V - SOOV 

• rOS(en) = 1.S0 and 2.00 

• Single Pulse Avalanche Energy Rated* 

• SOA is Pewer-O.issipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

:~~~~CE 
GATE 

The IRF830, IRF831, IRF832,and IRF833 are n-channel 
enhancement-mode silicon-gate power field-effect transis~ 
tors. IRF830R, IRF831 R,IRF832R and IRF833R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MO$FETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be. operated 
directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in theJEDEC TO-220AB plastic 
package. . 

Absolute Maximum Ratings (TC = +250 C),Unless Otherwise Specified 

Orain~Source Voltage (1) . ; .......................... VOS 
Orain~Gate Voltage (RGS =20kO)(1) ................ VOGR 
ContinuQu~ Orain Current 

Te =+250 C •.............•...•..•........ : ........ 10 
TC=+1000 C .......•...... , ....................... 10 

Pulsed OrainCurrent (3) .. , ........................... IOM 
Gate-Source Voltage .... ; .......................... VGS 
Maximum Power Oissipation 

TC = +250 C ....................•..............•..• PO 
Unear Derating Factor ..... ; .......................... ; .. 
Inductive Current, Clamped ..........................• ILM 

(See Figure 14, .L = 1001lH) 
Single Pulse Avalanche Energy Rating (4) ...........•... EAS' 
Operating and Storage Junction .................. T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

IRF830 
IRF830R 

500 
500 

4.5 
3.0 
18 

±20 

75 
0.6 
18 

300 
-55 to +150 

300 

IRF831 
IRF831R 

450 
450 

4.5 
3.0 
18 

±20 

75 
0.6 
18 

300 
-55 to +150 

300 

D 

G 

S 

IRF832 
IRF832R 

500 
500 

4.0 
2.5 
16 

±20 

75· 
0.6 
16 

300 
-55 to +150 

300 

IRF833 
IRF833R 

450 
450 

4.0 
2.5 
16 

±20 

75 
0.6 
16 

300 
-55 to +150 

300 

UNITS 

V 
V 

A 
A 
A 
V 

W 
·W/oC 

A 

mJ 
°c 

oC 

1.TJ = +2S~C 10 +1 SOoC: 4. VOD = SOV. SlatlirigTJ = +2SoC. L= 2SmH. RGS = 250. 

2. Pulse Test: Pulse widlh :5 300"". Duly Cycle 5. 2%. 

3. -, Repetitive rating:, Pulse width limited by maximum junction temperature. 
See Transieril Thermal Impedance Curve (Figure S). 

-R-Suffix Types Only 

IpEAK = 4.SA. See Figure IS. 

C{\UTION':· These devices are sensitive to electrostatic discharge. Proper I'.C. handling p'.f~ciedures should be fOllowed. 
Copyright © Harris Corporation 1991 . 
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IRF830, IRF831, IRF832, IRF833 IRF830R, IRF831R, IRF832R, IRF833R 

Electrical Characteristics TC = 250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250MA 
IRFB30/B32,IRFB30R/832R 500 - - V 

IRFB31/B33,IRFB31 R/B33R 450 - - V 

Gate Threshold Voltage VGS(THl VOS - VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -500 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, V GS - OV - - 250 ~A 

VOS - Max Rating x O.B, VGS - OV, - - 1000 ~A 
TJ=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x ROS(ON) Max, V GS = 10V 
IRFB30/B31,IRFB30R/831 R 4.5 - - A 

IRFB32/B33,IRFB32R/833R 4.0 - - A 

Static Orain-Source On-State rOS(ON) VGS - 1 OV,IO - 2.5A 
Resistance (Note 2) 

IRFB30/B31,IRFB30R/B31 R - 1.3 1.5 0 

IRFB32/B33,IRFB32R/B33R - 1.5 2.0 0 

Forward Transconductance (Note 2) 9fs VOS ~. 50V, 10 = 2.5A 2.7 4.2 - Sm) 
Input Capacitance CISS VGS = OV, VOS = 25V, f = 1.0MHz - 600 - pF 

Output Capacitance COSS 
See Figure 10 - 100 - pF 

Reverse Transfer Capacitance CRSS - 20 - pF 

Turn-On OelayTime td(ON) VOO = 250V,I0 = 4.5A, RG = 120 - 10 17 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 15 23 ns 

Turn-Off Oelay Time id(OFFl 
are essentially independent of operating - 33 53 temperature) ns 

Fall Time tf - 16 23 ns 

Total Gate Charge Og V GS = 1 OV, 10 = 4.5A, VOS = O.BV Max - 22 32 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OQS (Gate charge is essentially independent of - 3.5 - nC 

Gate-Orain ("Miller"') Charge Ogd 
operating temperature.) - 11 - nC 

Internal Drain Inductance Lo Measured from the Modified MOSFET - 3.5 - nH 
contact screw on symbol showing the 
tab to center of die internal device 

inductances. 
Measured from the 

~ 
- 4.5 - nH 

drain lead, 6mm 
(0.25in.) from pack-
age to center of die 

Internal Source Inductance LS Measured from the - 7.5 - nH 
source lead, 6mm LS 
(0.25"') from header 

S and source bonding 
pad. 

Junction-ta-Case RaJC - - 1.67 °C/W 
Case-to-Sink Racs Mounting surface flat, smooth and greased 0.5 - °C/W 
Junction-ta-Ambient RaJA Free air operation - - BO °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 4.5 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 18 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C,IS = 4.5A, VGS = OV - - 1.6 V 

Reverse Recovery Time I" TJ - +250 C,IF - 4.5A, dlF/dt - 100A/~s 180 350 760 ns 

Reverse Recovered Charge ORR T J - +250 C, IF = 4.5A, dlF/dt - 1 OOA(~s 0.96 2.2 4.3 ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: Pulse width :s:. 300~s. 

.. 3. Repetitive Rating: Pulse Width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 50V, Start T J = +250C, L = 25mH, 
RGS = 25n, IpEAK = 4.5A (See Figure 15) 

Duty Cycle :s:. 2% 
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mHARRIS 'RF840/841/842/843 
'RF840R/841R/842R/843R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 7A and 8A, 450V - 500V 

• rDS(on) = 0.850 and 1.10 

Package 
TO-220AB 
TOP VIEW 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 
:~~~CE 

GATE 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRF840, IRF841, IRF842, and IRF843 are n-channel Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis-
tors. IRF840R, IRF841 R, IRF842R and IRF843R types are N-CHANNEL ENHANCEMENT MODE 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic S 
package. 

Absolute Maximum Ratings (Tc '" +250C), Unless Otherwise Specified 

IRF840 IRF841 IRF842 IRF843 
IRF840R IRF841R IRF842R IRF843R 

Drain-Source Voltage (1) . . . . . . . . . . . . . . . . . . . • . . . . . . .. VOS 500 450 500 450 
Drain-Gate Voltage (RGS = 20kO) (1 ) .....•.••.....•. VOGR 500 450 500 450 
Continuous Drain Current 

TC=+250 C ....................................... 10 8.0 8.0 7.0 7.0 
TC=+1000C ...................................... 10 5.1 5.1 4.4 4.4 

Pulsed Drain Current (3) .............................. 10M 32 32 28 28 
Gate-Source Voltage ............................... VGS ±20 ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250C ....................................... Po 125 125 125 125 
Linear Derating Factor ................................... 1.0 1.0 1.0 1.0 
Inductive Current, Clamped ........................... ILM 32 32 28 28 

(See Figure 14, L = 100fJH) 
Single Pulse Avalanche Energy Rating (4) ............... EAS' 510 510 510 510 
Operating and Storage Junction .................. T J, TSTG -55to+150 -55to+150 -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 
(0.083" (1.6mm) from case for 1 Os) 

NOTES: 

1. TJ = +2SoC to +IS00C. 

2. Pulse Test: Pulse width::; 3001'8, Duty Cycle S 2%. 

4. VOO = SOY, starting TJ = +2SoC, L = 14mH, Ras = 2S0, 
IpEAK = SA. 5ee Figure IS. 

3. Repetitive, rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5), 
OR Suffix Types Only 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/oC 

A 

mJ 
oc 

oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 2312.1 
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Electrical Characteristics Te = 250 e, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250pA 
IRFS40/S42,IRFS40R/S42R 500 - - V 

IRFS41/S43, IRFS41 R/S43R 450 - - V 

Gate Threshold Voltage VGS(TH) VOS = VGS, 10 = 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS=20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -500 nA 

Zero Gate Voltage Orain Current lOSS VOS = Max Rating, VGS = OV - - 250 ~A 

VOS = Max Rating x O.S, VGS = OV, - - 1000 ~A 
TJ = +1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x ROS(ON) Max, VGS - 10V 
IRFS40/S41, IRFS40R/S41 R 8.0 - - A 

IRFS42/S43,IRFS42R/S43R 7.0 - - A 

Static Orain-Source On-State rOS(ON) VGS - 1 OV, 10 - 4.4A 
Resistance (Note 2) 

IRFS40/S41, IRFS40R/S41 R - O.S 0.S5 n 
IRFS42/S43,IRF842R/S43R - 1.0 1.1 n 

Forward Transconductance (Note 2) 9fs VOS > 50V, 10 - 4.4A 4.9 7.4 - Sm) 
Input Capacitance CISS VGS - OV, VOS - 25V, f - 1.0MHz - 1225 - pF 

Output Capacitance COSS 
See Figure 10 - 200 - pF 

Reverse Transfer Capacitance CRSS - S5 - pF 

Turn-On OelayTime td(ON) VOO - 250V, 10 '" SA, RG - 9.1 n - 15 21 ns 

Rise Time tr See Figure 18. (MOSFET switching times - 21 35 ns 

Turn-Off Oelay Time id(OFF) 
are essentially independent of operating - 50 74 ns temperature) 

Fall Time tf - 20 30 ns 

Total Gate Charge Og VGS - 10V, 10 - SA, VOS = O.SV Max - 42 83 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Oas 
(Gate charge is essentially independent of - 7.0 - nC 

Gate-Orain ("Miller") Charge Oad 
operating temperature.) - 22 - nC 

Internal Orain Inductance LO Measured from the Modified MOSFET - 3.5 - nH 
contact screw on symbol showing the 
tab to center of die internal device 

inductances. 
Measured from the 

~ 
- 4.5 - nH 

drain lead, 8mm 
(0.25in.) from pack-
age to center of die 

Internal Source Inductance LS Measured from the - 7.5 - nH 
source lead, 8mm LS 
(0.25") from header 

S and source bonding 
pad. 

Junction-to-Case RWC - - 1.0 °C/W 
Case-Io-Sink Racs Mounting surface flat, smooth and greased - 0.5 - °C/W 

Junction-to-Ambient RaJA Free air operation - - SO oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 8.0 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 32 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO T J = +250 C, IS = S.OA, VGS = 100A/IIS - - 2.0 V 

Reverse Recovery Time trr T J - +250 C, IF = S.OA, dlF/dt - 100A/IIS 210 475 970 ns 

Reverse Recovered Charge ORR T J - +250 C, IF = 8.0A, dlF/dt - 100A/IIS 2.0 4.6 S.2 IIC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO. 

NOTES. 1. TJ = +250C to +1500C 
2. Pulse Test: Pulse width 5 300~s. 

.. 
3. Repetitive Ratmg: Pulse Width limited by max. 

junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 50V. Start TJ = +250C, L = 14mH, 
Ras = 250. IpEAK = SA (See Figure 15) 

Duty Cycle .:s 2% 
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Performance Curves 
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Performance Curves (Continued) 
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Performance Curves (Continued) 
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;I) HARRIS IRFAC40R 
IRFAC42R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated 

Features 

• 6.2A and S.4A, 600V 

• rDSlon) = 1.20 and 1.60 

• Repetitive Avalanche Ratings 

• Simple Drive Requirements 

• Ease of Paralleling 

Description 

The IRFAC40R and IRFAC42R are advanced power 
MOSFETs designed, tested, and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 

Package 
TO-204AA 

BonOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

operation. These are n-channel enhancement-mode silicon- Terminal Diagram 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor N-CHANNEL ENHANCEMENT MODE 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive 0 
power. These types can be operated directly from integrated 
circuits. 

The IRFAC types are supplied in the JEDEC TO-204AA steel 
package. G 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Continuous Drain Current 
TC = +250C ............................................. 10 
TC = +1000 C ............................................ 10 

Pulsed Drain Current (1) .................................... IOM 
Gate-Source Voltage ..................................... VGS 
Maximum Power Dissipation 

TC = +250 C ............................................. PO 
Unear Derating Factor ........................................ . 
Single Pulse Avalanche Energy Rating (2) (see Figure 14) ....... Eas 
Operating and Storage Junction ........................ T J, T STG 
Temperature Range 

Maximum Lead Temperature for Soldering ..................... TL 
(0.063" (1.6mm) from case for 1 Os) 

NOTES: 

,. Repetitive Rating: Pulse width limited by maximum junction temperature 
(see Figure 5). 

2. VOO = SOV, Starting T J = +250 C, L = 1 6mH, RG = 250, Peak IL = 6.8A. 

IRFAC40R 

6.2 
3.9 
25 

±20 

125 
1.0 
570 

-55to+150 

300 

S 

IRFAC42R 

5.4 
3.4 
22 

±20 

125 
1.0 
570 

-55 to +150 

300 

UNITS 

A 
A 
A 
V 

W 
W/oC 

mJ 
oc 

°c 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRFAC40R, IRFAC42R . 

Electrical Characteristics@TJ = 25°C (Unless Otherwise Specified) 

Parameter Type Min. Typ. Max. Units Test Conditions 

BVoos Drain-to-Source Breakdown IRFAC40R 
600 V VGS = OV, ID = 2S0"A Voltage IRFAC42R 

- -

Roolon• Static Drain-to-Source IRFAC40R - 0.97 1.2 
0 vGS = 10V, ID = 3.4A On-State Resistance (aJ IRFAC42R - 1.2 1.6 

1000ni On-State Drain Current (aJ IRFAC40R 6.2 
A 

Vas> lolonl X ROSlon) Max. 
IRFAC42R 5.4 

- -
VGS = 10V 

VGS"h' Gate Threshold Voltage ALL 2.0 - 4.0 V VDS = VGS, ID = 250"A 
gfs Forward Transconductance (aJ ALL 4.7 70 - S(U) VDS > SOY, IDs = 3.4A 

loss Zero Gate Voltage - - 250 
"A 

VDS = Max. RatinQ, VGS = OV 
Drain Current ALL - - 1000 VDS - 0.8 x Max. Rating, VGS - OV, TJ = 1250 C 

IGSS Gate-to-Source Leakage Forward ALL - - 100 nA VGS = 20V 

IGSS Gate-to-Source Leakage Reverse ALL - - -100 nA VGS - -20V 

Q. Total Gate Charge ALL - 40 60 nC VGS - 10V, ID - 6.2A 

Q .. Gate-to-Source Charge ALL - 5.S ! - nC VDS = 0.8 x Max. Rating 
See Fig. 16 

Qod Gate-to-Drain ("Miller") Charge ALL - 20 - nC (Independent of operating temperature) 

t..lon' Turn-On Delay Time ALL - 13 .20 ns VDD = 300V, ID = 6.2A, RG = 9.10 

t, Rise Time ALL - 18 27 ns RD = 470 

tdloffl Turn-Off Delay Time ALL - 55 83 ns See Fig. 15 

tf Fall Time ALL - 20 30 ns (Independent of operating temperature) 

Lo Internal Drain Inductance ALL - S.O - nH Measured from the Modified MOSFET 
drain lead, 6mm (0.25 symbol showing the 
in.) from package to internal inductances: 
center of die. 

Ls Internal Source Inductance ALL - 13 - nH Measured from the 

~ sou rce lead, 6m m 
(0.25 in.) from 
package to source 
bonding pad. 

CI .. Input Capacitance ALL - 1300 - pF VGS = OV, VDS = 25V 

Coes Output Capacitance ALL - 160 - pF f = 1.0MHz 

Cm Reverse Transfer Capacitance ALL - 30 - pF See Fig. 10 

RthJC Junction-to-Case ALL - - 1.0 'CM 

RthCS Case-to-Sink ALL - 0.12 - 'CIW Mounting surface flat, smooth, and greased 

RthJA Junction-to-Ambient ALL - - 30 'CIW Typical-socket mount 

Source-Drain Diode Ratings and Characteristics 

Parameter Type Min. Typ. Max. Units Test Conditions 

Is Continuous Source Current ALL - - 6.2 A Modified MOSFET symbol showin~ 
(Body Diode) the integral Reverse p-n 0 

ISM Pulse Source Current junction rectifer. G 

(Body Diode) <D ALL - - 25 A , 
Vso Diode Forward Voltage (aJ ALL - - 1.5 V TJ = 25'C, Is = 6.2A, VGS = OV 
t. Reverse Recovery Time ALL 200 450 940 ns TJ = 25'C, IF = 6.2A, di/dt = 100A/"s 

a •• Reverse Recovery Charge ALL 1.8 3.8 7.9 "C 
Ion Forward Turn-on Time ALL Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + LD. 

<D Repetitive Rating: Pulse width limited 
by maximum junction temperature (see 
figure 5). 

(2) @ VOD = 50V, Starting TJ = 25°C, 
L = 16mH, RG =250, 
Peak IL = 6.8A 

4-372 

(aJPulse width S 300/J.S; Duty Cycle S 2% 
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mHARRIS IRFSC40R 
IRFSC42R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated 

Features 

• 6.2A and S.4A, 600V 

• rOS(on) = 1.20 and 1.60 

• Repetitive Avalanche Ratings 

• Simple Drive Requirements 

• Ease of Paralleling 

Description 
The IRFBC40R and IRFBC42R are advanced power 
MOSFETs designed, tested, and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 

Package 
TO-220AB 
TOP VIEW 

operation. These are n-channel enhancement-mode silicon- Terminal Diagram 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor N-CHANNEL ENHANCEMENT MODE 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive D 
power. These types can be operated directly from integrated 
circuits. 

The IRFAC types are supplied in the JEDEC TO-220AB steel 
package. G 

Absolute Maximum Ratings (TC '" +250 C), Unless Otherwise Specified 

Continuous Drain Current 
TC=+250C ............................................. 10 
TC=+1000C ............................................ 10 

Pulsed Drain Current (1) .................................... 10M 
Gate-SourceVoitage ..................................... VGS 
Maximum Power Dissipation 

TC=+250C ............................................. PO 
Unear Derating Factor ........................................ . 
Single Pulse Avalanche Energy Rating (2) (see Figure 14) ....... Eas 
Operating and Storage Junction ........................ TJ, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ..................... TL 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

1. Repetitive Rating: Pulse width limited by maximum junction temperature 
(see Figure 5). 

2. VOO = 50V, Starting T J = +250C, L = 16mH, RG = 250, Peak iL = 6.BA. 

IRFBC40R 

6.2 
3.9 
25 

±20 

125 
1.0 
570 

-55to+150 

300 

S 

IRFBC42R 

5.4 
3.4 
22 

±20 

125 
1.0 
570 

-55 to +150 

300 

UNITS 

A 
A 
A 
V 

W 
W/oC 

mJ 
oc 

oc 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright @ Harris Corporation 1991 

File Number 2157.1 
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Specifications IRFBC40R, IRFBC42R 

EIecIrIcIII ChanIctertsIIcI@TJ = 25°C (Un .... Otherwise Specified) 

P ........ Type Min. Typ. Max. Units Test Conditions 

BVoss Drain-ta-Source Breakdown IRFBC40R 
600 V vGS = OV, 10 = 250pA Voltage - -

IRFBC42R 
ROSfonJ Static Drain-to-Source IRFBC40R - 0.97 1.2 

0 VGS = 10V, 10 = 3.4A On-State Resistance @ IRFBC42R - 1.2 1.6 
ID<onl On-State Drain Current @ IRFBC40R 6.2 - A 

Vos> loeonl x Ros(onl Max. - VGS = 10V IRFBC42R 5.4 
Vos, ... Gate Threshold Voltage ALL 2.0 - 4.0 V Vos = VGS, 10 = 250llA 

Q. Forward Transconductance @ ALL 4.7 70 - S(U) Vos > looV, los = 3.4A 

loss Zero Gate Voltage 
ALL 

- - 250 
IIA 

Vs,. = Max. Rating, Vos = OV 
Drain Current - - 1000 Vos = 0.8 x Max. Rating, VGS = OV, TJ = 125°C 

loss Gate-ta-Source Leakage Forward ALL - - 500 nA VGS = 20V 

loss Gate-to-Source Leakage Reverse ALL - - -500 nA VGS = -20V 

Og Total Gate Charge ALL - 40 60 nC VGS = 10V, 10 = 6.2A 
ago Gate-ta-Source Charge ALL - 5.5 - nC Vos = 0.7 x Max. Rating 

See Fig. 16 
Ogd Gate-ta-Drain ("Miller") Charge ALL - 20 - nC (Independent of operating temperature) 

t..1on' Turn-On Delay Time ALL - 13 20 ns Voo = 3OOV, 10 = 6.2A, RG = 9.10 

t, Rise Time ALL - 18 27 ns Ro = 470 

t..10111 Tum-Off Delay Time ALL - 55 83 ns See Fig. 15 

tf Fall Time ALL - 20 30 ns (Independent of operating temperature) 

Lo Internal Drain Inductance ALL - 4.5 - nH Measured from the Modified MOSFET 
drain lead, 6mm (0.25 symbol showing the 
in.) from package to internal inductances. 
center of die. 

Ls Internal Source Inductance ALL - 7.5 - nH Measured from the .@. source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 

C ... Input Capacitance ALL - 1300 - pF VGS = OV, Vos = 25V 

COlO Output Capacitance ALL - 160 - pF f = 1.0 MHz 

c.. Reverse Transfer Capacitance ALL - 45 - pF See Fig. 10 

RthJC Junction-ta-Case ALL - - 1.0 °CIW 

Rn.cs Case-ta-Sink ALL - 0.50 - °CIW Mounting surface flat, smooth, and greased 

RthJA Junction-ta-Ambient ALL - - 80 °CIW Typical-socket mount 

Source-Drain Diode Rllllngs and Characteristics 

Parameter Type Min. Typ. Max. Units Test Conditions 

Is Continuous Source Current ALL - - 6.2 A Modified MOSFET symbol showin~ 
(Body Diode) the integral Reverse p-n ' 

ISM Pulse Source Current junction rectifier. , 
(Body Diode) (j) ALL - - 25 A , 

Vso Diode Forward Voltage @ ALL - - 1.5 V TJ = 25°C, Is = 6.2A, VGS = OV 

In Reverse Recovery Time ALL 200 450 940 ns TJ = 25°C, I. - 6.2A, di/dt - l00AlIlS 

aM Reverse Recove.y Charge ALL 1.8 3.8 8.0 !IC 
Ion Forward Turn-on Time ALL IntrinSic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lo. 

(j) Repetitive Rating: Pulse width limited 
by maximum junction temperature (see 
figure 5). 

<2> @Voo = 50V, Starting TJ = 25°C. 
L = 16mH. RG =250, 
Peak Ie = 6.SA 

4-378 
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IRFBC40R, IRFBC42R 
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til HARRIS 'RFDffO/fff/ff2/ff3 
'RFDffOR/fffR/ff2R/ff3R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• lA and O.SA, SOV - 100V 

Package 
4-PIN DIP 
TOP VIEW 

• rDS(on) = 0.60 and O.SO 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond SWitching Speeds 

O SOURCE 

DRAIN 

GATE 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Terminal Diagram The IRFD110, IRFD111, IRFD112, and IRFD113 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD110R, IRFD111 R, IRFD112R, and IRFD113R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRFD types are supplied In the 4-pin dual-In-line plastic 
package. 

Absolute Maximum Ratings (TC "" +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) . . . . . . • . . . • • . . • . . . . . . . . . • . •. VOS 
Drain-Gate Voltage (RGS = 20kO) (1) ...........•.... VDGR 
Continuous Drain Current 

TC = +250C ..•...•..•.....•.....•..•...••••..•.... 10 
Pulsed Drain Current. ........................•••..... 10M 
Gate-Source Voltage ...••••.•..•...••••.••..•••••.. VGS 
Maximum Power Dissipation 

T C = +250C (See Figure 13) .••.•••...••..•••••...••• Po 
Linear Derating Factor (See Figure 13) ••.•......•••...••.. 
Inductive Current, Clamped •....••...•........••••.... ILM 

(See Figure 14, L = 1OOIlH) 
Single Pulse Avalanche Energy Rating (3) ..........••.. Eas' 
Operating and Storage Junction ...•....•......... T J, T STG 
Temperature Range 

Maximum Lead Temperature for Soldering ......••••..... TL 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

IRFD110 
IRFDll0R 

100 
100 

1.0 
8.0 
±20 

1.0 
0.008 

8.0 

19 
-55to+150 

300 

IRFDlll 
IRFDlllR 

80 
80 

1.0 
8.0 
±20 

1.0 
0.008 

8.0 

19 
-5510+150 

300 

D 

G 

s 

IRFDl12 IRFDl13 
IRFDl12R IRFDl13R UNITS 

100 80 V 
100 80 V 

0.8 0.8 A 
6.4 6.4 A 
±20 ±20 V 

1.0 1.0 W 
0.008 O.ooa WfOC 

6.4 6.4 A 

19 19 mJ 
-5510+150 -5510 +150 oC 

300 300 oC 

1. TJ = +250 C to +1500C. 3. VOO = 25V, starting T J - +250 C, L = 28.5mH, RGS - 250. 

2. Pulse Test: Pulse width :s 3OO1lS, Duty Cycle S 2%. ipEAK = LOA. See Figure 15. 

• R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFD110, IRFD111, IRFD112, IRFD113 IRFD110R, IRFD111R, IRFD112R, IRFD113R 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

UMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVDSS VGS = OV, ID = 2501lA 
IRFDll0/112,IRFDll0R/112R 100 - - V 

IRFDlll/113, IRFDlll R/113R 80 - - V 

Gate Threshold Voltage VGSITH) VDS - VGS, ID = 2501lA 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -500 nA 

Zero Gate Voltage Drain Current IDSS VDS - Max Rating, VGS - OV - - 250 IlA 
VDS - Max Rating x 0.8, VGS - OV, - - 1000 IlA 
TJ=+1250 C 

On-State Drain Current (Note 2) ID(ON) VDS> ID(ON) x rDS(ON) Max, VGS = 10V 
IRFDll0/lll,IRFD110R/l11 R 1.0 - - A 

IRFDl12/113,IRFD112R/113R 0.8 - - A 

Static Drain-Source On-State rDS(ON) VGS -10V,ID - O.SA 
Resistance (Note 2) 

IRFD110/111,IRFD11 OR/ll1 R - 0.5 0.6 n 
IRFDl12/113,IRFOl12R/113R - 0.6 0.8 n 

Forward Transconductance (Note 2) gfs VOS> ID(ON) x rOS(ON) Max,ID - O.SA O.S 1.2 - S(Ul 
Input Capacitance CISS VGS - OV, VOS - 25V, f - 1.0MHz - 135 - pF 

Output Capacitance COSS See Figure 1 0 - SO - pF 

Reverse Transfer Capacitance CRSS - 20 - pF 

Turn-On DelayTime td(ON) VDD '" 0.5BVDSS, ID - 1.0A, RG - 9.1 n - 10 20 ns 
Rise Time tr See Figure 16. (MOSFET switching times - 15 25 ns 

Turn-Off Delay Time id(OFF) 
are essentially independent of operating - 15 25 temperature) ns 

Fall Time tf - 10 20 ns 

Total Gate Charge Og VGS - 10V,ID -1.0A, VDS - 0.8 Max - 5.0 7.0 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit 

Gate-Source Charge Oas (Gate charge is essentially independent of - 2.0 - nC 
Gate-Drain ("Miller") Charge Ogd 

operating temperature.) - 7.0 - nC 

Internal Drain Inductance LO Measured from Modified MOSFET - 4.0 - nH 
the drain lead, symbol showing the 
2.0mm (0.08 in.) internal device 
from package 

'~ 
to center of 
die. 

Internal Source Inductance LS Measured from the - 6.0 - nH 
source lead, 2.0mm 
(O.OS") from LS 
package to source 
bonding pad. S 

Junction-te-Ambient RaJA Free air operation - - 120 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 1.0 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - S.O A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSD T J = +250 C,IS = 1.0A, VGS = OV - - 2.5 V 

Reverse Recovery Time trr T J = + 1500 C, IF = 1.0A, dlF/dt = 100Atl's - 100 - ns 

Reverse Recovered Charge ORR TJ - +l50oC,IF -1.0A,dIF/dt -100Atl's - 0.2 - IIC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled byLS + LD' 

NOTES: 

1. TJ = +250C to +1SOoC 

2. Pulse Test: Pulse width:;; 3OOllS, Duty Cycle:;; 2% 

3. VDD = 25V. starting TJ = +250C. L = 28.5mH. RG5 = 250. IpEAK -
1.0A. (See Figure 15.) 
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IRFD110, IRFD"', IRFD112, IRFD113 IRFD 11 OR, IRFD 111 R, IRFD 112R, IRFD 113R 
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IRFD110, IRFD111, IRFD112, IRFD113 IRFD 11 OR, IRFD 111 R, IRFD 1 12R, IRFD 11 3R 
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IRFD110, IRFD"',IRFD"2, IRFD113 IRFD110R, IRFD111R, IRFD112R, IRFD113R 
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miHARRIS 'RFD120/121/122/123 
'RFD120R/121R/122R/123R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 1.3A and 1.1A, 80V - 100V 

Package 
4-PIN DIP 
TOP VIEW 

• rOSlon) = 0.300 and 0.400 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

O SOURCE 

DRAIN 

GATE 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Terminal Diagram The IRFD120, IRFD121, IRFD122, and IRFD123 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors.IRFD120R, IRFD121R, IRFD122R, and IRFD123R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRFD types are supplied in the 4-pin dual-in-line plastic 
package. 

Absolute Maximum Ratings (Tc = +250 C), Unless Otherwise Specified 

IRFD120 IRFD121 
IRFD120R IRFD121R 

Drain-Source Voltage (1) ............................ VDS 100 80 
Drain-Gate Voltage (RGS = 20kO) (1) ....... , ........ VDGR 100 80 
Continuous Drain Current 

TC=+250C ....................................... 10 1.3 1.3 
Pulsed Drain Current. ................................ 10M 5.2 5.2 
Gate-Source Voltage ............................... VGS ±20 ±20 
Maximum Power Dissipation 

TC = +250C (See Figure 13) ............... , ......... Po 1.0 1.0 
Linear Derating Factor (See Figure 13) ...........•........ 0.008 0.008 
Inductive Current, Clamped ...................... , .... ILM 5.2 5.2 

(See Figure 14, L = lOOIlH) 
Single Pulse Avalanche Energy Rating (3) .............. Eas' 36 36 
Operating and Storage Junction .................. T J, TSTG -5510+150 -55to+150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

D 

G 

s 

IRFD122 IRFD123 
IRFD122R IRFD123R UNITS 

100 80 V 
100 80 V 

1.1 1.1 A 
4.4 4.4 A 
±20 ±20 V 

1.0 1.0 W 
0.008 0.008 WloC 

4.4 4.4 A 

36 36 mJ 
-55 to +150 -55 to +150 °c 

300 300 °c 

1. TJ = +250c to +1500C. 3. Voo = 25V, starting TJ - +250C. L = 32mH. RGS = 250. 

2. Pulse Test: Pulse width :5. 3OOJlS, Duty Cycle :5. 2%. IpEAK = 1.3A. See Figure 15. 

• R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright IS> HarriS Corporation 1991 
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IRFD120,IRFD121,IRFD122,IRFD123 IRFD120R, IRFD121R, IRFD122R,IRFD123R 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

UMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVDSS VGS = OV, 10 = 2501lA 
IRFD120f122,IRF0120Rf122R 100 - - V 

IRF0121f123, IRF0121 Rf123R BO - - V 

Gate Threshold Voltage VGS(TH) VOS = VGS, 10 = 25Ol'A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS=20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -500 nA 

Zero Gate Voltage Orain Current lOSS VOS = Max Rating, V GS = OV - - 250 IlA 
VoS - Max Rating xO.B, VGS - OV, - - 1000 IlA 
TC=+1250C 

On-State Drain Current (Note 2) 10(ON) VoS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRF0120f121, IRFo120Rf121 R 1.3 - - A 

IRFo122f123,IRFo122Rf123R 1.1 - - A 

Static Orain-Source On-State rOS(ON) VGS - 1 OV, 10 - 0.6A 
Resistance (Note 2) 

IRFo120f121, IRFo120R/121 R - 0.25 0.30 n 
IRF0122f123,IRF0122Rf123R - 0.30 0.40 n 

Forward Transconductance (Note 2) 9fs VOS> 'O(ON) x rOS(ON) Max, 10 = 0.6A 0.9 1.0 - Sm) 

Input Capacitance C,SS VGS = OV, VOS = 25V, f = 1.0MHz - 450 - pF 

Output Capacitance COSS See Figure 9 - 200 - pF 

Reverse Transfer Capacitance CRSS - 50 - pF 

Turn-On OelayTime !d(ON) Voo '" 0.5BVoSS, '0 = 1.3A, RG = 9.1 n - 20 40 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 35 70 ns 

Turn-Off Delay Time !d(OFF) 
are essentially independent of operating - 50 100 temperature) ns 

Fall Time tf - 35 70 ns 

Total Gate Charge Og VGS - 1 OV, 10 - 1.3A, Vos - O.B Max - 11 15 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Ogs (Gate charge is essentially independent of - 6.0 - nC 

Gate-Orain ("Miller") Charge ~d 
operating temperature.) - 5.0 - nC 

Internal Drain Inductance LO Measured from Modified MOSFET - 4.0 - nH 
the drain lead, symbol showing the 
2.0mm (O.OB in.) internal device 
from package 

.~ to center of 
die. 

Internal Source Inductance LS Measured from the - 6.0 - nH 
source lead, 2.0mm 
(O.OB") from LS 
package to source 
bonding pad. S 

Junction-to-Ambient RaJA Free air operation - - 120 ocrw 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current 'S Modified MOSFET 

~ 
- - 1.3 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 5.2 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSo TJ - +250 C, IS -1.3A, VGS = OV - - 2.5 V 

Reverse Recovery Time Irr TJ = +1500 C, IF= 1.3A,dIFfdt= 100NI's - 2BO - ns 

Reverse Recovered Charge ORR T J - + 1500 C, 'F - 1.3A, dlFfdt - 100NI's - 1.6 - I'C 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO' 

NOTES: 

1. TJ - +250 C to +1500C 

2. Pulse Test: Pulse width.:": 300118, Duty Cycle.:": 2% 

3. VDD = 25V, starting T J = +2S0 C, L = 32mH, RGS = 250, IpEAK = 1.M. 
(See Figure 15.) 

4·389 



IRFD 120, IRFD 121, IRFD 122, IRFD 123 

20 

" 
~ .. 
:$ 12 
>-z 
~ 
~ 

" u 
z 8 

~ 
Iff> 

0 

8 

6 

, 

2 

1',oJ 80j,G PULSE TEST 

1/ 
9V-r-

I 
l 8V-I--

I 
VGS"i-I-

.l--I I-

W-I-

,~-I-
10 20 30 40 so 

Vas. DRAIN·TQ·SOURCE VOLTAGE tVOLTS) 

Fig. 1 - Typical Output Characteristics 

80J,ljPUlSE1TEST 
,o,~y If -l-I--- ~9V8:J/ 

J. 'iV'j 
W. ~ 1 

Ii V VGS 6V-

~ V I I 

), [I' 1 

II' j....-f- f-SY I 

) V'" I 
t~ t----

~ ,v 

Vas. DRAIN·TQ·SOURCE VOLTAGE !VOl lS) 

Fig. 3 - Typical Saturation Characteristics 

I 

TJl-II·L b 

• -I- ~'21'~- 1-= 

/' 
V l- I I 

1/ ./ i--"" TJ! 121.b 
3 r/ -+--

,..-
/ 

2 /J 
Vos> ID(on) x ROSlon) JNlX. 

" IOj,PULSjTEST 

12 1& 20 
ID. DRAIN CURRENT IAMPERES) 

Fig. 5 - Typical Transconductance VI. Dr.in Currant 

IRFD120R, IRFD121R, IRFD122R, IRFD123R 

4-390 

20 

r-~J.I,pul~ETESl AI 
Vos> ID(on) J. I, 

t-- AOSlon) max. TJ'I12S'I~ 'I V 
'6 

TJI'2S'I~ /) Y 
TJ=-5!iOI~ 'IJ 

//1' 
'I' 

/I 
r--- - ~ 

~ W , 
'0 

VGS. GATE·TO·SOURCE VOLTAGE IVDl TS) 

Fig. 2 _ Typical Transfer Characteristics 

10.00 

~~:m I?I T~ES 

OP 
IS ~IW~~:'~1,'_,t. 

fU. 120 c:rd 121 TYJ>ts 
1', '00... 

r~L 122 crd 123 TYPES ,-
I- 7, _. 

'''''' , , 
:50.1 

~ 
0 

~ ITOOOe 

~= ii ~= 
-~ ~-

~-
0.0 , DC= 

= 0.' 1.0 10.0 100.0200.0 
Vds DRAIN to SCJ..fiCE V(l..TfGECVD...TS) 

Fig.4 - Maximum Safe Operating. Area 

2 

2 

I TJ = 250C 

:0.-

2 
I"""'" L TJ ;-'SOOC_ 

0 
, 

S 
TJ" lS00e I 

2 71 
I 

I TJ" 25°C 

0 

VSD. SOURCE·TO·DRAIN VOL TAGE (VOL TSI 

Fig. 6 - Typical Source·Drain Diode Forward Voltaga 



IRFD120, IRFD121, IRFD122, IRFD123 IRFD120R, IRFD121R, IRFD122R, IRFD123R 
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(II HARRIS IRFD1Z0,IRFD1Z1 
IRFD1 Z2, IRFD1 Z3 

August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Features Package 

• O.4A and O.SA, 60V - 100V 

• rDS(on) = 2.40 and 3.20 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The IRFD1Z0, IRFD1Z1, IRFD1Z2, and IRFD1Z3 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors designed for applications such as switching regula
tors, switching converters, motor drivers, relay drivers, and 
drivers for high-power bipolar switching transistors requiring 
high speed and low gate-drive power. These types can be 
operated directly from integrated circuits. 

The IRFD types are supplied in the 4-pin DIP package. 

4-PIN DIP 
TOP VIEW 

O SOURCE 

DRAIN 

GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

o 

G 

s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) ............................ VOS 
Orain-Gate Voltage (RGS = 20kO) (1) ................ VOGR 
Continuous Drain Current 

TC = +250 C •...••••............•.................. 10 
Pulsed Orain Current. ....•..•.......•...........•.... 10M 
Gate-Source Voltage ..•.•..••..•...••.............. V GS 
Maximum Power Dissipation 

T C = +250C (See Figure 13) .•.....•................. Po 
Linear Oerating Factor (See Figure 13) ................•... 
Inductive Current, Clamped ........................... ILM 

(See Figures 14 and 15, L 100~H) 
Operating and Storage Junction .••..••........... T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

1. TJ = +25oC to +1 500C. 

2. Pulse Test: Pulse width :S. 300/15, Duly Cycle $..2%. 

IRFD1Z0 

100 
100 

0.5 
4.0 
±20 

1.0 
0.008 

4.0 

-55 to +150 

300 

IRFD1Zl IRFD1Z2 

60 100 
60 100 

0.5 0.4 
4.0 3.2 
±20 ±20 

1.0 1.0 
0.008 0.008 

4.0 3.2 

-55 to +150 -55 to +150 

300 300 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFD1Z3 
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60 

0.4 
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±20 

1.0 
0.008 

3.2 

-55 to +150 

300 

UNITS 

V 
V 

A 
A 
V 

oC 

oC 
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Specifications IRFD1Z0, IRFD1Z1, IRFD1Z2, IRFD1Z3 

Electrical Characteristics @TC = 25°C (Unless Otherwise Specified) 
Parameter Type Min. Typ. Max. Units Test Conditions 

BVOSS Drain - Source Breakdown Voltage IRF01Z0,2 100 - - V VGS = OV 

IRF01Zl,3 60 - - V 10 = 250~A 
VGS th Gate Thres~old Voltage ALL 2.0 - 4.0 V VOS = VGS' 10 = 250~A 
IGSS Gate - Source Leakage Forward ALL - - 500 nA VGS = 20V 

IGSS Gate - Source Leakage Reverse ALL - - -500 nA VGS = -20V 

lOSS Zero Gate Voltage Drain Current - - 250 ~A VOS = Max. Rating, VGS = OV 
ALL - - 1000 ~A VOS = Max. Rating x 0.8, VGS = OV, TC = 125·C 

1010n! On-State Drain Current ® IRF01ZO,1 0,5 - - A 

IRF01Z2,3 0.4 - - A VOS > 1010n! x ROSlon! max.,VGS = 10V 

ROS(on) Static Drain-Source On-State IRF01Z0,1 - 2.2 2.4 0 
Resistance ® VGS = 10V, 10 = O,25A 

IRFD1Z2,3 - 2.8 3.2 0 

gts Forward Transconductance ® ALL 0.25 0.35 - 5 lUi VOS > 1010n! x ROSlon max.,IO = 0.25A 

Ciss Input Capacitance ALL - 50 - pF 
VGS = OV, VOS = 25V, t = 1,0 MHz 

Coss Output Capacitance ALL - 20 - pF 
See Fig. 9 

Crss Reverse Transfer Capacitance ALL - 5.0 pF 

tdlonl Turn-On Delay Time ALL - 10 20 ns VOO ~ 0.5 BVOSS, 10 = 0.25A, Zo = 500 

t, Rise Time ALL - 15 25 ns See Fig. 16 

tdloffi Turn-Off Delay Time ALL - 15 25 ns (MOSFET switching times afe essentially 

tf Fall Time ALL - 10 20 ns independent of operating temperature.! 

Qg Total Gate Charge ALL - 2.0 3.0 nC VGS = 10V, 10 = 1 ,2A, VOS = 0.8 Max, Rating. 
(Gate-Source Plus Gate-Drain) See Fig. 17 for test circuit. (Gate charge is essentially 

Qgs Gate-Source Charge ALL 1.0 nC 
indeoendent of operating temperature.! 

- -

Qgd Gate-Drain ("Miller"! Charge ALL - 1.0 - nC 

LO Internal Drain Inductance ALL - 4,0 - nH Measure from the Modified MOSFET 
drain lead, 2.0mm symbol showing the 
(0.08 in.! from internal device 
package to center of inductances. 
die. 

$ LS Internal Source Inductance ALL - 6,0 - nH Measured from the 
source lead, 2.0mm 
(0.08 in.! from 
package to source 
bonding pad. 

Thermal Resistance 
RthJA Junction-to-Ambient Free Air Operation 

Source-Drain Diode Ratings and Characteristics 
IS Continuous Source Current IRF01Z0,1 - - 0.5 A Modified MOSFET symbol 

IBody Diode! showing the integral 

~ IRF01Z2.3 - - 0,4 A reverse P-N junction rectifier. 

ISM Pulse Source Current IRF01Z0,1 - - 4,0 A 
IBody Diode! 

fRF01Z2.3 - - 3.2 A 

VSO Diode Forward Voltage ® IRF01Z0,1 - - 1.4 V TA 25'C, Is 0.5A, Vr." OV 

IRFD1Z2,3 - - 1.3 V TA - 25·C, f~ - 0.4A, V,,~ = OV 

trr Reverse Recovery Time ALL - 100 - ns T J = 150·C, IF = 0.5A, dlF/dt = 1 OOA/~s 

QRR Reverse Recovered Charge ALL - 0.2 - ~C TJ = 150·C,IF = 0,5A, dlF/dt = 100A/~s 

ton Forward Turn-on Time ALL Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by LS + LO' 

(j)T J = 25'C to 150·C. ®Pulse Test: Pulse width ~ 300I'S, Duty Cycle ~ 2%. 
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IRFD1Z0, IRFD1Z1, IRFD1Z2, IRFD1Z3 
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m HARRIS 'RFD210/211/212/213 
'RFD210R/211R/212R/213R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• O.6A and O.4SA, lS0V - 200V 

• rDS(on) = 1.50 and 2.40 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Unear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFD210, IRFD211, IRFD212, and IRFD213 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD210R, IRFD211 R, IRFD212R, and IRFD213R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFD types are supplied in the 4-pin dual-in-line plastic 
package. 

Package 
4-PIN DIP 

TOP VIEW 

O · SOURCE 

DRAIN 

GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (T C = +250 C), Unless Otherwise Specified 

IRFD210 IRFD211 IRFD212 IRFD213 
IRFD210R IRFD211R IRFD212R IRFD213R UNITS 

Drain-Source Voltage (1) • • • • • • • • • • • • . • . • • . . • • • . . • • .• VDS 
Drain-Gate Voltage (RGS ~ 20kO) (1) .•••••.••••..••. VDGR 
Continuous Drain Current 

TC=+250C •.••••••••••••••••••.•••••.•••••.••.••• 10 
Pulsed Drain Current •••••••••••••••••••••.•••••.•••.• 10M 
Gate-SourceVoltage ••••..••••••••••.•••..•.••..••• VGS 
Maximum Power Dissipation 

TC = +250 C (See Figure 13) •••.••.•••••.•••••..•••.• Po 
Linear Derating Factor (See Figure 13) ••••..•••••.•••..•.• 
Inductive Current, Clamped .•.••••••••.•••.•.•••..••.. ILM 

(See Figure 14, L ~ 10011H) 
Single Pulse Avalanche Energy Rating (3) .••.••.•••.••. Eas' 
Operating and Storage Junction ••••••••.•••••.••. T J, T STG 
Temperature Range 

Maximum Lead Temperature for Soldering ..•.••...•.•••. TL 
(0.063" (1.6mm) from case for 1 Os) 

NOTES: 

200 
200 

0.6 
2.5 
±20 

1.0 
0.008 

2.5 

30 
-55to+150 

300 

150 
150 

0.6 
2.5 

±20 

1.0 
0.008 

2.5 

30 
-55to+150 

300 

200 150 V 
200 150 V 

0.45 0.45 A 
1.8 1.8 A 

±20 ±20 V 

1.0 1.0 W 
0.008 0.008 WloC 

1.8 1.8 A 

30 30 mJ 
-55 to +150 -5510+150 oc 

300 300 oc 

1. TJ - +250C to +150oC. 3. VOO = 20V. starting T J = +250C. L - 112.7mH. RGS • 50n. 

2. Pulse Test: Pulse width :5 300pS. Duty Cycle.:5 2%. 
IpEAK = 2.2A. See Figure 15. 

• Ii Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright @ Harris Corporation 1991 
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IRFD210, IRFD211, IRFD212, IRFD213 IRFD210R, IRFD211 R, IRFD212R, IRFD213R 

Electrical Characteristics TC = +250C, Unless Otherwise Specified 

UMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVDSS VGS = OV,ID = 2501lA 
IRFD210/212,IRFD210R/212R 200 - - V 

IRFD211/213,IRFD211 R/213R 150 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -500 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, V GS - OV - - 250 "A 
VOS - Max Rating x 0.8, VGS - OV, - - 1000 IlA 
TC=+12S0C 

On-State Drain Current (Note 2) ID(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRFD210/211,IRFD210R/211 R 0.6 - - A 

IRFD212/213,IRFD212R/213R 0.45 - - A 

Static Drain-Source On-State rDS(ON) VGS -10V,10 - 0.3A 
Resistance (Note 2) 

IRFD210/211,IRFD210R/211 R - 1.0 1.5 n 
IRFD212/213,IRFD212R/213R - 1.5 2.4 n 

Forward Transconductance (Note 2) 9fs VOS> 10(ON) x rDS(ON) Max, 10 - O.3A 0.5 0.8 - Sm) 

Input Capacitance CISS VGS - OV, VDS - 25V, f - 1.0MHz - 135 - pF 

Output Capacitance COSS 
See Figure 9 - 60 - pF 

Reverse Transfer Capacitance CRSS - 16 - pF 

Turn-On DelayTime td(ON) VDD '" 0.5BVDSS,10 - 0.6A, RG = 9.1 n - 8.0 15 ns 

RiseTime tr See Figure 16. (MOSFET switching times - 15 25 ns 

Turn-Off Delay Time id(OFF) 
are essentially independent of operating - 10 15 ns temperature) 

Fall Time tf - 8.0 15 ns 

Total Gate Charge Og VGS - 1 OV,IO - 0.6A, VDS - 0.8 Max - 5.0 7.5 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Oos 
(Gate charge is essentially independent of - 2.0 - nC 

Gate-Drain ("Miller") Charge °od 
operating temperature.) - 3.0 - nC 

Internal Drain Inductance LD Measured from Modified MOSFET - 4.0 - nH 
the drain lead, symbol showing the 
2.0mm (0.08 in.) internal device 
from package 

n~ to center of 
die. 

Internal Source Inductance LS Measured from the - 6.0 - nH 
source lead, 2.0mm 
(0.08") from LS 
package to source 
bonding pad. S 

Junction-ta-Ambient RaJA Free air operation - - 120 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 0.6 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 2.5 A 
(Body Diode) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSD TJ = +250C,IS = 0.6A, VGS = OV - - 2.0 V 

Reverse Recovery Time trr TJ - +1500C,IF.c.. 0.6A,dIF/dt -100NI's - 290 - ns 

Reverse Recovered Charge ORR TJ - +1500C,IF - 0.6A,dIF/dt = lOONI's - 2.0 - .I'C 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by lS + lD' 

NOTES: 

1. TJ = +2SoC to +1S00C 3. VeD = 20V, starting TJ = +2SoC, L = 112.7mH, RGS son, 
2. Pulse Test: Pulse width::: 300~s. Duty Cycle::; 2% IpEAK = 2.2A. (See Figure 1S.) 
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IRFD210, IRFD2", IRFD212, IRFD213 
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IRFD210, IRFD2", IRFD212, IRFD213 IRFD210R, IRFD211R, IRFD212R, IRFD213R 
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IRFD210, IRFD211, IRFD212, IRFD213 IRFD210R, IRFD211R, IRFD212R,IRFD213R 
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miHARRIS 'RFD220/221/222/223 
'RFD220R/221R/222R/223R 

August 1991 

Features 

• O.7A and O.SA, 150V - 200V 

• rDS(on} = O.SO and 1.20 

• Single Pulse Avalanche Energy Rated" 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFD220, IRFD221, IRFD222, and IRFD223 are 
n-channel enhancement-mode Silicon-gate power field-effect 
transistors. IRFD220R, IRFD221 R, IRFD222R, and IRFD223R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFD types are supplied in the 4-pin dual-in-line plastic 
package. 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Package 

DRAIN 

4-PIN DIP 
TOP VIEW 

O SOURCE 

GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

o 

G 

8 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) • . • . • • • • • . • • . . • • • • • . • • • . • • •• VDS 
Drain-Gate Voltage (RGS = 20kO) (1) •.••..•.•.••••• , VDGR 
Continuous Drain Current 

TC = +250 C ••.•••••••••.••.•••••..••.••••.•••.•••• 10 
Pulsed Drain Current. •••••...•.••••••••••.••.••••.••• 10M 
Gate-Source Voltage ...••••••.••.••..•••..•••.••..• VGS 
Maximum Power Dissipation 

T C = +250 C (See Figure 13) •••.••••••••..••..•.•••.• Po 
Unear Derating Factor (See Figure 13) .••..••••.••••.••••• 
Inductive Current, Clamped .••••.••••.•••.•••.•••.•••• ILM 

(See Figure 14, L = 100"H) 
8ingle Pulse Avalanche Energy Rating (3) •••.•••••••••. Eas· 
Operating and Storage Junction •.••••..••.•..••.. T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ....•...••.••.• TL 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

IRFD220 
IRFD220R 

200 
200 

0.8 
6.4 
±20 

1.0 
0.008 

6.4 

85 
-55to+150 

300 

IRFD221 
IRFD221R 

150 
150 

0.8 
6.4 
±20 

1.0 
0.008 

6.4 

85 
-55to+15O 

300 

IRFD222 IRFD223 
IRFD222R IRFD223R UNITS 

200 150 V 
200 150 V 

0.7 0.7 A 
5.6 5.6 A 
±20 ±20 V 

1.0 1.0 W 
0.008 0.008 W/oC 

5.6 5.6 A 

85 85 mJ 
-55 to +150 -5510+150 oc 

300 300 oc 

1. TJ. +250C to +1500C. 3. VOO = 25V. starting TJ = +250 C. L = 12.62mH, RGS = son, 
2. Pulse Test: Pulse width S 300ps. Duty Cycle :s 2%. 

IpEAK = 3.5A. See Figure 15. 

• R Suffix Type. Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright @ Harris Corporation 1991 
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IRFD220, IRFD221, IRFD222, IRFD223 IRFD220R, IRFD221 R, IRFD222R, IRFD223R 

Electrical Characteristics Te = +250 e, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONOITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250flA 
IRFD220/222,IRF0220R/222R 200 - - V 

IRF0221/223, IRF0221 R/223R 150 - - V 

Gate Threshold Voltage VGSITH) VOS - VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -500 nA 

Zero Gate Voltage Drain Current lOSS VOS - Max Rating, VGS - OV - - 250 vA 

VOS - Max Rating x 0.8, VGS - OV, - - 1000 VA 
TC=+1250C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, V GS = 10V 
IRF0220/221, IRF0220R/221 R O.S - - A 

IRF0222/223,IRF0222R/223R 0.7 - - A 

Static Orain-Source On-State rOS(ON) VGS = 1 OV, 10 = OAA 
Resistance (Note 2) 

IRF0220/221, IRF0220R/221 R - 0.5 O.S n 
IRF0222/223,IRF0222R/223R - 0.8 1.2 n 

Forward Transconductance (Note 2) 9fs VOS> 10(ON) x rOS(ON) Max, 10 - OAA 0.5 1.1 - Sm) 
Input Capacitance CISS VGS - OV, VOS - 25V, f = 1.0MHz - 450 - pF 

Output Capacitance COSS See Figure 9 - 150 - pF 

Reverse Transfer Capacitance CRSS - 40 - pF 

Turn-On Delay Time td(ON) VOO '" 0.5BVOSS, 10 = 0.8A, RG - 9.1 n - 20 40 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 30 60 ns 

Turn-Off Delay Time ~(OFF) 
are essentially independent of operating - 50 100 ns temperature) 

Fall Time tf - 30 60 ns 

Total Gate Charge Og VGS-l0V, 10 = O.SA, VOS -O.S Max - 11 15 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Oas 
(Gate charge is essentially independent of - 6.0 - nC 

Gate-Drain ("Miller") Charge OQd 
operating temperature.) - 5.0 - nC 

Internal Drain Inductance Lo Measured from Modified MOSFET - 4.0 - nH 
the drain lead, symbol showing the 
2.0mm (O.OS in.) internal device 
from package 

'"~ to center of 
die. 

Internal Source Inductance LS Measured from the - 6.0 - nH 
source lead, 2.0mm G I 

(O.OS") from LS 
package to source 
bonding pad. S 

Junction-ta-Case ROJC Free air operation - 120 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - O.S A 

(BodyOiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 604 A 
(Body Oiode) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO TJ = +250 C, IS = O.SA, VGS = OV - - 2.0 V 

Reverse Recovery Time trr TJ - +1500 C, IF - O.SA, dlF/dt -100A/vs - 150 - ns 

Reverse Recovered Charge ORR TJ - +1500 C, IF -O.SA, dlF/dt -100A/vs - 0.6 - JlC 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + Lo. 

NOTES: 

1. TJ = +250C 10 +1500C 3. VDD = 25V. starting TJ = +250C. L = 12.62mH. RGS = son. 
2. Pulse Test: Pulse width :s 300~s. Duty Cycle :s 2% IpEAK = 3.5A. (See Figure 15.) 
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IRFD220, IRFD221, IRFD222, IRFD223 
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IRFD220, IRFD221, IRFD222, IRFD223 IRFD220R, IRFD221 R, IRFD222R, IRFD223R 
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miHARRIS IRFD2Z0, IRFD2Z 1 
IRFD2Z2, IRFD2Z3 

August 1991 

Features 

• 0.30A and 0.32A, 1SOV - 200V 

• rDS(on) = 5.00 and 6.50 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The IRFD2Z0, IRFD2Z1, IRFD2Z2, and IRFD2Z3 are 
n-channel enhancement-mode Silicon-gate power field-effect 
transistors designed for applications such as switching regula
tors, switching converters, motor drivers, relay drivers, and 
drivers for high-power bipolar switching transistors requiring 
high speed and low gate-drive power. These types can be 
operated directly from integrated circuits. 

The IRFD types are supplied in the 4-pin DIP package. 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 

DRAIN 

4-PIN DIP 
TOP VIEW 

O SOURCE 

GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (TC '" +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) • • . . . . . . . . • • . • . . . • . • • . . . • . .. VDS 
Drain-Gate Voltage (RGS = 20kO) (1) ••....•.••...•.. VDGR 
Continuous Drain Current 

TC = +250 C •••••.......••.....•...........•.•..... 10 
Pulsed Drain Current. •..••....•..•••.••.........•.... 10M 
Gate-Source VoHage ••........•...•••...•......•... VGS 
Maximum Power Dissipation 

T C = +250C (See Figure 13) •••.•••...•••••...••..•.• Po 
Unear Derating Factor (See Figure 13) •........•...•...... 
Inductive Current, Clamped (3) ......•••••....••....•.. ILM 
Operating and Storage Junction ........•.....••.. T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ••...•....•••.. TL 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

I. TJ = +250C to +1S0oC. 

2. Pulse Test: Pulse width $ 300,,", Duty Cycle $ 2%. 

3 See Figures 14 and 15. L = I OO~H 

IRFD2Z0 

200 
200 

0.32 
1.5 
±20 

1.0 
0.008 

1.5 
-55to+150 

300 

IRFD2Z1 IRFD2Z2 

150 200 
150 200 

0.32 0.30 
1.5 1.4 
±20 ±20 

1.0 1.0 
0.008 0.008 

1.5 1.4 
-55 to +150 -55 to +150 

300 300 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRFD2Z0, IRFD2Z1, IRFD2Z2, IRFD2Z3 

ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) " 25°C Unless Otherwise Specified 

CHARACTERISTIC TYPE MIN. TYP. MAX. UNITS TEST CONDITIONS 
Drain-Source Breakdown Voltage BVoss IRFD2Z0 200 - - V Vos = 0 V 

IRFD2Z2 

IRFD2Z1 150 - - V 10 = 250llA 
IRFD2Z3 

Gate Threshold Voltage VGSlth) ALL 2.0 - 4.0 V Vos = Vos, 10 - 250llA 
Gate-Source Leakage Forward loss ALL - - 500 nA Vos - 20 V 
Gate-Source Leakage Reverse loss ALL - - -500 nA Vos - -20 V 
Zero-Gate Voltage Drain Current loss 

ALL 
- - 250 IIA Vos = Max. Rating, Vos - 0 V 
- - 1000 IIA Vos - Max. Rating x O.B, VGS - 0 V, Tc = 125°C 

On-State Drain Current <2> 1010nl IRFD2Z0 
0.32 A IRFD2Z1 - -

IRFD2Z2 
Vos> IOlon) x rOSlon) max., VGS = -10 V 

IRFD2Z3 0.30 - - A 

Static Drain-Source On-State rOSlOll) IRFD2Z0 - 4.6 5.0 n Resistance <2> IRFD2Z1 

IRFD2Z2 
Vas = 10V,lo=0.15A 

IRFD2Z3 - 5.7 6.5 n 
Forward Transconductance <2> g .. ALL 0.06 0.11 - stU) Vos> 1010n) X rOSIOn) max., 10 = 0.15 A 
Input Capacitance C, .. ALL 37 - pF 

Vos = 0 V, Vos = 25 V, f = 1.0 MHz 
Output Capacitance Coos ALL - 15 - pF 
Reverse Transfer Capacitance C ... ALL - 4.0 - pF 

See Fig. 9 

Turn-On Delay Time talonl ALL - 15 - ns Voo = 0.5 BVoss, 10 = 0.15 A, Zo = 50 n 
Rise Time t, ALL - 10 - ns See Fig. 16 
Turn-Off Delay Time tdlOff) ALL - 22 - ns (MOSFET switching times are essentially 
Fall Time tf ALL - 28 - ns independent of operating temperature.) 

Total Gate Charge Q. 
ALL - 2.5 4.0 nC Vos = 10 V, 10 = 1.5 A, Vos = 0.8 V Max. Rating. 

(Gate-Source Plus Gate-Drain) See Fig. 17 for test circuit. (Gate charge is 
Gate-Source Charge Q., ALL - 1.5 - nC essentially independent of operating 
Gate-Drain ("Miller") Charge Q •• ALL - 1.5 - nC temperature.) 

Internal Drain Inductance Lo ALL - 4.0 - nH Measured from the Modified MOSFET 
drain lead, 2.0 mm symbol showing th" 
(0.08 in.) from package internal device 
to center of die. i,'''''''= ~ Internal Source Inductance Ls ALL - 6.0 - nH Measured from the '0 

source lead, 2.0 mm 
G (0.08 in.) from 

" package to source 
bonding pad. 

THERMAL RESISTANCE 

I Junction-to-Ambient ALL 120 I ° CIW I Free Air Operation 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

Continuous Source Current Is IRFD2Z0 
(Body Diode) IRFD2Z1 

IRFD2Z2 
IRFD2Z3 

Pulse Source Current ISM IRFD2Z0 
(Body Diode) IRFD2Z1 

IRFD2Z2 
IRFD2Z3 

Diode Forward Voltage <2> Vso IRFD2Z0 
IRFD2Z1 
IRFD2Z2 
IRFD2Z3 

Reverse Recovery Time to ALL 
Reverse Recovered Charge QRR ALL 

Forward Turn-on Time ton ALL 

CD TJ = 25°C to 150°C. 
(ZJ Pulse Test: Pulse width ~ 300 liS, Duty Cycle ~ 2%. 
@ (See Fig. 14 and 15) L = 100 tJH 

0.32 A 
Modified MOSFET symbol - - showing the integral 

0.30 A 
reverse P-N junction rectifier. 

.. ~ - -

1.5 A - - . 
- - 1.4 A 

- - 1.3 V Tc = 25°C, Is = 0.32 A, Vos = 0 V 

- - 1.3 V Tc = 25°C, Is = 0.30 A, Vos = 0 V 

- 125 - ns TJ - 150°C, IF - 0.30 A, dlF/dt = 100 Alps 
- 0.2 - IIC TJ = 150°C, IF = 0.30 A, dlF/dt - 100 Alps 

Intrinsic turn-on time is negligible. 
Turn-on speed is substantially controlled by Ls + Lo. 

4-409 

, 



IRFD2Z0, IRFD2Zt, IRFD2Z2, IRFD2Z3 
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IRFD2Z0, IRFD2Z1, IRFD2Z2, IRFD2Z3 
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m:I HARRIS IRFD310/311/312/313 
IRFD310R/311R/312R/313R 

August 1991 

Features 

• 0.3A and 0.4A, 350V - 400V 

• rDS(on) = 3.60 and 5.00 

• Single Pulse Avalanche Energy Rated" 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFD310, IRFD311, IRFD312, and IRFD313 are 
n-channel enhancement-mode Silicon-gate power field-effect 
transistors. IRFD310R, IRFD311 R, IRFD312R, and IRFD313R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching tr<;lnsistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFD types are supplied in the 4-pin dual-in-line plastic 
package. 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Package 

DRAIN 

4-PINDIP 
TOP VIEW 

O SOURCE 

GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRFD310 IRFD311 IRFD312 IRFD313 
IRFD310R IRFD311R IRFD312R IRFD313R UNITS 

Drain-Source Voltage (1) ..............•.••••........ VDS 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20kO) (1) ...••.••....••.. VDGR 400 350 400 350 V 
Continuous Drain Current 

TC=+250C ....••.•...............••.•.....•...... 10 0.4 0.4 0.3 0.3 A 
Pulsed Drain Current (3) .............................. 10M 1.6 1.6 1.2 1.2 A 
Gate-Source Voltage .•..•.......•.....•.••...••.... VGS ±20 ±20 ±20 ±20 V 
Maximum Power Dissipation 

TC = +250C (See Figure 14) .........••..•....••..... Po 1.0 1.0 1.0 1.0 W 
Linear Derating Factor (See Figure 13) ............•....... 0.008 0.008 0.008 O.ooa W/oC 
Inductive Current, Clamped .•••..••••.......••....•... ILM 1.6 1.6 1.2 1.2 A 

(See Figure 14, L = 1001lH) 
Single Pulse Avalanche Energy Rating (4) .............. Eas " 45 45 45 45 mJ 
Operating and Storage Junction .....•............ T J, TSTG -55 to +150 -5510+150 -5510 +150 -55 to +150 °C 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 °C 
(O.063" (1.6mm) from case for 10s) 

NOTES: 

1. TJ = +250C to +1500C. 

2. Pulse Test: Pulse width ~ 300"", Duty Cycle S. 2%. 

4. VOO = 40V, starting T J = +250C, L = 44.89mH, RGS = 50n, 
IpEAK = 1.4A. See Figure 15. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 15). 

* R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFD310, IRFD311, IRFD312, IRFD313 IRFD310R, IRFD311 R, IRFD312R, IRFD313R 

Electrical Characteristics Te = +250 e, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250fjA 
IRF0310/312, IRFD31 OR/312R 400 - - V 

IRF0311/313,IRF0311R/313R 350 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS=20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -500 nA 

Zero Gate Voltage Drain Current lOSS VOS = Max Rating, VGS = OV - - 250 ~A 

VOS = Max Hating x 0.8, VGS = OV, - - 1000 ~A 
TC=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRF0310/311, IRF0310R/311 R 0.4 - - A 

IRF0312/313,IRF0312R/313R 0.3 - - A 

Static Orain-Source On-State rOS(ON) VGS - 10V, 10 - 0.2A 
Resistance (Note 2) 

IRF0310/311, IRF0310R/311 R - 3.3 3.6 n 
IRF0312/313,IRF0312R/313R - 3.6 5.0 n 

Forward Transconductance (Note 2) 9fs VOS> 10(ON) x rOS(ON) Max, 10 = 0.2A 0.5 1.2 - S(U) 

Input Capacitance CISS VGS = OV, VOS = 25V, f = 1.0MHz - 135 - pF 

Output Capacitance COSS See Figure 10 - 35 - pF 

Reverse Transfer Capacitance CRSS - 8.0 - pF 

Turn-On OelayTime td(ON) VOO '" 0.5BVOSS, 10 = O.4A, RG = 9.1 n - 3.0 10 ns 

RiseTime tr See Figure 17. (MOSFET switching times - 10 20 ns 

Turn-Off OelayTime id(OFF) 
are essentially independent of operating - 5.0 10 temperature) ns 

Fall Time tf - 8.0 15 ns 

Total Gate Charge Og VGS = 1 OV, 10 = O.4A, VOS = 0.8 Max - 6.0 7.5 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 18 for test circuit 

Gate-Source Charge OgS (Gate charge is essentially independent of - 3.0 - nC 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) - 3.0 - nC 

Internal Orain Inductance LO Measured from Modified MOSFET - 4.0 - nH 
the drain lead, symbol showing the 
2.0mm (0.08 in.) internal device 
from package 

.~ to center of 
die. 

Internal Source Inductance LS Measured from the - 6.0 - nH 
source lead, 2.0mm a I 

(0.08") from LS 
package to source 
bonding pad. S 

Junction-ta-Ambient ROJA Free air operation - - 120 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 0.4 A 

(BodyOiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 1.6 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 1.6A, VGS = OV - - 1.6 V 

Reverse Recovery Time trr TJ - +1500 C, IF -1.6A, dlF/dt = 100A/~s - 380 - ns 

Reverse Recovered Charge ORR T J - +1500 C, IF -1.6A, dlF/dt - 100A/fIS - 2.7 - ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO' 

NOTES: 

1. TJ = +250C to +1500 C 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5). 

4. VDD = 40V, starting TJ - +250 C, 

2. Pulse Test: Pulse width.5 300~s, 
Duly Cycle::;. 2% 
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IRFD310, IRFD3", IRFD312, IRFD313 IRFD310R, IRFD311R, IRFD312R, IRFD313R 
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:II HARRIS IRFD320/321/322/323 
IRFD320R/321R/322R/323R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• O.SA and O.4A, 3S0V - 400V 

Package 
4-PIN DIP 
TOP VIEW 

• rDS(on) = 1.80 and 2.50 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

O SOURCE 

DRAIN 

GATE 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Terminal Diagram The IRFD320, IRFD332, IRFD322, and IRFD323 are 
n-channelenhancement-mode silicon-gate power field-effect 
transistors. IRFD320R, IRFD332R, IRFD322R, and IRFD323R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converter!?, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRFD types are supplied in the 4-pin dual-In-line plastic 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) .................••........• VDS 
Drain-Gate Voltage (RGS = 20kO) (1) .......•••..•... VDGR 
Continuous Drain Current 

TC = +250C .•....•••.•...•.....•••....•...•.•..... 10 
Pulsed Drain Current (3) •.....•.....••.•...•..•.....•. 10M 
Gate-Source Voltage •.....•.•.......•....•...••••.. V GS 
Maximum Power Dissipation 

TC = +250C (See Figure 13) ..............•.....•.... Po 
Linear Derating Factor (See Figure 13) •.•.............•... 
Inductive Current, Clamped ................•.......... ILM 

(See Figure 14, L = 1 OO~H) 
Single Pulse Avalanche Energy Rating (4) ............•. Eas' 
Operating and Storage Junction .................. T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering .•......•....•. TL 
(0.063" (1.6mm) from case for 1 Os) 

NOTES: 

IRFD320 
IRFD320R 

400 
400 

0.5 
2.0 
±20 

1.0 
0.008 

2,0 

100 
-55 to +150 

300 

IRFD332 
IRFD332R 

350 
350 

0.5 
2.0 
±20 

1.0 
0.008 

2.0 

100 
-55 to +150 

300 

D 

G 

s 

IRFD322 IRFD323 
IRFD322R IRFD323R 

400 350 
400 350 

0.4 0.4 
1.6 1.6 
±20 ±20 

1.0 1.0 
0.008 0.008 

1.6 1.6 

100 100 
-55 to +150 -55 to +150 

300 300 

1. TJ = +250C to +1500C. 3. Repetitive Rating: Pulse width limited by maximum junction 

UNITS 

V 
V 

A 
A 
V 

W 
WloC 

A 

mJ 
°c 

°c 

2. Pulse Test: Pulse width ::; 300~s, Duty Cycle::; 2%. 
temperature. See Transient Thermal Impedance Curve (Figure 5). 

4. VOO = 40V, starting TJ = +250C, L = 29.09mH, RGS = 50n, 
IpEAK = 2.5A. See Figure 1 5. 

* R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
C~pyright © Harris Corporation 1991 
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IRFD320, IRFD321, IRFD322, IRFD323 IRFD320R, IRFD321 R, IRFD322R, IRFD323R 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV,IO = 250[lA 
IRF0320/322,IRFD320R/322R 400 - - V 

IRFD321/323,IRFD321 R/323R 350 - - V 

Gate Threshold Voltage VGS(TH) VDS - VGS, ID = 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS- 20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS - -20V - - -500 nA 

Zero Gate Voltage Orain Current IDSS VOS - Max Rating, VGS - OV - - 250 ~A 

VDS - Max Rating x 0.8, VGS = OV, - - 1000 ~A 
TC=+1250 C 

On-State Drain Current (Note 2) ID(ON) VDS> ID(ON) x rDS(ON) Max, VGS = 10V 
IRFD320/321,IRFD320R/321 R 0.5 - - A 

IRFD322/323,IRFD322R/323R 0.4 - - A 

Static Drain-Source On-State rDS(ON) VGS = 10V,ID - 0.25A 
Resistance (Note 2) 

IRFD320/321,IRFD320R/321 R - 1.5 1.8 fl 

IRFD322/323,IRFD322R/323R - 1.8 2.5 fl 
Forward Transconductance (Note 2) 9fs VDS> ID(ON) x rDS(ON) Max,ID - 0.25A 1.0 2.0 - Sm) 

Input Capacitance CISS VGS = OV, VDS - 25V, f - 1.0MHz - 455 - pF 

Output Capacitance COSS 
See Figure 10 - 100 - pF 

Reverse Transfer Capacitance CRSS - 20 - pF 

Turn-On DelayTime td(ON) VDD '" 0.5BVDSS, ID - 0.5A, RG - 9.1 n - 20 40 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 25 50 ns 

Turn-Off Delay Time td'OFF) 
are essentially independent of operating - 50 100 ns temperature) 

Fall Time tf - 25 50 ns 

Total Gate Charge Og VGS = 1 OV,IO = 0.5A, VDS = 0.8 Max - 12 15 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Ogs (Gate charge is essentially independent of - 6.0 - nC 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) - 6.0 - nC 

Internal Drain Inductance LD Measured from Modified MOSFET - 4.0 - nH 
the drain lead, symbol showing the 
2.0mm (0.08 in.) internal device 
from package 

.~ to center of 
die. 

Internal Source Inductance LS Measured from the - 6.0 - nH 
source lead, 2.0mm G I 

(0.08") from LS 
package to sou rce 
bonding pad. S 

Junction-to-Ambient ROJA Free air operation - - 120 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 0.5 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 2.0 A 
(Body Diode) (Nole 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSD TJ = +250 C,IS = 2.0A, VGS = OV - - 1.6 V 

Reverse Recovery Time Irr TJ - +1500 C,IF - 2.0A,dIF/dl -100A/~s - 450 - ns 

Reverse Recovered Charge ORR T J = + 1500C, IF = 2.0A, dlF/dl = 1 OOA/~s - 3.1 - ~C 

Forward Turn-on Time tON Inlrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO' 

NOTES: 

1. TJ = +250Cto +150oC 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5). 

4. VDD = 40V, starting T J = +250C, 

2. Pulse Test: Pulse width ~ 300~s. 
Duty Cycle :0; 2% 
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L = 29.09mH, Ras = 50n, IpEAK = 2.5A. 
(See Figure 15.) 



IRFD320, lRFD321, IRFD322, IRFD323 
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1.2 5 

... 
~ 1.1 
> 
z 
~ 
o 
o 
~5 1.0 
Ww 
"'N m::; 
We 
~~ 

5 

5 

"0 
~~ 0.95 
~ 
Z 

~ 
o 
~ 0.8 5 

~ 

0.7 5 

"'" 

-40 

./ 

..,. 10--

~ ~ 

~ ~ 
I--'" 

40 80 120 160 
TJ.JUNCTION TEMPERATURE (OC~ 

Fig. 7 - Breakdown Voltage Vs. Temperature 

1000 

V~S' 0 I . 

800 

1 1 f: I MH! .1. 
Ciss = Cgs + Cgd, Cds SHORTED _ f----

~ 
600 

.\ Crss .. Cgd 

1\ 
Cgs Cgd f----

I 
Coss = Cds + Cgs + Cgd 

~Cds+ Cgd -f--
u 
z 
;:: 
G 
:'. 
;:; 400 
u' 

200 

I r-.... c!,,+ I 

\ -i--
._-

\\ i +-
\r-... I i 
\ I"-- coss I I 

...... 1"-- Crss 

10 20 30 40 50 

2.2 

i 1/ 
[ -:?r 
./ i 

1 ! A ! 

i / i 1 I 

! :A 
V1 

V I I VGS"OV 1 

/v 1 '0' 1 SA -f---"[ . I 
~ 0.6 

0.2 
-40 40 80 120 

T J, JUNCTION TEMPERATU RE (OC) 

Fig. 8 - Normalized On-Resistance Vs. Temperature 

20 

~ 
~ Hi 

'" " 
a 
> 

~ 10 

" a 
a 

I 

I 

II 

J 
/ 

I 
I 

vas" sov 
, "" ~ Vas ~ ZODV 

"-
vas" 320V ~ 1 I /, 

$ 
if./l 

I 

: 
i 

'0 '" O.SA 

I 

~~; ~~SJR~I~;UIT -
I I [ i 
f2 16 20 

Vas. DRAIN-TO-SOURCE VOLTAGE (VOL TSI 09' TOTAL GATE CHARGE InC) 

Fig. 9 - Typical Capacitance Vs. Draln-to-Source Voltage Fig. 10 - Typical Gate Charge Vs. Gate-to-Source Voltage 

u 
z 

" in 
~ 
z 
a 

6 

5 

4 

3 

2 

I 

ROS(on} MEASURED WITH CURRENT PULSE OF / 2.0.us DURATION. INITIAL TJ" 25°C. (HEATING 
EFFECT OF 2.0 j.lsPULSE IS MINIMALl 

I 

Jf/ 
VGS"~ 

VGS" 20V 

./ V 
~ ~ -

10 12 

10, DRAIN CURRENT {AMPERES, 

Fig. 11 - Typical On-Resistance Vs. Drain Current 

4·421 

0.5 

0.4 

! 
" $ 0.3 
~. 

z 
~ 
~ 
~ 
u 
z 0.2 

;:: 
a 

!? 
0.1 

o 

"" ~ I I I 
........... 

" 
IRFD320. 321 

i'.... IRFD320R,321R 

........... 

'" "-,,-
f'.. I\.. 

IRF0322. 323 r-.... r-... 
IRFD322R, 323A 

~ 
~ 

~ , 
25 50 75 100 125 150 

TC. CASE TEMPERATUAE (DC) 

Fig. 12 - Maximum Drain Current Vs. Case Temperature 

~ 
...I W 
WIL 
Zen 
zO 
c(:& 
:J:a: 
t,lW 
z~ 



IRFD320, IRFD321, IRFD322, IRFD323 IRFD320R, IRFD321 R, IRFD322R, IRFD323R 
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m HARRIS IRFF110/111/112/113 
IRFF110R/111R/112R/113R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 3.0A and 3.SA, SOV - 100V 

• rDS(on) = 0.60 and O.SO 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-20SAF 

BonOMVlEW 

SOUTIRCE 0 GATE 

o 0 

Terminal Diagram 

DRAIN 
(CASE) 

The IRFF110, IRFF111, IRFF112, and IRFF113 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF11 OR, IRFF111 R, IRFF112R, and IRFF113R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 

Absolute Maximum Ratings (TC '" +250 C), Unless Otherwise Specified 

IRFF110 IRFF111 
IRFF110R IRFF111R 

Drain-Source Voltage (1) ............................ VDS 100 80 
Drain-Gate Voltage (RGS = 20kO) (1) ..••....•••..... VDGR 100 80 
Continuous Drain Current 

TC=+250 C •.•......•...•............•......•.•..• 10 3.5 3.5 
Pulsed Drain Current (3) .............................. 10M 14 14 
Gate-Source Voltage ............................... VGS ±20 ±20 
Maximum Power Dissipation 

TC = +250 C ....................................... Po 15 15 
Linear Derating Factor ................................... 0.12 0.12 
Inductive Current, Clamped ........................... ILM 14 14 

(See Figure 14, L = 100flH) 
Single Pulse Avalanche Energy Rating (4) .............. Eas * 19 19 
Operating and Storage Junction .................. T J, T STG -55to+150 -55to+150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

D 

G 

S 

IRFF112 
IRFF112R 

100 
100 

3.0 
12 

±20 

15 
0.12 
12 

19 
-5510 +150 

300 

IRFF113 
IRFF113R 

80 
80 

3.0 
12 

±20 

15 
0.12 
12 

19 
-5510+150 

300 

UNITS 

V 
V 

A 
A 
V 

W 
WfOC 

A 

mJ 
oC 

oC 

1. TJ = +250 C to +1500 C. 4. VDD = 5V. starting TJ = +250C. L =.2.3mH. Ras = 250. 

2. Pulse Test: Pulse width S 3001'8. Duty Cycle S 2%. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

* R Suffix Types Only 

IpEAK = 3.5A. See Figure 15. 

CAUTION: These devices are sensHive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFF110, IRFF111, IRFF112, IRFF113 IRFF110R, IRFF111R, IRFF112R, IRFF113R 

Electrical Characteristics TC '" +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250~ 
IRFF11 0/112, IRFF11 OR/112R 100 - - V 

IRFF111/113, IRFF111 R/113R 80 - - V 

Gate Threshold Voltage VGS(TH) VOS = VGS, 10 = 250~ 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -100 nA 

Zero Gate Voltage Drain Current lOSS VOS = Max Rating, V GS = OV - - 250 ~ 
VOS = Max Rating x 0.8, VGS = OV, - - 1000 ~ 
TJ=+1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRFF110/111, IRFFll OR/lll R 3.5 - - A 

IRFF112/113, IRFF112R/113R 3.0 - - A 

Static Drain-Source On-State rOS(ON) VGS = 10V, 10 = 1.5A 
Resistance (Note 2) 

IRFFll0!1ll, IRFFll OR/lll R - 0.5 0.6 n 
IRFFl12/113, IRFFl12R!113R - 0.6 0.8 n 

Forward Transconductance (Note 2) 9fs VDS> IDION) x rOSION) Max, ID - 1.5A 1.0 1.5 - s(Ul 
Input Capacitance CISS VGS = OV, VOS = 25V, f - 1.0MHz - 135 - pF 

Output Capacitance COSS See Figure 10 - 80 - pF 

Reverse Transfer Capacitance CRSS - 20 - pF 

Turn-On Delay Time tdlON) VDD '" 0.5BVOSS, ID = 3.5A. RG = 9.1 n - 10 20 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 15 25 ns 

Turn-Off Delay Time idIOFF) 
are essentially independent of operating - 15 25 ns temperature) 

Fall Time tf - 10 20 ns 

Total Gate Charge Og VGS - 1 OV.IO = 3.5A, VOS - 0.8 Max - 5.0 7.5 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit 

Gate-Source Charge Oas (Gste charge is essentially Independent of - 2.0 - nC 

Gate-Drain ("Miller") Charge Oad 
operating temperature.) - 3.0 - nC 

Internal Drain Inductance LO Measured from Modified MOSFET - 5.0 - nH 
the drain lead. symbol showing the 
5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 

~ 
die. 

Internal Source Inductance LS Measured from the - 15 - nH 
source lead, 5.0mm G I 
(0.2") from LS 
header to source 
bonding pad. S 

Junction-to-Case RaJC - - 8.33 °C/W 
Junction-to-Ambient RaJA Free air operation - 175 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 3.5 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 14 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO TJ = +250C,IS = 3.5A, VGS = OV - - 2.5 V 

Reverse Recovery Time trr T J - + 1500C, IF - 3.SA, dlF/dt - 100A/IIS - 200 - ns 

Reverse Recovered Charge ORR TJ - +1500C.IF -3.5A, dlF/dt = 100A/lis - 1.0 - IIC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +250 c to.+150oC 3. Repetnive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5). 

4. VDD - 5V. starting T J - +250C. 

2. Pulse Test: Pulse width ~ 300~s. 
Duty Cycle ~ 2% 
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L = 2.3mH. RGS - 250. IpEAK - 3.5A. (See 
Figure 15.) 
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m HARRIS 'RFF120/121/122/123 
'RFF120R/121R/122R/123R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• S.OA and S.OA, 80V - 100V 

• rDS(on) = 0.300 and 0.400 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFF120, IRFF121, IRFF122, and IRFF123 are 
n-channel enhancement-mode silicon-gate power/ield-effect 
transistors. IRFF120R, IRFF121 R, IRFF122R, and IRFF123R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TQ-205AF (Low 
Profile TO-39) metal package. 

Package 
TO-205AF 

BOTTOM VIEW 

SOUTIRCE , GATE 

o 0 

DRAIN 
(CASE) 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

o 

G~ 
S 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRFF120 IRFF121 IRFF122 IRFF123 
IRFF120R IRFF121R IRFF122R IRFF123R 

Drain-Source Voltage (1) ............................ VDS 100 80 100 80 
Drain-Gate Voltage (RGS = 20kl1) (1) ................ VDGR 100 80 100 80 
Continuous Drain Current 

TC=+250 C ....................................... 10 6.0 6.0 5.0 5.0 
Pulsed Drain Current (3) .............................. IDM 24 24 20 20 
Gate-Source Voltage ............................... V GS ±20 ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250 C ....................................... PD 20 20 20 20 
Linear Derating Factor ................................... 0.16 0.16 0.16 0.16 
Inductive Current, Clamped .... , ...................... ILM 24 24 20 20 

(See Figure 14, L = 100flH) 
Single Pulse Avalanche Energy Rating (4) .............. Eas * 36 36 36 36 
Operating and Storage Junction .................. TJ, TSTG -55 to +150 -55to +150 -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

1. TJ = +250 C to +150oC. 

2. Pulse Test: Pulse width .s. 300~s, Duty Cycle :5:. 2%. 

4. VDD = 25V, starting TJ = +250 C, L = 1.5mH, RGS = 250, 
IpEAK = 6.0A. See Figure 15. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

'* R Suffix Types Only 

UNITS 

V 
V 

A 
A 
V 

W 
W/OC 

A 

mJ 
oC 

oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © HarriS Corporation 1991 

File Number 1563.1 
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IRFF120, IRFF121, IRFF122, IRFF123 IRFF120R, IRFF121 R, IRFF122R, IRFF123R 

Electrical Characteristics TC = +250C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVDSS VGS = OV, 10 = 250fjA 
IRFF120/122,IRFF120R/122R 100 - - V 

IRFF121/123, IRFF121 R/123R 80 - - V 

Gate Threshold Voltage VGS(TH) VDS - VGS, 10 = 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS= 20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS - -20V - - -100 nA 

Zero Gate Voltage Orain Current IDSS VDS - Max Rating, VGS - OV - - 250 ~A 

VDS = Max Rating x 0.8, VGS = OV, - - 1000 !,A 
TC=+1250C 

On-State Drain Current (Note 2) ID(ON) VOS> ID(ON) x rDS(ON) Max, VGS = 10V 
IRFF120/121, IRFF120R/121 R 6.0 - - A 

IRFF122/123,IRFF122R/123R 5.0 - - A 

Static Drain-Source On-State rDS(ON) VGS -10V,10 - 3.0A 
Resistance (Note 2) 

IRFF120/121, IRFF120R/121 R - 0.25 0.30 !1 

IRFF122/123,IRFF122R/123R - 0.30 0040 !1 

Forward Transconductance (Note 2) gfs VOS> 10(ON) x rOS(ON) Max, 10 - 3.0A 1.5 2.9 - Sm) 

Input Capacitance CISS VGS - OV, VOS - 25V, f = 1.0MHz - 450 - pF 

Output Capacitance COSS See Figure 1 0 - 20 - pF 

Reverse Transfer Capacitance CRSS - 50 - pF 
Turn-On Delay Time td(ON) VDO '" 0.5BVOSS, 10 = 6.0A, RG - 9.1!1 - 20 40 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 37 70 ns 

Turn-Off Oelay Time tg{OFf=L 
are essentially independent of operating - 50 100 temperature) ns 

Fall Time tf - 35 70 ns 

Total Gate Charge Og VGS -10V, 10 = 6.0A, VOS = 0.8 Max - 10 15 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 6.0 - nC 

Gate-Drain ("Miller") Charge Qgd 
operating temperature.) - 4.0 - nC 

Internal Orain Inductance LO Measured from Modified MOSFET - 5.0 - nH 
the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 

~ 
die. 

Internal Source Inductance LS Measured from the - 15 - nH 
source lead, 5.0mm G I 
(0.2") from LS 
header to source 
bonding pad. S 

Junction-to-Case ReJC - - 6.25 °C/W 
Junction-to-Ambient RaJA Free air operation - - 175 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 6.0 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 24 A 
(Body Diode) (Note 3) P-N june. rectifier. 

Oiode Forward Voltage (Note 2) VSO T J = +250 C, IS = 6.0A, VGS = OV - - 2.5 V 

Reverse Recovery Time trr T J = + 1500 C, IF - 6.0A, dlF/dt - 1 OOA/~s - 230 - ns 

Reverse Recovered Charge ORR T J - + 1500 C, IF - 6.0A, dlF/dt - 100A/!,s - 1.0 - ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - -
speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +2SoC to +IS00C 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5). 

4. VDD = SV, starting T J = +2SoC, 

2. Pulse Test: Pulse width 5. 300~s, 
Duty Cycle 5.2% 
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L = I.SmH, RGS = 250, IpEAK = 6.0A. (See 
Figure IS.) 
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IRFF120, IRFF121, IRFF122, IRFF123 IRFF120R, IRFF121R, IRFF122R, IRFF123R 
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IRFF120, IRFF121, IRFF122, IRFF123 IRFF120R, IRFF121 R, IRFF122R, IRFF123R 
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IRFF120, IRFF121, IRFF122, IRFF123 IRFF120R, IRFF121R, IRFF122R, IRFF123R 
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Em HARRIS IRFF130/131/132/133 
IRFF130R/131R/132R/133R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 7.0A and S.OA, SOV - 100V 

• rDS(on) = 0.lS0 and 0.250 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFF130, IRFF131, IRFF132, and IRFF133 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF130R, IRFF131 R, IRFF132R, and IRFF133R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 

Package 
TO-205AF 

BOTTOM VIEW 

SOU~TE DRAIN 

~(CASE) 

Terminal Diavram 

N-CHANNEL ENHANCEMENT MODE 

o 

G 

s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRFF130 IRFF131 IRFF132 IRFF133 
IRFF130R IRFF131R IRFF132R IRFF133R UNITS 

Drain-Source Voltage (1) .•.•..•..••................. VOS 100 80 100 80 
Drain-Gate Voltage (RGS = 20kO) (1) .........•...... VOGR 100 80 100 80 
Continuous Drain Current 

TC= +250 C ....................................... 10 8.0 8.0 7.0 7.0 
Pulsed Drain Current (3) ......•..•.................... 10M 32 32 28 28 
Gate-Source Voltage .•...••••..•..•...••..•.••••... VGS ±20 ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250 C .....••......••...•..••.••.....•••••... Po 25 25 25 25 
Linear Derating Factor .....•••...•..•••........•••....... 0.2 0.2 0.2 0.2 
Inductive Current, Clamped ..•.•.......••..••.•.....•• ILM 32 32 28 28 

(See Figure 14, L = 1 OO~H) 
Single Pulse Avalanche Energy Rating (4) ...••.......•. Eas * 69 69 69 69 
Operating and Storage Junction ...............•.. T J, T STG -55to+150 -55 to +150 -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

1. TJ = +250C to +1500C. 

2. Pulse Test: Pulse width S 300~s. Duty Cycle S 2%. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

1< R Suffix Types Only 

300 300 300 300 

4. VDD = 25V, starting TJ = +250C, L = 1.62mH, RGS = 25n, 
IpEAK = B.OA. See Figure 15. 

V 
V 

A 
A 
V 

W 
W/oC 

A 

mJ 
oC 

oC 

CAUTION: These devices are sensitive to electrostatic discharge. Pmper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFF130, IRFF131, IRFF132, IRFF133 IRFF130R, IRFF131R, IRFF132R, IRFF133R 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONOITIONS MIN TYP MAX UNITS 

Oraln-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250pA 
IRFF130/132, IRFF13OR/132R 100 - - V 

IRFF131/133,IRFF131R/133R 80 - - V 

Gate Threshold Voltage VGSITHI VOS = VGS, 10 = 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS=20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -100 nA 

Zero Gate Voltage Oraln Current lOSS VOS = Max Rating, VGS = OV - - 250 ~A 

VOS = Max Rating x 0.8, VGS = OV, - - 1000 ~A 
TC=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRFFl30/131 , IRFF130R/131 R 8.0 - - A 

IRFF1321133,IRFF132R/133R 7.0 - - A 

Static Orain-Source On-State rOS(ON) VGS-l0V,10-4.0A 
Resistance (Note 2) 

IRFFl30/131, IRFF130R/131 R - 0.14 0.18 0 

IR FF132/133, IRFF132R/133R - 0.20 0.25 0 

Forward Transconductance (Note 2) 9fs VOS> 10lONI x rOSIONI Max, 10 - 4.0A 4.0 5.5 - S(m 
Input Capacitance CISS VGS - OV, VOS - 25V, f = 1.0MHz - 600 - pF 

Output CapaCitance COSS See Figure 10 - 300 - pF 

Reverse Transfer Capacitance CRSS - 100 - pF 

Turn-On Delay Time !d(ON) VDD "" 0.5BVOSS, 10 - 8.0A, RG - 9.1 0 - 30 50 ns 
Rise Time tr See Figure 16. (MOSFET switching times - 80 150 ns 

Turn-Off Delay Time Id(OFF) 
are essentially independent of operating - 50 100 temperature) ns 

Fall Time tf - 80 150 ns 

Total Gate Charge Og VGS - 10V, 10 - S.OA, VOS - 0.8 Max - 18 30 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 9.0 - nC 

Gate-Drain ("Miller") Cherge Oad 
operating temperature.) - 9.0 - nC 

Internal Oraln Inductance LO Measured from Modified MOSFET - 5.0 - nH 
the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 

~ 
die. 

Internal Source Inductance Ls Measured from the - 15 - nH 
source lead, 5.0mm G I 
(0.2") from LS 
header to source 
bonding pad. S 

Junctlon-ta-Cese RruC - - 5.0 °C/W 
Junctlon-ta-Amblent ROJA Free air operation - - 175 °C/W 

Source Drain Diode Ratings and Characteristics 

ContInuous Source Current IS Modified MOSFET 

~ 
- - 8.0 A 

(Body Olode) symbol showing the 

Pulse Source Current ISM integral reverse - - 32 A 
(Body Diode) (Note 3) P-N june. rectifier. 

Diode Forward Voltage (Note 2) VSD TJ = +250 C, IS = S.OA, VGS = OV - - 2.5 V 

Reverse Recovery Time trr TJ - +1500 C, IF-8.0A,dIF/dt -100A/~s - 300 - ns 

Reverse Recovered Charge ORR TJ - +1500 C, IF -S.OA,dIF/dt -100A/~s - 1.5 - ~C 

Forward Tum-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO' 

NOTES: 1. TJ • +250 C to +1500C 3. Repetftiv. Rating: Pulso width limitod by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5). 

4. VOO = 25V, starting TJ = +250 C, 

2. Pulae Teat Pul.e width S 300pe, 
Duty Cycle ~ 2% 

4-434 
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IRFF130, IRFF131, IRFF132, IRFF133 IRFF130R, IRFF131R, IRFF132R, IRFF133R 
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mHARRIS 'RFF210/211/212/213 
'RFF210R/211R/212R/213R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 
.1.8A and 2.2A, 150V - 200V 

• rDS(on) = 1.50 and 2.40 

• Single Pulse Avalanche Energy Rated' 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 
The IRFF210, IRFF211, IRFF212, and IRFF213 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF210R, IRFF211R, IRFF212R, and IRFF213R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFF types are supplied In the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 

Package 
TO-205AF 

BOTTOM VIEW 

SOUTIRCE 0 GATE 

o 0 

DRAIN 
(CASE) 

Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 

o 

G 

Absolute MaxImum RatIngs (TC = +250 C), Unless Otherwise Specified 

IRFF210 IRFF211 IRFF212 IRFF213 
IRFF21OR IRFF211R IRFF212R IRFF213R UNITS 

Drain-Source Voltage (1) ..••.•.••••••••••••.••••.. " VOS 200 150 200 150 V 
Drain-Gate Voltage (RGS = 20kO) (1) ..••••.••.•.•••• VOGR 200 150 200 150 V 
Continuous Drain Current 

TC = +250C •••.•••.....••...•..•••...•••••••••.•.• 10 2.2 2.2 1.8 1.8 A 
Pulsed Drain Current (3) •..•••.••.•.•••..•............ 10M 9.0 9.0 7.5 7.5 A 
Gate-SourceVoltage •••••..•••••••..••••.••••..•••• VGS ±20 ±20 ±20 ±20 V 
Maximum Power Dissipation 

TC=+250 C ••••••••.•••••..•••.•..••.••••••••..•.. PO 15 15 15 15 W 
Unear Derating Factor ••••.••••••..•.••.••.••••..••.•..•• 0.12 0.12 0.12 0.12 W/oC 
Inductive Current, Clamped •••..••.••.••••••.•••••••.• ILM 9.0 9.0 7.5 7.5 A 

(See Figure 14, L = 1OOIlH) 
Single Pulse Avalanche Energy Rating (4) .....••...•... Eas' 30 30 30 30 mJ 
Operating and Storage Junction .•••••.•.•.••.•.•• T J, TSTG -55to+150 -55to+150 -55 to +150 -5510+150 oc 
Temperature Range 

Maximum Lead Temperature for Soldering •..•.•...•.••.. TL 300 300 300 300 oc 
(0.063" (1.6mm) from case for 1 Os) 

NOTES: 

1. TJ = +250C to +1500C. 

2. Pulse Test: Pulse width S 300~s, Duty Cycle S 2%. 

4. VOO = 20V, starting TJ = +250C, L = 11.16mH, Ras = 50n, 
IpEAK = 2.2A. See Figure 15. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

• R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFF210, IRFF211, IRFF212, IRFF213 IRFF210R, IRFF211R, IRFF212R, IRFF213R 

Electrical Characteristics Te = +250e, Unless Otherwise Specified 

UMITS 

CHARACTERISTIC SYMBOL TEST CONOITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250~ 
IRFF21 0/212, IRFF21 OR/212R 200 - - V 
IRFF211/213,IRFF211R/213R 150 - - V 

Gate Threshold Voltage VGS(TH) VOS = VGS, 10 = 250~A 2.0 - 4.0 V 
Gate-Source Leakage Forward IGSS VGS= 20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -100 nA 
Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - 250 ~A 

VOS - Max Rating x 0.8, VGS - OV, - - 1000 ~A 
TC = +1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRFF21 0/211, IRFF21 OR/211 R 2.2 - - A 
IRFF212/213,IRFF212R/213R 1.8 - - A 

Static Orain-Source On-State rOS(ON) VGS = 10V, 10 = 1.25A 
Resistance (Note 2) 

IRFF21 0/211, IRFF210R/211 R - 1.0 1.5 n 
IRFF212/213,IRFF212R/213R - 1.5 2.4 n 

Forward Transconductance (Note 2) 9fs VOS> 10(ON) x rOS(ONl Max, 10 - 1.25A 0.8 1.3 - S(m 
Input Capacitance CISS VGS = OV, VOS - 25V, f - 1.0MHz - 135 - pF 

Output Capacitance COSS See Figure 10 - 60 - pF 

Reverse Transfer Capacitance CRSS - 16 - pF 

Turn-On Oelay Time td(ON) VOO '" 0.5BVOSS, 10 - 2.2A, RG - 9.1 n - 8.0 15 ns 
Rise Time tr See Figure 16. (MOSFET switching times - 15 25 ns 
Turn-Off Oelay Time IdtOFF) 

are essentially independent of operating - 10 15 ns temperature) 
Fall Time tf - 8.0 15 ns 
Total Gate Charge Og VGS = 1 OV, 10 = 2.2A, VOS = 0.8 Max - 5.0 7.5 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 2.0 - nC 
Gate-Orain ("Miller") Charge Ogd 

operating temperature.) - 3.0 - nC 
Internal Orain Inductance LO Measured from Modified MOSFET - 5.0 - nH 

the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 

~ 
die. 

Internal Source Inductance LS Measured from the - 15 - nH 
source lead, 5.0mm 
(0.2") from LS 
header to source 
bonding pad. S 

Junction-ta-Case ReJC - - 8.33 °C/W 
Junction-ta-Ambient RaJA Free air operation - - 175 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 2.2 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 9.0 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 2.2A, VGS = OV - - 2.0 V 
Reverse Recovery Time trr TJ - +1500 C, IF - 2.2A, dlF/dt -100A/~s - 290 - ns 
Reverse Recovered Charge ORR TJ - +1500 C, IF - 2.2A, dlF/dt -100N~s - 2.0 - ~C 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +250C to +1500C 3. Repetitive Rating: Pulse width limited by max. 4. VDD = 20V, starting TJ = +250C, 

2. Pulse Test: Pulse width ~ 300~s, 
Duty Cycle ~ 2% 

junction temperature. See Transient Thermal L ::: 11.16mH, RGS = 500, IpEAK = 2.2A. 
Impedance Curve (Figure 5). (See Figure 15.) 
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IRFF210, IRFF211, IRFF212, IRFF213 IRFF210R, IRFF211 R, IRFF212R, IRFF213R 
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Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFF210, IRFF2", IRFF212, IRFF213 IRFF210R, IRFF211 R, IRFF212R, IRFF213R 
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m HARRIS 'RFF220/221/222/223 
'RFF220R/221R/222R/223R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 3.0A and 3.SA, lS0V - 200V 

• rDS(on) = O.So. and 1.20. 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFF220, IRFF221, IRFF222, and IRFF223 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF220R, IRFF221 R, IRFF222R, and IRFF223R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 

Package 
TO-205AF 

BOnOMVIEW 

SOU~ATE DRAIN 

~(CASE) 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G~ 
s 

Absolute Maximum Ratings (TC = +250C), Unless Otherwise Specified 

IRFF220 IRFF221 IRFF222 IRFF223 
IRFF220R IRFF221R IRFF222R IRFF223R UNITS 

Drain-Source Voltage (1) . . . . . . . . . . . . . . . . . . . . . . . . . . .. VDS 200 150 200 150 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR 200 150 200 150 
Continuous Drain Current 

TC=+250 C ....................................... ID 3.5 3.5 3.0 3.0 
Pulsed Drain Current (3) .............................. IDM 14 14 12 12 
Gate-Source Voltage ............................... VGS ±20 ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250 C .....................................•. PD 20 20 20 20 
Linear Derating Factor ................•.................. 0.16 0.16 0.16 0.16 
Inductive Current, Clamped ........................... ILM 14 14 12 12 

(See Figure 14, L = 1 OO~H) 
Single Pulse Avalanche Energy Rating (4) .............. Eas' 85 85 85 85 
Operating and Storage Junction .................. TJ, TSTG -55to +150 -55to+150 -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 
(0.063" (1.6mm) from case for 1 Os) 

NOTES: 

1. TJ = +250 C to +1500 C. 

2. Pulse Test: Pulse width 5. 300~s. Duty Cycle.s. 2%. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure S). 

• R Suffix Types Only 

300 300 300 300 

4. VDD = 20V, starting TJ = +2SoC, L = 12.SmH, Ras = son, 
IpEAK = 3.5A. See Figure 15. 

V 
V 

A 
A 
V 

W 
WloC 

A 

mJ 
°c 

oc 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 1889.1 
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IRFF220, IRFF221, IRFF222, IRFF223 IRFF220R, IRFF221 R, IRFF222R, IRFF223R 

Electrical Characteristics Te = +250 e, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 2501JA 
IRFF220/222,IRFF220R/222R 200 - - V 
IRFF221/223,IRFF221 R/223R 150 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - 2501JA 2.0 - 4.0 V 
Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 
Gate-Source Leakage Reverse IGSS VGS--20V - - -100 nA 
Zero Gate Voltage Drain Current lOSS VOS - Max Rating, VGS - OV - - 250 IIA 

VOS = Max Rating x 0.8, VGS = OV, - - 1000 IIA 
TC=+1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRFF220/221,IRFF220R/221 R 3.5 - - A 
IRFF222/223, IRFF222R/223R 3.0 - - A 

Static Drain-Source On-State rOS(ON) VGS-l0V,10-2.0A 
Resistance (Note 2) 

IRFF220/221,IRFF220R/221 R - 0.5 0.8 n 
IRFF222/223,IRFF222R/223R - 0.8 1.2 n 

Forward Transconductance (Note 2) gfs VOS> 1010N) x rOS(ON) Max, 10 - 2.0A 1.5 2.25 - Sm) 
Input Capacitance CISS VGS - OV, VOS - 25V, f = 1.0MHz - 450 - pF 
Output CapaCitance COSS 

See Figure 10 - 150 - pF 
Reverse Transfer CapaCitance CRSS - 40 - pF 
Turn-On Delay Time tdlON) VOO '" 0.5BVOSS, 10 = 3.5A, RG = 9.1 n - 20 40 ns 
Rise Time tr See Figure 16. (MOSFET switching times - 30 60 ns 

Turn-Off Delay Time \ctIOFF) 
are essentially independent of operating - 50 100 temperature) ns 

Fall Time tf - 30 60 ns 
Total Gate Charge Og VGS = 10V,I0 = 3.5A, VOS =0.8 Max - 11 15 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Oas (Gate charge is essentially independent of - 5.0 - nC 

Gate-Drain ("Miller") Charge Oad 
operating temperature.) - 6.0 - nC 

Internal Drain Inductance LO Measured from Modified MOSFET - 5.0 - nH 
the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 

~ 
die. 

Internal Source Inductance LS Measured from the - 15 - nH 
source lead, 5.0mm 
(0.2") from LS 
header to source 
bonding pad. S 

Junction-ta-Case RruC - - 6.25 oCIW 

Junctlon-ta-Ambient RaJA Free air operation - - 175 oCIW 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 3.5 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 14 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO TJ = +250 C,IS = 3.5A, VGS = OV - - 2.0 V 

Reverse Recovery Time trr T J - + 1500 C, IF - 3.5A, dlF/dt - 100A/lls - 350 - ns 
Reverse Recovered Charge ORR TJ - +1500 C,IF -3.5A,dIF/dt -100A/lls - 2.3 - IIC 
Forward Tum-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +250c to +1500C 3. RopelRive Rating: Pulse widlh IimHed by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5). 

4. VDD = 20V, starting T J = +250C, 

2. Pulse Test Pulse width < 300pS, 
Duty Cycle :$2% 
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L = 12.5mH, RGS = 50n,IpEAK = 3.5A. 
(See Figure 15.) 



IRFF220, IRFF221, IRFF222, IRFF223 IRFF220R, IRFF221R, IRFF222R, IRFF223R 
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Fig. 1 - Typical output characteristics. 
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Fig. 3 - Typical saturation characteristics. 
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IRFF220, IRFF221, IRFF222, IRFF223 IRFF220R, IRFF221 R, IRFF222R, IRFF223R 
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Fig. 6 - Typical transconductance vs. drain current. 
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Ell HARRIS 'RFF230/231/232/233 
'RFF230R/231R/232R/233R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 4.5A and 5.5A,150V - 200V 

• rDSlon) = 0.40 and 0.60 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFF230, IRFF231, IRFF232, and IRFF233 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF230R, IRFF231 R, IRFF232R, and IRFF233R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 

Package 
TO-205AF 

BOTTOM VIEW 

SOU~TE DRAlN 

~(CASE) 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

o 

G~ 
s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRFF230 IRFF231 IRFF232 IRFF233 
IRFF230R IRFF231R IRFF232R IRFF233R 

Drain-Source Voltage (1) ..•..•.......•.•......••.... VOS 200 150 200 150 
Drain-Gate Voltage (RGS = 20kO) (1) •...•.•......•.. VOGR 200 150 200 150 
Continuous Drain Current 

TC=+250 C ..•.••..•......•..•.....•.............. 10 5.5 5.5 4.5 4.5 
Pulsed Drain Current(3) ...•...••...•..•..•....••..... 10M 22 22 18 18 
Gate-Source Voltage •.•.......••......•..••........ V GS ±20 ±20 ±20 ±20 
Maximum Power DiSSipation 

TC = +250 C •.•..•••.•.•....•.•.•.....••...•.•..... Po 25 25 25 25 
Unear Derating Factor ••..............•...••..........•.. 0.2 0.2 0.2 0.2 
Inductive Current, Clamped ...............••.......... ILM 22 22 18 18 

(See Figure 14, L = 100~H) 
Single Pulse Avalanche Energy Rating (4) ..••.......... Eas' 85 85 85 85 
Operating and Storage Junction .••....•.......... TJ, TSTG -55 to +150 -55to +150 -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering .....••........ TL 300 300 300 300 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

1. TJ = +2SoC to +'SooC. 

2. Pulse Test: Pulse width ~ 300~s, Duty Cycle", 2%. 

4. vDD = 20V, starling TJ = +2SoC, L = 8.9mH, RGS = son, 
IpEAK = 5.5A. See Figure' 5. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

• R Suffix Types Only 

UNITS 

V 
V 

A 
A 
V 

W 
WloC 

A 

mJ 
oC 

oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation' 99' 

File Number 1892.1 
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IRFF230, IRFF231, IRFF232, IRFF233 IRFF230R, IRFF231 R, IRFF232R, IRFF233R 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

UMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVDSS VGS = OV, 10 = 2501lA 
IRFF230/232,IRFF230R/232R 200 - - V 

IRFF231/233,IRFF231 R/233R 150 - - V 

Gate Threshold Voltage VGSITH) VOS - VGS, 10 = 2501lA 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -100 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - 250 IlA 
VOS - Max Rating x 0.8, VGS - OV, - - 1000 IlA 
TC=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, V GS = 10V 
IRFF230/231,IRFF230R/231 R 5.5 - - A 

IRFF232/233,IRFF232R/233R 4.5 - - A 

Static Orain-Source On-State rOS(ON) VGS -10V,ID - 3.0A 
Resistance (Note 2) 

IRFF230/231,IRFF230R/231 R - 0.25 0.4 0 
IR FF232/233, IRFF232R/233R - 0.4 O.S 0 

Forward Transconductance (Note 2) 9fs VOS> 10(ON) x rOS(ON) Max, 10 - 3.0A 2.5 4.5 - S(Ul 
Input Capacitance CISS VGS - OV, VOS - 25V, f - 1.0MHz - SOO - pF 

Output Capacitance COSS 
See Figure 10 - 250 - pF 

Reverse Transfer Capacitance CRSS - 80 - pF 

Turn-On DelayTime td(ON) VOD "" 0.5BVOSS, 10 - 5.5A, RG = 9.1 0 - - 30 ns 

Rise Time tr See Figure 1S. (MOSFET switching times - - 50 n8 

Turn-Off Delay Time id(OFF) 
are essentially independent of operating - - 50 n8 temperature) 

Fall Time tf - - 40 ns 

Total Gate Charge Og VGS - 10V,ID - 5.5A, VDS - 0.8 Max - 19 30 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit 

Gate-Source Charge OgS (Gate charge is essentially independent of - 10 - nC 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) - 9.0 - nC 

Internal Drain Inductance LO Measured from Modified MOSFET - 5.0 - nH 
the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 

~ 
die. 

Internal Source Inductance LS Measured from the - 15 - nH 
source lead, 5.0mm 
(0.2") from LS 
header to source 
bonding pad. S 

Junction-ta-Case RaJC - - 5.0 °C/W 
Junction-ta-Ambient RaJA Free air operation - - 175 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 5.5 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 22 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250C,IS = 5.5A, VGS = OV - - 2.0 V 

Reverse Recovery Time trr TJ - +1500C,IF-5.5A,dIF/dt -100A/lis - 450 - ns 

Reverse Recovered Charge ORR T J - + 1500C, IF - 5.5A, dlF/dt - 100A/lls - 3.0 - IIC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +250C to +1500C 3. RepetHive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5). 

4. VDD = 20V. starting T J - +250C. 

2. Pulse Test: Pulse width ~ 300~s. 
Duty Cycle ~ 2% 
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L = S.9mH. RGS = 50n. IpEAK = 5.5A. (See 
Figure 15.) 



IRFF230, IRFF231, IRFF232, IRFF233 IRFF230R, IRFF231 R, IRFF232R, IRFF233R 
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IRFF230, IRFF231, IRFF232, IRFF233 IRFF230R, IRFF231 R, IRFF232R, IRFF233R 
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IRFF230, IRFF231, IRFF232, IRFF233 IRFF230R, IRFF231R, IRFF232R, IRFF233R 
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lit HARRIS IRFF310/311/312/313 
IRFF310R/311R/312R/313R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 1.35A and 1.15A, 350V - 400V 

• rDS(on) = 3.60 and 5.00 

• Single Pulse Avalanche Energy Rated' 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFF310, IRFF311, IRFF312, and IRFF313 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF310R, IRFF311 R, IRFF312R, and IRFF313R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 

Package 
TO-205AF 

BOnOMVIEW 

SOU~TE DR.,N 

~(CASE) 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G~ 
s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRFF310 IRFF311 IRFF312 IRFF313 
IRFF31OR IRFF311R IRFF312R IRFF313R 

Drain-Source Voltage (1) .......................... " VDS 400 350 400 350 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR 400 350 400 350 
Continuous Drain Current 

TC = +250C ........•..................•...•.....•. 10 1.35 1.35 1.15 1.15 
Pulsed Drain Current (3) ..............•.....•..•.•.... IDM 5.5 5.5 4.5 4.5 
Gate-Source Voltage ...........................•... VGS ±20 ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250C ....................................... Po 15 15 15 15 
Linear Derating Factor ................................... 0.12 0.12 0.12 0.12 
Inductive Current, Clamped ........................... ILM 5.5 5.5 4.5 4.5 

(See Figure 14, L = 100MH) 
Single Pulse Avalanche Energy Rating (4) ...... " .•.... Eas* 150 150 150 150 
Operating and Storage Junction .................. T J, T STG -55 to +150 -55to +150 -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ..............• TL 300 300 300 300 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

UNITS 

V 
V 

A 
A 
V 

W 
WloC 

A 

mJ 
oC 

°C 

1. T J = +2SoC to + lS00C. 

2. Pulse Test: Pulse width ~ 300~s, Duty Cycle ~ 2%. 

4. VDD = 40V, starting TJ = +2SoC, L = 44.89mH, RGS = son, 
IpEAK = 1.3SA. See Figure 15. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) . 

.. R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFF310, IRFF311, IRFF312, IRFF313 IRFF310R, IRFF311R, IRFF312R, IRFF313R 

Electrical Characteristics TC = +250C, Unless Otherwise Specified 

LIMITS 

CHARACTERISnC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250MA 
IRFF31 0/312, IRFF31 OR/312R 400 - - V 

IRFF311 1313, IRFF311R/313R 350 - - V 

Gate Threshold Voltage VGSITH) VOS = VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -100 nA 

Zero Gate Voltage Drain Current lOSS VOS - Max Rating, VGS - OV - - 250 MA 
VOS - Max Rating x 0.8, vGS - OV, - - 1000 MA 
TC=+1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> IO(ON) x rOS(ON) Max, VGS = 10V 
IRFF31 0/311, IRFF31 OR/311 R 1.35 - - A 

IRFF312/313,IRFF312R/313R 1.15 - - A 

Static Drain-Source On-State rOS(ON) VGS -10V, 10 = 0.8A 
Resistance (Note 2) 

IRFF310/311, IRFF310R/311 R - 3.3 3.6 11 

IRFF312/313,IRFF312R/313R - 3.6 5.0 11 

Forward Transconductance (Note 2) 9fs VOS > 10(ON) x rOS(ON) Max, 10 - 0.8A 0.5 1.2 - S(U) 

Input Capacitance CISS VGS - OV, VOS - 25V, f - 1.0MHz - 135 - pF 

Output Capacitance COSS See Figure 10 - 35 - pF 

Reverse Transfer Capacitance CRSS - 8.0 - pF 

Turn-On OelayTime td(ON) VOO "" 0.5BVOSS, 10 - 1.35A, RG - 9.1 11 - 3.0 10 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 10 20 ns 

Turn-Off Delay Time td(OFF) 
are essentially independent of operating - 5.0 10 temperature) ns 

Fall Time tf - 8.0 15 ns 

Total G ate Charge Qg VGS - 1 OV,IO - 1.35A, VOS - 0.8 Max - 6.0 7.5 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Qas (Gate charge is essentially independent of - 3.0 - nC 

Gate-Drain ("Miller") Charge Qad 
operating temperature.) - 3.0 - nC 

Internal Drain Inductance LO Measured from Modified MOSFET - 5.0 - nH 
the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 
from header inductances. 
to cenier of 

~ 
die. 

Internal Source Inductance LS Measured from the - 15 - nH 
source lead, 5.0mm 
(0.2") from LS 
header to source 
bonding pad. S 

Junction-ta-Case RaJC - - 8.33 oC/W 

Junction-ta-Ambient RaJA Free air operation - - 175 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 1.35 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 5.5 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO T J = +250C, IS = 1.35A, VGS = OV - - 1.6 V 

Reverse Recovery Time trr TJ - +1500C,IF -1.35A, dIF/dt-l00A/~s - 380 - ns 

Reverse Recovered Charge QRR TJ - +1500C,IF = 1.35A, dlF/dt = 100A/~s - 2.7 - ~C 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed Is substantially controlled by LS + Lo. 

NOTES: 1. TJ = +2Soc to +1S00 C 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure S). 

4. VDD - 40V. starting TJ - +2SoC. 

2. Pulse Test: Pulse width .s 300fJS. 
Duty Cycle S. 2% 

4-454 

L = 44.89mH. RGS - SOO. IpEAK - 1.35A. 
(See Figure 15.) 



IRFF310, IRFF311, IRFF312, IRFF313 IRFF310R, IRFF311 R, IRFF312R, IRFF313R 
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IRFF310, IRFF311, IRFF312, IRFF313 IRFF310R, IRFF311R, IRFF312R, IRFF313R 
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IRFF310, IRFF311, IRFF312, IRFF313 IRFF310R, IRFF311R, IRFF312R, IRFF313R 
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Ell HARRIS 'RFF320/321/322/323 
'RFF320R/321R/322R/323R 

August 1991 

Features 

• 2.0A and 2.SA, 3S0V - 400V 

• rDS(on) = 1.80 and 2.SO 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFF320, IRFF321, IRFF322, and IRFF323 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF320R, IRFF321 R, IRFF322R, and IRFF323R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Package 
TO-205AF 

BOTTOM VIEW 

SOU~TEDR"N 
~(CASE) 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

o 

G~ 
s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRFF320 IRFF321 
IRFF320R IRFF321R 

Drain-Source Voltage (1) ............................ VOS 400 350 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR 400 350 
Continuous Drain Current 

TC =+250 C ....................................... 10 2.5 2.5 
Pulsed Drain Current (3) .............................. 10 M 10 10 
Gate-Source Voltage ............................... V GS ±20 ±20 
Maximum Power Dissipation 

TC = +250 C ....................................... Po 20 20 
Linear Derating Factor ................................... 0.16 0.16 
Inductive Current, Clamped ........................... ILM 10 10 

(See Figure 14, L = 1OOIlH) 
Single Pulse Avalanche Energy Rating (4) .............. Eas* 100 100 
Operating and Storage Junction .................. T J, TSTG -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

IRFF322 
IRFF322R 

400 
400 

2.0 
8.0 
±20 

20 
0.16 
8.0 

100 
-55 to +150 

300 

IRFF323 
IRFF323R 

350 
350 

2.0 
8.0 
±20 

20 
0.16 
8.0 

100 
-55to +150 

300 

UNITS 

V 
V 

A 
A 
V 

W 
W/oC 

A 

mJ 
oC 

oC 

1. TJ = +2SoC to +1500 C. 

2. Pulse Test: Pulse width ~ 300~s, Outy Cycle ~ 2%. 

4. VOO = 40V, starting TJ = +2SoC, L = 29.09mH, RGS = son, 
IpEAK = 2.5A. See Figure 15. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) . 

• R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFF320, IRFF321, IRFF322, IRFF323 IRFF320R, IRFF321 R, IRFF322R, IRFF323R 

Electrical Characteristics Te '" +250 e, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV,ID = 250flA 
IRFF320/322,IRFF320R/322R 400 - - V 

IRFF321/323,IRFF321 R/323R 350 - - V 

Gate Threshold Voltage VGSITH) VOS = VGS, 10 = 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -100 nA 

Zero Gate Voltage Orain Current lOSS VOS = Max Rating, VGS = OV - - 250 ~A 

VOS - Max Rating x 0.8, VGS - OV, - - 1000 ~A 
TC=+12S0C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) XrOS(ON) Max,VGS = 10V 
IRFF320/321,IRFF320R/321 R 2.5 - - A 

IRFF322/323,IRFF322R/323R 2.0 - - A 

Static Orain-Source On-State rOS(ON) VGS = 10V,I0 = 1.25A 
Resistance (Note 2) 

IRFF320/321,IRFF320R/321 R - 1.5 1.8 0 

IRFF322/323,IRFF322R/323R - 1.8 2.5 0 

Forward Transconductance (Note 2) 9fs VOS> 1010Nl x rOSION) Max, 10 - 1.25A 1.0 2.0 - Sm) 

Input Capacitance CISS VGS = OV, VOS - 25V, f = 1.0MHz - 450 - pF 

Output Capacitance COSS See Figure 1 0 - 100 - pF 

Reverse Transfer Capacitance CRSS - 20 - pF 

Turn-On OelayTime tdlON) VOO '" 0.5BVOSS,10 - 2.5A, RG - 9.1 0 - 20 40 ns 
Rise Time tr See Figure 16. (MOSFET switching times - 25 50 ns 

Turn-Off Oelay Time 1d(OFF) 
are essentially independent of operating - 50 100 ns temperature) 

Fall Time tf - 25 50 ns 

Total Gate Charge Og VGS - 1 OV,IO - 2.5A, VOS = 0.8 Max - 12 15 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Ogs (Gate charge is essentially independent of - 6.0 - nC 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) - 6.0 - nC 

Internal Orain Inductance LO Measured from Modified MOSFET - 5.0 - nH 
the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 

~ 
die. 

Internal Source Inductance LS Measured from the - 15 - nH 
source lead, 5.0mm G I 
(0.2") from LS 
header to source 
bonding pad. S 

Junction-te-Case RaJC - - 6.25 °CIW 
Junction-te-Ambient RaJA Free air operation - - 175 oCIW 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 2.5 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 10 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO T J = +250C, IS = 2.5A, VGS = OV - - 1.6 V 

Reverse Recovery Time trr TJ - +1500C,IF - 2.5A,dlF/dt -100N~s - 450 - ns 

Reverse Recovered Charge ORR T J - + 1500C, IF - 2.5A, dlF/dt - 1 OOA/~s - 3.1 - ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +250C to +1500C 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5). 

4. VDD = 40V. starting T J = +250C, 

2. Pulse Test: Pulse width .$ 300~s. 
Duty Cycle ~ 2% 

4-459 

L = 2S.0SmH, RGS = 500, tpEAK = 2.5A. 
(See Figure 15.) 
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EFFECT OF 2.0 •• PULSE IS MINIMALl 
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Figure 12 - Typical On-Resistance Vs. Drain Current 
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m HARRIS 'RFF330/331/332/333 
'RFF330R/331R/332R/333R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 3.0A and 3.SA, 3S0V - 400V 

• rDS(on) = 1.00. and 1.50. 

• Single Pulse Avalanche Energy Rated' 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFF330, IRFF331, IRFF332, and IRFF333 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF330R, IRFF331 R, IRFF332R, and IRFF333R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 

Package 
TO-205AF 

BOTIOMVIEW 

SOU~TE DR"'" 

~(CASE) 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G~ 
S 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRFF330 IRFF331 IRFF332 IRFF333 
IRFF330R IRFF331R IRFF332R IRFF333R UNITS 

Drain-Source Voltage (1) ..............•............. VDS 400 350 400 350 V 
Drain-Gate Voltage (RGS = 20kfl) (1) ................ VDGR 400 350 400 350 V 
Continuous Drain Current 

TC=+250C ....................••................. 10 3.5 3.5 3.0 3.0 A 
Pulsed Drain Current (3) .............................. 10M 14 14 12 12 A 
Gate-Source Voltage ............................... V GS ±20 ±20 ±20 ±20 V 
Maximum Power Dissipation 

TC = +250C ....................................... Po 25 25 25 25 W 
Linear Derating Factor ....•.........•.................... 0.2 0.2 0.2 0.2 W/oC 
Inductive Current, Clamped .........•................. ILM 14 14 12 12 A 

(See Figure 14, L = 100flH) 
Single Pulse Avalanche Energy Rating (4) .............. Eas . 300 300 300 300 mJ 
Operating and Storage Junction .................. T J, T STG -55to+150 -55 to +150 -55 to +150 -55 to +150 oC 
Temperature Range 

Maximum Lead Temperature for Soldering ............... T L 300 300 300 300 oC 
(0.063" (1.6mm) from case for 10s) 

NOTES; 

1. TJ = +2Soc to +IS00C. 

2. Pulse Test; Pulse width ~ 300~s. Duty Cycle ~ 2%. 

4. VOO = SOV. starting T J = +250C, L = 42.85mH. RGS = 250, 
IpEAK = 3.5A. See Figure 15. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

* R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFF330, IRFF331, IRFF332, IRFF333 IRFF330R, IRFF331 R, IRFF332R, IRFF333R 

Electrical CharacteristiCS TC = +250C, Unless Otherwise Specified 

UMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 2501lA 
IRFF330/332,IRFF330R/332R 400 - - V 

IRFF331/333, IRFF331 R/333R 350 - - V 

Gate Threshold Voltage VGSITH} VOS = VGS, 10 = 250JIA 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS=20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -100 nA 

Zero Gate Voltage Drain Current lOSS VOS = Max Rating, VGS = OV - - 250 IlA 
VOS = Max Rating xO.S, VGS = OV, - - 1000 IlA 
TC=+1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRFF330/331 , IRFF330R/331 R 3.5 - - A 

IRFF332/333,IRFF332R/333R 3.0 - - A 

Static Oraln-Source On-State rOS(ON) VGS = 10V, 10 '" 2.0A 
Resiatance (Note 2) 

IRFF330/331, IRFF33OR/331 R - O.S 1.0 0 

IRFF332/333,IRFF332R/333R - 1.0 1.5 0 

Forward Transconductance (Note 2) 9fs VOS> 10(ON) x rOS(ONI Max, 10 - 2.0A 2.0 3.5 - S(m 
Input Capacitance CISS VGS = OV, VOS= 25V, f= 1.0MHz - 700 - pF 

OUtpUI Capacitance COSS See Figure 1 0 - 150 - pF 

Reverse Transfer Capacitance CRSS - 40 - pF 

Turn-On Delay Time !d/ON} VOO '" 175V,10 = 3.5A, RG =9.10 - - 30 ns 

Rise Time tr See Figure 16. (MOSFET switching times - - 35 ns 

Turn-Off Delay Time !d/OFFl 
are essentially independent of operating - - 55 ns temperature) 

Fall Time If - - 35 ns 

Total Gate Charge Og VGS'" 10V, 10 =3.5A, VOS -0.8 Max - 18 30 nC 
(Gate-Source + Gate-Draln) Rating. See Figure 17 for test circuit 

Gate-Source Charge Oas (Gate charge Is essentially independent of - 11 - nC 

Gate-Drain ("Miller'') Charge Oad 
operating tam perature.) - 7.0 - nC 

Internal Drain Inductance Lo Measured from Modified MOSFET - 5.0 - nH 
the drain lead, symbol showing the 
5.Omm (0.2 in.) internal device 
from header inductances. 
to center of 

~ 
die. 

Internal Source Inductance Ls Measured from the - 15 - nH 
source lead, 5.0mm 
(0.2") from LS 
header to source 
bonding pad. S 

Junction-to-Cese RruC - - 5.0 oC/W 

Junction-to-Ambient RaJA Free air operation - - 175 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS ModHied MOSFET 

~ 
- - 3.5 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 14 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 3.SA, VGS = OV - - 1.6 V 

Reverse Recovery Time trr T J = + 1500 C, IF = 3.5A, dlF/dt = 100Njls - 600 - ns 

Reverse Recovered Charge ORR TJ = +1500 C, IF = 3.5A,dIF/dt = 100Njls - 4.0 - jlC 
Forward Turn-on Time tON IntrinSiC turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO' 

NOTES: 1. TJ - +250C to +1500C 3. Repel~lve Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5). 

4. VOO z 50V. starting T J = +250C. 

2. Pulse Test: Pulse width S 300118. 
Duty Cycle ~ 2% 
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L = 42.85mH. Ras = 250. IpEAK z 3.5A. 
(See Figure 15.) 
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m HARRIS 'RFF420/421/422/423 
'RFF420R/421R/422R/423R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 1.4A and 1.6A, 450V - 500V 

• rDS(on) = 3.0n and 4.0n 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFF420, IRFF421, IRFF422, and IRFF423 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF420R, IRFF421 R, IRFF422R, and IRFF423R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 

Package 
TO-205AF 

BOTTOM VIEW 

SOU~TE DRAlN 

~(CASE) 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G~ 
s 

Absolute Maximum Ratings (TC = +250C), Unless Otherwise Specified 

IRFF420 IRFF421 IRFF422 IRFF423 
IRFF420R IRFF421R IRFF422R IRFF423R 

Drain-Source Voltage (1) ............................ VDS 500 450 500 450 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR 500 450 500 450 
Continuous Drain Current 

TC=+250 C ....................................... 10 1.6 1.6 1.4 1.4 
Pulsed Drain Current (3) .............................. 10 M 6.5 6.5 5.5 5.5 
Gate-Source Voltage ............................... VGS ±20 ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250 C ....................................... Po 20 20 20 20 
Linear Derating Factor ................................... 0.16 0.16 0.16 0.16 
Inductive Current, Clamped ........................... ILM 6.5 6.5 5.5 5.5 

(See Figure 14. L = 1OOIlH) 
Single Pulse Avalanche Energy Rating (4) .............. Eas* 210 210 210 210 
Operating and Storage Junction .................. T J. T STG -55 to +150 -55to+15O -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

UNITS 

V 
V 

A 
A 
V 

W 
W/oC 

A 

mJ 
°C 

oC 

1. TJ = +250 C to +1500 C. 4. VDD = 50V. starting TJ = +250 C. L = 143.5mH. RGS = 250. 

2. Pulse Test: Pulse width S 300~s. Duly Cycle S 2%. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

* R Suffix Types Only 

IpEAK = 1.6A. See Figure 15. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed, 
Copyright © Harris Corporation 1991 
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IRFF420, IRFF421, IRFF422, IRFF423 IRFF420R, IRFF421 R, IRFF422R, IRFF423R 

Electrical Characteristics Te '" +250 e, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250fJA 
IRFF420/422,IRFF420R/422R 500 - - V 

IRFF421/423, IRFF421 R/423R 450 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS - -20V - - -100 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - 250 ~A 

VOS - Max Rating x 0.8, VGS - OV, - - 1000 ~A 
TC=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRFF420/421, IRFF420R/421 R 1.6 - - A 

IRFF422/423,IRFF422R/423R 1.4 - - A 

Static Orain-Source On-State rOS(ON) VGS = 10V, 10 = 1.0A 
Resistance (Note 2) 

IRFF420/421, IRFF420R/421 R - 2.5 3.0 n 
IRFF422/423,IRFF422R/423R - 3.0 4.0 n 

Forward Transconductance (Note 2) 9fs VOS> 10(ON) x rOS(ON) Max, 10 - l.oA 1.0 1.75 Sm) 

Input Capacitance CISS VGS = OV, VOS = 25V, f = 1.0MHz - 300 - pF 

Output Capacitance COSS 
See Figure 1 0 - 75 - pF 

Reverse Transfer Capacitance CRSS - 20 - pF 

Turn-On OelayTime td(ON) VOO '" 0.5BVOSS, 10 = 1.6A, RG = 9.1 n - 30 60 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 25 50 ns 

Turn-Off Oelay Time id(OFF) 
are essentially independent of operating - 30 60 ns temperature) 

Fall Time tf - 15 30 ns 

Total Gate Charge Og VGS = 1 OV, 10 = 1.6A, VOS = 0.8 Max - 11 15 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circui!. 

Gate-Source Charge OqS (Gate charge is essentially independent of - 5.0 - nC 

Gate-Orain ("Miller") Charge Oqd 
operating temperature.) - 6.0 - nC 

Internal Orain Inductance LO Measured from Modified MOSFET - 5.0 - nH 
the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 

~ 
die. 

Internal Source Inductance LS Measured from the - 15 - nH 
source lead, 5.0mm G I 
(0.2") from LS 
header to source 
bonding pad. S 

Junction-ta-Case RSJC - - 6.25 °C/W 
Junction-ta-Ambient RaJA Free air operation - - 175 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 1.6 A 

(BodyOiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 6.5 A 
(Body Oiode) (Note 3) P-N june. rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 1.6A, VGS = OV - - 1.4 V 

Reverse Recovery Time trr T J - +1500 C, IF - 1.6A, dlF/dt - 1 OOA/~s - 600 - ns 

Reverse Recovered Charge ORR T J - + 1500 C, IF - 1 .6A, dlF/dt - 1 OOA/~s - 3.5 - ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250 C to +1500 C 3. Repetitive Rating: Pulse width limited by max. 4. VOO = 50V, starting TJ = +250C, 

2. Pulse Test: Pulse width .:$. 300~s. 
Duty Cycle :s 2% 

junction temperature. See Transient Thermal L = 143.5mH, RGS = 250, IpEAK = 1.6A. 
Impedance Curve (Figure 5). (See Figure 15.) 
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Ell HARRIS IRFF430/431/432/433 
IRFF430R/431R/432R/433R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 2.2SA and 2.7SA, 4S0V - SOOV 

• rDS(on) ;; 1.50 and 2.00 

• Single Pulse Avalanche Energy Rated" 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFF430, IRFF431, IRFF432, and IRFF433 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF430R, IRFF431 R, IRFF432R, and IRFF433R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 

Package 
TO-20SAF 

BOTTOM VIEW 

SOU~ATEDR"N 
~(CASE) 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRFF430 IRFF431 IRFF432 IRFF433 
IRFF430R IRFF431 R IRFF432R IRFF433R 

Drain-Source Voltage (1) ............................ VDS 500 450 500 450 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR 500 450 500 450 
Continuous Drain Current 

TC = +2SoC ....................................... ID 2.75 2.75 2.25 2.25 
Pulsed Drain Current (3) .............................. IDM 11 11 9.0 9.0 
Gate-SourceVoltage ............................... VGS ±20 ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250 C ....................................... PD 25 25 25 25 
Linear Derating Factor .................................. . 0.2 0.2 0.2 0.2 
Inductive Current, Clamped ........................... ILM 11 11 9.0 9.0 

(See Figure 14, L = 1 OO~H) 
Single Pulse Avalanche Energy Rating (4) .............. Eas* 300 300 300 300 
Operating and Storage Junction .................. T J, T STG -55to+150 -55to+150 -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 
(0.063" (1.6mm) from case for 1 as) 

NOTES: 

1. TJ = +2SoC to +1S00C. 4. Voo = SOY, starting TJ = +2SoC, L = 69.42. RGS = son. 
2. Pulse Test: Pulse width :s 300ilS, Duty Cycle :5 2%. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

* A Suffix Types Only 

IpEAK = 2.7SA. See Figure 15. 

UNITS 

V 
V 

A 
A 
V 

W 
W/oC 

A 

mJ 
oC 

oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFF430, IRFF431, IRFF432, IRFF433 IRFF430R, IRFF431R, IRFF432R, IRFF433R 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250j1A 
IRFF430/432,IRFF430R/432R 500 - - V 

IRFF431/433, IRFF431 R/433R 450 - - V 

Gate Threshold Voltage VGSITH) VOS - VGS, 10 - 250j1A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -100 nA 

Zero Gate Voltage Drain Current loSS VOS - Max Rating, V GS = OV - - 250 ~A 

VOS - Max Rating x 0.8, VGS = OV, - - 1000 ~A 
TC=+1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, V GS = 10V 
IRFF430/431, IRFF43OR/431 R 2.75 - - A 

IRFF432/433,IRFF432R/433R 2.25 - - A 

Static Drain-Source On-State rOS(ON) VGS = 10V,10 = 1.5A 
Resistance (Note 2) 

IRFF430/431, IRFF430R/431 R - 1.3 1.5 n 
IRFF432/433,IRFF432R/433R - 1.5 2.0 n 

Forward Transconductance (Note 2) gfs VOS> 10(ON) x rOS(ON) Max, 10 - 1.5A 1.5 2.5 - Scm 
Input Capacitance CISS VGS - OV, VOS - 25V, f - 1.0MHz - 600 - pF 

Output Capacitance COSS See Figure 10 - 100 - pF 

Reverse Transfer Capacitance CRSS - 30 - pF 

Turn-On OelayTime td(ON) VOO'" 225V, 10 - 2.75A, RG = 9.1 n - - 30 ns 

Rise Time tr See Figure 16. (MOSFET switching times - - 30 ns 

Turn-Off Delay Time Id(OFF) 
are essentially independent of operating - - 55 ns temperature) 

Fall Time tf - - 30 ns 

Total Gate Charge Og VGS - 1 OV, 10 - 2.75A, VOS = 0.8 Max - 22 30 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 11 - nC 

Gate-Drain ("Miller") Charge Ogd 
operating temperature.) - 11 - nC 

Internal Drain Inductance LO Measured from Modified MOSFET - 5.0 - nH 
the drain lead, symbol showing the 
5.0mm (0.2 in.) internal device 
from header inductances. 
to center of 

~ 
die. 

Internal Source Inductance LS Measured from the - 15 - nH 
source lead, 5.0mm 
(0.2") from LS 
header to source 
bonding pad. S 

Junctlon-ta-Case ROJC - - 5.0 oCIW 

Junction-ta-Ambient ROJA Free air operation - - 175 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modnied MOSFET 

~ 
- - 2.75 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 11 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 2.75A, VGS = OV - - 1.4 V 

Reverse Recovery Time trr TJ = +1500C, IF = 2.75A, dlF/dt - 1 OON~s - 800 - ns 

Reverse Recovered Charge ORR TJ - +1500 C, IF - 2.75A, dIF/dt-l00N~s - 4.6 - ~C 

Forward Turn~on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed Is substantially controlled byLS + LO' 

NOTES: 1. TJ - +250C to +150oC 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5). 

4. Vee = 50V. starting TJ = +250C, 

2. Pulse Test: Pulse width < 3OOIlS, 
Out~ Cycle ~ 2% 

4-474 

L = 69.42mH. RGS = 50n. IpEAK = 2.75A. 
(See Figure 15.) 



IRFF430, IRFF431, IRFF432, IRFF433 IRFF430R, IRFF431 R, IRFF432R, IRFF433R 
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;II HARRIS IRFP140R, IRFP141 R 
IRFP142R, IRFP143R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated 

Features 

• 27A and 31A, 80V - 100V 

• rDS(on) = 0.0770 and 0.0990 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-247 

TOP VIEW 

Terminal Diagram The IRFP140R, IRFP141R, IRFP142R, and IRFP143R are 
advanced power MOSFETs designed, tested and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) .......•...................• VDS 
Drain-Gate Voltage (RGS = 20kll) (1) ............•... VDGR 
Continuous Drain Current 

TC = +250 C ••..............•••.......••....•...... 10 
TC = +1000C ...................................... 10 

Pulsed Drain Current (3) .............................. 10 M 
Gate-Source Voltage ............................... VGS 
Maximum Power Dissipation 

TC = +250 C ....................................... Po 
Linear Derating Factor .................................. . 
Single Pulse Avalanche Energy Rating (4) ............... Eas 
Operating and Storage Junction •................. T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

IRFP140R 

100 
100 

31 
22 

120 
±20 

180 
1.2 
100 

-55to+175 

300 

IRFP141R 

80 
80 

31 
22 

120 
±20 

180 
1.2 
100 

-55 to +175 

300 

D 

G 

s 

IRFP142R IRFP143R 

100 80 
100 80 

27 27 
19 19 

110 110 
±20 ±20 

180 180 
1.2 1.2 
100 100 

-55 to +175 -55 to +175 

300 300 

1. TJ = +250 C to +1500 C. 

2. Pul.e Te.t: Pulse width :s. 300MS, Duty Cycle S 2%. 

4. VDD = 25V, starting TJ = +250C, L = 160MH, RGS = 500, 
IpEAK = 31A. See Figures 14 and 15. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/oC 

mJ 
oc 

oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 2086.1 
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Specifications IRFP 140R, IRFP 141 R, IRFP 142R, IRFP 143R 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

UMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250~ 
IRFP140R,IRFP142R 100 - - V 

IRFP141 R, IRFP143R 80 - - V 

Gate Threshold Voltage VGSfTH) VOS = VGS, 10 = 250pA 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -100 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, V GS - OV - - 250 ~ 
VOS - Max Rating x 0.8, VGS - OV, - - 1000 ~ 
TJ = +1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRFP140R, IRFP141 R 31 - - A 

IRFP142R,IRFP143R 27 - - A 

Static Orain-Source On-State rOS(ON) VGS = 10V, 10 = 19A 
Resistance (Note 2) 

IRFP140R, IRFP141 R - 0.055 0.077 0 

IRFP142R,IRFP143R - 0.077 0.099 0 

Forward Transconductance (Note 2) 9fs VOS> 50V, 10 = 19A 9.3 14 - S(Ul 
Input Capacitance CISS VGS = OV, VOS = 25V, f - 1.0MHz - 1275 - pF 

Output Capacitance COSS. See Figure 10 - 550 - pF 

Reverse Transfer Capacitance CRSS - 160 - pF 

Turn-On OelayTime tdlON) VOO - 50V, 10'" 28A, RG - 9.1 0, RO -1.80 - 15 23 ns 

RiseTime tr See Figure 16. (MOSFET switching times - 72 110 ns 

Turn-Off Oelay Time Id(OFF) 
are essentially independent of operating - 40 60 ns temperature) 

Fall Time tf - 50 75 ns 

Total Gate Charge Og VGS - 1 OV, 10 - 34A, VOS - 0.8 Max - 38 59 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Oas (Gate charge is essentially independent of - 10 - nC 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) - 21 - nC 

Internal.Orain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate 

.~ pins and center 
of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm 
(0.25") from header LS 
and source bonding 
pad. S 

Junction-ta-Case ROJC - - 0.83 °C/W 
Case-to-Sink RoCS Mounting surface flat, smooth and greased - 0.1 - °C/W 
Junction-ta-Ambient RaJA Free air operation - - 30 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 31 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 120 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C, IS =31A, VGS = OV - - 2.5 V 

Reverse Recovery Time trr T J - +250 C, IF - 28A, dlF/dt - 100A/ps 70 150 300 ns 

Reverse Recovered Charge ORR T J - +250 C, IF - 28A, dlF/dt - 100A/ps 0.44 0.91 1.9 pC 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO. 

NOTES: 1. T J = + 250C to + 1500C 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. Vee = 25V. Slart T J - +25OC. L - 1601Jli. 
2. Pulse Test: Pulse width < 300,,", 

euty Cycle ~2% 
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IRFP140R, IRFP141R, IRFP142R, IRFP143R 
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IRFP140R, IRFP141R, IRFP142R, IRFP143R 
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IRFP140R, IRFP141R, IRFP142R, IRFP143R 
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m HARRIS 'RFP150/151/152/153 
'RFP150R/151R/152R/153R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 34A and 40A, 60V - 100V 

• rDS(on) = 0.0550 and 0.080 

• Single Pulse Avalanche Energy Rated" 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-247 

TOP VIEW 

Terminal Diagram The IRFP150, IRFP151, IRFP152, and IRFP153 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFP150R, IRFP151 R, IRFP152R, and IRFP153R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

N-CHANNEl ENHANCEMENT MODE 

The IRFP types are supplied in the JEDEC TO-247 plastiC 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRFP150 IRFP151 
IRFP150R IRFP151R 

Drain-Source Voltage (1) ............................ VDS 100 60 
Drain-Gate Voltage (RGS = 20kO) (1) ...... " ........ VOGR 100 60 
Continuous Drain Current 

TC = +250C ....................................... 10 40 40 
TC=+1000 C ............................ : ......... 10 26 26 

Pulsed Drain Current (3) .............................. 10 M 160 160 
Gate-Source Voltage ............................... V GS ±20 ±20 
Maximum Power DiSSipation 

TC = +250 C ....................................... Po 180 180 
linear Derating Factor. ................................. . 1.44 1.44 
Inductive Current, Clamped ............. , ............. ILM 170 170 

(See Figure 14, L = 1 OO~H) 
Single Pulse Avalanche Energy Rating (4) .............. Eas' 150 150 
Operating and Storage Junction .................. TJ, TSTG -55to+150 -55to+150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES, 

D 

G 

s 

IRFP152 IRFP153 
IRFP152R IRFP153R UNITS 

100 60 V 
100 60 V 

34 34 A 
22 22 A 

140 140 A 
±20 ±20 V 

180 180 W 
1.44 1.44 WloC 
140 140 A 

150 150 mJ 
-55 to +150 -55 to +150 oc 

300 300 °c 

1. TJ = +2SoC to +1S00C. 3. Repetitive Rating: Pulse width limited by max. junction temperature. See 

2. Pulse Test: Pulse width ~ 300~s. Duty Cycle ~ 2%. 
Transient Thermal Impedance Curve (Figure 5). 

4. VDD = 10V. starting TJ = +2SoC. L = 170~H. Ras = son. 

• R Suffix Types Only 
IpEAK = 40A. See Figure 1S . 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

4-483 

File Number 2318.1 

{! 
,.JW 
wI&. 
ZU) 
zO 
<:::& 
%0: 
~W 
z~ 

a. 



IRFP150, IRFP151, IRFP152, IRFP153 IRFP150R, IRFP151R, IRFP152R, IRFP153R 

Electrical Characteristics Te '" +250 e, Unless Otherwise Specified 

UMITS 
CHARACTERISnC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250MA 
IRFPI50/152,IRFP150R/152R 100 - - V 

IRFP151/153, IRFP151 R/153R 60 - - V 

Gate Threshold Voltage VGSITH) VOS - VGS, 10 - 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -500 nA 

Zero Gate Voltage Drain Current lOSS VOS - Max Rating, VGS - OV - - 250 IIA 

VOS - Max Rating x 0.8, VGS - OV, - - 1000 MA 
TC=+1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRFP150/151, IRFP150R/151 R 40 - - A 

IRFP152/153,IRFP152R/153R 34 - - A 

Static Drain-Source On-State rOS(ON) VGS -10V, 10 - 22A 
Resistance (Note 2) 

IRFP150/151, IRFP150R/151 R - 0.045 0.055 0 

IRFP152/153,IRFP152R/153R - 0.06 0.08 0 

Forward Transconductance (Note 2) 9fs VOS = 2 x VGS, 10 = 20A 13 20 - Sm) 

Input CapaCitance CISS VGS = OV, VOS = 25V, f = 1.0MHz - 2000 - pF 

Output Capacitance COSS See Figure 1 0 - 1000 - pF 

Reverse Transfer Capacitance CRSS - 350 - pF 

Turn-On OelayTime tdlON) VOO - 50V, 10 - 40A, RG - 6.80 - 15 24 ns 

RiseTime tr See Figure 16. (MOSFET switching times - 140 210 ns 

Turn-Off Delay Time id(OFF) 
are essentially independent of operating - 60 89 temperature) ns 

Fall Time tf - 90 140 ns 

Total Gate Charge Og VGS -10V, 10 - 40A, VOS - 0.8 Max - 70 110 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 20 - nC 

Gate-Drain ("Miller") Charge Ogd 
operating temperature.) - 30 - nC 

Internal Drain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate inductances. 
pins and center of 

~ 
center of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm G I 
(0.25") from header LS 
and source bonding 
pad. S 

Junction-to-Case RaJC - - 0.70 oC/W 

Case-to-Sink Racs Mounting surface flat, smooth and greased - 0.1 - oC/W 

Junction-to-Ambient RaJA Free air operation - - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 40 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 170 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO TJ = +250C, IS =40A, VGS = OV - - 2.5 V 
Reverse Recovery Time trr T J - +250C, IF - 40A, dlF/dt - 1 OOA/~s 98 - 530 ns 

Reverse Recovered Charge ORR TJ - +250 C, IF - 40A,dlF/dt = l00A/~s 0.41 - 2.5 IIC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +250C to +1500C 3. RepelHive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 10V. Start TJ = +250C. L = 1701lli. 
2. Pulse Test: Pulse width < 300iJS. 

Duty Cycle ~2% 
RGS = 50n. IpEAK = 40A (See Figure 15) 

4·484 



IRFP150, IRFP151, IRFP152, IRFP153 IRFP150R, IRFP151R, IRFP152R,IRFP153R 
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£II HARRIS IRFP240R, IRFP241 R 
IRFP242R, IRFP243R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated 

Features 

• 18A and 20A, 200V - 150V 

• rDS(on) = 0.180 and 0.220 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High In.put Impedance 

Description 

Package 
TO-247 

TOP VIEW 

The IRFP240R, IRFP241 R, IRFP242R, and IRFP243R are 
advanced power MOSFETs designed, tested and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect l[ansistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) . . . . . . . . . . . . . . . . . . . . . . . . . . .. VDS 
Drain-Gate Voltage (RGS = 20kO) (1) ...........•..•. VDGR 
Continuous Drain Current 

TC = +250C .......................••..•....•....•. ID 
TC = +1000C ...................................... ID 

Pulsed Drain Current (3) ...................••......... IDM 
Gate-Source Voltage .......•••.••..•.....••.....•.. VGS 
Maximum Power Dissipation 

TC = +250C .•••••.......••.•••.•.........•........ PD 
Linear Derating Factor. ........•............•.....•...•.. 
Single Pulse Avalanche Energy Rating (4) ............... Eas 
Operating and Storage Junction ••••••......••.... T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

IRFP240R 

200 
200 

20 
12 
80 

±20 

150 
1.2 
510 

-55to+150 

300 

IRFP241R 

150 
150 

20 
12 
80 

±20 

150 
1.2 
510 

-55to+150 

300 

D 

G 

S 

IRFP242R IRFP243R 

200 150 
120 150 

18 18 
11 11 
72 72 

±20 ±20 

150 150 
1.2 1.2 
510 510 

-55 to +150 -55to+150 

300 300 

1. TJ = +250 C to +1500 C. 4. vDD = 50V. starting TJ = +250C. L = 1.9mH. RGS = son. 
2. Pulse Test: Pulse width :0: 300~s. Duty Cycle :0: 2%. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

IpEAK = 20A. See Figures 14 and 15. 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/oC 

mJ 
oc 

°C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 2087.1 
4-488 



Specifications IRFP240R, IRFP241 R, IRFP242R, IRFP243R 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250~ 
IRFP240R,IRFP242R 200 - - V 

IR FP241 R, IRFP243R 150 - - V 

Gate Threshold Voltage VGSITHI VOS = VGS, 10 = 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS=20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS = -20V - - -100 nA 

Zero Gate Voltage Orain Current lOSS VOS = Max Rating, VGS = OV - - 250 ~A 

VOS = Max Rating x 0.8, VGS = OV, - - 1000 ~A 
TJ=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 11 V 
IRFP240R, IRFP241 R 20 - - A 

IRFP242R,IRFP243R 18 - - A 

Static Orain-Source On-State rOS(ON) VGS = 10V,10 = lOA 
Resistance (Note 2) 

IRFP240R, IRFP241 R - 0.14 0.18 !l 

IRFP242R,IRFP243R - 0.20 0.22 !l 

Forward Transconductance (Note 2) 9fs VOS> 50V, 10 -llA 7.3 11 - Sm) 

Input Capacitance CISS VGS - OV, VOS - 25V, f - 1.0MHz - 1275 - pF 

Output Capacitance COSS 
See Figure 10 - 500 - pF 

Reverse Transfer Capacitance CRSS - 160 - pF 

Turn-On OelayTime td(ON) VOO -100V, 10 -18A, RG - 9.1!l - 14 21 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 51 77 ns 

Turn-Off Oelay Time id(OFF) 
are essentially independent of operating - 45 68 temperature) ns 

Fall Time tf - 36 54 ns 

Total Gate Charge Og VGS -10V, 10 -18A, VOS -0.8 Max - 43 60 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuil. 

Gate-Source Charge OQS (Gate charge is essentially independent of - 10 - nC 

Gate-Orain ("Miller") Charge OQd 
operating temperature.) - 32 - nC 

Internal Orain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate 

,O~ pins and center 
of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm G I 

(0.25") from header LS 
and source bonding 
pad. S 

Junction-to-Case RaJC - - 0.83 °C/W 
Case-to-Sink Racs Mounting surface flat, smooth and greased - 0.1 - oC/W 

Junction-to-Ambient RaJA Free air operation - - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 20 A 

(BodyOiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 80 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 18A, VGS =OV - - 2.0 V 

Reverse Recovery Time trr T J - +250 C, IF = 18A, dlF/dt = 1 OOA!~s 120 250 530 ns 

Reverse Recovered Charge ORR TJ - +250 C, IF - 18A, dlF/dt - 100A/~s 1.3 2.6 5.6 ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: Pulse width < 300~s, 

Duty Cycle {' 2% 

3. Repetitive Rating: Pulse width limiteo by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VOO = 50V, Start T J = +250C, L = 1.9mH, 
Ras = 50n, IpEAK = 20A. 
(See Figures 14 & 15) 
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IRFP240R, IRFP241 R, IRFP242R, IRFP243R 
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IRFP240R, IRFP241 R, IRFP242R, IRFP243R 
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mHARRIS IRFP244, IRFP245 
IRFP246, IRFP247 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated 

Features 

• 15A and 14A, 275V - 250V 

• rDS(on) = 0.280 and 0.340 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 275V, 250V DC Rated - 120V AC Line System Operation 

Description 

Package 
TO-247 

TOP VIEW 

Terminal Diagram 
The IRFP244, IRFP245, IRFP246, and IRFP247 are 
advanced power MOSFETs designed, tested and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 

Absolute Maximum Ratings (TC "" +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) . . . . . . . . • . . . . . . . . . . . . . . . . • .. VDS 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VOGR 
Continuous Drain Current 

TC = +250 C •••.•...............••.•.....••.••..... 10 
TC = +1000C ..••.••.....•........•.•••••.....•••.• 10 

Pulsed Drain Current (3) ...•....•.....•••.•...•.•••.•• 10M 
Gate-SourceVoltage ..................•..••.•..•... VGS 
Maximum Power Dissipation 

TC = +250 C ........•...........•.......•.......... Po 
Linear Derating Factor ..•..........••...•...•........•.•• 
Single Pulse Avalanche Energy Rating (4) .....•........ , Eas 
Operating and Storage Junction .................. T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering .••.........•.. TL 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

IRFP244 

250 
250 

15 
9.7 
60 

±20 

150 
1.2 
550 

-55to+150 

300 

IRFP245 

250 
250 

14 
8.8 
56 

±20 

150 
1.2 
550 

-55to+150 

300 

D 

G 

s 

IRFP246 IRFP247 

275 275 
275 275 

15 14 
9.7 8.8 
60 56 

±20 ±20 

150 150 
1.2 1.2 
550 550 

-55 to +150 -55 to +150 

300 300 

1. TJ = +2SoC to +1S00C. 

2. Pulse Test: Pulse width ~ 300JlS, Duty Cycle..::! 2%. 

4. vOO = SOV, starting TJ = +2SoC, L = 4.0mH, RGS = 2S0, 
IpEAK = 1SA. See Figures 14 and 1S. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/OC 

mJ 
oC 

oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 2211.1 
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Specifications IRFP244, IRFP245, IRFP246, IRFP247 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

'LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 2501lA 
IRFP244,IRFP245 250 - - V 
IRFP246,IRFP247 275 - - V 

Gate Threshold Voltage VGS(TH) VOS = VGS, 10 = 2501lA 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS=20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -500 nA 

Zero Gate Voltage Drain Current lOSS VOS = Max Rating, VGS = OV - - 250 IlA 
VOS = Max Rating x 0.8, VGS = OV, - - 1000 MA 
TC=+1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> IO(ON) xrOS(ON) Max, VGS = 10V 
IRFP244,IRFP246 15 - - A 

IRFP245,IRFP247 14 - - A 

Static Drain-Source On-State rOS(ON) VGS = 10V,10 = 10A 
Resistance (Note 2) 

IRFP244,IRFP246 - 0.20 0.28 n 
IRFP245,IRFP247 - 0.24 0.34 V 

Forward Transconductance (Note 2) 9fs VOS> 50V, 10 -10A 6.7 11 - S(Ul 
Input Capacitance CISS VGS = OV, VOS = 25V, f = 1.0MHz - 1300 - pF 

Output Capacitance COSS See Figure 10 - 320 - pF 

Reverse Transfer Capacitance CRSS - 69 - pF 

Turn-On Delay Time td(ON) VOO -125V,10 -15A,RG - 9.1 n, - 16 24 ns 
Rise Time tr See Figure 16. (MOSFET switching times - 67 100 ns 

Turn-Off Delay Time id(OFF) 
are essentially independent of operating - 53 80 temperature) ns 

Fall Time tf - 49 74 ns 

Total Gate Charge Qg VGS -10V, 10 -15A, VOS -0.8 Max - 39 59 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit 

Gate-Source Charge Qas (Gate charge is essentially independent of - 6.6 - nC 

Gate-Drain ("Miller") Charge Qed 
operating temperature.) - 20 - nC 

Internal Drain Inductance LO Measured from Modified MOSFET - 5.0 - nH 
the drain lead, symbol showing the 
6mm(0.25") internal device 
from package 

'~ 
to center of 
die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm 
(0.25") from package LS 
to source bonding 
pad. S 

Junction-ta-Case RaJC - - 0.83 oC;W 

Case-t:>-Sink Recs Mounting surface flat, smooth and greased 0.1 - oC;W 

Junction-ta-Ambient RaJA Free air operation - - 30 oC;W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 15 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 60 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 15A, VGS = OV - - 1.8 V 

Reverse Recovery Time trr T J - +250 C, IF - 14A, dlF/dt - 100AlMs 150 300 640 ns 
Reverse Recovered Charge ORR TJ - +250 C, IF - 14A, dlF/dt -100A/MS 1.6 3.4 7.2 MC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: Pulse width .5. 300,,", 

Duty Cycle .5. 2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDO = SOV, Start TJ = +250C, L = 4.0mH, 
Ras = 250, 'pEAK = 1 SA. 
(See Figure. 14 & 15) 
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IRFP244, IRFP245, IRFP246, IRFP247 
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;II HARRIS IRFP250/251/252/253 
IRFP250R/251R/252R/253R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 27A and 33A, 1S0V - 200V 

• rDS(on) = 0.0850 and 0.1200 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-247 

TOP VIEW 

The IRFP250, IRFP251, IRFP252, and IRFP253 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFP250R, IRFP251 R, IRFP252R, and IRFP253R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) . . . . . . . . . • • . • . . . • . . . . . • . . . .. VOS 
Drain-Gate Voltage (RGS = 20kO) (1) .........•...... VOGR 
Continuous Drain Current 

TC = +250C ..................••..••••••.........•• 10 
TC=+1000C .••.••.••••....•••........•..•........ 10 

Pulsed Drain Current (3) ...••...•••..•••.•....•••..... 10M 
Gate-SourceVoHage ••.•••••.........••...••.•••... VGS 
Maximum Power Dissipation 

TC = +250 C .................••..•.•••..........••. Po 
Unear Derating Factor .................................. . 
Inductive Current, Clamped ........................... ILM 

(See Figure 14, L = 100"H) 
Single Pulse Avalanche Energy Rating (4) .............• Eas* 
Operating and Storage Junction .•................ T J, T STG 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

IRFP250 
IRFP250R 

200 
200 

33 
21 

130 
±20 

180 
1.44 
120 

810 
-55to+150 

300 

IRFP251 
IRFP251R 

150 
150 

33 
21 
130 
±20 

180 
1.44 
120 

810 
-55to +150 

300 

D 

G 

s 

IRFP252 IRFP253 
IRFP252R IRFP253R 

200 150 
200 150 

27 27 
17 17 

110 110 
±20 ±20 

180 180 
1.44 1.44 
100 100 

810 810 
-55 to +150 -55to+150 

300 300 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/oC 

A 

mJ 
oc 

oc 

1. TJ = +250C to +1500C. 3. Repetitive Rating: Pulse width limited by max. junction temperature. See 

2. Pulse Test: Pulse width ~ 3OOIJS. Duty Cycle ~ 2%. 
Transient Thermal Impedance Curve (Figure 5), 

4. VOO = 50V, starting TJ = +2SoC, L = 1.lmH, RGS = son, 

* R Suffix Types Only 
IpEAK = 33A. See Figure lS. 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFP250, IRFP251, IRFP252, IRFP253 IRFP250R, IRFP251 R, IRFP252R, IRFP253R 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONOITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250flA 
IRFP250/252,IRFP250R/252R 200 - - V 

IRFP251/253, IRFP251 R/253R 150 - - V 

Gate Threshold Voltage VGS{fH} VoS = VGS, 10 = 250flA 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS=20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -500 nA 

Zero Gate Voltage Drain Current lOSS VoS = Max Rating, VGS = OV - - 250 MA 

VoS = Max Rating x 0.8, VGS = OV, - - 1000 flA 
TC=+1250 C 

On-State Drain Current (Note 2) 10(ON) VoS> 10(ON) x roS(ON) Max, VGS = 10V 
IRFP250/251, IRFP250R/251 R 33 - - A 

IRFP252/253,IRFP252R/253R 27 - - A 

Static Drain-Source On-State roS(ON) VGS-10V,10-17A 
Resistance (Note 2) 

IRFP250/251, IRFP250R/251 R - 0.07 0.085 0. 

IRFP252/253,IRFP252R/253R - 0.09 0.120 0. 

Forward Transconductance (Note 2) 9fs VoS> 50V, 10 -17A 13 19 - Sm) 
Input Capacitance CISS VGS - OV, Vos - 25V, f - 1.0MHz - 2000 - pF 

Output Capacitance COSS See Figure 1 0 - 800 - pF 

Reverse Transfer Capacitance CRSS - 300 - pF 

Turn-On Delay Time td{ON) Voo = 1 OOV, 10 = 30A, RG = 6.20. - 18 30 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 125 180 ns 

Turn-Off Delay Time IdIOFF) 
are essentially independent of operating - 70 100 temperature) ns 

Fall Time tf - 80 120 ns 

Total G ate Charge Og VGS - 1 OV, 10 - 30A, Vos = 0.8 Max - 79 120 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 12 - nC 

Gate-Drain ("Miller") Charge Ogd 
operating temperature.) - 42 - nC 

Internal Drain Inductance Lo Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate inductances. 
pins and center of 

~ 
center of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm G I 

(0.25") from header LS 
and source bonding 
pad. S 

Junction-to-Case ROJC - - 0.70 oCIW 
Case-to-Sink ROCS Mounting surface flat, smooth and greased - 0.1 - oCIW 
Junction-to-Ambient ROJA Free air operation - - 30 oCIW 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 33 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 130 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSD TJ = +250 C, IS = 33A, VGS = OV - - 2.0 V 
Reverse Recovery Time trr T J - +250 C, IF - 30A, dlF/dt - 100A/MS 140 - 630 ns 

Reverse Recovered Charge ORR TJ - +250 C,IF - 30A, dlF/dt - 1ooA/MS 1.8 - 8.1 MC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + Lo. 

NOTES: 1. T J = + 25°C to + 1500C 
2. Pulse Test: Pulse width ~ 300~s, 

Duty Cycle :'0 2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 50V. Start T J = +250C. L = 1.1 mHo 
RGS = 50n. IpEAK = 33A (See Figure 15) 

4-499 

t! 
-,W 
wI&. 
ZCl) 
zO 
CC::E 
::E:a: 
<tl W 
Z~ 

Q. 



IRFP250, IRFP257, IRFP252, IRFP253 IRFP250R, IRFP257R, IRFP252R, IRFP253R 
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Em HARRIS IRFP254, IRFP255 
IRFP256, IRFP257 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated 

Features 

• 21A and 23A, 250V and 275V 

• rDS(on) = 0.140. and 0.170. 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 250V, 275V DC Rated - 120V AC Line System Operation 

Description 

Package 
TO-247 

TOP VIEW 

Terminal Diagram 
The IRFP254, IRFP255, IRFP256, and IRFP257 are 
advanced power MOSFETs designed, tested and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) ............................ VDS 
Drain-Gate Voltage (RGS = 20kO) (1) ........•....... VDGR 
Continuous Drain Current 

TC = +250C .•..................................... 10 
TC = +100oC •..•.•.•...........•.......•.......... 10 

Pulsed Drain Current (3) .............................. 10M 
Gate-Source Voltage ............................... V GS 
Maximum Power Dissipation 

TC = +250C ...........................•...•....... Po 
Linear Derating Factor ................................. .. 
Single Pulse Avalanche Energy Rating (4) ............... Eas 
Operating and Storage Junction .................. T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering .•...•......... TL 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

IRFP254 

250 
250 

23 
15 
92 

±20 

180 
1.44 
1000 

-55to+150 

300 

IRFP255 

250 
250 

21 
13 
84 

±20 

180 
1.44 
1000 

-55'0 +150 

300 

o 

G 

S 

IRFP256 IRFP257 

275 275 
275 275 

23 21 
15 13 
92 84 

±20 ±20 

180 180 
1.44 1.44 
1000 1000 

-55 to +150 -55to+150 

300 300 

1. TJ = +2Soc to +1S0oC. 

2. Pulse Test: Pulse width :::. 300~s, Duty Cycle :s 2%. 

4. Veo = SOV, starting TJ = +2SoC, L = 3.1 mH, RGS = 250, 
IpEAK = 23A. See Figures 14 and 15. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

UNITS 

V 
V 

A 
A 
A 
V 

W 
WloC 

mJ 
oc 

oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 2289.1 
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Specifications IRFP254, IRFP255, IRFP256, IRFP257 

Electrical Characteristics TC = +250 C,Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV,IO = 250pA 
IRFP254,IRFP255 250 - - V 

IRFP256,IRFP257 275 - - V 

Gate Threshold Voltage VGSITH) VOS = VGS, 10 - 250pA 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -500 nA 

Zero Gate Voltage Orain Current lOSS VOS = Max Rating, VGS = OV - - 250 ~A 

VOS = Max Rating x 0.8, VGS = OV, - - 1000 ~A 
TC = +1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, V GS = 10V 
IRFP254,IRFP256 23 - - A 

IRFP255,IRFP257 21 - - A 

Static Orain-Source On-State rOS(ON) VGS -10V,10 -13A 
Resistance (Note 2) 

IRFP254,IRFP256 - 0.11 0.14 V 

IRFP255,IRFP257 - 0.14 0.17 V 

Forward Transconductance (Note 2) 9fs VOS> 50V, 10 -13A 11 17 - S(t» 
Input Capacitance CISS VGS = OV, VOS = 25V, f = 1.0MHz - 2700 - pF 

Output Capacitance COSS 
See Figure 10 - 580 - pF 

Reverse Transfer Capacitance CRSS - 130 - pF 

Turn-On OelayTime tdl0Nl VOO = 125V,I0 = 23A, RG = 6.20, - 19 29 ns 
Rise Time tr See Figure 16. (MOSFET switching times - 84 130 ns 

Turn-Off OelayTime ld(OFF) 
are essentially independent of operating - 75 110 temperature) ns 

Fall Time tf - 65 98 ns 

Total G ate Charge Og VGS - 1 OV,IO - 23A, VOS - 0.8 Max - 87 130 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Ogs 
(Gate charge is essentially independent of - 14 - nC 

Gate-Orain ("Miller") Charge Qod 
operating temperature.) - 73 - nC 

Internal Orain Inductance LO Measured from Modified MOSFET - 5.0 - nH 
the drain lead, symbol showing the 
6mm(0.25") internal device 
from package 

'~ 
to center of 
die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm 
(0.25") from package LS 
to source bonding 
pad. S 

Junction-ta-Case RaJC - - 0.70 °C/W 
Case-ta-Sink Racs Mounting surface flat, smooth and greased - 0.10 - ocm 
Junction-ta-Ambient RaJA Free air operation - - 30 ocm 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 23 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 92 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C,IS = 23A, VGS = OV - - 1.8 V 

Reverse Recovery Time trr T J - +250C, 'F - 22A, dlF/dt - 1 OOA/~s 150 310 650 ns 

Reverse Recovered Charge QRR T J - +250 C, IF - 22A, dlF/dt - 1 OOA/~s 1.9 4 8.4 ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +2SoC to +1500C 
2. Pulse Test: Pulse width ~ 300~s, 

Duty Cycle :S. 2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure S) 

4. vDD = SOV, Start TJ = +2SoC, L = 3.1mH, 
RGS = 2S0, IpEAK = 23A. 
(See Figures 14 & IS) 

4-504 



iii 
OJ 
a: 
OJ 
a. 
>: 
:<0 

>-z 
w 
a: 
a: 
::J 
u 

~ 
« 

" 0 

..so 

iii 
w 
a: 
w 
a. 
>: 
:<0 

>-z 
w 
a: 
a: 
::J 
u 

~ 
« 
a: 
0 

..so 

IRFP254, IRFP255, IRFP256, IRFP257 

40 
10 

32 

24 

16 

40 

32 

24 

16 

o 

V BOfJ5 PULSE TEST 

6.0V-

5]"-

VG5 5.0V 

4 ~V~ 
4.0V 

25 50 75 100 125 
VOS' ORAIN-TO-SOURCE VOLT AGE (VOLTS) 

Fig. 1 - Typical output characteristics. 

80]-15 PULSE TEST 
./ 

10~ 

/ 
~ .......- i-

6 1° V-

~ 
~ 5r-

~ 
~ VGS-5.0V 

" 4t~ 
I' 4.0V 

0.0 1.0 2.0 30 4.0 5.0 

UJ 
UJ 
Z 

VOS' ORAIN- TO-SOURCE VOLT AGE (VOLTS) 

Fig. 3 - Typical saturation characteristics. 

10 

~ 0.1 
UJ 
UJ 
a: 

iii 
il! 
w 
a. 
" :<0 

>-z 
w 
a: 
a: 
::J 
u 

~ 
« 
a: 
0 

HO 

ii) 
OJ 
a: 
w a. 

" ~ 
>-z w 
a: 
a: 
::J 
u 
Z 
;;' 
a: 
0 

E 

102 

Vos ;.. 50V 

180"5 PU SE TEST 

./ 

f 
10 

r= T J 150°C r-- I 
I ,f T J = 25°C 

/ 

I I 
0.1 0 

10 

103 

102 

10 

0.1 

VGS' GATE-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 2 - Typical transfer characteristics. 

OPERATION IN THIS AREA LIMITED 
BY RDS (ON) 

r- IRFP254.256 

1= IRFP255.257 
10fLs 

r- ...... 
r- IRFP254.256 

100jJ-s 
IRFP255,257 

1 m5 

10 ms 

" ~ Tc 25°C DC f- TJ 150°C 
~ SINGLE PULSE 

10 102 5 103 

VOS' ORAIN·TQ·SOURCE VOLTAGE (VOLTS) 

92GS-44231 

Fig. 4 - Maximum safe operating area. 

1 

(SECONDS) 

10 

Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 

4-505 



IRFP254, IRFP255, IRFP256, IRFP257 

25 

Vi z 20 w 
>: 

~ 
w 15 u z « 
f-
u 
:J 
0 z 

10 0 
u 
Ul z « 
8' 

in 

'" 

Vos ::: 50V 

80"5 PULSE TEST 

./ V T J~250C 

/ 
/' 

"., 

T J~ 150°;:-----

/ V 
// 

/1 
ill 

8 16 24 32 
10, DRAIN CURRENT (AMPERES) 

40 

Fig. 6 - Typical transconductance vs. drain current. 

1. 25 
w 

'" « 
f-
...J 
0 
> 1.15 
z 
~ ./' 
0 
0 

'" « 
w 0 1. 05 a: w 
OJ :::; 
W ...J U « a: ::;: 
:J a: 
0 

3 0 .95 Ul 
1 

0 
f-
1 

~ 

"../' 

"../' 

"../' 

./ V 
10 ~ lmA 

« 
a: 0.85 

° ciJ 
Ul 
0 

ii; 
o 75 

-60 40 20 20 40 60 80 100 120 140 160 

T J. JUNCTION TEMPERATURE (oC) 

Fig. 8 - Breakdown voltage vs. temperature. 

7500 
VGS - OV. f 1MHz 

c iss " egS + cgd. Cas SHORTED 

erss "" egd 

Coss '" Cds + egs egd / (Cgs + Cgd) 
6000 

III Gds + egd 

"'-, ....... 
"'-

~ 4500 

« 
~ 
u 
« 
~ 3000 
u 

1500 

a 

'\ ...... 1' 

~ 

lSs ___ 

II 
............... i' II 

....... r-.. Cos s -........ 
rss __ ---

I 10 102 

VOS' ORAIN- TO-SOURCE VOLT AGE (VOLTS) 

Fig. 10 - Typical capacitance vs. drain-to-source voltage. 

102 

Vi 
w 
a: 'l 
w 
Q. 
::;: 
.<': 
.... 10 
z 
w 

V 

= L / 
=TJ 150°C 

a: 
a: 
:J 
u T J 25°C 

~ I I 
« 
a: 
° I I 
w 
Ul a: 
w 
> w 
a: 
d: 

HO 
I 

I 
O·b.o 0.4 08 12 1.6 2.0 

YSO' SOURCE-TO-ORAIN VOLTAGE (VOLTS) 

Fig. 7 - Typical source-drain diode forward voltage. 

3. a 
w 10 - 22A 
u z 
;:': 
~ 2.4 
Ul 
w 
a: / 
z 
0 / 
w 3 1 . 8 u 
a: w 
:J :::; 0 / 
Ul ...J 
1 « 
~ ::;: 

1 :51.2 
V 

~ 20 
« ./' 
a: 

° 
~ 

0.6 
"./ -

Ul 

° a: VGS ~ 10V 
0.0 
-~ ~ ~ 0 ~ ~ ~ 00 lOOI~I~I~ 

T J. JUNCTION TEMPERATURE (oC) 

Fig. 9 - Normalized on-resistance vs. temperature. 

20 
10 ~ 22A 

Vi 
f-
...J 
0 16 2: 
w 

'" « 
f-
...J 12 0 
> 
w 
u 
a: 
:J 
0 

'r 
0 
f-
1 

Vos ,~ 5.0 V" 
Vos to::: 12,5V,,-

"" ~ VOS = 200V 

~ 
~ 

AI ~ 

~ 
,.. 

W .... 
ci 

ciJ 

'" > 
/ 

II FOR TEST CIRCUIT 
SEE FIGURE 17 

25 50 75 100 125 

Qg. TOTAL GATE CHARGE (nC) 

Fig. 11 - Typical gate charge vs. gate-to-source voltage. 

4-506 



IRFP254, IRFP255, IRFP256, IRFP257 
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m HARRIS IRFP340R, IRFP341 R 
IRFP342R, IRFP343R 

August 1991 

N-Channel Power MOSFETs 
Avalanche Energy Rated 

Features 

• 11A and 8.7A, 3S0V and 400V 

• rDS(on) = 0.5.50 and 0.800 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-247 

TOP VIEW 

Terminal Diagram The IRFP340R, IRFP341 R, IRFP342R, and IRFP343R are 
advanced power MOSFETs designed, tested and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 

Absolute Maximum Ratings (Tc = +250 C), Unless Otherwise Specified 

Drain-Source Voltage (1) ............................ VDS 
Drain-Gate Voltage (RGS = 20kO) (1) ••.....•........ VDGR 
Continuous Drain Current 

Te = +250C ..............................•........ 10 
Te = +1000e ...................................... 10 

Pulsed Drain Current (3) ...•..•.............•.•..•.... IDM 
Gate-Source Voltage ............................... VGS 
Maximum Power Dissipation 

Te = +250e ....................................... Po 
Linear Derating Factor ................................. .. 
Single Pulse Avalanche Energy Rating (4) ............... Eas 
Operating and Storage Junction •.....•........... T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

IRFP340R 

400 
400 

11 
6.8 
44 

±20 

150 
1.2 
480 

-55to+150 

300 

IRFP341R 

350 
350 

11 
6.8 
44 

±20 

150 
1.2 
480 

-55 to +150 

300 

o 

G 

S 

IRFP342R IRFP343R 

400 350 
400 350 

8.7 8.7 
5.5 5.5 
35 35 

±20 ±20 

150 150 
1.2 1.2 
480 480 

-55 to +150 -55 to +150 

300 300 

1. TJ = +2SoC to +lS00C. 

2. Pulse Test: Pulse width ~ 300J1$. Duty Cycle ~ 2%. 

4. VOO = SOV. starting TJ = +2SoC. L = 7.0mH. RGS = son, 
IpEAK = llA. See Figures 14 and lS. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure S). 

UNITS 

V 
V 

A 
A 
A 
V 

W 
wIOe 

mJ 
oe 

oe 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 2088.1 
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Specifications IRFP340R, IRFP341 R, IRFP342R, IRFP343R 

Electrical Characteristics TC '" +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250flA 
IRFP340R,IRFP342R 400 - - V 

IRFP341 R, IRFP343R 350 - - V 

Gate Threshold Voltage VGSITH) VDS = VGS, 10 = 250flA 2.0 - 4.0 V 
Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -100 nA 

Zero Gate Voltage Drain Current lOSS VOS - Max Rating, VGS - OV - - 250 flA 
VOS - Max Rating x 0.8, VGS - OV, - - 1000 flA 
TJ = +1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRFP340R,IRFP341R 11 - - A 

IRFP342R,IRFP343R 8.7 - - A 

Static Drain-Source On-State rOS(ON) VGS = 1 OV, 10 = 5.5A 
Resistance (Note 2) 

IRFP340R,IRFP341R - 0.47 0.55 0 

IRFP342R,IRFP343R - 0.68 0.80 0 
Forward Transconductance (Note 2) 9fs VOS > 50V, 10 - 5.5A 6.1 9.1 - S(U) 

Input Capacitance CISS VGS - OV, VOS = 25V, f - 1.0MHz - 1250 - pF 

Output Capacitance COSS See Figure 10 - 300 - pF 

Reverse Transfer Capacitance CRSS - 80 - pF 

Turn-On Delay Time td(ON) VOO '" 200V, 10 = l1A, RG = 9.10 - 14 21 ns 
Rise Time tr See Figure 16. (MOSFET switching times - 27 41 ns 

Turn-Off Oelay Time idiOm 
are essentially independent of operating - 50 75 temperature) ns 

Fall Time tf - 24 36 ns 

Total Gate Charge Og VGS - 1 OV, 10 - lOA, VOS - 0.8 Max - 41 63 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Oos (Gate charge is essentially independent of - 6.0 - nC 
Gate-Drain ("Miller") Charge O(ld 

operating temperature.) - 23 - nC 
Internal Drain Inductance LO Measured between Modified MOSFET - 5.0 - nH 

the contact screw on symbol showing the 
header that is closer internal device 
to sou rce and gate 

'"~ pins and center 
of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm G I 

(0.25") from header LS 
and source bonding 
pad. S 

Junction-ta-Case RaJC - - 0.83 oCIW 
Case-to-Sink Racs Mounting surface flat, smooth and greased - 0.1 - oCIW 
Junction-ta-Ambient RaJA Free air operation - - 30 oCIW 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 11 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 44 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO TJ = +250 C, IS = l1A, VGS = OV - - 2.0 V 

Reverse Recovery Time trr T J - +250 C, IF = lOA, dlF/dt = l00A/flS 170 370 790 ns 
Reverse Recovered Charge ORR T J - +250 C, IF - lOA, dlF/dt = 100A/flS 1.6 3.8 8.2 fIC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C to +150oC 
2. Pulse Test: Pulse width ~ 300~s. 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 50V, Start T J = +250C, L = 7.0mH, 
RGS = 50n, IpEAK = 11A. 

Duty Cycle ~ 2% (See Figures 14 & 15) 
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IRFP340R, IRFP341 R, IRFP342R, IRFP343R 
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August 1993 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 14A and 16A, 350V - 400V 

• rDS(on) == 0.30 and 0.40 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-247 

TOP VIEW 

Terminal Diagram The IRFP350, IRFP351, IRFP352, and IRFP353 are n-channel 
enhancement-mode silicon-gate power field-effect transis
tors. IRFP350R, IRFP351 R, IRFP352R and IRFP353R types 
are advanced power MOSFETs designed, tested, and guaran
teed to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRFP types are supplied in the TO-247 plastic style pack
age. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRFP350 IRFP351 

D 

G 

S 

IRFP352 IRFP353 
IRFP350R IRFP351R IRFP352R IRFP353R UNITS 

Drain-Source Voltage (1) ............................ VDS 400 350 400 350 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR 400 350 400 350 
Continuous Drain Current 

TC= +250 C ....................................... ID 16 16 14 14 
TC=+1000 C ...................................... ID 10 10 8.9 8.9 

Pulsed Drain Current (3) .............................. IDM 64 64 56 56 
Gate-Source Voltage ............................... VGS ±20 ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250 C ....................................... PD 180 180 180 180 
Linear Derating Factor ................................... 1.44 1.44 1.44 1.44 
Inductive Current, Clamped ........................... ILM 64 64 56 56 

(See Figure 14, L = 100(lH) 
Single Pulse Avalanche Energy Rating (4) ............... EAS' 700 700 700 700 
Operating and Storage Junction .................. TJ, TSTG -55to+150 -55 to +150 -55 to +150 -55to+150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 
(O.063" (l.6mm) from case for lOs) 

NOTES: 

1. TJ = +2SoC to +1S00C. 

2. Pulse Test: Pulse width S 300~s, Duty Cycle S 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 

300 300 300 300 

4. VDD = 40V, starting TJ = +2SoC, L = S.66mH, RGS = son, 
IpEAK = 1SA. See Figure 1S. 

V 
V 

A 
A 
A 
V 

W 
WloC 

A 

mj 
°c 

DC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1993 

File Number 2319.2 
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IRFP350, IRFP351, IRFP352, IRFP353 IRFP350R, IRFP351R, IRFP352R, IRFP353R 

Electrical Characteristics TC = 250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVDSS VGS = OV, ID = 2501JA 
IRFP350/352,IRFP350R/352R 400 - - V 
IRFP351 /353, IRFP351 R/353R 350 - - V 

Gate Threshold Voltage VGSITH) VOS = VGS, ID = 250flA 2.0 - 4.0 V 
Gate-Source Leakage Forward IGSS VGS-20V - - 500 nA 
Gate-Source Leakage Reverse IGSS VGS--20V - - -500 nA 

Zero Gate Voltage Drain Current IDSS VDS - Max Rating, VGS - OV - - 250 ~A 

VDS - Max Rating x 0.8, VGS - OV, - - 1000 ~A 
TJ = +1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS - 10V 
IRFP350/351, IRFP350R/351 R 16 - - A 

IRFP352/353,IRFP352R/353R 14 - - A 

Static Drain-Source On-State rDS(ON) VGS = 1 OV, 10 = 8.9A 
Resistance (Note 2) 

IRFP350/351, IRFP350R/351 R - 0.25 0.3 11 

IRFP352/353,IRFP352R/353R - 0.3 0.4 11 

Forward Transconductance (Note 2) 9fs VOS - 2 x VGS, 10 - 8.0A 8.0 10 - Sm) 
Input Capacitance CISS VGS - OV, VDS - 25V, f -1.0MHz - 2000 - pF 

Output Capacitance COSS See Figure 10 - 400 - pF 

Reverse Transfer Capacitance CRSS - 100 - pF 

Turn-On DelayTime td(ON)· VDD - 200V, 10 - 16A, RG - 6.211 - 12 18 ns 
Rise Time tr See Figure 16. (MOSFET switching times - 51 77 ns 

Turn-Off Delay Time Id(OFF) 
are essentially independent of operating - 75 110 ns temperature) 

Fall Time tf - 47 71 ns 
Total Gate Charge Og VGS = 10V, ID = 16A, VOS =0.8V Max - 87 130 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OQS (Gate charge is essentially independent of - 10 - nC 

Gate-Drain ("Miller") Charge OQd 
operating tem perature.) - 33 - nC 

Internal Drain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate 

'~ 
pins and center of 
center of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm 
(0.25") from header LS 
and source bonding 
pad. S 

Junction-ta-Case ReJC - - 0.70 oC/W 

Case-to-Sink Recs Mounting surface flat, smooth and greased - 0.10 - oC/W 

Junction-ta-Ambient ReJA Free air operation - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 16 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - 64 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSD TJ = +250 C, IS = 16A, VGS = OV - - 1.6 V 

Reverse Recovery Time trr T J - + 1500 C, IF - 15A, dlF/dt - 1 OOA/~s 270 - 1300 ns 

Reverse Recovered Charge ORR TJ - +1500 C, IF -15A, dlF/dt -100A/~s 1.7 - 8.1 ~C 

Forward Turn-on Time tON Intrinsic turn on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LD' 

NOTES: 1. T J = +250C to +1500C 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. Voo = 40V. Start TJ = +250C. L = 5.66mH. 
2. Pulse Test: Pulse width .$. 300~s. 

o uty Cycle.$. 2% 

4-514 
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Performance Curves 
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Performance Curves (Continued) 
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Performance Curves (Continued) 
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Features 

• 20A and 23A, 400V 

• rDs(on) = 0.200 and 0.250 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFP360 and IRFP362 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are n-channel enhancement-mode silicon gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transis
tors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 

The IRFP-types are supplied in the JEDEC TO-247 plastic 
package. 

IRFP360 
IRFP362 

N-Channel Power MOSFETs 
Avalanche-Energy Rated 

Package 
TO-247 

TOP VIEW 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

o 

G~ 
S 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRFP360 IRFP362 UNITS 

Continuous Drain Current 
TC = +250 C ............................................. 10 
TC = +1000 C ............................................ 10 

Pulsed Drain Current (1) .................................... IDM 
Gate-SourceVoHage ..................................... VGS 
Maximum Power Dissipation 

TC = +250 C ............................................. Po 
Linear Derating Factor ........................................ . 
Single Pulse Avalanche Energy Rating (2) .....•••••...•••....• EAS 

See Figure 14 
Operating and Storage Junction ........................ TJ, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ..................... TL 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

1. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

2. VDD = 50V, starting TJ = +250C,L = 4.0mH. Ras = 250. Peak IL = 23A. 

3. Pulse Test: Pulse width :£ 300l'S, Duty Cycle :£ 2%. 

23 
14 
92 

±20 

250 
2.0 

1200 

-55 to +150 

300 

20 
13 
80 

±20 

250 
2.0 

1200 

-55 to +150 

300 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRFP360, IRFP362 

Electrical Characteristics Te = 250e, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250~ 400 -
Gate Threshold Voltage VGS(TH) VOS = VGS, 10 = 250MA 2.0 -
Gate-Source Leakage Forward IGSS VGS=20V - -
Gate-Source Leakage Reverse IGSS VGS=-20V - -
Zero Gate Voltage Orain Current loSS VOS = Max Rating, VGS = OV - -

VOS = Max Rating x 0.8, VGS = OV, - -
TJ = +1250 C 

On-State Drain Current (Note 3) 10(ON) VOS> ID(ON) x rOS(ON) Max, VGS = 10V 
IRFP360 23 -
IRFP362 20 -

Static Orain-Source On-State rOS(ON) VGS = 10V, 10 = 13A 
Resistance (Note 3) 

IRFP360 - 0.18 

IRFP362 - 0.20 
Forward Transconductance (Note 3) 9fs VOS> 50V, lOS> 13A 14 21 

Input Capacitance CISS VGS - OV, VOS - 25V, f - 1.0MHz - 4000 

Output Capacitance COSS See Figure 10 - 550 

Reverse Transfer Capacitance CRSS - 97 

Turn-On DelayTime td(ON) VOO - 2OOV, 10 - 25A, RG - 4.30 - 22 

Rise Time Ir RO = 7.50. (MOSFET switching times - 94 

Turn-Off Oelay Time id(OFF) 
are essentially independent of operating - 80 temperature) 

Fall Time tf - 66 

Total Gate Charge Og VGS - 1 OV, 10 - 25A, VOS - 0.8V x Max - 68 
(Gate-Source + Gate-Orain) Rating. See Figure 16 for test circuit. 

Gate-Source Charge Ogs 
(Gate charge is essentially independent of - 17 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) - 24 

Internal Orain Inductance LO Measured between Modified MOSFET - 5.0 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate inductances. 
pins and center of 

~ 
center of die. 

Internal Source Inductance LS Measured from the - 13 
source lead, 6mm 
(0.25") from header lS 
and source bonding 
pad. S 

Junction-ta-Case RaJC - -
Case-to-Sink Racs Mounting surface flat, smooth and greased - 0.10 

Junction-ta-Ambient RaJA Free air operation - -

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- -

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - -
(Body Diode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 23A, VGS = OV - -
Reverse Recovery Time trr T J = +250 C, IF - 25A, dlF/dt - l00A/MS 200 460 

Reverse Recovered Charge ORR T J = +250 C, IF = 25A, dlF/dt - 100A/MS 3.1 7.1 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - -
speed is substantially controlled by LS + LO' 

NOTES: 
1. Repetitive Rating: Pulse width limited by max. junction temperature. See 3. Pulse Test: Pulse width ~ 300~s. Duty Cycle::;, 2% 

Transient Thermal Impedance Curve (Figure 5) 
2. VDD = SOY. Start T J = +2SoC. L = 4.0mH. Ra = 2Sn. IpEAK = 23A 

(See Figure 14) 
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IRFP360, IRFP362 

40 10' 
ov 801-'5 PULSE TEST Vos ". 50'/ 

80 5 PULSE TEST 

en 32 
UJ iii 

UJ 
A 

VI a: 
~ 
'" '" >-z 
UJ a: 
a: 
::> 
u 

is .. 
a: 
a 

>z 
~ 
a: 
::> 
u 

is .. 
a: 
a 

a: 
UJ 

, 
6.0V-

"- 10 
'" 24 '" >-
Z 
UJ 
a: 
a: 
::> 
u 

is .. 
I--- T J i500C / 7TJ 

" 2SoC . 
5]"= 

16 

a: 
a 

t--
VGS""5. OV .5' 

I 45Y,_ 
4.0V ..... 01 0 4 6 8 10 00 40 80 120 160 200 

VOS' ORAIN-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 1 - Typical output characteristics. 

40 
BOjJs PULSE TEST Y 

/10V 
----"'-

V 

~ ~ - 6 .. 0V"" 

~ 
24 

6 / 51'= h-
B 

j , 
VGS=5:DV , L 4.5V_ 

0 4. OV-: 
4 8 10 

VOS' ORAIN-TO-SOURCE VOL TAGE (VOLTS) 

fIT 102 
a: w 
"-

~ 
>z 
~ 10 
a: 
::> 
tl 
z 

" a: 
a 

.9 
5 

, 
0.1 

VGS, GATE-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 2 - Typical transfer characteristics. 

~ OPERATION IN THIS AREA liMITED 

VBY RDS (ON) 

IRFP360 

lRFP362 
10,"5 

JRFP360 
100fLS 

IRFP362 

1 m;~ 

10 ms 

TC- 25°C DC 

TJ=150 oC 
SINGLE PULSE 

10 5 102 

Fig. 3 - Typical saturation characteristics. 

VOS' DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

92GS-44233 

Fig. 4 - Maximum safe operating area. 

~'O.5 

f'l2 

~.1 

~.O5 

~.O2 
~L01' 

iii jjjiiI 
it! 

lfNG~E PULSE = HE MAL R~7fONSE) - NOTES: 
j. DUTY FACTOR. D tj/t2 

I IIIIII1 2. PEAK TJ~PDM X ZthJC + 

10-4 10-3 10-2 O. 1 

t 1. RECTANGULAR PULSE DURATION 
1 

(SECONDS) 

Prli 
1<-1" ~ <----" 

TC 

Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 

4-520 

10 



IRFP360, IRFP362 
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mJ HARRIS IRFP440R,IRFP441R 
IRFP442R, IRFP443R 

August 1991 

N-Channel Power MOSFETs 
Avalanche-Energy Rated 

Features 

• 7.7A and S.SA, 400V - 500V 

• rDs(on) = 0.S50 and 1.10 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-247 

TOP VIEW 

The IRFP440R, IRFP441 R, IRFP442R, and IRFP443R are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown ava
lanche mode of operation. These are n-channel enhancement
mode silicon gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high
power bipolar switching transistors requiring high speed and 
low gate-drive power. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

The IRFP-types are supplied in the JEDEC TO-247 plastic 
package. 

Absolute Maximum Ratings (TC = +250C), Unless Otherwise Specified 

IRFP440R IRFP441R 

Drain-Source Voltage (1) . . . . . . . . . . . . .. .. .. .. .. .. .... VDS 500 450 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR 500 450 
Continuous Drain Current 

TC = +250C ....................................... ID 8.8 8.8 
TC=+1000C ...................................... ID 5.6 5.6 

Pulsed Drain Current (3) .............................. IDM 35 35 
Gate-Source Voltage ............................... VGS ±20 ±20 
Maximum Power Dissipation 

TC = +250 C ....................................... PD 150 150 
Linear Derating Factor ................................... 1.2 1.2 
Single Pulse Avalanche Energy Rating (4) ................ EAS 480 480 
Operating and Storage Junction .................. T J, T STG -55 to +150 -55to+15O 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

o 

G 

s 

IRFP442R IRFP443R 

500 450 
500 450 

7.7 7.7 
4.9 4.9 
31 31 

±20 ±20 

150 150 
1.2 1.2 
480 480 

-55 to +150 -55 to +150 

300 300 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W/oC 

mJ 
oc 

oC 

1. TJ = +2SoC to +1S0oC. 4. VDD = SOV. starting T J = +2SoC. L = 11 mHo RGS = son. IpEAK = B.BA. 

2. Pulse Te.t: Pul.e width:;:' 3OCI'S. Duty Cycle ~ 2%. See Figure. 14 & 1S. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure S). 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRFP440R, IRFP441 R, IRFP442R, IRFP443R 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 2501lA 
IRFP440R,IRFP442R 500 - - V 
IRFP441 R, IRFP443R 450 - - V 

Gate Threshold Voltage VGS(Tril VOS = VGS, 10 = 250~A 2.0 - 4.0 V 
Gate-Source Leakage Forward IGSS VGS=20V - - 100 nA 
Gate-Source Leakage Reverse IGSS VGS=-20V - - -100 nA 
Zero Gate Voltage Orain Current lOSS VOS = Max Rating, VGS = OV - - 250 IlA 

VOS = Max Rating x 0.8, VGS = OV, - - 1000 ~A 
TJ=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRFP440R, IRFP441 R 8.8 - - A 

IRFP442R,IRFP443R 7.7 - - A 
Static Drain-Source On-State rOS(ON) VGS = 1 OV, 10 - 4.9A 
Resistance (Note 2) 

IRFP440R, IRFP441 R - 0.8 0.85 0 
IRFP442R,IRFP443R - 1.0 1.1 0 

Forward Transconductance (Note 2) 9fs VOS> 50V, 10 - 4.9A 5.3 8.2 - S(U) 

Input Capacitance CISS VGS = OV, VOS = 25V, f = 1.0MHz - 1225 - pF 

Output Capacitance COSS 
See Figure 1 0 - 200 - pF 

Reverse Transfer Capacitance eRSS - 85 - pF 

Turn-On OelayTime td(ON) VOO = 250V, 10 = 8A, RG =9.10 - 17 21 ns 
RiseTime tr See Figure 16. (MOSFET switching times - 23 35 ns 
Turn-Off Oelay Time id(OFF) 

are essentially independent of operating - 42 74 temperature) ns 
Fall Time tf - 18 30 ns 
Total Gate Charge Qg VGS = 10V, 10 - 8A, VOS - 0.8 Max - 42 63 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Qgs (Gate charge is essentially independent of - 7 - nC 
Gate-Drain ("Miller") Charge Qad 

operating temperature.) - 22 - nC 
Internal Orain Inductance LO Measured between Modified MOSFET - 5.0 - nH 

the contact screw on symbol showing the 
header that is closer internal device 
to source and gate inductances. 
pins and center 

~ 
of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm 
(0.25") from header LS 
and source bonding 
pad. S 

Junction-ta-Case ReJC - - 0.83 oC/W 

Case-to-Sink Recs Mounting surface flat, smooth and greased - 0.1 - oC/W 

Junction-ta-Ambient RaJA Free air operation - - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 8.8 A 

(BodyOiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 35 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO T J = +250C, IS = 8.8A, V GS = OV - - 1.8 V 

Reverse Recovery Time trr TJ - +250C, IF - 8.0A, dlF/dt -100A/~s 210 460 970 ns 

Reverse Recovered Charge QRR TJ - +250 C, IF = 8.0A, dlF/dt - 100A/~s 2 4.2 8.9 ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +2SoC to +IS00C 
2. Pulse Test: Pulse width S 300"". 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figur. S) 

4. VDD = SOV, Start T J = +2SoC, L = 11 mH, 
RGS = son, IpEAK = a.SA 

Duty Cycle S 2% (See Figures 14 & 15) 
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IRFP440R, IRFP441R, IRFP442R, IRFP143R 
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IRFP440R, IRFP441 R, IRFP442R, IRFP443R 
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IRFP440R, IPlFP441 R, IRFP442R, IRFP443R 
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N-Channel Power MOSFETs 
Avalanche Energy Rated* 

Features 

• 12A and 14A, 450V - 500V 

• rDS(on} ;: 0.40 and 0.50 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-247 

TOP VIEW 

The IRFP450, IRFP451, IRFP452, and IRFP453 are n-channel Terminal Diagram 
enhancement-mode Silicon-gate power field-effect transis-
tors. IRFP450R, IRFP451R, IRFP452R and IRFP453R types N-CHANNEL ENHANCEMENT MODE 
are advanced power MOSFETs designed, tested, and guaran-
teed to withstand a specified level of energy in the breakdown D 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay d rivers, and drivers 
for high-power bipolar switching transistors requiring high G 
speed and low gate-drive power. These types can be operated 
directly from integrated cirCUits. 

The IRFP types are supplied in the JEDEC TO-247 plastic S 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRFP450 IRFP451 IRFP452 IRFP453 
IRFP450R IRFP451R IRFP452R IRFP453R 

Drain-Source Voltage (1) ........•....•....•.....•... VDS 500 450 500 450 
Drain-Gate Voltage (RGS = 20kn) (1) .•...•••.....•.• VOGR 500 450 500 450 
Continuous Drain Current 

TC =+250C ...••....•...••........•.... ; ...•.....• 10 14 14 12 12 
TC=+1000C .••......•••....••...•.....••......... 10 8.8 8.8 7.9 7.9 

Pulsed Drain Current (3) ••..•••....••..••.....•.••.... 10M 56 56 48 48 
Gate-Source Voltage •..•.•••...•••...•.••.••••..... V GS ±20 ±20 ±20 ±20 
Maximum Power Dissipation 

TC=+250C ......•..••••...•••..•••••...•....•.•.• PO 180 180 180 180 
Linear Derating Factor .•.••••..•••...•......•............ 1.44 1.44 1.44 1.44 
Inductive Current, Clamped •.....••..•.....•........•. ILM 52 52 48 48 

(See Figure 14, L = 1 OO~H) 
Single Pulse Avalanche Energy Rating (4) •..•...••....•. EAS* 860 860 860 860 
Operating and Storage Junction .................. TJ, TSTG -55to+150 -55to+150 -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering •.............• TL 300 300 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

1. TJ = +250C to +1500C. 4. VDD = 50V. starting TJ = +250C. L = 7.9mH. Ras = 250. 

2. Pulse Test: Pulse width ::s. 300 .... Duty Cycle ::s. 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 

IpEAK = 14A. 5ee Figure 15. 

UNITS 

V 
V 

A 
A 
A 
V 

mJ 
OC 

°C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright @ Harris Corporation 1991 
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IRFP450, IRFP451, IRFP452, IRFP453 IRFP450R, IRFP451R, IRFP452R, IRFP453R 

Electrical Characteristics TC '" 250C, Unless Otherwise Specified 

UMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 2501lA 
IRFP450/452,IRFP450R/452R 500 - - V 

IRFP451/453, IRFP451 R/453R 450 - - V 

Gate Threshold Voltage VGSITH) VOS = VGS, 10 = 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -500 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - 250 IlA 
VOS = Max Rating x 0.8, VGS - OV, - - 1000 IlA 
TJ=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRFP450/451, IRFP450R/451 R 14 - - A 

IRFP452/453,IRFP452R/453R 12 - - A 

Static Orain-Source On-State rOS(ON) VGS - 1 OV, 10 - 7.9A 
Resistance (Note 2) 

IRFP450/451, IRFP450R/451 R - 0.3 0.4 0 

IRFP452/453,IRFP452R/453R - 0.4 0.5 0 

Forward Transconductance (Note 2) 9fs VOS> 50V, 10 - 7.9A 9.3 13.8 - S(lj) 

Input Capacitance CISS VGS - OV, VOS - 25V, f - 1.0MHz - 2000 - pF 

Output Capacitance COSS See Figure 1 0 - 400 - pF 

Reverse Transfer Capacitance CRSS - 100 - pF 

Turn-On OelayTime td(ON) VOO - 250V, 10 -14A,RG - 6.10 - 16 27 ns 

RiseTime tr See Figure 16. (MOSFET switching limes - 45 66 ns 

Turn-Off Oelay Time id(OFF) 
are essentially independent of operating - 68 100 ns temperature) 

Fall Time tf - 41 60 ns 

Total Gate Charge Og VGS -10V, 10 -14A, VDS -0.8V Max - 82 130 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 12 - nC 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) - 42 - nC 

Internal Orain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate 

'~ 
pins and center of 
center of die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm 
(0.25") from header LS 
and source bonding 
pad. S 

Junction-to-Case RaJC - - 0.70 °C/W 

Case-to-Sink Racs Mounting surface flat, smooth and greased - 0.10 - °C/W 
Junction-to-Ambient RaJA Free air operation - - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 14 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 56 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C, IS = 14A, VGS = OV - - 1.4 V 

Reverse Recovery Time trr TJ - +1500 C, IF -13A,dIF/dt-100A!~s - 1300 - ns 

Reverse Recovered Charge ORR TJ - +1500 C, IF -13A,dIF/dt-100A!~s - 7.4 - ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO' 

NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: Pulse width < 300/lS. 

Duty Cycle ~-2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VOO = 50V, Start T J = +250C, L = 7.9mH, 
RGS = 250, IpEAK = 14A (See Figure 15) 
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IRFP450, IRFP451, IRFP452, IRFP453 IRFP450R, IRFP451R, IRFP452R, IRFP453R 

Performance Curves 
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Performance Curves (Continued) 
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IRF450, IRF451, IRF452, IRF453 IRF450R, IRF451 R, IRF452R, IRF453R 

Performance Curves (Continued) 
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Features 

• 20A and 17 A, 500V 

• rDS(on) = 0.270 and 0.350 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFP460 and IRFP462 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are n-channel enhancement-mode silicon gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transis
tors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 

The IRFP-types are supplied in the JEDEC TO-247 plastic 
package. 

IRFP460 
IRFP462 

N-Channel Power MOSFETs 
Avalanche-Energy Rated 

Package 
TO-247 

TOP VIEW 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

Absolute Maximum Ratings (TC = +250 C). Unless Otherwise Specified 

IRFP460 IRFP462 UNITS 

Continuous Drain Current 
TC = +250C ............................................. 10 
TC = +1000C ............................................ 10 

Pulsed Drain Currenl(1) .................................... IDM 
Gate-Source Voltage ......•.....•....................•... VGS 
Maximum Power DISSipation 

TC = +250C •..••....................•................... Po 
Linear Derating Factor .••.•.•......••.....•...•........•....... 
Single Pulse Avalanche Energy Rating (2) .....•....•....•..... EAS 

See Figure 14 
Operating and Storage Junclion •.•..........•.........• TJ. TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering •...........•........ TL 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

1. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

2. VOO = 50V, starting T J = +250C, L = 4.3mH, RGS = 25.0, Peak IL = 20A. 

sae Fig. 14. 

3. Pulse Test: Pulse width :'0 300~s, Duty Cycle :'0 2%. 

20 
12 
80 

±20 

250 
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960 
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CAUTION: These devices are sensitive to electrostatic: discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFP460, IRFP462 

ELECTRICAL CHARACTERISTICS At Case Temperature (TJ) = 25°C Unless Otherwise Specified 
Parameter 

BVOSS DrainMto-Source Breakdown Voltage 

ROSlonl Static Orain-to-Source 
On·State Resistance @ 

1010ni On-State Drain ell'rent @ 

VGS(lh) Gate Threshold Ik>llage 

gts Forward Transconductance @ 

lOSS Zero Gate Voltage Drain Current 

IGSS Gate-to-Source Leakage Forward 

IGSS Gate-to-Source Leakage Reverse 

<lg Total Gate Charge 

o.,s Gate-to-Source Charge 

o.,d Gate-to-Drain ("Miller") Charge 

Id(on) Turn-On Delay Time 

Ir Rise TIme 

'd(offi Turn-Off Delay Time 

If Fall Time 

LO Internal Drain Inductance 

LS Internal Source Inductance 

Giss Input Capacitance 

Coss Output Capacitance 

Crss Reverse Transfer Capacitance 

RthJC Junction-to-Case 

RthCS Case-~Sink 

RthJA JUnction-to-Ambient 

Mounting Torque 

CD Repetitive Rating; Pulse width limited by 
maximum junction temperature (see figure 5) 
Refer to current HEXFET reliability report 

(%) @ VOO = 5OV, Slarting T J = 25°C, 

L = 4.3 mH, RG = 250, 
Peak IL = 20A. See Fig. 14. 

Type Min. Typ. Max. Units Test Conditions 

ALL 500 - - V VGS = OV, 10 = 250 "A 

IRFP460 - 0.24 0.27 II VGS = 1011. 10 = nA 
IRFP462 0.27 0.35 

IRFP460 20 - - A VOS > 10(onl x ROS(on) Max. 

IRFP462 17 VGS = 10V 

ALL 2.0 - 4.0 V VOS = VGS, 10 = 250 ~ 

ALL 13 19 - SIU) VOS = '" 5011. lOS = nA 

ALL 
- - 250 

"A 
VOS = Max. Rating, VGS = OV 

- - 1000 VOS = 0.8 x Max. Rating 

VGS = 011. TJ = 125°C 

ALL - - 500 nA VGS = 20V 

ALL - - -500 nA VGS = -20V 

ALL - 120 190 nC VGS = 1011. 10 = 21A 

ALL - 18 - nC 
VOS = 0.8 x Max. Rating 
See Fig. 16 

ALL - 62 - nC (Independent of operating temperature) 

ALL - 23 35 ns VOO = 25011. 10 = 21A, RG = 4.30 

ALL - 81 120 ns RO = 1211 

ALL - 85 130 ns See Fig. 15 

ALL - 65 98 ns (Independent of operating temperature) 

ALL 5.0 nH Measured from the drain Modified MOSFET symbol 
lead, 6mm (0.25 in.) from 

-'".~ package to center of die inductances 
L 

ALL - 13 - nH Measured from the source I 

lead, 6mm (0.25 in.) from 
package to source bonding 
pad . 

ALL - 4100 - pF VGS = 011. VOS = 25V 

ALL - 460 - pF t = 1.0 MHz 

ALL - B4 - pF See Fig. 10 

ALL - - 0.50 'C/W 

ALL - 0.10 - 'CIW Mounting surface flat, smooth, and greased 

ALL - - 30 'CIW Free air operation 

ALL - - 10 in .• Ibs· Standard 6-32 screw 

@ Pulse width " 300 "SO Duty Cycle " 2% 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
Parameter Type Min. Typ. Max. Units Test Conditions 

IS Continuous Source Current ALL - - 20 A Modified MOSFET symbol showing the integral 
(Body Diode) _~_m_~ ~ 

ISM Pulsed Source Current ALL - - 80 A 
(Body Oiode) <D 

VSO Diode F<>rward Ik>ltage @ ALL - - 1.8 V TJ = 25°C, IS = 21A, VGS = OV 

'rr Reverse Recovery Time ALL 280 580 1200 ns T J = 25°C, IF = 21A, diklt = 100 AI"" 

ORR Reverse Recovery Charge ALL 3.8 8.1 18 "C 

Ion Forward Turn-On Time ALL Intrinsic turn-on time is negligible. Turn-on speed is -substantially controlled by LS + LO 
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Ell HARRIS 

May 1992 

IRFPC40R 
IRFPC42R 

N-Channel Power MOSFETs 
Avalanche-Energy-Rated 

Features Package 

• 6.SA, 5.9A and 600V 

• rDS(ON) = 1.20. and 1.60. 

• Isolated Central Mounting Hole 

• Repetitive Avalanche Ratings 

• Simple Drive Requirements 

• Ease of Paralleling 

Description 

TO-247 
TOP VIEW 

Terminal Diagram 
The IRFPC40R and IRFPC42R are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are n-channel enhancement-mode silicon-gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRFPC types are supplied in the JEDEC TO-247 plastic 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Continuous Drain Current 
TC = +250 C .••............••....•............•........•..•..••...•••.. 10 
TC = +1000C ...•.....•.....•.....•......................•.•.....•.•... 10 

Pulsed Drain Current (2) •.•••.•.........••••...••••.•••..••.••••..•..•••.. IOM 
Gate-Source Voltage ...........•.....•......•••...••..•.........•••.... VGS 
Maximum Power Dissipation ......•....••......•••..••..••..•.••...••...... Po 
Linear Derating Factor .....••....•••..•......••.•.••••..••...••••..••••....... 
Single Pulse Avalanche Energy Rating (3) ......•..•......••...•....••.....•. Eas 

(See Figure 14) 
Operating and Storage Junction ••.•.•••...•......•.....•........•••.• TJ, TSTG 
Temperature Range 

NOTES: 

G 

IRFPC40R 

6.8 
4.3 
27 

±20 
150 
1.2 
410 

-55to+150 

D 

IRFPC42R UNITS 

5.9 A 
3.7 A 
24 A 

±20 V 
150 W 
1.2 W/oC 
410 mJ 

-55to+150 °C 

1. Pulse Test: Pulse width,::: 300~. Duty Cycle =" 2% 3. VOO = SOY. Start TJ = +250C. L = 16mH. RG = 25Cl. Peak IL = 6.SA 

2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyrighl © Harris Corporation 1992 
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Specifications IRFPC40R, IRFPC40R 

Electrical Characteristics TC = 250 C, Unless Otherwise Specified 

LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = 250flA 600 - - V 

Gate Threshold Voltage VGSITH) VOS = VGS, 10 = 250~A 2.0 - 4.0 V 

Gate-Source Leakage Forward IGSS VGS=20V - - 500 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -500 nA 

Zero Gate Voltage Orain Current lOSS VOS = Max Rating, VGS = OV - - 250 ~A 

VOS = Max Rating x 0.8, VGS = OV, - - 1000 ~A 
TJ = +1250 C 

On State Orain Current (Note 1 ) 10(ON) VOS> IO(ON) x rOS(ON) Max, VGS - 10V 
IRFPC40R 6.8 - - A 

IRFPC42R 5.9 - - A 

Static Orain-Source On-State rOS(ON) VGS = 10V, 10 = 3.7A 
Resistance (Note 1 ) 

IRFPC40R - 0.97 1.2 0 

IRFPC42R - 1.2 1.6 0 

Forward Transconductance (Note 1) 9fs lOS - 3.7A, VOS > 100V 4.9 7.3 - Sm) 

Input Capacitance CISS VGS - OV, VOS - 25V, f - 1.0MHz - 1300 - pF 

Output Capacitance COSS See Figure 10 - 160 - pF 

Reverse Transfer Capacitance CRSS - 45 - pF 

Turn-On OelayTime td(ON) VOO - 200V, 10 - 6.2A, RG - 9.10 - 13 20 ns 

RiseTime tr RO = 470. (Independent of operating - 18 27 ns 

Turn-Off OelayTime \ctrOFF) 
temperature) See Figure 15. - 55 83 ns 

Fall Time tf - 20 30 ns 

Total Gate Charge Qg VGS = 1 OV, 10 = 6.2A, VOS = 0.6V x Max - 40 60 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 16 for test circui!. 

Gate-Source Charge QgS (Gate charge is essentially independent of - 5.5 8.3 nC 

Gate-Orain ("Miller") Charge Qgd 
operating temperature.) - 20 30 nC 

Internal Orain Inductance LO Measured from Modified MOSFET - 5.0 - nH 
the drain lead, symbol showing the 
6mm(0.25") internal inductances. 
from package 

~ 
to center of 
die. 

Internal Source Inductance LS Measured from the - 12.5 - nH 
source lead, 6mm 
(0.25") from package LS 
to source bonding 
pad. S 

Junction-to-Case RSJC - - 0.83 oCIW 
Case-to-Sink Recs Mounting surface flat, smooth and greased - 0.10 - oCIW 
Junction-to-Ambient RaJA Free air operation - - 30 oCIW 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - 6.8 A 

(BodyOiode) symbol showing the 

Pulse Source Current ISM integral reverse - - 27 A 
(Body Diode) (Note 1) P-N junco rectifier. 

Oiode Forward Voltage (Note 3) VSO TJ = +250C, IS = 6.2A, VGS - OV - - 1.5 V 

Reverse Recovery Time trr TJ - +250C, IF - 6.2A, dlF/dt - 100A/IIS 200 450 940 ns 

Reverse Recovered Charge QRR TJ = +250C, IF = 6.2A, dlF/dt - 100A/IIS 1.8 3.8 7.9 IIC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO' 

NOTES: 

1. Pulse Tesl: Pulse widlh ~ 300~s. Duly Cycle ~ 2% 3. VDD = SOY, Slart TJ = +2SoC, L = 16mH, RGS = 2Sn.lpEAK = a.SA 

2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 
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m HARRIS IRFPG40 
IRFPG42 

August 1991 

High Voltage N-Channel Enhancement 
Mode Power Field Effect Transistor 

Features 

• IRFPG40: 4.3A, 1000V, rOS(ON) = 3.50. 

·IRFPG42: 3.9A, 1000V, rOS(ON) = 4.20. 

• UIS SOA Rating Curve (Single Pulse) 

• -550 C to 1500 C Operating and Storage Temperature 

Description 

Package 
TO-247 

TOP VIEW 

The IRFPG40 and IRFPG42 are n-channel enhancement 
mode silicon-gate power field effect transistors. They are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

The IRFPG40 and IRFPG42 are supplied in the JEDEC 
TO-247 plastic package. 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

Drain-Souce ..............•.•.............•...............•........... Voss 
Drain-Gate ........................................................... VDGR 
Continuous Drain Current ........................................••........ 10 
Pulsed Drain Current. .................................................... 10M 
Gate-SourceVoltage ................................................... VGS 
Maximum Power Dissipation 

TC = 250 C .............•..•..............................•.......••.... Po 
Derate Above T C = 250 C .....•...........•..........••...•............•.•• 

Single Pulse Avalanche Energy Rating ..................................... Eas 
(See Figure 13) 

Operating and Storage Junction ...................................... TJ, TSTG 
Temperature Range 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

5 

IRFPG40 IRFPG42 

1000 1000 
1000 1000 
4.3 3.9 
17 16 

±20 ±20 

150 150 
0.83 0.83 
490 490 

-55to+150 -55to+150 

UNITS 

V 
V 
A 
A 
V 

W 
W/oC 

mJ 

°c 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

File Number 2879 
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Specifications IRFPG40, IRFPG42 

Electrical Characteristics (TC = 250 C), Unless Otherwise Specified 

LIMITS 

CHARACTERISTICS SYMBOL TEST CONDITIONS MIN MAX. UNITS 

Drain-Source Breakdown Voltage BVOSS 10 = 0.25mA, VGS = OV 1000 - V 

Gate Threshold Voltage VGS(TH) VGS = VOS, 10 = 0.25mA 2.0 4.0 V 

Zero Gate Voltage Orain Current lOSS VGS=OV - f1A 
VOS=1000V TC=250 C - 250 f1A 

VOS=800V TC=1500 C - 1000 f1A 
Gate-Source Leakage Current IGSS VGS= ±20V - ±500 nA 

On Resistance rOS(ON) 10 = 2.5A, VGS = 10V 

IRFPG40 - 3.5 0 

IRFPG42 - 4.2 0 

Forward Transconductance 9fs 10 = 2.5A, VOS = 100V 3.5 - s 

Turn-On Oelay Time !d(ON) VOO = 500V, I = 3.9A - 30 ns 

RiseTime tr RG=9.10 - 50 ns 

Turn-Off Oelay Time !d(OFF) RO= 1200 - 170 ns 

Fall Time tf See Figure 14 - 50 ns 

Total Gate Charge Og 10 = 3.9A, VOS = 800V, VGS = 10V - 120 nC 

Thermal Resistance Junction to Case RSJC - 0.83 °c/w 

Thermal Resistance, Junction to Ambient RSJA - 40 oc/w 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

CHARACTERISTICS SYMBOL TEST CONDITIONS MIN MAX. UNITS 

Forward Voltage VSO ISO=4.3A - 1.8 V 

Reverse Recovery Time trr IF = 3.9A,dIF/dT= 100NflS - 1000 ns 
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HARRIS 
SEMICONDUCTOR 

IRFR110 
IRFU110 

January 1994 

N-Channel Power MOSFETs 
Avalanche Energy Rated 

Features 

4.7A,100V 

rDS(ON) = 0.540 

• Single Pulse Avalanche Energy Rated 

SOA Is Power-Dissipation LlmHed 

Nanosecond Switching Speeds 

Linear Transfer Characteristics 

High Input Impedance 

Packages 
JEDEC To-251AA 

TOP VIEW 

JEDEC TO-252M 
TOP VIEW 

-0 SOURCE 
DRAIN DRAIN 

TAB 
GATE 

+ 175°C Operating Temperature 

Description 

Terminal Diagram 
The IRFR110 and IRFU110 are n-channel enhancement
mode silicon-gate power field-effect transistors deSigned, 
tested, and guaranteed to withstand a specified level of 
energy in the breakdown avalanche mode of operation. 
These advanced power MOSFETs are designed for use in 
applications such as switching regulators, switching convert
ers, motor drivers, relay drivers and drivers for high-power 
bipolar switching transistors requiring high speed and low 
gate-drive power. These transistors can be operated directly 
from integrated circuits. 

N-CHANNEL ENHANCEMENT MODe 

D 

The IRFU110 is supplied in the JEDEC TO-251AA plastic 
package and the IRFR110 in the JEDEC TO-252AA plastic 
package. 

G~ 
s 

Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 

IRFR110,IRFU110 

Drain-Source Voltage (1) ..... . ....................................... Vos 100 

Drain-Gale Voltage ..... . ....................................... VOGR 100 

Continuous Drain Currenl 

Te = +25°C ............... . .. .................... 10 4.7 

Te = +100oC ... . . ............................. ~ 3.3 

Pulsed Drain Current (2). . . . . . . ......................................... 10M 17 

Gate-Source Vollage . . . . . . ............................. VGS ±20 

Maximum Power Dissipation . . . . . . . ............................ Po 30 

Linear Derating Factor ..................................................... . 0.2 

Single Pulse Avalanche Rating (3) (See Fig. 14) .................................. Eas 19 

Operating and Siorage Temperature ........................................... TJ , T STG -55 to +175 

Maximum Lead Temperature for Soldering ...................................... TL 300 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

1. TJ = +25°C to + 150°C. 

UNITS 

V 

V 

A 

A 

A 

V 

W 

Wi"C 

mj 

°C 

°C 

2. Repetitive rating: Pulse width limited by maximum junction temperature. See Transient Thermal Impedance Curve. (Figure 5) 
3. Voo = 25V, Starting TJ = +25OC, L = 1.3mH, RG = 250, Peak IL = 4.7A. 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications IRFR110, IRFU110 

Electrical Characteristics T c = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTE!H&nC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-8ource BreakdOwn Voltage BVoss 10 = 250llA, VGS = OV 100 - - V 

Gate ThreshoJd Voltage VGS(TH) VGS = Vos, 10 = 25011A 2 - 4 V 

Gate-Source Leakage Curtent IGSS VGs =±20V - 500 nA 

Zero Gate Voltage Drain Currenl loss Vos =100V, VGS = OV - 250 I1A 

Vos = BOV, VGS = OV, TJ = +1500C - 1000 I1A 

On-State Draln Current I PlON) Vos > lD(oN) x rOS(ON)Max' VGS = 10V 4.7 - - A 

On Resistance (Note 1) rOS(ON) 10= 3.3A, VGS = 10V - 0.41 0.54 0 

Forward Transconductance (Note 1) 9fs Vos = ~ SOV, los = 3.3A 1.3 2.0 S 

Input Capacitance CISS VGS = OV, Vos = 25V, f = 1.0MHz - 180 - pF 

Output Capacitance Coss 
See Figure 10 - 82 - pF 

Reverse Transfer Capacitance CRSS - 15 - pF 

Turn-On Delay Time 'd(ON) Voo = 50V,Io = 5.6A, Ra =24.Q, Ro =9.10. See - 7.6 11 ns 

Rise Time ·tr 
Figure .15 (MOSFET switching times are essen-

- 24 36 ns tially independent of operating temperature) 

Turn-Off Delay Time 'd(OFF) - 14 21 ns 

Fall Time If - 14 21 ns 

Total Gate Charge Og VGS = 10V, 10 = 5.6A, Vos = 0.8 x Max Rating. 5.2 7.7 nC 

Gate-Source Charge Ogs 
See Figure 16 (Gate charge is essentially inde-

1.5 nC pendent of operating temperature) 
Gate-Draln ("MUIer") Charge °gd - 2.2 nC 

Internal Drain Inductance Lo Measured from the Modified MOSFET - 4.5 - nH 
drain lead, 6mm symbol showing the 
(0.25') from package internal device 

... to cehter of die. inductances . 

Internal Source Inductance Ls Measured from the 

~ 
- 7.5 nH 

source lead, 6mm 
(0.25") from header 
and source bonding 

Ls pad. 
S 

Junction to Case RaJc - - 5.0 °CIW 

Case-to-Sink Recs Mounting surface flat, smooth and greased - 1.7 °CIW 

Junction to Ambient RaJA Free air operation - - 110 °CIW 

Source-Drain Diode Ratings and Characteristics 

Continuous Source Current Is Modified MOSFET 

~ 
- 4.7 A 

(Body Diode) symbol showing the 

Pulse Source Current (Body Diode) ISM 
integral reverse P-N - 17 A 

(Nole 2) 
junclion rectifier. 

Diode Forward Voltage (Nole 1) Vso TJ;; +25°C, Is = 4.7A, VGS = OV - - 2.5 V 

Reverse Recovery Time Irr TJ = +25°C, Is = 5.6A, dlF/dl = 100All15 46 96 200 ns 

Reverse Recovery Charge ORR TJ= +25°C, Is = 5.6A, dlF/dt = 100All15 0.17 0.38 0.83 I1C 

Forward Turn-on Time ioN Intrinsic lurn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lo. 

NOTES: 1. Pulse Test: Pulse width,;; 300115 .. .. 
2. Repetitive Rating: Pulse Width limited by max. Junction temperature. 

Duty Cycle';; 2% See Transient Thermal Impedance Curve (Figure 5). 

4-550 



IRFR110,IRFU110 

Performance Curves 
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IRFR110,IRFU110 

Performance Curves (Continued) 
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Performance Curves (Continued) 
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Performance Curves (~ontInued~ 

PULSE WIDTH S 1..
DUTY FACroR S 0.1'" 

Vos-10V 

FIGURE 158. SWITCHING TIME TEST CIRCUIT 

10V················································· t Oas QGO 

Vo 
GATE VOLTAGE 

CHARGE-

FIGURE 16a. BASIC GATE CHARGE WAVEFORMS 

+ 
VDO 

4·554 

~J\ txt vi i\~i 1 os . .. ... 
1 •• !. -! td(off)"""';;"'-: 
Id(on) I, . ~ 

I, 

FIGURE 15b. SWITCHING TIME WAVEFORMS 

CURRENT 
REGULATOR 

S 

+Vos 
(ISOLATED 
SUPPLY) 

SAME TYPE 
AS OUT 

OUT 

O~·5mA 
~'VV'Ir-_'VV'v--o .Vos 

IG CURRENT 
SAMPLING 
RESISTOR 

10 CURRENT 
SAMPLING 
RESISTOR 

FIGURE 16. GATE CHARGE TEST CIRCUIT 



m HARRIS IRFR120llRFR121 
IRFU120llRFU121 

August 1991 

Features 

• B.4A, BOV and 100V 

• rDS(on) = 0.270 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFR120, IRFR121, IRFU120, IRFU121 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon gate power field-effect 
transistors designed for applications such as switching 
regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated 
circuits. 

The IRFU series is supplied in the TO-251AA plastic 
package and the IRFR series is supplied in the TO-252AA 
surface-mount plastic package. 

Because of space limitations branding (marking) on type 
IRFR120 is IRF120, IRFR121 is IFR121, IRFU120 is 
IFU120 and IRFU121 is IFU121. 

N-Channel Power MOSFETs 
Avalanche-Energy-Rated 

Packages 
TO-251AA 
TOP VIEW 

nu~ : SOORAIURNCE 

°"r~~-U ~~ : GATE 

TO-252AA 
TOP VIEW 

{ 
~SOURCE 

DRAIN 
TAB- pDRAIN 

,",,-==o==oi1"0--- GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G~ 
S 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

Gate-Source Voltage, VGS .....................................................................•...................... ±20V 
Continuous Drain Current, 10 

TC = 250C .......................................................................................•••................ B.4A 
TC=1000C ........................................................................................................ 5.9A 

Pulsed Drain Current (1), 10M ..................................................•............................••........... 34A 
Single-Pulse Avalanche Energy Rating (2), EAS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . .. 36mJ 

(See Figure 14) 
Maximum Power Dissipation, Po ........................................................................................ 50W 
Linear Derating Factor ........................................... " ................................................. 0.4WfOC 
Operating and Storage Junction 
Temperature Range, TJ, TSTG ................................................................................ -55 to +1750C 

Maximum Lead Temperature for Soldering, TL ...........................................................•............... 3000C 
(0.063" (1.6mm) from case for 1 Os) 

NOTES: 

1. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal .Impedance Curve (Figure 5) 

3. Pulse Test: Pulse width ::; 300~. Duty Cycle :5 2% 

4. Mounting pad must cover heatsink surface area. See Packages. 
2. VDD = 25V. Start T J = +250C. L = 770~H. RG = 250. Peak IL = B.4A 

(See Figures 14 and 15) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFR120, IRFR121, IRFU120, IRFU121 

ELECTRICAL CHARACTERISTICS, At TJ = 25°C (Unless Otherwise Specified) 

CHARACTERISTIC TYPE MIN. TYP. MAX. UNITS TEST CONDITIONS 

BVDI8 Drain-to-Source Breakdown IRFRl20 
100 

Voltage IRFU120 
- - V Vo.: 0 V, 10: 250 JiA 

IRFR121 
80 

IRFU121 

R.I(on) Static Drain-to-Source ALL 0.25 0.27 n Vos: 10 V, 10 - 5.9 A 

On-State Resistance 0 
I.(on) On-Slate Drain Current 0 ALL 8.4 - - A VDS> lo(on) x Ros(on) Max. 

Vos: 10V 

Vos(lh) Gate Threshold Voltage ALL 2.0 - 4.0 V Vos: Vos, 10 - 250 JiA 

g .. Forward Transconductance @ ALL 2.8 4.2 - S(U) Vos ~ 50 V, los - 5.9 A 

1.88 Zero-Gate Voltage Drain Current 250 Vos - Max. Rating, VGS - 0 V 

ALL JiA Vos = O.S x Max. Rating 
- - 1000 

VGs: 0 V, TJ: 150·C 

I ... Gate-to-Source Leakage Forward ALL 500 
nA 

VGS 20V 

I.ss Gate-to-Source Leakage Reverse ALL -500 VGS 20V 

a. Total Gate Charge ALL 9.7 15 VGs=10V,lo 8.4 A 

0.- Gate-to-Source Charge ALL 2.2 3.3 nC Vos = 0.8 x Max. Rating 

0 •• Gate-to-Drain ("Miller") Charge - 2.3 3.4 See Fig. 16. (Independent of operating temperature) 

I.(on) Turn-On Delay Time ALL - 8.8 13 Voo - 50 V, 10 = 8.4 A, RG - 18 n 
t, Rise Time ALL - 30 45 Ro:5.1 n 

ns 
"'(off) Turn-Off Delay Time ALL - 19 29 See Fig. 15 

tf Fall Time ALL 20 30 (Independent of operating temperature) 

Lo Internal Drain Inductance ALL 4.5 nH Measured from the drain Modified MOSFET 
lead, 6mm (0.25 in.) from symbol showing the 
package to center of die. internal inductances. 

Ls Internal Source Inductance ALL 7.5 nH Measured from the source .o0~ lead, 6mm (0.25 in.) from 
package to source bonding 

" pad. 
s 

Ciae Input Capacitance ALL - 350 VGS o V, Vos - 25 V 

Co •• Output Capacitance ALL - 130 - pF f: 1.0MHz 

CN • Reverse Transfer Capacitance ALL - 24 - See Fig. 10 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC TYPE MIN. TYP. MAX. UNITS TEST CONDITIONS 

I. Continuous Source Current ALL - - 8.4 Modified MOSFET symbol showing 

(Body Diode) the integral reverse ·4 A p-n junction rectifier. 

I.M Pulsed Source Current ALL - - 34 

(Body Diode) CD 

V.o Diode Forward Voltage 0 ALL - - 2.5 V TJ - 25°C, Is - 8.4 A, VGS - 0 V 

t. Reverse Recovery Time ALL 55 110 240 ns 
TJ : 25·C, IF: 8.4 A, di/dt: 100 A/JiS 

ORR Reverse Recovery Charge ALL 0.25 0.53 1.1 pC 

10. Forward Turn-On Time ALL Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lo. 

THERMAL RESISTANCE 

R/IJC Junction-to-Case ALL 3.0 

R~. Case-to-Sink ALL 1.7 ·C/w Typical solder mount 0 
RfI.<A Junction-to-Ambient ALL 110 Typical socket mount 

CD Repetitive Rating; Pulse width limited by 0 Pulse Width :s 300 JiS; Duty Cycle :s 2%. o Mounting pad must cover heatsink surface 
area. See Case Style drawing on front page. maximum junction temperature (see Fig. 5). 

o At Voo : 25 V, Starting TJ : 25· C, 
L : 770 JiH, RG : 25 n, Peak I, : 8.4 A. 
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IRFR120, IRFR121, IRFU120, IRFU121 

The Information shown on the following graphs applies also to the IRFU devices. 
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HARRIS 
SEMICONDUCTOR 

March 1994 

IRFR214 
IRFU214 

N-Channel Power MOSFETs 
Avalanche Energy Rated 

Features Package 

• 2.2A,250V 

• rOS(on)" 2.00 

• Single Pulse Avalanche Energy Rated 

• SOA Is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• High Input Impedance 

• +1500 C Operating Temperature 

Description 

T0-251AA 
TOP VIEW 

T0-252AA 
TOP VIEW 

-0 SOURCE 
DRAIN DRAIN 

TAB 
GATE 

The IRFR214 and IRFU214 (TA17443) are n-channel enhance
ment-mode Silicon-gate power field-effect transistors designed, 
tested, and guaranteed to withstand a specified level of energy in 
the breakdown avalanche mode of operation. These advanced 
power MOSFETs are designed for use in applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These transistors 
can be operated directly from integrated circuits. 

Terminal Diagram 

The IRFU214 is supplied in the JEDEC TO-251AA plastic package 
and the IRFR214 in the JEDEC TO-252AA plastic package. 

Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 

Drain-Source Voltage (1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Vos 
Drain Gate Voltage ............................................. VOGR 
Continuous Drain Current 

Tc = +2SoC .................................................... 10 

Tc=+100oC ................................................... 10 

Pulsed Drain Current (2) .......................................... 10M 

Gate-Source Voltage ............................................ V GS 

Maximum Power Dissipation ....................................... Po 
Linear Derating Factor ............................................. . 
Single Pulse Avalanche Rating (3) (See Fig. 12). . . . . . . . . . . . . . . . . . . . . .. EAS 

Operating and Storage Temperature ............................. TJ, T STG 
Maximum Lead Temperature for Soldering ............................. T L 

(0.063" (1.6mm) from case for 1 Os) 

NOTES: 
1. TJ = +25°C to +150oC. 

D 

.~ 
s 

IRFR214,IRFU214 

250 

250 

2.2 
1.4 
8.8 
±20 

25 
0.20 
61 

-55 to +150 
300 

2. Repetitive rating: Pulse width limited by maximum junction temperature. See Transient Thermal Impedance Curve. 

3. Voo = 50V, Starting TJ = +25°C, L = 21mH, RG = 250, Peak IL = 2.2A 

UNITS 

V 
V 

A 
A 
A 
V 
W 

Wf'C 
mj 
°c 
°c 

CAUTION: These deviCes are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3274 
Copyright © Harris Corporation 1992 
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Specifications IRFR214, IRFU214 

Electrical Characteristics T c = +250C, Unless Otherwise Specified 

UMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVoss 10 = 2501lA, VGS = OV 250 - - V 

Gate Threshold Voltage VGS(TH) VGS = Vos, 10 = 2501lA 2 - 4 V 

Gate-Source Leakage Current IGSS VGS = ±20V - - 500 nA 

Zero Gate Voltage Drain Current loss Vos = 250V, VGS = OV - - 250 IIA 

Vos = 200V, VGS = OV, TJ = +125°C - - 1000 IlA 
On Resistance (Note 1) rOS(ON) 10 = 1.3A, VGS = 10V - 1.6 2.0 Q 

Forward Transconductance (Note 1) 9fs Vos = 50V, los = 1.3A 1.1 - - S 

Input Capacitance C1SS VGS = OV, Vos = 25V, f = 1.0MHz - 140 - pF 

Output Capacitance Coss 
See Figure 10 - 42 - pF 

Reverse Transfer Capacitance CRSS - 9.6 - pF 

Turn-On Delay Time id(ON) Voo = 125V, 10 =2.7A, RG =240, Ro =450, See - 7.0 - ns 

Rise Time lr 
Rgure 15 (MOSFET switching times are essen- - 7.6 - ns tially independent of operating temperature) 

Turn-Off Delay Time id(OFF) - 16 - ns 

Fall Time tf - 7.0 - ns 

Total Gate Charge 0g10 VGS = 10V, 10 = 2.7A Vos = 0.8 x Max Rating. - - 10 nC 

Gate-Source Charge Ogs 
See Figure 16 for test circuit (Gate charge is es- - - 1.8 nC sentially independent of operating temperature) 

Gate-Drain ("Miller") Charge Ogd - - 5.5 nC 

Internal Drain Inductance Lo Measured from the Modified MOSFET - 4.5 - nH 
drain lead, 6mm symbol showing the 
(0.25") from package Internal device 
to center 01 die. inductances. 

Internal Source Inductance Ls Measured from the 

~ 
- 7.5 - nH 

source lead, 6mm 
(0.25") from header 
and source bonding 

Ls pad. 
S 

Junction to Case R9JC - ' 5.0 °CfW 

Case-to-Sink R9Cs Mounting surface flat, smooth and greased - 1.7 - °CfW 

Junction to Ambient ~A Free air operation - - 110 °CfW 

Source-Drain Diode Ratings and Characteristics 

Continuous Source Current Is Modified MOSFET 

~ 
- 2.2 A 

(Body Diode) symbol showing the 

Pulse Source Current (Body Diode) ISM 
integral reverse P-N - 8.8 A 

(Note 2) 
junction rectifier. 

Diode Forward Voltage (Note 1) Vso TJ = +25°C, Iso = 2.2A, VGS = OV - - 2.0 V 

Reverse Recovery Time lrr TJ = +25°C, Iso = 2.7A, dlsofdt = 100A/1IS 97 390 ns 

Reverse Recovery Charge ORR TJ = +25°C, Iso = 2.7A, dlsofdt = 100A/1IS 0.32 1.3 IIC 

Forward Turn-on Time ioN Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lo. 

NOTES: 1. Pulse Test: Pulse width,; 3001lS. 2. Repetitive Rating: Pulse width limited by max. junction temperature. 
Duty Cycle,; 2% See Transient Thermal Impedance Curve (Figure 11). 
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IRFR214,IRFU214 

Performance Curves 
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IRFR214, IRFU214 

Performance Curves (Continued) 
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IRFR214,I1fFU214 

I'erffIrmllnt:e Curves (Continued) 
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Em HARRIS IRFR220/221/222 
IRFU220/221/222 

August 1991 

Features 

• 3.8A and 4.6A, 150V and 200V 

• rDS(on) = 0.800 and 1.20 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFR220, IRFR221, IRFR222, IRFU220, IRFU221 and 
IRFU222 are advanced power MOSFETs designed, tested, 
and guaranteed to withstand a specified level of energy in 
the breakdown avalanche mode of operation. These are 
n-channel enhancement-mode silicon gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, 
relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated 
circuits. 

The IRFU series is supplied in the TO-251M plastic 
package and the IRFR series is supplied in the TO-252AA 
surface-mount plastic package. 

Because of space limitations branding (marking) on type 
IRFR220 is IRF220, IRFR221 is IFR221, IRFR222 is 
IRF222, IRFU220 is IFU220 and IRFU221 is IFU221, 
IRFU222 is IFU222. 

N-Channel Power MOSFETs 
Avalanche-Energy-Rated 

Packages 
TO-251AA 
TOP VIEW 

[
SOURCE 

D'i~~_ .!L==J::::==:=;::. DRAIN 
, GATE 

TO-252AA 
TOP VIEW 

Q SOURCE 

D'i~~_ DRAIN 

GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (TC = 250C) Unless Otherwise Specified 

Continuous Drain Current 
TC=250 C ............................................... 10 
TC = 1000 C ............................................. 10 

Pulsed Drain Current. ...................................... IOM 
Gate-SourceVoltage ..................................... VGS 
Maximum Power Dissipation 

TC=250 C ............................................... PO 
Linear Derating Factor .......................................... . 
Single Pulse Avalanche Energy Rating (2) ..................... EAS 
Operating and Storage Junction ........................ T J, T STG 
Temperature Range 

Maximum Lead Temperature for Soldering ..................... TL 
(0.063" (1.6mm) from case for 1 Os) 

NOTES: 

IRFR220/221 
IRFU220/221 

4.6 
2.9 
18 

±20 

50 
0.4 
85 

-55 to +150 

300 

IRFR222 
IRFU222 UNITS 

3.8 A 
2.4 A 
15 A 

±20 V 

50 W 
0.4 W/oC 
85 mJ 

-55 to +150 oc 

300 °c 

1. Pulse Test: Pulse width ::s 300/lS, Duty Cycle:$. 2% 3. Mounting pad must cover heatsink surface area. See Packages. 

2. VDD = 10V. Start TJ = +250C, L = 6.1BmH. RG = 50n. Peak IL = 4.6A 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFR220, IRFR221, IRFR222, IRFU220, IRFU221, IRFU222 

ELECTRICAL CHARACTERISTICS, AI TJ ; 25·C (Unless Otherwise Specified) 
CHARACTERISTIC TYPE MIN. TYP. MAX. UNITS TEST CONDITIONS 

BVoS!! Orain-to-Source Breakdown IRFR221 
150 - -

Vollage IRFU221 

IRFR220 
Vo• = 0 V, ID = 250 pA V 

IRFR222 
200 - -

IRFU220 

IRFU222 

Ros(on) Static Drain-la-Source IRFR220 

On-State Resistance G) IRFR221 - 0.47 0.80 
IAFU220 

n 
IRFU221 

Vos = 10 V, 10 = 204 A 

IRFR222 - 0.80 1.2 
IRFU222 

ID(on) On-State Drain Current (J) IRFR220 

IRFR221 
4.6 

IRFU220 Vos> lo(on) x Ros(on) Max. - - A 
IRFU221 Vas = 10V 

IRFR222 
3.8 

IRFU222 

Vo.(lh) Gate Threshold Voltage ALL 2.0 4.0 V Vos - Vo s. 10'" 250 pA 

g" Forward Transconductance CD ALL 1.7 2.6 5 (U) Vos;?: 50 V. los - 2.4 A 

ID98 Zero-Gate Voltage Drain Current - - 250 Vos = Max. Rating. Vos = 0 V 

ALL pA Vos '" O.B x Max, Rating 
- - 1000 

Vos'" 0 V. TJ '" 125°C 

1098 Gate-la-Source Leakage Forward ALL 500 Vas = 20 V 
nA 

1098 Gate-Io-Source Leakage Reverse ALL -500 Vos = -20 V 

0, Total Gate Charge ALL -- 12 18 Vos - 10 V, 10 = 4.6 A 

0 .. Gate-Io-Source Charge ALL 2.3 3.4 nC Vos = 0.8 x Max. Rating 

0" Gate-fo-Drain ("Miller") Charge - 4.5 6.8 See Fig. 16. (Independent of operating temperature) 

td(on) Turn-On Delay Time ALL 8.8 13 Voo= 10QV.lo-4.6A.Ra= 180 

I, Rise Time ALL - 27 41 RD = 18 n 
ns 

1.(011) Turn-Off Delay Time ALL 21 32 See Fig. 15 

I, Fall Time ALL - 14 21 (Independent of operating temperature) 

LD Internal Drain Inductance ALL 4.5 nH Measured from the drain Modilied MDSFET 
lead, 6mm (0.25 In.) from symbol showing the 
package to center of die. inlernal inductances. 

La Internal Source Inductance ALL - 7.5 nH Measured from the source 

.~ lead, 6mm (0.25 In.) from 
package to source bonding 
pad. 

e,. Input Capacitance ALL - 330 Vos =OV. Vos - 25 V 

e~. Output Capacitance ALL 120 pF f = 1.0 MHz 

e_ Reverse Transfer Capacitance ALL - 41 See Fig. 10 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
CHARACTERISTIC 

I, Continuous Source Current 

(Body Diode) 

I.M Pulsed Source CUrrent 

(Body Diode) 

V'D Diode Forward Voltage G) 
In Reverse Recovery Time 

ORA Reverse Recovery Charge 

I," Forward Turn-On Time 

THERMAL RESISTANCE 
A9JC Junction-Io-Case 

R6ts Case-to-Sink 

R8JA Junction-Io-Ambient 

CD Pulse Widlh :5 300 pS; Duly Cycle :5 2%. 

TYPE MIN. TYP, MAX. UNITS TEST CONDITIONS 

ALL - - 4.6 Modified MOSFET symbol showing 

the integral reverse 

.~ A p-n junction rectifier. 

ALL - - 18 

ALL 1.8 V T, = 25' e, I, = 4.6 A, Vos = 0 V 

ALL 69 170 400 ns 

ALL 0.30 0.72 1.8 IlC 
T, = 25'C, I, = 4.6 A, di/dl = 100 AlpS 

ALL Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lo. 

cD Voo = 10V, Starting TJ = 25°C, 
L = 6.18 mH, AD = 50 n, Peak I, = 4.6 A. 
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Typical solder mount CD 
Typical sockel mount 

0) Mounting pad must cover heatsink surface 
area. See Case Style drawing on front page. 



IRFR220, IRFR221, IRFR222, IRFU220, IRFU221, IRFU222 

The Information shown on the following graphs applies also to the IRFU devices. 
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IRFR220, IRFR221, IRFR222, IRFU220, IRFU221, IRFU222 
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IRFR220, IRFR221, IRFU220, IRFU221 
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I) HARRIS IRFR320/321/322 
IRFU320/321/322 

August 1991 

Features 

• 2.6A and 3.1A. 350V and 400V 

• rDS(on) = 1.800. and 2.50. 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFR320, IRFR321, IRFR322, IRFU320, IRFU321 and 
IRFU322 are advanced power MOSFETs designed, tested, 
and guaranteed to withstand a specified level of energy in 
the breakdown avalanche mode of operation. These are 
n-channel enhancement-mode silicon gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, 
relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integ rated 
circuits. 

The IRFU series is supplied in the TO-251AA plastic 
package and the IRFR series is supplied in the TO-252AA 
surface-mount plastic package. 

Because of space limitations branding (marking) on type 
IRFR320 is IRF320, IRFR321 is IFR321, IRFR322 is 
IRF322, IRFU320 is IFU320 and IRFU321 is IFU321, 
IRFU322 is IFU322. 

N-Channel Power MOSFETs 
Avalanche-Energy-Rated 

Packages 
IRFU320/321/322 TO-251AA 

TOP VIEW 

IRFR320/321/322 TO-252AA 
TOP VIEW a SOURCE 

D'i~~_ DRAIN 

GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MOOE 

o 

G~ 
S 

Absolute Maximum Ratings (TC == 250 C), Unless Otherwise Specified 

Continuous Orain Current 
TC=250C .............•.•............................... 10 
TC = 1000C ..........•................•...............•. 10 

Pulsed Drain Current •..•.........•......... , ...........•... IDM 
Gate-Source Voltage •........•........................... V GS 
Maximum Power Dissipation 

TC=250 C •••............................................ PD 
Linear Derating Factor •..........••••..•........•.....•.......•.. 
Single Pulse Avalanche Energy Rating (2) ..................... EAS 
Operating and Storage Junction ........................ TJ, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ............••..•.... TL 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

IRFU320/321 
IRFR320/321 

3.1 
2.0 
12 

±20 

50 
0.4 
190 

-55to +150 

300 

IRFU322 
IRFR322 UNITS 

2.6 A 
1.7 A 
10 A 

±20 V 

50 W 
0.4 W/oC 
190 mJ 

-55 to +150 oc 

300 oc 

1. Pulse Test: Pulse width .:s. 300",8. Duty Cycle S 2% 3. Mounting pad must cover heatsink surface area. See Packages. 

2. VDD = SOV. Start TJ = +2SoC. L = 3.1 mHo RG = 250. Peak IL = 3.1A 

CAUTION: These devices are sensitive to electrostatic discharge. Pmper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRFR320, IRFR321, IRFR322, IRFU320, IRFU321, IRFU322 

ELECTRICAL CHARACTERISTICS, At TJ = 25°C (Unless Otherwise Specllled) 

CHARACTERISTIC TYPE MIN. TYP. MAX. UNITS TEST CONDITIONS 

BVoss Drain~to~Source Breakdown IRFR321 
350 - -

Voltage IRFU321 

IRFR320 
V 

IRFU322 
Vas:: 0 V, 10 = 250 jJS 

400 - -
IRFR320 

IRFU322 

Ros{on) Static Drain-la-Source IRFR320 

On-State Resistance CD IRFR321 - 1.6 l.B 
IRFU320 

n 
IRFU321 

Vas = 10V, 10= 1.7 A 

IRFR322 - 1.6 2.5 
IRFU322 

'o(on) On-State Drain Current CD IRFR320 

IRFU320 
3.1 

IRFR321 Vos> lo(on) x Ros(on) Max. 
- - A 

IRFU321 Vas=10V 

IRFR322 
2.6 

IRFU322 

VG,(lh) Gate Threshold Voltage CD ALL 2.0 4.0 V Vos :::: Vas. 10 = 250 pA 

g" Forward Transconductance ALL 1.7 2.6 - S (V) Vos;:: 50 V, los - 1,7 A 

loss Zero-Gate Voltage Drain Current - 250 Vos:::: Max. Rating, Vos - 0 V 

ALL pA Vos:::: 0.8 x Max. Rating - - 1000 
Vos:::: a v, TJ :::: 125"C 

loss Gate-Ie-Source Leakage Forward ALL - - 500 
nA 

Vas:::: 20 V 

loss Gate-la-Source Leakage Reverse ALL -500 Vos::: -20 V 

0, Total Gale Charge ALL - 13 20 Vas'" lOV, 10-3.1 A 

0,. Gate-Io-Source Charge ALL 2.2 3.3 nC Vos ::: 0,8 x Max. Rating 

0" Gate-la-Drain ("Milter") Charge - 7.2 11 See Fig. 16, (Independent of operating temperature) 

I,(on) Turn-On Delay Time ALL 10 15 Voo - 200 V, 10 - 3.1 A, Ra = 18 n 
I, Rise Time ALL - 14 21 Ro = 56 n 

ns 
I,(off) Turn-Off Delay Time ALL 30 45 See Fig. 15 

I, Fall Time ALL - 13 20 (Independent of operating temperature) 

Lo Internal Drain Inductance ALL 4.5 nH Measured from the drain Modified MOSFET 
lead, Smm (0.25 in,) from symbol showing the 
package t~ center of die. internal inductances, 

.~ L, Internal Source Inductance ALL - 7.5 - nH Measured from the source 
lead, Smm (0.25 in,) from 
package to source bonding '. 
pad. . 

C •• Input Capacitance ALL - 350 - Vas = 0 V, Vos = 25 V 

Co .. Output Capacitance ALL 64 pF f= 1.0MHz 

C~, Reverse Transfer Capacitance ALL - B.l - See Fig. 10 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
CHARACTERISTIC 

I, Continuous Source Current 

(Body Diode) 

"M Pulsed Source Current 

(Body Diode) 

V,. Diode Forward Voltage CD 
I" Reverse Recovery Time 

a" Reverse Recovery Charge 

I" Forward Turn-On Time 

THERMAL RESISTANCE 
R6JC Junction-fa-Case 

Case-to-Sink 

Junction-ta-Ambient 

CD Pulse Width S 300 ps; Duty Cycle S 2%. 

TYPE MIN. TYP. MAX. UNITS TEST CONDITIONS 

ALL - - 3.1 Modified MOSFET symbol showing 

the integral reverse 

. .(~ A p-n junction rectifier. 

ALL - - 12 

ALL 1.6 V T, - 25° C. I, - 3.1 A. Vo, - 0 V 

ALL 120 270 600 ns 

ALL 0.64 1.4 3.0 pC 
T, = 25°C. I, = 3.1 A. di/dl = 100 Alps 

ALL Intrinsic turn-an time is negligible. Turn-on speed is substantially controlled by Ls + Lo. 

Voo = 50 V, Starting TJ::; 2S"'C, 

L = 3.1 mHo Ro = 25 n. Peak I, = 3.1 A. 
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IRFR320, IRFR321, IRFR322, IRFU320, IRFU321, IRFU322 

The information shown on the following graphs applies also to the IRFU devices. 
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IRFR320, IRFR321, IRFR322, IRFU320, IRFU321, IRFU322 
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IRFR320, IRFR321, IRFR322, IRFU320, IRFU321, IRFU322 
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HARRIS 
SEMICONDUCTOR 

IRFR410 
IRFU410 

September 1992 

1.5A, 500V Avalanche Energy Rated N-Channel 
Enhancement Mode Power MOSFETs 

Features 

• 1.5A,500V 

• rDS(ON) = 7.on 
• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• High Input Impedance 

Packages 
T0-251AA 
TOP VIEW 

T0-252AA 
TOP VIEW 

• +150oC Operating Temperature 

Description 

The IRFR410 and IRFU410 are n-channel enhancement
mode silicon-gate power field-effect transistors designed, 
tested, and guaranteed to withstand a specified level of 
energy in the breakdown avalanche mode of operation. 
These advanced power MOSFETs are designed for use in 
applications such as switching regulators, switching convert
ers, motor drivers, relay drivers and drivers for high-power 
bipolar switching transistors requiring high speed and low 
gate-drive power. These transistors can be operated directly 
from integrated circuits. 

-fQ SOURCE 
DRAIN DRAIN 

TAB 
GATE 

Terminal Diagram 

N·CHANNEL ENHANCEMENT MODE 

D 

The IRFR410 is supplied in the JEDEC TO-252AA plastic 
package and the IRFU410 in the JEDEC TO-251AA plastic 
package. 

,~ 
Absolute Maximum Ratings (T C = +25°C), Unless Otherwise Specified 

Drain-Source Voltage (1) ........•.....•.........•......•..•................. Vos 

Continuous Drain Current 

Tc; +2SoC ............................................................. 10 

Tc; +100oC ............................................................ 10 

Pulsed Drain Current (2) ..................................................... 10M 

Gate-Source Voltage ....................................................... VGS 

Maximum Power Dissipation ................................................. Po 

Linear Derating Factor ..................................................... . 

Single Pulse Avalanche Rating (3) (See Fig. 13) .................................. EAS 

Operating and Storage Temperature ........................................... TJ , TSTG 

Maximum Lead Temperature for Soldering ...................................... TL 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

1. TJ ; +2SoC to +1 50°C. 

s 

IRFR410,IRFU410 

500 

1.5 

1.2 

3.0 

±20 

42 

0.33 

45 

·55 to +150 

300 

UNITS 

V 

A 

A 

A 

V 

W 

Wf'C 

mj 

°C 

°C 

2. Repetitive rating: Pulse width limited by maximum junction temperature. See Transient Thermal Impedance Curve. (Figure 11) 
3. Voo; 50V, Starting TJ ; +25°C, L; 40mH, RG ; 250, Peak IL; 1.5A. 

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

Copyright © Harris Corporation 1992 
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Specifications IRFR410, IRFU410 

Electrical Characteristics T c = +250C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TVP MAX UNITS 

Drain-Source Breakdown Voltage BVoss 10 = 2S0llA, Vas = OV 500 - - V 

Temperature Coellecient 01 Break- !J.BVossl Reference to +25°C, 10 = 2S0J,1A - 0.61 - Vt'C 
down Voltage !J.TJ 

Gate Threshold VoRage VaS(TH) Vas = Vos, 10 = 2S0J,1A 2 - 4 V 

Gate-Source Leakage Current lass Vas = ±20V - - 100 nA 

Zero Gate Voltage Drain Current loss Vos = SOOV, Vas = OV - - 10 IIA 
Vos = SOOV, Vas = OV, TJ = +12SoC - - 1000 IIA 

On Resistance (Note 1) rOS(ON) 10 = I.SA, Vas = 10V - - 7.0 n 

Forward Transconductance (Note 1) g15 Vos = SOV, los = 0.7SA O.S - - S 

Input Capacitance CISS Vas = OV, Vos = 2SV, f = 1.0MHz - 210 - pF 

Output Capacitance Coss 
See Figure S - 30 - pF 

Reverse Transfer Capacitance CRSS - 7 - pF 

Turn-On Delay Time ~(ON) V DO = 2S0V, 10 = I.SA, Ras = 240, RL = 1670, - 7 - ns 

Rise Time Ir 
See Figures 10 and 12 (MOSFET switching - 10 - ns times are essentially independent of operating 

Turn-Off Delay Time ~(OFF) temperature) (Note 1) - 24 - ns 

Fall Time tf - IS - ns 

Total Gate Charge 0g10 Vas = 10V,Io = I.SA, Vos = 0.8 X BVoss. See - 9 12 nC 

Gate-Source Charge Ogs 
Figure 6 (Gate charge is essentially indepen- - 1.1 1.4 nC dent of operating temperature) (Note 1) 

Gate-Drain ("Miller") Charge Ogd - S 7 nC 

Internal Drain Inductance Lo Measured from the Modified MOSFET - 4.S - nH 
drain lead, 6mm symbol shoWing the 
(0.2S") from package internal device 
to center of die. inductances. 

Internal Source Inductance Ls Measured from the 

~ 
- 7.S - nH 

source lead, Smm 
(0.2S") from package 
to source bonding 
pad. 

Junction to Case RBJC - - 3.0 °crw 

Case-to-Sink Recs Mounting surface flat, smooth and greased - 1.7 - °crw 

Junction to Ambient RBJA Free air operation - - 110 °crw 

Source-Drain Diode Ratings and Characteristics 

Continuous Source Current Is Modified MOSFET 

~ 
- - I.S A 

(Body Diode) symbol showing the 

Pulse Source Current (Body Diode) ISM 
integral reverse P-N - - 3.0 A 

(Note 2) 
junction rectifier. 

Diode Forward Voltage (Note 1) Vso TJ = +25°C, Iso = I.SA, Vas = OV - - 2.0 V 

Reverse Recovery Time (Note 1) Irr TJ = +2SoC, Iso = I.SA, dlsoldt = 100A/1IS 130 - 520 ns 

Forward Turn-on Time ioN Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by L s + L 0 • 

NOTES: 1. Pulse Test: Pulse width s 300IlS. 2. Repetitive Rating: Pulse width limited by max. junction temperature. 
Duty Cycle s 2% See Transient Thermal Impedance Curve (Figure 11 ). 
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Performance Curves 
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Performance Curves (Continued) 
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IRFR410, IRFU410 

Performance Curves (Continued) 
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m HARRIS IRFR420/421/422 
IRFU420/421/422 

August 1991 

Features 

• 2.2A and 2.5A, 450V and 500V 

• rDS(on) = 3.00 and 4.00 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFR420, IRFR421, IRFR422, IRFU420, IRFU421 and 
IRFU422 are advanced power MOSFETs designed, tested, 
and guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. These are N-channel 
enhancement-mode silicon gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be oper
ated directly from integrated circuits. 

The IRFU series is supplied in the TO-251AA plastic pack
age and the IRFR series is supplied in the TO-252AA sur
face-mount plastic package. 

Because of space limitations branding (marking) on type 
IRFR420 is IFR420, IRFR421 is IFR421, IRFR422 is 
IFR422, IRFU420 is IFU420 and IRFU421 is IFU421, 
IRFU422 is IFU422. 

N-Channel Power MOSFETs 
Avalanche-Energy-Rated 

Packages 
IRFU420/421/422 TO-251AA 

TOP VIEW 

IRFR420/421/422 TO-252AA 
TOP VIEW 

DRAIN 
TAS-

"",-==-=;r--

Terminal Diagram 

SOURCE 

GATE 

N-CHANNEL ENHANCEMENT MODE 

o 

G 

s 

Absolute Maximum Ratings ,(TC = 250 C), Unless Otherwise Specified 

Continuous Drain Current 
TC=250C ............................................... ID 
TC=1000C ............................................. 10 

Pulsed Drain Current .......•............................... IOM 
Gale-SourceVoltage ..................................... VGS 
Maximum Power Dissipation 

TC=250C ............................................... PO 
Linear Derating Factor .......................................... . 
Single Pulse Avalanche Energy Rating (2) ..................... EAS 
Operating and Storage Junction ........................ TJ, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ..................... TL 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

IRFU420/421 
IRFR420/421 

2.5 
1.6 
8 

±20 

50 
0.4 
210 

-55to+150 

300 

IRFU422 
IRFR422 UNITS 

2.2 A 
1.4 A 
7 A 

±20 V 

50 W 
0.4 WloC 
210 mJ 

-55 to +150 oC 

300 oc 

1. Pulse Test: Pulse width :'S. 300)..1$, Duty Cycle::; 2% 3. Mounting pad must cover heatsink surface area. See Packages. 

2. VOO = 50V. Start T J = +250C, L = 60mH, RGo = 250, Peak IL = 2.5A 

CAUTION: These devices are sensitive to electrostatic discharge. Proper LC. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRFR420, IRFR421, IRFR422, IRFU420, IRFU421, IRFU422 
ELECTRICAL CHARACTERISTICS At TJ = 25°C (Unless Otherwise Specified) 

CHARACTERISTIC TYPE MIN. TYP. MAX. UNITS TEST CONDITIONS 

BVoss Drain-la-Source Breakdown IRFR421 
450 - -

Voltage IRFU421 

IRFR420 
V Vas::: av, 10::: 250pA 

IRFR422 
500 - -

IRFU420 

IRFU422 

Ros(on) Static Drain-la-Source IRFR420 

On-State Resistance CD IRFR421 
- 2.9 3.0 

IRFU420 
n 

IRFU421 
Vas = 10 V. 10 ::: 1.3 A 

IRFR422 
- - 4.0 

IRFU422 

lo(on) On-State Drain Current <D IRFR420 

IRFR421 
2.5 

IRFU420 Vos> lo(on} x Ros(on) Max. - - A 
IRFU421 Vos=10V 

IRFR422 
2.2 

IRFU422 

Vas(lh) Gate Threshold Voltage ALL 2.0 4.0 V Vos Vos, 10 - 250llA 

gl. Forward TransconductanceQ) ALL 1.5 2.2 - S,U) Vos~50V, los-1.4A 

loss Zero-Gate Voltage Drain Current 250 Vos ::: Max. Rating, Vos =: 0 V 

ALL pA Vos ::: 0.8 x Max. Rating 
- - 1000 

Vas::: 0 V. TJ = 125°C 

loss Gate-la-Source leakage Forward ALL 500 
nA 

Vas'" 20V 

lass Gate-la-Source Leakage Reverse ALL - - -500 Vos::: -20 V 

a, Total Gate Charge ALL 13 19 VG' 10V.lo - 2.5 A 

a .. Gate-la-Source Charge ALL - 2.2 3.3 nC Vos::: 0.8 x Max. Rating 

a" Gate-la-Drain ("Miller") Charge - 6.8 10 See Fig. 16. (Independent of operating tempera~ure) 

I,(on) Turn-On Delay Time ALL 10 15 Voe - 250 V, 10 "" 2.5 A, Ra - 180 

I, Rise Time ALL - 12 18 Ro =100n 
ns 

1,(011) Turn-Off Delay Time ALL 28 42 See Fig. 15 

I, Fall Time ALL - 12 18 (Independent of operating temperature) 

Lo Internal Drain Inductance ALL 4.5 nH Measured from the drain Modilied MOSFET 
lead, 6mrn (0.25 in.) from symbol showing the 
package to center of die. internal inductances. 

.~ L, Internal Source Inductance ALL - 7.5 - nH Measured from the source 
lead, 6mm (0.25 in.) from 
package to source bonding 
pad. '-

_ 

C •• Input Capacitance ALL - 350 Vas - 0 V, Vos = 25 V 

C'" Output Capacitance ALL 54 pF f= 1.0 MHz 

C •• Reverse Transfer Capacitance ALL - 9.6 - See Fig. 10 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
CHARACTERISTIC TYPE MIN. TYP. MAX. UNITS TEST CONDITIONS 

Is Continuous Source Current ALL - - 2.5 Modified MOSFET symbol showing 

.~ 
(Body Diode) the integral reverse 

A p-n junction rectifier. 

ISM Pulsed Source Current ALL - - 8 

(Body Diode) 

_ 

V_o Diode Forward Voltage CD ALL 1.6 V TJ - 25°C, Is - 2.5 A, Vas OV 

I" Reverse Recovery Time ALL 130 270 540 ns 

a" Reverse Recovery Charge ALL 0.57 1.2 2.3 pC 
TJ = 25'C. I, = 2.5 A, dildl = 100 Alps 

I,,, Forward Turn-On Time ALL Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lo. 

THERMAL RESISTANCE 
R8JC Junction-to-Case 

Case-to-Sink 

Junction-to-Ambient 

G) Pulse Width::5 300 IJS; Duty Cycle::; 2%. (j) Vee = 50 V. Starting TJ = 250 C, 

L = 60 mHo Ra = 25 (1, Peak IL = 2.5 A. 

4-581 

Typical solder mount 0 
Typical socket mount 

@Mounting pad must cover heatsink surface 

area. See Case Style drawing on front page. 



IRFR420, IRFR421, IRFR422, IRFU420, IRFU421, IRFU422 
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Fig. 1 - Typical output characteristics. 
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Fig. 3 - Typical saturation characteristics. 
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IRFR420, IRFR421, IRFR422, IRFU420, IRFU421, IRFU422 
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IRFR420, IRFR421, IRFR422, IRFU420, IRFU421, IRFU422 
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Ell HARRIS RFI.1N08 
RFI.1N10 

August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Features Package 

• 1A, 80V and 100V 

• RDS(on) = 1.20 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

TO-205AF 
BOnOMVIEW 

SOUnRCE 0 GATE . 

DRAIN 
(CASE) 

• Majority Carrier Device 
Terminal Diagram 

Description 

The RFL1N08 and RFL1N10 are n-channel enhancement 
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated Circuits. 

The RFL-series types are supplied in the JEDEC TO-205AF 
metal package. 

N-CHANNEL ENHANCEMENT MODE 

o 

G 

s 

Absolute Maximum Ratings (TC = +250C), Unless Otherwise Specified 

Drain-Source Voltage .............................................. VOSS 
Drain-Gate Voltage (RGS = 1 MO) ................................... VOGR 
Gate-SourceVoltage ............................................... VGS 
Drain Current, RMS Continuous ......................................... 10 

Pulsed ........................................................... IOM 
Power Dissipation Total @TC=·250 C ................................... PD 

Derating Above TC = 250 C ......................................... . 
Operating and Storage Junction Temperature Range ................ T J, TSTG 

RFL1N08 

80 
80 

±20 
1 
5 

8.33 
0.0667 

-55to +150 

RFL1N10 

100 
100 
±20 

1 
5 

8.33 
0.0667 

-55 to +150 

UNITS 

V 
V 
V 
A 
A 
W 

W/oC 
oC 

CAUTION: These devices are sensitive'to electrostatic discharge. Proper I.C. handling procdures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFL 1 N08, RFL 1 N 10 

Electrical Characteristics (Tc = +250 C), Unless Otherwise Specified 

LIMITS 

RFL1N08 RFL1N10 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Drain-Source Breakdown Voltage BVOSS 10 '" 1 mA, VGS '" 0 80 - 100 - V 

Gate-Threshold Voltage VGS(th) VGS '" VOS, 10 '" 250~A 2 4 2 4 V 

Zero-Gate Voltage Drain Current lOSS VOS",65V - 1 - - ~ 

VOS"'80V - - - 1 ~ 

TC"'+1250 C 
VOS"'65V - 50 - - "A 

VOS"'80V - - - 50 "A 

Gate-Source Leakage Current IGSS VGS'" ±20V, VOS '" 0 - 100 - 100 nA 

Drain-Source On-Voltage VOS(on), 10'" 1A,VGS '" 10V - 1.2 - 1.2 V 

10'" 2A, VGS '" 10V - 3.3 - 3.3 V 

Static Drain-Source On Resistance rOS(on), 10'" 1A, VGS '" 10V - 1.2 - 1.2 0 

Forward Transconductance 9fs' 10'" 1A, VOS '" 10V 400 - 400 - S(m 

Input Capacitance CISS VGS '" OV, VOS '" 25V - 200 - 200 pF 

Output Capacitance COSS 
f'" 1 MHz - 80 - 80 pF 

Reverse-Transfer Capacitance CRSS - 25 - 25 pF 

Turn-On Delay Time Id(on) 10'" 1A, VOO '" 50V 17 (Iyp) 25 17 (typ) 25 ns 

Rise Time Ir 
RGEN '" RGS '" 500 

30 (Iyp) 45 30 (typ) 45 ns VGS",10V 
Turn-Off Delay Time Id(of!) 30 (typ) 45 30 (typ) 45 ns 

Fall Time If 30 (Iyp) 50 30 (typ) 50 ns 

Thermal Resislance Junction-la-Case RSJC - 15 - 15 °C/W 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

RFL1N08 RFL1N10 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Diode Forward Vollage VSo' ISO"'1A - 1.4 - 1.4 V 

Diode Reverse Recovery Time Irr IF",2A 100 (Iyp) 100 (Iyp) 100 (typ) 100 (Iyp) ns 
dlF/dl '" 50N~s 

* Pulsed: Pulse duratiOn = 3001lS max., duty cycl~ = 2%. 
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RFL 1N08, RFL 1N10 

CASE TEMPERATURE (T ) 26°C c -

OPERATION IN THIS AAEA-
LIMITED BY Rd9(on) 

IJ 

I 

., 0 
0 z: z 
-' -' 
u.. u.. 
~ ~ 

10 100 
DRAIN-TO-SOURCE VOLTAGE (Vd.) - VOLTS 

Fig. 1 - Maximum operating areas for all types. 
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Fig. 2 - Power dissipation vs. temperature derating curve 
for all types. 

Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 

o 
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JUNCTION TEMPERATURE {TJ)-"C 
92CS-3435'l 

Fig. 4 - Normalized drain-to-source on resistance to junction tem
perature for all types. 
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RFL 1N08, RFL 1N10 

20:: ::~~ 
TIME - Microseconds 

Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7264 and AN-7260. 
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PULSE TEST 
PULSE DURATtON"80p.s 
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DRAIN CURRENT IIoJ-A 

Fig. 8 - Typical drain-to-source on resistance as 8 function of 
drain current for all types. 
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Fig. 10 - Typical forward transconductance as a function of 
drain current for all types. 

4-588 

~ 

I 

02.5 
H 

~ IA 

PULSE TEST 
PULSE DURATlON=80p.s 
DUTY CYCLE !O 20% 
CASE TEMPERATURE (T C )= 25°C 

6 V 

5 V 

4V 

I 2: :3 4 5 6 7 10 
DRAIN - TO-SOURCE VOL rAGE (V 051- V 

92CS-3!i175 

Fig. 7 - Typical saturation characteristics for all types. 
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August 1991 

Features 

• 1A, 120V and 150V 

• rDs(on) "" 1.90 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFL1 N 12 and RFL1 N 15 are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The RFL-series types are supplied in the JEDEC TO-205AF 
metal package. 

RFI.1N12 
RFI.1N15 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-205AF 

BOTTOM VIEW 

SOUY<?:5\TE DRAlN 

~(CASE) 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G~ 
s 

Absolute Maximum Ratings (TC "" +250 C), Unless Otherwise Specified 

RFL1N12 RFL1N15 

150 

150 
1A 

UNITS 

V Drain-Source Voltage ..................................... VDSS 
Drain-Gate Voltage (RGS = 1 MOl .......................... VDGR 
Continuous Drain Current. ................................... ID 
Pulsed Drain Current. ...................................... IDM 
Gate-Source Voltage ..................................... VGS 
Maximum Power Dissipation 

TC = +250 C ............................................. PD 
Linear Derating Factor ........................................ . 
Operating and Storage Temperature .................... T J, TSTG 

120 

120 
1A 
5 

±20 

8.33 
0.0667 

-55 to +150 

5 
±20 

8.33 
0.0667 

-55to+150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

4-589 

V 
A 
A 
V 

W 
wIDe 

oe 

File Number 1444.1 



Specifications RFL 1N12, RFL 1N15 

Electrical Characteristics (Tc = +250 C), Unless Otherwise Specified 

LIMITS 

RFL1N12 RFL1N15 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Drain-Source Breakdown Voltage BVOSS 10= 1mA, VGS=O 120 - 120 - V 

Gate-Threshold Voltage VGS(th) VGS = VOS, 10 = 2mA 2 4 2 4 V 

Zero-Gate Voltage Drain Current lOSS VOS=100V - 1 - - ~A 

VOS = 120V - - - 1 ~A 

TC=+1250C 
VOS=100V - 50 - - ~A 

VOS= 120V - - - 50 ~ 

Gate-Source Leakage Current IGSS VGS = ±20V, VOS = 0 - 100 - 100 nA 

Drain-Source On-Voltage VOS(on)* 10=1A,VGS=10V - 1.9 - 1.9 V 

10 = 2A, VGS = 10V - 6.3 - 6.3 V 

Static Drain-Source On Resistance rOS(on)* 10 = 1A, VGS = 10V - 1.9 - 1.9 0 

Forward Transconductance 9fs* 10 = 1A, VOS = 10V 400 - 400 - S(U) 

Input Capacitance CISS VGS = OV, VOS = 25V - 200 - 200 pF 

Output Capacitance COSS 
f= 1MHz - 80 - 80 pF 

Reverse-Transfer Capacitance CRSS - 25 - 25 pF 

Turn-On Delay Time lcJ(on) 10 = 1A, VOO = 75V 17 (typ) 25 17 (typ) 25 ns 

Rise Time tr 
RGEN = RGS = 500 

30 (typ) 45 30 (typ) 45 ns 
VGS=10V 

Turn-Off Delay Time lcJ(off) 30 (typ) 45 30 (typ) 45 ns 

Fall Time tf 30 (typ) 50 30 (typ) 50 ns 

Thermal Resistance Junction-to-Case RSJC - 5 - 5 °C/W 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

RFL1N12 RFL1N15 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Diode Forward Voltage VSO* ISO=1A - 1.4 - 1.4 V 

Diode Reverse Recovery Time trr IF=2A 150 (typ) 150 (typ) 150 (typ) 150 (typ) ns 
dlF/dt = 50NflS 

* Pulsed: Pulse duration = 300flS max., duty cycle = 2%. 

4-590 



RFL1N12, RFL1N15 
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Fig. 1 - Maximum operating areas for all types. 
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Fig. 2 - Power dissipation vs. case temperature derating curve 
for all types. 

Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction tem
perature for all types. 
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RFL1N12 RFL1N15 

Fig. 6. Normalized switching waveforms for constant gate-current 
drive. 
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Fig. 8. Typical drain-to-source on resistance as a function of 
drain current for all types. 
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Fig. 10. Typical forward transconductance as a function of drain 
current for all types. 
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Fig. 7. Typical saturation characteristics for all types. 

10 20 30 40 50 60 70 
DRAIN-TO-SOURCE VOLTAGE (VoS}~V 

92C$- 36156 

Fig. 9. Capacitance as a function of drain-to-source volt
age for all types. 
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Features 

• 1A, 180V and 200V 

• rDS(on) = 3.650 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFL1 N18 and RFL 1 N20 are n-channel enhancement
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The RFL series types are supplied in the JEDEC TO-205AF 
metal package. 

RFI.1N18 
RFI.1N20 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-2GSAF 

BOnOMVIEW 

8OU~TED_ 
~(CASE) 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

G~ 
S 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

RFL1N18 RFL1N20 

200 

200 

UNITS 

V Drain-Source Voltage •........••.•.••••....•..••••.••••.•• VOSS 

Drain-Gate Voltage (RGS = 1 MOl •.•.•••..•.•.............. VDGR 

Continuous Drain Current. • . . . . • . • . • . • • • . . . . . • . . . . . . • • • • • • • .. 10 
Pulsed Drain Current. ...•.......•...•••........•.......•..• IDM 
Gate-Source VoMage ..............•.....•..............•• VGS 
Maximum Power Dissipation 

TC=+250 C ......•.•••.........•.....••..••......•....•• PD 
Derate Above T C = +250 C •.•.....•..••••••••.•.•.......•••• 

Operating and Storage Temperature ••...•••••••.•••••.. TJ, TSTG 

180 

180 
1 
5 

±20 

8.33 
0.0667 

-55 to +150 

1 
5 

±20 

8.33 
0.0667 

-5510+150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFL 1N18, RFL2N20 

Electrical Characteristics (TC = +250 C), Unless Otherwise Specified 

LIMITS 

RFL1N18 RFL2N20 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Orain-Source Breakdown Voltage BVOSS 10 = 1 mA, VGS = 0 180 - 200 - V 

Gate-Threshold Voltage VGS(th) VGS = VOS, 10 = 2mA 2 4 2 4 V 

Zero-Gate Voltage Orain Current lOSS VOS=145V - 1 - - ~A 

VOS=160V - - - 1 ~A 

TC=+1250C 
VOS=145V - 50 - - ~A 

VOS= 160V - - - 50 ~A 

Gate-Source Leakage Current IGSS VGS = ±20V, VOS = 0 - 100 - 100 nA 

Orain-Source On-Voltage VOS(on)* 10 = lA, VGS = 10V - 3.65 - 3.65 V 

10 = 2A, VGS = 10V - 8.3 - 8.3 V 

Static Orain-Source On Resistance rOS(on)* 10 = lA, VGS = 10V - 3.65 - 3.65 0 

Forward Transconductance 9fs* 10 = lA, VOS = 10V 400 - 400 - Sm) 

Input CapaCitance CISS VGS '" OV, VOS = 25V - 200 - 200 pF 

Output Capacitance COSS 
f= 1 MHz - 60 - 60 pF 

Reverse-Transfer Capacitance CRSS - 25 - 25 pF 

Turn-On Oelay Time id(on) 10 = lA, VOO = l00V 15 (typ) 25 15 (typ) 25 ns 

Rise Time tr 
RGEN = RGS = 500 

20 (typ) 30 20 (typ) 30 ns 
VGS=10V 

Turn-Off Delay Time id(off) 25 (typ) 40 25 (typ) 40 ns 

Fall Time tf 30 (typ) 50 30 (typ) 50 ns 

Thermal Resistance Junction-ta-Case RruC - 15 - 15 °C/W 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

RFL1N18 RFL2N20 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Oiode Forward Voltage VSo* ISo=-lA - 1.4 - 1.4 V 

Oiode Reverse Recovery Time trr IF=2A 200 (typ) 200 (typ) 200 (typ) 200 (typ) ns 
dlF/dt = 50N~s 

'/r Pulsed: Pulse duration = 300118 max., duty cycle = 2%. 
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RFL1N18, RFL1N20 
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Fig. 1 - Maximum operating areas for a/l types. 
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Fig. 2 - Power dissipation vs. case temperature derating curve 
for a/l types. 

Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for a/l types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction 
temperature for all types. 
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RFL1N18, RFL1N20 

20 IG (REF) 10 (REF) 

IG (ACn 80 IG (ACn 

TIME - Microsecoods 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 

Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 

92CS-3S091 

Fig. 10- Typical forward transconductance as a function of 
drain current for all types. 
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Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 
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(II HARRIS RFI.2N05 
RFI.2N06 

August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Features Package 
• 2A, SOV and 60V 

• RDS(on) = 0.950 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

TO-205AF 
BOnOMVIEW 

SOU~TEDRAIN 
~(CASE) 

• Majority Carrier Device 
Terminal Diagram 

Description 

The RFL2N05 and RFL2N06 are n-channel enhancement 
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFL-series types are supplied in the JEDEC TO-205AF 
metal package. 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage .............................................. VDSS 
Drain-Gate Voltage (RGS = 1 MOl· .................................. VDGR 
Gate-Source Voltage ............................................... V GS 
Drain Current, RMS Continuous ................ " ....................... ID 

Pulsed ...•....................................................... IDM 
Power Dissipation Total @TC=250 C ................................... PD 

Derating Above TC = 250 C ......................................... . 
Operating and Storage Junction Temperature Range ................ T J, TSTG 

RFL2N05 

50 
50 

±20 
2 

10 
8.33 

0.0667 
-55 to +150 

RFL2N06 

60 
60 

±20 
2 

10 
8.33 

0.0667 
-55 to +150 

UNITS 

V 
V 
V 
A 
A 
W 

W/DC 
oC 

CAUTION: These devices are sensitive to electrostatic discharge. Propel' I.C. handling procdures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFL2N05, RFL2N06 

Electrical Characteristics (Tc = +250 C), Unless Otherwise Specified 

LIMITS 

RFL2N05 RFL2N06 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Orain-Source Breakdown Voltage BVOSS 10 = 1 mA, VGS = 0 50 - 60 - V 

Gate-Threshold Voltage VGS(th) VGS=VOS,IO = 1mA 2 4 2 4 V 

Zero-Gate Voltage Orain Current lOSS VOS=40V - 1 - - flA 

VOS=50V - - - 1 ~A 

TC = +1250 C 
VOS= 40V - 50 - - flA 

VOS=50V - - - 50 flA 
Gate-Source Leakage Current IGSS VGS = ±20V, VOS = 0 - 100 - 100 nA 

Orain-Source On-Voltage VOS(onj* 10 = 1A, VGS = 10V - 0.95 - 0.95 V 

10 = 2A, VGS = 10V - 2.0 - 2.0 V 

10 =4A, VGS = 15V - 4.8 - 4.8 V 

Static Orain-Source On Resistance rOS(onj* 10 = 1A, VGS = 10V - 0.95 - 0.95 n 

Forward Transconductance 91s' 10 = 1A, VOS = 10V 400 - 400 - S(m 

Input Capacitance CISS VGS = OV, VOS = 25V - 200 - 200 pF 

Output Capacitance COSS 
1= 1 MHz - 85 - 85 pF 

Reverse-Transler Capacitance CRSS - 30 - 30 pF 

Turn-On OelayTime ~(on) 10 = 1A, VOO = 30V 6 (typ) 15 6 (typ) 15 ns 

Rise Time lr 
RGEN = RGS = 50n 

14 (typ) 30 14 (typ) 30 ns 
VGS=10V 

Turn-Off OelayTime ~(off) 16 (typ) 30 16 (typ) 30 ns 

Fall Time tl 30 (typ) 50 30 (typ) 50 ns 

Thermal Resistance Junction-to-Case RSJC - 15 - 15 °C/W 

* Pulsed: Pulse duration = 300~s max., duty cycle = 2%. 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

RFL2N05 RFL2N06 

CHARACTERISTIC SYMBOLS TEST CONOITIONS MIN MAX MIN MAX UNITS 

Oiode Forward Voltage VSO* ISO=1A - 1.4 - 1.4 V 

Oiode Reverse Recovery Time trr IF=2A 100 (typ) 100 (typ) 100 (typ) 100 (typ) ns 
dlF/dt = 50N~s 

• Pulsed: Pulse duration ~ 300~s max., duty cycle ~ 2%. 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 
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of drain current for a/l types. 

4-600 

5 
DRAIN-TO-SOURCE VOLTAGE (Vos'-V 

92C$-3910l 
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m HARRIS RFP2N08 
RFP2N10 

August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Features 

• 2A, 80Vand 100V 

• rOS(on) = 1.050 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-220AB 

TOP VIEW 

The RFP2N08 and RFP2N10 are n-channel enhancement- Terminal Diagram 
mode silicon-gate power field-effect transistors designed for 

.: SOURCE 
DRAIN 
GATE 

applications such as switching regulators, switching N-CHANNEL ENHANCEMENT MODE 

converters, motor drivers, relay drivers, and drivers for high-
power bipolar switching transistors requiring high speed and 0 
low gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFP-types are supplied in the JEDEC TO-220AB plastic 
package. G 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

RFP2N08 

Drain-Source Voltage .....•...•••.....•••.•••.••..•••••.. VOSS 
Drain-Gate Voltage (RGS = 1 MO) .............•...•......• VDGR 
RMS Continuous Drain Current 

TC = +250 C .................•........••..•••.•.••....••• 10 
Pulsed Drain Current. ....•......•.....•..•.....•....••..... IDM 
Gate-to-Source Voltage .........•.............••.•.•.....• V GS 
Maximum Power Dissipation 

80 
80 

2 
5 

±20 

RFP2N10 

100 
100 

2 
5 

±20 

25 

S 

TC=+250 C ......•................•..........•••.•..•..• PD 
TC>+250 C ..................................••.....•..... 

Operating and Storage Junction .........•.•....•....••• TJ, TSTG 
Temperature Range 

25 
0.2 

-55 to +150 
0.2 

-55to+150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFP2N08, RFP2N10 

Electrical Characteristics (TC = +250 C), Unless Otherwise Specified 

LlI\IIITS 

RFP2N08 RFP2N10 

CHARACTERISTIC SYMBOLS TEST 'CONDITIONS MIN MAX MIN MAX UNITS 

Orain-Source Breakdown Voltage BVOSS 10 = lmJ\, VGS=O 80 - 100 - V 

Gate Threshold Voltage VGS(th) VGS = VDS, 10 = 250fIA 2 4 2 4 V 

" 

Zero,.Gate Voltage Orain Current IDSS VOS=65V - 1 - - f1A 

VDS=80V - - - 1 "A 

TC = +1250 C 
VOS,:,"65V - 50 - - f1A 

VOS=80V - - - 50 "A 

Gate-Source Leakage Current IGSS VGS =±20V, VOS = a - 100 - 100 nA 

Drain-Source On-Voltage VOS(onj* 10 = lA, VGS = 10V - 1.05 - 1.05 V 

10 = 2A, VGS = 10V - 3.0 - 3.0 V 

Static Orain-Source On Resistance rOS(onj* 10 = lA, VGS = 10V - 1.05 - 1.05 n 

Forward Transconductance 91s' 10 = lA; VOS = 10V 400 -, 400 - Sm) 

Input Capacitance CISS VGS = OV, VOS = 25V - 200 '. - 200 pF 

Output Capacitance Coss 
1= 1 MHz - 80 "" - 80 pF 

Reverse Transler Capacitance CRSS - 25 - 25 pF 

Turn-On Delay Time !d(on) 10 = lA, VOO = 50V 17 (typ) 25 17 (typ) 25 ns' ." 

Rise Time tr 
RGEN = RGS = 50n 

30 (typ) 45 30 (typl 45, ns 
VGS=10V 

Turn-Off Delay Time !d(off) 30 (typ) 45 30 (typ) 45 ns 

Fall Time tl 17 (typ): 25 17 (typ) 25 I1S 

Thermal Resistance Junction-to-Case RSJC - 5 - 5 ocm 

Source-D.raln Diode Ratings and Characteristics 
, 

, LIMITS' 

, RFP2N08 RFP2Nl0 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX ,MIN MAX UNITS 

Diode Forward Voltage VSO* ISO=-lA - 104 - lA V 

Diode Reverse Recovery Time trr IF=2A 100(typ) 100 (typ) 100 (typ) 100(typ) ,ns 

'.' 
dlF/dt = 50N"s 

• Pulsed: Pulse duration = 300"s max., duty cycle = 2%. 
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Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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RFP2N08, RFP2N 10 

TIME - Microseconds 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 
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Fig. 8 - Typical drain-Io-source on resistance as a function of 
drain current for all types. 
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Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage 
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mlHARRIS 

August 1991 

Features 

• 2A, 120V and 150V 

• rDslon) = 1.750 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFP2N12 and RFP2N15 are n-channel enhancement
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 

RFP2N12 
RFP2N15 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MODE 

o 

G 

s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

RFP2N12 RFP2N15 

150 

150 

UNITS 

V Drain-Source Voltage ..................................... VOSS 
Drain-Gate Voltage (RGS = 1 MO) .......................... VDGR 
Continuous Drain Current. ................................... 10 
Pulsed Drain Current. ...................................... 10 M 
Gate-SourceVoltage ..................................... VGS 
Maximum Power Dissipation 

TC=+250 C ............................................. PD 
Derate Above TC = +250 C ................................. . 

Operating and Storage Temperature .................... TJ, TSTG 

120 

120 
2 
5 

±20 

25 
0.2 

-55 to +150 

2 
5 

±20 

25 
0.2 

-55to+150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFP2N12, RFP2N15 

Electrical Characteristics .(TC = +250 C), Unless Otherwise Specified 

LIMITS 

RFP2N12 RFP2N15 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Drain-Source Breakdown Voltage BVOSS 10 = 1 mA, VGS = 0 120 - 150 - V 

Gate-Threshold Voltage VGS(th) VGS = VOS, 10 = 2mA 2 4 2 4 V 

Zero-Gate Voltage Drain Current lOSS VDS=100V - 1 - - f1A 

VOS=120V - - - 1 f1A 

TC=+1250 C 
VOS= 100V - 50 - - f1A 

VOS=120V - - - 50 ~A 

Gate-Source Leakage Current IGSS VGS = ±20V, VDS = 0 - 100 - 100 nA 

Drain-Source On-Voltage VOS(on)* 10 = lA, VGS = 10V - 1.75 - 1.75 V 

10 = 2A, VGS = 10V - 6.0 - 6.0 V 

Static Drain-Source On Resistance rOS(onj* 10 = lA, VGS = 10V - 1.75 - 1.75 0 

Forward Transconductance 91s* 10 = lA, VOS = 10V 400 - 400 - Sm) 

Input Capacitance CISS VGS = OV, VOS = 25V - 200 - 200 pF 

Output Capacitance COSS 
1= 1 MHz - 80 - 80 pF 

Reverse-Transfer Capacitance CRSS - 25 - 25 pF 

Turn-On OelliY Time id(on) 10 = lA, VOO = 75V 17 (typ) 25 17 (typ) 25 ns 

RiseTime tr 
RGEN = RGS = 500 

30 (typ) 45 30 (typ) 45 ns 
VGS=10V 

Turn-Off Oelay Time id(off) 30 (typ) 45 30 (typ) 45 ns 

Fall Time tf 17 (typ) 25 17 (typ) 25 ns 

Thermlil Resistance Junction-to-Case ReJC - 5 - 5 °C/W 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

RFP2N12 RFP2N15 

CHARACTERISTIC SYMBOLS TEST CONOITIONS MIN MAX MIN MAX UNITS 

Oiode ForWard Voltage VSO* ISO=-lA - 1.4 - 1.4 V 

Oiode Reverse Recovery Time lrr IF=2A 150 (typ) 150 (typ) 150 (typ) 150 (typ) ns 
dlF/dt = 50N~s 

* Pulsed: Pulse duratio-n = 300ps max., duty cycle = 2%._ 
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RFP2N12, RFP2N15 
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Fig. 1 - Maximum operating areas for all types. 
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Fig. 2 - Normalized power dissipation vs temperature derating curve. Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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Fig. 4 - Normalized drain-to-source.on resistance tojunctiontem
perature for all types. 
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RFP2N12, RFP2N15 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 . 
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Fig. 8 Typical drain-to-source on resistance as a function of 
drain current for all types. 
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Fig. 10- Typical forward transconductance as a function of 
drain current for all types. 
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Fig. 7 - Typical saturation characteristics for all types. 
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mJ HARRIS 

August 1991 

Features 

• 2A, 180V and 200V 

o rDS(on) = 3.50 

• SOA is Power-Dissipation limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFP2N18 and RFP2N20 are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 

RFP2N18 
RFP2N20 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

RFP2N18 RFP2N20 

200 

200 

UNITS 

V Drain-Source Voltage ...............................•..... VOSS 

Drain-Gate Voltage (RGS = 1 MOl· ......•..•.•....••••...•• VDGR 

Continuous Drain Current .......•.....•....•.•..••••....••.•. 10 
Pulsed Drain Current. ...•.................•.•••••.••...•••• IDM 
Gate-Source Voltage .................................•••• V GS 
Maximum Power Dissipation 

TC=+250 C .•.••....................•....••......••....• PD 
Derate Above T C = +250 C ......•••.•••..•.••..••••••....• 

Operating and Storage Temperature .................... TJ, TSTG 

180 

180 
2 
5 

±20 

25 
0.2 

-55 to +150 

2 
5 

±20 

25 
0.2 

-55 to +150 

CAUTION: These devices are sensitive to elec;:trostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright @ Harris Corporation 1991 
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SpecificationsRFP2N18, RFP2N20 
,-, • ' '. " • ,: < -," " ' 

. . . 

Electrical Characteristics (TC;=+2SOC),IJniesso~herWisespecified ';' , . 
' .. 

" .. , " 
L!MITS 

.... 
RFP2N18 RFP2N20 

CHARACTERISTIC '. SYMBo.LS TEST CONDITIONs MIN MAX MIN .' MAX UNITS 

Orain-'Source Breakdown Voltage' ", . BVOSS 
.... 

1.0 ":lmA,VGS=O 180 - 200 .- V 

G.atEr-Threshold Voltage . VGS(th) 
. . ,.' 

VGS~VOS,I.o=2niA . 2 4 2 4 V 

Zero;-Gate Voltage Drain Current 
,. 

.IOSS VOS=l~5V' - 1 . ~ - flA 

YOS= 160V - - - 1 flA 

TC=+1250 C 
VOS=·145V - 50 - - "A 

. VOS= 160V - , - - 50 "A 

Gate-Source Leakage Current IGSS VGS=±20V~V.oS =0 - tOO .'. - 100 nA 

Drain-Source On-Voltage VOS(on)* 10= lA;VGS =10V - 3.5 - 3.5 V 

.. 
.... 

. '10 =2A, VGS= 10V - 8.0 - 8.0 V 

Static Orain~Source On Resistance rOS(onj* . 10=iA, VGS =10V - 3.5 - 3.5 n 
Forward Transconductance 91s· 10= lA, VOS;= 10V 400 - 400 - S(U) 

Input Capacitance ". CISS VGS =OV, VDS = 25V - 209 I - 200 PF 
Output Capacitance '., 

.... 
.COSS 

f= lMHz 
60 - - 60 pF 

Reverse-TransferCapacitance ,CRSS ...... - 25 - 25 pF 

Turn~On Delay Time Id(on) .. , 10= lA,VoO "" 1 OOV 15 (typ) 25 15 (tYP) 25 ns 

RiseTime tr '. RGEN = RGS;= 'son 
20 (typ) 30 20 (typ) 30 ns 

V(3S=1 OV 
Turn~Off Delay Tir11e ld(off) 25 (typ) 40 25 (typ) 40 ns 

Fall Time tf 15 (typ) 25 15 (typ) 25 ns 

Thermal Resistance Junction-to;-Case RiJJC - 5 ~ 5 oCIW 
.. . 

Source-DrainDiod~Ratings and Characteristics 

. 
LIMITS 

RFP2N18 RFP2N2,O 

CHARACTERisTIC SYMBOLS TEST CONDITIONS MIN MJU MIN MAX UNITS 

Diode Forward Voltag<j! VSO*.· ISO ;"-lA ' '. ." ',.,':- 1.4 - 1.4 V 

Diode Reverse RecoverY Time trr IF=2A 200 (typ) 200 (typ) 200 (typ) 200 (typ) ns 
dli=/dt =.50At"s 

"",Pulsed: Puls'e durati,~r:' = 300/18 max;',dut'y cycle = 2%. 
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Fig. 2 - Normalized power dissipation vs temperature derating curve. Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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RFP2N18, RFP2N20 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 
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Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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Fig. 10- Typical forward transconductance as a function of 
drain current for all types. 
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Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 
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fit HARRIS RFM3N45/3N50 
RFP3N45/3N50 

August 1991 

Features 

• 3A, 450V and 500V 

• rDS(on) = 3n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM3N45 and RFM3N50 and the RFP3N45 and 
RFP3N50 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFM-series types are supplied in the JEDEC TO-
204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 

N-Channel Enhancement Mode 
Power Field Effect Transistors 

Packages 
TO-204AA 

BOTTOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 

... : SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MODE 

o 

G 

S 

Absolute Maximum Ratings (TC = 250 C), Unless Otherwise Specified 

Drain-Source Voltage ......•..••......... '" VDSS 
Drain-Gate Voltage (RGS = 1 mO.) ............ VDGR 
Continuous Drain Current 

RMS Continuous .. " .......•.......... '" ... ID 
Pulsed Drain Current. ....................... IDM 

Gate-Source Voltage ........................ VGS 
Maximum Power Dissipation 

TC = +250 C .........•...................... PD 
Above TC = +250 C, Derate Linearly ........... PD 

Operating and Storage Junction ..•.....•.. T J, TSTG 
Temperature Range 

RFM3N45 

450 
450 

3 
5 

±20 

75 
0.6 

-55to+150 

RFM3N50 RFP3N45 

500 450 
500 450 

3 3 
5 5 

±20 ±20 

75 60 
0.6 0.48 

-5510+1S0 -5Sto +150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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RFP3N50 

SOO 
SOO 

3 
5 

±20 

60 
0.48 

-5S to +1S0 

UNITS 

V 
V 

A 
A 
V 

W 
W/oC 
oc 
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Specifications RFM3N45, RFM3N50,' RFP3N45, RFP3N50 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C uniess ot.herwise specified 

LIMITS 

CHARACTERISTIC SYMBOL 
TEST RFM3N45 RFM3N50 

UNITS 
CONDITIONS RFP3N45 RFP3N50 

Min: Max. Min. Max. 
Drain-Source Breakdown Voltage BVoss 10 - 1 mA 450 - 500 - V 

I. VGs=O 
Gate-Threshold Voltage VGs(th) VGS-VOS 2 4 2 4 V 

10=1 mA 
Zero-Gate Voltage Drain Current loss Vos-360 V - 10 - -

Vos=400 V - - - . 10 

Te-125°C IlA 
Vos=360 V - 50 -
Vos=400 V - - - 50 

Gate-Source Leakage Current IGSS VGs=±20 V - 100 - 100 nA 
Vos=O 

Drain-Source On Voltage Vos(on)a 10=1.5 A - 4.5 - 4.5 

VGs=10V 
V 

10=3 A - 10.5 - 10.5 
VGs=10V 

Static Drain-Source On Resistance ros(on)a 10=1.5 A - 3 - 3 n 
VGs=10V 

.Forward Transconductance gfsa Vos=10V 1 - 1 - mho 
10=1.5 A 

Input Capacitance CISS Vos.-'25 V - 750 - 750 
Output Capacitance Coss VGs=O V - .150 - 150 pF 
Reverse-Transfer Capacitance erss f = lMHz - 100 - 100 
Turn-On Delay Time td( on) Voo=250 V 30(Typ) 45 30(Typ) . 45 

Rise Time t, 10=.1.5 A 40(Typ) 60 40(Typ) 60 
Turn-Off Delay Time tdf off) Rgen=R g,=50 n 90(Typ) 135 90(Typ) '135 

ns 

Fall Time tf VGs =10 V 50(Typ) 75 50(Typ) 75 

Thermal Resistance Junction-to-Case RIPe RFM3N45, 
1.67 1.67 - -

RFM3N50 
°C/W 

RFP3N45, 
- 2683 - 2.083 

RFP3N50 

a Pulsed: Pulse duration=300 Ils max., duty cycle=2%. 

SOURCE-DRAIN D.IODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL TEST RFM3N45 RFM3N50 UNITS CONDITIONS RFP3N45 RFP3N50 
MIN. IMAX. MIN. t MAX. 

Diode Forward Voltage Vs'o Iso=1.5 A - I 1.4 - L 1.4 V 

Reverse Recovery Time t" 
IF=4 A 800(typ) 80P(typ) ns d lF/d,=100 AIIlS 

Pulse Test: Width S 300 IlS, duty cy.cle S 2%. 
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RFM3N45, RFM3N50, RFP3N45, RFP3N50 

92CS- 36062 R1 

. Fig. 1 " Maximum operating~reasfor all types. 
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Fig. 2 - Power.dissipation vs. temperature derating curve 
for all types, 
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. Fig. 4. - Normalized draineto-source onresistallCe to junction tem
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Fig. 3 - Typicalnormalized gate threshold voltage as a function 
oljunction temperature for all types. 
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RFM3N45, RFM3N50, RFP3N45, RFP3N50 

TIME - Microseconds 

fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 

Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 

Vos= tOV 

PULSE TEST 'c 

PULSE OURATION=80~s 
DUTY CYCLE ~ '2 % 

, 2 3 
DRAIN CURRENT LI.o)-A 

1+ 

92C5-:55169 

Fig. 10 - Typical forward transconductance as a function of 
drain current for all types. 
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" 1 

PULSE TEST 
PULSE DURATION=80p.s 
DUTY CYCLE :s 2 % 
~ASE TEMP~RATU,RE {Tcl:025°C 

5V 

4V 

DRAI5N-TO-SOU~gE VOLTAG~5(VDS)-V 20 25 

92.CS - 35165 

Fig. 7 - Typical saturation characteristics for all types. 

800 FREQUENCY (t1"O.1 MHz 

700 

100 

10 20 30 40 50 
DRAIN-TO-SOURCE VOLTAGE {Vosl-V 92CS-3S168R1 

Fig. 9 - Capacitance as a function of drain-to-source voltage 
for all types. 

165.0 

92C5- 37375 

Fig. 11 ~ Switching Time Test Circuit 
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August 1991 

Features 

• 4A, SOV and SOV 

• ROS(ON) = O.8W 

• SOA Is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFP4N05 and RFP4N06 are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters. motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The RFP-series types are supplied in the JEDEC TO-220AB 
plastic package. 

RFP4N05 
RFP4N06 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-220AB 

TOP VIEW 

Terminal Diagram 

_. -: SOURCE 
- DRAIN 

GATE 

N-CHANNEL ENHANCEMENT MODE 

D 

G~ 
s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

RFP4N05 RFP4N06 

60 

UNITS 

V Drain-Source Voltage ...........•.•.•....•.......••.•..... VOSS 

Drain-Gate Voltage (RGS = 1 MO) ...••.....••..•....•..•... VDGR 

Continuous Drain Current. • • . . . . . . • . • . . . . . . . . . . . . . . • • . . . . . . .. 10 
Pulsed Drain Current. .........•...• c ....................... IDM 
Gate-Source Voltage ............••......•.•••...•••.•.... VGS 
Maximum Power Dissipation 

TC=+250 C ..•.•........••.....••••.•.....••............ PD 
Linear Derating Factor ....•••.•..........•..............••..... 
Operating and Storage Temperature ..•..•.•••.....•.... TJ. TSTG 

50 

50 
4 
10 

±20 

25 
0.2 

-55 to +150 

60 
4 
10 

±20 

25 
0.2 

-55to+150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFP4N05, RFP4N06 

Electrical Characteristics (TC = +250 C), Unless Otherwise Specified 

LIMITS 

RFP4N05 RFP4N06 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Drain-Source Breakdown Voltage BVDSS '0= 1mA, VGS=O 50 - 60 - V 

Gate-Threshold Voltage VGS(th) VGS=VOS,10 = 1mA 2 4 2 4 V 

Zero-Gate Voltage Orain Current lOSS VOS =40V - 1 - - "A 

Vos=50V - - - 1 I'A 

TC=+1250 C 
VOS=40V - 50 - - ,.A 

VOS=50V - - - 50 I'A 

Gate-Source Leakage Current IGSS VGS = ±20V, VOS = 0 - 100 - 100 nA 

Orain-Source On-Voltage VOS(onj* 10 = 1A, VGS = 10V - 0.8 - 0.8 V 

10 = 2A, VGS = 10V - 2.0 - 2.0 V 

10 = 4A, VGS = 10V - 4.8 - 4.8 V 

Static Orain-Source On Resistance rOS(on)* 10 = 1A, VGS = 10V - 0.8 - 0.8 0 

FOlWard Transconductance 9fs' 10 = 1A, VOS= 10V 400 - 400 - Scm 

Input Capacitance CISS VGS = OV, VOS = 25V - 200 - 200 pF 

Output Capacitance COSS 
f= 1MHz - 85 - 85 pF 

Reverse-Transfer Capacitance CRSS - 30 - 30 pF 

Turn-On Oelay Time t.:t(on) 10 = 1A, VOO = 30V 6 (typ) 15 6 (typ) 15 ns 

Rise Time tr 
RGEN = RGS = 500 

14 (typ) 30 14 (typ) 30 ns 
VGS=10V 

Turn-Off DelayTime t.:t(off) 16 (typ) 30 16 (typ) 30 ns 

Fall Time tf 14 (typ) 25 14 (typ) 25 ns 

Thermal Resistance Junction-to-Case ReJC - 5 - 5 °C/W 

... Pulsed: Pulse duration = 300/18 max., duty cycle - 2%. 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

RFP4N05 RFP4N06 

CHARACTERISTIC SYMBOLS TEST CONOITIONS MIN MAX MIN MAX UNITS 

Oiode Forward Voltage VSo' ISO=1A - 1.4 - 1.4 V 

Oiode Reverse Recovery Time trr IF=2A 100 (typ) 100 (typ) 100 (typ) 100 (typ) ns 
dIF/dt= 50MI's 

• Pulsed: Pulse duration::;; 300,,5 max., duty cycle::; 2%. 
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Fig. 1 - Maximum operating areas for all types. 
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Fig. 2 - Power dissipation VS. case temperature derating 
curve for all types. 

Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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Fig. 4 - Normalized drain-ta-source on resistance to junction 
temperature for all types. 
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VOS"'IOV PULSE TEST 
PULSE DURATlON=80jLS 
DUTY CYCLE < 2% 

2 4 6 8 
GATE-TO-SOURCE VOLTAGE (VGS)-V 

92CS-37101 

10 

Fig. 5 - Typical transfer characteristics for all types. 



RFP4N05, RFP4N06 

r-~---r------~~~-.------.----r-,10 

TIME - Microseconds 

10 (REF) 
80----

10 (ACn 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-1254 and AN-7260 

VGS=IO V 
PULSE TEST 

1.4 PULSE DURATION=80,u.S 
DUTY CYCLE < 2 % 

1.2 

2 3 
DRAIN CURRENT (IO)-A 

TC=25"C 

Fig. 8 - Typical drain-to-source on resistance asa function of 
drain current for a/l types. 

DRAIN CURRENT (IO)-A 

92CS~37106 

Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 

DRAIN-TO-SOURCE VOL.TAGE (VDS) - v 
92CS-39!03 

Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types 
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Fig. 11 - Switching Time Test Circuit 
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August 1991 

Features 

• 4A, 120V and 150V 

• rDS(on) = 0.40. 

• SOA is Power-Dissipation Limited 

• Nanosecond SWitching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFL4N12 and RFL4N15 are n-channel enhancement
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct
ly from integrated circuits. 

The RFL-series types are supplied in the JEDEC TO-205AF 
metal package. 

RFL4N12 
RFL4N15 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-205AF 

BOTTOM VIEW 

souTInc, 0 0 GAT' 

Terminal Diagram 

DRAIN 
(CASE) 

N-CHANNEL ENHANCEMENT MODE 

o 

G 

s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

RFL4N12 RFL4N15 

150 

150 

UNITS 

V Drain-Source Voltage ..................................... VOSS 

Drain-Gate Voltage (RGS ~ 1 MOl· ......................... VOGR 

Continuous Drain Current 
TC ~ +250 C .•........................................•.. 10 
Pulsed Drain Current. .................................... IOM 

Gate-Source Voltage ..................................... V GS 
Maximum Power Dissipation 

TC ~ +250C ............................................. Po 
Linear Derating Faclor ...............•......................... 
Operating and Storage Temperature .... , ......•........ TJ, TSTG 

120 

120 

4 
15 

±20 

8.33 
0.0667 

-5510 +150 

4 
15 

±20 

8.33 
0.0667 

-55 to +150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFL4N12, RFL4N15 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25·C unless otherwise specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST RFL4N12 RFL4N15 UNITS 
CONDITIONS 

Min. Max. Min. Max. 
Drain-Source Breakdown Voltage BVoss 10=1 mA 120 - 150 - V 

VGs=O 
Gate-Threshold Voltage VGs(th) VGs=Vos 2 4 2 4 V 

10=1 mA 
Zero-Gate Voltage Drain Current loss Vos=100 V - 1 - -

Vos=120 V - - - 1 
Tc=125·C /lA 
Vos=100 V - 50 - -
Vos=120 V - - - 50 

Gate-Source Leakage Current IGSS VGs=±20 V - 100 - 100 nA 
Vos=O 

Drain-Source On Voltage Vos(on)8 10=2 A - 0.8 - 0.8 
VGs=10 V 

V 
10=4A - 3 - 3 

VGs=10 V 
Static Drain-Source On Resistance ros(on)8 10=2 A - 0.40 - 0.40 n 

VGs=10 V 
Forward Transconductance g,.- Vos=10 V 1.5 - 1.5 - mho 

10=2 A 
I n put Capacitance Ci88 Vos=25 V - 850 - 850 
Output Capacitance Cos. VGs=O V - 230 - 230 pF 
Reverse-Transfer Capacitance Cras f = 1MHz - 100 - 100 
Turn-On Delay Time td(on) Voo ~ 75 V 40(typ) 60 40(typ) 60 
Rise Time t, 10=2 A 65(typ) 250 n65(typ) 250 
Turn-Off Delay Time td(Off) Rgon= R •• =50 n 90(typ) 135 90(typ) 135 

ns 

Fall Time t, VGs=10 V 90(typ) 135 90(typ) 135 
Thermal Resistance Junction-to-Case R/1Jc RFL4N12, 

15 15 ·C/W - -
RFL4N15 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

TEST LIMITS 
CHARACTERISTIC SYMBOL 

CONDITIONS RFL4N12 RFL4N15 UNITS 
Min. I Max. Min. I Max. 

Diode Forward Voltage Vs0 8 Iso ~ 2A - I 1.4 - I 1.4 V 

Reverse Recovery Time t" IF ~ 4A 200(typ.) 200(typ.) ns 
d'F/d, ~ 100A//ls 

8Pulsed: Pulse duration=300 JlS max., duty cycle=2%. 
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RFL4N12, RFL4N15 
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Fig. 1 - Maximum safe operating areas for a/l types. 
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Fig. 2 - Power vs. temperature derating curve for al/ types. 
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Fig. 4 - Normalized drain-Io-source 0 n resistance as a func
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JUNCTION TEMPERATURE (TJ1-OC 

92.CS-34359 

Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for a/l types. 
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RFL4N12, RFL4N15 

TIME - MIcroseconds 

lolREF) 
80-

(GIACT) 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application nates AN-7254 and AN-7260 
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Fig. 8 - Typical drain-to-source an resistance as a function 
of drain current for a/l types. 
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Fig. 10 - Typical forward transconductance as a function of 
drain current for a/l types. 
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Fig. 7 - Typical saturation characteristics for a/l types. 
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(II HARRIS RFM4N35/4N40 
RFP4N35/4N40 

August 1991 

Features 

• 4A, 350V and 400V 

• rDS(on) = 20 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM4N35 and RFM4N40 and the RFP4N35 and 
RFP4N40 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFM-series types are supplied in the JEDEC 
TO-204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 

N-Channel Enhancement Mode 
Power Field Effect Transistors 

Packages 
TO-204AA 

BOnOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 

-:SOURCE 
-- DRAIN 

... GATE 

N-CHANNEL ENHANCEMENT MODE 

o 

G 

S 

Absolute Maximum Ratings (TC = 250 C), Unless Otherwise Specified 

RFM4N35 RFM4N40 RFP4N35 

Drain-Source Voltage ..•..•.....••....•..••. VOSS 350 400 350 
Drain-Gate Voltage (AGS = 1 mOl· .....••••.. VoGA 350 400 350 
Continuous Drain Current 

AMS Continuous .................•........•. 10 4 4 4 
Pulsed Drain Current. ........................ 10M 8 8 8 

Gate-Source Voltage .•............••.......• VGS ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250 C •....•....••••.•..•......•.•••.. Po 75 75 60 
Above T C = +250 C, Derate Linearly ..•.........• 0.6 0.6 0.48 

Operating and Storage Junction ..••......• T J, TSTG -55 to +150 -55to+150 -55to+150 
Temperature Aange 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications . 

ELECTRleAL CHARACTERISTICS, At C,aseTernperatvre (Tcj?5° C UnlessQlherwise S{!~~ifie,CI 
'. '.' . .... 

..... '.' . 
'. LIMITS .... ' '" '. . 

CHARACTERISTICS· SYMBOl;: I . TEST ... . R FM4N 35 RFM4N40 .UNITS CONDITIONS ....... RFP4N35 . RFP4N40 
..... MIN. MAlt MIN. MAX: 

Drain-Source Breakdown voliage . BVoss to-fmA 350 - 400 - ..... v 
. VGScO 

GateThreshold Voltage VGs(th) VGs=Vos 2 4 2 4. .. , V '" 

.... '1 0=1 rnA' 
...... 

Zero Gate Voltage Drain Current Joss . Vos=280 V···· '.' - 10 .~ -
Vos=320V - - - 10 
Tc=125°C fJA .... 
Vos=280V - 100 - -
Vos~320 V - - - 100 

Gate-Source Leakage Current IGSS VGs=±20 V - 100 - 100 nA 
,. Vos=O 

Drain.-SourceOn Voltage Vos(on)" loc2A - 4 - 4 .'. 

VGS=10 V V 
10=4 A - 12 - . 12 

VGs=10 V .' .... 
Static Drain-Source On Resistance ros(On)" 10=2A - '2 - 2 n 

VGs=10 V . 
'. Forward Transconductance '. g" 

a 
V"s=10 V . . ' ·'1 

~ 1 - mho 
.' 10=2 A 

Input Capacitance C1SS Vos=25 V - 750 - 750 

Output Capacitance '. ". Coss V~s=O V - 150 I ~ 150 pF ". 

Reverse Transfer Capacitance' Crss 1=1 MHz - 100 - ' 100 

Turn-On Delay Time td(Ori) Voo=200 V .12(typ} 45 I 12(typ') 45 .. ·· I '. 
Rise Time .. t; 10=2 A 42(typ) 60 42{typ) 60 riS 
TurncOff Qelay Time' td(off) Rgen=Rg,=5D n 130(typ) 200 130{typ) 200 

'. 
Fall Time .. .' . t, VGs=10 V 62(typ) .···100 62{typ) 100 

Thermal Resistance R8JC RFM4N35, - 1.67 - 1.67 
.' Junction-to-Case RFM4N40. .' '.' 

RFP4N35, ~ 2.083 - 2083 °C/W 

'. 
", RFP4N40 .' 

'.' 

. . 

SOURCE-DRAIN 0100£ RATINGS ANDCHMACTERISTICS 

... . . LIMITS , .. 

CHARACTERISTIC SYMBOL TEST RFM4N3S. I'IFNt4N40 .' 
UNITS CONOITIONS RfP4N3S RFP4N40 

, .' MIN. I MAX. MIN; I MAX. . 
Diode Forward Voltage .' Vso a " Iso=2 A .'. - I '1.4 - I 1.4 V 

Reverse ~ecovery Ti.me t. 1 .. =4A 800(typ) 800(typ) 
" 

QlFid,=100AlfJs 
ns 

"Pulsed: Pulse duration = 300 IlS. max., duty cycle = 2%, 
.... 
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RFM4N35, RFM4N40, RFP4N35, RFP4N40 

" ;;' 

TIME ~ Microseconds 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8 - Typical drain-fa-source on resistance as a function 
of drain current for all types. 
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Fig 10 - Typical forward transconductance as a function 
of drain current for all types. 
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PULSE TEST 
PULSE DURATION: 80 p.S . 

7 DUTY CYCLE:!> 2% _ =+ 
CASE TEMPERATURE (Tel = 25°C . 
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Fig. 7 - Typical saturatIOn charactenstlcs for all types. 
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m HARRIS RFP4N100 
August 1991 

High Voltage N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Features 

• 4.3A, 1000V 

• rOS(on) = 3.50 

• UIS SOA Rating Curve (Single Pulse) 

• -550 C to +1500 C Operating Temperature 

Description 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

The RFP4N100 is an n-channel enhancement mode 
silicon-gate power field effect transistor. It is designed for 
use in applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high 
power bipolar switching transistors requiring high speed 
and low gate-drive power. This type can be operated 
directly from an integrated circuit. 

N-CHANNEL ENHANCEMENT MODE 

D 

The RFP4N100 is supplied in the JEDEC TO-220AB 
plastic package. G~ 

s 

Absolute Maximum Ratings (TC = 250 C), Unless Otherwise Specified 

Drain-Source Voltage, VOSS .......•................................................................................... 1 OOOV 
Drain-Gate Voltage, (RGS = 1 mOl, VDGR ............................................................................... 1 OOOV 
Gate-Source Voltage, V GS ............................................................................................ ±20V 
Drain Current: 

RMS Continuous, 10 .............•........••••.....••.......•...••................................................... 4.3A 
Pulsed,IDM .......................................................................................................... 17A 

Single Pulse Avalanche Rating, Refer to UIS SOA Curve .................................................................. 490mJ 
Power Dissipation, PO: 

TC = +250 C ....................................................................................................... 150W 
Derate Above T C = +250 C ...................................................................................... O.83WfOC 

Operating and Storage Junction 
Temperature Range, TJ, TSTG .................................................................................. -55to+1500 C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be followed. 
Copyright © Harris Corporation 1991 
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· Specifications RFP4N100 

Electrical Characteristics (Tc = 250 C), Unless Otherwise Specified 

LIMITS 

CHARACTERISTICS SYMBOL TEST CONDITIONS MIN MAX. 

Orain-Source Breakdown Voltage BVOSS 10 = 0.25mA, VGS = OV 1000 -
Gate Threshold Voltage VGS(TH) VGS = VOS, 10 = 0.25mA 2.0 4.0 

Zero Gate Voltage Orain Current lOSS VGS=OV -

VOS=1000V TC=250 C - 250 

VOS=SOOV TC= 1500 C - 1000 

Gate~Source Leakage Current IGSS VGS=±20V - ±500 

On Resistance reSION) 10 = 2.5A, VGS = 10V - 3.5 

Forward Transconductance 9ls 10 = 2.5A, VOS = 100V 3.5 -
Turn-On Oelay Time id(ON) VOO = 500V, 1= 3.9A - 30 

RiseTime tr RG=9.10 - 50 

Turn-Off Oelay Time id(OFF) RO= 1200 - 170 

Fall Time tl See Figure 14 - 50 

Total Gate Charge Og 10 = 3.9A, VOS = SOOV, VGS = 10V - 120 

Thermal Resistance Junction to Case RaJC - 0.S3 

Thermal Resistance, Junction to Ambient RaJA - so 

Source-Drain Diode Ratings and Characteristics 

CHARACTERISTICS SYMBOL 

Forward Voltage VSO 

Reverse Recovery Time 1,-r 

10 
Pulse Ouration"'250us. Du tu Cue 1.-2% • Te-25 C 

~I Vgs-6V 

*' I 
~-

Vgs-5V 

4 1----

2 -- -.~- r--'~-

Vgs-4V 

a 
100 200 :ro 400 500 

DRAIN-TO-SOURCE VOLTAGE - V 

LIMITS 

TEST CONDITIONS MIN MAX. 

ISO=4.3A - 1.S 

IF = 3.9A, diF/dT = 100 NJls - 1000 

Puis. Width-250us. Duty C I C B 2% 

r--

I 

a 
o 

f! 
III 
'/ 

~/I 
)~ 

2 4 6 
GATE-TO-SOURCE VOLTAGE - V 

UNITS 

V 

V 

f1A 

~A 

~A 

nA 

0 

Sm) 

ns 

ns 

ns 

ns 

nC 

°c/w 
oC/W 

UNITS 

V 

ns 

Vd 7V s-

FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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RFP4N100 

Pu I se Durati on"'250us Duty eye I s"'2l T c ... 25 °c 
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!z w 6 
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~ / 
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o 

I 
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ORAIN-TO-SOURCE VOLTAGE - V 

Vgs-4V 

50 

FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 
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RFP4N100 
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m HARRIS RFM6N45/6N50 
RFP6N45/6N50 

August 1991 

Features 

• 6A, 4S0V and SOOV 

• rDS(on) = 1.2S0 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM6N45 and RFM6N50 and the RFP6N45 and 
RFP6N50 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFM-series types are supplied in the JEDEC 
TO-204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 

N-Channel Enhancement Mode 
Power Field Effect Transistors 

Packages 
TO-204AA 

BOnOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 

~: SOURCE 
DRAIN 

. GATE 

N-CHANNEL ENHANCEMENT MODE 

o 

G~ 
s 

Absolute Maximum Ratings (TC = 250 C), Unless Otherwise Specified 

RFM6N45 RFM6N50 RFP6N45 

Drain-Source Voltage • .....•.....•••..•..... VOSS 450 500 450 
Drain-Gate Voltage (RGS = 1 mOl ............ VDGR 450 500 450 
Continuous Drain Current 

RMS Continuous ............................ 10 6 6 6 
Pulsed Drain Current. .•...................•. 10M 15 15 15 

Gate-Source Voltage ........................ VGS ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250C ................................ Po 100 100 75 
Above T C = +250C, Derate Linearly ............. 0.8 0.8 0.6 

Operating and Storage Junction ........... T J, TSTG -55to +150 -55\0+150 -55\0 +150 
Temperature Range 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

4-633 

RFP6N50 

500 
500 

6 
15 

±20 

75 
0.6 

-55\0 +150 

UNITS 

V 
V 

A 
A 
V 

W 
W/oC 

oc 

File Number 1494.1 

{! 
.,JW 
wu.. 
Zen 
zO 
ce::t 
::E:a: 
~W 
Z~ 

a.. 



Specifications RFM6N45, RFM6N50, RFP6N45, RFP6N50 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25° C unless otherwise specified. 

LIMITS 

CHARACTERISTICS SYMBOL TEST RFM6N45 RFM6N50 UNITS CONDITIONS RFP6N45 RFP6N50 
MIN. MAX. MIN. MAX. 

Drain-Source Breakdown Voltage BVoss 10=1 mA 450 - 500 - V 
VGs=O 

Gate Threshold Voltage VGs(th) VGs=Vos 2 4 2 4 V 
10=1 mA 

Zero Gate Voltage Drain Current loss Vos=360 V - 10 - -
VDs=400 V - - - 10 

Tc=125° C /1A 
Vos=360 V - 50 - -
Vos=400 V - - - 50 

Gate-Source Leakage Current IGSS VGs=±20 V - 100 - 100 nA 
Vos=O 

Drain-Source On Voltage Vos(on)a 10=3 A - 3.75 - 3.75 
VGs=10V V 

10=6 A - 12 - 12 
VGs=10V 

Static Drain-Source On Resistance ros(on)a 10=3 A - 1.25 - 1.25 0 
VGs=10V 

Forward Transconductance 9fs8. Vos=10 V 2 - 2 - mho 
10=3 A 

Input Capacitance CISS Vos=25 V - 1500 - 1500 
Output Capacitance Coss VGs=O V - 250 - 250 pF 
Reverse Transfer Capacitance erss 1=1 MHz - 200 - 200 
Turn-On Delay Time td(on) Voo ~ 250 V 15(typ) 45 15(typ) 45 
Rise Time t, 10~3 A 40(typ) 80 40(typ) 80 ns 
Turn-Off Delay Time td(off) Rgen=Rg,=50 0 190(typ) 300 190(typ) 300 
Fall Time tf VGs=10 V 60(typ) 100 60(typ) 100 
Thermal Resistance RBJC RFM6N45, - 1.25 - 1.25 

Junction-to-Case RFM6N50 

RFP6N45, - 1.67 - 1.67 °C/W 

RFP6N50 

SOURCE DRAIN DIODE RATINGS AND CHARACTERISTICS -
LIMITS 

CHARACTERISTIC SYMBOL TEST RFM6N45 RFM6N50 UNITS 
CONDITIONS RFP6N45 RFP6N50 

Min. I Max. Min. I Max. 

Diode Forward Voltage VS D a Iso = 3A - I 1.4 - 1 1.4 V 

Reverse Recovery Time tn IF ~ 4A 800(typ.) 800(typ.) ns 
d,F/d, = 100A//1s 

"Pulsed: Pulse duration = 300/1s max., duty cycle = 2%. 
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RFM6N45,RFM6N50, RFP6N45, RFP6N50 

DRAIN-TO-SOURCE .vOLTAGE (VOS)-V 
92CS-37116Rl 

1 - Maximum operating areas for all types. 

1.5 

0.' 

Vas" 5 V 
IO = I rnA 

-50 50 100 ISO 

JUNCTION TEMPERATURE (TJ}-"C 

92CS-37\IS 

200 

Fig. 2 - Pow~r. dissipation vs ,tempefaturfJ dara,ling c.urve 
for all types. 

Fig. 3 -' Typical normalized gate threshold voltage as a function 
of junction temperature for aI/ types. 
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RFM6N45, RFM6N50, RFP6N45, RFP6N50 

IG (REF) 
'0-IG(ACT) 

Fig. 6 - Normalized switching waveforms lor constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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PULSE TEST 
PULSE DURATION" 

DUTY CYCLE < 2 % 

DRAIN CURRENT (Io)-A 
92CS-37123 

Fig 8 - Typical drain-lo-source on resistance as a function 
of drain current for all types. 

ORAIN CURRENT (IOJ-A 
92CS-37125 

Fig. 10 - Typical forward transconductance as a functIOn 
of drain current for all types. 

" DRAIN-TO-SOURCE VOLTAGE (Vosl-V 

Fig. 7 - Typical saturation characteristics for all types. 
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voltage for all types. 
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m HARRIS RFM7N35/7N40 
RFP7N35/7N40 

August 1991 

Features 

• 7A, 350V and 400V 

• rDS(on) = 0.750. 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM7N35 and RFM7N40 and the RFP7N35 and 
RFP7N40 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFM-series types are supplied in the JEDEC 
TO-204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 

N-Channel Enhancement Mode 
Power Field Effect Transistors 

Packages 
TO-204AA 

BOTTOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MOOE 

D 

G 

S 

Absolute Maximum Ratings (TC = 250 C), Unless Otherwise Specified 

RFM7N35 RFM7N40 RFP7N35 

Drain-Source Voltage ..........•............ VOSS 350 400 350 
Drain-Gate Voltage (RGS = 1 mOl· .••........ VOGR 350 400 350 
Continuous Drain Current 

RMS Continuous ............................ 10 7 7 7 
Pulsed Drain Current. ....................... IOM 15 15 15 

Gate-Source Voltage ........................ VGS ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250C ......•.........•............... Po 100 100 75 
Above TC = +250C, Derate Linearly ............. 0.8 0.8 0.6 

Operating and Storage Junction .••........ T J, TSTG -55to +150 -55to +150 -5510 +150 
Temperature Range 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright Ii!! Harris Corporation 1991 
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Specifications .. ' 
- • ,:,;.< 

. . ':.' . '. -,,:.' " "",", 

ELECT.RICAI.CHARACTERISTlCS, At Case Te!!,perature (Tc}='25° q unless otherwise specified 
...... ' 

.. :' . ' 
. . . 

". 
. . LIMITS;· . •.... 

.:CHARACTERISTIC SYMBOl. 
TEST RFM7N35 RF.M7N4.0 

UNITS .... :. 
CONDITIONS R.FP7N35 RFP.1N40 

. ' ' . . ' Min . .Max. Min . .Mall. 

". 
Drain-Source Breakdown Voltage BVoss I' lo=lmA 350. - 40.0. - V 

. '.' .'. V~s.=D I ...• 

Gate-Threshold Voltage VGs(th) VGS-VOS .2 " 4 2 4 '. V 
..... lo"lmA I 

Zero-Gate Voltage Drain Current loss '.' Vos-2BDV - 1 - -

Vbs=320V - - - 1 
Tc-125°C JiA 
Vos=28D V - 50. - -
Vos=320 V - - -' 50. 

Gate-Source Leakage Current IGSS VGs"±2D V 
1 - 10.0. - 1.0.0. nA 

Vos=D ". '. 

Drain-Source On Voltage Vos(on}a 10=3.5 A ...c.' 2.63 - .2.63 .' 

VGs=lDV 
.... 

" V 
10=7.A . 

~. 10. 
.' 

- .10. 
: VGs:01O V 

Static Drain-Source On Resistance ros(on)8. Ib-3 .. 5 A - 0..75 - 0..7.5 fl 
'.: VGs=lD V .. . Fopvard Transconductance g"a Vos-.lO V 2' - 2 '.---- i\1ho 

10=3.5 A. ". 

I nputCapacitance C iss 
, Vos=25V - 160.0. .'.:-- 160.0. 

O\ltP\lt Capacitance Coss VGs=OV - 30.0. - 30.0. pF 
Reverse-Transfer CapaCitance Cr'~s .... f= 1 MHz 

. 
~ 20.0. .~" 20.0. 

Turn-On Delay Time t~(on) VD~=2DOV 16(typ)' 45' 1~(typ) 45: .•. I, 
Rise Time" t, .. ' 10=3.5 A 

... ' 
54(/yp) ; 7.5 54(typ) 75 

nS 
TiJrn-OffDelay Time !,,(off} , . RgM=Rg,=5D fl 7.D(typ} 250 7D(typ} 250.. 
Fall Time " t, VGs=lD V q2(typ} 100. 62(typ) 10.0. 
Thermal Resistance Junction-to-Case R{jJc RFM7.N35, 

1 .... 1,25 U~5 
,.;.' 

- -
RFM7N4D , 

PC/W.·. 
'. RFP7.N35, 

RFP7N40' 
. - 1.67. . - 1;67. 

'. 

CHARACTERISTIC 



RFM7N35, RFM7N40, RFP7N35, RFP7N40 

Fig. 1 

92CM-;37603 

Maximum safe operating areas for all types. 

20 

100 

CASE TEMPERATURE (Tel - °c 
92CS-37734 

Fig. 2 - Power dissipation vs. case temperature derating curve 
for all types. 

IO" 3.5A 

VGS=IO V 

-50 o 50 100 150 
JUNCTION TEMPERATURE (TJ )_OC 

92CS-37601 

Fig. 4 - Normalized drain-to-source on resistance as a function 
of junction temperature for all types. 

" "' ~O.8 
" ~ 0.1 

O.G 

50 o JUNCTION 5~EMPERATIt?RE (TJ )_ 01;50 

92CS-37602 

Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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PULSE TEST 
PULSE DURATION =80,..5 
DUTY CYCLE <: 2 % 
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Fig. 5 - Typical transfer characteristics for all types. 
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RFM7N35, RFM7N40, RFP7N35, RFP7N40 

IG(REF) 
20--

I,,(ACT) 

TIME - Microseconds 

Fig. 6 - Normalized switching wavetorms tor constant gate-current. 
Reter to Harris application notes AN-7254 and AN-7260 

1.8 ~ \?.'?o VGS"+IOV 

'c PULSE TEST 
I.S PULSE DURATI ON=SOp.$ 

DUTY CYCLE ~ 2% 
w 

1.4 U 
Z 
;'! 
'!l~ 1.2 

~~ ~.c 
ZI ~c'l-o~ 
w. 
Uo 

~v, 0.8 )_40oe 
ufl"E. rtc 0 0 

~w 1"E.tAp 'E,.ft/!>,:'I" 

~ os cp.S€. 
Z 

~ 0,4 

02 
10 12 14 16 18 20 

DRAIN CURRENT (Io)-A 
92CS- 37597 

Fig. 8 - Typical drain-to-source on resistance as a tunction of 
drain current for all types. 

i 
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~ 3 

:: 
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VOS=15V 
PULSE TEST 
PULSE DURATION=80 P.s 
DUTY CYCLE:!> 2% 

2 :3 4 5 6 
DRAIN CURRENT {IO}-A 

92CS-37595 

10 

Fig. 10 - Typical forward transconductance as a function of 
drain current for all types. 
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16 PULSE TEST 
PULSE DURATION=80p.s 

14 DUTY CYCLE ~ 2 % 

12 

1 
'010 
H 

ffi 8 

~ 
~ 6 

CASE TEMPERATURE (TC}=25°C 

o 4 6 8 10 12 14 16 18 120 
DRAIN-TO-SOURCE VOLTAGE (Vos)-V 

92CS 37598 

Fig. 7 - Typical saturation characteristics tor all types. 
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FREQUENCY (f). I MHz 
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10 20 30 40 50 
DRAIN-TO-SOURCE VOLTAGE (Vosl-V 

92CS~37596 

Fig. 9 - Capacitance as a function of drain-to-source voltage 
for all types. 
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Fig. 11 - Switching time test circuit. 
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m HARRIS RFM10N12/10N15 
RFP10N12/10N15 

August 1991 

Features 

• lOA, l20V and l50V 

• rDS(on) = 0.30. 

• SOA is Power-Dissipation Limited 

• Nanosecond SWitching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM10N12 and RFM10N15 and the RFP10N12 and 
RFP1 ON15 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-d rive power. These types can be operated directly 
from integrated circuits. 

The RFM-types are supplied in the JEDEC 
TO-204AA steel package and the RFP-types in the JEDEC 
TO-220AB plastic package. 

N-Channel Enhancement Mode 
Power Field Effect Transistors 

Packages 
TO-204M 

BOnOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

Absolute Maximum Ratings (TC = 250 C), Unless Otherwise Specified 

RFM10N12 RFM10N15 RFP10N12 

Drain-Source Voltage ........•.............. VOSS 120 150 120 
Drain-Gate Voltage (RGS = 1 mO) ............ VDGR 120 150 120 
Continuous Drain Current 

RMS Continuous ............................ 10 10 10 10 
Pulsed Drain Current. ................•.•.... 10M 25 25 25 

Gate-Source Voltage ........................ VGS ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250 C ..•.•......•.................... Po 75 75 60 
Above T C = +250 C, Derate Linearly •.....•.....• 0.6 0.6 0.48 

Operating and Storage Junction •.......... T J, TSTG -55to+150 -55to+150 -55to+150 
Temperature Range 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling orocedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM10N12, RFM10N15, RFP10N12, RFP10N15 

ELECTRICAL CHARACtERISTICS At Case Temperature (Tc) == 25° C unless otherwise specified 

/ LIMITS 
RFM10N12 RFM10N15 

TEST RFP10N12 RFP10N15 
CHARACTERISTICS SYMBOL CONDITIONS MIN. MAX. MIN. MAX. UNITS 

Drain-Source Breakdown Voltage BVDss 
ID == 1 mA 

120 150 V - -
VGS == 0 

Gate Threshold Voltage VGSlth) 
VGS == VDS 

2 4 2 4 V 
ID == 2 mA 

VDS == 100 V - 1 - -

Zero Gate Voltage Drain Current VDS == 120 V - - - 1 

loss Tc - 125°C JiA 
VDS == 100 V - 50 - -
Vos == 120 V - - - 50 

Gate-Source Leakage Current IGSS 
VGS == ± 20 V 

100 100 nA - -
VDS == 0 

ID == 5 A 
1.5 1.5 - -

Drain-Source On Voltage Vos(on)a 
VGs==10V 

V 
ID==10A 

- 4 - 4 
VGs==10V 

Static Drain-Source On Resistance 
ros(on)" 

ID == 5 A 
0.3 0.3 n - -

VGs==10V 

Forward Transconductance 91s8 
VDs ==10V 

2 2 mho - -
10 == 5 A 

Input Capacitance Ciss VDs=25 V - 850 - 850 
Output Capacitance Coss VGS == 0 V - 230 - 230 pF 
Reverse Transfer Capacitance Crss 'f= 1MHz - 100 - 100 

Turn-On Delay Time td(on) VDD-75 V 40(typ.) 60 40(typ.) . 60 
Rise Time t, ID == 5 A 165(typ.) 250 165(typ.) 250 ns 
Turn-Off Delay Time td( off) Rgen == Rg, == 50 n 90(typ.) 135 90(typ.) 135 
Fall Time tf VGs==10V 90(typ.) 135 90(typ.) 135 

RFM10N12, 
- 1.67 - 1.67 

Thermal Resistance RFM10N15 
°C/W R8JC 

Junction-to-Case RFP10N12, 
2.083 2.083 - -

RFP10N15 

·Pulsed: Pulse duration = 300 /1S max., duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL TEST RFM10N12 RFM10N15 UNITS CONDITIONS RFP10N12 RFP10N15 
MIN. I MAX. MIN. 1 MAX. 

Diode Forward Voltage V5D 15D=5 A - I 1.4 - 1 1.4 V 

Reverse Recovery Time t" 
IF=4 A 200(typ) 200 (typ) ns d'F/d,=100 A/Jis 

a Pulse Test: Width :S 300 /18, Duty Cycle :S 2%. 
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RFM10N12, RFM10N15, RFP10N12, RFP10N15 

1,10 8 

C 

!::! 
>z 
w 
'" '" il 
1 ., 
« 
'" C I 

6 • 6 • 

10 100 
DRAIN-TO-SOURCE VOLTAGE (VDS)-V 

9lCS-36157Rl 

1000 

Fir:!. 1 - Maximum safe operating areas for all types. 

RFP10N12 
RFPlON15 

RFMlON12 

RFM10N15 

S" r 

+ 
50 100 150 

CASE TEMPERATURE (Tc )_OC 92CS-34364R2 

~> 1.2 

" ~ 
~2J 
(!) 0.9 

o 
w 

~ 0.8 . 
~D.7 

-50 a 50 100 150 
JUNCTION TEMPERATURE {TJI-OC 

92CS-343~9 

Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temoerature for all types. 

50 50 100 150 200 
JUNCTlON TEMPERATURE (TJ}-"C 

92CS- 36178 

Fig. 4 - Normalized drain-to-source on resistance to junction tem
perature for all types. 
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PULSE TEST 
PULSE DURATION=80~s 
DUTY CYCLE:s 2 % 

TC=-404 C 

2 4 6 8 10 
GATE -TO SOURCE VOLTAGE (VGS)-9VZCS_34360RI 

Fig. 5- Typical transfer characteristics for all types. 
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RFM10N12, RFM10N15, RFP10N12, RFP10N15 

" > 
I . 
Q 

> 

'G (REF) 
20 IG(ACT) 80:~ ~:~~ 

TIME - Microseconds 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 

~ ~~~;~ ~EST 
90.7 PULSE DURATION:80Jo's 

DUTY CYCLE:$ 2 % 

4 6 8 10 12 
DRAIN CURRENT {Iol-A 

14 16 

92CS-34738 

Fig. 8 - Typical drain-to-source on resistance as a function drain 
current for all types. 

VGS:IOV 

PULSE TEST 

~ 6~~~EC~~~:T~02N~80I'-S' 

~ 6 

CASE TEMPERATURE {T C }:125 D C 

2 3 4 5 6 
DRAIN CURRENT (Iol-A 92CS-3'51'58 

Fig. 10- Typical forward transconductance as a function of 
drain current for all types. 
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PU LSE TEST 
PULSE DURATION· 80/o's 
Duty CLYLE s 2 "to 
CASE :TEMPERATURE ITe 1- 25°C 

4 ""4 
~o !~"\~~'1 

2 , 

7V 

6V 

5V 

4 V 

DRAIN-TO-SOURCE VOLTAGE (VosJ-V 
92CS- 34362RI 

Fig. 7 - Typical saturation characteristics for all types. 
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DRAIN -TO-SOURCE VOLTAGE(VOS) - V 

Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 
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Fig. 11 - Switching Time Test Circuit 
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m HARRIS RFH10N45 
RFH10N50 

August 1991 

N-Channel Enhancement Mode 
Power Field Effect Transistors 

Features 

• lOA, 450V and 500V 

• rDSlon) = 0.60 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• High-Current, Low-Inductance Package 

Packages 
TO-218AC 
TOP VIEW 

Terminal Diagram 
Description N-CHANNEL ENHANCEMENT MODE 

The RFH10N45 and RFH10N50 n-channel enhancement
mode silicon-gate power field-effect transistors designed 
for applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These transistors can be 
operated directly from integrated circuits. 

The RFH types are supplied in the JEDEC TO-218AC 
plastic package. 

Absolute Maximum Ratings (TC = 250 C), Unless Otherwise Specified 

Drain-Source Voltage ......•.........••..........••..••..............•• VDSS 
Drain-Gate Voltage (RGS = 1 mOl ...........•.....••.................... VDGR 
Continuous Drain Current 

RMS Continuous ...................•....................•.••...•.•••... ID 
Pulsed Drain Current. •.•....•....•......•.....•........................ IDM 

Gate-Source Voltage •.......•........•.....••.......••....•.•.•.....••• VGS 
Maximum Power DiSSipation 

TC = +250C ................................•....•..............•..•... PD 
Above T C = +250C, Derate Linearly ........•...•..•.•...............•...... 

Operating and Siorage Junclion ...•••.••.•.•.••.•.••..••.•.•....•••.. T J, T STG 
Temperature Range 

G 

RFH10N45 

450 
450 

10 
20 

±20 

150 
1.2 

-5510+150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFH10N45, RFH10N50 

ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 

LIMITS 
.' 

TEST 
CHARACTERISTIC SYMBOL CONDITIONS RFH10N45 RFH10N50 UNITS 

Min. Max. Min. Max. 

Drain-Source Breakdown BVoss 10=10mA 450 - 500 - V 

Voltage VGS = 0 

Gate Threshold Voltage VGs(th) VGS = Vos 2 4 2 4 V 

10 = 1 mA 

Zero Gate Voltage Drain loss Vos = 360 V - 1 - -

Current Vos = 400 V - - - 1 

Tc = 125° C J1A 

Vos = 360 V - 50 - -

Vos = 400 V - - - 50 

Gate-Source Leakage IGSS VGS = ± 20 V - 100 - 100 nA 

Current Vos = 0 

Drain-Source On Voltage Vos(on)a 10 = 5 A - 3.0 - 3.0 

VGs=10V 
V 

10 = 10 A - 10 - 10 

VGs=10V , 

Static Drain-Source On ros(on)a 10 = 5A - 0.6 - 0.6 n 

Resistance VGs=10V 

Forward Transconductance gf.8 Vos=10V 5 - 5 - mho 

'. 10 = 5 A 

-Input Capacitance CiSS VOS = 25 V - 3000 - 3000 ; 

Output Capacitance Coss VGS = 0 V - 600 - 600 pF 

,Reverse Transfer Capacitance erss f = 1MHz - 200 - ... 200 I 
-Tum-On Delay Time Id(on) Vos = 250 V 26(lyP) 60 26(typ) 60 .... 

Rise Time t, 10 = 5 A 50(typ) 100 50(lyp) 100 
ns 

Turn-Off Delay Time td( off) Rgen=Rg.=50n 525(typ) 900 525(typ) 900 

Fall Time tf VGs =10V 105(typ) 180 105(typ) 180 

Thermal Resistance R8JC RFH10N45, 
Junction-Io-Case RFH10N50 - 0.83 - 0.83 ~C/W 

Series 

aplJlsed: Pulse duration = 300 J1S max., duty cycle = 2%. 

SOURCE-DRAIN. DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC TEST CONDITIONS RFH10N45 RFH10N50 UNITS 

Min. Max. Min. Max. ..' 

Diode Forward Voltage VSD '" Iso = 5A - 1.4 - "'1.4 V 

. Reverse Recovery Time I" IF = 4A,d lF/d, = 100 AI J1S 950 (typ.) 950 (typ.) ns 

.' Pulse Test: Width :<; 300 J1S, Duty cycle:<; 2%, 
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RFH10N45, RFH10N50 

CASE TEMPERATURE (TC)- 25·C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 

41 TEMPERATURE) 

•• 
10 100 

DRAIN -TO-SOURCE VOLTAGE (VDS)- V 

92cS-3877IRI 

Fig. 1 - Maximum safe operating areas for all types. 

w ~ 
!;i2.J 
C> 0,9 

o 

~ 0.8. 

> 
~Q.7 

• • 
IQOO 

150 200 250 -50 a 50 100 150 
CASE TEMPERATURE (TC1-OC 

92CS-J7057 

JUNCTION TEMPERATURE (T Jl-·C 
nCS-34359 

Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function of 
junction temperature for all types. 

JUNCTION TEMPERATURE (TJ) _oC 

Fig. 4 - Normalized drain-ta-source on resistance to junction 
temperature for all types. 
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Fig . .5 - Typical transfer characteristics for all types. 

{! 
-,W 
wu. 
zU) 
zO 
c(:E 
::t:a:: 
~W 
z~ 

a. 



RFH10N45, RFH10N50 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 

6 VGS=IOV 
1.2 PULSE TEST 

DRAIN CURRENT (IO)-A 

92CS- 31062 

Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 

VOS=IOV 

~I 14 :~t~~ ~~~:nON=80,.,.S 
DUTY CYCLE S 2 % 

~12 
w 
~ 10 

t 

10 

DRAIN CURRENT (laJ-A 

Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 
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24681012 
DRAIN-IO-SOURCE VOLTAGE (V05)-1/ 

92C5-37061 

14 

Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 
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Fig. 11 - Switching Time Test Circuit. 
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tl)HARRIS RFM10N45 
RFM10N50 

August 1991 

N-Channel Enhancement Mode 
Power Field Effect Transistors 

Features 

• lOA, 450V and 500V 

• rDS(on) = 0.60 

Packages 
TO-204AA 

BonOMVIEW 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

DRAIN 
SOU~LANGE) 

o • Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 
GATE 

• High-Current, Low-Inductance Package 

Terminal Diagram 
Description 

The RFM10N45 and RFM10N50 n-channel enhancement
mode silicon-gate power field-effect transistors designed 
for applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar transistors requiring high speed and 
low gate-drive power. These transistors can be operated 
directly from integrated circuits. 

The RFM types are supplied in the JEDEC TO-204AA 
steel package. 

Absolute Maximum Ratings (TC = 250 C), Unless Otherwise Specified 

Drain-Source Voltage ..............•••....•......•.......•••..••......• VDSS 
Drain-Gate Voltage (RGS = 1 mOl .............•...........••.........•.. VDGR 
Continuous Drain Current 

RMS Continuous .......••..••........••••......•••...•......•.•..•.•.•• 10 
Pulsed Drain Current. •••..•......••....••..••...•••....••...••......•.• IDM 

Gate-Source Voltage •............•..........•••.•....•..•.•••.......•.. VGS 
Maximum Power Dissipation 

TC=+250 C ••.••.....•..•.•.•.....••...••....•...•••...•.••.••••.•.•.. PD 
Above TC = +250C, Derate Linearly ....•..••........•••......•...••.•.•..•• 

Operating and Storage Junction ..•..........••........•••......•..••• T J, TSTG 
Temperature Range 

N-CHANNEL ENHANCEMENT MODE 

D 

G~ 
S 

RFM10N45 RFM10N50 

450 SOO 
450 SOO 

10 10 
20 20 

±20 ±20 

150 150 
1.2 1.2 

-55 to +150 -55to+150 

UNITS 

V 
V 

A 
A 
V 

W 
W/oC 

oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM10N45, RFM10N50 

ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unles. otherwise specified. 

LIMITS 
TEST 

CHARACTERISTIC SYMBOL CONDITIONS RFM10N45 RFM10N50 UNITS 

Min. Max. Min. Max. 

Drain-Source Breakdown BVoss 10 = 10 mA 450 - 500 - V 

Voltage VGS = 0 

Gate Threshold Voltage VGs(th) VGS = Vos 2 4 2 4 V 

10 = 1 mA 

Zero Gate Voltage Drain loss Vos = 360 V - 1 - -
Current Vos = 400 V - - - 1 

Tc = 125°C I1A 

Vos = 360 V - 50 - -

Vos = 400 V - - - 50 

Gate-Source Leakage IGSS VGS = ± 20 V - 100 - 100 nA 

Current Vos = 0 

Drain-Source On Voltage Vos(on)a 10 = 5A - 3.0 - 3.0 

VGs=10V 
V 

10 = 10 A - 10 - 10 

VGs=10V 

Static Drain-Source On ros(on)a 10 = 5A - 0.6 - 0.6 n 

Resistance VGs=10V 

Forward Transconductance g,.a Vos = 10 V 5 - 5 - mho 

10 = 5A 

Input Capacitance Ci8s Vos = 25 V - 3000 - 3000 

Output Capacitance COBS VGS = 0 V - 600 - 600 pF 

Reverse Transfer Capacitance C ro• f = 1 MHz - 200 - 200 

Turn-On Delay Time td(on) Vos = 250 26(typ) 60 26(typ) 60 

Rise Time t, 10 = 5A 50(typ) 100 50(typ) 100 
ns 

Turn-Off Delay Time Moff) Rgen=Rg.=50n 525(typ) 900 525(typ) 900 

Fall Time t, VGs=10V 105(typ) 180 105(typ) 180 

Thermal Resistance R8JC RFM10N45. 
Junction-to-Case RFM10N50 - 0.83 - 0.83 °C/W 

Series 

apulsed: Pulse duration = 300 /is max .. duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC TEST CONDITIONS RFM10N45 RFM10N50 UNITS 

Min. Max. Min. Max. 

Diode Forward Voltage VSD Iso = 5A - 1.4 - 1.4 V 

Reverse Recovery Time tn IF = 4A. d'F/dt = 100 A//iS 950 typo 950 typo ns 

• Pulse Test: Width ::s 300 /is. Duty cycle ::s 2%. 
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RFM10N45, RFM10N50 

• 8 

10 100 
DRAIN -TO-SOURCE VOLTAGE (VDS) - V 

92CS-37056R2 

Fig. 1 -Max.imumsafe operating areas for all types. 
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. Fig.2.- Powwvs.temperatl.de derating diJrvetiJr aJ/ types .. Fig. 3 - Typipal normalized gate threshold voltage as a function of 
junction temperature for all types. 

Fig. 4 -Normal!:zedd~ain~to-$~urce on. resistance to. junction 
. temperature fo(:all types. 

Fig. 5 " Typical transfer characteristics for all types. 
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RFM10N45, RFM10N50 

TIME - Microseconds 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 

VGS=IOV 

PULSE TEST 
PULSE DURATION" eo jJ-S 
DUTY CYCLE :s 2% 

DRAIN CURRENT (Iol-A 
28 

Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 

TC"'2S"C 

10 
DRAIN CURRENT (Iol-A 

92CS- 37064 

Fig. 10- Typical forward transconductance as a function of drain 
current for all types. 

DRAIN-TO-SOURCE VOLTAGE (Vos) - v 

92CS-370SI 

Fig. 7 - Typical saturation characteristics for a/l types. 

u 
w 
~2000 

1000 

FREQUENCY if)" 0.1 MHz 

10 20 30 40 
QRAIN -TO-SOURCE VOLTAGE (VOS) - V 

92CS-37063 

Coss 
Crss 

50 

Fig. 9 - Capacitance as a function of drain-to-source voltage for 
a/l types. 
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Fig. 11 - Switching Time Test Circuit. 
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I-IARRIS 
SEMICONDUCTOR 

RFD3055, RFD3055SM 
RFP3055 

February 1994 

12A, 60V, Avalanche Rated, N-Channel 
Enhancement-Mode Power MOSFETs (MegaFETs) 

Features 

• 12A,60V 

• rDS(ON) = O.150n 

• Temperature Compensating PSPICE Model 

• Peak Current vs Pulse Width Curve 

• UIS Rating Curve 

• +175°C Operating Temperature 

Description 

The RFD3055, RFD3055SM and RFP3055 N·Channel 
power MOSFETs are manufactured using the MegaFET pro· 
cess. This process, which uses feature sizes approaching 
those of LSI integrated circuits gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed for use in applications such as switching regula-
tors, switching converters, motor drivers, relay drivers and 
em ilter switches for bipolar transistors. These transistors 
can be operated directly from integrated circuits. 

The RFD3055 is supplied in the JEDEC TO-251AA plastic 
package, the RFD3055SM is supplied in the JEDEC 
TO-252AA plastic package and the RFP3055 is supplied in the 
JEDEC T0-220AB plastic package. Due to space limitations 
the RFD3055 and RFD3055SM are branded FD3055. 

Packaging 

When ordering use the entire part number; ego Symbol 
RFD3055SM. 

Developmental type TA49082. 

Absolute Maximum Ratings (T c = +25°C), Unless Otherwise Specified 

Drain Source Voltage .. ' ........................................... Voss 
Drain Gate Voltage .............................•................ VDGR 
Gate Source Voltage ............................................• VGS 
Drain Current 
RMS Continuous ......•............•.........................••... 10 

Pulsed Drain CUrrent .•........•...••............................ 10M 
Pulsed Avalanche Rating •..............••..•..........•.•..•.•... EAS 

Maximum Avalanche Current ...................................•.•.. lAM 
Power Dissipation 

Tc = +25°C ........................•.•....•.......•............ Po 
Derate above +25°C ..•............•..........................•... PT 

Operating and Storage Temperature ...•.•........................ T STG. TJ 

Copyright © Harris Corporation 1994 
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JEDEC T0-220AB 
TOP VIEW 

JEDEC TO-251AA 
TOP VIEW 

JEDEC TO-252AA 
TOP VIEW 
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Specifications RFD3055, RFD3055SM, RFP3055 

Electrical Specifications T c = +25°C, Unless Otherwise Specified 

LIMITS 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVoss 10 = O.25mA, Vas = OV 60 - - V 

Gate Threshold Voltage VaS{TH) Vas = Vos, 10 = O.25mA 2 - 4 V 

Zero Gate Voltage Drain Current loss Vos=60V, Tc= +25OC - 1 IJ.A .'. 

Vas = OV 
Tc = +150oC - 50 IlA 

Gate-Source Leakage Current lass Vas = ±20V - 100 nA 

On Resistance rOS{ON) 10 = 12A, Vas = 10V - - 0.150 W 

Turn-On Time toN Voo = 30V, 10 = 12A - - 40 ns 
RL = 2.5n, Vas = +10V 

Turn-On Delay Time to(ON) Ras = 10n - 7 - ns 

Rise Time 41 - 21 - ns 

Turn-Off Delay Time to(OFF) 16 - ns 

Fall Time tF - 10 - ns 

Turn-Off Time toFF 
I - - 40 ns 

Total Gate Charge OG(TOl) VGS = 0 to 20V Voo =48V, , 19 23 nC 
10 = 12A, 

Gate Charge at 10V OG(10) VGs =Ot010V RL=4n . - 10 12 nC 

Threshold Gate Charge OG(TH) VGS = 0 to 2V 
1 

. , ' .. , .. 0.6, 0.8 nC 

Plateau Voltage V(PLATEAU) 10 = 12A, Vos = 15V 

.'.'. 

. 
"" 

- 7.5 V 
, 

Input Capacitance CISS VOS = 25V, Vas = OV : 300 pF 
f = 1MHz 

, 

Output Capacitance Coss 
'.' ,- 100 , - pF 

Reverse Transfer Capacitance CRSS - i 
30 - pF 

' . 

Thermal Resistance Junction to Case RaJC - '. ...... , .. ,- 2.S °CIW 

Thermal Resistance Junction to Ambient RaJA TO-251 and TO-252 Package" - - 100 °C/W 
.. ' ' . 

TO-220 Package - " -' SO °cm 
" . 

" 

Source-Drain Diode Ratings and Characteristics 
..... , 

LIMITS .' 

" 

PARAMETER SYMBOL TEST CONDITIONS MIN •... TYP 
1 

,MAX UNITS 

Forward Voltage Vso Iso = 12A ,- - 1.5 
.' 

V 
'." 

Reverse Recovery Time tRR Iso = 12A, dlso/dt = 100AlIlS I> - - '. 100 ns 

.' 



RFD3055, RFD3055SM, RFP3055 

Typical Performance Curves 
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RFD3055, RFD3055SM, RFP3055 

Typical Performance Curves (Continued) 

PULSE DURATION =250118, Vas = 10V, 10 = 12A 
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RFD3055, RFD3055SM, RFP3055 

Typical Performance Curves (Continued) 
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I I 1111111 I " IfR=O ..... ~ IAV = (L) (lAS) 1 (1.3RATEO BVOSS - Voo) 

IFR;<O 
IAV = (LIR) In [(IAS'R) 1(1.3 RATED BVoss - VOO) + 1] 
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IAV. TIME IN AVALANCHE (maec) 

FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 

Vos 

FIGURE 14. UNCLAMPED ENERGY WAVEFORMS FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT 

Voo 

Vos -1--'111 
Vos 

OUT 

PULSEWIOTH 

FIGURE 16. RESISTIVE SWITCHING WAVEFORMS FIGURE 17. RESISTIVE SWITCHING TEST CIRCUIT 
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RFD3055, RFD3055SM, RFP3055 

PSpice Model Listing 

Temperature Compensated PSPICE Model for the RFD3055, RFD3055SM, RFP3055 

.SUBCKT RFP3055 2 1 3; rev 10/26/93 

CA 12 80.540e-9 DPLCAP 5 DRAIN 
10 CB 15 14 0.540e-9 LORAIN 2 

CIN 68 0.300e-9 

DBODY 7 5 DBDMOD 
DBREAK 5 11 DBKMOD 
DPLCAP 10 5 DPLCAPMOD 

EBREAK 11 7 17 18 67.9 
EDS 148581 
EGS 138681 
ESG610681 
EVTO 20 6 18 8 1 

IT 8171 

GATE RGATE 

1 LGATE 9 

DBODY 

MOS2 

LSOURCE 
3 

LDRAIN 2 5 le-9 
LGATE 1 9 4.61e-9 
LSOURCE 3 7 4.61e-9 7 SOURCE 

MOSl 166 B 8 MOSMOD M=0.99 
MOS2 1621 8 B MOSMOD M=O.Ol 

SlA S2A 
RBREAK iQ,,!?] 'r-~rv-...,18 

RBREAK 1718 RBKMOD 1 
RDRAIN 5016 RDSMOD le-4 
RGATE 9 20 7.23 
RIN681e9 
RSCLl 5 51 RSLVCMOD 1e-6 
RSCL2 5 50 1 e3 
RSOURCE 8 7 RDSMOD 108e-3 
RVTO 18 19 RVTOMOD 1 

SlA 612138 SlAMOD 
SlB1312138S1BMOD 
S2A 6151413 S2AMOD 
S2B 13 15 14 13 S2BMOD 

VBAT819 DC 1 
VT0216 0.5 

CA CB 
+ + 14 

EGS .! .2. 

ESCL 51 50 VALUE={(V(5,51 )/ABS(V(5,51 )))'(PWR(V(5,51)*1 e6/30,6.5))} 

.MODEL DBDMOD D (IS=4.33e-14 RS=2.78e-2 TRS1=1.lQe-3 TRS2=5.1ge-6 CJO=3.94e-10 TT=7.63e-8) 

.MODEL DBKMOD D (RS=0.676 TRS1=1.94e-3 TRS2=-1.0ge-6) 

.MODEL DPLCAPMOD D (CJO=0.238e-9 IS=le-30 N=10) 

.MODEL MaS MOD NMOS (VTO=4.07B KP=12 IS=le-30 N=10 TOX=l L=lu W=lu) 

.MODEL RBKMOD RES (TCl =1.06e-3 TC2=-1.92e-6) 

.MODEL RDSMOD RES (TC1=5.03e-3 TC2=1.53e-5) 

.MODEL RSLVCMOD RES (TC1=2.2e-3 TC2=-5e-6) 

.MODEL RVTOMOD RES (TCl =-5.02e-3 TC2=-9.16e-6) 

.MODEL Sl AMOD VSWITCH (RON=l e-5 ROFF=O.l VON=-6.5 VOFF=-3.5) 

.MODEL SlBMOD VSWITCH (RON=le-5 ROFF=O.l VON=-3.5 VOFF=-6.5) 

.MODEL S2AMOD VSWITCH (RON=l e-5 ROFF=O.l VON=-2.50 VOFF=2.50) 

.MODEL S2BMOD VSWITCH (RON=l e-5 ROFF=O.l VON=2.50 VOFF=-2.50) 

.ENDS 

RVTO 

111 

+ 

NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFet Featuring Global 
Temperature Options; authored by William J. Hepp and C. Frank Wheatley. 
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(II HARRIS RFM12NOS/12N10 
RFP12NOS/12N10 

August 1991 

Features 

• 12A, 80V and 100V 

• rDS(on) = 0.20 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM12N08 and RFM12N10 and the RFP12N08 and 
RFP12N 1 0 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFM-series types are supplied in the JEDEC 
TO-204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 

N-Channel Enhancement Mode 
Power Field Effect Transistors 

Packages 
TO-204AA 

BOTIOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MODE 

o 

G~ 
S 

Absolute Maximum Ratings (TC = 250 C), Unless Otherwise Specified 

RFM12N08 RFM12N10 RFP12N08 

Orain-Source Voltage ....................... VOSS 80 100 80 
Drain-Gate Voltage (RGS ~ 1 mfl) ............ VOGR 80 100 80 
Continuous Drain Current 

RMS Continuous ............................ 10 12 12 12 
Pulsed Drain Current. ....................... 10M 30 30 30 

Gate~Source Voltage ........................ V GS ±20 ±20 ±20 
Maximum Power Oissipation 

TC ~ +250 C ................................ Po 75 75 60 
Above TC ~ +250 C, Derate Linearly ............ . 0.6 0.6 0.48 

Operating and Storage Junction ........... T J, TSTG -55to+150 -55to+150 -55 to +150 
Temperature Range 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling .procedures should be followed. 
Cqpyright ©,Harris Corporation 1991 
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Specifications RFM12N08, RFM12N10, RFP12N08, RFP12N10 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=2SoC unless otherwise specified 

LIMITS 

CHARACTERISTIC SYMBOL 
TEST RFM12N08 RFM12N10 

UNITS 
CONDITIONS RFP12N08 RFP12N10 

Min. Max. Min. Max. 
Drain Source Breakdown Voltage BVoss 10-1 mA 80 - 100 - V 

VGs=O 
Gate-Threshold Voltage VGs(th) VGS-VOS 2 4 2 4 V 

10=1 mA 
Zero-Gate Voltage Drain Current loss Vos=65 V - 1 - -

Vos=80 V - - - 1 
Tc=125°C p.A 

Vos=65 V - 50 - -
Vos=80 V - - - 50 

Gate-Source Leakage Current IGSS VGs=±20 V - 100 - 100 nA 

Vos=O 
Drain-Source On Voltage Vos(on)a 10=6 A - 1.2 - 1.2 

VGs=10 V 
V 

10=12 A - 3.3 - 3.3 
VGs=10 V 

Static Drain-Source On Resistance ros(on)a 10=6 A - 0.2 - 0.2 n 
VGs=10 V 

Forward Transconductance g,.B Vos-10 V 2 - 2 - mho 
10=6 A 

Input Capacitance Ciss Vos-25 V - 850 - 850 
Output Capacitance Coss VGS=O V - 300 - 300 pF 
Reverse-Transfer Capacitance Gras f = 1MHz - 150 - 150 
Turn-On Delay Time td(on) Voo=50 V 45(Typ) 70 45(Typ) 70 
Rise Time t, 10=6 A 250(Typ) 375 250(Typ) 375 
Turn-Off Delay Time td( off) Rgen=Rg.=50 n 85(Typ) 130 85(Typ) 130 

ns 

Fall Time t, VGs=10 V 100(Typ) 150 100(Typ) 150 

Thermal Resistance Junction-to-Case R8JC RFM12N08, 
1.67 1.67 - -

RFM12N10 
°C/W 

RFP12N08, 
- 2.083 - 2.083 

RFP12N10 

8Pulsed: Pulse duration=300 /1S max., duty cycle=2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL TEST RFM12N08 RFP12N08 UNITS CONDITIONS RFM12N10 RFP12N10 
MIN. I MAX. MIN. I MAX. 

Diode Forward Voltage Vso Iso=6 A - I 1.4 - I 1.4 V 

Reverse Recovery Time t" 
IF=4A 150(typ) 150(typ) ns d,F/dt= 1 00 AI JJ.S 

'Pulse Test: Width :S 300 p.s, duty cycle:S 2%. 
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RFM12N08, RFM12Nl0, RFP12N08, RFP12Nl0 

92CS-36080Rl 

Fig. 1 - Maximum operating areas for all types. 
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RFP12N08 
RFP12N10 

RFM12N08 
RFM12Nl0 

50 100 150 

CASE TEMPERATURE (Te)-·C 92CS-343G4 R2 

Fig. 2 - Power dissipation vs. temperature derating curve 
for all types. 

2.0 Io~7A VGS = IOV 

50 50 100 150 2.00 
JUNCTION TEMPERATURE {TJl _4C 

92CS-3~170 

Fig. 4 - Normalized drain-to-source on resistance to junction tem
perature for all types. 

-50 o 50 100 150 
JUNCTION TEMPERATURE (TJ1-·C 

92.CS·343'9 

Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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RFM12N08,RFM12N10,RFP12N08, RFP12N10 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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m HARRIS RFM12N18/12N20 
RFP12N 18/12N20 

August 1991 

Features 

• 12A, 180V and 200V 

• rDS(on) = 0.250 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM12N18 and RFM12N20 and the RFP12N18 and 
RFP12N20 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFM-types are supplied in the JEDEC TO-204AA steel 
package and the RFP-series types in the JEDEC 
TO-220AB plastic package. 

N-Channel Enhancement Mode 
Power Field Effect Transistors 

Packages 
TO-204AA 

BOnOMVIEW 

DRAIN 
SOUR~CE /(FLANGE) 

o '<!>- 0 
, 

GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 

. GATE 

N-CHANNEL ENHANCEMENT MODE 

o 

G~ 
s 

Absolute Maximum Ratings (TC = 250 C), Unless Otherwise Specified 

RFM12N18 RFM12N20 RFP12N18 

Drain-Source Voltage •..•...•.....•.•••....• VOSS 180 200 180 
Drain-Gale Voltage (RGS = 1 mOl ..•...•..... VDGR 180 200 180 
Continuous Drain Current 

RMS Continuous ............................ 10 12 12 12 
Pulsed Drain Current. ....................... IDM 30 30 30 

Gate-Source Voltage ........................ VGS ±20 ±20 ±20 
Maximum Power Dissipation 

Te = +250C ..............•....•..••........ Po 100 100 75 
Above TC = +250e, Derate Linearly •............ 0.8 0.8 0.6 

Operating and Storage Junction •.•........ T J, TSTG -55to+150 -5510+150 -5510+150 
Temperalure Range 

CAUTION: These devices al'e sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM12N18, RFM12N20, RFP12N18, RFP12N20 

ELECTRICAL CHARACTERISTICs. At Case Temperature (Tc)=25°C unless otherwise specified 

LIMITS 

CHARACTERISTIC SYMBOL 
TEST RFM12N18 RFM12N20 

UNITS 
CONDITIONS RFP12N18 RFP12N20 

Min. Max. Min. Max. 
Drain-Source Breakdown Voltage BVoss 10-1 mA 180 - 200 - V 

VGs=O 
Gate-Threshold Voltage VGs(th) VGS-VOS 2 4 2 4 V 

~ 

10=1 mA 
Zero-Gate Voltage Drain Current loss Vos-145 V - 1 - -

Vos=160 V - - - 1 
Tc=125°C pA 
Vos=145 V - 50 - -
Vos=160V - - - 50 

Gate-Source Leakage Current IGSS VGs=±20 V - 100 - 100 nA 
Vos=O 

Drain-Source On Voltage Vos(on)8 10-6 A - 1.5 - 1.5 
VGs=10 V 

V 
10=12 A - 3.6 - 3.6 

VGs=10 V 
Static Drain-Source On Resistance ros(on)8 10=6A - 0.25 - 0.25 n 

VGs=10 V 
Forward Transconductance g •• 8 Vos=10 V 4 - 4 - mho 

10=6A 
Input Capacitance Ciss Vos=25 V - 1700 - 1700 
Output Capacitance Coss VGs=O V - 600 - 600 pF 
Reverse-Transfer Capacitance Crss f=1 MHz - 300 - 300 
Turn-On Delay Time td(on) Voo-100 V 35(typ) 50 35(typ) 50 
Rise Time t, 10=6 A 30(typ) 200 30(typ) 200 
Turn-Off Delay Time td(off) Rgen=Rg.=50 Q 20(typ) 180 20(typ) 180 

ns 

Fall Time t. VGs=10 V 05(typ) 160 05(typ) 160 
Thermal Resistance Junction-to-Case R8JC RFM12N18. 

1.25 1.25 
RFM12N20 

- -
RFP12N18. 

°C/W 
- 1.67 - 1.67 

RFP12N20 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL TEST RFM12N18 RFM12N20 UNITS CONDITIONS RFP12N18 RFP12N20 
MIN. I MAX. MIN. I MAX. 

Diode Forward Voltage Vs08 Iso=6 A - I 1.4 - I 1.4 V 

Reverse Recovery Time t" 
IF=4 A 325(typ) 325(typ) ns d IFI dt= 1 00 AI p.5 ---

8Pulsed: Pulse duration=300 fJS max .• duty cycle=2%. 
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RFM12N18, RFM12N20, RFP12N18, RFP12N20 
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Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power dissipation vs. case temperature derating curve 
for all types. 
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Fig. 4 - Normalized drain-to-source a n resistance as a function 
of junction temperature for all types. 
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Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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RFM12N18, RFM12N20, RFP12N18, RFP12N20 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8 - Typical drain-to-source on resistance as a function 
of drain current for a/l types. 
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PULSE TEST 
PULSE DURATION 380fLS 
DUTY CYCLE < 2% 

3 4 5 6 
ORAIN CURRENT (Io) - A 

+25"C 

92CS-36489 

Fig. 10 - Typical forward transconductance as a function of 
drain current for a/l types. 
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Fig. 7 - Typical saturation characteristics for a/l types. 
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August 1991 

Features 

• 12A, 350V and 400V 

• ros(on) = 0.0380 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• High-Current, Low-Inductance Package 

Description 

The RFH12N35 and RFH12N40 are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. . 

The RFH-types are supplied in the JEDEC TO-218AC plastic 
package. 

RFH12N35 
RFH12N40 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-218AC 
TOP VIEW 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

RFH12N35 RFH12N40 

400 

400 

UNITS 

V Drain-Source Voltage ..................................... VOSS 
Drain-Gate Voltage (RGS = 1 MOl .......................... VDGR 
Continuous Drain Current .................................... 10 
Pulsed Drain Current. ...................................... IDM 
Gate-Source Voltage ..................................... VGS 
Maximum Power Dissipation 

TC = +250 C ............................................. PD 
Linear Derating Factor ........................................ . 
Operating and Storage Temperature .................... TJ, TSTG 

350 

350 
12 
24 

±20 

150 
1.2 

-55 to +150 

12 
24 

±20 

150 
1.2 

-55 to +150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFH12N35, RFH12N40 

ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25° C unleu otherwise specified. 

LIMITS 
TEST 

CHARACTERISTIC SYMBOL CONDITIONS RFH12N35 RFH12N40 UNITS 

Min. Max. Min. Max. 

Drain-Source Breakdown BVoss 10=10mA 350 - 400 - V 

Voltage VGs = 0 

Gate Threshold Voltage VGs(th) VGS = Vos 2 4 2 4 V 

10 = 1 mA 

Zero Gate Voltage Drain loss Vos = 280 V - 1 - -

Current Vos = 320 V - - - 1 

Tc=125°C /1A 

Vos = 280 V - 50 - -

Vos = 320 V - - - 50 

Gate-Source Leakage IGSS VGS = ± 20 V - 100 - 100 nA 

Current Vos = 0 

Drain-Source On Voltage Vos(on)a 10 = 6 A - 2.28 - 2.28 

VGs=10V 
V 

10 = 12 A - 6.75 - 6.75 

VGS = 10 V 

Static Drain-Source On ros(on)a 10 = 6A - 0.38 - 0.38 n 

Resistance VGS = 10 V 

Forward Transconductance g,.a Vos=10V 4 - 4 - mho 

10 = 6 A 

Input Capacitance CiS. VOS = 25 V - 3000 - 3000 

Output Capacitance Coss VGS = 0 V - 900 - 900 pF 

Reverse Transler Capacitance Cras 1= 1MHz - 400 - 400 

Turn-On Delay Time t.(on) Voo = 200 V 30(typ) 50 30(typ) 50 

Rise Time t, 10 = 6A 105(typ) 150 105(typ) 150 

Turn-OIl Delay Time t.(off) Rgen=Rg.=50n 480(typ) 
ns 

750 480(typ) 750 

Fall Time t, VGs =10V 140(typ) 200 140(typ) 200 

Thermal Resistance R8Jc RFH12N35, 
Junction-to-Case RFH12N40 - 0.83 - 0.83 °CIW 

Series 

apulsed: Pulse duration = 300 /1S max., duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC TEST CONDITIONS RFH12N35 RFH12N40 UNITS 

Min. Max. Min. Max. 

Diode Forward Voltage Vso' Iso = 6A - 1.4 - 1.4 V 

Reverse Recovery Time t" IF = 4A, d,F/dt = 100 A//1S 950 (typ.) 950 (typ.) ns 

• Pulse Test: Width :5 300 /1S, Duty cycle :5 2%. 
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Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function of 
junction temperature for all types. 

4 10 :6A 

E~ VGS=IOV 

r ! H+ It w u ; I 
~ 
~ :! 'I f~ 0 

~~ 
0 0 
~-

~~2 
,,'-' 
~w 
ou 

~~ 1-1 
~~ I "W h ,,~ 

~ 
0 
z 

H 
-50 50 100 150 

JUNCTION TEMPERATURE (TJ )_OC 

92CS-37233 
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RFH12N35, RFH12N40 

TIME - M'ctoseronds 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Reterto Harris application notes AN-7254 and AN-7260 
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Em HARRIS RFM12N35 
RFM12N40 

August 1991 

N-Channel Enhancement Mode 
Power Field Effect Transistors 

Features 

• 12A, 350V and 400V 

• rDS(on) = 0.50 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM 12N35 and RFM 12N40 n-channel enhancement
mode silicon-gate power field-effect transistors designed 
for applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high
power bipolar transistors requiring high speed and low 
gate-drive power. These transistors can be operated direct
ly from integrated circuits. 

The RFM types are supplied in the JEDEC TO-204AA 
steel package. 

Packages 
TO-204AA 

BOTTOM VIEW 

DRAIN 
SOU~LANGE} 

o 
GATE 

Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 

o 

G~ 
s 

Absolute Maximum Ratings (TC '" 250 C), Unless Otherwise Specified 

RFM12N35 RFM12N40 UNITS 

Drain-Source Voltage .•......••..•..•..••......•....................... VOSS 
Drain-Gate Voltage (RGS = 1 mO.) ..•...•.....••.....•••....•••...••.•... VDGR 
Continuous Drain Current 

RMS Continuous ...•..........•...••..•••.....•............•••••.•....• 10 
Pulsed Drain Current. ..................•••.....•.......••...•••....••.. IDM 

Gate-Source Voltage •••.•.....••..•.••..•.....................••....... V GS 
Maximum Power Dissipation 

TC = +250 C ..•................•.........•••••..•.••••.•.••...•.•••.•.. Po 
Above T C = +250 C, Derate Linearly ....................................... . 

Operating and Storage Junction .•••...••...••......•.•..........•.... T J, TSTG 
Temperature Range 

350 
350 

12 
24 

±20 

150 
1.2 

-55 to +150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM12N35, RFM12N40 

ELECTRICAL CHARACTERISTICS. at Case Temperature (T c) = 25° C unle .. otherwise specified. 

LIMITS 
TEST 

CHARACTERISTIC CONDITIONS RFM12N35 RFM12N40 UNITS 

Min. Max. Min. Max. 

Drain-Source Breakdown BVoss 10 = 10 mA 
V 350 - 400 -

Voltage VGS = 0 

Gate ThresholdVoltage VGs(th) VGS = Vos 
2 4 2 4 V 

10 = 1 mA 

Zero-Gate Voltage Drain loss Vos = 280 V - 1 - -
Current Vos = 320 V - - - 1 

Tc = 125°C IiA 

Vos = 280 V - 50 - -

Vos = 320 V - - - 50 

Gate-Source Leakage IGSS VGS = ±20 V 
100 100 nA - -

Current Vos = 0 

Drain-Source On Voltage Vos(on)a 10 = 6 A 
3 3 - -

VGs=10V 
V 

10 = 12 A 
10 10 - -

VGs=10V 

Static Drain-Source On ros(on)a 10 = 6 A 
n - 0.5 - 0.5 

Resistance VGs=10V 

Forward Transconductance gt.e Vos=10V 
4 mho 4 - -

10= 6 A 

Input Capacitance Ci88 Vos = 25 V - 3000 - 3000 

Output Capacitance C08S VGS = 0 V - 900 - 900 pF 

Reverse Transler Capacitance Cras 1=1 MHz - 400 - 400 

Turn-On Delay Time t.(on) Vos = 200 30(typ) 50 30(typ) 50 

Rise Time t, 10 = 6 A 105(typ) 150 105(typ) 150 
ns 

Turn-all Delay Time t.(oll) Rgen= Rg.=50n 480(typ) 750 480(typ) 750 

Fall Time tt VGs=10V 140(typ) 200 140(typ) 200 

Thermal Resistance RlJ'c RFM12N35. 
Junction-to-Case RFM12N40 - 0.83 - 0.83 °C/W 

Series 

apulsed: Pulse duration = 300 liS max., duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC TEST CONDITIONS RFM12N35 RFM12N40 UNITS 

Min. Max. Min. Max. 

Diode Forward Voltage Vso Iso = 6 A - 1.4 - 1.4 V 

Reverse Recovery Time trr IF = 4 A, dlF/dt = 100 AlliS 950 typo 950 typo ns 

• Pulse Test: Width::; 300 liS, Duty cycle::; 2%. 
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RFM12N35, RFM12N40 

Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction 
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Fig. 3 - Typical normalized gate threshold voltage as a function of 
junction temperature for all types. 
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RFM 12N35, RFM 12N40 
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Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260. 
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Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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Fig. 10- Typical forward transconductance as a function of drain 
for all types. 
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Fig. 7 - Typical saturation characteristics for all types. 
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(ljHARRIS RFD14N05/05SM 
RFP14N05 

May 1991 

N-Channel Enhancement Mode Power 
Field Effect Transistors (MegaFETs) 

Features 

• 14A, 50V 

• RDS(on) = 0.1 n 
• UIS SOA Rating Curve (Single Pulse) 

• SOA. is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• +1750 C Operating Temperature 

Description 

The RFD14N05, RFD14N05SM, and RFP14N05 n-channel 
power MOSFETs are manufactured using the MegaFET 
process. This process which uses feature sizes approaching 
those of LSI integrated circuits, gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed for use in applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and emitter 
switches for bipolar transistors. These transistors can be 
operated directly from integrated circuits. 

The RFD14N05 is supplied in the JEDEC TO-251 plastic 
package, the RFD14N05SM in the JEDEC TO-252 plastiC 
package and the RFP14N05 in the JEDEC TO-220AB plastic 
package. 

Packages 

(,~RAtloll 

TO-220AB 
TOP VIEW 

TO-251AA 
TOP VIEW 

: SOURCE 
DRAIN 
GATE 

nD~ : SOORAIU. RNCE 

o~~~-U 11=:====:=a~ : GATE 

TO~252AA 

TOP VIEW a ·· SOURCE 

D~~~_ . . .. DRAIN 
GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

o 

G 

s 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage, VOSS ..................................••....•...•..•...•.....•............... ; ................... 50V 
Drain-Gate Voltage, (RGS = 1 mOl, VDGR ................................................................................. 50V 
Gate-Source Voltage, VGS ............................................................................................ ±20V 
Drain Current: 

RMS Continuous, 10 ....................................................................... ; .......................... 14A 
Pulsed, 10M .••..•..................................................... , . , ..................•....•......•..........•.. 35A 

Single Pulse Avalanche Energy Rating, (Refer to UIS SOA Curve) 
Power Dissipation, Po: 

TC = +250 C ...•...........................•............•.•.. , ..•.. , ..• ," ..• , , .... , .," , , .. , , .,., "", .. , , " " , "" 48W 
Derate Above TC = +250 C ........ " ...... , ... , .. ,',." ... ,"",.,'" ,.,.,', ... ,', .... ,.,' , ... " ... ,',', .... ,',. O.32W/oC 

Operating and Storage Junction 
Temperature Range, TJ, TSTG" ........ , ...... , .......... ,', ... ,', ..... " .... , •..... , .•....•.. , , .•... , ...•. "" -55to +1750 C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be fQllowed. 
Copyright © Harrls'Corporation 1991 
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RFD 14N05, RFD 14N05SM, RFP 14N05 

ELECTRICAL CHARACTERISTICS. Case Temperature (Te) = 25° C unless otherwise specified 

LIMITS 
CHARACTERISTIC TEST CONDITIONS MIN. MAX. UNITS 

Drain-Source Breakdown Voltage BVoss 10 = 0.25 mA, VGS = 0 V 50 -
Gate-Threshold Voltage VGs(th) VGS = Vos, 10 = 0.25 mA 2 4 

V 

Zero-Gate Voltage Drain Current loss 
Vos = 40 V, VGS = 0 V 1 

/1A -
Tc= 150°C 50 

Gate-Source Leakage Current IGSS VGS = +20 V - 100 nA 
Static Drain-Source On-Resistance ros(on) 10=14A,VGs=10V - 0.1 n 
Turn-On Time t(on) - 60 
Turn-On Delay Time td(on) Voo = 25 V, 10 = 7 A - 14 (typ.) 
Rise Time t, Ig, = Ig2 = 0.2 A - 26 (typ.) 
Turn-Off Delay Time td(off) VGS (clamp) + 10 V, - 0.6 V 45 (typ.) 

ns 
-

Fall Time tf RL = 3.57 n - 17 (typ.) 
Turn-Off Time t(off) - 100 
Total Gate Charge OQ(total) Voo = 40V VGS = 0-20 V - 40 
Gate Charge at 10 V 0 9 (10) 10 = 14 A VGS = 0-10 V - 25 nC 
Threshold Gate Charge Og(th) RL = 2.86 0 VGS = 0-2 V - 1.5 
Plateau Voltage V(plateau) 10=14A,Vos=15V - 7.5 V 

Voo = 25 V, 10 = 7 A, L = 0.2flH 
Turn-Off Energy Loss per Cycle Eoff RL = 3.57 0, I., = 192 = 0.2 A - 14 /1J 

VGS (clamp) + 10 V, --D.6 V 
Thermal Resistance, Junction-to-Case ReJc - 3.125 

Thermal Resistance, Junction-to-Ambient ReJA 
TO-251 & TO-252 - 100 °CIW 

TO-220 - 80 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC 

Diode Forward Voltage 
Reverse Recovery Time 

100.0 

, 
~ 10.0 
~ 

.... 
ill 
'" '" B 1.0 
z 
0: 
15 

Id MAX ONTI UO S --
r"fiRE~Pfr2'l~ITJ~ Jy lid-;;' 

1 c. ! 

Vso 
tn 

CASE TE T ) 25 MPERATURE ( e -

on~~ 
'(wv 

....... 

Vd •• 
MAX-SOY 

10 
DRAIN-TO-SOURCE VOLTAGE (Vd.) - VOLTS 

FIGURE 1. SAFE OPERATING AREA CURVE 

d. 

LIMITS 
TEST CONDITIONS MIN. MAX. UNITS 

Iso=14A - 1.5 V 
IF = 14 A, dlFd, = 100 A/IJ.S - 125 ns 

100 
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m 
c 
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RFD14N05, RFD14N05SM, RFPJ4N05 
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(IIHARRIS RFM15N05/15N06 
RFP15N05/15N06 

May 1992 

Features 

• 15A, SOV and GOV 

• rDS(on) = 0.140. 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• Temperature Compensated SPICE Model Provided 

Description 

The RFM15N05 and RFM15N06 and the RFP15N05 and 
RFP15N06 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFM series types are supplied in the JEDEC 
TO-204M steel package and the RFP series types in the 
TO-220AB plastic package. 

N-Channel Enhancement Mode 
Power Field Effect Transistors 

Packages 
TO-204M 

BOnOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MODE 

o 

G 

s 

Absolute Maximum Ratings (TC = 250 C), Unless Otherwise Specified 

RFM15N05 RFM15N06 RFP15N05 

Drain-Source Voltage ....................... VOSS 50 60 50 
Drain-Gate Voltage (RGS = 1 mOl· ........... VOGR 50 60 50 
Continuous Drain Current 

RMS Continuous ............................ 10 15 15 15 
Pulsed Drain Current. ....................... IOM 40 40 40 

Gate-Source Voltage ........................ VGS ±20 ±20 ±20 
Maximum Power Oissipation 

TC = +250 C ................................ Po 90 90 90 
Above T C = +250 C, Oerate Linearly ............ . 0.48 0.48 0.48 

Operating and Storage Junction ........... T J, TSTG -55to+150 -55 to +150 -55 to +150 
Temperature Range 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 
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RFM15N05, RFM15N06, RFP15N05, RFP15N06 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc )=25° C unless otherwise specified 

LIMITS 
TEST RFM15N05 RFM15N06 

CHARACTERISTIC SYMBOL 
CONDITIONS RFP15N05 RFP15N06 

Min. Max. Min. Max. 
Drain-Source Breakdown Voltage BVoss 10-1 mA 50 - 60 -

VGs=O 

Gate-Th reshold Voltage VGs(th) VGS-VOS 2 4 2 4 
10='1 mA 

Zero-Gate Voltage Drain Current loss Vos-40 V - 1 
Vos=50 V - - - 1 
Tc=125° C 
Vos=40 V - 50 - -

Vos=50 V - - - 50 
Gate-Source Leakage Current IGSS VGs-±20 V - 100 - 100 

Vos=O 

Drain-Source On Voltage Vos(on)a 10=7.5 A - 1.05 - 1.05 
VGs=10 V 

10-15 A - 2.5 - 2.5 
VGs=10 V 

Static Drain-Source On Resistance ros(on)a 10=7.5 A - 0.14 - 0.14 
VGs=10 V 

Forward Transconductance 9fsa Vos-l0 V 2 - 2 -
10=7.5 A 

I nput Capacitance Ciss Vos-25 V - 850 - 850 
Output Capacitance Coss VGs=O V - 450 - 450 
Reverse-Transfer Capacitance erss f = lMHz - 180 - 180 
Turn-On Delay Time td(on) Voo=30 V 16(typ) 40 16(typ) 40 
Rise Time t, 10=7.5 A OO(typ) 175 OO(typ) 175 
Turn-Off Delay Time td( off) Rgen= Rg,=50 (1 72(typ) 175 72(typ) 175 
Fall Time tf VGs=10 V 66(typ) 140 66(typ) 140 
Thermal Resistance Junction-to-Case R/1Jc RFMI5N05, 

1.67 1.67 - -
RFM15N06 
RFPI5N05, 

- 1.67 - 1.67 RFP15N06 

apulsed: Pulse duration=300 Jis max., duty cycle=2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL TEST RFM15N05 RFM15N06 
CONDITIONS RFP15N05 RFP15N06 

MIN. I MAX. MIN. I MAX. 
Diode Forward Voltage Vso ISO = 15A - I 1.4 - I 1.4 -
Reverse Recovery Time t" 

IF-4 A 
100 (typ) 100(typ) d lF/d,=100 Alps 

'Pulse Test: Width :S 300 ps, duty cycle :S 2%. 
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RFM75N05, RFM75N06, RFP75N05, RFP75N06 
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RFM15N05, RFM15N06, RFP15N05, RFP15N06 
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RFM75N05, RFM75N06, RFP75N05, RFP75N06 

Spice Model (RFM15N06) 

.sUBCKT RFM15N06 2 1 3; rev 01/07/91 
*Nominal Temperature = 250C 
.MODEL MOSMOD NMOS (VTO=3.46 KP=3.09 IS=le-30 N=10 TOS=1 L=lu W=lu) 
Vto 21 6 .74 
Rsource 8 7 RDSMOD 34.82e-3 
Rdrain 5 16 RDSMOD 13.3e-3 
.MODEL RDSMOD RES (TCI=6.5e-3 TC2=3.28e-5) 
.MODEL RVTOMOD RES (TCI=-4.30e-3 TC2=-3.77e-6) 
.MODEL RVTOMOD2 RES (TCI=O TC2=0) 
Ebreak 11 7 17 18 102.35 
.MODEL RBKMOD RES (TCI=8.33e-1 TRS1 =7.81 e-4 TRS2=-9.28e-6) 
.MODEL DBKMOD 0 (RS=3.83e-l TRS1 =7.81 e-4 TRS2=-9.28e-6) 
.MODEL DBDMOD 0 (IS=8.16e-13 RS=1.54e-2 TRS1 =1.77e-3 TRS2=1.85e-5) 
+CJO=9.16e-10 TT=7e-8 
Cin 6 8 4.44e-10 
Ca 12 8 9.14e-10 
.MODEL S1 AMOD VSWITCH (RON=1 e-5 ROFF=0.1 VON=-3.66 VOFF=-1.66) 
.MODEL S1 BMOD VSWITCH (RON=1 e-5 ROFF=0.1 VON=-1.66 VOFF=-3.66) 
.MODEL DPLCAPMOD 0 (CJO=4.90e-1 0 IS=le-30 N=10) 
Cb 12 14 5.81e-10 
.MODEL S2AMOD VSWITCH (RON=Ie-5 ROFF=0.1 VON=3.07 VOFF=8.07) 
.MODEL S2BMOD VSWITCH (RON=le-5 ROFF=0.1 VON8.07 VOFF=3.07) 
Rgate 9 20 20.43 
Lgate 1 9 1.32e-8 
Ldrain 2 5 1.0e-10 
Lsource 3 7 1.68e-8 
Dbody 7 5 DBDMOD 
Dbreak 5 11 DBKMOD 
Dplcap 10 5 DPLCAPMOD 
Eds 14 8 5 8 1 
Egs 13 8 6 8 1 
Esg 6 10 6 8 1 
Evto 20 6 18 8 1 
It8171 
Mos 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 
Rbreak 17 18 RBKMOD 1 
Rin 6 8 1e9 
Rvto 18 19 RVTOMOD 1 
Sia 6 12 13 8 S1AMOD 
Sib 13 12 13 8 S1BMOD 
S2a 6 15 14 13 S2AMOD 
S2b 13 15 14 13 S2BMOD 
Vbat 8 19 DC 1 
.ENDS 
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RFM15N05, RFM15N06, RFP15N05, RFP15N06 

Spice Model (RFM15N06) 

.SUBCKTRFM15N06 2 1 3; rev 01/07/91 
*Nominal Temperature = 250C 
.MODEL MOSMOD NMOS (VTO=3.46 KP=3.09 IS=le-30 N=10 TOS=l L=lu W=lu) 
Vto 21 6 .74 
Rsource B 7 RDSMOD 34.B2e-3 
Rdrain 5 16 RDSMOD 13.3e-3 
.MODEL RDSMOD RES (TCI=6.5e-3 TC2=3.2Be-5) 
.MODEL RVTOMOD RES (TCI=-4.30e-3 TC2=-3.77e-6) 
.MODEL RVTOMOD2 RES (TCI=O TC2=0) 
Ebreak 11 7 17 18 102.35 
.MODEL RBKMOD RES (TCI=8.33e-l TRSl =7.81 e-4 TRS2=-9.28e-6) 
.MODEL DBKMOD D (RS=3.83e-l TRSl =7.81 e-4 TRS2=-9.28e-6) 
.MODEL DBDMOD D (IS=8.16e-13 RS=1.54e-2 TRSl =1.77e-3 TRS2=1.B5e-5 +CJO=9.16e-l 0 TI=7e-B) 
Cin 6 8 4.44e-l0 
Ca 12 8 9.14e-10 
.MODEL Sl AMOD VSWITCH (RON=l e-5 ROFF=O.l VON=-3.66 VOFF=-1.66) 
.MODEL Sl BMOD VSWITCH (RON=l e-5 ROFF=O.l VON=-1.66 VOFF=-3.66) 
.MODEL DPLCAPMOD D (CJO=4.90e-l 0 IS=le-30 N=10) 
Cb 12 14 5.81e-l0 
.MODELS2AMODVSWITCH (RON=le-5 ROFF=O.l VON=3.07 VOFF=8.07) 
.MODELS2BMOD VSWITCH (RON=le-5 ROFF=O.l VON=8.07 VOFF=3.07) 
Rgate 9 20 20.43 
Lgate 1 9 1.32e-8 
Ldrain 2 5 1.0e-10 
Lsource 3 7 1.68e-8 
Dbody 7 5 DBDMOD 
Dbreak 5 11 DBKMOD 
Dplcap 10 5 DPLCAPMOD 
Eds 14 8 5 8 1 
Egs 13 B 6 8 1 
Esg 6 10 6 8 1 
Evto 20 6 18 8 1 
It 8 17 1 
Mos 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=O.Ol 
Rbreak 17 18 RBKMOD 1 
Rin 6 8 le9 
Rvto 18 19 RVTOMOD 1 
Sia 6 12 13 8 SlAMOD 
Sib 13 12 13 8 SlBMOD 
S2a 6 15 14 13 S2AMOD 
S2b 13 15 14 13 S2BMOD 
Vbat 8 19 DC 1 
.ENDS 
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II) HARRIS RFM15N12/15N15 
RFP15N12/15N15 

August 1991 

Features 

• 15A, 120V and 150V 

• rDS(on) = 0.150 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM15N12 and RFM15N15 and the RFP15N12 and 
RFP15N15 are n-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate
drive power. These types can be operated directly from 
integrated circuits. 

The RFM series types are supplied in the JEDEC 
TO-204M steel package and the RFP series types in the 
JEDEC TO-220AB plastic package. 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Packages 
TO-204AA 

BonOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

RFM15N12 RFM15N15 

Drain-Source Voltage ....................... VOSS 120 150 
Drain-Gate Voltage (RGS = 1 mOl .•••..•...•• VOGR 120 150 
Continuous Drain Current 

RMS Continuous ............................ 10 15 15 
Pulsed Drain Current. ....................... 10M 40 40 

Gate-Source Voltage ........................ VGS ±20 ±20 
Maximum Power Dissipation 

TC=+250 C ................................ PO 100 100 
Above TC = +250 C, Derate Linearly ..•......•... 0.8 0.8 

Operating and Storage Junction ........... TJ, TSTG -55 to +150 -55to +150 
Temperature Range 

RFP15N12 

120 
120 

15 
40 

±20 

75 
0.6 

-55 to +150 

RFP15N15 

150 
150 

15 
40 

±20 

75 
0.6 

-55 to +150 

UNITS 

V 
V 

A 
A 
V 

W 
W/oC 

oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM15N12, RFM15N15, RFP15N12, RFP15N15 

ELECTRICAL CHARACTERISTICS At Case Temperature (Tel = 25° C unless otherwise specified 

LIMITS 
RFM15N12 RFM15N15 

TEST RFP15N12 RFP15N15 
CHARACTERISTICS SYMBOL CONDITIONS MIN. MAX. MIN. MAX. 

Drain-Source Breakdown Voltage BVoss 
10 = 1 mA 

120 150 - -
VGS = 0 

Gate Threshold Voltage VGSlthl 
VGS = Vos 

2 4 2 4 
10 = 1 mA 

Vos = 100 V - 1 - -
Vos = 120 V - - - 1 

Zero Gate Voltage Drain Current 
loss Tc = 125°C 

Vos = 100 V - 50 - -
Vos = 120 V - - - 50 

Gate-Source Leakage Current IGSS 
VGS = ± 20 V 

100 100 - -
Vos = 0 

10 = 7.5 A 
1.125 1.125 - -

Drain-Source On Voltage Vos(on)· 
VGS = 10 V 
10 - 15 A 

- 3 - 3 
VGS = 10 V 

Static Drain-Source On Resistance 
ros(on)· 

'1 0 = 7.5 A 
0.15 0.15 - -

VGS = 10 V 

Forward Transconductance 9153 
VOS = 10 V 

5 5 - -
10 = 7.5 A 

I n put Capacitance Ciss Vos = 25 V - 1700 - 1700 
Output Capacitance Coss VGS = 0 V - 750 - 750 
Reverse Transfer Capacitance C",. f = 1MHz - 350 - 350 
Turn-On Delay Time t.(on) Voo-75 V 50(typ.) 75 50(typ.) 75 
Rise Time t, 10 = 7.5 A 150(typ.) 225 150(typ.) 225 
Turn-Off Delay Time t.(off) Rgen = Rg. = 50 n 185(typ.) 280 185(typ.) 280 
Fall Time t, VGS = 10 V 125(typ.) 190 125(typ.) 190 

RFM15N12, 
1.25 1.25 - -

Thermal Resistance RFM15N15 
Junction-to-Case 

R6JC 
RFP15N12, 

- 1.67 - 1.67 
RFP15N15 

'Pulsed: Pulse duration = 300 ps max., duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL TEST RFM15N12 RFM15N15 
CONDITIONS RFP15N12 RFP15N15 

MIN. I MAX. MIN. I MAX. 
Diode Forward Voltage Vso Iso=7.5 A - I 1.4 - I 1.4 

Reverse Recovery Time t" 
IF=4A 200(typ) 200(typ) 

d'F/d,=100 A/JiS 
'Pulse Test: Width :S 300 JiS, duty cycle:S 2%. 
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RFM15N12, RFM15N15, RFP15N12, RFP15N15 

92CM- 36155 R1 

Fig. 1 - Maximum operating areas for all types. 

120 

I I 
CASE TEMPERATURE (Te 1 _·c 

Fig. 2 - Power dissipation vs. case temperature derating curve 
for all types. 

-50 50 100 150 200 
JUNCTION TEMPERATURE (TJI-OC 

92CS-36179 

Fig. 4 - Normalized drain-to-source on resistance to junction tem
perature for all types. 
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-50 o 50 100 150 
JUNCTION TEMPERATURE (TJI- °C 

92CS- 34815 

Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 

z 

~ 15 

w 

~ 
10 

z 5 0 
Te :-40·C 

10 

GATE-lO-SOURCE VOLT,I'I,GE (VGS)-V 
92C$-34821 

Fig. 5 - Typical transfer characteristics for all types. 



RFM15N12, RFM15N15, RFP15N12, RFP15N15 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 

I .. 
DRAIN CURRENT (Iol-A 

Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 

! -4 

i _25.C .... 
2 

4 I 

DRAIN CURRENT (Io)-A 
92CS-36145 

Fig. 10- Typical forward transconductance as a function of 
drain current for all types. 

DRAIN-IQ-SOURCE VOLTAGE (Vosl- V 
92CS-3462:3 

Fig. 7 - Typical saturation characteristics for all types. 

1400 

1200 

':i 
!. 1000 
8 
w 
0 BOO z 
;0 

~ 600 

<l 
400 

200 

CISS 

Coss 

10 20 30 40 
DRAIN-IO-SOURCE VOLTAGE (Vos)-V 

92CS-34852:Rl 

50 

Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 

1-------;;;---1 
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92C5-37370 

Fig. 11 - Switching Time Test Circuit 
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Em HARRIS RFD16N05 
RFD16N05SM 

May 1992 

N-Channel Enhancement Mode Power 
Field Effect Transistors (MegaFETs) 

Features 

• 16A, 50V 

• rOS(on) = 0.047 0. 

• UIS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• +1750 C Operating Temperature 

Description 

The RFD16N05 and RFD16N05SM n-channel power 
MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those 
of LSI integrated circuits, gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed for use in applications such as switching 
regulators, switching converters, motor drivers, relay 
drivers, and emitter switches for bipolar transistors. These. 
transistors can be operated directly from integrated circuits. 

The RFD16N05 is supplied In the JEDEC TO-251AA 
plastic package and the RFD16N05SM in the TO-252AA 
plastic package. 

Packages 
TO-251AA 
TOP VIEW 

r1D~ : SOORAIURNCE 

°'i~-U ~~: : GATE 

TO-252AA 
TOP VIEW 

SOURCE 

'1l===-T ...... GATE 

Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 

o 

G 

S 

Absolute Maximum Ratings (Tc = 250 C), Unless Otherwise Specified 

Drain-Source Voltage, VOSS .•••...•••••...•.•.••••••..•.•.•••........••...••••....•.••..••.....•••.........••.••.••••... 50V 
Drain-Gate Voltage, (RGS = 1 mOl, VOGR ...•.••••••••....••••..•..•...••.•••••••...•••••••••....•••...••.•.•••.••.••••... 50V 
Gate-Source Voltage, VGS ..•••...•••••..•..•.•••••••...•..••...••...••...•••••...•••••••.••...••.•..••.•..••••••.•••. ±20V 
Drain Current: 

RMS Continuous, 10 •...•.•••••.••••...•••••••••••....•.•••...••...••..••••.•...•••••••......••.....••..•••.•••.•••... 16A 
Pulsed, 10M ..•..•••.....•••.•.•••••...••••••••••....••.•••...•....••..••••.....•••••........•.•...••••..••.•••.•••... 45A 

Single Pulse Avalanche Rating, Refer to UIS SOA 
Power Dissipation, Po: 

TC=+250 C ....... , •••..•.•••.......•........•..•..••....••.•.•••..•.•...•.••••••••.......•.••••••...•...•.......•• 72W 
Derate Above TC = +250 C •.•......•......................•••.•..•.....•..••••••.•...•.•••••.•••••....•••..•..•• O.48WfOC 

Operating and Storage Junction 
Temperature Range, TJ, TSTG .........•..•................•...•.••...•..•.....••.•........••••••.••.•••...•••.• -55 to +1750 C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright @ Harris Corporation 1992 

4-690 

File Number 2267.1 



Specifications RFD 16N05, RFD 16N05SM 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C unless otherwise .specified: 
. 

LIMITS 
CHARACTERISTIC TEST CONDITIONS MIN. MAX. UNITS 

Drain-Source Breakdown Voltage BVoss 10 = 0.25 mA, VGS = 0 V 50 -
V 

Gate Threshold Voltage VGs(th) VGS = Vos. 10 = 0.25 mA 2 4 

Zero Gate Voltage Drain Current loss 
Vos = 40 V. Vos = 0 V 1 

pA -
Tc=150°C 50 

Gate-Source Leakage CUrrent IGSS VGS = ±20 V. Vos = 0 V - 100 nA 
Static Drain-Source On Resistance ros(on) 10= 16A. VGs= 10V - 0.047 0 
Turn-On Time t(on) - 60 
Turn-On Delay Time .. t,,(on) Voo = 25 V. 10 = S A - 14 (typ.) 
Rise Time t, 1" = 1.2 = 0.4 A - 30 (typ.) 
Turn-Off Delay Time t,,(off) VGS (clamp) + 10 V. - 0.6 V 52 (typ.) 

ns -
Fall Time .... tf Rl = 3.125 0 - 16 (typ.) 
Turn-Off Time t(off) - 100 
Total Gate Charge Oo(total) VGs= 0-20 V Voo =40 V - SO 
Gate Charge at 10V 0 0 (10) VGS = 0-10 V 10= 16A - 45 nC 
Threshold Gate Charge O.(th) VGS= 0-2 V Rl=2.50 - 3 
Plateau Voltage V(plateau) 10=16A.Vos=15V - 7.5 V 

Voo = 25 V. 10 = SA. Rl = 3.125 0 
Turn-Off Energy Loss per Cycle Eoff L = 0.2 pH. llil =1.2 = 0.4 A - 19 pJ 

VGS (clamp) + 10 V. -D.6 V 
Thermal Resistance. Junction to Case R8JC - 2.083 

°CIW 
Thermal Resistance. Junction to Ambient R8JA - 100 

SOURCE-DRAINDIO[)E.RATINGS AND CHARACTERISTICS: 

LIMITS 
CHARACTERISTIC TEST CONDITIONS MIN. MAX. UNITS 

Diode Forward Voltage Vso Iso =16A - 1.5 V 
Reverse Recovery Time trr IF = 16 A. dlFld, = 100 AllIS - 125 ns 

100.0 -CASE TEMPERATURE (Tol ZtidogC 
20 

-

Id MAX ONll~UO t; 
",' 

= OPERA ION IN HIS 
Co 

·AREA IS· LIHtTEQ' B1 d8(On~ 04-

,.... 

v 00 

'" 16 g, 
a: 

~ IZ 

~ 

ill 
1li 8 
u 

; 

I ~ 
~ 

-~ 
\ 

r. 10.0 
~ 

~ 

i 1.0 

MAX-tiOV 

0.1 
I ... 

100 
o 
25 00 75 100 125 100 176 

Fig. 1 - Safe operating area (:urve.(Curves must be derated 
linearly withinctease in temperattJre.) 

4-691 

CASE TEMPERATURE (fol - dogC 
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RFD 16N05, RFD 16N05SM 

ffi 

~ ... 
il 
'" ., 
.... 
a: .. 
iii 
;; 
ffi 
~ 

1.2 

1.0 

0.8 

0.0 

0.4 

0.2 

0.0 
o 

I~ 
~ 

"-
~ 

"'" "~ 
~ 

50 75 100 126 150 176 
CASE TEMPERATURE (To) - dogC 

Fig. 3 - Normalized power dissipation vs. temperature 
derating curve. 
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~I/-t 
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30 
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10 

o 
0.0 
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GATE-TO-SOURCE VOLTAGE (Vue) - V 

Fig 5 - Typical transfer characteristics. 
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Fig. 7 - Normalized gate threshold voltage. 
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Fig. 4 - Typical saturation characteristics. 

3.0 
UR TlON 260 PULSE 0 A - uo 0- 10V Id 16A -

2.6 

2.0 ,/ 

1.6 

1.0 

~ -~ ~ 
r-

0.6 

0.0 
-50 o 50 100 150 

JUNCTION TEMPERATURE (TJ) - dogC 

Fig 6 - Normalized R .. (on) vs. junction temperature. 
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Fig. 8 - Normalized drain sourCII breakdown voltage vs. 
temperature. 
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RFD 16N05, RFD 16N05SM 
CRSS CISS coss 

2()()() 
Vos=OY FREQUENCY ffl-1MHz 50 10 -

8 
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1\ "-
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0 
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SQURCE-TO-DRAIN VOLTAGE Wsd)-V 

Fig. 9 - Typical capacitance vs. voltage. Fig. 10 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 

O~'>2-----1-0-V~----~ 

Switching Test Circuit 

VARYtp TO OBTAIN 
REQUIRED PEAK IL 

Vos 

Switching Waveforms 
Fig. 11 - Resistive Switching. 

Voo 

Fig. 12 - Un clamped energy test circuit. Fig. 13 - Unc/amped energy waveforms. 
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Fig. 14 - Unclamped-Inductive-Switching SOA. (Single Pulse U/S SOA) 
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Em HARRIS RFM1SNOS/1SN10 
RFP18NOS/1SN10 

August 1991 

Features 

• 18A, 80V and 100V 

• rDS(on) = 0.1 n 
• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM18N08 and RFM18N10 and the RFP18N08 and 
RFP18N10 are n-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate
drive power. These types can be operated directly from 
integrated circuits. 

The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 
JEDEC TO-220AB plastic package. 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Packages 
TO-204AA 

BOTTOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

RFM18N08 RFM18N10 

Drain-Source Voltage .•.......•....•........ VOSS 80 100 
Drain-Gate Voltage (RGS = 1 mn) ............ VDGR 80 100 
Continuous Drain Current 

RMS Continuous ••...................•.••.•. 10 18 18 
Pulsed Drain Current. ...................•..• IDM 45 45 

Gate-Source Voltage ........................ VGS ±20 ±20 
Maximum Power Dissipation 

TC = +250C ..........................•..•.. Po 100 100 
Above TC = +250e, Derate Linearly ............. 0.8 0.8 

Operating and Storage Junction ........... T J, T STG -55 to +150 -55to+150 
Temperature Range 

RFP18N08 

80 
80 

18 
45 

±20 

75 
0.6 

-55to+150 

RFP18N10 

100 
100 

18 
45 

±20 

75 
0.6 

-55 to +150 

UNITS 

V 
V 

A 
A 
V 

W 
wloe 
oe 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be fOllowed. 
Copyright © Harris Corporation 1991 
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Specifications RFM18N08, RFM18N10, RFP18N08, RFP18N10 

ELECTRICAL CHARACTERISTICS At Case Temperature (Te) = 25° C unless otherwise specified 

LIMITS 
RFM18N08 RFM18N10 

TEST RFP18N08 RFP18N10 
CHARACTERISTICS SYMBOL CONDITIONS MIN. MAX. MIN. MAX. UNITS 

Drain-Source Breakdown Voltage BVDss 
ID = 1 mA 

80 100 V - -
VGS = 0 

Gate Threshold Voltage VGS(thl 
Vas = Vas 

2 4 2 4 V 
10 = 1 mA 

Vas = 65 V - 1 - -
Vas = 80 V - - - 1 

Zero Gate Voltage Drain Current 
loss Tc = 125°C JiA 

Vas = 65 V - 50 - -
Vas = 80 V - - - 50 

Gate-Source Leakage Current IGSS 
VGS = ± 20 V 

100 100 nA - -
Vas = 0 

10 = 9 A 
0.9 0.9. - -

Drain-Source On Voltage Vos(on)" 
VGS = 10 V 

V 
ID - 18 A 

- 3.0 - 3.0 
VGS = 10 V 

Static Drain-Source On Resistance 
rDS(on)" 

10 = 9 A 
0.10 n - - 0.10 

VGS = 10 V 

Forward Transconductance 9f58 
Vos = 10 V 

5 5 mho - -
10 = 9 A 

Input Capacitance Ciss VDS = 25 V - 1700 - 1700 

Output Capacitance Coss VGS = 0 V - 750 - 750 pF 

Reverse Transfer Capacitance Cms f = 1 MHz - 300 - 300 

Turn-On Delay Time td(on) Voo=50 V 60(typ.) 90 60(typ.) 90 

Rise Time t, ID = 9 A 300{typ.) 450 300(typ.) 450 ns 

Turn-Off Delay Time td{ off) Roen = Rgs = 50 n 150{typ.) 225 150(typ.) 225 

Fall Time tf VGS = 10 V 150{typ.) 225 150(typ.) 225 

RFM18N08. 
1.25 1.25 - -

Thermal Resistance RFM18N10 
°C/W 

J unction-to-Case 
R8JC 

RFP18N08. 
- 1.67 - 1.67 

RFP18N10 

'Pulsed: Pulse duration = 300 ps max., duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL TEST RFM18N08 RFP18N08 UNITS CONDITIONS RFM18N10 RFP18N10 
MIN. I MAX. MIN. I MAX. 

Diode Forward Voltage Vso Iso=9 A - I 1.4 - I 1.4 V 

Reverse Recovery Time t" 
IF=4 A 150{typ) 150(typ) ns dlF/d t=100 AlJis 

'Pulse Test: Width :S 300 JiS, duty cycle :S 2%. 
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RFM18N08, RFM18N10, RFP18N08, RFP18N10 
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92CM- 3615aR1 

Fig. 1 - Maximum operating areas for all types. 

I 150 
CASE TEMPERATURE (TC)- °C 

92CS" 34818 

Fig. 2 - Power dissipation vs. case temperature derating curve 
for all types. 
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92C$-36180 

Fig. 4 - Normalized drain-to-source on resistance to junction tem
perature for all types. 
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Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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Fig. 5 - Typical transfer characteristics for all types. 
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RFM18N08, RFM18N10, RFP18N08, RFP18N10 

TIME - Microlleeonds 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 
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Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 
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Fig. 7 - Typical saturation characteristics for all types. 
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mHARRIS RFP22N10 
August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 

Features 

• 22A, 100V 

• rDS(on) = 0.0800 

• UIS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 1750 C Operating Temperature 

Description 

The RFP22N10 n-channel power MOSFETs is manufactured using 
the MegaFET process. This process, which uses feature sizes 
approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. The 
RFP22N10 was designed for use in applications such as switching 
regulators, switching converters, motor drivers, relay drivers, and 
emitter switches for bipolar transistors. This transistor can be 
operated directly from integrated circuits. 

The RFP22N10 is supplied in the JEDEC TO-220AB plastic 
package. 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (Tc = +250 C), Unless Otherwise Specified 

Drain-Source Voltage .......................................... VOSS 
Drain-Gate Voltage (RGS = 1 MOl··· ............................ VDGR 
Continuous Drain Current. . .. . . . . . . . . .. . .. .. . . . .. . . . .. . .. .. . .. .. • .. 10 
Pulsed Drain Current. ............................................ 10M 
Gate-Source Voltage ........................................... VGS 
Maximum Power Dissipation 

TC = +250C ................................................... Po 
Derated Above T c = 250 C ....................................... .. 

Operating and Storage Junction Temperature Range ............ T J, TSTG 
Single Pulse Avalanche Rating, Refer to UIS SOA Curve 

RFP22N10 

100 
100 
22 
50 

±20 

100 
0.67 

-55 to +175 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFP22Nl0 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified: 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

MIN. MAX. 
UNITS 

Drain-Source Breakdown Voltage BVoss 10-0.25 mA, VGs=O V 100 -
V 

Gate-Threshold Voltage VGs(th) VGS-VOS, 10-0.25 mA 2 4 

Zero-Gate Voltage Drain Current 
Vos=80 V, VGs=O V 1 

/1A loss -
Tc=150°C 50 

Gate-Source Leakage Current IGSS VGs=±20 V, Vos-O V - 100 nA 
Static Drain-Source On Resistance ros(on) 10-22 A, VGs-1O V - 0.080 n 
Turn-On Time t(on) - 60 
Turn-On Delay Time td(on) Voo=50V, 10=11 A 13 (typ.) -
Rise Time t, 1.,=1.2=0.6 A 24 (typ.) -
Turn-Off Delay Time td(off) VGS (clamp): +10 V, -0.6 V 65 (typ.) 

ns 
-

Fall Time tf RL=4.55 n 18 (typ.) -
Turn-Off Time t(off) (See Fig. 12) - 120 
Total Gate Charge O.(total) VGs=O to 20V Voo-80 V - 150 
Gate Charge at 10 V 0.(10) VGs=O to 10V 10=22 A - 75 nC 
Threshold Gate Charge O.(th) VGs=O to 2V RL=3.64 n - 3.5 
Plateau Voltage V(plateau) 10-22 A, Vos-15 V - 7.5 V 

Voo=50V,10-11A, RL-4.55n 
Turn-Off Energy Loss per Cycle Eoff L=0.2 /1H, 1.,=1.2=0.6 A - 80 /1J 

VGS (clamp): +10 V, -0.6 V 
Thermal Resistance, Junction to Case R(JJC - 1.5 

·C/W 
Thermal Resistance, Junction to Ambient R(JJA - 80 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS: 

CHARACTERISTIC 

Diode Forward Voltage Vso 
Reverse Recovery Time t" 

CASE TEMPERATURE rrC)=::25degC 

100.~" 
~ 

10.0 '" 

ARE S MIT YAd 

• 1 

O.,!-, --'---'--'--'-'....J....!-I.,~O --'---'--'--'-'-'-'~'0'0 

DRAIN-TO-SOURCE VOLTAGE Wds)-V 

Fig. 1 - Safe-operating-area curve. (Curves must be derated 
linearly with increase in temperature.) 

TEST CONDITIONS 
LIMITS 

UNITS 
MIN. MAX. 

Iso=22 A - 1.5 V 
IF=22 A, dl F/d,-1 00 AI/1s - 200 ns 
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Fig. 3 - Maximum continuous drain current vs. temperature. 
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Fig. 5 - Typical saturation characteristics. 
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Fig. 9 - Normalized drain source breakdown voltage vs. 
temperature. 
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mHARRIS RFP25N05 
August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 

Features 

• 25A, 50V 

• rDS(on) = 0.0470 

• UIS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 1750 C Operating Temperature 

Package 
TO-220AB 
TOP VIEW 

: SOURCE 
DRAIN 
GATE 

Description Terminal Diagram 
The RFP25N05 n-channel power MOSFETs is manufactured using 
the MegaFET process. This process, which uses feature sizes 
approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. The 
RFP25N05 was designed for use in applications such as switching 
regulators, switching converters, motor drivers, relay drivers, and 
emitter switches for bipolar transistors. This transistor can be 
operated directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The RFP25N05 is supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage .......................................... VOSS 
Drain-Gate Voltage (RGS = 1 MOl .............•...........•..•.. VOGR 
Continuous Drain Current .......................................... 10 
Pulsed Drain Current. ............................................ IDM 
Gate-Source Voltage ........................................... VGS 
Maximum Power Dissipatiqn 

TC = +250 C .................•...•••........•...•••••.......... Po 
Derated Above T C = 250 C ....................................... .. 

Operating and Storage Junction Temperature Range ............ TJ, TSTG 
Single Pulse Avalanche Rating, Refer to UIS SOA Curve 

G 

RFP25N05 

50 
50 
25 
65 

±20 

72 
0.48 

-55to+175 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFP25N05 

Electrical Characteristics At Case Temperature (TC) = +250C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTICS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source BVOSS 10 =0.25mA, VGS = OV 50 - - V 
Breakdown Voltage 

Gate Threshold VGS(th) VGS=VOS 2 - 4 V 
Voltage 10 = 0.25mA 

Zero Gate Voltage lOSS VOS =80V, VGS = OV - - 1 flA 
Orain Current 

TC =+1 500 C - - 50 ~A 

Gate-Source IGSS VGS= ±20V - - 100 nA 
Leakage Current 

On Resistance rOS(on) 10 = 25A, VGS = 10V - - 0.047 0 

Turn-On Time I(on) VOO = 25V,10 = 12.5A - - 60 ns 

Turn-On OelayTime td(on) RL=20 - 14 - ns 

RiseTime t, IGl = IG2 = 0.5A - 30 - ns 

Turn-Off Oelay Time id(off) VGS(clamp)= +10V,-0.6V - 45 - ns 

Fall Time tf - 14 - ns 

Turn-Off Time I(ofl) - - 100 ns 

Total Gate Charge Og(tot) VGS=0-20V VOO=40V - - 80 nC 

Gate Charge at 1 OV Og(10) VGS=0-10V 10=25A - - 45 nC 

Threshold Gate Charge Og(th) VGS=0-2V RL=1.60 - - 3 nC 

Plateau Voltage V(plateau) 10 = 25A, VOS= 15V - - 7.5 V 

Turn-Off Energy Eoff VOO = 25V, 10 = 1 2.5A, IG 1 = IG2 = 0.5A - - 30 ~J 
Loss per Cycle VGS(clamp) = +10V, -0.6V, L= 0.2)lH, 

RL=20 

Thermal Resistance RSJC - - 2.083 °C/W 
Junction to Case 

Thermal Resistance Oiode RSJA - - 80 oC/W 
Junction to Ambient 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS MIN TYP MAX UNITS 

Forward Voltage VSO ISO=25A - - 1.5 V 

Reverse Recovery Time trr If = 25A, dlf/dt = 100N)ls - - 125 ns 

100 
CASE TEMPERATURE (fc)-25dogC 

100.0 ldo 

~~!;-;;~ - -- -
I--- '-. - - -

'" ......... 0- ld MAX CONTINUO~S ----- -----
" 1-,-- ['--. '" -'>.(-- l' SIRRTING Ij- 26degC 

tn 
~ 10.0 -=.ilPERA JON IN THI'so~- -oc () tL -.......... SIARTING IJ- 150degC 
u 

RREA IS LIMI rEO BY Rds(o n)~ = =:::: ;:; ['--. 
0-

0-1'- 10 
z ----- - ~ --- -~ _. - -- m 
w ~ '" -..... '" 13 1.0 
z 

'" -g; 11 R-O - 1--
Vdss tav-(Ll( lao)/(I.3 RATED BYdee·Ydd) 

MAt5?V 
--- -- 11 R'O 

lav=tllR) In( [osl£Rl/( 1.3 RRTED BVds8-Vdd)tl) 
0.1 1 

10 
ORAIN'TO-SOURCE VOLTAGE (Vd.) - VOLTS 

100 
S1l12tIDl 

0.01 0.10 1.00 ID.OO 
UIS26H06 

FIGURE 1. SAFE-OPERATING-AREA CURVE (CURVES 
MUST BE DERATED LINEARLY WITH INCREASE 
IN CASE TEMPERATURE) 

TIME IN AVALANCHE (\av) - MILLISECONDS 

FIGURE 2. UN CLAMPED -INDUCTIVE-SWITCHING SOA 
(SINGLE PULSE UIS SOA) 
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RFP25N05 

Performance Curves 
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Performance Curves (Continued) 
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Performance Curves (Continued) 
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Features 

• 25A, 180V and 200V 

• rDS(on) = 0.150 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• High-Carrier, Low-Inductance Package 

Description 

The RFH25N18 and RFH25N20 are n-channel enhancement
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct
ly from integrated circuits. 

The RFH-types are supplied in the JEDEC TO-218AC plastic 
package. 

RFH25N18 
RFH25N20 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 

Dr:c§11 

TO-218AC 

TOP VIEW 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

RFH25N18 RFH25N20 

200 

200 

UNITS 

V Drain-Source Voltage ..................................... VOSS 
Drain-Gate Voltage (RGS = 1 MO) .......................... VOGR 
Continuous Drain Current. ................................... 10 
Pulsed Drain Current. ...................................... IOM 
Gate-Source Voltage ..................................... V GS 
Maximum Power Dissipation 

TC = +250 C ............................................. Po 
Linear Derating Factor ........................................ . 
Operating and Storage Temperature .................... TJ. TSTG 

180 

180 
25 
60 

±20 

150 
1.2 

-55 to +150 

25 
60 

±20 

150 
1.2 

-55 to +150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFH25N18, RFH25N20 

ELECTRICAL CHARACTERISTICS, at Case Temperature (T c) = 25° C unless otherwise specified. 

LIMITS 
TEST 

CHARACTERISTIC SYMBOL CONDITIONS RFH25N18 RFH25N20 UNITS 

Min. Max. Min. Max. 

Drain-Source Breakdown BVoss 10 = 1 mA 180 - 200 - V 

Voltage VGS = 0 

Gate Threshold Voltage VGs(th) VGS = Vos 2 4 2 4 V 

10 = 1 mA 

Zero Gate Voltage Drain loss Vos=145V - 1 - -

Current Vos=160V - - - 1 

Tc = 125°C /1A 

Vos=145V - 50 - -

Vos=160V - - - 50 

Gate-Source Leakage IGSS VGS = ± 20 V - 100 - 100 nA 

Current Vos = 0 

Drain-Source On Voltage Vos(on)1 10=12.5A - 1.875 - 1.875 

VGS = 10 V 
V 

10 = 25 A - 5 - 5 

VGs=10V 

Static Drain-Source On ros(on)a 10 = 12.5 A - .15 - .15 n 

Resistance VGs=10V 

Forward Transconductance gf.a Vos=10V 7 - 7 - mho 

10= 12.5A 

I nput Capacitance CiSS Vos = 25 V - 3500 - 3500 

Output Capacitance Con VGS = 0 V - 900 - 900 pF 

Reverse Transfer Capacitance Crss f = 1MHz - 400 - 400 

Turn-On Delay Time td(on) Vos = 100 V 40(typ) 80 40(typ) 80 

Rise Time t, 10=12.5A 150(typ) 225 150(typ) 225 
ns 

Turn-Off Delay Time td(off) Rgen=Rg.=50n 300(typ) 400 300(typ) 400 

Fall Time tf VGs=10V 120(typ) 200 120(typ) 200 

Thermal Resistance R8JC RFH25N18, 
J unction-to-Case RFH25N20 - 0.83 - 0.83 °CIW 

Series 

apulsed: Pulse duration = 300 /1S max., duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC TEST CONDITIONS RFH25N18 RFH25N20 UNITS 

Min. Max. Min. Max. 

Diode Forward Voltage Vso' Iso = 12.5A - 1.4 - 1.4 V 

Reverse Recovery Time tn IF = 4A, d.F/d, = 100 AI J1S 300 (typ.) 300 (typ.) ns 

• Pulse Test: Width :s: 300 /1s, Duty cycle :s: 2%. 
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RFH25N18, RFH25N20 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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Features 

• 25A, 180V and 200V 

• rDS(on) = 0.150 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFK25N18 and RFK25N20 are n-channel enhancement
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
conve rters, motor d rivers, relay drivers, and d rivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct· 
Iy from integrated circuits. 

The RFK-types are supplied in the JEDEC TO-204AE steel 
package. 

RFK25N18 
RFK25N20 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-204AE 
TOP VIEW 

DRAIN 
SOU~LANGE) o 

GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

RFK25N18 RFK25N20 

200 

200 

UNITS 

V Drain-Source Voltage .......•....••....•..•..•...•.•••••.. VOSS 

Drain-Gate Voltage (RGS = 1 MOl· •.....•..•.•....•••••.... VOGR 

Continuous Drain Current 
TC = +250 C .................................•••.•..•..•• 10 
Pulsed Drain Current. •.•.......•...••.................... 10 M 

Gate-Source Voltage ..........•••..••••..•............... VGS 
Maximum Power DiSSipation 

TC = +250 C .....................•.•.......•.•........••. Po 
Linear Derating Factor ..............•......•...•.......•..•..•• 
Operating and Storage Temperature •....••••••••....... T J, TSTG 

180 

180 

25 
60 

±20 

150 
1.2 

-55 to +150 

25 
60 

±20 

150 
1.2 

-55 to +150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 
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Specifications RFK25N18, RFK25N20 

ELECTRICAL CHARACTERISTICS. At Case Temperature (Tc)~25° C unless otherwise specified. 

LIMITS 
CHARACTERISTICS SYMBOL TEST RFK25N18 RFK25N20 UNITS CONDITIONS 

MIN. MAX. MIN. MAX. 
Drain-Source Breakdown Voltage BVoss 10~1 mA 180 - 200 - V 

VGS~O 

Gate Threshold Voltage VGs(th) VGS~VOS 2 4 2 4 V 
10~1 mA 

Zero Gate Voltage Drain Current loss Vos=145 V - 1 - -
Vos~160 V - - - 1 
Tc=125°C f.1A 
Vos=145 V - 50 - -
Vos=160 V - - - 50 

Gate-Source Leakage Current IGSS VGs=±20 V - 100 - 100 nA 
Vos=O 

Drain-Source On Voltage Vos(on)a 10=12.5 A - 1.875 - 1.875 
VGs=10 V 

V 
10=25 A - 5 - 5 
VGs~10 V 

Static Drain-Source On Resistance ros(on)a 10=12.5 A - .15 - .15 Q 
VGs=10 V 

Forward Transconductance 
, 

gfsa Vos=10 V 7 - 7 - mho 
10=12.5 A 

I n put Capacitance Ciss Vos=25 V - 3500 - 3500 
Output Capacitance Co,," VGs=O V - 900 - 900 pF 
Reverse Transfer Capacitance C"" f = 1MHz - 400 - 400 
Turn-On Delay Time td(on) Voo=100 V 40(typ) 80 40(typ) 80 
Rise Time t, 10=12.5 A 150(typ) 225 150(typ) 225 ns 
Turn-Off Delay Time td(off) Rgen~Rg,~50 Q 300(typ) 400 300(typ) 400 
Fall Time t, VGs=10 V 120(typ) 200 120(typ) 200 
Thermal Resistance ReJC RFK25N18. 

Junction-to-Case RFK25N20 Series - 0.83 - 0.83 °C/W 

aPulsed: Pulse duration = 300 f.1s max .. duty cycle ~ 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 
CHARACTERISTIC SYMBOL TEST RFK25N18 RFK25N20 UNITS CONDITIONS 

MIN. I MAX. MIN. I MAX. 
Diode Forward Voltage Vso Iso=12.5 A - I 1.4 - I 1.4 V 

Reverse Recovery Time tIl IF=4 A 300(typ) 300(typ) ns d'F/d,=100 A/f.1s 
'Pulse Test: Width :S 300 f.1S. duty cycle :S 2%. 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 

0,14 

0.12 

~ E 
~ ~ 0,10 

~I 
u I::' 0.08 
~ 0 aU, 
VI ,EJ 0.06 
g 
z 
CI 0.04 

~ 
002 

10 30 40 50 
ORAIN CURRENT (Io)-A 

92C5- 37164 

Fig. 8 - Typical drain·to-source on resistance as a function 
of drain current for all types. 

Vos "+IOV 
.,g PULSE TEST 

i 4 6~~~EC~~~:~~N';80JJ-S 
~ 12 
w 

" ~ to 

'l 
c • 

4 10 12 14 16 18 

DRAIN-lO-SOURCE CURRENT(Io1-A 
92CS-31166 

Fig. 10 - Typical forward transconductance as a function 
of drain current for all types. 

i 
" t::! 40 
~ 
z 
w 
~ 30 a 
z 

~ 20 

I 2 3 4 5 
DRAIN-TO-SOURCE VOLTAGE (Vosl-V 

'32C5- 37163 

Fig. 7 - Typical saturation characteristics for all types. 

3000 

~ 2000 

w 
" z 
;'. 

~ :; 1000 

DRAIN-lO-SOURCE VOLTAGE (VGS1-V 

92C5-37165 

Fig. 9 Capacitance as a function of drain-to-source 
voltage for all types. 

1-------;;;;- --I 

I 
I 
I 
I 
1 

1 I 
1 I 
'-- ______ J 

an 

92CS- 37382 

Fig. 11 - Switching Time Test Circuit 

4·714 

= Voo '" 
IOOV 



(II HARRIS 

August 1991 

Features 

• 30A, 120V and 1S0V 

• rDs(on) = 0.0750 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• High-Carrier, Low-Inductance Package 

Description 

The RFH30N12 and RFH30N15 are n-channel enhancement
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct
ly from integrated circuits. 

The RFH-types are supplied in the JEDEC TO-218AC plastic 
package. 

RFH30N12 
RFH30N15 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-218AC 
TOP VIEW 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

o 

G~ 
s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

RFH30N12 RFH30N15 

150 

150 

UNITS 

V Drain-Source Voltage ..................................... VOSS 
Drain-Gate Voltage (RGS = 1 MOl· ......................... VDGR 
Continuous Drain Current. ................................... 10 
Pulsed Drain Current. ...................................... IDM 
Gate-Source VoHage ..................................... VGS 
Maximum Power Dissipation 

TC = +250 C ............................................. Po 
Linear Derating Factor ........................................ . 
Operating and Storage Temperature .................... TJ, TSTG 

120 

120 
30 
100 
±20 

150 
1.2 

-55 to +150 

30 
100 
±20 

150 
1.2 

-55to+150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFH30N12, RFH30N15 
ELECTRICAL CHARACTERISTICS. at Case Temperature (T c) = 25° C unless otherwise specified. 

LIMITS 
TEST 

CHARACTERISTIC SYMBOL CONDITIONS RFH30N12 RFH30N15 

Min. 

Drain-Source Breakdown BVoss 10 = 1 mA 120 

Voltage VGS = 0 

Gate Threshold Voltage VGs(th) VGS = Vos 2 

10 = 1 mA 

Zero Gate Voltage Drain loss Vos = 100 V -

Current Vos 120 V -

Tc=125°C 

Vos=100V -

Vos = 120 V -
Gate-Source Leakage IGSS VGS = ± 20 V -

Current Vos = 0 

On-State Gate Voltage VGs(on)a Vos = 5 V -

10 = 15 A 

Vos=10V -
10 = 30 A 

Drain-Source On Voltage Vos(on)a 10 = 15 A -

VGS = 10 V 

10 = 30 A -

VGs=10V 

Static Drain-Source On ros(on)a 10 = 15 A -

Resistance VGs=10V 

Forward Transconductance gf,a Vos=10V 10 

10 = 15 A 

Input Capacitance Ciss VOS = 25 V -
Output Capacitance Coss VGS = 0 V -

Reverse Transfer Capacitance erss f = 1 MHz -
Turn-On Delay Time td(on) Vos = 75 V 75(typ) 

Rise Time t, 10 = 15 A 420(typ) 

Turn-Off Delay Time td(off) Rge,= Rg,=500 300(typ) 

Fall Time tf VGs =10V 250(typ) 

Thermal Resistance RBJC RFH30N12, 
Junction-to-Case RfH30N15 -

Series 

apulsed: Pulse duration = 300 /.is max., duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC TEST CONDITIONS 

Diode Forward Voltage Vso' Iso = 15A 

Reverse Recovery Time t" IF = 4A, dlF/dt = 100 A//.is 

• Pulse Test: Width :S 300 /.is, Duty cycle:S 2%. 

4-716 

Max. Min. Max. 

- 150 -

4 2 4 

1 - -

- - 1 

50 - -
- - 50 

100 - 100 

8 - 8 

10 - 10 

1.125 - 1.125 

2.65 - 2.65 

0.075 - 0.075 

- 10 -

3000 - 3000 

1200 - 1200 

500 - 500 

115 75(typ) 115 

630 420(typ) 630 

450 300(typ) 450 

375 250(typ) 375 

0.83 - 0.83 

LIMITS 

RFH30N12 RFH30N15 

Min. Max. Min. Max. 

- 1.4 - 1.4 

200 (typ.) 200 (typ.) 

UNITS 

V 

V 

/.iA 

nA 

V 

V 

0 

mho 

pF 

ns 

°C/W 

UNITS 

V 

ns 
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Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8 - Typical drain-to-source on resistance 8S a function of 
drain current for all types. 
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Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 
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Fig. 7 - Typical saturation characteristics for all types. 

4000 '::REQUENCY (f) - 1 MHz 

3000 

Coss 

erSS 

10 20 30 40 50 
DRAIN-TO~SOURCE VOLTAGE (VOS)-V 

92CS-36254 R1 
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Features 

• 30A, 120V and 1S0V 

• rDS(on) = 0.0750 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFK30N12 and RFK30N15 are n-channel enhancement
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct· 
Iy from integrated circuits. 

The RFK-types are supplied in the JEDEC TO-204AE steel 
package. 

RFK30N12 
RFK30N15 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-204AE 

TOP VIEW 

DRAIN 
SOU~LANGE) o 

GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

RFK30N12 RFK30N15 

150 

150 

UNITS 

V Drain-Source Voltage ........................•..•......•.. VOSS 

Drain-Gate Voltage (RGS = 1 MOl· .......................•• VOGR 

Continuous Drain Current 
TC=+250 C ••........................•.................. 10 
Pulsed Drain Current. .•..............•••••............••. IOM 

Gate-Source Voltage ............................•........ VGS 
Maximum Power Dissipation 

TC = +250 C ••.•......•.....••................••••...••.. Po 
Linear Derating Factor .•..............•..................•..••. 
Operating and Storage Temperature .................... T J, T STG 

120 

120 

30 
100 
±20 

120 
1.2 

-55 to +150 

30 
100 
±20 

120 
1.2 

-55 to +150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFK30N 12, RFK30N 15 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25° C unless otherwise specified. 

LIMITS 

CHARACTERISTIC SYMBOL 
TEST RFK30N12 RFK30N15 

UNITS 
CONDITIONS MIN. MAX. MIN. MAX. 

Drain-Source Breakdown Voltage BVoss 10=1 mA 120 - 150 - V 
Vas=O 

Gate Threshold Voltage VGs(th) VGS-VOS 2 4 2 4 V 
10=1 mA 

Zero Gate Voltage Drain Current loss Vos-100 V - 1 - -
Vos=120 V - - - 1 
Tc-125°C /lA 
Vos=100 V - 50 - -
Vos=120 V - - - 50 

Gate-Source Leakage Current lass Vas-±20V - 100 - 100 nA 
Vos=O 

Drain-Source On Voltage Vos(on)" 10-15 A - 1.125 - 1.125 
Vas=10 V 

V 
10=30 A - 3 - 3 

VGs=10 V 
Static Drain-Source On Resistance ros(on)· 10-15 A - 0.075 - 0.075 n 

Vas=10 V 
Forward Transconductance g • f' Vos=10 V 10 - 10 - mho 

10=15 A 
Input Capacitance Ciss Vos-25 V - 3000 - 3000 
Output Capacitance Coss Vas=O V - 1200 - 1200 pF 
Reverse Transfer Capacitance Cras f = 1MHz - 500 - 500 
Turn-On Delay Time td(on) Voo=75V 75(lyp) 115 75(lyp) 115 
Rise Time t, 10=15 A ~20(typ) 630 420(typ) 630 

ns 
Turn-Off Delay Time Id( off) Rgen= Rg,=50 n ~OO(typ) 450 300(typ) 450 
Fall Time tf VGs=10 V 250(typ) 375 250(lyp) 375 
Thermal Resistance R/lJc RFK30N12, 
Junction-to-Case RFK30N15 Series - 0.83 - 0.83 °C/W 

·Pulsed: Pulse duration = 300 If.S max., duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 
CHARACTERISTIC SYMBOL TEST RFK30N12 RFK30N15 UNITS CONDITIONS 

MIN. I MAX. MIN. I MAX. 
Diode Forward Voltage V80 180=15 A - I 1.4 - I 1.4 V 

Reverse Recovery Time I" 
IF=4 A 200(typ) 200(typ) ns d,F/d,=100 A//ls 

'Pulse Test: Width S 300/15, duty cycle S 2%. 
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Features 

• 35A, 80V and 100V 

• rDslon) = 0.0550 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• High-Carrier, Low-Inductance Package 

Description 

The RFH35N08 and RFH35N1 0 are n-channel enhancement
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct· 
Iy from integrated circuits. 

The RFH-types are supplied in the JEDEC TO-218AC plastic 
package. 

RFH35N08 
RFH35N10 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-218AC 
TOP VIEW 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

RFH35N08 RFH35N10 

100 

100 

UNITS 

V Drain-Source Voltage ..................................... VDSS 
Drain-Gate Voltage (RGS = 1 MO) .......................... VDGR 
Continuous Drain Current .................................... ID 
Pulsed Drain Current. ...................................... ID M 
Gate-Source Voltage ..................................... V GS 
Maximum Power Dissipation 

TC = +250 C ............................................. PD 
Linear Derating Factor ........................................ . 
Operating and Storage Temperature .................... TJ, TSTG 

80 

80 
35 
100 
±20 

150 
1.2 

-55 to +150 

35 
100 
±20 

150 
1.2 

-55to+150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFH35N08, RFH35N10 

ELECTRICAL CHARACTERISTICS, at Case Temperature (Tel = 25°C unless otherwise specified. 

LIMITS 
TEST 

CHARACTERISTIC SYMBOL CONDITIONS RFH35N08 RFH35N10 UNITS 

Min. Max. Min. Max. 

Drain-Source Breakdown BVoss 10 = 1 mA 80 - 100 - V 

Voltage VGS = 0 

Gate Threshold Voltage VGs(th) VGS = Vos 2 4 2 4 V 

10 = 1 mA 

Zero Gate Voltage Drain loss Vos = 65 V - 1 - -
Current Vos = 80 V - - - 1 

Te = 125°C /iA 

Vos = 65 V - 50 - -

Vos = 80 V - - - 50 

Gate-Source Leakage IGSS VGS = ± 20 V - 100 - 100 nA 

Current Vos = 0 

Drain-Source On Voltage Vos(on)a 10 = 17.5 A - 0.963 - 0.963 

VGS = 10 V 
V 

10 = 35 A - 3.0 - 3.0 

VGs=10V 

Static Drain-Source On ros(on)a 10 = 17.5 A - 0.055 - 0.055 n 

Resistance VGs=10V 

Forward Transconductance gfsa Vos=10V 10 - 10 - mho 

10 = 17.5 A 

Input Capacitance Ciss Vos = 25 V - 3000 - 3000 

Output Capacitance Coss VGS = 0 V - 1500 - 1500 pF 

Reverse Transfer Capacitance Crss f = 1 MHz - 600 - 600 

Turn-On Delay Time t.(on) Voo = 50 V 45(typ) 100 45(typ) 100 

Rise Time t, 10 = 17.5 A 225(typ) 450 225(typ) 450 

Turn-Off Delay Time t.(off) Rgen=Rgs=50n 240(typ) 
ns 

450 240(typ) 450 

Fall Time tf VGs=10V 165(typ) 350 165(typ) 350 

Thermal Resistance R6Je RFH35N08, 
Junction-to-Case RFH35N10 - 0.83 - 0.83 °C/W 

Series 

apulsed: Pulse duration = 300/is max., duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC TEST CONDITIONS RFH35N08 RFH35N10 UNITS 

Min. Max. Min. Max. 

Diode Forward Voltage Vso . Iso = 17.5A - 1.4 - 1.4 V 

Reverse Recovery Time tn IF = 4A, d'F/dt = 100 AI/is 200 (typ.) 200 (typ.) ns 

• Pulsed: Pulse duration = 300 /is max., duty cycle = 2%. 
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Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function of 
junction temperature for all types. 
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temperature for all types. 
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RFH35N08, RFH35Nl0 

~ 
o 

> 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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Fig. 10- Typical forward transconductance as a function of drain 
current for all types. 
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Features 

• 35A, BOV and 100V 

• rDS(on) = 0.0550. 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFK35N08 and RFK35N10 are n-channel enhancement
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct
ly from integrated circuits. 

The RFK-types are supplied in the JEDEC TO-204AE steel 
package. 

RFK35N08 
RFK35N10 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-204AE 
TOP VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

RFK35N08 RFK35N10 

100 

100 

UNITS 

V Drain-Source Voltage ..................................... VOSS 

Drain-Gate Voltage (RGS = 1 MOl ...•.......•.•.•........•• VDGR 

Continuous Drain Current 
TC = +250C ••••••••.....•.......•..••.••••...•••••.....• 10 
Pulsed Drain Current. ......•...•......•.•..••...••.•••... IDM 

Gate-Source VoHage ..........................•.......... V GS 
Maximum Power Dissipation 

TC = +250 C ..•..................•......•....••.......... Po 
Linear Derating Factor ..••.....••..........•.......•..........• 
Operating and Storage Temperature ••.....•....•••..... TJ. TSTG 

80 

80 

35 
100 
±20 

150 
1.2 

-55 to +150 

35 
100 
±20 

150 
1.2 

-55to+150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFK35N08, RFK35N 10 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=2!j° C unless otherwise specified. 

LIMITS 
CHARACTERISTICS SYMBOL TEST RFK35N08 RFK35N10 UNITS CONDITIONS 

MIN. MAX. MIN. MAX. 
Drain-Source Breakdown Voltage BVDss 10=1 mA 80 . - 100 - V 

VGs=O 
Gate Threshold Voltage VGs(th) VGs=Vos 2 4 2 4 V 

10=1mA 
Zero Gate Voltage Drain Current loss Vos=65V - 1 - -

Vos=80 V - - - 1 
Tc=125~C JiA 
Vos=65 V ' - 50 - -
Vos=-80 V - - - 50 

Gate-Source Leakage Current IGSS VGs=±20 V - 100 - 100 nA 
Vos=O 

Drain-Source On Voltage Vos(on)a 10=1.7.5,A - 0.9625 - 0.9625 
VGs=10V 

V 
10=35 A - 3,5 - 3.5 

VGs=10 V 
Static Drain-Source On Resistance ros(on)a 10=17.5 A - 0.055 - 0.055 n 

VGs=,10 V 
Forward Transconductance gfsa Vos=10 V, 10 - 10 - mho 

10=17.5 A 
Input Capacitance Ciss Vos=25 V - 3000 - 3000 
Output Capacitance Goss VGs=O V - 1500 - 1500 pF 
Reverse Transfer Capacitance C"s f=1 MHz - 600 - 600 
Turn-On Delay Time td(on) Voo=50 V 45(typ) 100 45(typ) 100 
Rise Time t, 10=17.5 A 225(typ) 450 225(typ) 450 ns 
Turn-Off Delay Time td(off) Rgen=Rgs=50 n 240(typ) 450 240(typ) 450 
Fall Time tf VGs=lO V 165(typ) 350 165(typ) 350 
Thermal Resistance R8Jc RFK35N08. 

Juncti.on-to-Case RFK35N10Series - 0.83 - 0.83 °C/W 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

", LIMITS 
CHARACTERISTIC SYMBOL TEST RFK35N,08 RFK35N10 UNITS CONDITIONS 

MIN. I MAX. MIN. I MAX. 
Diode Forward Voltage VSD a Iso=17,5 A - I 1.4 - I 1.4 V 

Reverse Recovery Time tff IF=4 A 200(typ) 200(typ) ns d ,F/dt =1 00 A/Jis 

·Pulsed: Pulse duration = 300 JiS max., duty cycle = 2%. 
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Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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RFK35N08, RFK35N10 

TIME - Microseconds 

Fig. 6 - Normalized switching wavelorms lor constant gate-current. 
Reier to Harris application notes AN-7254 and AN-7260 
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of drain current for all types. 

4-730 

DRAIN-TO-SOURCE VOLTAGE{Vosl-V 

Fig. 7 - Typical saturation characteristics for all types. 
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N-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 

Features 

• 40A, 100V 

• rDS(on) = O.04on 

• UIS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• +1750 C Operating Temperature 

Description 

Package 
TO-220AB 

TOP VIEW 

TO-247 
TOP VIEW 

: SOURCE 
DRAIN 

- GATE 

The RFG40N10 and RFP40N10 n-channel ESD rated power 
MOSFET's are manufactured using the MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits gives optimum utilization of silicon, resulting in 
outstanding performance. They were designed for use in 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers and emitter switches for bipolar 
transistors. These transistors can be operated directly from 
integrated Circuits. 

Terminal Diagram 

The RFP40N10 is supplied in the JEDEC TO-220AB plastic 
package and the RFG40N10 is supplied in the TO-247 plastic 
package. 

N-CHANNEL ENHANCEMENT MODE 

G 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

RFG40N10 
RFP40N10 

Drain-Source Voltage •................•.•...•................ VOSS 
Drain-Gate Voltage (RGS = 1 MOl ...••..............•....•.... VOGR 
Continuous Drain Current. ..........•..........................•.. 10 
Pulsed Drain Current ........................................... 10M 
Gate-SourceVoltage ......................................... VGS 
Maximum Power Dissipation 

TC = +250 C ................................................. Po 
Derated Above +250 e .......................................... . 

Operating and Storage Junction Temperature Range ......... T JC, TSTG 

100 
100 
40 
100 
±20 

160 
1.07 

-55 to +175 

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

Copyright © Harris Corporation 1991 
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Specifications RFG40N10, RFP40N10 

ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 250 C unless otherwise specified. 

LIMITS 

CHARACTERISTICS TEST CONDITIONS MIN MAX. UNITS 

Drain-Source Breakdown Voltage BVDSS 10 = 0.25 mA, VGS = OV 100 -
V 

Gate Threshold Voltage VGS(th) VGS = VDS,ID = 0.25 mA 2 4 

VDS = SO V, VGS = OV - 1 
Zero Gate Voltage Drain Current IDSS Tc= 1500C 50 f1A 

Gate-Source Leakage Current IGSS VGS= ±20V,VDS= OV - 100 nA 

Static Drain-Source on Resistance rDS(on) ID = 40A, VGS = 10V - 0.040 0 

Turn-On Time t(on) - SO 

Turn-On Delay Time td(on) VDD =50V,ID =20A 17 (typ) -
RiseTime tr Ig1 = Ig2 = 1.2 A 30 (typ) -
Turn-Off DelayTime td(off) VGS (clamp): +10 V, -0.6 V 42 (typ) 

ns -
Fall Time tr RL=2.50 20 (typ) -
Turn-Off Time t(off) - 100 

Total Gate Charge Og(total) VGS=Ot020V VDD =SOV - 300 

Gate Charge at 10V Og(10) VGS= Oto 10V ID=40A - 150 nC 

Threshold Gate Charge Og(th) VGS=Ot02V RL=20 - 7.5 

Plateau Voltage V(plateau) 10 = 40A, VDS = 15V - 7.5 V 

VDD= 5OV,ID=20A,RL= 2.5 0 
Turn-Off Energy Loss per Cycle Eoff L = O.S ~H,lg1 = Ig2 = 1.2 A - 300 ~J 

VGS (clamp): +10 V, -0.6 V 

Thermal Resistance, Junction. to Case RaJC - 0.94 
oC{W 

Thermal Resistance, Junction to Ambient RaJA - SO 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

~ 
x a: 

:;-; 

.... 
z 
w 
'" '" :::> 
u 

~ 
a: 
'" Cl 

LIMITS 

CHARACTERISTICS TEST CONDITIONS MIN MAX. UNITS 

Diode Forward Vo~age VSD ISD=40A - 1.5 V 

Reverse Recovery Time trr ISD = 40 A, dlSD/dt = 100 N~s - 200 ns 

100;0 
CASE TEMPE ATURE CTc)-250de C m 

, 
.... ,--

-1fR~A PERA Mi~ ol~y Tn (o;:;)'--.. Pc SLl 
10.0 

1.0 

d • 
A - 0 

0.1 
1 10 100 

ORAIN-TO-SOURCE VOLTAGE (Vd.) - VOLTS 

Figure 1 - Safe operating area curve. 
(Gurves must be derated linearly with increase in temperature.) 
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Figure 11 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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HARRIS 
SEMICONDUCTOR 

RFG45N06 
RFP45N06 

January 1994 

45A, 60V, Avalanche Rated N-Channel 
Enhancement-Mode Power MOSFETs (MegaFETs) 

Features 

• 45A,60V 

• rOS(ON) = 0.0280 

• Temperature Compensating PSPICE Model 

• Peak Current vs Pulse Width Curve 

• UIS Rating Curve 

• +1750 C Operating Temperature 

Description 

Packaging 
JEDEC TO·220AB 

TOP VIEW 

JEDEC STYLE TO·247 
TOP VIEW 

The RFG45N06, RFP45N06 N·Channel power MOSFETs 
are manufactured using the MegaFET process. This pro· 
cess, which uses feature sizes approaching those of LSI 
integrated circuits gives optimum utilization of silicon, result· 
ing in outstanding performance. They were designed for use 
in applications such as switching regulators, switching 
converters, motor drivers, relay drivers and emitter switches 

,:. ·~II?; /""""\. bt= :::-SIOEM~~_ J; GATE 

for bipolar transistors. These transistors can be operated 
directly from integrated circuits. 

The RFG45N06 is supplied in a JEDEC style TO·247 plastic Symbol 
package and the RFP45N06 is supplied in the JEDEC 
TO·220AB plastic package. 

Formerly developmental type TA4902B. 

Absolute Maximum Ratings (T c = +25°C) 

Drain Source Voltage ...................................... . 

Drain Gate Voltage ........................................ . 

Gate Source Voltage ...................................... . 

Drain Current 
RMS Continuous ........................................ . 
Pulsed Drain Current .................................... . 

Pulsed Avalanche Rating ................................... . 

Voss 

VOGR 

VGS 

Maximum Avalanche Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . lAM 

Power Dissipation 
Tc = +25°C........... .................................. Po 
Derate above +25°C . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . PT 

Operating and Storage Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . T STG,TJ 

S 

RFG45N06,RFP45N06 

60 

60 

±20 

45 
Refer to Peak Current Curve 

Refer to U I S Curve 

125 

131 
0.877 

·55 to +175 

UNITS 

V 

V 

V 

A 

A 

W 
Wf'C 

°C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3574 
Copyright © Harris Corporation 1994 
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Specifications RFG45N06, RFP45N06 

Electrical Specifications T c = +25°C, Unless Otherwise Specified 

PARAMETER SYMBOL TEST CONDITIONS 

Drain-Source Breakdown Voltage BVoss 10 = 0.25mA, VGS = OV 

Gate Threshold Voltage VGS(TH) VGS = Vos, 10 = 0.25mA 

Zero Gate Voltage Drain Current loss Vos = 60V, Tc = +25°C 
VGS = OV 

Tc=+I50oC 

Gate-Source Leakage Current IGSS VGS = ±20V 

On Resistance rOS(ON) 10 = 45A, Vas = 10V 

Turn-On Time ioN Voo = 3OV, 10 = 45A 
RL = 0.6670, Vas = +10V 

Turn-On Delay Time lo(oN) Ras=3.60 

Rise Time tR 

Turn-Off Delay Time to(OFF) 

Fall Time tF 

Turn-Off Time IoFF 

Total Gate Charge Oa(TOl) Vas = 0 to 20V Voo = 48V, 
10 = 45A, 

Gate Charge at 10V Oa(10) Vas =Otol0V RL = 1.070 

Threshold Gate Charge OG(TH) VGS = 0 to 2V 

Plateau Voltage V(PLATEAU) 10 = 45A, Vos = 15V 

Input Capacitance C1SS Vos = 25V, VGS = OV 
f= lMHz 

Output Capacitance Coss 

Reverse Transfer Capacitance CRSS 

Thermal Resistance Junction to Case RaJC 

Thermal Resistance Junction to Ambient RaJA 

Source-Drain Diode Specifications 

PARAMETER SYMBOL TEST CONDITIONS MIN 

Forward Voltage Vso Iso = 45A -
Reverse Recovery Time tRR Iso = 45A, dlsoldt = 100A/lts -

4-737 

LIMITS 

MIN TYP 

60 -
2 -

- -
- -

- -

- 12 

74 

- 37 

- 16 

125 

- 67 

- 3.7 

- -
- 2050 

- 600 

- 200 

-

LIMITS 

TYP 

-
-

MAX 

4 

1 

50 

100 

0.028 

120 

-

-

80 

150 

80 

4.5 

7.5 

-
-

1.14 

80 

MAX 

1.5 

125 

UNITS 

V 

V 

itA 

itA 

nA 

0 

ns 

ns 

ns 

ns 

ns 

ns 

nC 

nC 

nC 

V 

pF 

pF 

pF 

°CIW 

°CIW 
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RFG45N06, RFP45N06 

Typical Performance Curves 
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t. RECTANGULAR PULSE DURATION (s) 

FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 
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RFG45N06, RFP45N06 

Typical Performance Curves (Continued) 

PULSE DURATION = 250~s, VGS = 10V, 10 = 45A 
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RFG45N06, RFP45N06 

Typical Performance Curves (Continued) 

Test Circuits 
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FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 
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FIGURE 16. RESISTIVE SWITCHING WAVEFORMS FIGURE 17. RESISTIVE SWITCHING TEST CIRCUIT 
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RFG45N06, RFP45N06 

PSpice Model Listing 

Temperature Compensated PSPICE Model for the RFG45N06, RFP45N06 

.SUBCKT RFP45N06 2 1 3 

REV 1/18/93 

'NOM TEMP = +25°C 

CA 12 8 3.49E-9 
CB 15 14 3.8E-9 
CIN682E-9 

DBODY 7 5 DBDMOD 
DBREAK 5 11 DBKMOD 
DPLCAP 105 DPLCAPMOD 

EBREAK 11 7 17 1866.5 
EDS 148581 
EGS 138681 
ESG610681 
EVT02061881 

IT8171 

LDRAIN 2 5 1 E-9 
LGATE 1 95.65E-9 
LSOURCE 3 74.13E-9 

MOS1 16688 MOSMOD M=0.99 
MOS2 1621 88 MOSMOD M=0.01 

RBREAK 17 18 RBKMOD 1 
RDRAIN 516 RDSMOD 3.58E-3 
RGATE 9 20 0.681 
RIN681E9 
RSOURCE 87 RDSMOD 13.6E-3 
RVTO 1819 RVTOMOD 1 

S1A 612138 S1AMOD 
S1B 13 12 138 SIBMOD 
S2A 6151413 S2AMOD 
S2B 13 15 1413 S2BMOD 

VBAT 819 DC 1 
VTO 2160.92 

GATE RGATE 

LGATE 9 20 

.MODEL DBDMOD D (IS=8.2E-13 RS=7.86E-3 TRS1=2.26E-3 TRS2=2.90E-6 CJO=2.07E-9 TI=5.72E-8) 

.MODEL DBKMOD D (RS=I.93E-1 TRS1=5.13E-4 TRS2=-2.15E-5) 

.MODEL DPLCAPMOD D (CJO=1.25E-9IS=1E-30 N=10) 

.MODEL MOSMOD NMOS (VTO=3.862 KP=55.57 IS=1 E-30 N=10 TOX=l L=l U W=l U) 

.MODEL RBKMOD RES (TC1=1.12E-3 TC2=-5.18E-7) 

.MODEL RDSMOD RES (TC1=4.64E-3 TC2=1.58E-5) 

.MODEL RVTOMOD RES (TC1=-4.27E-3 TC2=-6.55E-6) 

.MODEL SIAMOD VSWITCH (RON=l E-5 ROFF=O.l VON=-6.5 VOFF=-1.7) 

.MODEL Sl BMOD VSWITCH (RON=1 E-5 ROFF=O.l VON=-1.7 VOFF=-6.5) 

.MODEL S2AMOD VSWITCH (RON=l E-5 ROFF=O.l VON=-3.0 VOFF=2) 

.MODEL S2BMOD VSWITCH (RON=1 E-5 ROFF=O.l VON=2.0 VOFF=-3.0) 

.ENDS 

DRAIN 

loRAIN 2 

Daooy 

+ 

LsOURCE 3 

7 SOURCE 

NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFet Featuring Global 
Temperature Options; authored by William J. Hepp and C. Frank Wheatley. 
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Features 

• 45A, 50V and 60V 

• rDS(on) = 0.0400 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• High-Current, Low-Inductance Package 

Description 

The RFH45N05 and RFH45N06 are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The RFH-types are supplied in the JEDEC TO-218AC plastic 
package. 

RFH45N05 
RFH45N06 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-218AC 
TOP VIEW 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

o 

G~ 
S 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

RFH45N05 RFH45N06 

60 

UNITS 

V Drain-Source Voltage ..•...•.....••...............•......• VOSS 

Drain-Gate Voltage (RGS = 1 MO) ......•.......•....••..... VDGR 

Continuous Drain Current. • . . . . • . . . . • . . . . • . . . . . • • • . . . . • • . . . .. 10 
Pulsed Drain Current. •...••..•••....••..•.•....••••...••... IDM 
Gate-Source Voltage ••..•.•..••••...••.••••••.........•.. VGS 
Maximum Power Dissipation 

TC = +250 C ..•..•............•......•..••.....•...•.••.. Po 
Linear Derating Factor •.•......••.•...••...••••....••....••.••. 
Operating and Storage Temperature .••.•...•.••.....••. TJ, TSTG 

50 

50 
45 
100 
±20 

150 
1.2 

-55 to +150 

60 
45 

100 
±20 

150 
1.2 

-55to+150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFH45N05, RFH45N06 

ELECTRICAL CHARACTERISTICS, at Case Temperature (Tcl = 25° C unle .. otherwise specilled. 

LIMITS 
TEST 

CHARACTERISTIC SYMBOL CONDITIONS RFH45N05 RFH45N06 

Min. Max. Min. Max. 

Drain-Source Breakdown BVoss 10 = 1 mA 50 - 60 -

Voltage VGS = 0 

Gate Threshold Voltage VGs(th) VGS = Vos 2 4 2 4 

10 = 1 mA 

Zero Gate Voltage Drain loss Vos = 40 V - 1 - -

Current Vos = 50 V - - - 1 

Tc = 125°C 

Vos = 40 V - 50 - -
Vos = 50 V - - - 50 

Gate-Source Leakage IGSS VGS = ± 20 V - 100 - 100 

Current Vos = 0 

Drain-Source On Voltage Vos(on)a 10 = 22.5 A - 0.9 - 0.9 

VGs =10V 

10 = 45 A - 3.6 - 3.6 

VGs =10V 

Static Drain-Source On ros(on)a 10 = 22.5 A - .04 - .04 

Resistance VGs=10V 

Forward Transconductance g •• a Vos=10V 10 - 10 -

10 = 22.5 A 

Input Capacitance Ciss Vos = 25 V - 3000 - 3000 

Output Capacitance Con VGS = 0 V - 1800 - 1800 

Reverse Transfer Capacitance Grss f = 1MHz - 750 - 750 

Turn-On Delay Time td(on) Vos = 30 V 40(typ) 80 40(typ) 80 

Rise Time t, 10 = 22.5 A 310(typ) 475 310(typ) 475 

Turn-Off Delay Time td(off) Rgen=Rg.=500 220(typ) 350 220(typ) 350 

Fall Time t. VGs =10V 240(typ) 375 240(typ) 375 

Thermal Resistance R8JC RFH45N05, 
J unction-to-Case RFH45N06 - 0.83 - 0.83 

Series 

apulsed: Pulse duration = 300 /1S max., duty cycle = 2%. 

SOURCE-DRAIN DIODE RATI~GS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC TEST CONDITIONS RFH45N05 RFH45N06 

Min. Max. Min. Max. 

Diode Forward Voltage Vso . Iso = 22.5A - 1.4 - 1.4 

Reverse Recovery Time tn IF = 4A, d'F/dt = 100 A//JS 150 (typ.) 150 (typ.) 

• Pulse Test: Width :S 300 /1S, Duty cycle :S 2%. 
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Fig. 1- Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function of 
junction temperature for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction 
temperature for all types. 
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VGS' 10 v 
PULSE TEST 

70 PULSE DURATION=80,u.S 

I DUTY CYCLE < 2 % 
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TC- 4O•C 
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Fig. 5 - Typical transfer characteristics for all types. 



RFH45N05, RFH45N06 

Rg. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260 

VGS: 10 V 

PULSE TEST 
0010 PULSE OURATION =80~S 

DUTY CYCLE < 2% 
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~ 2 0.050 
z 0 

01 
~ g 0.040 
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Fig. 8 -. Typical drain-to-source on resistance as a function of 
drain current for al/ types. 
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92CS'3114~ 

Fig. 10 - Typical forward transconductance as a function of drain 
current for al/ types. 
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Fig. 7 - Typical saturation characteristics for al/ typas. 
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Fig. 11 - Switching Time Test Circuit. 
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Features 

• 4SA, SOV and GOV 

• rDs(on) = O.040n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFK45NOS and RFK45N06 are n-channel enhancement
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct
ly from integrated circuits. 

The RFK-types are supplied in the JEDEC TO-204AE steel 
package. 

RFK45N05 
RFK45N06 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Package 
TO-204AE 

BOTIOMVIEW 

DRAIN 

sOU~./(FLANGE) o 
GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MOOE 

D 

G~ 
s 

Absolute Maximum Ratings (TC '" +250 C). Unless Otherwise Specified 

RFK45N05 RFK45N06 

60 

UNITS 

V Orain-Source Voltage •••..••••...•.....•••••..••......•... VOSS 

Orain-Gate Voltage (RGS = 1 MOl· .••••....•.......•....... VDGR 
Continuous Drain Current 

TC = +250 C •..•...........•.....•.....•.......•......... 10 
Pulsed Drain Current. ••.••.•..•••....•...•••..•..•..•.... 10 M 

Gate-Source Voltage ••....•.•...••....••.•.....•......... V GS 
Maximum Power Dissipation 

TC=+250C .•..••.....•.•••....•••.•.......•........••.. PO 
Linear Derating Factor .......••.....••....................•..•. 
Operating and Storage Temperature .........•...•..••.. TJ, TSTG 

50 

50 

45 
100 
±20 

150 
1.2 

-55 to +150 

60 

45 
100 
±20 

150 
1.2 

-55to+150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFK45N05, RFK45N06 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified. 

LIMITS 
CHARACTERISTICS SYMBOL TEST RFK4SNOS RFK4SN06 CONDITIONS 

MIN. MAX. MIN. MAX. 
Drain-Source Breakdown Voltage BVoss 10=1 mA 50 - 60 -

VGs=O 
Gate Threshold Voltage VGs(th) VGs=Vos 2 4 2 4 

10=1 mA 
Zero Gate Voltage Drain Current loss Vos=40 V - 1 - -

Vos=50 V - - - 1 
Tc=125°c 
Vos=40 V - 50 - -
Vos=50 V - - - 50 

Gate-Source Leakage Current IGSS VGs=±20V - 100 - 100 
Vos=O 

Drain-Source On Voltage Vos(on)a 10=22.5 A - 0.9 - 0.9 
VGs=10 V 
10=45 A - 3.6 - 3.6 

VGs=10 V 
Static Drain-Source On Resistance ros(on)a 10=22.5 A - .04 - .04 

VGs=10 V 
Forward Transconductance g,s" Vos=10 V 10 - 10 -

10=22.5 A 
Input Capacitance Ciss Vos=25 V - 3000 - 3000 
Output Capacitance Cess VGs=O V - 1800 - 1800 
Reverse Transfer Capacitance C",s f = 1 MHz - 750 - 750 
Turn-On Delay Time td(on) VOD = 30 V 40(typ) 80 40(typ) 80 
Rise Time t, 10=22.5 A 310(typ) 475 310(typ) 475 

Turn-Off Delay Time td(off) Rge,=Rgs=50 0 220(typ) 350 220(typ) 350 
Fall Time t, VGs=10 V 240(typ) 375 240(typ) 375 

Thermal Resistance R8Jc RFK45N05, 
Junction-Io-Case RFK45N06 Series - 0.83 - 0.83 

'Pulsed: Pulse duration = 300 f..IS max., duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

TEST LIMITS 
CHARACTERISTIC SYMBOL CONDITIONS RFK4SNOS Ht-K4SNu6 

Min. I Max. Min. I Max. 

Diode Forward Voltage Vso Iso = 22.5A - 1 1.4 - I 1.4 

Reverse Recovery Time t" IF = 4A 150(typ.) 150(typ.) 
dfF/d, = 100Alf-Is 

'Pulse Test: Width :S 300 f-Is, Duty Cycle :S 2%. 
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CASE TEMPERATURE (TC)-·C 

RFK45N05, RFK45N06 

• • 
10 100 

ORAIN-TO-SOURCE VOLTAGE (VOS) - V 

92CS 37137 

Fig. 1 - Maximum safe operating areas for alf types. 

VGS=Vos 
10= I rnA 
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JUNCTION TEMPERATURE (TJl _OC 
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Fig. 2 - Power vs. temperature derating curve for alf types. Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction 
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VGS=IOV 
PULSE TEST 

70 PULSE DURATION=80p.S 
DUTY CYCLE < 2: % 

60 
TC·- 4O "C TC-125°C 

50 TC=25°C 

40 

30 

20 

10 TC"'12S"C 

TC=-40"C 

6 10 
GATE-TO-SOURCE VOLTAGE (YGS)-V 

92CS- 37140 

5 - Typical transfer characteristics for alf types. 



RFK45N05, RFK45N06 
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~ 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 ane' AN-7260 

VGS-IOV 
PULSE TEST 

g 
0,070 PULSE DURATION:80~S 

DUTY CYCLE < 2% 

~ 0,060 

" . ~I 11: 0.050 
z 0 

o I 
~ g 0.040 

~ :~ 0.030 

~ 
~ 0,020 

0,010 

20 40 60 
DRAIN CURRENT (lO)-A 

80 100 

92CS-37143 

Fig. 8 - Typical drain-to-source on resistance as a function 
of drain current for all types. 

VOS:IOV 

i,30 PULSE TEST 
E PULSE DURATION:80 
I DUTY CYCLE< 2% 

~ 25 

~ 
u 
z 20 

~ 

I :: 
I 5 

" 
12 I 

DRAIN-TO-SQURCE CURRENT (lol-A 

92C5-3714'5 

Fig. 10 - Typical forward transconductance as a function 
of drain current for all types. 
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PULSE TEST 
PULSE DURATION =80p.5 
DUTY'CYCLE.:52% 

DRAIN TO-SOURCE VOLTAGE (Vosl-V 

Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source 
voltage for all types. 

--------- --, 
50ll , 

'OOll 

I ---------

I.3ll 

Vo 
TO SCOPE 

= Voo '" 
30 V 

92CS- 37377 

Fig. 11 - Switching Time Test Circuit. 

~ 
-,W 
wu. 
Zen 
zO 
<::IE 
:Z::a: 
<.,lW 
Z~ 

Il. 



mtHARRIS RFP50N05 
RFG50N05 

May 1992 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 

Features 

• SOA, SOV 

• rDS(on) = 0.0220 

• UIS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• +17SoC Operating Temperature 

Description 

The RFP50N05 and RFG50N05 n-channel power MOSFET's are 
manufactured using the MegaFET process. This process, which 
uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, resulting in 
outstanding performance. They were designed for use in 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers and emitter switches for bipolar 
transistors. 

The RFP50N05 is supplied in the JEDEC TO-220AB plastiC 
package and the RFG50N05 Is supplied in the TO-247 plastic 
package. 

Package 
TO-220AB 
TOP VIEW 

TO-247 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MODE 

D 

G~ 
s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

RFP50N05 
RFG50N05 UNITS 

Drain-Source Voltage ........................................ VOSS 50 V 
Drain-Gate Voltage {RGS = 1 MOl ............................. VOGR 50 V 
Continuous Drain Current ......................................... 10 50 A 
Pulsed Drain Current. .......................................... 10M 120 A 
Gate-Source Voltage ......................................... VGS ±20 V 
Maximum Power DisSipation 

TC = +250C ................................................. Po 132 W 
Derated Above +250C .......................................... . 0.88 WfOC 

Operating and Storage Junction Temperature Range •••.•.••• TJC. TSTG -55 to +175 oC 
Single-Pulse Avalanche Ratings .................................... . Refer to UIS SOA Curve 

Caution: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 
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Specifications RFP50N05 RFG50N05 

Electrical Characteristics At Case Temperature (Tel = +250 C, Unless Otherwise Specified 

CHARACTERISTICS SYMBOL TEST CONDITIONS MIN 

Orain-Source BVOSS 10 =0.25mA, VGS = OV 50 
Breakdown Voltage 

Gate Threshold VGS(th) VGS=VOS 2 
Voltage 10 = 0.25mA 

Zero Gate Voltage lOSS VOS =40V, VGS = OV -
Orain Current 

TC=+1500C -
Gate-Source IGSS VGS = ±20V -
Leakage Current 

On Resistance rOS(on) 10 = 50A, VGS = 10V -
Turn-On Time ~on) VOO = 25V, 10 = 25A -
Turn-On Oelay Time td(on) RL=1.0n -
Rise Time tr IGl = IG2 = 1.5A -
Turn-Off Oelay Time Id(off) VGS(clamp) = +1 OV, -0.6V -
Fall Time tf -
Turn-Off Time ~off) -
Total Gate Charge Og(tot) VGS=0-20V VOO= 40V -
Gate Charge at 1 OV Og(10) VGS=0-10V 10 = 50A -
Threshold Gate Charge Og(th) VGS=0-2V RL=O.en -
Plateau Voltage V(plateau) 10 = 50A, VOS = 15V -
Turn-Off Energy Eoff VOO = 25V, 10 = 25A,IGl = IG2 = 1.5A -
Loss per Cycle VGS(clamp) = +1 OV, -0.6V, L = 0.2~H, 

RL=1.0n 

Thermal Resistance ROJC -

Junction to Case 

Thermal Resistance Oiode ROJA -
Junction to Ambient 

SOurce-Drain Diode Ratings and Characteristics 

'" "-x 
a: 

CHARACTERISTICS SYMBOLS TEST CONOITIONS MIN 

Forward Voltage VSO ISO=50A 

Reverse Recovery Time trr If = 50A, dlf/dt = 100A/fIs 

HXXJ 

1m. 
100 

........ 
11 R·O 
tav-(LHIo8)!( 1.3 RATED BVdat-Vdd) 
11 R.a 
lav-(L/R) In[( t08KR1/( 1.3 RRTED BVdaa-VddHI] 

STAATING T J. 25d.gC 
STARTING IJ· 150 dagC 

""-... 

"'--- "-
10 
0.01 0.10 1.00 

100.0 

~ 10.0 

O. 1 

-
-

Jd MAX ~DNTlNUO~S 

yl 
OPERATION IN THIS 
AREA LIMITED BY Rde{on) 

- - \-- -

LIMITS 

TYP MAX UNITS 

- - V 

- 4 V 

- 1 ~A 

- 50 ~A 

- 100 nA 

- 0.022 n 

- 100 ns 

15 - ns 

55 - ns 

60 - ns 

15 - ns 

- 100 ns 

- 160 nC 

- eo nC 

- 6 nC 

- 7.5 V 

- 150 ~J 

- 1.14 oC/W 

- eo °C/W 

LIMITS 

TYP MAX UNITS 

- 1.5 V 

- 125 ns 

CASE TEMPERATURE (Tc)-26do C 

(!!:.<fllJr/ 

+---- - -"'" -
----c--- - --

-
Vds$ 
MAX-SOV 

10 
TIME IN RVRLRNCHE (tov) - MILLISECONDS 

10.00 
UIS60HO& ORAIN-TO-SOURCE VOLTAGE (Vd.) - VOLTS 

100 
!lIJE(t>U; 

FIGURE 1. UNCLAMPED-INDUCTIVE-SWITCHING SOA 
(SINGLE PULSE UIS SOA) 

FIGURE 2. SAFE-OPERATING-AREA CURVE. (CURVES 
MUST BE DERATED LINEARLY WITH INCREASE 
IN CASE TEMPERATURE) 
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RFP50N05 RFG50N05 

Performance Curves 
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FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFP50N05 RFG50N05 

Performance Curves (Continued) 
CRSS CISS coss 
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FIGURE 9. NORMALIZED DRAIN-TO-SOURCE 
BREAKDOWN VOLTAGE VS. TEMPERATURE 

FIGURE 10. TYPICAL CAPACITANCE VS. VOLTAGE FOR 
ALL TYPES 
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FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR CONSTANT GATE-CURRENT. 
(REFER TO HARRIS APPLICATION NOTES AN-7254 AND AN-7260) 
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RFP50N05 RFG50N05 

Performance Curves (Continued) 

L 

DUT 

Voa=10V~ 
0,014 

IZCS-42UI 

FIGURE 13. UNCLAMPED ENERGY TEST CIRCUIT 
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HARRIS 
SEMICONDUCTOR 

RFG50N06 
RFP50N06 

February 1994 

50A, 60V, Avalanche Rated N-Channel 
Enhancement-Mode Power MOSFETs (MegaFETs) 

Features 

• SOA, SOV 

• rDS(DN) = 0.0220 

• Temperature Compensating PSPICE Model 

• Peak Current vs Pulse Width Curve 

• UIS Rating Curve 

• +17SoC Operating Temperature 

Description 

The RFG50N06 and RFP50N06 N·Channel power MOS· 
FETs are manufactured using the MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits gives optimum utilization of silicon, result· 
ing in outstanding performance. They were designed for use 
in applications such as switching regulators, switching con· 
verters, motor drivers, relay drivers and emitter switches for 
bipolar transistors. These transistors can be operated 
directly from integrated circuits. 

The RFG50N06 is supplied in the JEDEC TO-247 plastic 
package; the RFP50N06 is supplied in the JEDEC 
TO-220AB plastic package. 

When ordering use the entire part number; ego RFG50N06 

Formerly developmental type TA49018. 

Absolute Maximum Ratings (Tc = +25°C) 

Package 

Symbol 

Drain Source Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Voss 

Drain Gate Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VOGR 

Gate Source Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VGS 

Drain Current 
RMS Continuous.. . ... .... .... ... .... ............ ........ 10 
Pulsed Drain Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10M 

Pulsed Avalanche Rating. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . EAS 

Maximum Avalanche Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . lAM 

Power Dissipation 
Tc = +2SoC............................................. Po 
Derate above +25°C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . PT 

Operating and Storage Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . TSTG,TJ 

JEDEC T0-220AB 
TOP VIEW 

JEDEC STYLE TO-247 
TOP VIEW 

o 

.-$ 
s 

RFGSON06,RFPSON06 

60 

60 

±20 

50 
Refer to Peak Current Curve 

Refer to UIS Curve 

125 

131 
0.877 

-55 to +17S 

: SOURCE 
DRAIN 

GATE 

UNITS 

V 

V 

V 

A 

A 

W 
wf'C 

°C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3575 
Copyright © Harris Corporation 1993 
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Specifications RFG50N06, RFP50N06 

Electrical Specifications T c = +25°C, Unless Otherwise Specified 

LIMITS 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVoss 10 = 0.25mA, VGS = OV 60 - - V 

Gate Threshold Voltage VGS(TH) VGS = Vos, 10 = 0.25mA 2 - 4 V 

Zero Gate Voltage Drain Current loss Vos = 60V, Tc = +25°C - - 1 llA 
VGs= OV 

Tc = +1SOoC - - SO llA 

Gate-Source Leakage Current IGSS VGS = ±20V - - 100 nA 

On Resistance rOS(ON) 10 = 50A, VGS = 10V - - 0.022 0 

Turn-On Time ioN Voo = 30V, 10 = SOA - - 95 ns 
RL = 0.60, VGS = +10V 

Turn-On Delay Time to(ON) RGS= 3.6Q - 12 - ns 

Rise Time tR - 55 - ns 

Turn-Off Delay Time to(OFF) - 37 - ns 

Fall Time IF - 13 - ns 

Turn-Off Time IoFF - 75 ns 

Total Gate Charge QG(TOT) VGS = 0 to 20V VOO= 48V, - 125 150 nC 
10 =50A, 

Gate Charge at 10V QG(IO) VGs=Oto 10V RL=0.96O - 67 80 nC 

Threshold Gate Charge QG(TH) VGS = 0 to 2V - 3.7 4.5 nC 

Plateau Voltage V(PLATEAU) 10 = 50A, Vos = 15V - - 7.5 V 

Input Capacitance CISS Vos = 25V, VGS = OV - 2020 - pF 
f= 1MHz 

Output Capacitance Coss - 600 - pF 

Reverse Transfer Capacitance CRSS - 200 - pF 

Thermal Resistance Junction to Case Rruc - - 1.14 °C/W 

Thermal Resistance Junction to Ambient ROJA - - 80 °C/W 

Source-Drain Diode Specifications 

LIMITS 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Forward Voltage Vso Iso =50A . 1.5 V 

Reverse Recovery Time tRR Iso = 50A, disoldt = 100AlllS - - 125 ns 
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RFG50N06, RFP50N06 

Typical Performance Curves 
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RFG50N06, RFP50N06 

Typical Performance Curves (Continued) 
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RFG50N06, RFP50N06 

Typical Performance Curves (Continued) 

Test Circuits 
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RFG50N06, RFP50N06 

PSpice ModeJ Listing 

Temperature Compensated PSpice Model for the RFG50N06. RFP50N06 

.SUBCKT RFP50N06 2 1 3 

REV 2/22/93 

"NOM TEMP = +25°C 

CA 12 8 3.68e-9 
CB 15 14 3.625e-9 
CIN 6 8 1.98e-9 

DBODY 7 5 DBDMOD 
DBREAK 5 11 DBKMOD 
DPLCAP 105 DPLCAPMOD 

EBREAK 11 7 17 18 64.59 
EDS 148581 
EGS 138681 
ESG 6 10681 
EVT02061881 

IT 8171 

LDRAIN 2 5 1 e-9 
LGATE 1 95.65e-9 
LSOURCE 3 7 4.13e-9 

MOSl 1668 8 MOSMOD M=0.99 
MOS2 1621 88 MOSMOD M=O.Ol 

RBREAK 17 18 RBKMOD 1 
RDRAIN 516 RDSMOD le-4 
RGATE 9 20 0.690 
RIN 681e9 
RSOURCE 87 RDSMOD 12e-3 
RVTO 18 19 RVTOMOD 1 

SlA 612138 SlAMOD 
SlB 1312 138 SlBMOD 
S2A 6151413 S2AMOD 
S2B 13151413 S2BMOD 

VBAT819 DC 1 
VTO 21 60.678 

GATE 

20 

CA 

ra 1 S18113 

5 

RDRAIN 
DBREAK 

t---. 

.MODEL DBDMOD 0 (IS=9.851e-13 RS=4.91e-3 TRS1=2.07e-3 TRS2=2.51e-7 CJO=2.05e-9 TI=4.33e-8) 

.MODEL DBKMOD 0 (RS=1.98e-l TRS1=-2.35e-3 TRS2=-3.83e-6) 

.MODEL DPLCAPMOD 0 (CJO=1.42e-9 IS=l e-30 N=10) 

.MODEL MOSMOD NMOS (VTO=3.65 KP=35IS=1e-30 N=10 TOX=l L=lu W=lu) 

.MODEL RBKMOD RES (TCl =1.23e-3 TC2=-2.34e-6) 

.MODEL RDSMOD RES (TC1=5.01e-3 TC2=1.4ge-5) 

.MODEL RVTOMOD RES (TCl =-5.03e-3 TC2=-5.16e-6) 

.MODEL SlAMOD VSWITCH (RON=le-5 ROFF=O.l VON=-6.75 VOFF=-2.5) 

.MODEL Sl BMOD VSWITCH (RON=l e-5 ROFF=O.l VON=-2.5 VOFF=-6.75) 

.MODEL S2AMOD VSWITCH (RON=le-5 ROFF=O.l VON=-2.7 VOFF=2.3) 

.MODEL S2BMOD VSWITCH (RON=l e-5 ROFF=O.l VON=2.3 VOFF=-2.7) 

.ENDS 

DRAIN 

loRAIN 2 

DBODY 

LsOURCE 3 

7 SOURCE 

r---'W\-., 18 

Rvro 

+ 

NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFet Featuring Global Temperature 
Options; authored by William J. Hepp and C. Frank Wheatley. 
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HARRIS 
SEMICONDUCTOR RFP70N03 

March 1994 

70A, 30V, Avalanche Rated N-Channel 
Enhancement-Mode Power MOSFET (MegaFET) 

Features 

• 70A,30V 

• rOS(ON) = 0.010n 

• UIS Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• +17SoC Operating Temperature 

• PSPICE Model 

Description 

The RFP70N03 (TA49025) N-Channel power MOSFET is 
manufactured using the MegaFET process. This process, 
which uses feature sizes approaching those of LSI 
integrated circuits gives optimum utilization of silicon, 
resulting in outstanding performance. They were designed 
for use in applications such as switching regulators, 
switching converters, motor drivers, relay drivers and emitter 
switches for bipolar transistors. These transistors can be 
operated directly from integrated circuits. 

The RFP70N03 is supplied in the JEDEC TO-220AB plastic 
package. 

Package 

Symbol 

Absolute Maximum Ratings (T c = +25°C), Unless Otherwise Specified 

Drain-Source Voltage ..................................................... Voss 

Drain-Gate Voltage. : .................................................... VOGR 

Gate-Source Voltage ..................................... , ............... ,VGS 

Continuous Drain Current 

RMS Continuous ......................................................... 10 

Pulsed Drain Current .................................................... 10M 

Single Pulse Avalanche Rating .............................................. EAS 

Power Dissipation 

Tc = +25°C ....................... , ..................................... Po 

Above T c = +25°C, Derate Linearly .......................................... PT 

Operating and Storage Junction Temperature Range ......................... TJ, TSTG 

T0-220AB 
TOP VIEW 

o 

s 

RFP70N03 

30 

30 

±20 

70 

200 

(Refer to UIS Curve) 

150 

1.0 

-55 to +175 

UNITS 

V 

V 

V 

A 

A 

W 

Wf'C 

°c 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3404 
Copyright © Harris Corporation 1993 
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Specifications RFP70N03 

Electrical Characteristics At Case Temperature (T c> = +25°C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDmONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVoss 10 = 0.25mA, Vas = OV 30 - - V 

Gate Threshold Voltage VaS(TH) Vas = Vos, 10 = 0.25mA 2 - 4 V 

Zero Gate Voltage Drain Current loss Vos=30V Tc=25°C - - 1 IIA 

Vas=OV Tc= lSOOC - - 50 I1A 

Gate-Source Leakage Current lass Vas=±20V - - 100 nA 

On Resistance rOS(ON) 10 = 70A, Vas = 10V - - 10 mO 

Turn-On Time ioN Voo = 15V, 10 = 70A - . 80 ns 

Turn-On Delay Time \o(ON) RL = 0.2140, Vas = +10V - 20 - ns 

Rise Time tR Ras=2.50 - 20 - ns 

Turn-Off Delay Time lo(oFF) - 40 - ns 

Fall Time tF - 25 - ns 

Turn-Off Time IoFF - - 125 ns 

Total Gate Charge 0a(TOT) Vas = 0 to 20V Voo=24V, - 215 260 nC 
10=70A, 

Gate Charge at 10V 0a(10) Vas=Oto 10V ~=0.3430 - 120 145 nC 

Threshold Gate Charge QG(TH) Vas = 0 to 2V - 6.5 8.0 nC 

Platesu Voltage V(PlATEAIJ) 10 = 70A, Vos = 15V - - 7.5 V 

Input Capacitance C1SS Vos = 25V, Vas = OV - 3300 - pF 

Output Capacitance Coss f = lMHz - 1750 - pF 

Reverse Transfer Capacitance CRSS - 750 - pF 

Thermal Resistance Junction to Case R8JC - - 1.0 °C/W 

Thermal Resistance Diode FleJA - - 80 °C/W 
JuncHon to Ambient 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

CHARACTERISTICS SYMBOL TEST CONDmONS MIN TYP MAX UNITS 

Diode Forward Voltage Vso Iso =70A - - 1.5 V 

Reverse Recovery Time ~R Iso = 70A, dlsoldt = l00Alj1S - - 125 ns 
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RFP70N03 
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RFP70N03 
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PSPICE Model for the RFP70N03 

.SUBCKT RFP70N03 2 1 3 ; 
·Nom Temp:25 deg C 

rev 9/16192 

RFP70N03 

10 
Dplcap 5 

CA 12 8 6.09e-9 
CB 15 146.059-9 
CIN 6 8 3.409-9 .------1 t--~p------~-"",,-Jyyy"'---O 2 

DBODY 7 5 DBDMOD 
DBREAK 5 11 DBKMOD 
DPLCAP 105 DPLCAPMOD 

EBREAK 11 7 17 1835.4 
EDS148581 GAm Lgale Rgat. 
EGS138681 1o--~~-t~~~ 
ESG 610 6 81 
EVT02061881 

Ldraln DRAIN 

1--+--1 .. ..., MolI2 
Dbody 

Raou .... Lsource 
~-~-~--~~~_~ __ 4--~~--o3 

7 SOURCE 

IT 8171 

LDRAIN 2 5 le-9 
LGATE 1 93.10e-9 
LSOURCE 371.82e-9 

MOS116 6 8 8 MOSMOD M=0.99 
MOS2 1621 88 MOSMOD M=O.OI 

RBREAK 17 18 RBKMOD 1 
RDRAIN 516 RDSMOD 3O.7e-6 
RGATE 920 0.890 
RIN681e9 
RSOURCE 8 7 RDSMOD 3.92e-3 
RVTO 18 19 RVTOMOD 1 

SIA 612 138 SIAMOD 
SIB 13 12138 SIBMOD 
S2A 6151413 S2AMOD 
S2B 13 15 14 13 S2BMOD 

VBAT 819 DC 1 
VTO 21 6 0.605 

S1. f-12 Y. 
S1b 

Ca 

S2a 

13 

~
1S 

13 

S2b 
Cb 

.MODEL DBDMOD 0 (IS=7.91e-12 RS=3.87e-3 TRSI =2.71 e-3 TRS2=2.5Oe-7 CJ0=4.84e-9 TT=4.51e-8) 

.MODEL DBKMOD 0 (RS=3.ge-2 TRSI =1.059-4 TRS2=3.11 9-5) 

.MODEL DPLCAPMOD 0 (CJ0=4.8e-91S=19-3O N=10) 

.MODEL MOSMOD NMOS (VT0=3.46 KP=47 IS=1 e-30 N=10 TOX=1 L=1 u W=lu) 

.MODEL RBKMOD RES (TC1=8.46e-4 TC2=-8.48e-7) 

.MODEL RDSMOD RES (TC1=2.23e-3 TC2=6.569-6) 

.MODEL RVTOMOD RES (TC1=-3.2ge-3 TC2=3.4ge-7) 

.MODEL SI AMOD VSWITCH (RON=1 e-5 ROFF=O.1 VON=-B.35 VOFF=-6.35) 

.MODEL SIBMOD VSWITCH (RON=Ie-5 ROFF=O.1 VON=-B.35 VOFF=-B.35) 

.MODEL S2AMOD VSWITCH (RON=1 e-5 ROFF=O.1 VON=-2.0 VOFF=3.0) 

.MODEL S2BMOD VSWITCH (RON=1 e-5 ROFF=O.1 VON=3.0 VOFF=-2.0) 

.ENDS 

Rb_k 
y-----AM--. 18 

Rvto 
111 

+ 

NOTE: For further discussion of the PSPICE model consult A New PSPICE SIIb-clrCIlIt for the power MOSEet featllrlng Glpbal Temper. 
ature Options; authored by William J. Hepp and C. Frank Wheatley. 
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RFG70N06 
RFP70N06 

N-Ch$nnel Enhancement-Mode 
Power Field-Effect Transistors 

Features Packages 

• 70A,60V 

• rOS(on) = 0.0140 

• UIS Rating Curve (Single Pulse) 

• SOA is Power· DIssipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• +1750 C Operating Temperature 

• Temperature Compensated SPICE Model Provided 

Description 

T0-220AB 
TOP VIEW 

TO·247 
TOP VIEW 

The RFG70N06 and RFP70N06 N-Channel power MOSFETs are 
manufactured using the MegaFET process. This process, which 
uses feature sizes approaching those of LSI integrated circuits 
gives optimum utilization of silicon, resulting in outstanding 

. performance. They were designed for use in applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers and emitter switches for bipolar transistors. These 
transistors can be operated directly from integrated circuits. 

Terminal Diagram 

The RFG70N06 is supplied in the JEDEC TO-247 style plastic 
package and the RFP70N06 is supplied in the JEDEC TO·220AB 
plastic package. 

Absolute Maximum Ratings (T c = +25°C), Unless Otherwise Specified 

Drain Source Voltage •..••.•••.••..•....•.............•......•... V OSS 

Drain Gate Voltage •..•...••.••.•••••.•...••.•••••••.•.••.••.••. VOGR 
Gate Source Voltage • . . • • . . • • • • • • • • . • • . • • . . • • . . . • . • . . • . . • • . . • . •. Vas 
Drain Current 

RMS Continuous .•••••.••••.•.••.•..•...•.•.....•.•..•.......•• 10 
Pulsed Drain Current ..••..•...•••..•.••..••...•....•...••...... 10M 

Single Pulse Avalanche Rating ..••....•.••...••.....•••..•••.•.•..• EAS 
Power Dissipation 

Tc = +25°C .•..•....•.•••••....•.....•.••.•••.•••.••.•..•.••.• Po 
Derate above +25°C 

Operating and Storage Temperaitire ':::.:: : '::: '::: '::: '::: '::: '::: '::: ':: 'T~;~,T~ 

o 

G 

s 

RFG70N06,RFP70N06 

60 
60 

±20 

70 
180 

Refer to UIS Curve 

150 
1,0 

-55 to +175 

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

Copyright © Harris Corporation 1992 
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Specifications RFG70N06, RFP70N06 

Electrical Characteristics At Case Temperature (T cl = +25°C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVoss 10 = 0.25mA, VGS = OV 60 - - V 

Gate Threshold Voltage VGS(th) VGS = Vos, 10 = 0.25mA 2 - 4 V 

Zero Gate Voltage Drain Current loss Vos= 60V, Tc=+25°C - - 1 IIA 

VGS=OV Tc=+1500C - - 50 IIA 

Gate-Source Leakage Current IGSS VGS = ±20V - - 100 nA 

On Resistance roS(on) 10 = 70A, VGS = 10V - - 14 mO 

Turn-On Time ~on) Voo = 3OV, 10 = 70A - - 125 ns 

Turn-On Delay Time t.t(on) 

RL = 0.430, VGS = +10V 
RQs = 2.5n - 12 - ns 

Rise Time t, - 50 - ns 

Turn-Off Delay Time Ict(oll) - 40 - ns 

Fall Time tf - 15 - ns 

Turn-Off Time ~oII) - - 125 ns 

Total Gate Charge 0;(101) VGS = OV to 20V Voo= 48V, - 185 215 nC 

Gate Charge at 10V OgcIO) VGs =OVt010V 
10 = 70A, 

100 115 nC RL=O.68n -
Threshold Gate Charge Og(th) VGS = OVto 2V - 5.5 6.5 nC 

Plateau Voltage V(plal8au) 10 = 70A, Vos = 15V - - 7.5 V 

Input Capacitance Ciao Vos=25V, VGs=OV - 3000 - pF 
f = 1MHz 

Output Capacitance Co .. - 900 - pF 

Reverse Transfer Capacitance C .... - 300 - pF 

Turn-Off Energy Loss per Cycle Eoff Voo = 3OV, 10 = 70A, - - 1.0 mJ 
L = 0.2111H, RL = 0.430 
VGS = 10V, RGS = 2.50 

Thermal Resistance Junction to Case ReJc - - 1.0 °cm 

Thermal Resistance Junction to Ambient RaJA - - 80 °cm 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Forward Voltage Vso Iso = "lOA - - 1.5 V 

Reverse Recovery Time t" Iso = 70A, dlsoldt = 100AlIIS - - 125 ns 
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RFG70N06, RFP70N06 
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RFG70N06, RFP70N06 
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RFG70N06, RFP70N06 
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RFG70N06, RFP70N06 

PSPICE Model For the RFG70N06, RFP70N06 

SUBCKT TA49007 2 1 3 ; 
"Nom Temp=25 deg C 

rev 3120/92 

10 Dplcap 5 

Ca 12 8 5.56e-9 
Cb 15 145.3039-9 
Cin 68 2.63e-9 ....-----1 1--~~---_~P-_'---J''fYY''----o 2 

Dbody 7 5 DBDMOD 
Dplcap 105 DPLCAPMOD 
Dbreak 5 11 DBKMOD 

Rdral" 

Ebreak 11 7 17 1865.1 
Eds 148581 
Egs138681 
Esg610681 
Evt02061881 

!--+....",-il+-, Mos2 

GATE Lgate Rgate 

118171 

Lgate 1 9 3.1 Oe-9 
Ldrain 2 5 1 e-9 
Lsource 3 7 1 .82e-9 

Mos116 6 8 8 MOSMOD M=O.99 
Mos2 1621 88 MOSMOD M=O.OI 

Rbreak 17 18 RBKMOD 1 
Rdrain 5 16 RDSMOD 4.6593e-3 
Rgate 9 201.21 
Rin681e9 
Rsource 8 7 RDSMOD 1.822e-3 
Rvto 18 19 RVTOMOD 1 

S1a612138S1AMOD 
Slb 13 12 138 SIBMOD 
S2a 6151413 S2AMOD 
S2b 13 15 14 13 S2BMOD 

Vbat819DC 1 
Vto 21 60.6977 

\I 

Sla 

~2 1i 
Sib 

c.o 
13 

~ 
F _.1 

Cb 

.MODEL SIAMOD VSWITCH (RON=Ie-5 ROFF=O.l VON=-4.90 VOFF=-2.90) 

.MODEL SI BMOD VSWITCH (RON=1 e-5 ROFF=O.l VON=-2.90 VOFF=-4.90) 

.MODEL S2AMOD VSWITCH (RON=1 e-5 ROFF=O.1 VON=-3.20 VOFF=4.80) 

.MODEL S2BMOD VSWITCH (RON=le-5 ROFF=O.1 VON=4.80 VOFF=-3.20) 

Mosl Ebreak 

8 Rsource 

.MODEL DBDMOD 0 (IS=I.11 e-12 RS=2.91 e-3 TRS1=3.26e-3 TRS2=-5.07e-6 CJO=3.12e-9 TT =6.18e-8) 

.MODEL DBKMOD 0 (RS=9.46e-2 TRSl =8.47e-4 TRS2=-1.31e-6) 

.MODEL DPLCAPMOD D (CJO=1.92e-9 IS=le-30 N=10) 

.MODEL MOSMOD NMOS (VT0=3.674 KP=38.507IS=le-30 N=10 TOX=1 L=lu W=lu) 

.MODEL RBKMOD RES (TC1=9.55e-4 TC2=5.9ge-8) 

.MODEL RDSMOD RES (TC1=5.01e-3 TC2=2.37e-5) 

.MODEL RVTOMOD RES (TC1=-3.71e-3 TC2=-6.01e-7) 

.ENDS 

Ldrain DRAIN 

Dbody 

Laource 

Rbreak 
r--'lI\IY--, 18 

Rvto 
III 

+ 

Note: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFet Featuring Global 
Temperature Options; authored by William J. Hepp and C. Frank Wheatley. 
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m HARRIS RFG75N05E 
RFH75N05E 

January 1993 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 

Features 

• 75A, 50V 

• rDS(on) = 0.0080. 

• Electrostatic Discharge Rated 

• UIS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• +1750 C Operating Temperature 

• Temperature Compensated SPICE Model Provided 

Description 

Package 
TO-218 

TOP VIEW 

TO-247 

TOP VIEW 

Terminal Diagram 

The RFG75N05E and RFH75N05E n-channel ESD rated power 
MOSFET's are manufactured using the MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, resulting in 
outstanding performance. They were designed for use in 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers and emitter switches for bipolar 
transistors. These transistors can be operated directly from 
integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The RFG75N05E is supplied in the TO-247 style (3 lead) plastic 
package and the RFH75N05E is supplied in the TO-218 (3 lead) 
plastic package. 

G 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

RFG75N05E 
RFH75N05E 

Drain-Source Voltage .....•......•....•..................•... VOSS 
Drain-Gate Voltage (RGS = 1 MO) ............................. VDGR 
Continuous Drain Current. ..........•............................. 10 
Pulsed Drain Current ...............................•........ , .. 10M 
Gate-Source Voltage ................................... '" ... VGS 
Maximum Power Dissipation 

TC = +250C ................................................. Po 
Derated Above +250 C .......................................... . 

Operating and Storage Junction Temperature Range ......... TJC, TSTG 
Electrostatic Discharge Rating 

MIL-STD-883, Category 6(2) ................•............... ESO 
Single-Pulse Avalanche Rating 
*10 Current Limited by Package 

50 
50 

75* 
200 
±20 

240 
1.6 

-55 to +175 

2 
Refer to UIS SOA Curves 

Caution: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 
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Specifications RFG75N05E RFH75N05E 

Electrical Characteristics At Case Temperature (TC) = +250C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTICS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source BVOSS 10 =0.25mA, VGS = OV 50 - - V 
Breakdown Voltage 

Gate Threshold VGS(th) VGS=VOS 2 - 4 V 
Voltage 10=0.25mA 

Zero Gate Voltage lOSS VOS =40V, VGS = OV - - 1 ~A 
Orain Current 

TC =+1500C - - 50 ~A 

Gate-Source IGSS VGS=±20V - - 100 nA 
Leakage Current 

On Resistance rOS(on) 10 = 75A, VGS = 10V - - 0.008 n 

Turn-On Time t(on) VOO = 25V, 10 = 37.5A - - 125 ns 

Turn-On OelayTime td(on) RL=0.67n - 17 - ns 

Rise Time Ir IG1 = IG2 = 3A - 75 - ns 

Turn-Oil Oelay Time Id(off) VGS(clamp) = +1 OV, -0.6V - 70 - ns 

Fall Time If - 17 - ns 

Turn-OffTime I(ofl) - - 125 ns 

Tolal Gale Charge Og(lol) VGS=0,20V VOO=40V - - 400 nC 

Gale Charge al1 OV Og(10) VGS=0,10V 10=75A - - 220 nC 

Threshold Gale Charge Og(lh) VGS=0,2V RL=0.53n - - 15 nC 

Plaleau Voltage V(plaleau) 10 = 75A, VOS = 15V - - 7.5 V 

Turn-Oil Energy Eoff VOO = 25V, 10 = 37.5A, IG1 = IG2 = 3A - - 300 ~J 
Loss per Cycle VGS(clamp) = +1 OV, -0.6V, L = 0.2~H, 

RL=0.67n 

Thermal Resislance ReJC - - 0.625 °C/W 
Junclion 10 Case 

Thermal Resistance Oiode ROJA - - 80 oC/W 
Junction 10 Ambienl 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS MIN TYP MAX UNITS 

Forward Voltage VSO ISO=75A - - 1.5 V 

Reverse Recovery Time Irr If = 75A, dlf/dt = 1 OOA/~s - - 125 ns 

100 
CASE TEMPERATURE (Te)-25 d. C 

ItXXl 

U) Idl1l Starting TJ - 2SdagC 

~ ........ .t; Starling TJ - 150d agC 

100 
~ 

I~v~(e)( Iaallt 1.3 RATED BVda.-V dd) 
If R~O 
tav-<L/R)ln[(Ia8KR)/(T.:J RATED BVdea 

10 
0.01 0.10 1.00 

...... 
...... 

dd) + 

TIME IN AVALANCHE (tav) - MILLISECONDS 

I) 

FIGURE 1. UNCLAMPED-INDUCTIVE-SWITCHING SOA 
(SINGLE PULSE UIS SOA) 
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i 
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OPERATION IN THIS 
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~ 

IJdss 
MAX-50V 

10 tOO 
DRAIN-TO-SOURCE VOLTAGE (Vd.) - VOLTS 

FIGURE 2. SAFE-OPERATING-AREA CURVE. (CURVES 
MUST BE DERATED LINEARLY WITH INCREASE 
IN CASE TEMPERATURE) 
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RFG75N05E RFH75N05E 

Performance Curves 
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RFG75N05E RFH75N05E 

Performance Curves (Continued) 
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RFG75N05E RFH75N05E 

Performance Curves (Continued) 
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FIGURE 13. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 

Spice Model 

.SUBCKTRFH75N05 2 1 3 
'Nominal Temperature = 250 C 
CchargeA 12 8 8.98e-9 
CchargeB 15 14 8.81e-9 
Cin 6 8 4.48e-9 

rev 1 0/30/90 

Depletion_cap 10 5 DPLCAPMOD 
Dbody 7 5 DBODYMOD 
Dbreak 5 11 DBREAKMOD 
Eds 14 8 5 8 1 
Egs 13 8 6 8 
Esg 6 10 6 8 
Ebreak 11 7 17 18 58.4 
Evto 20 6 18 8 1 
Ipos 8 17 
Ldrain 2 5 e-10 
Lgate 1 9 5e-9 
Lsource 3 7 3e-9 
Mos 16 6 8 8 MOSMOD 
Rbreak 17 18 RBREAKMOD 
Rdrain 5 16 RSOURCEMOD 3.07e-3 
Rgate 9 20 1.2 
Rin 6 8 1e9 
Rsource 8 7 RSOURCEMOD 2.e-3 
Rvto 18 19 RVTONEGMOD 1 
S1a 6 12 13 8 S1AMOD 
S1b 13 12 13 8 S1BMOD 
S2a 6 15 14 13 S2AMOD 
S2b 13 15 14 13 S2BMOD 
Vbat 8 19 DC 1 
.MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.48 VOFF=-0.48) 
.MODEL S1 BMOD VSWITCH (RON=1 e-5 ROFF=0.1 VON=-0.48 VOFF=-2.48) 
.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.25 VOFF=2.75) 
.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=O.1 VON=2.75 VOFF=-2.25) 

Rdrain 
Dbreak 

1. 
Mas 

.MODEL DBODYMOD D (IS=2.23e-12 RS=24ge-3 TRS1 =2.5e-3 CJO=7.55e-9 TT=4e-8) 

.MODEL DBREAKMOD D (RS=8e-2 TRS1 =2.5e-3) 

.MODEL DPLCAPMOD D (IS=1e-30 N=10 CJO=2.14e-9) 

.MODEL RBREAKMOD RES (TC1=9.5e-4 TC2=-1.17e-6) 

.MODEL RSOURCEMOD RES (TC1 =5.2e-3 TC2-1.37e-5) 

.MODEL RVTONEGMOD RES (TC1 =-3.78e-3 TC2=-7.51e-7) 

.MODEL MOSMOD NMOS (VTO=3.48 N=10 IS=1e-30 KP=78.5 TOX=1 L=lu Wlu) 

.ENDS 
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mHARRIS RFA100N05£ 
January 1993 

N-Channel Enhancement-Mode 
Power .Field-Effect Transistor (MegaFET) 

Features 

• 100A, 50V 

• rDS(on) = 0.0080 

• Electrostatic Discharge Rated 

• UIS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• +1750 C Operating Temperature 

• Temperature Compensated SPICE Model Provided 

Description 

The RFA100N05E n-channel ESD rated power MOSFET is 
manufactured using the MegaFET process. This process, which 
uses feature sizes approaching those of LSI integrated circuits, 
gives optimum utilization of silicon, resulting in outstanding 
performance. They were designed for use in applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers and emitter switches for bipolar transistors. These 
transistors can be operated directly from integrated circuits. 

The RFA100N05E is supplied in the MO-093 plastic 
package. 

Package 
MO-093 

TOP VIEW 

D~IDGl 
TERMINAL CONNECTIONS 

1 - Gate 
2 - Source Kelvin 
3 - Drain Kelvin 
4 - Source Current 
5 - Source Current 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

Absolute Maximum Ratings (TC= +250 C),Unless Otherwise Specified 

RFA100N05E UNITS 

V Drain-Source Voltage .......••..............•••.•.....•.••... VDSS 
Drain-Gate Voltage (RGS = 1 Mil) .......•.....•.........•.•... VOGR 
Continuous Drain Current. .•.•..•....•..........••........•.....•. 10 
Pulsed Drain Current. .....•.....••........•.....•....••........• 10M 
Gate-Source Voltage ...........•.••.•......•.•....•...•••.... V GS 
Maximum Power Dissipation 

TC = +250C ................................................. Po 
Derated Above 250 C ....•••..•..•..•............................. 

Operating and Storage Junction Temperature Range •....•... T JC, TSTG 
Electrostatic Discharge Rating 

MIL-STD-883, Category 8(2) .•..••.•.......•. , .••.....•..••. ESO 
Single-Pulse Avalanche Rating 

50 
50 

100 
300 
±20 

240 
1.6 

-55 to +175 

2 
Refer to UIS SOA Curves 

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

Copyright © Harris Corporation 1992 
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Specifications RFA 100N05E 

Electrical Characteristics At Case Temperature (TC) = +250 C, Unless Otherwise Specified 

CHARACTERISTICS SYMBOL TEST CONDITIONS MIN 

Orain-Source BVOSS ID =0.25mA, VGS = OV 50 
Breakdown Voltage 

Gate Threshold VGS(th) VGS=VOS 2 
Voltage ID=0.25mA 

Zero Gate Voltage lOSS VOS =40V, VGS = OV -

Orain Current 
TC=+1500 C -

Gate-Source IGSS VGS=±20V -
Leakage Current 

On Resistance ros(on) 10 = 100A, VGS = 10V -
Turn-On Time t(on) VOO = 25V, 10 = 50A -

Turn-On Oelay Time td(on) RL=0.50'1 -

Rise Time tr IG1 =IG2 =3A -
Turn-Off Oelay Time td(off) VGS(clamp) = +1 OV, -0.6V -
Fall Time tf -
Turn-Off Time ~off) -
Total Gate Charge Og(tol) VGS=0,20V VOO=40V -
Gate Charge at 10V Og(10) VGS = 0, 10V 10 = 100A -
Threshold Gate Charge Og(th) VGS=0,2V RL =0.40'1 -
Plateau Voltage V(plateau) 10 = 100A, VOS = 15V -
Turn-Off Energy Eoff VOO = 25V, 10 = 50A, IG 1 = IG2 = 3A -
Loss per Cycle VGS(clamp) = +1 OV, -0.6V, L = 0.2~H, 

RL = 0.50'1 

Thermal Resistance ReJC -
Junction to Case 

Thermal Resistance Oiode ReJA -
Junction to Ambient 

Source-Drain Diode Ratings and Characteristics 

CHARACTERISTICS SYMBOLS TEST CONDITIONS MIN 

Forward Voltage VSD ISO = 100A -

Reverse Recovery Time trr If = 1 OOA, dlf/dt = 1 OOA/~s -

1000 1000 

.. .. 
ili 

~ 
un 

... 

Id MAX oNTI UoUS I"- Starling TJ - 26dogC 

I'-- r---f< Starting TJ - 160d • c 

z 
~ 
0: ~:~:"UM~T~~ ~~I:d.tDn) 

o 100 

{!Y~ie)( laolltl.3 RATED 8Vdoo·V dd) 
If RIO 
lav-tllRlIn\( la~I~RII( 1.3 RATED ~~~oo - Vdd) t I) 

10 
0.01 0.10 1.00 

:> 
u 10 
z 
:c 
0: .. 

10.00 I, 

LIMITS 

TYP MAX UNITS 

- - V 

- 4 V 

- 1 ~A 

- 50 ~A 

- 100 nA 

- 0.008 11 

- 60 ns 

17 - ns 

8 - ns 

50 - ns 

10 - ns 

- 100 ns 

- 430 nC 

- 230 nC 

- 15 nC 

- 7.5 V 

- 500 ~J 

- 0.625 °C/W 

- 80 oC/W 

LIMITS 

TYP MAX UNITS 

- 1.5 V 

- 125 ns 

CASE TEMPERATURE (To)-26 d. C 

Ki ..... 

~ 

Yd •• 
HAIX-6~V 

10 100 
TIME IN AVALANCHE (lay) - HILLISECONOS DRAIN-TO-SOURCE VOLTASE (ydo) - VOLTS 

FIGURE 1. UNCLAMPED-INDUCTIVE-SWITCHING SOA 
(SINGLE PULSE UIS SOA) 

FIGURE 2. SAFE-OPERATING-AREA CURVE. (CURVES 
MUST BE DERATED LINEARLY WITH INCREASE 
IN CASE TEMPERATURE) 
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RFA100N05E 

Performance Curves 
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Performance Curves (Continued) 

~ 
-' We> 

~> 

2.0r-__ -,-__ ---r ___ ,--__ ...,.=-Id=.=....:2:.:5:.::0=;uA 

g I 1.5~----~~----~-------4-------+------~ 
'?~ 
om 
0-." 
'> 

"'" ~:I.Ob:==~~~----~--=====1====::=+===:--~ c~ _ 

00-
W-' 
NO 

:;> 
~ ;O.5r-------r------4-------4-------+------~ 
«0 
00 
">0< 

'" ~ 
O.O'-----'----"----.....L---"----.-J 

·ro 0 ro 100 lro 200 
JUNCTION TEMPERATURE (T j) degC 

, 4(XX) 

o 
o 

---t- elaa 

\ 
~ ----~ 

---- Cree 

5 10 15 20 25 
ORAIN·TO·SOURCE VOLTAGE (Vde) VOLTS 
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Performance Curves (Continued) 

YD' 

Vgs o~ oo,n 

UIS TEST CIRCUIT. 

FIGURE 13. UN CLAMPED ENERGY TEST CIRCUIT 

Spice Model 
.SUBCKT RFA1 00N05 6 1 4 5 3 2 
'Nominal Temperature = 250 C 
CchargeA 12 8 8.98e-9 
CchargeB 15 14 8.8e-9 
Cin 24 8 4.48e-009 
Depletion_cap 10 21 DPLCAPMOD 
Dbody 7 21 DBODYMOD 
Dbreak 21 11 DBREAKMOD 
Eds 14 8 21 8 1 
Egs 13 8 24 8 1 
Esg 24 10 24 8 1 
Ebreak 11 7 17 18 58.4 
Evto 20 24 18 8 1 
Ipos 8 17 1 
Ldkelvin 3 23 1 e-9 
Ldrain 6 21 2e-l0 
Lgate 1 9 5e-9 
Lskelvin 2 7 5e-9 
Lsourcel 4 22 6e-9 

rev 1 0/30/90 

aVDSS 

UIS WAVEFORMS. 

FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 

N 

Lsource2 5 25 6e-9 SOURCE 
Mos 16 24 8 8 MOSMOD 
Rbreak 17 18 RBREAKMOD 1 
Rdrain 21 16 RSOURCEMOD 2.74e-3 
Rgate 9 20 1.2 
Rkdrain 23 21 0.33e-3 
Rksourcel 7 22 1.6e-3 

Lsource2 5 

-... 17 
lpos Rbreok 

11 
Vbol Rvto 

Rksource2 7 25 1.6e-3 L---_~---~_~-lIIII---'-I.~VI/I ........ 
Rin 24 8 le+9 
Rsource 8 7 RSOURCEMOD 1.2e-3 
Rvto 18 19 RVTONEGMOD 1 
Sla 24 12 13 8 SlAMOD 
Slb 13 12 13 8 SlBMOD 
S2a 24 15 14 13 S2AMOD 
S2b 13 15 14 13 S2BMOD 
Vbat 8 19 DC 1 
.MODEL SlAMOD VSWITCH (RON=le-5 ROFF=0.1 VON=-2.48 VOFF=-0.48) 
.MODEL Sl BMOD VSWITCH (RON=le-5 ROFF=O.l VON=-0.48 VOFF=-2.48) 
.MODEL S2AMOD VSWITCH (RON=le-5 ROFF=O.l VON=-2.25 VOFF=2.75) 
.MODEL S2BMOD VSWITCH (RON=le-5 ROFF=O.l VON=2.75 VOFF=-2.25) 
.MODEL DBODYMOD D (IS=2.23e-12 RS=2.5e-3 TRSl =2.5e-3 CJO=7.55e-9 TT=4e-8) 
.MODEL DBREAKMOD D (RS=8e-2 TRSl =2.5e-3) 
.MODEL DPLCAPMOD D (IS=le-030 N=10 CJO=2.14e-9) 
.MODEL RBREAKMOD RES (TC1=9.5e-4 TC2=-1.17e-6) 
.MODEL RSOURCEMOD RES (TC1=5.2e-3 TC2-1.37e-5) 
.MODEL RVTONEGMOD RES (TCl =-3.78e-3 TC2=-7.5e-7) 
.MODEL MOSMOD NMOS (VTO=3.48 N=10 IS=l e-03O KP=78.5 TOX=l L=1 u Wl u) 
.ENDS 
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m HARRIS 2N6804 
August 1991 

Avalanche-Energy-Rated 
P-Channel Power MOSFETs 

Features 

• -11A, -100V 

• rDS(on) = 0.30n. 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

I Package 
TO-204AA 

BonOMVIEW 

" DRAIN 

oou~~oo~ 

GATE 

The 2N6804 is an advanced power MOSFET designed, tested, and Terminal Diagram 
guaranteed to withstand a specified level of energy in the breakdown 
avalanche mode of operation. This is a p-channel enhancement- P-CHANNEL ENHANCEMENT MODE 
mode silicon-gate power field-effect transistor designed for 
applications such as switching regulators, switching converters, 0 
motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. 
This type can be operated directly from integrated circuits. 

The 2N6804 is supplied in the JEDEC TO-204AA steel package. G 

Absolute Maximum Ratings (TC '" +250 C) Unless Otherwise Specified 

Drain-Source Voltage. • • . . . . . . • . . • . . • . . • • . . . • • • . . . . • . . . • • . . • • . .. VOS 
Drain-Gate Voltage (RGS = 20kO) •......•.............•......... VOGR 
Continuous Drain Current 

TC = +250C ••....••................••.•...••......•....••..... 10 
TC = +1000 C ..........................................•....•.. 10 

Pulsed Drain Current (Note 2) ...............•..................... 10M 
Gate-Source Voltage ..••....•...••....•••••...••....••.••...••• VGS 
Maximum Power Dissipation 

TC = +250 C (See Figure 14) •....•....•••.•..........•...•..•••.. Po 
Above T C = +250 C, Derate Linearly (See Figure 14) ......•••..••..•••.. 

Single Pulse Avalanche Energy (Note 3) .........•............•..... EAS 
Operating and Storage Junction Temperature Range •........•.. TJ, TSTG 
Maximum Lead Temperature for Soldering ..••.....•.••...•.••..•.••. TL 

(0.063" (1.6mm) from case for lOs) 

NOTES: 

*JEDEC registered values 

1. Pulse Test: Pulse width S 300[JS. Duty Cycle :s. 2%. 

2. Repetitive Rating: Pulse width limited by maximum junction temperature, 
See Transient Thermal Impedance Curve (Figure 5). 

3. VOO = 25V. Starting T J = 250 C. L = 6.2mH. RG = 250. Peak IL = 11 A. 
(See Figure 15 and 16). 

2N6804 

-100' 
-100' 

-II' 
-7.0' 
-50' 
±20' 

75' 
O.S' 
500 

-55 to +150' 
300 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6804 

Electrical Characteristics @ TC 25°C (Unless Otherwise Specified) 

Parameter Min. Typ. Max. Units Test Conditions 

BVOSS Drain-Source Breakdown Vortage -100· - - V VGS = OV, 10 = 1.0mA 

VGS(lh) Gate Threshold Voltage -2.0· - -4.0· V VOS - VGS, 10 = -O.25mA 

IGSS Gate-Source leakage Forward - - -100 nA VGS = -20V 

IGSS Gate-Source Leakage Reverse - - 100 nA VGS = 20V 

lOSS Zero Gatp Voltaga Drain Current - - -0.2S· ~ VOS = Max. Rating, VGS = OV 

- - -1000 ~ Vas = Max. Rating x 0.8, VGS = OV, T C = 12SoC 

VOS(on) On-State Drain Current CD -11· - - A VOS > 10(on) x ROS(on) max., VGS = -10V 

ROS(on) Static Drain-Source On-State - - 0.30 0 VGS = -10V, 10 = -6.SA 
Aes'istance CD 

9fs Forward Transconductance (i) 2.0 3.7 - S(U) VOS > 10(on) x ROS(on) max., 10 = -6.SA 

Giss Input Capacitance 400 SOO - pF VGS = OV, VOS = -2SV, f = 1.0 MHz 

Coss Output Capacitance 100 300 - pF See Fig. 10 

erss Reverse Transfer Capacitance SO 100 - pF 

td(on) Tl}rn-On Delay Time - 30 60 ns VOO ~ -3SV, 10 = - 7.0A, Zo = SOO 

t, Rise Time - 70 140 ns See Fig. 17 

td(oH) Turn-Off Delay Time - 70 140 ns (MOSFET switching times are essentially 

tf Fall Time - 70 140 ns 
independent of operating temperature.) 

Qg Total Gate Charge - 2S 4S nC VGS = -ISV, 10 = -15A, VOS = O.B Max. Rating. 
(Gate-Source Plus Gate-Drain) See Fig. 18 for test circuit. (Gate charge is essentially 

Qgs Gate-Source Charge - 13 23 nC 
independent of operating temperature.) 

Qgd Gate-Drain ("Miller") Charge - 12 22 nC 

LO Internal Drain Inductance - S.O - nH Measured between Modified MOSFET 
the contact screw on symbol showing the 
header that is closer to internal device 0 
source and gate pins inductances. 
and center of die. 

oo~ LS Internal Source Inductance - 12.S - nH Measured from the 
source pin, 6 mm 
(0.25 in.) from header LS 

and source bonding 
pad. s 

Thermal Resistance 
R/Jic Junction-to-Case - - 1.67" °C/W 

RfiCs CaseMto-Sink - 0.1 - °C/W Mounting surface flat, smooth, and greased. 

R/JIA Junction-lo-Ambient - - 30 °G/W Typical socket mount 

Source-Drain Diode Ratings and Characteristics 
0-

Parameter Min. Typ. Max. Units 

'-~ .. -~ --
IS Continuous Source Current - - -11· A Modified MOSFET symbol 

(Body Diode) showing the integral 
reverse P-N junction. rectifier. G 

ISM Pulse Source Current (Body Diode) ® - - -SO A 

VSO Diode Forward Voltage CD - - -1.5 V TC K 2SoC, IS _ -IIA, VGS _ OV s-

t" Reverse Recovery Time - - 2S0 ns TJ - 2SoC, IF = -IIA,dIF/dt - -l00Al~s 

QRR Reverse Recovered Charge - 1.8 - ~C TJ - 2SoC, IF - -11A, dlF/dt - -100 AI~s 

ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by LS + LO. 

• JEOEC Registered Value 

ill Pulse Test Pulse width:S 300pS, Duty Cycle:S 2%. 
® Repetitive Rating: Pulse width limited by max. junction temperature. See Transient Thermal Impedance Curve (Fig. 5). 

~," VDD " 2SV. Starting TJ:: 25°C, L:: 6.2 mH. 
Hg 0 ::!~n. Peak k :: 11 A. (See Fig. 15 and 16), 
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Fig. 1 - Typical Output Characteristics 
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mHARRIS 2N6849 
August 1991 

Avalanche-Energy-Rated 
P-Channel Power MOSFETs 

Features 

• -6.5A, -100V 

• rDS{on) = 0.300 

Package 
TO-20SAF 

BonOMVIEW 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

SOUTIRCE 0 GATE 

o 0 

DRAIN 
(CASE) 

Description 

The 2N6849 is an advanced power MOSFET designed, tested, and Terminal Diagram 
guaranteed to withstand a specified level of energy in the breakdown 
avalanche mode of operation. This is a p-channel enhancement- P-CHANNEL ENHANCEMENT MODE 
mode silicon-gate power field-effect transistor designed for 
applications such as switching regulators, switching converters, D 
motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. 
This type can be operated directly from integrated circuits. 

The 2N6849 is supplied in the JEDEC TO-205AF (Low Profile G 
TO-39) metal package. 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage. • . . . . . . . • . . • . . . . . . . . . . . . . • • . . . . . • . . . . . • • •. VOS 
Drain-Gate Voltage (RGS = 20kO) ...•••..••..••..•••••...•...•.• VOGR 
Continuous Drain Current 

TC = +2SoC .••.••.••.•••.......•••••.....•..••••...•••.•...••• 10 
TC=+1000C ................•..............•...•............•. 10 

Pulsed Drain Current (Note 2) .....•.............••..•.•....•...•.. 10M 
Gate-Source VoHage ........................................... VGS 
Maximum Power Dissipation 

TC = +250C (See Figure 14) ..................................... Po 
Above T C = +250C, Derate Linearly (See Rgure 14) ....•.............. 

Single Pulse Avalanche Energy (Note 3) ............................ EAS 
Operating and Storage Junction Temperature Range .••••...••.. T J, T STG 
Maximum Lead Temperature for Soldering ........................... TL 

(0.063" (1.6mm) from case for 10s) 

NOTES: 

*JEDEC registered values 

1. Pulse Test: Pulse width ::: 300~s, Duty Cycle::: 2% 

2. Repetitive Rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5) 

3. VDD = 25V, Starting TJ = 250C. L = 17.25mH, RG = 25.0, Peak 
IL = a.5A, (See Figure 15 and 16) 

2N6849 

-100' 
-100' 

-6.5' 
-4.1' 
-2S* 
±20* 

25* 
0.2* 
SOO 

-55 to +150* 
300 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 

5-8 

S 

UNITS 

V 
V 

A 
A 
A 
V 

W 
W!OC 

mJ 
oc 
oc 

File Number 2219 



Specifications 2N6849 

Electrical Characteristics @ TC 25°C (Unless Otherwise Specified) 

Parameter Min. Typ. Max. Units Test Conditions 

BVOSS Drain~Source Breakdown Voltage -100· - - V VGS = OV, 10 = 2S0~A 

VGS(lh) Gate Threshold Voltage - 2.0· - -4.0· V VOS = VGS, ID = -0.2SmA 

IGSS Gate-Source leakage Forward - - - 100 nA VGS = -20V 

IGSS Gate-Source Leakage Reverse - - 100 nA VGS = 20V 

lOSS Zero Gate Voltage Drain Current - - -0.25· IlA VOS == Max. Rating, VGS = OV 

- - - 1000 IlA Vos = Max. Rating x 0.8, VGS = av, Te - 125°C 

VOS(on) On-State Drain Voltage 0 - - -2.1 V VOS > 10(on)ROS(on)max., VGS = -10V, 10 = 6.SA 

ROS(on) Static Drain-Source On-State - - 0.30· 0 VGS = -10V, 10 = -4.1A 
Resistance 0 

gfs Forward Transconductance 0 2.5 3.5 7.5 S(O) VDS = -SV, 10(on) x ROS(on) max., 10= -4.1A 

Ciss Input CapaCitance - 500 - pF VGS = OV, VOS = -25V, f = 1.0 MHz 

Coss Output Capacitance - 300 - pF See Fig. 10 

erss Reverse Transfer Capacitance - lOa - pF 

Id(On) Turn-On Delay Time - 30 60 ns VOO = -42V, 10 = -4.1A, Zo = 500 

Ir Rise Time - 70 140 ns See Fig. 17 

Id(ofl) Turn-Off Delay Time - 70 140 ns (MOSFET switching times are essentially 

If Fall Time - 70 140 ns 
independent of operating temperature.) 

Qg Total Gate Charge - 25 45 nC VGS = -lSV, 10 = -15A, VOS ::: O.BV Max. Rating. 
(Gate-Source Plus Gate-Drain) See Fig. 18 for test circuit. (Gate charge is essentially 

Qgo Gate-Source Charge - 13 23 nC 
independent of operating temperature.) 

Qgd Gate-Drain ("Miller") Charge - 12 22 nC 

LO Internal Drain Inductance - 5.0 - nH Measured from the Modified MOSFET 
drain lead, 

-~'-~~ Smm (0.2 in.) internal device 
from header to Inductances. lo 
center of die. 

LS Internal Source Inductance - 15 - nH Measlired from the 
source lead, 5 mm G 
(0.2 in.) from header LS 

to source bonding 
pad. 

S 

Thermal Resistance 
ROJC Junction·to--CaS8 

Junction·tcrAmbient Typical socket mount 

Source-Drain Diode Ratings and Characteristics 
Parameter Min. Typ. Max. Units '*~~--IS Continuous Source Current - - -6.5· A Modified MOSFET symbol 

(Body Oiode) showing the integral 
reverse P-N junction rectifier. G _ 

ISM Pulse Source Current (Body Diode) Q) - - -25 A 

VSO Diode Forward Voltage G> - - -1.5 V TC - 25"C, IS c -6.SA, VGS - OV 
5-

1" Reverse Recovery Time - - 250 ns TJ = 2S"C, IF - - 6.SA, dlF/dl - 100 AJ~s 

QRR Reverse Recovered Charge - 1.8 - ~C TJ - 2S"C, IF C -6.5A, dlF/dl - 100 AJ~. 

Ion Forward Turn--on Time IntrinSiC turn·on time is negligible. Turn-on speed is substantially controlled by LS + LD. 

• JEDEC Registered Value 

GJ Pulse Test: Pulse width S 30011s, Duty Cycle S 2%. 

@ Repetitive Rating: Pulse width limited by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 
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Features 

• -4.0A, -200V 

• rDS(on) = 0.800 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The 2N6851 is an advanced power MOSFET designed, tested, and 
guaranteed to withstand a specified level of energy in the breakdown 
avalanche mode of operation. This is a p-channel enhancement
mode silicon-gate power field-effect transistor designed for 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. 
This type can be operated directly from integrated circuits. 

The 2N6851 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 

2N6851 
Avalanche-Energy-Rated 

P-Channel Power MOSFETs 

Package 
TO-205AF 

BOnOMVIEW 

SOUTIRCE " " GATE 

DRAIN 
(CASE) 

Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 

D 

G~ 
S 

Absolute Maximum Ratings (TC ". +250 C) Unless Otherwise Specified 

Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . . • . • . . . . . • . • . . • . . . . . .. VOS 
Drain-Gate Voltage (RGS = 20kO) ....••....•.•••...••••••.•.•••. VDGR 
Continuous Drain Current 

TC = +250C .•.............................•.•.......•......... 10 
TC = +1000 C ....•..........•.••...........•...•.....••...•.•.• 10 

Pulsed Drain Current (Note 2) .•.•.•....•........•..•......••....•• IOM 
Gate-Source Voltage ..........•.•...............•.............• VGS 
Maximum Power Dissipation 

TC = +250 C (See Figure 14) .•........•..........•........•...... Po 
Above T C = +250 C, Derate Linearly (See Figure 14) •.................. 

Single Pulse Avalanche Energy (Note 3) .....•.••....•....•.....••.. EAS 
Operating and Storage Junction Temperature Range ......•..... T J, TSTG 
Maximum Lead Temperature for Soldering ..................•....••.. TL 

(0.063" (1.6mm) from case for 10s) 

NOTES: 

*JEDEC registel'ed values 

1. Pulse Test: Pulse width S 300pS. Duty Cycle S. 2%. 

2. Repetitive Rating; Pulse width limited by maximum junction temperature, 
See Transient Thermal Impedance Curve (Figure 5). 

3. VDD = 50V. Starting TJ = 25°C. L = 46.9mH. RG = 250. Peak IL = 4.0A. 
(See Figure 15 and 1 6). 

2N6851 

-200* 
-200* 

-4.0* 
-2.4* 
-20* 
±20* 

25' 
0.2' 
500 

-55 to +150' 
300 

CAUTION: These devices are sensitive 10 electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6851 

Electrical Characteristics @ TC 25°C (Unless Otherwise Specified) 

Parameter Min. Typ. Max. Units Test Conditions 

BVOSS Drain-Source Breakdown Voltage -200· - - V VGS = OV, '0 = LOrnA 

VGS(th) Gate Threshold Voltage -2.0· - -4.0· V VOS = VGS, '0 = -0.2SmA 

'GSS Gate-Source Leakage Forward - - - tOO nA VGS = -20V 

'GSS Gate-Source Leakage Reverse - - 100 nA VGS = 20V 

'OSS Zero Gate Voltage Drain Currsnt - - -0.25· ~ VOS = Max. Raling, VGS = OV 

- - - tOOO ~A VOS = Max. Rating x 0.8, VGS = OV, T C = 125°C 

VOS(on) Dn-State Drain Voltage (i) - - -3.3 V VOS > 'O(on) x ROS(on) max., VGS = -10V, '0 = -4.0A 

ROS(on) Static Drain-Source On-State - - 0.80· 0 VGS = -10V, 'D = -2.4A 
Resistance <Ii 

g,s Forward Transconductance <D 2.2 3.5 -6.6 S(O) VOS = - SV x ROS(on)max., '0 = -2.4A 

Giss Input Capacitance 400 550 - pF VGS = OV, VOS = -2SV, f = 1.0 MHz 

Coss• Output Capacitance 50 170 - pF See Fig. 10 

erss Reverse Transfer Capacitance 40 50 - pF 

td(on) Turn-On Delay Time - 30 50 ns VOD ~ -95V, '0 = - 2.4A, Zo :::: 500 

tr Rise Time - 50 100 ns See Fig. 17 

td(Off) Turn-Off Delay Time - 50 80 ns (MOSFET switching times are essentially 

If Fall Time - 40 80 ns 
independent of operating temperature.) 

Og Total Gate Charge - 31 45 nC VGS = -lSV, '0 = - 8.0A, VOS = O.~ Max. Rating. 
(Gate-Source prus Gate-Drain) See Fig. 18 for te.st circuit. (Gate charge js essentially 

Ogs Gate-Source Charge - 18 23 nC 
independent of operating temperature.) 

°gd Gate-Drain ("Miller") Charge - 13 22 nC 

LO Internal Drain Inductance - 5.0 - nH Measured from the Modified MOSFET 
drain lead, 5mm symbol showing the 
(0.2 in.) from header internal device D 

to center of die. Inductances 

LS Internal Source Inductance - 15 - nH Measured from the ,o~ source lead, 5 mm 
(0.2 in.) from header LS 

to source bonding 
pad. s 

Thermal Resistance 
R8Jc Junction-ta-Case 

Junction-la-Ambient Typical socket mount 

Source-Drain Diode Ratings and Characteristics 
Parameter Min. Typ. Max. Units Test Conditions 

D-

Is Continuous Source Current - - -4.0· A Modified MOSFET symbol .~-(Body Diode) shOWing the Integral 
reverse P-N junction rectifier 

'SM Pulse Source Current (Body Diode) ® - - -20 A 

VSO Diode Forward Voltage <D - - -1.5 V TC - 25°C, IS - -4.0A, VGS _ OV s-
'rr Reverse Recovery Time - - 400 ns TJ - 25°C, 'F - -4.0A, dlF/dt - -100 AI~. 

ORR Reverse Recovered Charge - 2.6 - ~C TJ - 25°C, 'F - -4.0A, dlF/dl - -tOO AI~. 

ton Forward Turn-on Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by LS + LO' 

·JEDEC Registered Value 

CD Pulse Test: Pulse width::; 300ps, Duty Cycle::; 2%. 

@ Repetitive Rating: Pulse width limited by max. junction temperature. 

See Transient Therma) Impedance Curve (Fig. 5). 

5-14 

QI VDD = 50V, starting TJ = 25°C, L = 46.9 mH, 
RG = 25(1, Peak I, = 4.0A. (See Fig. 15 and 16) 
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7.00 

OJ 
80,..8 PULSE TEST 
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lil II /"' z 

/// al 
,.. 1.40 

i If 
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10. DRAIN CURRENT (AMPERES) VSD, SOURCE·YO-DRAIN VOLTAGE (VOLTS) 

92CS·43312 92CS-4327Q 

Fig. 6 - Typical Transconductance Vs. Drain Current Fig. 7 - Typical Source-Drain Diode Forward Voltage 
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Fig. 8 - Breakdown Voltage Vs. Temperature Fig. 9 - Normalized On-Resistance Vs. Temperature 
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Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 
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2N6851 

2.0 
ROSlon} MEASURED WITH CURRENT PULSE OF 2.0,..S 
DURATION. INITIAL TJ = 25 ·C. (HEATING -C 
EFFECT OF 2.0,..S PULSE IS MINIMAL) 
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Fig. 12 - Typical On-Resistance Vs. Drain Current 
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Fig. 14 - Power Vs. Temperature Derating Curve 
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VOS ION) 90 % ~ 
92CS-43306 

Fig. 17 - Switching Time Test Circuit 
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I:)HARRIS 2N6895 
August 1991 

P-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 

Features 

• -1.16A, -100V 

• rDS(on} = 3.650 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The 2N6895 is a P-channel enhancement-mode silicon-gate power 
MOS field-effect transistor designed for applications such as 
switching converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed and 
low gate-drive power. This type can be operated directly from 
integrated circuits. 

The 2N6895 is supplied in the JEDEC TO-205AF metal package. 

Package 
TO-205AF 

BonOMVIEW 

SOUTIRCE 0 GATE 

o 0 

DRAIN 
(CASE) 

Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 

D 

G~ 
s 

Absolute Maximum Ratings (Tc "" +250 C) Unless Otherwise SpeCified 

Drain-Source Voltage .......................................... VOSS 
Drain-Gate Voltage (RGS = 1 MO) ............................... VDGR 
Continuous Drain Current 

RMS Continuous ............................................... 10 
Pulsed Drain Current. .......................................... 10M 

Gate-Source Voltage ........................................... VGS 
Maximum Power Dissipation 

TC=+2S0C ................................................... PD 
Above TC = +2SoC, Derate Linearly ............................... . 

Operating and Storage Junction Temperature Range ............ TJ, TSTG 
Maximum Lead Temperature for Soldering ........................... TL 

(At distances ~ Va" (3.17mm) from seating plane for lOs max) 

*JEDEC registered values 

2N6895 

-100' 
-100' 

-1.16' 
-S' 

±20' 

8.33' 
0.0667' 

-SSto+1S0' 
260 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6895 

ELECTRICAL CHARACTERISTICS at Case Temperature (Te) = 25°C unless otherwise specified. 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

UNITS 
Min. Max. 

Drain-Source Breakdown Voltage BVoss 10 - 1 mAo VGS - 0 -100 - V 
Gate Threshold Voltage VGs(th) VGS = Vos. 10 = 0.25 mA -2 -4 V 
Zero Gate Voltage Drain Current loss Ves - -80 V - 1 

IlA 
T e - 125° C. Vos - -80 V - 50 

Gate-Source Leakage Current IGSS VGS - ±20 V. Vos = 0 - 100 nA 
Drain-Source On Voltage Vos(on)a 10 = 0.74 A. VGS - -10 V - 2.7 

V 
10 - 1.16 A. Vas - -10 V - 6 

Static Drain-Source On Resistance ros(on)a 10 - 0.74 A. VGS - -10 V - 3.65 
0 

Te - 125°C. 10 = 0.74 A. VGS - 10 V - 5.66 
Forward Transconductance g,.a Vos = -10 V. 10 - 0.74 A 200 800 mho 
Input Capacitance CiS8 Vos = -25 V 40 150 
Output Capacitance COB. VGS = 0 V 20 80 pF 
Reverse Transfer Capacitance Cra• f = 1 MHz 7.5 30 
Turn-On Delay Time t.(on) Vos = -50 V - 25 
Rise Time t, 10=0.74A - 45 ns 
Turn-Off Delay Time t.(off) Rgon= Rg.= 150 - 45 
Fall Time t, Vas = -10 V - 50 
Thermal Resistance Junction-to-Case R8Je - 15 °C/W 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

UNITS 
Mln·IMax. 

• Diode Forward Voltage Vsoa Iso = 1.16 A 0.8 11.6 V 
Reverse Recovery Time t" IF = 4 A. d'Fldt = 50 AI IJS - 1340 ns 

'In accordance with JEDEC registration data. 
apulsed: Pulse duration = 300 IJS max .• duty cycle = 2% 

92CM-40693 

Fig. 1 - Maximum operating areas. 
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2N6895 

92C5-40721 

Fig. 2 - Power dissipation vs. temperature derating curve. 
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Fig. 4 - Typical normalized drain-to-source on resistance to 
junction temperature. 
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drain current. 
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Fig. 3 - Typical normalized gate threshold voltage as a 
function of junction temperature. 
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Fig. 5 - Typical transfer characteristics. 
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Fig. 8 - Typical forward transconductanca as a function of 
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m HARRIS 2N6896 
August 1991 

P-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 

Features 

• -6A, -100V 

• rDS(on) = 0.60 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-204AA 

BOnOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

The 2N6896 is a P-channel enhancement-mode silicon-gate power Terminal Diagram 
MOS field-effect transistor designed for high-speed applications 
such as switching regulators, switching converters, relay drivers, and P-CHANNEL ENHANCEMENT MODE 
drivers for high-power bipolar switching transistors. 

The 2N6896 is supplied in the JEDEC TO-204AA metal package. 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage .......................................... VDSS 
Drain-Gate Voltage (RGS = 1 MO) ......•...................•.... VDGR 
Continuous Drain Current 

RMS Continuous ............................................... ID 
Pulsed Drain Current. .......................................... IDM 

Gate-Source Voltage ........................................... VGS 
Maximum Power Dissipation 

TC=+250 C ................................................... PD 
Above T C = +250C, Derate Linearly .............................. .. 

Operating and Storage Junction Temperature Range ............ T J. T STG 
Maximum Lead Temperature for Soldering ........................... TL 

(At distances ~ Ya" (3.17mm) from seating plane for lOs max) 

*JEDEC registered values 

G 

2N6896 

-100* 
-100* 

-6* 
-20* 
±20* 

60* 
0.48* 

-55to+150* 
260 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6896 

ELECTRICAL CHARACTERISTICS at Case Temperature (Te) = 25°C unles. otherwise .peclfled. 

CHARACTERISTIC TEST CONDITIONS 

Drain-Source Breakdown Voltage BVoss 10 - 1 mA, VGS - 0 
Gate Threshold Voltage Vas(th) VGS - Vos, 10 - 0.25 mA 
Zero Gate Voltage Drain Current loss Vos - -80 V 

Te -125°C, Vos = -80 V 
Gate-Source Leakage Current lass VGS = ±20 V, Vos - 0 
Drain-Source On Voltage Vos(on)a 10 = 3.8 A, VGS - -10 V 

10=6A, Vas--1OV 
Static Drain-Source On Resistance ros(on)a 10 - 3.8 A, Vas - -10 V 

Te - 125°C, 10 - 3.8 A, VGS - 10 V 
Forward Transconductance g .. a Vos - -10 V, 10 - 3.8 A 
Input Capacitance Clsa Vos - -25 V 
Output Capacitance Coss VGS = 0 V 
Reverse Transfer Capacitance CraB f = 0.1 MHz 
Turn-On Delay Time t.(on) Vos - -50 V 
Rise Time t, 10 = 3.8 A 
Turn-Off Delay Time t.(off) R •• n =R •• =150 
Fall Time t, Vas = -10 V 
Thermal Resistance Junction-to-Case Rl/Je 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC 

Diode Forward Voltage Vsoa 
Reverse Recovery Time t" 

*In accordance with JEDEC registration data. 
apulsed: Pulse duration = 300 JlS max., duty cycle = 2% 

>- 4 
Z 

'" 0: 
0: 

" U 

'= 

TEST CONDITIONS 

Iso-12A 
IF = 4 A, d'F/dt - 50 AlJlS 

1000 

DRAiN -TO-SOURCE VOLTAGE (Vos)- V 

92CM- 40696 

Fig. 1 - Maximum safe operating areas. 
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LIMITS 
Min. Max. 
-100 -
-2 -4 

- 1 
- 50 
- 100 
- 2.28 
- -6 
- 0.6 
- 0.96 
1 4 

200 800 
100 350 
40 150 

- 60 
- 100 
- 150 
- 100 
- ~.083 

LIMITS 
Min. Max. 
0.8 1.6 
- 375 
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Fig. 2 - Power dissipation vs. temperature derating curve. 
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Fig. 4 - Typical normalized drain-to-source on resistance to 
junction temperature. 
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200 

Fig. 3 - Typical normalized gate threshold voltage as a 
function of junction temperature. 
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Fig. 5 - Typical transfer characteristics. 

FREQUENCY (f) " 1 MHz 
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Fig. 6 - Typical drain-to-source on resistance as a function of 
drain current. 

Fig. 7 - Capacitance as a function of drain-to-source voltage. 
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Fig. 8 - Typical forward transconductance as a function of 
drain current. 
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mtHARRIS 2N6897 
August 1991 

P-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 

Features 

• -12A, -100V 

• rDS(on) = 0.30 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The 2N6897 is a P-channel enhancement-mode silicon-gate power 
MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This device can be 
operated directly from an integrated circuit. 

The 2N6897 is supplied in the JEDEC TO-204AA metal package. 

Package 
TO-204AA 

BOTTOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 

D 

G~ 
S 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage .......................................... VDSS 
Drain-Gate Voltage (RGS = 1 MO) ............................... VDGR 
Continuous Drain Current 

RMS Continuous ............................................... 10 
Pulsed Drain Current. .......................................... 10M 

Gate-Source Voltage ........................................... VGS 
Maximum Power Dissipation 

TC=+250 C ................................................... PD 
Above TC = +250 C, Derate Linearly ............................... . 

Operating and Storage Junction Temperature Range ............ TJ, TSTG 
Maximum Lead Temperature for Soldering ........................... TL 

(At distances ~ Yen (3.17mm) from seating plane for 10s max) 

*JEDEC registered values 

2N6897 

-100' 
-100' 

-12' 
-30' 
±20' 

100' 
0.8' 

-55 to +150' 
260' 

CAUTION: These devices are sensitive to electros1aUc discharge. Proper I.C. handling procedures should be followed. 
Copyright @ Harris Corporation 1991 

5-26 

UNITS 

V 
V 

A 
A 
V 

W 
• W;oC 

oC 
oC 

File Number 1875 



2N6897 

ELECTRICAL CHARACTERISTICS at Cale Temperature (Tc) = 25°C unless otherwise specified. 

CHARACTERISTIC TEST CONDITIONS 

Drain-Source Breakdown Voltage BVoss 10 = 1 mAo Vas = 0 
Gate Threshold Voltage VGs(th) Vas = Vos. 10 = 0.25 mA 
Zero Gate Voltage Drain Current loss Vos = -80 V 

Tc = 125°C. Vos = -80 V 
Gate-Source Leakage Current lass Vas = ±20 V. Vos = 0 
Drain-Source On Voltage Vos(on)a 10 = 7.6 A. Vas = -10 V 

10=12A.Vas=-10V 
Static Drain-Source On Resistance ros(on)a 10 = 7.6 A. Vas = -10 V 

Tc = 125°C. 10 = 7.6 A. Vas - 10 V 
Forward Transconductance g .. a Vos - -10 V. 10 = 7.6 A 
Input Capacitance Cl •• Vos - -25 V 
Output Capacitance C"'" VGS = 0 V 
Reverse Transfer Capacitance C ... 1=0.1 MHz 
Turn-On Delay Time td(on) Vos - -50 V 
Rise Time t, 10 = 7.6A 
Turn-Off Delay Time td(off) Rgen = Rg. = 15!l 
Fall Time tf Vas = -10 V 
Thermal Resistance Junction-to-Case ROJC 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC 

Diode Forward Voltage Vsoa 
Reverse Recovery Time t" 

'In accordance with JEDEC registration data. 
apulsed: Pulse duration = 300 IJS max .• duty cycle = 2% 

<t 
I 

4 • 8 
10 

TEST CONDITIONS 

Iso-12A 
IF = 4 A. d'F/dt = 100 Alps 

4 • 8 4 6 8 
100 1000 

DRAIN-TO-50URCE VOLTAGE (V05)- V 

92CM- 40094 

Fig. 1 - Maximum safe operating areas. 
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LIMITS 
Min. Max. 
-100 -
-2 -4 
- 1 
- 50 
- 100 
- 2.28 
- -4.8 
- 0.3 
- 0.465 
2 8 

400 1500 
200 700 
60 240 
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- 175 
- 1.25 

LIMITS 
Min. Max. 
0.8 1.6 
- 500 
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Fig. 2 - Power dissipation vs. temperature derating curve. 
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Fig. 4 - Typical normalized drain-to-source on resistance to 
junction temperature. 
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DRAIN CURRENT{Io1-A 
92CS-37111 

Fig. 6 - Typical drain-to-source on resistance as a function of 
drain current. 
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Fig. 3 - Typical normalized gate threshold voltage as a 
function of junction temperature. 
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Fig. 5 - Typical transfer chanicteristics. 
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Fig. 7 - Capacitance as a function of drain-to-source voltage. 
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mHARRIS 2N6898 
August 1991 

P-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 

Features 

• -25A, -100V 

• rDS(on) = 0.200 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-204AE 

BonOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

The 2N6898 is a P-channel enhancement-mode silicon-gate power Terminal Diagram 
MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay P-CHANNEL ENHANCEMENT MODE 

drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This device can be D 
operated directly from an integrated circuit. 

The 2N6898 is supplied in the JEDEC TO-204AE steel package. 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage .......................................... VOSS 
Drain-Gate Voltage (RGS = 1 MO) •••....••.........•............ VDGR 
Continuous Drain Current 

RMS Continuous ............................................... 10 
Pulsed Drain Current ............•...................•..•....... IDM 

Gate-Source Voltage .................................•......... VGS 
Maximum Power Dissipation 

TC=+250 C ................................................. "PD 
Above T C = +250C. Derate Linearly .............................. .. 

Operating and Storage Junction Temperature Range ............ T J. T STG 
Maximum Lead Temperature for Soldering ........................... TL 

(At distances 2': Va" (3.17mm) from seating plane for lOs max) 

*JEDEC registered values 

G 

2N6898 

-100' 
-100' 

-25' 
-60' 
±20' 

150* 
1.2* 

-55 to +150* 
260* 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6898 

ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C unles. otherwise specified. 

CHARACTERISTIC TEST CONDITIONS 

* Drain-Source Breakdown Voltage BVoss 10 - 1 mA, VGS = 0 
* Gate Threshold Voltage VGs(th) VGS = Vos, 10 - 0.25 mA 
* Zero Gate Voltage Drain Current loss Vos - -80 V 

Tc = 125°C, Vos = -80 V 
* Gate-Source Leakage Current IGSS VGS - ±20 V, Vos = 0 
* Drain-Source On Voltage Vos(on)a 10 = 15.8 A, VGS - -10 V 

10 = 25A, VGS = -10 V 
* Static Drain-Source On Resistance ros(on)a 10 = 15.8 A, Vas - -10 V 

Tc = 125°C, 10 = 15.8 A, Vas - 10 V 
* Forward Transconductance g,.a Vos = -10 V, 10 = 15.8 A 
* Input Capacitance Gisa Vos = -25 V 
* Output Capacitance Cos. Vas = 0 V 
* Reverse Transfer Capacitance CraB f = 0.1 MHz 
* Turn-On Delay Time t.(on) Vos = -50 V 
* Rise Time t, 10=12.5A 
* Turn-Off Delay Time t.(off) R.en = R.a = 50 n 
* Fall Time tf VGs=-10V 
* Thermal Resistance Junction-to-Case ROJC 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC TEST CONDITIONS 

* Diode Forward Voltage Vsoa Iso = 25 A 
Reverse Recovery Time t" IF = 4 A, d'F/dt = 100 AI/1s 

*In accordance with JEDEC registration data. 
apulsed: Pulse duration = 300/1s max., duty cycle = 2% 

468 4 6 8 4 6 • 

10 100 

ORAIN-TO-SOURCE VOLTAGE (VDS)-V 

92CM-40695 

Fig. 1 • Maximum safe operating areas. 
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LIMITS 
Min. Max. 
-100 -
-2 -4 
- 1 

- 50 
- 100 
- 3.16 
- -6 
- 0.2 

- 0.24 
4 16 
- 3000 
- 1500 
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- 50 
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- 400 

- 250 
- 0.83 

LIMITS 
Min. Max. 
0.8 1.6 
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2N6898 

CASE I ,,'n"A IU"< 

Fig. 2 - Power dissipation vs. temperature derating curve. 
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JUNCTlo.N TEMPERATURE (TJ )_DC 92CS-40716 

Fig. 4 - Typical normalIzed drain-to-source on resistance to 
junction temperature. 
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PULSE TEST 
PULSE DURATION"'80,...s 
DUn' CYCLE % 

40 

DRAIN CURRENT '( I 0 ')-A 92CS-37246 

50 

Fig. 6 - Typical drain-to-source on resistance as a function of 
drain current. 
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Fig. 3 - Typical normalized gate threshold voitage as a 
function of junction temperature. 
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c 
tl 
>
z 

"' If 20 
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T =-40"C 
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Fig. 5 - Typical transfer characteristics. 
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Fig. 7 - Capacitance as a function of drain-to-source voltage. 
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Fig. 8 - Typical forward transconductance as a function of 
drain current. 
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m HARRIS IRF9130, IRF9131 
IRF9132, IRF9133 

January 1994 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features Package 

• -10A and -12A, -80V and -100V 

• rDS(ON) = 0.300 and 0.400 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

TO-204AA 
BOTTOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

Description 

The IRF9130, IRF9131, IRF9132 and IRF9133 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated Circuits. 

Terminal Diagram 

The IRF types are supplied in the JEDEC TO-204M steel 
package. 

P-CHANNEL ENHANCEMENT MODE 

D 

G~ 
s 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

IRF9130 IRF9131 IRF9132 IRF9133 

Drain-Source Voltage (1) ......................•..... VOS -100 -80 -100 -80 
Drain-Gate Voltage (RGS = 20kO) (1) ..•.....•••••... VOGR -100 -80 -100 -80 
Continuous Drain Current 

TC = 250C ..••••••.••••••.•..•..•...••...•...•••••• 10 -12 -12 -10 -10 
TC = 1000C .....•......•.....••....••...••.....•.• 10 -7.5 -7.5 -6.5 -6.5 

Pulsed Drain Current (3) .....•.••...••••...••••••.•.•. 10M -48 -48 -40 -40 
Gate-SourceVoltage •......•.•••...•.....•......... VGS ±20 ±20 ±20 ±20 
Maximum Power Dissipation ....•..•....•....•.••.....• Po 75 75 75 75 

(See Figure 14) 
Linear Derating Factor ..•••.•..••••••...••.....••...•...• 0.6 0.6 0.6 0.6 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) .•.•.•.......•. Eas 500 500 500 500 
Operating and Storage Junction ••..••••.•••••••.• T J, TSTG -55to+150 -55to+150 -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ..........••... TL 300 300 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

UNITS 

V 
V 

A 
A 
A 
V 
W 

wloe 

mJ 
oe 

oC 

1. TJ = +250C to +1500C 

2. Pulse Test: Pulse width ::s 300~s, Duty Cycle ::s 2% 

4. VDD = 25V, Start T J = +250C, L = 5.2mH, Ra = 25!l, Peak IL = 12A 
(See Figures 15 and 16) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRF9130, IRF9131, IRF9132, IRF9133 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV,IO = -250MA 
IRF9130,IRF9132 -100 - - V 

IRF9131,IRF9133 -80 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - -250MA -2.0 - -4.0 V 

Gate-Source Leakage Forward IGSS VGS--20V - - -100 nA 

Gate-Source Leakage Reverse IGSS VGS-20V - - 100 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - -250 MA 

VOS - Max Rating x 0.8, VGS - OV, - - -1000 MA 
TC=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = -10V 
IRF9130,IRF9131 -12 - - A 

IRF9132,IRF9133 -10 - - A 

Static Orain-Source On-State rOS(ON) VGS = -1 OV,IO = -6.5A 
Resistance (Note 2) 

IRF9130,IRF9131 - 0.25 0.30 n 

IRF9132,IRF9133 - 0.30 0.40 n 

Forward Transconductance (Note 2) gfs VOS> 10(ON) x rOS(ON) Max, 10 - -6.5A 2 3.7 - Sm) 
Input Capacitance CISS VGS - OV, VOS - -25V, f - 1.0MHz - 500 - pF 

Output Capacitance COSS 
See Figu re 1 0 - 300 - pF 

Reverse Transfer Capacitance CRSS - 100 - pF 

Turn-On OelayTime Id(ON) VOO -0.5 BVOSS, 10 - -6.5A, Zo - 50n - 30 60 ns 

RiseTime tr See Figure 17. (MOSFET switching limes - 70 140 ns 

Turn-Off Oelay Time ld(OFF) 
are essentially independent of operating - 70 140 temperature.) ns 

Fall Time tf - 70 140 ns 

Tolal Gate Charge Og VGS - -1 OV,IO - -15A, VOS - 0.8 Max - 25 45 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 18 for test circuit. 

Gate-Source Charge Oas (Gate charge is essentially independent of - 13 - nC 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) - 12 - nC 

Internal Orain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
contact screw on symbol showing the 
header that is closer internal device 
to source & gate inductances. 
pins & center of die. 

~ 
Internal Source Inductance LS Measured from the - 12.5 - nH 

source pin, 6mm 
(0.25") from header & 
source bonding pad. 

LS 

S 

Junction-ta-Case ROJC - - 1.67 °C/W 
Case-to-Sink Racs Mounting surface flat, smooth and greased - 0.1 - oC/W 

Junction-to-Ambient RaJA Typical socket mount - - 30 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -12 A 

(BodyOiode) symbol showing the 

Pulse Source Current ISM integral reverse - - -48 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TC = +250 C, IS = -12A, VGS = OV - - -1.5 V 

Reverse Recovery Time trr T J - + 1500 C, IF - 12A, dl F/dt - 100A/IIS - 300 - ns 

Reverse Recovered Charge ORR TJ - +1500 C,IF --12A, dlF/dt = 100A/IIS - 1.8 - IIC 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +2SoC to +1 SOoC 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VOO = 2SV, Start T J = +2SoC, L = S.2mH. 
2. Pulse Test: Pulse width .:$. 300~s, 

Duty Cycle .$ 2% 
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Ra = 2sn. Peak 'L = 12A (See Figures 1 S 
and 16) 



i3 
~ .. 
" ~ 
>-z 
w 
0: 
0: 
::> 
u 
z 
;; 
0: 
0 

E 

i .. ,. 
~ 
>-
ffi 
0: 
0: 
::> 
u 
Z 

~ 
0 

E 

IRF9130, IRF913t, IRF9132, IRF9133 

-'a -10VV I I 9V 

If 80~SPULSETEST 

-16 -8V ~ 1----

-1"'- ---~ --~ 

-1' 

I VGS= 1V 

-20 

~ V 80 IJS PULSE TEST 

Vos> 10(on) x ROSlon) max. 1---

i3 -16 ---.-L I I ---I-/; 
~ 
~ --- TJ I 125 IC" 

-,. 
TJ=25 C"-- "-Vl ~ -12 -->- -i--t 'J, '/ z 

w TJ=-55 C -

-8 r 
I 

0: 
0: Y/; ::> 
u -8 1---- --

V -6V z 
;; 
0: 

----- ----- I--
O , 

-4 t---
p-

E -4 --
-5V 

-4V 
-I -- I----

.....-.:: '7 
- -10 20 30 40 50 - - - 10 

Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) VGS. GATE-rO·SOURCE VOLTAGE (VOLTS) 

92CS'43268 92CS·43289 

Fig. 1 - Typical Output Characteristics Fig. 2 - Typical Transfer Characteristics 
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Fig. 3 - Typical Saturation Characteristics Fig. 4 - Maximum Safe Operating Area 

'" , z 
ffi~ffi 1.0 

N~Q. 0.5 

~!~ 
0.5 

:Eo: z I- 0.2 
0: .... " 0.2 

0.1 °W O 
z_~ ~ 0.1 .0 
Z;I-:I .0 
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m HARRIS IRF9140, IRF9141 
IRF9142, IRF9143 

January 1994 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features Package 

• -19A and -15A, -BOV and -100V 

• rDS(ON) = 0.200. and 0.300. 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

TO-204AA 

BOTTOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

Description 

The IRF9140, IRF9141, IRF9142 and IRF9143 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode Silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 

P-CHANNEL ENHANCEMENT MODE 

o 

G 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

Drain-Source Voltage (1) . . . . . . . . . . . . . . . . . . . . . . . • • . .. VDS 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR 
Continuous Drain Current 

TC=250C •..•..................................... 10 
TC = l000C .•..........•.......................... 10 

Pulsed Drain Current (3) .............................. 10M 
Gate-Source Voltage •.............................. VGS 
Maximum Power Dissipation .•••..•....•...••.......... Po 

(See Figure 14) 
Linear Derating Factor ••••••.•••......................... 

(See Figu re 1 4) 
Single Pulse Avalanche Energy Rating (4) ...........•... Eas 
Operating and Storage Junction .................. T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering .•.....•....... T L 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

IRF9140 

-100 
-100 

-19 
-12 
-76 
±20 
125 

960 
-55to+150 

300 

IRF9141 IRF9142 IRF9143 

-80 -100 -80 
-80 -100 -80 

-19 -15 -15 
-12 -10 -10 
-76 -60 -60 
±20 ±20 ±20 
125 125 125 

960 960 960 
-55to +150 -55 to +150 -5510 +150 

300 300 300 

UNITS 

V 
V 

A 
A 
A 
V 
W 

WloC 

mJ 
oc 

oC 

1. TJ = +250 C to +1500C 

2. Pulse Test: Pulse width .s. 300",8. Duty Cycle ~ 2% 

4. VOO = 25V, Start T J = +250C, L = 4mH, RG = 250, Peak IL = 19A 
(See Figures 15 and 16) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRF9140, IRF9141, IRF9142, IRF9143 

Electrical Characteristics TC = +250C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONOITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -250pA 
IRF9140,IRF9142 -100 - - V 

IRF9141,IRF9143 -80 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - -250pA -2.0 - -4.0 V 

Gate-Source Leakage Forward IGSS VGS--20V - - -100 nA 

Gate-Source Leakage Reverse IGSS VGS-20V - - 100 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - -250 pA 

VOS - Max Rating x 0.8, VGS - OV, - - -1000 pA 
TC=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = -1 OV 
IRF9140,IRF9141 -19 - - A 

IRF9142,IRF9143 -15 - - A 

Static Orain-Source On-State rOS(ON) VGS - -10V, 10 - -10A 
Resistance (Note 2) 

IRF9140,IRF9141 - 0.15 0.20 n 
IRF9142,IRF9143 - 0.22 0.30 n 

Forward Transconductance (Note 2) gfs VOS> 10(ON) x rOS(ON) Max, 10 - -1 OA 5 7 - StU) 

Input Capacitance CISS VGS - OV, VOS - -25V, f -1.0MHz - 1100 - pF 

Output Capacitance COSS See Figure 10 - 550 - pF 

Reverse Transfer Capacitance CRSS - 250 - pF 

Turn-On OelayTime td(ON) VOO -0.5 BVOSS, 10 - -19A, RG - 9.1 n - 16 20 ns 

RiseTime tr See Figure 17. (MOSFET switching times - 65 100 ns 

Turn-Off Oelay Time Id(OFF) 
are essentially independent of operating - 47 70 ns temperature.) 

Fall Time tf - 28 90 ns 

Total Gate Charge Og VGS = -10V, 10 = -19A, VOS = 0.8 Max - 70 90 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 18 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 14 - nC 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) - 56 - nC 

Internal Orain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
contact screw on symbol showing the 
header that is closer internal device 
to source & gate inductances. 
pins & center of die. 

~ 
Internal Source Inductance LS Measured from the - 12.5 - nH 

source pin, 6mm 
(0.25") from header & 
source bonding pad. 

LS 

S 

Junction-to-Case ReJC - - 1 °C/W 

Case-to-Sink Recs Mounting surface flat, smooth and greased - 0.1 - °C/W 

Junction-to-Ambient ReJA Typical socket mount - - 30 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -19 A 

(BodyOiode) symbol showing the 

Pulse Source Current ISM integral reverse - - -76 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TC = +250 C,IS = -19A, VGS= OV - - -1.5 V 

Reverse Recovery Time trr TJ - +1500 C, IF -19A,dIF/dt -100Alps - 170 - ns 

Reverse Recovered Charge ORR TJ - +1500 C, IF - -19A, dlF/dt -100A/ps - 0.8 - pC 

Forward Turn-on Time tON Intrinsic turn on time is negligible. Turn-on - - -
speed is substantially controlled by Ls + LO. 

NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: Pulse width S. 300~s, 

Duty Cycle S. 2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 25V, Start T J = +250C. L = 4mH, 
Ra = 250, Peak IL = 19A (See Figures 15 
and 16) 
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January 1994 

IRF9150 
IRF9151 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features Package 

• -25A, -80V and -100V 

• rDS(ON) = 0.1500 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

TO-204AE 
BonOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

Description 

The IRF9150 and IRF9151 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 

The P-channel IRF9150 is an approximate electrical 
complement to the N-channel IRF150. 

The IRF types are supplied in the JEDEC TO-204AE metal 
package. 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

Drain-Source Voltage ••....•••.•...........•....•.... , .....••........... VOS 
Continuous Drain Current 

TC=250C ..••••..•..•....•.........•.•••..•••.........•......•.•..•... 10 
TC=1000C ........................................................... 10 

Pulsed Drain Current. .................................................... IOM 
Gate-Source Voltage ................................................... VGS 
Maximum Power Dissipation ............................................... Po 

(See Figure 18) 
Linear Derating Factor ....................................................... . 
Single Pulse Avalanche Energy Rating (3) ................................... Eas 

(See Figure 14) 
Avalanche Current (Repetitive or Nonrepetitive) ..•..•...•...•.••....•.•••••.. IAR 
Operating and Storage Junction ...................................... T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ................................... TL 
(0.063" (1.6mm) from case for 1 Os) 

NOTES: 

G 

IRF9150 

-100 

-25 
-18 
-100 
±20 
150 

1.2 
1300 

-25 
-55to+150 

300 

D 

IRF9151 UNITS 

-80 V 

-25 A 
-18 A 
-100 A 
±20 V 
150 W 

1.2 W/oC 
1300 mJ 

-25 A 
-55to+150 oC 

300 oC 

1. Pulse Test: Pulse width :s. 300".. Duty Cycle :s 2% 

2. RepetRlve Rating: Pulse width limited by max. Junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

3. vDD = 25V. Start T J = +250 C. L = 3.2mhy, RG = 250, Peak IL = 19A 
(See Figures 14 and 15) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRF9150, IRF9151 

Electrical Characteristics TC "" +250C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -250pA 
IRF9150 -100 - - V 
IRF9151 -80 - - V 

Gate Threshold Voltage VGS(TH) VOS = VGS, 10 = -250~A -2.0 - -4.0 V 

Gate-Source Leakage Forward IGSS VGS=-20V - - -100 nA 

Gate-Source Leakage Reverse IGSS VGS= 20V - - 100 nA 

Zero Gate Voltage Orain Current lOSS VOS = Max Rating, VGS = OV - - -250 ~A 

VOS = Max Rating x 0.8, VGS = OV, - - -1000 ~A 
TC=+1250 C 

On-State Orain Current (Note 1) 10(ON) VOS > 10(ON) x rOS(ON) Max, V GS - 10V -25 - - A 

Static Orain-Source On-State rOS(ON) VGS - -10V, 10 - -10A - 0.09 0.15 0 
Resistance (Note 1) 

Forward Transconductance (Note 1) 9fs VOS = -10V, 10 = -12.5A 4 10 - S 

Input Capacitance CISS VGS - OV, VOS - -25V, f - 1.0MHz - 2400 - pF 

Output Capacitance COSS 
See Figure 1 0 - 850 - pF 

Reverse Transfer Capacitance CRSS - 400 - pF 

Turn-On OelayTime td(ON} VOO = -50V, 10 = -25A, RG = 6.80, - 16 24 ns 

Rise Time tr RO = 20. See Figures 16 and 17. - 110 160 ns 

Turn-Off Oelay Time id(OFF) 
(MOSFET switching times are essentially - 65 100 independent of operating temperature.) ns 

Fall Time tf - 46 70 ns 

Total Gate Charge Og VGS = -1 OV, 10 - -25A, VOS = 0.8 Max - 82 120 nC 
(Gate-Source + Gate-Orain) Rating. See Figures 11 & 19 for test circuil. 

Gate-Source Charge Oas 
(Gate charge isessenUally independent of - 14 - nC 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) - 42 - nC 

Internal Orain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
contact screw on symbol showing the 
header that is closer internal device 
to source & gate inductances. 
pins & center of die. 

~ 
Internal Source Inductance LS Measured from the - 13 - nH 

source pin, 6mm 
(0.25") from header & 
source bonding pad. 

LS 

S 

Junction-ta-Case ReJC - - 0.83 oC/W 

Case-to-Sink Recs Mounting surface flat, smooth and greased - 0.1 - °C/W 
Junction-ta-Ambient ReJA Free Air Operation - - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -25 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - -100 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO T C = +250 C, IS = 25A, VGS = OV - 0.9 1.5 V 

Reverse Recovery Time trr T J - +250 C, IF - 25A, dlF/dt - 1 OOA/~s - 150 300 ns 

Reverse Recovered Charge ORR TJ - +250 C, IF - 25A,dIF/dt -1ooA/~s 0.3 0.7 1.5 ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled byLS + LO' 

NOTES: 1. Pulse Test: Pulse width.$. 300).1.8, 2. Repetitive Rating: Pulse width limited by max. 
Duty Cycle ~ 2% junction temperature. See Transient Thermal 

Impedance Curve (Figure 5) 

3. VDD = 25V, Start TJ = +250 C, L = 3.2mhy, 
RG = 250, Peak IL = 25A (See Figure. 14 
and 15) 

5-45 

{! 
...I W 
Wll. 
Zen 
zO 
<:E 
J:a: 
Ow 
d.:: 

o 
0. 



III .. 
:;; .. 
I 

g: 
... 
z w 
a: 
a: 
::> 

" z 
;;: 
a: 
0 

IRF9150,IRF9151 

~10 
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Fig. 1 ~ Typical output characteristics. 
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Fig. 12 - Typical on-resistance vs. drain current. 
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Fig. 16 - Switching time test circuit. 
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IJ HARRIS IRF9230, IRF9231 
IRF9232, IRF9233 

August 1991 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features Package 

• -S.5A and -S.5A, -150V and -200V 

• rDS(ON) = 0.800 and 1.20 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

TO-204AA 
BonOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

Description 
Terminal Diagram 

The IRF9230, IRF9231, IRF9232 and IRF9233 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

P-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-204AA steel 
. package. 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

Drain-Source Voltage (1) .............. , • . .. . . . . . • . •. VOS 
Drain-Gate Voltage (RGS = 20kO) (1) ••...••.••.....• VDGR 
Continuous Drain Current 

TC=250C ......................................... 10 
TC = 1000 C ....................................... 10 

Pulsed Drain Current (3) .............................. 10M 
Gate-Source Voltage ............................... V GS 
Maximum Power Dissipation ........................... Po 

(See Figure 14) 
Linear Derating Factor ................................. .. 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ............... Eas 
Operating and Storage Junction .........•........ T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 
(0.063" (1.6mm) from case for 1 Os) 

NOTES: 

IRF9230 

-200 
-200 

-6.5 
-4.0 
-26 
±20 
75 

0.6 

500 
-55to+150 

300 

IRF9231 

-150 
-150 

-6.5 
-4.0 
-26 
±20 
75 

0.6 

500 
-55to+150 

300 

D 

G~ 
5 

IRF9232 IRF9233 

-200 -150 
-200 -150 

-5.5 -5.5 
-3.5 -3.5 
-22 -22 
±20 ±20 
75 75 

0.6 0.6 

500 500 
-55 to +150 -55 to +150 

300 300 

UNITS 

V 
V 

A 
A 
A 
V 
W 

WloC 

mJ 
OC 

oC 

1. TJ = +250C to +1500C 

2. Pulse Test: Pulse width ~ 300~s, Duty Cycle ~ 2% 

4. VDD = 50V, Start TJ = +250C, L = 17.75mH, RG = 250, Peak tL = 6.5A 
(See Figures 15 and 16) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRF9230, IRF9231, IRF9232, IRF9233 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -2501lA 
IRF9230,IRF9232 -200 - - V 

IRF9231,IRF9233 -150 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - -25OIlA -2.0 - -4.0 V 

Gate-Source Leakage Forward IGSS VGS--20V - - -100 nA 

Gate-Source Leakage Reverse IGSS VGS-20V - - 100 nA 

Zero Gate Voltage Drain Current lOSS VOS - Max Rating, VGS - OV - - -250 IIA 

VOS = Max Rating x 0.8, VGS - OV, - - -1000 IIA 
TC=+1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = -1 OV 
IRF9230,IRF9231 -6.5 - - A 

IRF9232,IRF9233 -5.5 - - A 

Static Drain-Source On-State rOS(ON) VGS = -1 OV, 10 = -3.5A 
Resistance (Note 2) 

IRF9230,IRF9231 - 0.5 0.8 0 

IRF9232,IRF9233 - 0.8 1.2 0 

Forward Transconductance (Note 2) gfs VOS> 10(ON)X rOS(ON) Max, 10 = -3.5A 2.2 3.5 - S(m 

Input Capacitance CISS VGS - OV, VOS - -25V, f = 1.0MHz - 550 - pF 

Output Capacitance COSS 
See Figure 1 0 - 170 - pF 

Reverse Transfer Capacitance CRSS - 50 - pF 

Turn-On OelayTime td(ON) VOO =0.5 BVOSS, 10 - -6.5A, RG = 500 - 30 50 ns 
RiseTime tr See Figure 17. (MOSFET switching times - 50 100 ns 

Turn-Off Delay Time id(OFF) 
are essentially independent of operating - 50 100 ns temperature.) 

Fall Time tf - 40 80 ns 

Total Gate Charge Qg VGS - -1 OV, 10 - -6.5A, VOS - 0.8 Max - 31 45 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit 

Gate-Source Charge Qas (Gate charge is essentially independent of - 18 - nC 

Gate-Drain ("Miller") Charge Qad 
operating temperature.) - 13 - nC 

Internal Drain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
contact screw on symbol showing the 
header that is closer internal device 
to source & gate inductances. 
pins & center of die. 

~ 
Internal Source Inductance LS Measured from the - 12.5 - nH 

source pin, 6mm 
(0.25") from header & 
source bonding pad. 

LS 

S 

Junction-to-Case ROJC - - 1.67 °C/W 
Case-to-Sink Roes Mounting surface flat, smooth and greased - 0.1 - oC/W 

Junction-to-Ambient ROJA Typical socket mount - - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -6.5 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM 
integral reverse - - -26 A 

(Body Diode) (Note 3) P-N june. rectifier. 

Diode Forward Voltage (Note 2) VSO TC = +250 C, IS = -6.5A, VGS = OV - - -1.5 V 

Reverse Recovery Time trr T J - +1500 C, IF - -6.5A, dlF/dt - 100A/IIS - 400 - ns 

Reverse Recovered Charge QRR TJ - +1500 C, IF - -6.5A, dlF/dt -100A/IIS - 2.6 - IIC 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250 C to +1500 C 
2. Pulse Test: Pulse width < 300~s. 

Duty Cycle .$2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 50V, Start TJ = +250C, L = 17.75mH, 
Ra = 250, Peak IL = 6.5A (See Figures 15 
and 16) 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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Ell HARRIS IRF9240,IRF9241 
IRF9242, IRF9243 

August 1991 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features Package 

• -9A and -11A, -150V and -200V 

• rOS(ON) = 0.500 and 0.70 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

TO-204AA 
BOnOMVIEW 

DRAIN 
SOU~L.ANGE) 

o 
GATE 

Description 

The IRF9240, IRF9241, IRF9242 and IRF9243 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-204M steel 
package. 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

Drain-Source Voltage (1) ...................•........ VDS 
Drain-Gate Voltage (RGS = 20kl1) (1) .....•....•....• VDGR 
Continuous Drain Current 

TC=250 C ..........•.•...............•••....••.••• 10 
TC = 1000 C •............•.•.....•.......••...•.•.• '0 

Pulsed Drain Current (3) ............................•. 10M 
Gate-Source Voltage ...........•...........•••..•.• VGS 
Maximum Power Dissipation ..................•...••... Po 

(See Figure 14) 
Unear Derating Factor. ........................•....•.... 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ............... Eas 
Operating and Storage Junction .................. T J, TSTG 
Tern peratu re Range 

Maximum Lead Temperature for Soldering ............... T L 
(0.063" (1.6mm) from case for 1 Os) 

NOTES: 

IRF9240 

-200 
-200 

-11 
-7 

-44 
±20 
125 

790 
-55to+150 

300 

IRF9241 

-150 
-150 

-11 
-7 

-44 
±20 
125 

790 
-55to+150 

300 

D 

G 

S 

IRF9242 IRF9243 

-200 -150 
-200 -150 

-9 -9 
-6 -6 
-36 -36 
±20 ±20 
125 125 

790 790 
-55 to +150 -55 to +150 

300 300 

UNITS 

V 
V 

A 
A 
A 
V 
W 

WloC 

mJ 
oC 

oC 

1. TJ = +250C to +1500C 

2. Pulse Test: Pulse width ::; 300~s, Duty Cycle::; 2% 

4. VDD = SOV, Start TJ = +250 C, L = 9.8mH, RG = 250, Peak 'L = 11A 
(See Figures 15 and 16) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRF9240, IRF9241, IRF9242, IRF9243 

Electrical Characteristics TC = +250C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVDSS VGS = OV,ID = -250~A 
IRF9240,IRF9242 -200 - - V 

IRF9241,IRF9243 -150 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - -250~A -2.0 - -4.0 V 
Gate-Source Leakage Forward IGSS VGS--20V - - -100 nA 

Gate-Source Leakage Reverse IGSS VGS-20V - - 100 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - -250 ~ 
VOS - Max Rating x 0.8, VGS = OV, - - -1000 ~ 
TC=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rDS(ON) Max, VGS = -1 OV 
IRF9240,IRF9241 -11 - - A 

IRF9242,IRF9243 -9 - - A 

Static Orain-Source On-State rDS(ON) VGS=10V,10=-6A 
Resistance (Note 2) 

IRF9240,IRF9241 - 0.35 0.5 0 
IRF9242,IRF9243 - 0.55 0.7 0 

Forward Transconductance (Note 2) 9fs VOS> 10(ON) x rOS(ON) Max, 10 - -6A 4 6 - Sm) 
Input Capacitance CISS VGS - OV, VOS - -25V, f - 1.0MHz - 1100 - pF 

Output Capacitance COSS See Figure 1 0 - 375 - pF 

Reverse Transfer Capacitance CRSS - 150 - pF 

Turn-On OelayTime td(ON) VOO -100 BVOSS,IO - -11A, RG - 9.10 - 18 22 ns 
Rise Time tr See Figure 17. (MOSFET switching times - 45 68 ns 

Turn-Off Oelay Time id(OFF) 
are essentially independent of operating - 75 90 ns temperature.) 

Fall Time If - 29 44 ns 

Total Gate Charge Og VGS - -10V,10 - -11A, VOS - 0.8 Max - 70 90 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 18 for test circuit. 

Gate-Source Charge OQS (Gate charge is essentially independent of - 55 - nC 
Gate-Orain ("Miller") Charge Ogd 

operating temperature.) - 15 - nC 
Internal Orain Inductance LO Measured between Modified MOSFET - 5.0 - nH 

contact screw on symbol showing the 
header that is closer internal device 
to source & gate inductances. 
pins & center of die. 

~ 
Internal Source Inductance LS Measured from the - 12.5 - nH 

source pin, 6mm 
(0.25") from header & 
source bonding pad. 

LS 

S 

Junction-ta-Case ROJC - - 1 °C/W 
Case-to-Sink ROCS Mounting surface flat, smooth and greased - 0.1 - °C/W 
Junction-ta-Ambient RaJA Typical socket mount - - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -11 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - -44 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSD TC = +25OC, IS = -11A, VGS =OV - - -1.5 V 

Reverse Recovery Time trr TJ - +1500 C,IF --11A,dIF/dt-100A/~s - 270 - ns 

Reverse Recovered Charge ORR TJ = +150oC,IF =-11A,dIF/dt= 100N~s - 2 - ~C 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C to +1500C 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 50V. Start T J = +250C. L = 9.BmH. 
2. Pulse Test: Pulse width S. 300~s. 

Duty Cycle oS 2% 
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Ra = 250. Peak IL = 1 1 A (See Figure. 15 
and 16) 
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IRF9240, IRF9241, IRF9242, IRF9243 
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.L 
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I 
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V 

V Tr 25'f- -
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Fig. 1 - Typical output characteristics. 
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Fig. 3 - Typical saturation characteristics. 
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Fig. 2 - Typical transfer characteristics. 

OPERATION IN THIS AREA 

IAF9240,9241 LIMITED BY ROS(on) 

7AF9242;3 
/ 10~~_t 

I~Fd24d . • kl, 100,.8 

IAF9242, 9243 1 msl: 

10 ms 

lOOms 

Te ,. 25"C IRF9240, 9242 
DC 

TJ .. 150"C MAX. 

RthJC .. 1,0 K!W IRF9241.t~~43 
SINGLE PULSE 

-1,0 -2 -5 -10 -20 -50 -100. -200 -500 

_I""" 

10-2 

Vos, DRAIN·lO·SOURCE VOLTAGE (VOL lS) 

9208-«199 

Fig. 4 - Maximum safe operating area. 

NOTES, 

lfUL 
~2~ 

,. DUTY FACTOR. 0 ~ :; 

2. PER UNIT BASE' R,hJC ~ 1.0 OEG CIW. 

3. TJM - TC' POM Z'hJC('I. 

1.0 
". SQUARE WAVE PULSE DURATION (SECONOSI 

Fig. 5 - Maximum effective transient thermal impadance. 
junction-to-case vs. pulse duration. 
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IRF9240, IRF9241, IRF9242, IRF9243 

TJ = -5So.C 

1/ T ~ ~ 2SOlC 

/' 
,.... 

T~ ~ mbc 
~/ ,..... 

rJ 
801.11 PULSE nST 

I I I 
Vas· ;;a.IO(onl II ROS(on)max,-

I 1'1 T T 
~ 10 ~20 ~30 ~40 ~50 

10. ORAIN CURRENT (AMPERES) 

Fig. 6 - Typical transconductance vs. drain current. 
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Fig. 8 - Breakdown voltage vs. temperature. 
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Fig. 7 - Typical source-drain diode forward voltage. 
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IRF9240, IRF9241, IRF9242, IRF9243 
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Fig. 12 - Typical on-resistance vs. drain current. 
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Fig. 17 - Switching time test circuit. 
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Fig. 16 - Unclamped inductive waveforms. 
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Em HARRIS IRF9510, IRF9511 
IRF9512, IRF9513 

January 1994 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features 

• -2.SA and -3.0A, -80V and -100V 

• rDS(ON) = 1.20. and 1.60. 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

The IRF9510, IRF9511, IRF9512 and IRF9513 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

P-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (TC'" 250 C) Unless Otherwise Specified 

IRF9510 IRF9511 

Drain-Source Voltage (1) ••.....•............•••.••... VDS -100 -80 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR -100 -80 
Continuous Drain Current 

TC=250C .•.......•.•..........••................. 10 -3.0 -3.0 
TC=1000C ..........•............................ 10 -2.0 -2.0 

Pulsed Drain Current (3) ......•............•.......... 10M -12 -12 
Gate-Source Voltage ...•...•••....••.••.••.•....... VGS ±20 ±20 
Maximum Power Dissipation ...•....•.........•.......• Po 20 20 

(See Figure 14) 
Linear Derating Factor ..............•••.................. 0.16 0.16 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ......•.•...... Eas 190 190 
Operating and Storage Junction ........•......... TJ, TSTG -55 to +150 -5510+150 
Temperature Range 

Maximum Lead Temperature for Soldering .....•......... Tl 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

G 

IRF9512 

-100 
-100 

-2.5 
-1.5 
-10 
±20 
20 

0.16 

190 
-55 to +150 

300 

o 

s 

iRF9513 

-80 
-80 

-2.5 
-1.5 
-10 
±20 
20 

0.16 

190 
-55 to +150 

300 

UNITS 

V 
V 

A 
A 
A 
V 
W 

mJ 
oc 

oC 

1. TJ = +250C to +1500C 

2. Pulse Test: Pulse width :S. 300IJS.Duty Cycle :S. 2% 

4. VDD = 25V. Start T J = +250C. L = 31.7mH~. RG = 250. Peak IL = 3.0A 
(Se. Figures 15 and 16) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper LC. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRF9510, IRF9511, IRF9512, IRF9513 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -250MA 
IRF9510,IRF9512 -100 - - V 

IRF9511,IRF9513 -80 - - V 

Gate Threshold Voltage VG1KLH) VOS = VGS, 10 = -250MA -2.0 - -4.0 V 

Gate-Source Leakage Forward IGSS VGS=-20V - - -500 nA 

Gate-Source Leakage Reverse IGSS VGS=20V - - 500 nA 
" Zero Gate Voltage Orain Current loSS VOS = Max Rating, VGS = OV - - -250 MA 

VOS = Max Rating x 0.8, VGS = OV, - - -1000 ~A 
TC = +1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = -1 OV 
IRF9510,IRF9511 -3.0 - - A 

IRF9512,IRF9513 -2.5 - - A 

Static Orain-Source On-State rOS(ON) VGS - -10V, 10 --1.5A 
Resistance (Note 2) 

IRF951 0, IRF9511 - 1.0 1.2 n 

IRF9512,IRF9513 - 1.2 1.6 n 

Forward Transconductance (Note 2) 9fs VOS> ID(ON) x rDS(ON) Max, ID - -1.5A 0.8 1.1 - S(m 

Input Capacitance CISS VGS - OV, VDS - -25V, f - 1.0MHz - 180 - pF 

Output Capacitance COSS 
See Figure 1 0 - 85 - pF 

Reverse Transfer Capacitance CRSS - 30 - pF 

Turn-On Delay Time td(ON) VDD -0.5 BVDSS, 10 - -3.0A, RG - 50n - 15 30 ns 

RiseTime tr See Figure 17. (MOSFET switching times - 30 60 ns 

Turn-Off Delay Time id(OFF) 
are essentially independent of operating - 20 40 ns temperature.) 

Fall Time tf - 20 40 ns 

Total Gate Charge Og VGS - -1 OV, ID - -3A, VDS - 0.8 Max - 8.5 11 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit 

Gate-Source Charge OgS (Gate charge is essentially independent of - 3.8 - nC 

Gate-Drain ("Miller") Charge Ogd 
operating temperature.) - 4.7 - nC 

Internal Orain Inductance LD Measured from the Modified MOSFET - 3.5 - nH 
contact screw on tab symbol showing the 
to center of die. internal device 

Measured from the inductances. - 4.5 - nH 
drain lead, 6mm 

~ 
(0.25") from pkg. to 
center of die. 

Internal Source Inductance LS Measured from the - 7.5 - nH 
source lead, 6mm LS 
(0.25") from pkg. to 
source bonding pad. S 

Junction-ta-Case RaJC - - 6.4 oCIW 

Case-to-Sink Racs Mounting surface flat, smooth and greased - 1.0 oCIW 

Junction-ta-Ambient RaJA Typical socket mount - 80 oCIW 

Source Drain DIode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -3.0 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - -12 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSD TC = +250C, IS =-3.0A, VGS =OV - - -1.5 V 

Reverse Recovery Time trr TJ - +1500C, IF - -3.0A, dlF/dt -100A/~s - 120 - ns 

Reverse Recovered Charge ORR TJ - +1500C, IF - -3.0A,dIF/dt -100A/fls - 6.0 - flC 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled byLS + LD. 

NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: Pulse width .$ 300JJS. 

Duty Cycle :S. 2% 

3. Repet~ive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. Voo = 25V. Start TJ = +250C, L = 31.7mH, 
Ra = 250, Peak IL = 3.0A (See Figures 15 
and 16) 

5-61 

~ 
..JW 
WII. 
ZUl 
zO 
~::::!i 
:J:a: 
CJw 
n.3: o 

D. 



5 

iii -. ~ a: 
~ 
~ 
~ 

-3 .. 
z 
~ a: 
a: 
::> 
0 -2 
Z 
:c a: 
Q 

E -1 

5 

iii 

'" -. a: 
'" .. 
~ 
~ -3 .. 
z 
'" a: 
a: 
::> -2 0 
z 

~ 
Q 

E -1 

o 

IRF9510, IRF95", IRF9512, IRF9513 

-10} 80,...9 PULSE TEST 

II 
-9V 

-12.0 
VOS > 10(on) x ROS(on) MAX. 

80 IJS PULSE TEST 

~ -9.6 

/ ~ .. 
-BV 

-7V 

~ TJ = -55 'C,,,-~ 
~ -7.2 
Z ~ w a: 

TJI25'~~ ~ a: 
::> 
0-4.8 
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TJ = 125 'C" IX V/ :c 

VGS -6V 

a: ;>; V 0 

9-2 .4 
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5V 
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(l)HARRIS IRF9520, IRF9521 
IRF9522, IRF9523 

January 1994 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features 

• -SA and -SA, -SOV and -100V 

• rDS(ON) = O.SO and O.SO 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

The IRF9520, IRF9521, IRF9522 and IRF9523 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

P-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (TC == 250 C) Unless Otherwise Specified 

IRF9520 IRF9521 

Drain-Source Voltage (1) ............................ VOS -100 -80 
Drain-Gate Voltage (RGS = 20kfl) (1) .......•.•...... VOGR -100 -80 
Continuous Drain Current 

TC = 250 e ......................................... '0 -6 -6 
Te = 1000 e ....................................... 10 -4 -4 

Pulsed Drain eurrent (3) .............................. 10M -24 -24 
Gate-Source Voltage ............................... VGS ±20 ±20 
Maximum Power Dissipation ........................... Po 40 40 

(See Figure 14) 
Linear Derating Factor ................................... 0.32 0.32 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) •.............. Eas 370 370 
Operating and Storage Junction ......•........... T J, TSTG -55 to +150 -55to+150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

o 

G 

s 

IRF9522 

-100 
-100 

-5 
-3.5 
-20 
±20 
40 

0.32 

370 
-55 to +150 

300 

IRF9523 

-80 
-80 

-5 
-3.5 
-20 
±20 
40 

0.32 

370 
-55 to +150 

300 

UNITS 

V 
V 

A 
A 
A 
V 
W 

wloe 

mJ 
oe 

oe 

1. TJ = +2S0Cto +150oC 

2. Pulse Test: Pulse width S 300IJS,Duty Cycle S 2% 

4. VDD = 25V. Start T J = +2SoC, L = 1 5.4mH~, RG = 2511, Peak IL = 6.0A 
(See Figures 15 and 16) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRF9520, IRF9521, IRF9522, IRF9523 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS ~ OV, 10 ~ -250pA 
IRF9520,IRF9522 -100 - - V 

IRF9521,IRF9523 -80 - - V 

Gate Threshold Voltage VGS(TH) VOS = VGS, 10 ~ -250pA -2.0 - -4.0 V 

Gate-Source Leakage Forward IGSS VGS--20V - - -500 nA 

Gate-Source Leakage Reverse IGSS VGS-20V - - 500 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - -250 pA 

VOS - Max Rating x 0.8, VGS - OV, - - -1000 pA 
TC~+1250C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = -10V 
IRF9520,IRF9521 -6 - - A 

IRF9522,IRF9523 -5 - - A 

Static Orain-Source On-State rOS(ON) VGS = -10V,10 - -3.5A 
Resistance (Note 2) 

IRF9520,IRF9521 - 0.5 0.6 0 
IRF9522,IRF9523 - 0.6 0.8 0 

Forward Transconductance (Note 2) 9fs VOS> 10(ON) x rOS(ON) Max, 10 - -3.5A 0.9 2 - S(m 

Input Capacitance CISS VGS - OV, VOS - -25V, f - 1.0MHz - 300 - pF 

Output Capacitance COSS 
See Figu re 1 0 - 200 - pF 

Reverse Transfer Capacitance CRSS - 50 - pF 

Turn-On OeiayTime td(ON) VOO -0.5 BVOSS, 10 - -6.0A, RG - 500 - 25 50 ns 

Rise Time tr See Figure 17. (MOSFET switching times - 50 100 ns 

Turn-Off Delay Time lct(OFF) 
are essentially independent of operating - 50 100 ns temperature.) 

Fall Time tf - 50 100 ns 

Total G ate Charge Og VGS - -10V,10 --6A, VOS - 0.8 Max - 16 22 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 18 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 9 - nC 

Gate-Orain ("Miller") Charge Oad 
operating temperature.) - 7 - nC 

Internal Orain Inductance LO Measured from the Modified MOSFET - 3.5 - nH 
contact screw on tab symbol showing the 
to center of die. internal device 

Measured from the inductances. - 4.5 - nH 
drain lead, 6mm 

~ 
(0.25") from pkg. to 
center of die. 

Internal Source Inductance LS Measured from the - 7.5 - nH 
source lead, 6mm LS 
(0.25") from pkg. to 
source bonding pad. S 

Junction-ta-Case RaJC - - 3.12 °C/W 
Case-to-Sink Racs Mounting surface flat, smooth and greased - 0.1 - °C/W 
Junction-ta-Ambient RaJA Typical socket mount - - 80 oC/W 

Source Drain Diode R'atings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -6.0 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - -24 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TC = +25oo,IS = -6.0A, VGS = OV - - -1.5 V 

Reverse Recovery Time trr T J - + 1500C, IF = -6.0A, dlF/dt - 100A/ps - 230 - ns 

Reverse Recovered Charge ORR TJ - +1500C,IF --6.0A, dlF/dt -100A/lls - 1.3 - pC 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C to +1500 C 
2. Pulse Test: Pulse width 5, 300ps, 

Duty Cycle 5. 2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 25V, Start TJ = +250C, L = 15.4mH, 
RG = 250, Peak IL = 6.0A (See Figures 15 
and 16) 
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IRF9520, IRF9521, IRF9522, IRF9523 
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mHARRIS IRF9530, IRF9531 
IRF9532, IRF9533 

January 1994 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features 

• -lOA and -12A, -80V and -100V 

• rDS(ON) = 0.30. and 0.40. 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

The IRF9530, IRF9531, IRF9532 and IRF9533 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

P-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

IRF9530 IRF9531 

Drain-Source Voltage (1) . . . . . . . . . . . . . . . . . . . . . . . . . . .. VDS -100 -80 
Drain-Gate Voltage (RGS = 20kfl) (1) ................ VDGR -100 -80 
Continuous Drain Current 

TC=250 C ......................................... 10 -12 -12 
TC = 1000 C ....................................... ID -7.5 -7.5 

Pulsed Drain Current(3) .............................. IDM -48 -48 
Gate-Source Voltage ............................... VGS ±20 ±20 
Maximum Power Dissipation ........................... PD 75 75 

(See Figure 14) 
Linear Derating Factor ................................... 0.6 0.6 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ............... Eas 500 500 

o 

G 

s 

IRF9532 

-100 
-100 

-10 
-6.5 
-40 
±20 
75 

0.6 

500 

IRF9533 

-80 
-80 

-10 
-6.5 
-40 
±20 
75 

0.6 

500 

UNITS 

V 
V 

A 
A 
A 
V 
W 

Operating and Storage Junction .................. T J, TSTG -55to+150 -55 to +150 -55 to +150 -55 to +150 
mJ 
oc 

Temperature Range 
Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 oC 

(0.063" (1.6mm) from case for las) 

NOTES: 

1. TJ = +250C to +1500C 

2. Pulse Test: Pulse width .5 3001lS,Duty Cycle:;; 2% 

4. VDD = 25V, Start TJ = +250C, L = 5.2mH~, RG = 250, Peak IL = 12A 
(See Figures 15 and 16) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRF9530, IRF9531, IRF9532, IRF9533 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVDSS VGS = OV, ID = -25OflA 
IRF9530,IRF9532 -100 - - V 

IRF9531,IRF9533 -80 - - V 

Gate Threshold Voltage VGS(THl VDS = VGS, ID = -250flA -2.0 - -4.0 V 

Gate-Source Leakage Forward IGSS VGS=-20V - - -500 nA 

Gate-Source Leakage Reverse IGSS VGS=20V - - 500 nA 

Zero Gate Voltage Drain Current IDSS VDS = Max Rating, VGS = OV - - -250 flA 

VDS = Max Rating x 0.8, VGS = OV, - - -1000 flA 
TC=+1250 C 

On-State Drain Current (Note 2) ID(ON) VDS> ID(ON) x rDS(ON) Max, VGS = -1 OV 
IRF9530,IRF9531 -12 - - A 

IRF9532,IRF9533 -10 - - A 

Static Drain-Source On-State rDS(ON) VGS - -1 OV, ID - -6.5A 
Resistance (Note 2) 

IRF9530,IRF9531 - 0.25 0.3 n 
IRF9532,IRF9533 - 0.3 0.4 n 

Forward Transconductance (Note 2) gfs VDS> ID(ON) x rDS(ON) Max, ID = 6.5A 2.0 3.8 - Sm) 

Input Capacitance CISS VGS - OV, VDS - -25V, f - 1.0MHz - 500 - pF 

Output Capacitance COSS 
See Figure 1 0 - 300 - pF 

Reverse Transfer Capacitance CRSS - 100 - pF 

Turn-On DelayTime td(ON) VDD -0.5 BVDSS, ID - -12A, RG - son - 30 60 ns 

RiseTime tr See Figure 17. (MOSFET switching times - 70 140 ns 

Turn-Off Delay Time td(OFF) 
are essentially independent of operating - 70 140 temperature.) ns 

Fall Time tf - 70 140 ns 

Total Gate Charge Og VGS = -1 OV, ID = -12A, VDS = 0.8 Max - 25 45 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 13 - nC 

Gate-Drain ("Miller") Charge Ogd 
operating temperature.) - 12 - nC 

Internal Drain Inductance LD Measured from the Modified MOSFET - 3.5 - nH 
contact screw on tab symbol showing the 
to cenler of die. internal device 

Measured from the inductances. - 4.5 - nH 
drain lead, 6mm 

~ 
(0.25") from pkg. to 
center of die. 

Internal Source Inductance LS Measured from the - 7.5 - nH 
source lead, 6mm LS 
(0.25") from pkg. to 
source bonding pad. S 

Junction-ta-Case ReJC - - 1.67 °C/W 

Case-to-Sink Recs Mounting surface flat, smooth and greased - 1.0 - °C/W 

Junction-ta-Ambient RaJA Typical socket mount - - 80 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -12 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - -48 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Vollage (Note 2) VSD TC = +250C, IS = -12A, VGS = OV - - -1.5 V 

Reverse Recovery Time Irr TJ - +1500 C, IF - -12A, dlF/dl -100A/flS - 300 - ns 

Reverse Recovered Charge ORR TJ - +1500 C, IF - -12A,dIF/dl-l00NflS - 1.8 - flC 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substanliallycontrolled by LS + LD. 

NOTES: 1. TJ = +250 C 10 +1500 C 
2. Pulse Test: Pulse width .s. 300~s. 

Ouly Cycle S; 2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VOO = 25V. Slart T J = +250 C. L = 5.2mH, 
RG = 250, Peak IL = 1 2A (See Figures 15 
and 16) 
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IRF9530, IRF9531, IRF9532, IRF9533 

20 10VV I -9V 

If SOI-iS PULSE TEST 
-'6 -- -8V 

/' 

20 
80 1-15 PULSE TEST I 

I /1 j 
VOS> 10(on) II ROS(on) max. --- 'j iii -'6 1 1 

ffi TJ,.25 IC,,-- I, I .. 
! -12 

I VGS- 7V 

,. 
TJ=25'C-......... Vl ;- -12 

i:i "j., 'j 
--

-8 r 
I. 

TJ 1-:t" f--a: 

~ a: 
:J 

" -8 --c-------.-
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'0 

-8 
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o 

-6V V Z 
'i 

f 
-5V 

a: p-O 

E -4 

" ----

-4V 
.-/ ~ 

-.0 20 30 40 -50 - '0 
Vos, DRAIN-rD-SOURCE VOLTAGE (VOLTS) VGS, GATE-TO·SOURCE VOLTAGE (VOLTS) 

92CS-43289 

Fig. 1 - Typical Output Characteristics Fig. 2 - Typical Transfer Characteristics 
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Fig. 3 - Typical saturation characteristic. Fig. 4 - Maximum safe operating area. 
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Fig. 5 - Maximum effective transient thermal impedance, iunction-to-case vs. pulse duration. 
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IRF9530, IRF9531, IRF9532, IRF9533 

5 
TJ = -55:s.--e--

iii z Y'·c r---w 4 !i / e--!! .. '/' 4'=JS'C u 3 z 

" /' 
c 
t-
U 

• VI " a 
z 
0 I U VDS > 'O(on) a ROSCon, ma •• _ .. 
z 

.1 I 80 ~S pure T1ST I oC a: .. 
i .. 

o 4 8 12 16 20 -0.4 0.8 0.8 1.0 -1.2 1.4 -1.6 -1.8 

ID. DRAIN CURRENT (AMPERES} VSD. SOURCE-TO·DRA'H VOLTAGE (VOLTSI 

92CS""3270 

Fig. 6 - Typical transconductance vs. drain currant. Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 8 - Breakdown voltage vs. temperatura. Fig. 9 - Normalized on-resistance vs. temperatura . 
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U 6QQ 

~ 
R;Cds +Cgd z ~ss oC .. 

u \ ..... , .. .J_ : 400 oC \ f' u r-ei -'00 

~ 

iii " JO=-15A 

':i 

" 
FOR TEST CIRCUIT 

0 SEe FIGURE 18 

"" -~--r-.. I'\. [ c c -5 

" J !:; 
0 
> r---~VDS- -BOV.IRF9530, 9532 .. 
U a: 

-"~'~%r~ " 0 -1' ~ vos= -20 V""" 

" .. .. 
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" -15 > 
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Vos. DRAIH~TO·SOURCE VOLTAGE (VOLTS) Og. TOTAL GATE CHARGE (nCt 

92CS-43296 

Fig. 10 - Typical capacitance vs. drain-to-sourca voltage. Fig. 11 - Typical gate charge VB. gate-ta-source voltage. 
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IRF9530, IRF9531, IRF9532, IRF9533 
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- DURATION. INITIAL TJ = 25 'C. (HEATING -

EFFECT OF 2.0,..S PULSE IS MINIMAL.) 
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10. DRAIN CURRENT (AMPERES) 

92CS·43298 

Fig. 12 - Typical on-resistance vs. drain current. 
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Fig. 14 - Power vs. temperature derating curve. 
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Fig. 17 - Switching time test circuit. 

RD 

= Ps 
+ 

92CS-43280 

5-74 

12.0 .......... 
~ 

in -9.6 r--.. r'---
'" .......... r-..... i'--, a: 
'" ,,9530.9531 II. ............ :& 
~ -7.2 r-- t---IRF9532, 953~ ... i"--

""'" 
z 
'" a: ........ V a: 

" -4.8 v 
~ z 

< a: 
0 ~ 
E -2.4 

~ 
0 

25 50 75 100 125 150 
TC, CASE TEMPERAT,URE Cc) 

Fig. 13 - Maximum drain current vs. case temperature. 
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Fig. 15 - Unclamped inductive test circuit. 
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Fig. 16 - Unclamped inductive waveforms. 
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Fig. 18- Gate charge test circuit. 
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m HARRIS IRF9540, IRF9541 
IRF9542, IRF9543 

January 1994 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features 

• -15A and -19A, -80V and -100V 

• rDS(ON) = 0.200 and 0.300 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

The IRF9540, IRF9541, IRF9542 and IRF9543 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

N-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

Drain-Source Voltage (1) ............................ VDS 
Drain-Gate Voltage (RGS = 20kO) (1) .•............•. VDGR 
Continuous Drain Current 

TC=250C ..•...................•......••.......••. ID 
TC = 1000 C ....................................... ID 

Pulsed Drain Current (3) .............................. IDM 
Gate-Source Voltage ....................•.......... V GS 
Maximum Power Dissipation ........................... PD 

(See Figure 14) 
Linear Derating Factor •...•.••.•......................... 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) .•............. Eas 
Operating and Storage Junction .................. T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

IRF9540 IRF9541 

-100 -80 
-100 -80 

-19 -19 
-12 -12 
-76 -76 
±20 ±20 
125 125 

960 960 
-55 to +150 -55to+150 

300 300 

G 

IRF9542 

-100 
-100 

-15 
-10 
-60 
±20 
125 

960 
-55 to +150 

300 

D 

s 

IRF9543 

-80 
-80 

-15 
-10 
-60 
±20 
125 

960 
-55 to +150 

300 

UNITS 

V 
V 

A 
A 
A 
V 
W 

WloC 

mJ 
oC 

°C 

1. TJ = +250C to +1500C 

2. Pulse Test: Pulse width $ 300~s,Outy Cycle" 2% 

4. VOD = 25V, Start T J = +250C, L = 4mH, RG = 25.0, Peak tL = 19A 
(See Figures 15 and 16) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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SpecificationslRF9540, IRF9541, IRF9542, IRF9543 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

UMITS 
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVDSS VGS = OV, 10 = -250pA 
IRF9540,IRF9542 -100 - - V 
IRF9541, IRF9543 -80 - - V 

Gate Threshold Voltage VGSITH) VOS - VGS, 10 - -250pA -2.0 - -4.0 V 
Gate-Source Leakage Forward IGSS VGS--20V - - -500 nA 

Gate-Source Leakage Reverse IGSS VGS-20V - - 500 nA 

Zero Gate Voltage Drain Current lOSS VOS - Max Rating, VGS - OV - - -250 I'A 
VOS- Max Rating x 0.8, VGS - OV, - - -1000 I'A 
TC=+1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> ID{ON) XroS(ON) Max, VGS =-10V 
IRF9540,IRF9541 -19 - - A 

IRF9542,IRF9543 -15 - - A 

Static Drain-Source On-State rOS(ON) VGS =-10V,10 =-10A 
Resistance (Note 2) 

IRF9540,IRF9541 - 0.15 0.20 0 
IRF9542,IRF9543 - 0.22 0.30 0 

Forward Transconductance (Note 2) gfs VOS> 10(ON) x roS(ON) Max, 10 = -6A 5 7 - S(m 
Input Capacitance CISS VGS = OV, VOS = -25V, f = 1.0MHz - 1100 - pF 

Output Capacitance COSS 
See Figure 10 - 550 - pF 

Reverse Transfer Capacitance CRSS - 250 - pF 

Turn-On OelayTime !d(ON) VOO =0.5 BVOSS, 10 = -19A, RG = 9.1 0 - 16 20 ns 

Rise Time Ir See Rgure 17. (MOSFET switching times - 65 100 ns 

Turn-Off Delay lime !d(OFF) 
are essentially independent of operating - 47 70 ns temperature.) 

Fall Time tf - 28 70 ns 

T oIal Gate Charge Og VGS = -10V,10 = -19A, VOS = 0.8 Max - 70 90 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit 

Gate-Source Charge OgS (Gate charge is essentially independent 01 - 14 - nC 
Gate-Drain r'MiIler") Charge Ogd 

operating temperature.) - 56 - nC 
Internal Drain Inductance LO Measured from the Modified MOSFET - 3.5 - nH 

contact screw on tab symbol showing the 
to center of die. internal device 

Measured from the inductances. - 4.5 - nH 
drain lead, 6mm 

~ 
(0.25") from pkg. to 
center of die. 

Internal Source Inductance LS Measured from the - 7.5 - nH 
source lead, 6mm LS 
(0.25") from pkg. to 

S source bonding pad. 

Junction-ta-Case RtlJC - - 1 oC/W 

Case-to-Sink Rees Mounting surface flat, smooth and greased - 1.0 oC/W 

Junction-ta-Ambient RaJA Typical socket mount - - 80 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -19 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - -76 A 
(Body Oiode)(Note3) P-N junco rectifier. 

~iode Forward Voltage (Note 2) VSO TC = +25OC, IS =-19A, VGS =OV - - -1.5 V 

Reverse RecoveryTime Irr TJ - + 1500C, IF - 19A, dlF/dt - 100NI's - 170 - ns 

Reverse Recovered Charge ORR TJ - + lS00C, IF - 19A, dlF/dt - 100NI's - 0.8 0 IIC 
Forward Tum-on lime tON Intrinsic tum-on time is negligible. Turn-on - - - -

speed is substantially controlled by Ls + LO. 

NOll'S: 1. TJ = +250(; to +1500C 3. Repet~ive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VOD = 25V. Start T J = +2SoC, L = 4mH. 
2. Pulse Test: Pulse width .s. 3OOjIS, 

Duty Cycle .s. 2% 

5-76 

RG = 250, Peak IL = 19A (See Figures 15 
and 16) 
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IRF9540, IRF9541, IRF9542, IRF9543 
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Fig. 1 - Typical output characteristics. 
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Fig. 2 - Typical transfer characteristics. 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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IRF9540, IRF9541, IRF9542, IRF9543 
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Fig. 6 - Typical transconductance vs. drain current. 
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m HARRIS IRF9620, IRF9621 
IRF9622, IRF9623 

August 1991 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features 

• -3A and -3.SA, -1S0V and -200V 

• rDS(ON) = 1.50 and 2.40 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-220AB 

TOP VIEW 

Terminal Diagram 

:~~I~CE 
GATE 

The IRF9620, IRF9621, IRF9622 and IRF9623 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

P-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

IRF9620 IRF9621 

Drain-Source Voltage (1) ............••.....•........ VDS -200 -150 
Drain-Gate Voltage (RGS = 20kO) (1) ...........•...• VDGR -200 -150 
Continuous Drain Current 

TC=250 C •••...............•••••....•.•.••..•....• ID -3.5 -3.5 
TC = 1000 C ....•..•..........••.........•...••.... ID -2 -2 

Pulsed Drain Current (3) .........•............•..•.... IDM -14 -14 
Gate-Source Voltage ..............•....•.....•..••. VGS ±20 ±20 
Maximum Power Dissipation ........•........••..••.... PD 40 40 

(See Figure 14) 
Unear Derating Factor .•................................. 0.32 0.32 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ••..••........• Eas 290 290 
Operating and Storage Junction .................. T J, TSTG -55to+150 -55to+15O 
Temperature Range 

Maximum Lead Temperature for Soldering •............•. T L 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

G 

IRF9622 

-200 
-200 

-3 
-1.5 
-12 
±20 
40 

0.32 

290 
-55 to +150 

300 

D 

s 

IRF9623 

-150 
-150 

-3 
-1.5 
-12 
±20 
40 

0.32 

290 
-55 to +150 

300 

UNITS 

V 
V 

A 
A 
A 
V 
W 

mJ 
oC 

oC 

1. TJ = +250C to +1500C 

2. Pul.e Te.t: Pulse width ::: 300~.,Outy Cycle :0 2% 

4. VOO = 50V, Start T J = +250C, L = 35.5mH, RG = 250, Peak IL = 3.5A 
(See Figures 15 and 16) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRF9620, IRF9621, IRF9622, IRF9623 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -2S01lA 
IRF9620, IRF9622 -200 - - V 
IRF9621,IRF9623 -150 - - V 

Gate Threshold Voltage VGS(Tl:ll VOS = VGS, 10 = -250~A -2.0 - -4.0 V 
Gate-Source Leakage Forward IGSS VGS=-20V - - -500 nA 

Gate-Source Leakage Reverse IGSS VGS= 20V - - 500 nA 

Zero Gate Voltage Orain Current lOSS VOS = Max Rating, VGS = OV - - -250 IlA 
VOS = Max Rating x 0.8, VGS = OV, - - -1000 IlA 
TC=+12S0C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x r~StON) Max, VGS = -1 OV 
IRF9620, IRF9621 -3.5 - - A 

IRF9622,IRF9623 -3 - - A 

Static Drain-Source On-State r~StON) VGS=-10V, 10 = -l.SA 
Resistance (Note 2) 

IRF9620,IRF9621 - 1.0 1.5 0 

IRF9622,IRF9623 - 1.5 2.4 0 
Forward Transconductance (Nole 2) 9ls VOS> IDlON) x rOS(ON) Max' 10 - 1.SA 1 1.8 - Sm) 
Input Capacitance CISS VGS - OV, VOS - -2SV, f - 1.0MHz - 350 - pF 

Output Capacitance COSS See Figure 10 - 100 - pF 

Reverse Transfer Capacitance CRSS - 30 - pF 

Turn-On Delay Time !ct(ON) VOO -0.5 BVOSS, 10 - -3.SA, RG - 500 - 30 50 ns 
Rise Time tr See Figure 17. (MOSFET switching times - 50 100 ns 

Turn-Off Delay Time !ct(OFF) 
are essentially independent of operating - 80 120 temperature.) ns 

Fall Time II - 50 75 ns 

Total Gate Charge Og VGS=-10V,10 --3.SA, VOS -0.8 Max - 16 22 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 18 for test circuit 

Gate-Source Charge Ogs (Gate charge is essentially independent of - 9 - nC 

Gate-Drain ("Miller") Charge Oad 
operating temperature.) - 7 - nC 

Internal Orain Inductance LO Measured from the Modified MOSFET - 3.5 - nH 
contact screw on tab symbol showing the 
to center of die. internal device 

Measured from the inductances. - 4.5 - nH 
drain lead, 6mm 

~ 
(0.25") from pkg. to 
center of die. 

Internal Source Inductance LS Measured from the - 7.5 - nH 
source lead, 6mm LS 
(0.25") from pkg. to 
source bonding pad. S 

Junction-ta-Case R9JC - - 3.12 oC/W 

Case-Io-Sink Recs Mounting surface flat, smooth and greased - 1.0 - °C/W 
Junction-ta-Ambient RaJA Typical socket mount - - 80 OC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -3.5 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - -14 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO T C = +2SoC, IS = -3.SA, VGS = OV - - -1.5 V 

Reverse Recovery Time trr T J - + lS00C, IF - -3.SA, dlF/dt - 100A/lls - 300 - ns 

Reverse Recovered Charge ORR TJ - +lS00C, IF - -3.SA, dlF/dt -l00A/~s - 1.9 - ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + Lo. 

NOTES: 1. TJ = +2Soc to +1S00C 
2. Pulse Test: Pulse width ~ 300~s, 

Duty Cycle :5.2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = SOV, Start T J = +2S0 C, L = 3S.5mH, 
Ra = 2S0, Peak IL = 3.5A (See Figures 1S 
and 16) 
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m HARRIS IRF9630, IRF9631 
IRF9632, IRF9633 

August 1991 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features 

• -S.SA and -6.SA, -lS0V and -200V 

• rDS(ON) = O.SO and 1.20 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

Package 
TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 

. GATE 

The IRF9630, IRF9631, IRF9632 and IRF9633 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

P-CHANNEL ENHANCEMENT MODE 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

IRF9630 IRF9631 

Drain-Source Voltage (1) .•••........•••..••........• VDS -200 -150 
Drain-Gate Voltage (RGS = 20kfl) (1) ••••..••...••..• VDGR -200 -150 
Continuous Drain Current 

TC=250C •••.•••..••..•••••.....••....••.•..•....• 10 -6.5 -6.5 
TC=1000C •••••..••..•......•...••..••.••..••..•• 10 -4.0 -4.0 

Pulsed Drain Current (3) ........•............ '" ...•.. 10M -26 -26 
Gate-Source Voltage ••..•••.•...•........••.•.••... VGS ±20 ±20 
Maximum Power Dissipation ......•..•....••...••...•.• Po 75 75 

(See Figure 14) 
Linear Derating Factor .......••.........•......•........• 0.6 0.6 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) .•.....•...••.. Eas 500 500 
Operating and Storage Junction •........•...•.... T J, TSTG -55 to +150 -55to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ......•..•..... TL 300 300 
(0.063" (1.6mm) from case for 1 Os) 

NOTES; 

G 

IRF9632 

-200 
-200 

-5.5 
-3.5 
-22 
±20 
75 

0.6 

500 
-55 to +150 

300 

o 

s 

IRF9633 

-150 
-150 

-5.5 
-3.5 
-22 
±20 
75 

0.6 

500 
-55to+150 

300 

UNITS 

V 
V 

A 
A 
A 
V 
W 

WloC 

mJ 
oc 

oC 

1. TJ = +250 C to +1500 C 

2. Pulse Test: Pulse width$. 300~s,Outy Cycle.$ 2% 

4. VOO = 50V, Start TJ = +250 C, L - 17.55mH, RG = 25n, Peak 'L = 6.5A 
(See Figures 15 and 16) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRF9630, IRF9631, IRF9632, IRF9633 

Electrical Characteristics TC = +250C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -25OflA 
IRF9630,IRF9632 -200 - - V 

IRF9631,IRF9633 -150 - - V 

Gate Threshold Voltage VGSITHI VOS - VGS, 10 - - 25OflA -2.0 - -4.0 V 
Gate-Source Leakage Forward IGSS VGS=-20V - - -500 nA 

Gate-Source Leakage Reverse IGSS VGS=20V - - 500 nA 

Zero Gate Voltage Drain Current lOSS VOS = Max Rating, VGS = OV - - -250 flA 
VOS = Max Raling x 0.8, VGS = OV, - - -1000 f1A 
TC=+1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> ID(ON) xrOS(ON) Max, VGS = -10V 
IRF9630,IRF9631 -6.5 - - A 

IRF9632,IRF9633 -5.5 - - A 

Static Drain-Source On-State rOS(ON) VGS = -10V, 10 = -3.5A 
Resistance (Note 2) 

IRF9630,IRF9631 - 0.5 0.8 0. 
IRF9632,IRF9633 - 0.8 1.2 0. 

Forward Transconductance (Note 2) 9fs VOS> 10(ON) x rOS(ON) Max. 10 = 3.5A 2.2 3.5 - S(m 
Input Capacitance CISS VGS = OV, VOS = -25V, f = 1.0MHz - 550 - pF 

Output Capacitance COSS See Figure 10 - 170 - pF 

Reverse Transfer Capacitance CRSS - 50 - pF 

Turn-On OelayTime td(ONI VOO =0.5 BVOSS, 10 = -6.5A, RG = son - 30 50 ns 
Rise Time tr See Figure 17. (MOSFET switching times - 50 100 ns 

Turn-OH Delay Time td(OFFI 
are essentially independent of operating - 50 100 temperature.) ns 

Fall Time If - 40 80 ns 

Total Gate Charge Og V GS - -1 OV, 10 - -6.5A. VOS - 0.8 Max - 31 45 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 18 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 18 - nC 
Gate-Drain ("Miller") Charge Ogd 

operating temperature.) - 13 - nC 

Internal Orain Inductance LO Measured from the Modified MOSFET - 3.5 - nH 
contact screw on tab symbol showing the 
to center of die. internal device 

Measured from the inductances. - 4.5 - nH 
drain lead, 6mm 

~ 
(0.25") from pkg. to 
center of die. 

Internal Source Inductance LS Measured from the - 7.5 - nH 
source lead, 6mm LS 
(0.25") from pkg. to 
source bonding pad. S 

Junction-Ie-Case ROJC - - 1.67 °C/W 
Case-to-Sink ROCS Mounting surface flat, smooth and greased - 1.0 - oC/W 

Junction-to-Ambient ROJA Typical socket mount - - 80 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -6.5 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - -26 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSO TC = +250 C, IS = -6.5A, VGS = OV - - -1.5 V 

Reverse Recovery Time trr TJ - +1500 C, IF - -6.5A, dlF/dt -1 OONflS - 400 - ns 

Reverse Recovered Charge ORR TJ - +1500 C, IF --6.5A, dIF/dl-100NflS - 2.6 - flC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO. 

NOTES: t. TJ = +2SoC to +1S00C 
2. Pulse Test: Pulse width .$ 300~s, 

Duty Cycle .$ 2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = SOY, Start TJ = +2S0C, L = 17.7SmH, 
RG = 2S0, Peak IL "" 6.SA (See Figures IS 
and 16) 
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Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 
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Fig. 6 - Typical transconductance vs. drain current. Fig. 7 - Typical source-drain diode forward Voltage. 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-ta-source voltage. 
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Fig. 12 - Typical on-resistance "S. drain current. 
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m HARRIS IRF9640,IRF9641 
IRF9642, IRF9643 

August 1991 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features Package 

• -9A and -11A, -150V and -200V 

• rDS(ON) = 0.5n and 0.7n 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

TO-220AB 

TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

The IRF9640, IRF9641, IRF9642 and IRF9643 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

P-CHANNEL ENHANCEMENT MODE 

D 

G~ 
The IRF types are supplied in the JEDEC TO-220AB plastiC 
package. 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

Drain-Source Voltage (1) ••••••..............••••.... VDS 
Drain-Gate Voltage (RGS = 20kO) (1) •••.••...•..•... VDGR 
Continuous Drain Current 

TC=250 C ...•••.....•..•••...•••••..•.........•••• 10 
TC = 1000C .....•.......•..........••.•....•...... 10 

Pulsed Drain Current (3) ...•.•............• , .......... 10M 
Gate-Source Voltage ••...•....••......•.•...•...•.. V GS 
Maximum Power Dissipation ..•••••...•.•..•.....••••.. Po 

(See Figure 14) 
Unear Derating Factor ••......••.•......•.......•.•...••• 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) .•.. , ......•••. Eas 
Operating and Storage Junction •....••.•.•.....•• T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering •.............. TL 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

IRF9640 

-200 
-200 

-11 
-7 
-44 
±20 
125 

790 
-55to+150 

300 

IRF9641 

-150 
-150 

-11 
-7 
-44 
±20 
125 

790 
-55to+150 

300 

IRF9642 

-200 
-200 

-9 
-6 
-36 
±20 
125 

790 
-55 to +150 

300 

S 

IRF9643 

-150 
-150 

-9 
-6 
-36 
±20 
125 

790 
-55 to +150 

300 

UNITS 

V 
V 

A 
A 
A 
V 
W 

mJ 
oc 

°C 

1. TJ = +250C to +1500C 

2. Pulse Test: Pulse width ~ 3001lS,Duty Cycle ~ 2% 

4. VDD = 50V, Start TJ = +250C, L = 9.BmH, RG = 250, Peak IL = llA 
(See Figures 15 and , 6) 

3. Repetitive Ratin~ Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRF9640, IRF9641, IRF9642, IRF9643 

Electrical Characteristics TC '" +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS V GS = OV, 10 = -25OIlA 
IRF9640,IRF9642 -200 - - V 
IRF9641,IRF9643 -150 - - V 

Gate Threshold Voltage VGSrTH) VOS = VGS, 10 = -2501lA -2.0 - -4.0 V 
Gate-Source Leakage Forward IGSS VGS=-20V - - -500 nA 
Gate-Source Leakage Reverse IGSS VGS=20V - - 500 nA 
Zero Gate Voltage Drain Current lOSS VOS = Max Rating, VGS = OV - - -250 IlA 

VOS = Max Rating x 0.8, VGS = OV, - - -1000 IJA 
TC=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = -1 OV 
IRF9640,IRF9641 -11 - - A 

IRF9642,IRF9643 -9 - - A 

Static Orain-Source On-State rOS(ON) VGS - -1 OV, 10 - -6A 
Resistance (Note 2) 

IRF9640,IRF9641 - 0.35 0.5 0 

IRF9642,IRF9643 - 0.55 0.7 0 
Forward Transconductance (Note 2) 9ls VOS> 10(ON) x rOS(ON) Max, 10 - -6A 4 6 - Scm 
Input Capacitance CISS VGS - OV, VOS - -25V, I -1.0MHz - 1100 - pF 
Output Capacitance COSS See Figure 1 0 - 375 - pF 
Reverse Transler Capacitance CRSS - 150 - pF 
Turn-On OelayTime td(ON) VOO -0.5 BVOSS, 10 - 11A, RG - 9.10 18 22 ns 
Rise Time tr See Figure 17. (MOSFET switching times - 45 68 ns 
Turn-Off Delay Time id(OFF) 

are essentially independent of operating - 75 90 temperature.) ns 
Fall Time tf - 29 44 ns 

Total Gate Charge Og VGS - -10V, 10 - -11A, VOS = 0.8 Max - 70 90 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 18 for test circuit. 

Gate-Source Charge Ogs (Gate charge is essentially independent of - 55 - nC 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) - 15 - nC 

Internal Orain Inductance LO Measured from the Modified MOSFET - 3.5 - nH 
contact screw on tab symbol showing the 
to center of die. internal device 

Measured from the inductances. - 4.5 - nH 
drain lead, 6mm 

~ 
(0.25") from pkg. to 
center of die. 

Internal Source Inductance LS Measured from the - 7.5 - nH 
source lead, 6mm LS 
(0.25") from pkg. to 
source bonding pad. S 

Junction-ta-Case ROJC - - 1 oCIW 

Case-to-Sink ROCS Mounting surface flat, smooth and greased - 1.0 - oCIW 

Junction-ta-Ambient ROJA Typical socket mount - - 80 oCIW 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -11 A 

(BodyOiode) symbol showing the 

Pulse Source Current ISM integral reverse - - -44 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TC = +250 C, IS = -11A, VGS = OV - - -1.5 V 
Reverse Recovery Time trr TJ - +1500 C, IF --11A,dIF/dt-100A/Jls - 300 - ns 

Reverse Recovered Charge ORR TJ - +1500 C, IF --11A,dIF/dt-100NIlS - 1.9 - IlC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250 C to +1500 C 
2. Pulse Test: Pulse width < 300~s, 

Duty Cycle ~2% 

3. RepetRive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 50V, Start TJ = +250C, L = 9.8mH, 
RG = 250, Peak IL = 1 1A (See Figures 15 
and 16) 
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Fig. 6 - Typical transconductance vs_ drain current. 
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Fig. 7 - Typical source-drain diode forward voltage. 
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January 1994 

IRFD9110 
IRFD9113 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features Package 

• -O.6A and -O.7A, -80V and -100V 

• rDS(ON) = 1.20 and 1.60 

4-PIN DUAL-IN-L1NE 

TOP VIEW 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

O SOURCE 

DRAIN 

GATE 

• High Input Impedance 

Description 
Terminal Diagram 

The IRFD9110 and IRFD9113 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

P-CHANNEL ENHANCEMENT MODE 

The IRFD types are supplied in the 4-Pin dual-in-line plastic 
package. 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

Drain-Source Voltage (1) . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. .. . . . .. • . . . . . . .. VDS 
Drain-Gate Voltage (RGS = 20kO) (1) ....•...................•••........• VDGR 
Continuous Drain Current 

TC=250C ............................................................. ID 
Pulsed Drain Current. .................................................... IDM 
Gate-Source VoHage ................................................... VGS 
Maximum Power Dissipation ............................................... PD 

(See Figure 13) 
Linear Derating Factor ..................•....................•.........•...... 

(See Figure 13) 
Single Pulse Avalanche Energy Rating (3) .............................. '" .. Eas 
Operating and Storage Junction ...................................... T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ................................... TL 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

G 

IRFD9110 

-100 
-100 

-0.7 
-3.0 
±20 
1.0 

0.008 

190 
-5510 +150 

300 

D 

s 

IRFD9113 UNITS 

-80 V 
-80 V 

-0.6 A 
-2.5 A 
±20 V 
1.0 W 

0.008 W/oC 

190 mJ 
-5510+150 °C 

300 °C 

1. TJ = 25°C to 1500 C 

2. Pulse Test: Pulse width ~ 300JlS, Duty Cycle ~ 2% 

3. VDD = 25V, Start TJ = +250 C. L = 582mh, RG = 250, Peak IL = O.7A 
(See Figures 14 and 15) 

CAUTION: These devices are sensitive to electrostatic discharge: Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRFD911 0, IRFD9113 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONOITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -2501lA 
IRF09110 -100 - - V 

IRF09113 -80 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - -2501lA -2.0 - -4.0 V 

Gate-Source Leakage Forward IGSS VGS--20V - - -500 nA 

Gate-Source Leakage Reverse IGSS VGS-20V - - 500 nA 

Zero Gate Voltage Drain Current lOSS VOS - Max Rating, VGS - OV - - -250 IlA 
VOS - Max Rating x 0.8, VGS - OV, - - -1000 IlA 
TC=+1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = -10V 
IRFD9110 -0.7 - - A 

IRFD9113 -0.6 - - A 

Static Drain-Source On-State rOS(ON) VGS - -10V, 10 --0.3A 
Resistance (Note 2) 

IRFD9110 - 1.0 1.2 n 
IRFD9113 - 1.2 1.6 n 

Forward Transconductance (Note 2) gfs VOS < 50V, 10 - -0.6A 0.59 0.88 - S(U) 

Input Capacitance CISS VGS = OV, VOS =-25V, f = 1.0MHz - 180 - pF 

Output Capacitance COSS See Figure 9 - 85 - pF 

Reverse Transfer Capacitance CRSS - 30 - pF 

Turn-On Delay Time td(ON) VOO =0.5, 10 - 0.7 A, RG - 9.1 n - 15 30 ns 

Rise Time tr See Figure 16. (MOSFET switching times - 30 60 ns 

Turn-Off Delay Time id(OFF) 
are essentially independent of operating - 20 40 ns temperature.) 

Fall Time tf - 20 40 ns 

Total Gate Charge Qg VGS - -1 OV, 10 - -0.7A, VOS - 0.8 Max - 11 15 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 17 for test circuit 

Gate-Source Charge Qas (Gate charge is essentially independent of - 5.7 - nC 

Gate-Drain ("Miller") Charge Qad 
operating temperature.) - 5.3 - nC 

Internal Drain Inductance Lo Measured from the Modified MOSFET - 4.0 - nH 
drain lead, 2.0mm symbol showing the 
(0.08") from header internal device 
to center of die inductances. 

Internal Source Inductance lS Measured from the 

~ 
- 6.0 - nH 

source lead, 2.0mm 
(0.08") from header 
to source bonding 
pad. 

LS 

S 

Junction-ta-Ambient RaJA Typical socket mount - - 120 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -0.7 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - -3.0 A 
(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSD TC = +25OC, IS = -0.7 A, VGS = OV - - -1.5 V 

Reverse Recovery Time trr TJ - +1500C, IF -.-0.7A,dIF/dt-100Allls - 120 - ns 

Reverse Recovered Charge QRR TJ = +1500C, IF --0.7A,dIF/dt-100Allls - 6.0 - IlC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by Ls + lD. 

NOTES: 1. TJ = +250C to +1500C 

2. Pulse Test: Pulse width :: 300~s, Duty Cycle:: 2% 

3. VOO = 25V, Start TJ = +250C, L = 582mH, RG = 250, Peak IL = O.7A 
(See Figures 14 and 15) 
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IRFD9120 
IRFD9123 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features Package 

• -1.0A and -a.8A, -SOY and -100Y 

• rDS(ON) = 0.60 and 0.80 

4-PlN DUAL-IN-LlNE 
TOPVlEW 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Umited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

O SOURCE 

DRAIN 

GATE 

• High Input Impedance 

Description 

The IRFD9120 and IRFD9123 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operalion. 
These are p-channel enhancement-mode silicon-gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gale-drive power. 
These types can be operated directly from integrated circuits. 

Terminal Diagram 

P-CHANNELENHANCEMENTMODE 

The IRFD types are supplied In the 4-Pin dual-In-line plastic 
package. 

Absolute Maximum Ratings (T C = 2SOC) Unless Otherwise Specified 

Drain-SourceVoltage(l) ................................................ VOS 
Drain-Gate Voltage (RGS = 2OkO) (1) ••••.•.•••••••••••••• " •••••••••• , •• VDGR 
Continuous Drain Current 

TC=2SOC ............................................................. 10 
Pulsed Drain Current (3) .................................................. 10M 
Gate-Source Voltage ................................................... VGS 
Maximum Power Dissipation ............................................... Po 

(See Figure 13) 
Unear Derating Factor ....................................................... . 

(See Figure 13) 
Single Pulse Avalanche Energy Rating (4) ................................... Eas 
Operating and Storage Junction ...................................... TJ, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering ................................... TL 
(0.063" (1.6mm)from case for lOs) 

NOTES: 

D 

G~ 
S 

IRFD9120 IRFD9123 

-100 -80 
-100 -80 

-1.0 -0.8 
-8.0 -6.4 
±20 ±20 
1.0 1.0 

0.008 0.008 

370 370 
-5510+150 -5510+150 

300 300 

UNITS 

V 
V 

A 
A 
V 
W 

WfOC 

mJ 
°C 

oC 

1. TJ = +250(; 10 +15OOC 

2. Pulse Test Pulse wid1h ::: 3OOps, Duty Cycle ~ 2'1& 

4. VDD = 25V, Start TJ = +250(;, L = 555mH, R(3 = 250, Peak IL = t.OA 
(See Fogures 14 and 15) 

3. Repellive Rating: Pulse width Bmiled by max. junction tempera1ure. See 
Transient Thermal Impedance Curve (Fogure 5) 

CAUTION: These devices are sensitive 10 electrostatic discharge. Proper I.C. handling pn>eedures should be followed. 
Copyright @ Harris Corporation 1994 
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Specifications IRFD9120, IRFD9123 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVDSS VGS = OV, 10 = -2S01lA 
IRF09120 -100 - - V 

IRF09123 -SO - - V 

Gate Threshold Voltage VGS(TH) VOS = VGS, 10 = -2S01lA -2.0 - -4.0 V 
Gate-Source Leakage Forward IGSS VGS--20V - - -SOO nA 

Gate-Source Leakage Reverse IGSS VGS-20V - - SOO nA 

Zero Gate Voltage Orain Current lOSS VDS - Max Rating, VGS - OV - - -2S0 IlA 
VOS - Max Rating x O.S, VGS - OV, - - -1000 IlA 
TC=+12S0C 

On-State Orain Current (Note 2) 10(ON) VOS> ID(ON) x rOS(ON) Max, VGS = -1 OV 
IRFD9120 -1.0 - - A 

IRF09123 -O.S - - A 

Static Orain-Source On-State rOS(ON) VGS = -1 OV, 10 = -O.SA 
Resistance (Note 2) 

IRF09120 - O.S 0.6 n 
IRF09123 - 0.6 O.S n 

Forward Transconductance (Note 2) gfs VOS < SOY, 10 - -O.BA O.B 1.2 - Sm) 
Input Capacitance CISS VGS - OV, VOS - -2SV, f - 1.0MHz - 300 - pF 

Output Capacitance COSS 
See Figure 9 - 200 - pF 

Reverse Transfer Capacitance CRSS - 50 - pF 

Turn-On OelayTime td(ON) VOO -O.S, 10 - 1.0A, RG - 9.1 n - 2S SO ns 
Rise Time tr See Figure 16. (MOSFET switching times - 50 100 ns 

Turn-Off Delay Time 1d(OFF) 
are essentially independent of operating - 50 100 temperature.) ns 

Fall Time tf - 50 100 ns 

Total Gate Charge Og VGS = -1 OV, 10 = -1.0A, VOS = O.B Max - 16 20 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge Ogs (Gate charge is essentially independent of - 9 - nC 

Gate-Orain ("Miller") Charge Oad 
operating temperature.) - 7 - nC 

Internal Orain Inductance LO Measured from the Modified MOSFET - 4.0 - nH 
drain lead, 2.0mm symbol showing the 
(O.OS") from header internal device 
to center of die inductances. 

Internal Source Inductance LS Measured from the 

~@ 
- 6.0 - nH 

source lead, 2.0mm 
(O.OB") from header 
to source bonding 
pad. 

LS 

S 

Junction-ta-Ambient RaJA Typical socket mount - - 120 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -1.0 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - -B.O A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TC = +250C, IS =-1.0A, VGS= OV - - -1.5 V 

Reverse Recovery Time t" T J - + 1S00C, IF - -4.0A, dlF/dt - 100A/lls - 1S0 - ns 

Reverse Recovered Charge ORR T J - + 1S00C, IF - -4.0A, dlF/dt - 100A/lls - 0.9 - IlC 
Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -

speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C to +1500C 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 25V, Start T J = +250C. L = 555mH. 
2. Pulse Test: Pulse width < 300,"" 

Duty Cycle 5"2% 

5-101 

RG = 250. Peak IL = 1.0A (See Figures 14 
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IRFD9220 
IRFD9223 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features Package 

• -O.45A and -O.SA, -150V and -200V 

• rDS(ON) = 1.50 and 2.40 

4-PIN DUAL-IN-L1NE 

TOP VIEW 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

O SOURCE 

DRAIN 

GATE 

• High Input Impedance 

Description 
Terminal Diagram 

The IRFD9220 and IRFD9223 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

P-CHANNEL ENHANCEMENT MODE 

The IRFD types are supplied in the 4-Pin dual-in-Iine plastic 
package. 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

Drain-Source Voltage (1) •...•..•....••.......•........................ ,. VDS 
Drain-Gate Voltage (RGS = 20kO) (1) .................................... VDGR 
Continuous Drain Current 

TC=250 C ..•.••..•........•........••..•........•.•..•...••..•........ 10 
Pulsed Drain Current (3) .•.............•.••....••..•...••...••.•..•....... IDM 
Gate-Source Voltage •...•.........................•....•.......••...... V GS 
Maximum Power Dissipation .......•....•........•....•.................... Po 

(See Figure 13) 
Linear Derating Factor .....•....••..•.......•....•....•....•.................. 

(See Figure 13) 
Single Pulse Avalanche Energy Rating (4) ..........••........•.............. Eas 
Operating and Storage Junction ........••..•.......•..............•.. T J, TSTG 
Temperature Range 

Maximum Lead Temperature for Soldering .............•....••......•........ TL 
(0.063" (1.6mm) from case for lOs) 

NOTES; 

G 

IRFD9220 

-200 
-200 

-0.6 
-4.8 
±20 
1.0 

0.008 

290 
-55 to +150 

300 

D 

s 

IRFD9223 UNITS 

-150 V 
-150 V 

-0.45 A 
-3.6 A 
±20 V 
1.0 W 

0.008 W/oC 

290 mJ 
-55to+150 °C 

300 oC 

1. TJ = +250C to +1500C 

2. Pulse Test: Pulse width ~300J.lS, Duty Cycle ~2% 

4. VDO = 25V. Start TJ = +250C. L = 121 OmH. RG = 250. Peak IL = O.6A 
(See Figures 14 and 15) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRFD9220, IRFD9223 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONOITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -250flA 
IRF09220 -200 - - V 
IRF09223 -150 - - V 

Gate Threshold Voltage VGSITH) VOS = VGS, 10 = -250MA -2.0 - -4.0 V 
Gate-Source Leakage Forward IGSS VGS=-20V - - -500 nA 

Gate-Source Leakage Reverse IGSS VGS=20V - - 500 nA 

Zero Gate Voltage Orain Current lOSS VOS = Max Rating, VGS = OV - - -250 MA 
VOS = Max Rating x 0.8, VGS = OV, - - -1000 flA 
TC=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS > 10(ON) xrOS(ON) Max, VGS = -10V 
IRF09220 -0.6 - - A 

IRF09223 -0.45 - - A 

Static Orain-Source On-State rOS(ON) VGS = -10V,10 = -0.3A 
Resistance (Note 2) 

IRF09220 - 1.0 1.5 n 
IRFD9223 - 1.5 2.4 n 

Forward Transconductance (Note 2) 9fs VOS < 50V, 10 - -0.3A 0.6 1.0 - S(Zj) 

Input Capacitance CISS VGS - OV, VOS = -25V, f - 1.0MHz - 350 - pF 

Output Capacitance COSS See Figure 9 - 100 - pF 

Reverse Transfer Capacitance CRSS - 30 - pF 

Turn-On OelayTime td(ON) VOO -0.5, 10 - 0.6A, RG - 9.1 n - 15 40 ns 
Rise Time tr See Figure 16. (MOSFET switching times - 25 50 ns 

Turn-Off Oelay Time Id(OFF) 
are essentially independent of operating - 80 120 ns temperature.) 

Fall Time tf - 50 75 ns 

Total Gate Charge Og VGS = -1 OV,IO = -0.6A, VOS = 0.8 Max - 16 22 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 17 for test circuit. 

Gate-Source Charge OgS (Gate charge is essentially independent of - 10 - nC 

Gate-Drain ("Miller") Charge Ogd 
operating temperature.) - 4 - nC 

Internal Orain Inductance LO Measured from the Modified MOSFET - 4.0 - nH 
drain lead, 2.0mm symbol showing the 
(0.08") from header internal device 
to center of die inductances. 

Internal Source Inductance LS Measured from the 

~ 
- 6.0 - nH 

source lead, 2.0mm 
(0.08") from header 
to source bonding 
pad. 

LS 

S 

Junction-to-Ambient RaJA Typical socket mount - - 120 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -0.6 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM integral reverse - - -4.8 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TC = +250 C,IS = -0.6A, VGS = OV - - -1.5 V 

Reverse Recovery Time trr T J - + 1500 C, IF - -0.6A, dlF/dt - 100NMS - 150 - ns 

Reverse Recovered Charge ORR TJ - +1500 C, IF- -0.6A,dIF/dt-100NMS 0.5 - MC 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - -
speed is substantially controlled by LS + LO. 

NOTES: I. TJ = +250Cto +150oC 
2. Pulse Test: Pulse width S 300~s. 

Duty Cycle S 2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 25V, Start TJ = +250C, L = 1210mH, 
RG = 250, Peak IL = 0.6A (See Figures 14 
and 15) 
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mHARRIS IRFF9120,IRFF9121 
IRFF9122,IRFF9123 

January 1994 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features Package 

• -3.SA and -4A, -80V and -100V 

• rDS(ON) = 0.60.0 and 0.80.0 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

TO-205AF 

BonOMVIEW 

SOU~TE o RAIN 

~(CASE) 

Description 

The IRFF9120, IRFF9121, IRFF9122 and IRFF9123 are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 

P-CHANNEL ENHANCEMENT MODE 

D 

G~ 
S 

Absolute Maximum Ratings (T C == 250 C) Unless Otherwise Specified 

IRFF9120 IRFF9121 IRFF9122 IRFF9123 

Drain-Source Voltage (1) ............................ VDS -100 -80 -100 -80 
. Drain-Gate Voltage (RGS = 20k(1) (1) ••••............ VDGR -100 -80 -100 -80 
Continuous Drain Current 

TC=250 C ......................................... 10 -4 -4 -3.5 -3.5 
Pulsed Drain Current (3) .............................. IDM -16 -16 -14 -14 
Gate-Source Voltage ............................... VGS ±20 ±20 ±20 ±20 
Maximum Power Dissipation ........................... PD 20 20 20 20 

(See Figure 14) 
Linear Derating Factor .................•••........•...•.. 0.16 0.16 0.16 0.16 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ............... Eas 370 370 370 370 
Operating and Storage Junction .................. T J, TSTG -55 to +150 -55 to +150 -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 300 300 
(O.063" (l.6mm) from case for 105) 

NOTES: 

UNITS 

V 
V 

A 
A 
V 
W 

WloC 

mJ 

°C 

oC 

1. TJ = +250 C to +1500 C 

2. Pulse Test: Pulse width $. 300~s, Duly Cycle $. 2% 

4. VDD = 25V, Start TJ = +250 C, L = 34.7mH, RG = 250, Peak IL = 4.0A 
(See Figures 15 and 16) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRFF9120, IRFF9121, IRFF9122, IRFF9123 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -250MA 
IRFF9120,IRFF9122 -100 - - V 

IRFF9121,IRFF9123 -80 - - V 

Gate Threshold Voltage VGS(TH) VOS = VGS, 10 = -250MA -2.0 - -4.0 V 

Gate-Source Leakage Forward IGSS VGS--20V - - -100 nA 

Gate-Source Leakage Reverse IGSS VGS- 20V - - 100 nA 

Zero Gale Voltage Drain Current lOSS VOS - Max Rating, VGS - OV - - -250 MA 

VOS - Max Rating x 0.8, VGS = OV, - - -1000 MA 
TC=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) xrOS(ON) Max, VGS = -10V 
IRFF9120,IRFF9121 -4 - - A 

IRFF9122,IRFF9123 -3.5 - - A 

Static Drain-Source On-Slate rOS(ON) VGS - -1 OV, 10 - -2A 
Resistance (Nole 2) 

IRFF9120,IRFF9121 - 0.5 0.6 n 
IRFF9122,IRFF9123 - 0.6 0.8 n 

Forward Transconductance (Note 2) gfs VOS> 10(ON) x rOS(ON) Max, 10 - -2A 1.25 2 - S(U) 

Input Capacitance CISS VGS - OV, VOS - -25V, f - 1.0MHz - 300 - pF 

Output Capacitance COSS 
See Figure 1 0 - 200 - pF 

Reverse Transfer Capacitance CRSS - 50 - pF 

Turn-On OelayTime td(ON) VOO -0.5 BVOSS, 10 - -4A, RG - 9.1 n - 25 50 ns 

RiseTime tr See Figure 17. (MOSFET switching times - 50 100 ns 

Turn-Off Oelay Time id(OFF) 
are essentially independent of operating - 50 100 temperature.) ns 

Fall Time tf - 50 100 ns 

Total Gate Charge Og VGS = -1 OV, 10 = -4A, VOS = 0.8 Max - 16 22 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 18 for test circuit. 

Gate-Source Charge Oas 
(Gate charge is essentially independent of - 9 - nC 

Gate-Orain ("Miller") Charge Oad 
operating temperature.) - 7 - nC 

Internal Orain Inductance LO Measured from the Modified MOSFET - 5.0 - nH 
drain lead, 5mm symbol showing the 
(0.2") from header internal device 
to center of die. inductances. 

Internal Source Inductance LS Measured from the 

~ 
- 15 - nH 

source lead, 5mm 
(0.2") from header to 
source bonding pad. 

LS 

S 

Junction-te-Case ReJC - - 6.25 °C/W 

Junction-te-Ambient RaJA Typical socket mount - - 175 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -4 A 

(BodyOiode) symbol showing the 

Pulse Source Current ISM 
integral reverse - - -16 A 

(Body Diode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO Tc.= +250 C, IS = -4A, VGS = OV - - -1.5 V 

Reverse Recovery Time trr TJ = +1500 C, IF = 4A, dlF/dt = 100A/MS - 230 - ns 

Reverse Recovered Charge ORR TJ = +1500 C, IF=-4A,dIF/dt = 100NIlS - 1.3 - MC 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: Pulse width ~ 3001.15, 

Duty Cycle S 2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. voo = 25V, Start TJ = +250C, L = 34.7mH, 
RG = 250, Peak IL = 4A (See Figures 15 
and 16) 
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IRFF9120, IRFF9121, IRFF9122, IRFF9123 
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IRFF9120, IRFF9121, IRFF9122, IRFF9123 
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mHARRIS IRFF9130,IRFF9131 
IRFF9132,IRFF9133 

January 1994 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features Package 

• -S.SA and -6.SA, -80V and -100V 

• rDS(ON) = 0.300 and 0.400 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

TO-205AF 
BOTTOM VIEW 

SOU~TEDR"N 
~(CASE) 

Description 

The IRFF9130, IRFF9131, IRFF9132 and IRFF9133 are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

P-CHANNEL ENHANCEMENT MOOE 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 

Absolute Maximum Ratings (T C = 250 C) Unless Otherwise Specified 

IRFF9130 IRFF9131 

Drain-Source Voltage (1) ............................ VDS -100 -80 
Drain-Gate Voltage (RGS = 20ko.) (1) ................ VDGR -100 -80 
Continuous Drain Current 

TC=250C ......................................... ID -6.5 -6.5 
Pulsed Drain Current(3) .............................. IDM -26 -26 
Gate-Source Voltage ............................... VGS ±20 ±20 
Maximum Power Dissipation ........................... Po 25 25 

(See Figure 14) 
Linear Derating Factor ................................... 0.2 0.2 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ............... Eas 500 500 
Operating and Storage Junction .................. TJ, TSTG -55to+150 -5510+150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(O.063" (1.6mm) from case for 10s) 

NOTES: 

D 

G~ 
S 

IRFF9132 IRFF9133 

-100 -80 
-100 -80 

-5.5 -5.5 
-22 -22 
±20 ±20 
25 25 

0.2 0.2 

500 500 
-5510 +150 -5510 +150 

300 300 

UNITS 

V 
V 

A 
A 
V 
W 

mJ 
°C 

oC 

1. TJ = +250C to +1500C 

2. Pulse Test: Pulse width ,; 300~s, Duty Cycle,; 2% 

4. VDD = 25V, Start TJ = +250C, L = 17.75mH, RG = 250, Peak IL = 6.M 
(See Fig ures 15 and 1 6) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRFF9130, IRFF9131, IRFF9132, IRFF9133 

Electrical Characteristics TC == +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -250flA 
IR FF9130, IRFF9132 -100 - - V 
IRFF9131,IRFF9133 -80 - - V 

Gate Threshold Voltage VGSfTH) VOS = V GS, 10 = -250~A -2.0 - -4.0 V 
Gate-Source Leakage Forward IGSS VGS=-20V - - -100 nA 

Gate-Source Leakage Reverse IGSS VGS-20V - - 100 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - -250 ~A 

VOS - Max Rating x 0.8, VGS - OV, - - -1000 MA 
TC=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = -1 OV 
IRFF9130,IRFF9131 -6.5 - - A 

IRFF9132,IRFF9133 -5.5 - - A 

Static Orain-Source On-State rOS(ON) VGS - -10V,10 - -3A 
Resistance (Note 2) 

IRFF9130,IRFF9131 - 0.25 0.3 n 
IRFF9132,IRFF9133 - 0.3 0.4 n 

Forward Transconductance (Note 2) 9fs VOS?IO(ON) x rOS(ON) Max, 10 - -3A 2.5 3.5 - S(U) 

Input Capacitance CIS$ VGS - OV, VOS - -25V, f - 1.0MHz - 500 - pF 

Output Capacitance COSS See Figure 10 - 300 - pF 

Reverse Transfer Capacitance CRSS - 100 - pF 

Turn-On OelayTime td(ON) VOO =0.5 BVOSS, 10 = -6.5A, RG = 9.1 n - 30 60 ns 
Rise Time tr See Figure 17. (MOSFET switching times - 70 140 ns 

Turn-Off Oelay Time Id(OFF) 
are essentially independent of operating - 70 140 temperature.) ns 

Fall Time If - 70 140 ns 

Total Gate Charge Og VGS - -1 OV, 10 - -6.5A, VOS - 0.8 Max - 25 45 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 18 for test circuit. 

Gate-Source Charge Ogs (Gate charge is essentially independent of - 13 - nC 

Gate-Orain ("Miller") Charge Oad 
operating temperature.) - 12 - nC 

Internal Orain Inductance LO Measured from the Modified MOSFET - 5.0 - nH 
drain lead, 5mm symbol showing the 
(0.2") from header internal device 
to center of die. inductances. 

Internal Source Inductance LS Measured from the 

~ 
- 15 - nH 

source lead, 5mm 
(0.2") from header to 
source bonding pad. 

LS 

S 

Junction-ta-Case ReJC - - 5.0 °C/W 
Junction-ta-Ambient ReJA Typical socket mount - - 175 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -6.5 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - -26 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TC = +250 C, IS = -6.5A, VGS =OV - - -1.5 V 

Reverse Recovery Time trr TJ - +1500 C,IF - -6.SA, dlF/dt-l OOA/~s - 300 - ns 

Reverse Recovered Charge ORR T J = + lS00 C, IF = -6.SA, dlF/dt = 100A/Ms - 1.8 - MC 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C to +1500C 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VOO = 25V. Start TJ = +250C, L = 17.75mH. 
2. Pulse Test: Pulse width" 300ps, 

o uty Cycle " 2% 
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RG = 2511, Peak IL = 6.5A (See Figures 15 
and 16) 
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IRFF9130, IRFF9131, IRFF9132, IRFF9133 

10VV I -9V 

If 80".S PULSE TEST 

-8V 

! 
I VGS -7V 

r 
I -8V 

-5V 

-4V 

-10 20 30 40 - 50 

VOS. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 1 - Typical Output Characteristics 

J -TOV) v/ -h ...... V 
-9V 

-~V I7Y V V 
80J,lSPUlSETEST h 7, V 

w. ~ VGS -~ 

'" V -V 

~ V 
J. ~ 

l// -SV 

1. V 

-20 

LL L 80 ",S PULSE TEST 

VOS > IDlon) x ROSlon) max, L iii -18 I I 
W TJ T ,.5 jC,,- I, I 0: 
W .. 
'" TJ=2S'C"" ~ ~ -12 

T)-SS!C ~ 'L Z 
W 
0: 
0: 
::> 
u 
Z 

" 0: 
0 

E 

~ 

j 
J 
" 

-8 

-4 

0 
o 

1}1" 
V 

L 

...-:: t7 
• 4 - - - 10 

VGS. GATE-YO-SOURCE VOLTAGE (VOLTS) 

D2C8-432M 

Fig. 2 - Typical Transfer Characteristics 

f. ... ~=~F.~~i.3~~.,'~=~ .. J. ~=l!IJ.flr=;=;; r--- - -.- -
.,l F-Ff=f'f;ft.,.=~,,;,~,,- ~ ~ 

IRfFlI32.~ ~ ". ;"<" ". 
to IRFf"30~' 

. I ..... 

.= 
;..::.::,. f=ls -:'.~ 

~.,,~~ .. ~~~ K.;r,. ;;.~, 1_ 
~~';M'~~lI'MM"''''~D~~~'~~ 1= IV ....... ~U 100m. 

Tc .. 2SoC 

.~ 

. . . 

.. t- ----- -. 

0 1/ 
-4V 

' .. _UIO·C mI •• 

Ax-S.O·elW 
stNOLE PULSE 

DC 

IRFFl130 
IRFfl132 

•. 1 ~, __ ~~_......J....I...LJ.-':I=. __ -,---,....cl~~.L..L';:,,,!;;-_'--' 

Vd_ 0. ..... Vol, ... fVJ 

-1 -2 -4 -5 

Yos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 3 - Typical Saturation Characteristics Fig. 4 - Maximum Safe Operating Area 

t: 2 , :3 z :.=i ffi~ffi 1.0 

N W .. 
0.5 

0 0.5 --cIHEl 
~i~ - NOTES: 

"'o:Z D .• I KLJL 0:1-« D .• 
°wO Z>w 

0.1 ~~ ~b! 0.05 . 
~~ ~O.O5- 0.02 

1. DUTY FACTOR, 0 - t,/t2 
2. PER UNIT BASE A8JC N~~ = 0.01 ..... SINGLE PULSE (TRANSIENT 

, I I 
5,0 DEO. C/W. 

w 0.02 THERMAL IMPEDANCE) 3, TJM TC 

~ 0.01 POM • Z8JC(t). R8JC 

5 10-4 2 5 10-3 2 5 10-2 2 5 10-1 2 1.0 
5 

10 

t1. SQUARE WAVE PULSE DURATION (SECONDS) 

Fig. 5 - Maximum Effective Transient Thermal Impedance. 
Junction-ta-Case Vs. Pulse Duration 

5-117 

~ 
.,JW 
W"
ZcIl 
zO 
c(:E 
:t:a: 
(,)W 

d.~ o 
a. 



IRFF9130, IRFF9131, IRFF9132, IRFF9133 
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IRFF9130, IRFF9131, IRFF9132, IRFF9133 
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mHARRIS IRFF9220,IRFF9221 
IRFF9222,IRFF9223 

August 1991 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features Package 

• -2A and -2.5A, -150V and -200V 

• rDS(ON) = 1.500 and 2.400 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

TO-205AF 
BonOMVIEW 

SOU~ATE DRAlN 

~(CASE) 

Description 

The IRFF9220, IRFF9221, IRFF9222 and IRFF9223 are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 

Absolute Maximum Ratings (TC"" 250 C) Unless Otherwise Specified 

IRFF9220 IRFF9221 

Drain-Source Voltage (1) ............................ VDS -200 -150 
Drain-Gate Voltage (RGS = 20kO) (1) ................ VDGR -200 -150 
Continuous Drain Current 

TC =250 C ......................................... 10 -2.5 -2.5 
Pulsed Drain Current (3) .............................. 10 M -10 -10 
Gate-Source Voltage ............................... V GS ±20 ±20 
Maximum Power Dissipation ........................... Po 20 20 

(See Figure 14) 
Unear Derating Factor ................................... 0.16 0.16 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ............... Eas 290 290 
Operating and Storage Junction .................. T J, T STG -55to+150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

D 

G 

s 

IRFF9222 IRFF9223 

-200 -150 
-200 -150 

-2.0 -2.0 
-8 -8 

±20 ±20 
20 20 

0.16 0.16 

290 290 
-55 to +150 -55 to +150 

300 300 

UNITS 

V 
V 

A 
A 
V 
W 

mJ 
oC 

oC 

1. TJ = +250 C to +1500C 

2. Pulse Test: Pulse width ::::. 300~s, Duty Cycle::::. 2% 

4. vDD = 50V, Start TJ = +250C, L = 69.6mH, RG = 250, Peak IL = 2.5A 
(See Figures 15 and 16) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris- Corporation 1991 
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Specifications IRFF9220, IRFF9221, IRFF9222, IRFF9223 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -250MA 
IRFF9220, IRFF9222 -200 - - V 

IRFF9221,IRFF9223 -150 - - V 

Gate Threshold Voltage VGSITH) VOS - VGS, 10 - -250MA -2.0 - -4.0 V 

Gate-Source Leakage Forward IGSS VGS--20V - - -100 nA 

Gate-Source Leakage Reverse IGSS VGS-20V - - 100 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - -250 MA 
VOS - Max Rating x 0.8, VGS - OV, - - -1000 MA 
TC=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = -1 OV 
IRFF9220,IRFF9221 -2.5 - - A 

IRFF9222,IRFF9223 -2.0 - - A 

Static Orain-Source On-State rOS(ON) VGS = -10V, 10 = 1.5A 
Resistance (Note 2) 

IRFF9220,IRFF9221 - 1.0 1.5 n 
IRFF9222,IRFF9223 - 1.5 2.4 n 

Forward Transconductance (Note 2) gts VOS> 10(ON) x rOS(ON) Max, 10 - 1.5A 1 1.8 - S(m 

Input Capacitance CISS VGS - OV, VOS - -25V, f - 1.0MHz - 350 - pF 

Output Capacitance COSS 
See Figu re 1 0 - 100 - pF 

Reverse Transfer Capacitance CRSS - 30 - pF 

Turn-On OelayTime td(ON) VOO =0.5 BVOSS, 10 = -2.5A, RG = 9.1 n - 15 40 ns 

Rise Time tr See Figure 17. (MOSFET switching times - 25 50 ns 

Turn-Off Oelay Time Id(OFF) 
are essentially independent of operating - 80 120 ns temperature.) 

Fall Time tf - 50 75 ns 

Total Gate Charge Og VGS - -1 OV, 10 - -2.5VOS - 0.8 Max - 16 22 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 18 for test circuit. 

Gate-Source Charge OQS 
(Gate charge is essentially independent of - 9 - nC 

Gate-Orain ("Miller") Charge Oqd 
operating temperature.) - 7 - nC 

Internal Orain Inductance LO Measured from the Modified MOSFET - 5.0 - nH 
drain lead, 5mm symbol showing the 
(0.2") from header internal device 
to center of die. inductances. 

Internal Source Inductance LS Measured from the 

~ 
- 15 - nH 

source lead, 5mm 
(0.2") from header to 
source bonding pad. 

LS 

S 

Junction-to-Case RO.IC - - 6.25 °C/W 

Junction-to-Ambient ReJA Typical socket mount - - 175 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -2.5 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM 
integral reverse - - -10 A 

(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO T C = +250 C, IS = -2.5A, VGS = OV - - -1.5 V 

Reverse Recovery Time trr T J = + 1 500 C, IF = -2.5A, dlF/dt = 100A/MS - 300 - ns 

Reverse Recovered Charge ORR T J - + 1500 C, IF - -2.5A, dlF/dt - 1 OOA/~s - 1.9 - MC 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C to +150oC 
2. Pulse Test: Pulse width::; 300,..., 

Duty Cycle::; 2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VDD = 50V. Start TJ = +250C, L = 69.6mH, 
Ra = 250, Peak tL = 2.5A (See Figures 15 
and 16) 
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IRFF9220, IRFF9221, IRFF9222, IRFF9223 
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8O"! PULS': TEST 
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JGS ' -6V 
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-L 
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Vas. DRAIN·TO·SOURCE VOL lAGE (VOL IS) 

Fig. 1 - Typical output characteristics. 

-50 

I--- eLs PulSE nJT -~ ~. 
l~V~ 1--

-9V ~ 
-8~~ 

- - -- -- -- --- -7V_ 

- ~,L-: 
1----- --~-- --- ~ ~V 

It ~ 
... ~ 5V-

~ ~ 
..-

~ -4l-
-1 -2 -3 -4 

Vas. ORAIN TO-SOURCE VOLTAGE (VOL IS) 

Fig. 3 - Typical saturation characteristics. 
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Fig. 2 - Typical transfer characteristics. 

OPERATION IN THIS 

IAFF9220. 9221 AREA IS LIMITED !Y ~DS(on) 
10fJ-S 

IRFF9222, 9223 
100 ,us 

IAFF9220, 9221 T 
IAFF9222. 922 1 TS 

10 ms 

100 ms 
Te - 25"C 

Dd 't::: TJ - 15Q"C MAX 

R1hJC '" 5.25 KJW IAFF9221, 9223 
_0 -0 

-0.0 5 SINGLE PULSE 

IAFF9220, ~J~2 
-0,02 

-1.0 -2 -5 -10 -20 -50 -100 -200 -500 

Vos. DRAIN-lO-SOURCE VOLTAGE (VOLTS) 

92GS-44207 

Fig. 4 - Maximum safe operating area. 
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NOTES 
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2. PER UNIT BASE = R'hJC = 6.25 DEG CIW 
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'l.SQUARE WAVE PULSE DURATION (SECONDS) 

Fig. 5 - MaXimum effective transient thermal impedance. 
junction-la-case vs_ pulse duration. 
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IRFF9220, IRFF9221, IRFF9222, IRFF9223 
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Fig. 6 - Typical transconductance VS. drain current. 
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Flg~ B - Breakdown voltage vs. temperature. 

500 

~ JGS - J 
400 

'\ 'l= 1 MHl 

\ ...... ~ - ,I 
C," 

300 \ 
c'ss 1= Cgs " Cgd. Cds SHORTED 

em = Cgd 

ZOO 1\ \ Cgs Cgd 
Coss = Cds .. E~' .. Cgd 

\ " 
~ Cds" Cgd 

100 " , ,I 
coss 

" ~ "I C," 

·10 ~10 ~30 ~40 ~50 

Vas. DRAIN-TO-SOURCE VOL TAGE (VOL TSI 

Fig. 10 - Typical capacitance vs. drain-to-source voltage. 
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Fig. 7 - Typical source-drain diode forward voltage. 
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IRFF9220, IRFF9221, IRFF9222, IRFF9223 

RDSt,"1 MEASURED WITH CURRENT PULSE OF 
2.0 ~s OUAATION. INITIA.l TJ" 2SoC. (HEATING 
EFFECT OF 2.0 JlS PULSE IS M'NI'MALI 
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Fig. 12 - Typical on-resistance vs. drain current. 

20 

'\ 
f'\ 

f\.. 
~ 

IS ., 
10 

\ 
r\. 

\ 

z 
0 

~ 1O 
ill 
i5 
~ 

'\ ~ 
.P 

l'\ 
r\ 

20 40 60 80 100 120 140 

TC. CASE TEMPERATURE tOCI 

Fig. 14 - Power vs. temperature derating curve. 
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Fig. 17 - Switching time test circuit. 
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Fig. 13 - Maximum drain current VS. case temperature. 

VARY tp TO OBTAIN 
REQUIRED PEAK Il 

Vos 

0.01 A 

92CS-43278 

Fig. 15 - Unclamped inductive test circuit. 
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Em HARRIS IRFF9230,IRFF9231 
IRFF9232,IRFF9233 

August 1991 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features 

• -3.SA and -4.0A, -1S0V and -200V 

• rDS(ON) = o.sn and 1.200. 

Package 
TO-205AF 

BOTTOM VIEW 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

SOUTIRCE , GATE 

o 0 

DRAIN 
(CASE) 

• High Input Impedance 

Description 
Terminal Diagram 

The IRFF9230, IRFF9231, IRFF9232 and IRFF9233 are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

P-CHANNEL ENHANCEMENT MODE 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

IRFF9230 IRFF9231 

Drain-Source Voltage (1) . . . . • • • . • . . • . . . . . . . . . . • . . • •. VDS -200 -150 
Drain-Gate Voltage (RGS = 20kO) (1) ...........•...• VDGR -200 -150 
Continuous Drain Current 

TC=250 C ..•......•...•............•...•.......... ID -4.0 -4.0 
Pulsed Drain Current (3) ...•....•.•..•.•••..•....•.... IDM -16 -16 
Gate-Source Voltage ...•........•...........•..•••. VGS ±20 ±20 
Maximum Power Dissipation ........•...•....••........ PD 25 25 

(See Figure 14) 
Linear Derating Factor .••...........•...•.•.••........... 0.2 0.2 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ...•....•.••... Eas 500 500 
Operating and Storage Junction ..•.•....•..•.••.. T J, T STG -55to+150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering ............... TL 300 300 
(0.063" (1.6mm) from case for 10s) 

NOTES: 

D 

G 

s 

IRFF9232 IRFF9233 

-200 -150 
-200 -150 

-3.5 -3.5 
-14 -14 
±20 ±20 
25 25 

0.2 0.2 

500 500 
-55to+150 -55 to +150 

300 300 

UNITS 

V 
V 

A 
A 
V 
W 

mJ 
oC 

oc 

1. TJ = +2SoC to +1S00C 

2. Pulse Test: Pulse width ~ 300~s. Duty Cycle:::: 2% 

4. VDD = SOY. Start TJ = +2SoC. L = 46.9mH. RG = 250. Peak IL = 4.0A 
(See Figures 15 and 16) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRFF9230, IRFF9231, IRFF9232, IRFF9233 

Electrical Characteristics TC '" +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONOITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Vollage BVOSS VGS = OV, 10 = -250flA 
IRFF9230,IRFF9232 -200 - - V 

IRFF9231,IRFF9233 -150 - - V 

Gate Threshold Voltage VGS(TH) VOS = VGS, 10 = -25OflA -2.0 - -4.0 V 

Gate-Source Leakage Forward IGSS VGS=-20V - - -100 nA 

Gate-Source Leakage Reverse IGSS VGS=20V - - 100 nA 

Zero Gate Voltage Orain Current lOSS VOS = Max Rating, VGS = OV - - -250 flA 

VOS = Max Rating x 0.8, VGS = OV, - - -1000 flA 
TC=+1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = -1 OV 
IRFF9230,IRFF9231 -4.0 - - A 

IRFF9232,IRFF9233 -3.5 - - A 

Static Orain-Source On-State rOS(ON) VGS = -1 OV, 10 = -2.0A 
Resistance (Note 2) 

IRFF9230,IRFF9231 - 0.5 0.8 n 
IRFF9232,IRFF9233 - 0.8 1.2 n 

Forward Transconductance (Note 2) gts VOS> 10(ON) x rOS(ON) Max, 10 - -2.0A 2.2 3.5 - Sm) 

Input Capacitance CISS VGS - OV, VOS - -25V, f - 1.0MHz - 550 - pF 

Output Capacitance COSS 
See Figure 10 - 170 - pF 

Reverse Transfer Capacitance CRSS - 50 - pF 

Turn-On OelayTime td(ON) VOO =0.5 BVOSS, 10 - -4.0A, RG - 9.1 n - 30 50 ns 

Rise Time tr See Figure 17. (MOSFET switching times - 50 100 ns 

Turn-Off Oelay Time td(OFF) 
are essentially independent of operating - 50 100 ns temperature.) 

Fall Time tf - 40 80 ns 

Total Gate Charge Og VGS = -10V, 10 = -4.0VOS = 0.8 Max - 31 45 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 18 for test circuit. 

Gate-Source Charge Oas 
(Gate charge is essentially independent of - 18 - nC 

Gale-Orain ("Miller") Charge Ogd 
operating temperature.) - 13 - nC 

Internal Orain Inductance LO Measured from the Modified MOSFET - 5.0 - nH 
drain lead, 5mm symbol showing the 
(0.2") from header inlernal device 
to center of die. inductances. 

Internal Source Inductance LS Measured from the 

~ 
- 15 - nH 

source lead, 5mm 
(0.2") from header to 
source bonding pad. 

LS 

S 

Junction-ta-Case ReJC - - 5.0 oC/W 

Junction-ta-Ambient RaJA Typical socket mount - - 175 oC/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -4.0 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - -16 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO T C = +250 C, IS = -4.0A, VGS = OV - - -1.5 V 

Reverse Recovery Time trr T J = + 1500 C, IF = -4.0A, dlF/dt = 100A/flS - 400 - ns 

Reverse Recovered Charge ORR TJ = +1500 C, IF = -4.0A, dlF/dt = 100A/flS - 2.6 - flC 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C to +1500C 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figur. 5) 

4. VDD '" 50V, Start TJ = +250C. L = 46.9mH. 
2. Pulse Test: Pulse width < 300~s, 

Duty Cycle {2% 

5-126 

RG = 250. Peak IL = 4.0A (See Figure. 15 
and 16) 



IRFF923~/RFF9231,IRFF9232,IRFF9233 
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IRFF9230, IRFF9231, IRFF9232, IRFF9233 
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m HARRIS IRFP9140/P9141 
IRFP9142/P9143 

January 1994 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features 

• -19A and -16A, -80V and -100V 

• rDS(ON) = 0.200 and 0.300 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Package 
TO-247 

TOP VIEW 

Description 

The IRFP9140, IRFP9141, IRFP9142 and IRFP9143 are ad
vanced power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 

P-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

IRFP9140 IRFP9141 IRFP9142 IRFP9143 

Drain-Source Voltage (1) . . . . . . . • • • • . . . . . . • . . . . . . • • .. VOS -100 -80 -100 -80 
Drain-Gate Voltage (RGS = 20kl1) (1 ) .........•...•.. VOGR -100 -80 -100 -80 
Continuous Drain Current 

TC=250C .••..•.••••••.•.•...........•••••.......• 10 -19 -19 -16 -16 
TC = 1000 C •.•.•.....••••.••..•...•••.••......•.•• 10 -12 -12 -10 -10 

Pulsed Drain Current (3) .....•.. " ••....•.......••.••• 10M -76 -76 -64 -64 
Gate-Source Voltage ..••.•.•••••••.............•.•. VGS ±20 ±20 ±20 ±20 
Maximum Power Dissipation .... " •••....•••••....••..• Po 150 150 150 150 

(See Figure 14) 
Linear Derating Factor .•......•....•..•••...•...•.••.•... 1.2 1.2 1.2 1.2 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ..••.........•. Eas 960 960 960 960 
Operating and Storage Junction •.••••••..•......• T J, TSTG -55to+150 -55to+150 -55 to +150 -55 to +150 
Temperature Range 

Maximum Lead Temperature for Soldering .....•......•.. TL 300 300 300 300 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

UNITS 

V 
V 

A 
A 
A 
V 
W 

W/oC 

mJ 
OC 

oC 

1. TJ = +250c to +1500C 

2. Pulse Test: Pulse width ~ 300IlS. Duty Cycle ~ 2% 

4. Vee = 50V, Start TJ = +250C, L = 4.2mH", RG = 250, Peak IL = 19A 
(See Figures 15 and 16) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications iRFP9140, IRFP9141, IRFP9142, IRFP9143 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -250~A 
IRFP9140,IRFP9142 -100 - - V 

IRFP9141,IRFP9143 -80 - - V 

Gate Threshold Voltage VGSITH) VOS = VGS, 10 = -250~A -2.0 - -4.0 V 

Gate-Source Leakage Forward IGSS VGS=20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS=-20V - - -100 nA 

Zero Gate Voltage Drain Current loSS VOS = Max Rating, VGS = OV - - 250 ~A 

VOS = Max Rating x 0.8, VGS = OV, - - 1000 ~A 
TJ = +1250 C 

On-State Drain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = -10V 
IRFP9140,IRFP9141 -19 - - A 

IRFP9142,IRFP9143 -16 - - A 

Static Drain-Source On-State rOS(ON) VGS = -10V, 10 = -10A 
Resistance (Note 2) 

IRFP9140,IRFP9141 - 0.14 0.20 0 

IRFP9142,IRFP9143 - 0.20 0.30 0 

Forward Transconductance (Note 2) gfs VOS ~ -50V, 10 = -1 OA 5.3 7.9 - Sm) 

Input Capacitance CISS VGS = OV, VOS = -25V, f = 1.0MHz - 1200 - pF 

Output Capacitance COSS 
See Figure 1 0 - 570 - pF 

Reverse Transfer Capacitance CRSS - 160 - pF 

Turn-On Delay Time td(ON) VOO = -50V, 10 = -19A, RG =9.10 - 16 20 ns 

Rise Time Ir See Figure 17. (MOSFET switching times - 65 100 ns 

Turn-Off Delay Time ld(OFF) 
are essentially independent of operating - 47 70 ns temperature.) 

Fall Time tf - 28 70 ns 

Total Gate Charge Og VGS = -1 OV, 10 = -19A, VOS = 0.8 Max - 37 55 nC 
(Gate-Source + Gate-Drain) Rating. See Figure 18 for test circuit. 

Gate-Source Charge Ogs 
(Gate charge is essentially independent of - 8.7 - nC 

Gate-Drain ("Miller") Charge Ogd 
operating temperature.) - 22 - nC 

Internal Drain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
contact screw on symbol showing the 
header that is closer internal device 
to source & gate inductances. 
pins & center of die. 

~ 
Internal Source Inductance LS Measured from the - 13 - nH 

source pin, 6mm 
(0.25") from header & 
source bonding pad. 

LS 

S 

Junction-ta-Case R9JC - - 0.83 °C/W 

Case-to-Sink Recs Mounting surface flat, smooth and greased - 0.1 - °C/W 

Junction-ta-Ambient ReJA Free Air Operation - - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -19 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM 
integral reverse - - -76 A 

(Body Diode) (Note 3) P-N june. rectifier. 

Diode Forward Voltage (Nole 2) VSO TJ = +250 C, IS = -19A, VGS = OV - - -1.5 V 

Reverse Recovery Time trr TJ - +250 C, IF- 18A, dlF/dt - 1 OOA!~s - 210 - ns 

Reverse Recovered Charge ORR - 2.0 - ~C 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LD. 

NOTES: 1. TJ = +250 C to +1500 C 
2. Pulse Test: Pulse width .:s. 300~s, 

Duty Cycle .:s. 2% 

3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. VOO = 50V, Start T J = +250C, L = 4.2mH~, 
RG = 25n, Peak IL = 19A (See Figures 15 
and 16) 
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IRFP9140, IRFP9141, IRFP9142, IRFP9143 
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IRFP9140, IRFP9141, IRFP9142, IRFP9143 
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mHARRIS 

January 1994 

IRFP9150 
IRFP9151 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features Package 

• -25A, -80V and -100V 

• rDS(ON) == 0.1500 

• Single Pulse Avalanche Energy Rated 

• SOAis Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

TO-247 

TOP VIEW 

Description 

The IRFP9150 and IRFP9151 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

Terminal Diagram 

The P-channel IRFP9150 is an approximate electrical 
complement to the N-channel IRF150. 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

Drain-Source Voltage .......•..........•..•.........•...••.....•.•...... VOS 
Continuous Orain Current 

TC=250C ................••.........•................................. 10 
TC = 1000C •.......................................................... 10 

Pulsed Orain Current ..................................................... 10M 
Gate-Source Voltage .................................•..........•...... V GS 
Maximum Power Dissipation ............................................... Po 

(See Figure 18) 
Linear Derating Factor .........•........ , ........••.....•...............•..... 
Single Pulse Avalanche Energy Rating (3) ........•...............•.......... Eas 

(See Figure 14) 
Avalanche Current (Repetitive or Nonrepetitive) ....•.................•..... " IAR 
Operating and Storage Junction .......•........................•..... T J, T STG 
Temperature Range 

Maximum lead Temperature for Soldering ........•...................•...... Tl 
(0.063" (1.6mm) from case for lOs) 

NOTES: 

P-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

IRFP9150 IRFP9151 

-100 -80 

-25 -25 
-18 -18 
-100 -100 
±20 ±20 
150 150 

1.2 1.2 
1300 1300 

-25 -25 
-5510+150 -5510 +150 

300 300 

UNITS 

V 

A 
A 
A 
V 
W 

WloC 
mJ 

A 
°c 

°c 

1. Pulse Test: Pulse width ~ 300~, Duty Cycle ~ 2% 

2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

3. VDO = 25V, Start T J = +250 C, L = 3.2mhy, RG = 250, Peak IL = 25A 
(See Figures 14 and 15) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRFP9150, IRFP9151 

Electrical Characteristics T C =0 +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVDSS VGS = OV, ID = -250JlA 
IRFP9150 -100 - - V 

IRFP9151 -80 - - V 

Gate Threshold Voltage VGS(TH) VOS - VGS, 10 - -250JlA -2.0 - -4.0 V 

Gate-Source Leakage Forward IGSS VGS--20V - - -100 nA 

Gate-Source Leakage Reverse IGSS VGS-20V - - 100 nA 

Zero Gate Voltage Drain Current IDSS VDS = Max Rating, V GS = OV - - -250 ~A 

VDS = Max Rating xO.8, VGS = OV, - '- -1000 JlA 
TC=+1250 C 

On-State Drain Current (Note 1 ) ID(ON) VDS> ID(ON) x rDS(ON) Max, VGS - 10V -25 - - A 

Static Drain-Source On-State rDS(ON) VGS - -10V, ID - -lOA - 0.09 0.15 0 
Resistance (Note 1) 

Forward Transconductance (Note 1) 9fs VDS = -1 OV, ID = -12.5A 4 10 - S 

Input Capacitance CISS VGS = OV, VDS = -25V, f = 1.0MHz - 2400 - pF 

Output Capacitance COSS 
See Figu re 1 0 - 850 - pF 

Reverse Transfer Capacitance CRSS - 400 - pF 

Turn-On DelayTime td(ON) VDD = -50V, ID = -25A, RG = 6.80, - 16 24 ns 

Rise Time tr RD = 20. See Figures 16 and 17. - 110 160 ns 

Turn-Off Delay Time id(OFF) 
(MOSFET switching times are essentially - 65 100 independent of operating temperature.) ns 

Fall Time tf - 46 70 ns 

Total Gate Charge Og VGS - -10V,ID - -25A, VDS - 0.8 Max - 82 120 nC 
(Gate-Source + Gate-Drain) Rating. See Figures 11 & 19 for test circuit. 

Gate-Source Charge Ogs 
(Gate charge is essentially independent of - 14 - nC 

Gate-Drain ("Miller") Charge Ogd 
operating temperature.) - 42 - nC 

Internal Drain Inductance LD Measured between Modified MOSFET - 5.0 - nH 
contact screw on symbol showing the 
header that is closer internal device 
to source & gate inductances. 
pins & center of die. 

~ 
Internal Source Inductance LS Measured from the - 13 - nH 

source pin, 6mm 
(0.25") from header & 
source bonding pad. 

LS 

S 

Junction-to-Case RaJC - - 0.83 oCIW 

Case-to-Sink Racs Mounting surface flat, smooth and greased - 0.1 - oCIW 

Junction-to-Ambient RaJA Free Air Operation - - 30 oCIW 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -25 A 

(Body Diode) symbol showing the 

Pulse Source Current ISM 
integral reverse - - -100 A 

(Body Diode) (Note 3) P-N junco rectifier. 

Diode Forward Voltage (Note 2) VSD TJ = +250 C, IS = 25A, VGS = OV - -0.9 -1.5 V 

Reverse Recovery Time trr TJ - +250 C, IF - 25A, dlF/dt - 100A/flS - 150 300 ns 

Reverse Recovered Charge ORR TJ = +250 C, IF - 25A, dlF/dt -1 OOAlfls 0.3 0.7 1.5 flC 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LD. 

NOTES: 1. Pulse Test: Pulse width :5. 300~s, 2. Repetnive Rating: Pulse width limited by max. 
Duty Cycle ~ 2% junction temperature. See Transient Thermal 

Impedance Curve (Figure 5) 

3. VOO = 2SV, Start T J = +2SoC, L = 3.2mhy, 
RG = 2S0, Peak IL = 25A (See Figures 14 
and 15) 
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El)HARRIS IRFP9240/P9241 
IRFP9242/P9243 

May 1992 

Avalanche Energy Rated 
P-Channel Power MOSFETs 

Features 

• -lOA and -12A, -200V and -150V 

• rOS(ON) = 0.500 and 0.70 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Package 
TO-247 

TOP VIEW 

Description 

The IRFP9240, IRFP9241, IRFP9242 and IRFP9243 are ad· 
vanced power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

Terminal Diagram 

P-CHANNEl ENHANCEMENT MODE 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 

Absolute Maximum Ratings (TC '" +250 C), Unless Otherwise Specified 

IRFP9240 IRFP9241 

Drain-Source Voltage (1) .......••........•...•••...• VDS -200 -150 
Drain-Gate Voltage (RGS '" 20kfl) (1) ...•.......••... VDGR -200 -150 
Continuous Drain Current 
TC~250C .....•••..•.....••............•.......... ID -12 -12 
TC~lOO0C ...••...•......•....•.......•.•....•... 10 -7.5 -7.5 

Pulsed Drain Current (3) .....•••....•.•.•..•••.••.•.•• IDM -48 -48 
Gate-Source Voltage .....•.....•..••...•.•..•....•. VGS ±20 ±20 
Maximum Power Dissipation •.............•...••...•... Po 150 150 

(See Figure 14) 
linear Derating Factor •....••.....•.•...•......••..•.•..• 1.2 1.2 

(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) •.......••.•.•• Eas 790 790 
Operaling and Storage Junction •....••..•........ T J, TSTG -55to+150 -5510+150 
Temperature Range 

Maximum lead TemperalureforSoldering ..••..•.••.•... Tl 300 300 
(0.OS3" (l.Smm) from case for lOs) 

NOTES: 

o 

G 

s 

IRFP9242 IRFP9243 

-200 -150 
-200 -150 

-10 -10 
-S.3 -6.3 
-40 -40 
±20 ±20 
150 150 

1.2 1.2 

790 790 
-55 to +150 -5510+150 

300 300 

UNITS 

V 
V 

A 
A 
A 
V 
W 

WloC 

mJ 
°c 

°C 

1. TJ = +250C to +1500C 

2. Pulse Test: Pulse width S. 300~s. Duty Cycle S. 2% 

4. VDD = 50V. Start TJ = +250C. L = B.2mH, RG = 50n. Peak IL = 12A 
(See Figures 15 and 16) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 
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Specifications IRFP9240, IRFP9241, IRFP9242, IRFP9243 

Electrical Characteristics TC = +250 C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Orain-Source Breakdown Voltage BVOSS VGS = OV, 10 = -25OIlA 
IRFP9240,IRFP9242 -200 - - V 

IRFP9241,IRFP9243 -150 - - V 

Gate Threshold Voltage VGSfTH) VOS = VGS, 10 = -25OIlA -2.0 - -4.0 V 

Gate-Source Leakage Forward IGSS VGS-20V - - 100 nA 

Gate-Source Leakage Reverse IGSS VGS--20V - - -100 nA 

Zero Gate Voltage Orain Current lOSS VOS - Max Rating, VGS - OV - - -250 flA 
VOS - Max Rating x 0.8, VGS - OV, - - -1000 IIA 
TJ = +1250 C 

On-State Orain Current (Note 2) 10(ON) VOS> 10(ON) x rOS(ON) Max, VGS = -1 OV 
IRFP9240,IRFP9241 -12 - - A 

IRFP9242,IRFP9243 -10 - - A 

Static Orain-Source On-State rOS(ON) VGS = -10V, 10 = -6.3A 
Resistance (Note 2) 

IRFP9240,IRFP9241 - 0.38 0.50 0 

IRFP9242,IRFP9243 - 0.50 0.70 0 

Forward Transconductance (Note 2) gfs VOS < -50V, 10 = -6.3A 3.8 5.7 - S(m 
Input Capacitance CISS VGS = OV, VOS = -25V, f = 1.0MHz - 1400 - pF 

Output Capacitance COSS 
See Figure 1 0 - 350 - pF 

Reverse Transfer Capacitance CRSS - 140 - pF 

Turn-On OelayTime td(ON) VOO - -100V, 10 - -12A, RG - 9.10 - 18 22 ns 
RiseTime tr See Figure 17. (MOSFET switching times - 45 68 ns 

Turn-Off Oelay Time td(OFF) 
are essentially independent of operating - 75 90 temperature.) ns 

Fall Time tf - 29 44 ns 

Total Gate Charge Og VGS - -10V, 10 = -12A, VOS - 0.8 Max - 38 57 nC 
(Gate-Source + Gate-Orain) Rating. See Figure 18 for test circuit. 

Gate-Source Charge Oas (Gate charge is essentially independent of - 8.0 - nC 

Gate-Orain ("Miller") Charge Ogd 
operating temperature.) - 21 - nC 

Internal Orain Inductance LO Measured between Modified MOSFET - 5.0 - nH 
contact screw on symbol showing the 
header that is closer internal device 
to source & gate inductances. 
pins & center of die. 

~ 
Internal Source Inductance LS Measured from the - 12.5 - nH 

source pin, 6mm 
(0.25") from header & 
source bonding pad. 

LS 

S 

Junction-te-Case ROJC - - 0.83 °C/W 
Case-to-Sink ROCS Mounting surface flat, smooth and greased - 0.1 - °C/W 

Junction-te-Ambient ROJA Free Air Operation - - 30 °C/W 

Source Drain Diode Ratings and Characteristics 

Continuous Source Current IS Modified MOSFET 

~ 
- - -12 A 

(Body Oiode) symbol showing the 

Pulse Source Current ISM integral reverse - - -48 A 
(Body Oiode) (Note 3) P-N junco rectifier. 

Oiode Forward Voltage (Note 2) VSO TJ = +250 C, IS = -12A, VGS = OV - - -1.5 V 

Reverse Recovery Time trr TJ = +250 C, IF - -11A,dIF/dt-100Allls - 210 - ns 

Reverse Recovered Charge ORR - 2.0 - IIC 

Forward Turn-on Time tON Intrinsic turn-on time is negligible. Turn-on - - - -
speed is substantially controlled by LS + LO. 

NOTES: 1. TJ = +250C to +150oC 3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 

4. Vee = 50V, Start TJ = +250C. l = B.2mH~. 
2. Pulse Test: Pulse width :s 300~s. 

euty Cycle :s 2% 
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RG = 50n, Peak Il = 12A (See Figures 15 
and 16) 
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mHARRIS RFL.1P08 
RFL.1P10 

August 1991 

P-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Features Package 

• 1A, -80V and -100V 

• rDS(ON) = 3.650 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

TO-205AF 
BonOMVIEW 

SOU~TEDRAIN 
~(CASE) 

Description 

The RFL1P08 and RFL1P10 are P-channel enhancement
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 

Terminal Diagram 

The RFL series types are supplied in the JEDEC TO-205AF 
metal package. 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

Drain-Source Voltage. . . . . . . • • • • . . . . • • • . . • • • . . • . . . . . . • • . . • • . . • • . . . . . • • •. VDS 
Drain-Gate Voltage (RGS = 1 mOl .....•...••..••••....•..••...•......••• VDGR 
Continuous Drain Current 

RMS Continuous ..• , ...............•..........•..•.............••...... 10 
Pulsed Drain Current. .................................................. 10M 

Gate-Source Voltage ....•....••....•......•.•..•..........•............ VGS 
Maximum Power Dissipation 

TC=+250C ..•.•.................••...............•..........•...•...• PD 
Above T C = +250C, Derate Linearly •..••...••••.....••.•••..••.........•.•• 

Operating and Storage Junction ...••................................. T J, T STG 
Temperature Range 

P-CHANNEL ENHANCEMENT MODE 

o 

G~ 
s 

RFUP08 RFL1P10 

-BO -100 
-BO -100 

1 
5 5 

±20 ±20 

B.33 B.33 
0.0667 0.0667 

-5510 +150 -5510+150 

UNITS 

V 
V 

A 
A 
V 

W 
W/oC 
oc 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFL 1 P08, RFL 1 P 10 

Electrical Characteristics (TC = +250 C), Unless Otherwise Specified 

LIMITS 

RFL1P08 RFL1P10 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Drain-Source Breakdown Voltage BVOSS 10= lmA, VGS=O -80 - -100 - V 

Gate Threshold Voltage VGS(th) VGS=VOS,IO= lmA -2 -4 -2 -4 V 

Zero-Gate Voltage Drain Current lOSS VOS=-65V - -1 - - flA 

VOS=-80V - - - -1 flA 

TC = +1250 C 
VOS=-65V - -SO - - flA 
VOS=-80V - - - -50 mA 

Gate-Source Leakage Current IGSS VGS'" ±20V, VOS ",0 - ±100 - ±100 nA 

Drain-Source On-Voltage VOS(on)* 10 = lA, VGS =-10V - -3.65 - -3.65 V 

10 = 2A, VGS =-10V - -9.3 - -9.3 V 

Static Drain-Source On Resistance roS(on)* 10 = lA, VGS "'-10V - 3.65 - 3.65 0 

Forward Transconductance 9fs* 10 = lA, VOS=-10V 200 - 200 - S(U) 

Input Capacitance CISS VGS'" OV, VOS = -25V - 150 - 150 pF 

Output Capacitance COSS 
f'" 1 MHz - 80 - 80 pF 

Reverse Transfer Capacitance CRSS - 30 - 30 pF 

Turn-On OelayTlme id(on) 10 = lA, VOO = -50V 7 (typ) 25 7(typ) 25 ns 

Rise Time tr 
RGEN = RGS = 500 

15 (typ) 45 15 (typ) 45 ns VGS=-10V 

Turn-Off OelayTime id(off) 14 (typ) 45 14(typ) 45 ns 

Fall Time tf 11 (typ) 25 11 (typ) 25 ns 

Thermal Resistance Junction-to-Case RaJC - 15 - 15 oCIW 

* Pulsed: Pulse duration = 300l's max., duty cycle = 2%. 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

RFL1P08 RFL1P10 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Oiode Forward Voltage VSO* ISO=-lA - -1.4 - -1.4 V 

Oiode Reverse Recovery Time lrr IF=2A - 135 (typ) - 135 (typ) ns 
dlF/dt = 50NI's 

* Pulsed: Pulse duration = 300l'S max., duty cycle = 2%. 
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junction temperature for all types. 
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Fig. 6 - Normalized switching waveforms for constant gate-current 
drive. 
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m HARRIS RFP2P08 
RFP2P10 

August 1991 

P-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Features 

• -2A, -80V and -100V 

• rDS(ON) = 3.50 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 
TO-220AB 

TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

The RFP2P08 and RFP2P10 are P-channel enhancement
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated 
directly from integrated circuits. 

P-CHANNEL ENHANCEMENT MODE 

The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

Drain-Source Voltage. . . . . . . . • . . • • • . . . . • . • • • . . . . . . • . . . . • . . . • . • . . • . . . . . .. VDS 
Drain-Gate Voltage (RGS = 1mO) ....................................... VDGR 
Continuous Drain Current 

RMS Continuous ....•••••••..•.....•••..•••..•••..•..•••....•.......•.. 10 
Pulsed Drain Current. .................................................. 10M 

Gate-Source Voltage ..................................................• V GS 
Maximum Power Dissipation 

TC = +250 C •••••...•...•..•........•....•...........................•• Po 
Above T C = +250C, Derate Linearly ...........................•.•....•••••• 

Operating and Storage Junction .........••.•.••...•...•...••.....••.• TJ, TSTG 
Temperature Range 

G 

RFP2P08 

-80 
-80 

2 
5 

±20 

25 
0.2 

-55 to +150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFP2P08, RFP2P 10 

Electrical Characteristics (TC = +250 C), Unless Otherwise Specified 

LIMITS 

RFP2P08 RFP2P10 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Orain-Source Breakdown Voltage BVOSS 10 = 1mA, VGS=O -80 - -100 - V 

Gate Threshold Voltage VGS(th) VGS=VOS,10=1mA -2 -4 -2 -4 V 

Zero-Gate Voltage Orain Current lOSS VOS=-65V - -1 - - ~A 

VDS=-80V - - - -1 ~A 

TC=+1250 C 
VOS=-65V - ~50 - - ~ 

VOS=-80V - - - -50 mA 

Gate-Source Leakage Current IGSS VGS = ±20V, VOS = 0 - ±100 - ±100 nA 

Orain-Source On-Voltage VOS(on)* 10 = 1A, VGS =-10V - -3.5 - -3.5 V 

10 = 2A, VGS =-10V - -9.0 - -9.0 V 

Static Orain-Source On Resistance rOS(on)' ID = 1A, VGS =-10V - 3.5 - 3.5 0 

Forward Transconductance gIs' 10 = 1A, VOS = -10V 200 - 200 - S(m 

Input Capacitance CISS VGS = OV, VOS = -25V - 150 - 150 pF 

Output Capacitance COSS 
1= 1 MHz - 80 - 80 pF 

Reverse Transler Capacitance CRSS - 30 - 30 pF 

Turn-On Oelay Time !d(on) ID = 1A, VOO =-50V 7 (typ) 25 7 (typ) 25 ns 

Rise Time tr 
RGEN = RGS = 500 

15 (typ) 45 15 (typ) 45 ns 
VGS=-10V 

Turn-Off OelayTime !d(off) 14 (typ) 45 14 (typ) 45 ns 

Fall Time tf 11 (typ) 25 11 (typ) 25 ns 

Thermal Resistance Junction~to-Case RSJC - 5 - 5 °C/W 

, Pulsed: Pulse duration = 300~s max., duty cycle = 2%. 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

RFP2POa RFP2P10 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Oiode Forward Voltage VSO' ISO=-1A - ~1.4 - -1.4 V 

Oiode Reverse Recovery Time trr IF=2A - 135 (typ) - 135 (typ) ns 
dlF/dt = 50N~s 

, Pulsed: Pulse duration = 300~s max., duty cycle = 2%. 
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RFP2P08, RFP2P 10 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
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August 1991 

Features 

• -SA, -120V and -1S0V 

• rDS(on) = 10. 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM5P12 and RFM5P15 and the RFP5P12 and 
RFP5P15 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for high-speed 
applications such as switching regulators, switching 
converters, relay drivers, and drivers for high-power bipolar 
switching transistors. 

The RFM series types are supplied in the JEDEC 
TO-204AA metal package and the RFP series types in the 
JEDEC TO-220AB plastic package. All these types are 
supplied without an internal gate zener diode. 

RFM5P12/5P15 
RFP5P12/5P15 

P-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Packages 
TO-204M 

BOnOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

P-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

RFM5P12 RFM5P15 RFP5P12 

Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . . .. VDS -120 -150 -120 
Drain-Gate Voltage (RGS = 1 mOl ............ VDGR -120 -150 -120 
Continuous Drain Current 

RMS Continuous ............................ 10 5 5 5 
Pulsed Drain Current. ....................... 10M 15 15 15 

Gate-Source Voltage ........................ VGS ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250C ................................ Po 75 75 60 
Above T C = +250C, Derate Linearly ............. 0.6 0.6 0.48 

Operating and Storage Junction ........... TJ, TSTG -55to+150 -5510 +150 -5510+150 
Temperature Range 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM5P12, RFM5P15, RFP5P12, RFP5P15 

LIMITS 

TEST RFM5P12 RFM5P15 
CHARACTERISTIC SYMBOL UNITS 

CONDITIONS RFP5P12 RFP5P15 

Min. Max. Min. Max. 

Drain-Source Breakdown Voltage BVoss 10 = 1 mA 
-150 V -120 - -

VGS = 0 

Gate-Threshold Voltage VGslth) VGS = Vos 
-2 -4 -2 -4 V 

10 = 1 mA 

Zero-Gate Voltage Drain Current loss Vos = -100 V - 1 - -
Vos = -120 V - - - 1 

Tc = 125°C /lA 

Vos = -100 V - 50 - -
Vos = -120 V - - - 50 

Gate-Source Leakage Current IGSS VGS = ±20 V 
100 100 nA - -

Vos = 0 

Drain-Source On Voltage VOSlon) 
a 10 = 2.5 A 

- -2.5 - -2.5 
VGs=-10V 

V 
10 = 5A 

- -8 - -8 
VGs=-10V 

Static Drain-Source On Resistance rOSlOnl 
a 10 = 2.5 A 

- 1 - 1 0 
VGs=-10V 

Forward Transconductance Qfsa Vos = 10 V 
0.75 - 0.75 - mho 

10 = 2.5 A 

I nput Capacitance Ciss VOS = 25 V - 700 - 700 

Output Capacitance Coss VGS = 0 V - 300 - 300 pF 

Reverse-Transfer Capacitance erss f = lMHz - 100 - 100 

Turn-On Delay Time td(onJ Voo = 1/2 BVoss 20(typ.) 60 20(typ.) 60 
Rise Time t, 10 = 2.5 A 36(typ.) 100 36(typ.) 100 

Turn-Off Delay Time td(off) Rgen = Rgs = 500 63(typ.) 150 63(typ.) 
ns 

150 

Fall Time tf VGS = 10 V 40(typ.) 100 40(typ.) 100 

Thermal Resistance Junction-to-Case R8Jc RFM5P12, 
- 1.67 - 1.67 

RFM5P15 
°C/W 

RFP5P12, 
2.083 2.083 - -

RFP5P15 

·Pulsed: Pulse duration = 300 /lS max .. duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
LIMITS 

CHARACTERISTIC SYMBOL TEST RFM5P12 RFM5P15 UNITS CONDITIONS RFP5P12 RFP5P15 
Min. I Max. Min. I Max. 

Diode Forward Voltage Vso Iso ~ 2.5A - 1 1.4 - 1 1.4 V 

Reverse Recovery Time tn IF = 4A 300(typ.) 300(typ.) ns 
d'FI d. = 100A! /lS 

·Pulse Test: Width :S 300 /lS, Duty Cycle:S 2%. 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 

(f.I 1.6 VGS=-IOV 

~ 14 ~~t~~ T~~~ATlON" 80p.s \'Z.'!)"c 
6' DUTY CYCLE!O 2 % 

.§ 
~ 1.2 
"-' 
w 
~ 1.0 

~ 
~ 0.8 

~ 0.6 

~ 
::> 0,4 
g 
::= 0.2 

~ 
2 :5 4 5 6 

DRAIN CURRENT fIo I-A 92CS-36484 

Fig. 8 - Typical drain-to-source on resistance 
as a function of drain current for all 
types. 
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Fig. 10- Typical forward transconductance as a function of drain 
current for all types. 
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Fig. 7 - Typical saturation characteristics for all 
types. 
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Fig. 9 - Capacitance as a function of drain-to
source voltage for all types. 
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Features 

• -6A, -80V and -100V 

• rDS(on) = 0.6n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM6P08 and RFM6P10 and the RFP6P08 and 
RFP6P10 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for high-speed 
applications such as switching regulators, switching 
converters, relay drivers, and drivers for high-power bipolar 
switching transistors. 

The RFM series types are supplied in the JEDEC 
TO-204AA metal package and the RFP series types in the 
JEDEC TO-220AB plastic package. All these types are 
supplied without an internal gate zener diode. 

RFM6POS/6P10 
RFP6P08/6P10 

P-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Packages 
TO-204AA 

BOnOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 

o 

G 

s 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

RFM6P08 RFM6P10 RFP6P08 

Drain-Source Voltage ....•................... VDS 80 100 80 
Drain-Gate Voltage (RGS = 1 mO) ............ VDGR 80 100 80 
Continuous Drain Current 

RMS Continuous ............................ 10 6 6 6 
Pulsed Drain Current. ....................... 10M 20 20 20 

Gate-Source Voltage ........................ VGS ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250 C ................................ Po 75 75 60 
Above TC = +250 C, Derate Linearly ............ . 0.6 0.6 0.48 

Operating and Storage Junction ........... TJ, TSTG -55to+150 -55to +150 -55to+150 
Temperature Range 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM6P08, RFM6P10, RFP6P08, RFP6P10 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified. 

LIMITS 

CHARACTERISTICS SYMBOL TEST RFM6P08 RFM6P10 UNITS CONDITIONS RFP6P08 RFP6P10 
MIN. MAX. MIN. MAX. 

Drain-Source Breakdown Voltage BVoss 10=1 mA -80 - -100 - V 
VGs=O 

Gate Threshold Voltage VGs(th) VGs=Vos -2 -4 -2 -4 V 
10=1 mA 

Zero Gate Voltage Drain Current loss Vos=-65 V - 1 - -
Vos=-80 V - - - 1 
Tc=125°C /1A 
Vos=-65 V - 50 - -
Vos=-80 V - - - 50 

Gate-Source Leakage Current IGSS VGs=±20 V - 100 - 100 nA 
Vos=O 

Drain-Source On Voltage Vos(on)a 10=3 A - -1.8 - -1.8 
VGs=-10 V V 

10=6A - -6 - -6 
VGs=-10V 

Static Drain-Source On Resistance ros(on)a 10=3 A - 0.6 - 0.6 n 
VGs=-10V 

Forward Transconductance 9fsa Vos=10 V 1 - 1 - mho 
10=3 A 

Input Capacitance Ciss Vos=25 V - 800 - 800 
Output Capacitance Coss VGs=O V - 350 - 350 pF 
Reverse Transler Capacitance erss 1= 1 MHz - 150 - 150 
Turn-On Delay Time td(on) Voo = 50 V 11 (typ) 60 11 (typ) 60 
Rise Time t, 10=3A 48(typ) 100 48(typ) 100 ns 
Turn-Oil Delay Time td(oll) Rgen=Rgs=50 n 102(typ) 150 102(lyp) 150 
Fall Time tf VGs=10 V 70(typ) 100 70(typ) 100 
Thermal Resistance ROJc RFM6P08, - 1.67 - 1.67 

Junction-to"Case RFM6Pl0 
RFP6P08, - 2.083 - 2.083 °C/W 

RFP6Pl0 

"Pulsed: Pulse duration = 300/1s max., duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL TEST RFM6P08 RFM6P10 UNITS CONDITIONS RFP6P08 RFP6P10 
MIN. I MAX. MIN. I MAX. 

Diode Forward Voltage Vso Iso=3 A - I 1.4 - I 1.4 V 

Reverse Recovery Time tn 
IF=4 A 150(typ) 150(typ) ns d lF/d,=50 AI/1s 

'Pulse Test: Width :S 300/1s, duty cycle:S 2%. 
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RFM6POB, RFM6P10, RFP6POB, RFP6P10 

-I -10 -100 -1000 
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Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power dissipation vs. temperature derating curve 
for all types. 
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SiCS - 37042 

Fig. 4 - Normalized drain-to-source on resistance to iunction 
temperature for all types. 

VOS=5V 
IO=lmA 

-50 50 100 150 200 

JUNCTION TEMPERATURE tTJI -"C 

Fig. 3 - Typical normalized gate threshold voltage as a function 
of iunction temperature for all types. 
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Fig. 5 - Typical transfer characteristics for all types. 
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RFM6P08, RFM6P10, RFP6P08, RFP6P10 

> 
I 

$ 

TIME - Microseconds • 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 
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Fig. 8 - Typical drain-to-source on resistance as a function 
of drain current for all types. 
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Fig. 10 - Typical forward transconductance as a function 
of drain current for all types. 
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PULSE TEST 
PULSE DURATION = 80 p..S 
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CASE TEMPERATURE (Tel = 25°C 
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Fig. 7 - Typical saturation characteristics for all types. 
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Features 

• -SA, -50V 

• rDS(on) = 0.300 0 

• UIS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The RFD8P05, RFD8P05SM and RFP8P05 p-channel 
power MOSFETs are manufactured using the MegaFET 
process. This process, which uses feature sizes 
approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. 
They were designed for use in applications such as 
switching regulators, switching converters, motor drivers, 
relay drivers, and emitter switches for bipolar transistors. 
These transistors can be operated directly from integrated 
circuits. 

The RFD8P05 is supplied in the JEDEC TO-251 AA plastic 
package and the RFD8P05SM in the TO-252AA plastic 
package. The RFP8P05 is supplied in the JEDEC 
TO-220AB plastic package. 

RFD8P05/05SM 
RFP8P05 

P-Channel Enhancement Mode Power 
Field Effect Transistors (MegaFETs) 

Packages 
TO-220AB 
TOP VIEW 

TO-':S1AA 
TOP VIEW 

: SOURCE 
DRAIN 
GATE 

r1D~ : SDORAIURNCE D'i~~-U .~E: : ~ATE 

TO-252AA 
TOP VIEW 

[[J; SOURCE 

D~~_ DRAIN 

GATE 

Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (TC '" 250 C), Unless Otherwise Specified 

Drain-Source Voltage, Voss ............................................................................................ -50V 
Drain-Gate Voltage, (RGS = 1 MOl, VDGR ................................................................................ -50V 
Gate-Source Voltage, VGS ............................................................................................ ±20V 
Drain Current: 

RMS Continuous, 10 ..........................................•....................................................... -8A 
Pulsed, 10M ............................................................................................•............ -20A 

Avalanche Current, lAS .......................................................................................... See Figure 2 
Power Dissipation, PO: 

TC = +250 C ........................................................................................................ 48W 
Derate AboveTc = +250 C ...................................................................................... O.27WfOC 

Operating and Storage Junction 
Temperature Range, TJ, TSTG ........................................................................ , .... " -550 C to +1750 C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFD8P05, RFD8P05SM, RFP8P05 

Electrical Characteristics (Tc = +250 C) Unless Otherwise Specified 

CHARACTERISTICS SYMBOLS 

Drain-Source Breakdown Voltage BVOSS 

Gate Threshold Voltage VGS(th) 

Zero Gate Voltage Orain Current lOSS 

Gate-Source Leakage Current IGSS 

Static Orain-Source on Resistance rOS(on) 

Turn-On Time t(on) 

Turn-On Delay Time Iellon) 

RiseTime tr 

Turn-Off OelayTime Iel(off) 

Fall Time tf 

Turn-Off Time l(off) 

Total Gate Charge Og(total) 

Gate Charge at -1 OV °o(-10V) 

Threshold Gate Charge Qg(th) 

Plateau Voltage V(plateau) 

Turn-Off Energy Loss per Cycle Eoff 

Thermal Resistance, Junction to Case RaJC 

Thermal Resistance, Junction to Ambient RaJA 

Source-Drain Diode Ratings and Characteristics 

CHARACTERISTICS SYMBOLS 

Diode Forward Voltage VSO 

Reverse Recovery Time trr 

CASE TEMPERATURE (T c) -26 d. C 

-----~-------I------~----

--~--~-. 

-f-I-f----1--I-1-- ~ ~ 

I-!---+-Vdaa 

MAX-60V 

-10 

LIMITS 

TEST CONOITIONS MIN MAX. 

10 = 0.25 mA, VGS = OV -50 -
VGS = VOS, 10 = 0.25 mA -2 -4 

VOS = -40V, VGS = OV - 1 

TC=1500C 50 

VGS = ± 20V, VOS = OV - 100 

10 = 8A, VGS = -10V - 0.300 

VOO = -25V, 10 = 4A - 60 
Ig1 = Ig2 = 0.2A - 16 (typ) 
VGS (clamp): -1 OV, +0.6V 

- 30 (typ) RL=6.250 
(See Figure 12) - 42 (typ) 

20 (typ) 

- 100 

VGS = 0 to -20V VOO=-40V - 80 

VGS=Oto-10V lo=8A - 40 

VGS=Oto-2V RL=50 - 2 

10 =8A, VOS = -15V - -8 

VOO = -25V, 10 = 4A, RL = 6.250 - 8 
L = 0.2~H, Ig1 = Ig2 = 0.2A 
VGS (clamp): -1 OV, +0.6V 

- 3.125 

TO-220AB - 80 

TO-251AA,TO-252AA - 100 

LIMITS 

TEST CONDITIONS MIN MAX. 

ISO=8A - 1.5 

ISO = 8A, d'SO/dt = 1 OON~s - 125 

100 

~ '" ...... ;,;::: ~T NGTI' ..... f-n NG TI' 

=-. 

Idm 

en 

~ 10 

-'!! 

"'-.JI 

........ 
uli·o 
tav'(L)( s)/( .3 A 0 os· V~ ) ~ 
If Ala 
t"'(LI ) In[( as A) (13 

1 

ED BVd s - dd • 1 ~ 
0.1 1.0 10.0 

UNITS 

V 

V 

f1A 
f1A 
nA 

0 

ns 

ns 

ns 

ns 

ns 

ns 

nC 

nC 

nC 

V 

~J 

OC/W 

°C/W 

°C/W 

UNITS 

V 

ns 

Vgs' -20V 

S"'~C 
SOd gC 

...... 

100.0 

DRAIII-TO-SOURCE VOLTAGE (Vd.) - VOLTS TIME IN AVALANCHE (Iav) - MILLISECONDS 

Figure 1 - Safe operating area curve. (Curves must be derated linearly 
with increase in temperature.) 

Figure 2 - Unclamped inductive-switching safe-operating-area curve. 
(Single pulse VIS SOA). See Figure 13 for test circuit. 
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RFD8P05, RFD8P05SM, RFP8P05 
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[00f'00 CASE TEflPERATURE (Te) - dogC 

Figure 3 - Maximum continuous drain current vs. temperature. 
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8 
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VQs=-4V 

o 
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Figure 5 - Typical saturation characteristics. 
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Figure 7 - Normalized rDS(on) vs junction temperature. 
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Figure 6 - Typical transfer characteristics. 
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RFD8P05, RFD8P05SM, RFP8P05 
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Figure 9 - Normalized drain source breakdown voltage vs temperature. 
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Fig_ 11 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 
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RFD8P05, RFD8P05SM, RFP8P05 
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Figure 13 - Unc/amped-inductive-swltching test 
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Features 

• -SA, -SOV and -100V 

• rDS(on) = 0.40 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM8P08 and RFM8P10 and the RFP8P08 and 
RFP8P10 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated 
circuits. 

The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 
JEDEC TO-220AB plastic package. 

RFMSPOS/SP10 
RFPSPOS/SP10 

P-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Packages 
TO-204AA 

BonOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

P-CHANNEL ENHANCEMENT MODE 

o 

G 

s 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

RFM8P08 RFM8P10 

Drain-Source Voltage.. . . . .. .. . . . .. . .. . . . . . .. VDS -80 -100 
Drain-Gate Voltage (RGS = 1 mOl ......•..... VDGR -80 -100 
Continuous Drain Current 

RMS Continuous ...••••..•....•...•..•....•. 10 8 8 
Pulsed Drain Current. ....................... 10M 20 20 

Gate-Source Voltage ........................ V GS ±20 ±20 
Maximum Power Dissipation 

TC = +250C ................................ Po 100 100 
Above T C = +250C, Derate Linearly ............. 0.8 0.8 

Operating and Storage Junction ........... T J, TSTG -55 to +150 -55 to +150 
Temperature Range 

RFP8P08 

-80 
-80 

8 
20 

±20 

75 
0.6 

-55to+150 

RFP8P10 

-100 
-100 

8 
20 

±20 

75 
0.6 

-55 to +150 

UNITS 

V 
V 

A 
A 
V 

W 
W/oC 

°c 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM8P08, RFM8P10, RFP8P08, RFP8P10 

ELECTRICAL CHARACTERISTICS. At Case Temperature (Tc)=25°C unless otherwise specified. 

LIMITS 

CHARACTERISTICS SYMBOL TEST RFM8P08 RFM8P10 
CONDITIONS RFP8P08 RFP8P10 

MIN. MAX. MIN. MAX. 
Drain-Source Breakdown Voltage BVoss 10=1 mA -SO - -100 -

VGs=O 
Gate Threshold Voltage VGs(th) VGs=Vos -2 -4 -2 -4 

10=1 mA 

Zero Gate Voltage Drain Current loss Vos=-65 V - 1 - -
Vos=-SO V - - - 1 
Tc=125°C 
Vos=-65 V - 50 - -
Vos=-SO V - - - 50 

Gate-Source Leakage Current IGSS VGs=±20 V - 100 - 100 
Vos=O 

Drain-Source On Voltage Vos(on)a 10=4A - -1.6 - -1.6 
VGs=-10 V 

10=S A - -4.0 - -4.0 
VGs=-10 V 

Static Drain-Source On Resistance ros(on)" 10=4A - .4 - .4 
VGs=-10V 

Forward Transconductance gfsa Vos=-10 V 2 - 2 -
10=4 A 

Input Capacitance Ciss Vos=25 V - 1500 - 1500 
Output Capacitance Coss VGs=O V - 700 - 700 
Reverse Transfer Capacitance C"" f = 1MHz - 300 - 300 

Turn-On Delay Time td(on) Voo = 50 V 1S(typ) 60 1S(typ) 60 
Rise Time t, 10=4A 70(typ) 150 70(typ) 150 
Turn-Off Delay Time td(off) Rgeo=Rg,=50 0 166(typ) 275 166(typ) 275 
Fall Time tf VGs=-10 V 94(typ) 175 94(typ) 175 
Thermal Resistance R6JC RFMSPOB, - 1.25 - 1.25 

Junction-to-Case RFMSP10 
RFPSPOS, - 1.67 - 1.67 
RFPSP10 

"Pulsed: Pulse duration = 300 J1s max., duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
LIMITS 

CHARACTERISTIC SYMBOL TEST RFM8P08 RFM8P10 
CONDITIONS RFP8P08 RFP8P10 

Min. I Max. Min. I Max. 

Diode Forward Voltage VSD Iso = 4A - I 1.4 - I 1.4 

Reverse Recovery Time t" IF = 4A 200(typ.) 200(typ.) 
d,F/dt = 100A/JiS 

'Pulse Test: Width :S 300 J1s, Duty Cycle :S 2%. 
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RFM8P08, RFM8P10, RFP8P08, RFP8P10 
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CASE TEMPERATURE (T C) • 25· 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 
TEMPERATURE) 

-10 -100 
DRAIN-TO-SOURCE VOLTAGE (VDS)-V 

92CS-371S6Al 

Fig. 1 - Maximum operating areas for all types. 
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Fig. 2 - Power dissipation vs. case temperature derating 
curve for all types. 

Fig. 3 _ Typical normalize(i gate threshold voltage as a function 
of junction temperature for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction 
temperature for all types. 
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Fig. 5 - Typical transfer characteristics for all types. 

5-168 



RFM8P08, RFM8P10, RFP8P08, RFP8P10 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 

VGS=IOV 
PULSE TEST 
PULSE DURATION =80 p.S 
DUTY CYCLEs 2% 

10 12. 14 16 
DRAIN CURRENT (10)-A 

92CS- 37153 

12!5°C 

18 2.0 

Fig. 8 - Typical drain-to-source on resistance as a function 
of drain current for all types. 

3 4 7 10 
DRAIN CURRENT(IO)-A 

92C$-37155 

Fig. 10 - Typical forward transconductance as a function 
of drain current for all types. 
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92CS-37152 

Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source 
voltage for all types. 
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Fig. 11 - Switching Time Test Circuit. 
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tI) HARRIS RFM1 OP12/1 OP15 
RFP1 OP12/1 OP15 

August 1991 

Features 

• -10A, -120V and -150V 

• rDS(on) = 0.50 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM10P12 and RFM10P15 and the RFP10P12 and 
RFP10P15 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate
drive power. These types can be operated directly from 
integrated circuits. 

The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 
JEDEC TO-220AB plastic package. 

P-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Packages 
TO-204AA 

BonOMVIEW 

DRAIN 

SOU~. (FLANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

P-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

RFM10P12 RFM10P15 

Drain-Source Voltage. • . . . . . . . . . . . . . . . . . . . . .. VDS -120 -150 
Drain-Gate Voltage (RGS = 1 mn) ••••.......• VDGR -120 -150 
Continuous Drain Current 

RMS Continuous ..••...••..••..••........... '0 10 10 
Pulsed Drain Current. ...•...• " .•.........•• 10M 30 30 

Gate-Source Voltage ........................ VGS ±20 ±20 
Maximum Power Dissipation 

TC = +250C ....•..........................• Po 100 100 
Above T C = +250C, Derate Linearly ............. 0.8 0.8 

Operating and Storage Junction ....•...... T J. TSTG -5510 +150 -5510+150 
Temperature Range 

RFP10P12 

-120 
-120 

10 
30 

±20 

75 
0.6 

-55 to +150 

RFP10P15 

-150 
-150 

10 
30 

±20 

75 
0.6 

-5510+150 

UNITS 

V 
V 

A 
A 
V 

W 
W/oC 

°C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM1OP12, RFM10P15, RFP10P12, RFP10P15 

ElECTR ICAl CHARACTERISTICS. At Case Temperature (T c = 25° C) unless otherwise specified 

LIMITS 

TEST RFM10P12 RFM10P15 
CHARACTERISTIC SYMBOL CONDITIONS RFP10P12 RFP10P15 

MIN. MAX. MIN. MAX. 

Drain-Source Breakdown BVoss 10 = 1 mA -120 - -150 -

Voltage VGs= 0 

Gate-Threshold Voltage VGS(thl VGS = Vos -2 -4 -2 -4 

10 =.1 mA 

Zero-Gate Voltage Drain IDss Vos = -100 V - 1 - -

Current Vos = -120 V - - - 1 

Tc = 125°C 
I 

Vos = -100V - 50 - -

Vos=-120V - - - 50 

Gate-Source Leakage Current IGSS Vas =±20 V - 100 - 100 

Vos = 0 

Drain-Source On Voltage VOS{on,a 10 = 5 A - -2.5 - -2.5 

VGs=-10V 

10 =10 A - -6.0 - -6.0 

... VGS =-10 V 

Static Drai.n-Sou rce 0 n roslon,a ID= 5A - 0.5 - 0.5 

Resistance VGS = -10 V 

Forward Transconductance g"a Vos=-1OV 2 ~ 2 -

10 = 5 A 

Input Capacitance Ciss VOS = -25 V - 1700 - 1700 

Output Capacitance Coss VGS = 0 V - 600 - 600 

Reverse Transfer Capacitance e rss f = 1 MHz - 350 - 350 

Turn-On DelayTime td(on) Vos=-75V 24(typ) 50 24(typ) 50 

Rise Time t, 10 = 5 A 74(typ) 150 74(typ) 150 

Turn-Off OelayTime td(off) Rgen = Rg, = 500 138(typ) 225 138(typ) 225 

Fall Time t, VGs=-10V 61 (typ) 100 61 (typ) 100 

Thermal Resistance ROJC RFM10P12, 
- 1.25 - 1.25 

Junction-to-Case RFM10P15 

RFP10P12, 
- 1.67 - 1.67 

RFP10P15 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

liMITS 

RFM10P12 RFM10P15 
CHARACTERISTIC SYMBOL TEST CONDITIONS RFP10P12 RFP10P15 

MIN. MAX. MIN. MAX. 

Diode Forward Voltage Vsoa Iso = 5A - 1.4 - 1.4 

.. 

Reverse Recovery Time t" IF = 4A, dlF/d, = 100 Alps 210 (typ.) 210 (typ.) 

a Pulsed: Pulse duration = 300 IJS max., duty cycle = 2%. 
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RF~10P12,RF~10Pl~RFP10Pl~RFP10P15 

• -I -10 -100 
DRAIN-TO-SOURCE VOLTAGE (VDS)-V '2CM-3.27. 

Fig. 1 - Maximum safe operating areas for all types. 

I I -50 50 100 150 
CASE TEMPERATURE (TC)-OC 

92CS-38279 

JUNCTION TEMPERATURE (lj)_OC 

~2CS-38271 

Fig. 2 - Power dissipation vs. case temperature derating curve for 
all types. 

Fig. 3 - Typical normalized gate threshold voltage as a function of 
junction temperature for all types. 

-so o !!So 100 150 
dUNTION TEMPERATURE (TJ }_·C 

92CS-38216 

Fig. 4 - Normalized drain-to-source on resistance as as function 
of junction temperature for all types. 
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"os= 10'1 

<[ PULSE TEST 
I PULSE DURATION=80,.,s 

7J DUTY CYCLE < 2% 

~ 12 
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Fig. 5 - Typical transfer characteristics for all types. 



RFM10P12, RFM10P15, RFP10P12, RFP10P15 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 
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Fig. B - Typical drain-to-source on resistance as a function of 
drain current for all types. 

Vas:: IOV 
PULSE TEST 
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Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 
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32 PULSE TEST 
PULSE DURATION:: BOJLs 

28 DUTY CYCLE:s 2 % 
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Fig. 7 - Typical saturation characteristics for al/ types. 
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(IIHARRIS RFM12P08/12P10 
RFP12P08/12P10 

August 1991 

Features 

• -12A. -SOY and -100V 

• rDS(on) = 0.30 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM12P08 and RFM12P10 and the RFP12P08 and 
RFP12P10 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate
drive power. These types can be operated directly from 
integrated circuits. 

The RFM series types are supplied in the JEDEC 
TO-204M steel package and the RFP series types in the 
JEDEC TO-220AB plastic package. 

P-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Packages 
TO-204AA 

BOTTOM VIEW 

DRAIN 
SOU~L.ANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

P-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

RFM12P08 RFM12P10 RFP12P08 

Drain-Source Voltage .•.••....•.•..••.•.....• VOS -80 -100 -80 
Drain-Gate Voltage (RGS '" 1 mOl ..••••...... VOGR -80 -100 -80 
Continuous Drain Current 

RMS Continuous •.••••••.•••....•••.......•• 10 12 12 12 
Pulsed Drain Current. .....•••...••••.......• IOM 30 30 30 

Gate-Source Voltage .•...••••...•........... VGS ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250 C .••....•...•••••...••••.......•. Po 100 100 75 
Above T C = +250 C, Derate Linearly ••...•.•....• 0.8 0.8 0.6 

Operating and Storage Junction •..••••.... T J, T STG -55 to +150 -55to+150 -55to+150 
Temperature Range 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM12P08, RFM12Pl0, RFP12P08, RFP12Pl0 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=2S0 C unless otherwise specified. 

LIMITS 

CHARACTERISTICS SYMBOL TEST RFM12P08 RFM12Pl0 
CONDITIONS RFP12P08 RFP12Pl0 

MIN. MAX. MIN. MAX. 
Drain-Source Breakdown Voltage BVoss 10=1 mA -80 ~ -100 ~ 

VGs=O 
Gate Threshold Voltage VGs(th) VGs=Vos -2 -4 -2 -4 

10=1 mA 
Zero Gate Voltage Drain Current loss Vos=-65 V ~ 1 ~ ~ 

Vos=-80 V ~ ~ ~ 1 

Tc=125°C 
Vos=-65 V ~ 50 ~ ~ 

Vos=-80 V ~ ~ ~ 50 ---
Gate-Source Leakage Current IGSS VGs=±20 V ~ 100 ~ 100 

Vos=O 
Drain-Source On Voltage Vos(on)a 10=6 A ~ -1.8 ~ -1.8 

VGs=-10V 
10=12 A ~ -4.8 ~ -4.8 

VGs=-10 V 
Static Drain-Source On Resistance ros(on)a 10=6 A ~ .3 ~ .3 

VGs=-10V 
Forward Transconductance 91sa Vos=-10V 2 -- 2 ~ 

10=6 A 
I nput Capacitance CISS Vos=-25 V ~ 1500 ~ 1500 

Output Capacitance Coss VGs=O V ~ 700 ~ 700 
Reverse Transfer Capacitance erss f = 1MHz ~ 300 ~ 300 

Turn-On Delay Time td(on) Voo=50 V 18(typ) 60 18(typ) 60 
Rise Time t, 10=6 A 90(typ) 175 90(typ) 175 
Turn-Off Delay Time td(off) Rge,,=Rg,=50 0 144(typ) 275 144(typ) 275 
Fall Time tf VGs=-10 V 94(typ) 175 94(typ) 175 
Thermal Resistance RBJC RFM12P08, ~ 1.25 ~ 1.25 

Junction-to-Case RFM12P10 
RFP12P08, ~ 1.67 ~ 1.67 
RFP12P10 

"Pulsed: Pulse duration = 300/-ls max., duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL TEST RFM12P08 RFM12Pl0 
CONDITIONS RFP12P08 RFP12Pl0 

MIN. I MAX. MIN. I MAX. 
Diode Forward Voltage Vso Iso=6 A ~ I 1.4 ~ I 1.4 

Reverse Recovery Time too IF=4 A 200(typ) 200(typ) 
d'F/df=100 A//-Is 

'Pulse Test: Width::; 300 /-IS, duty cycle::; 2%. 
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RFM12P08,RFM12P10, RFP12P08, RFP12P10 

92CS - 37106 R1 

Fig. 1 '-" Maximum safe operating' areas for all types. 

50 100 150 

CASE 'TEMPERATURE (Tc)_OC 

92CS- 37107 

Fig. 2 - Power dissipation vs. case !emperature de:rating 
curve for all types. 
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Fig, 4 - Normalized drain-fa-source on resistanc~ as a· fimction 
of junctIOn temperature for all types. . . 
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Fig, 3- TYPical normalized gate threshold voltage tis alunction 
of junction temperature for all types. 
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RFM12P08, RFM12P10, RFP12P08, RFP12P10 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 
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Fig. 10 - Typical forward transconductance as a function 
of drain current for all types 
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Fig. 7 - Typical saturation characteristics for all types. 
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mHARRIS RFD15P05/05SM 
RFP15P05 

May 1992 

Features 

• -1SA, -SOV 

• rDS(on) = 0.1S0 n 
• 1I1S SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The RFD15P05, RFD15P05SM and RFP15P05 p-channel 
power MOSFETs are manufactured using the MegaFET 
process. This process, which uses feature sizes 
approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. 
They were designed for use in applications such as 
switching regulators, switching converters, motor drivers, 
relay drivers, and emitter switches for bipolar transistors. 
These transistors can ,be operated directly from integrated 
circuits. 

The RFD15P05 is supplied in the JEDECTO-251AA plastic 
package and the RFD15P05SM in the TO-252AA plastic 
package. The RFP15P05 is supplied in the JEDEC 
TO-220AB plastic package. 

P-Channel Enhancement Mode Power 
Field Effect Transistors (MegaFETs) 

Packages 
TO-220AB 
TOP VIEW 

TO-251AA 
TOP VIEW 

: SOURCE 
DRAIN 
GATE 

[~~~~:=~==:=lSOURCE D'i~~_ DRAIN 

4l~ .... .JJ:::::==~ GATE 

TO-252AA 
TOP VIEW a SOURCE 

D'i~~___ ',DRAIN 

GATE 

Terminal Diagram 
P~CHANNEL ENHANCEMENT MODE 

D 

s 

Absolute Maximum Ratings (rC "" 250 C),Unless Otherwise Specified 

Drain-$ource Voltage, VDSS ...••••.....•....••.•. ",' .......•.•••...••.•........••••.••..........••..•...•.•••••.•..•.••. -50V 
Drain-Gate Voltage, (RGS = 1 MOl, VDGR ..•.•..............••..•..... , ... ~ ..• ,.; .........•.•...•...................••..• -50V 
Gate-Source Voltage, V GS ...•..............••••...••....•.•.•••.....• ,.... ... •• •• . .. . . • • . . . . . . • . . . . . . . • . • • • • • . • .. . . •• ±20V 
Drain Current: 

RMS Continuous, ID ......... ; ... ; .....••.............•....••.........•....•................•... ,; ............••••.... -15A 
Pulsed, 10M ................•......•...................•...••........... , •.......•. .' •.......•.........•.......••••... -40A 

Avalanche Current, lAS ..•.....•.....••. ; ........................................................................ See Figure 2 
Power Dissipation, PO: ' , 

TC=+250C ...................................................................... ; .................. , ............... BOW 
Derate Above TC = +250 C ................................................ " .................................... O.533WfOC 

Operating and Storage ,Junction 
Temperature Range, TJ, TSTG ........................................................ : .•.•. ',' .. ; ••.. , .......... -550 C to + 1750 C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C, handling procdures should be followed, 
Copyright © Harris Corporation 1 992 
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Specifications RFD15P05, RFD15P05SM, RFP15P05 

Electrical Characteristics (TC = +250 C) Unless Otherwise Specified 

CHARACTERISTICS SYMBOLS 

Drain-Source Breakdown Voltage BVOSS 

Gate Threshold Voltage VGS(th) 

Zero Gate Voltage Orain Current lOSS 

Gate-Source Leakage Current IGSS 

Static Orain-Source on Resistance rOS(on) 

Turn-On Time I(on) 

Turn-On OelayTime td(on) 

RiseTime tr 

Turn-Off OelayTime id(off) 

Fall Time tf 

Turn-Off Time I(off) 

Total Gate Charge Og(total) 

Gate Charge at -1 OV Oq(-10V) 

Threshold Gate Charge Og(th) 

Plateau Voltage V(olateau) 

Turn-Off Energy Loss per Cycle Eoff 

Thermal Resistance, Junction to Case ReJC 

Thermal Resistance, Junction to Ambient ROJA 

Source-Drain Diode Ratings and Characteristics 

CHARACTERISTICS SYMBOLS 

Oiode Forward Voltage VSO 

Reverse Recovery Time trr 

CASE TEMPERATURE (To)-25dagC 

100.O~~~~~~~~~~~~~~~~~~~~~ -1-

r:------ -~r-I= = =::. +---+--I-f-

TEST CONDITIONS 

10 = 0.25 mA, VGS = OV 

VGS = VOS, 10 = 0.25 mA 

VOS = -40V, VGS = OV 

TC=1500 C 

VGS = ± 20V, VOS = OV 

10 = 15A, VGS = -10V 

VOO = -25V, 10 = 7.5A 
Ig1 = Ig2 = O.4A 
VGS (clamp): -1 OV, +0.6V 
RL=3.30 
(See Figure 12) 

VGS = 0 to -20V VOO=-40V 

VGS = Oto -10V 10 = 15A 

VGS = Oto -2V RL=2.670 

10 = 15A, VOS = -15V 

VOO = -25V, 10 = 7.5A, RL = 3.330 
L = 0.2~H, Ig1 = Ig2 = O.4A 
VGS (clamp): -1 OV, +0.6V 

TO-220AB, TO-251M, TO-252M 

TO-251 M, TO-252M 

TO-220AB 

TEST CONDITIONS 

ISO = 15A 

ISD = 15A, dlSO/dt = 1 OON~s 

en 
Il. 

tOO 

Idm 

! 10 

.!!! 

1 

~ 

\~~:~II 
If RIO 
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Figure 1 - Safe operating area curve. (Curves must be derated linearly 
with increase in temperature.) 

Figure 2 - Unclamped inductive-switching safe-operating-area curve. 
(Single pulse UlS SOA). See Figure 13 for test circuit. 
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Figure 12 - Resistive switching. 
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mtHARRIS RFH25POS/25P10 
RFK25POS/25P10 

August 1991 

Features 

• -25A, -100V and -80V 

• rDS(on) = 0.150 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFH25P08 and RFH25P10 and the RFK25P08 and 
RFK25P10 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate
drive power. These types can be operated directly from 
integrated circuits. 

The RFH series types are supplied in the JEDEC 
TO-218AC plastic package and the RFK series types in the 
JEDEC TO-204AE steel package. 

P-Channel Enhancement-Mode 
Power Field-Effect Transistors 

Packages 
TO-218AC 
TOP VIEW 

TO-204AE 
BOTTOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (TC = 250 C) Unless Otherwise Specified 

RFH25P08 RFH25Pl0 RFK25P08 

Drain-Source Voltage. . . . . . . . . . • . . . . . . • . . . . .. VDS -80 -100 -80 
Drain-Gate Voltage (RGS = 1 mOl .•....•.•... VDGR -80 -100 -80 
Continuous Drain Current 

RMS Continuous ...........•................ 10 -25 -25 -25 
Pulsed Drain Current. •......•.•...........•• 10 M -60 -60 -60 

Gate-Source Voltage •..........•............ VGS ±20 ±20 ±20 
Maximum Power Dissipation 

TC = +250C ......•....•.•................•. Po 150 150 150 
Above TC = +250 C, Derate Linearly .......•••.•. 1.2 1.2 1.2 

Operating and Storage Junction ..•..•...•. T J, T STG -55 to +150 -55 to +150 -5510+150 
Temperature Range 

CAUTION: These devices are sensitive 10 eleclroslalic discharge. Proper I.C. handling procedures should be followed. 
Copyrighl © Harris Corporation 1991 
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Specifications RFH25P08, RFH25Pl0, RFK25P08, RFK25Pl0 

Electrical Characteristics (Tc = 250 C), Unless Otherwise Specified 

LIMITS 

RFH25P08 RFH25P10 

TEST RFK25P08 RFK25P10 

CHARACTERISTIC SYMBOLS CONDITIONS MIN. MAX. MIN. MAX. UNITS 

Drain-Source Breakdown Voltage BVOSS 10= 1.0mA, VGS=O -80 - -100 - V 

Gate Threshold Voltage VGS(th) VGS=VOS,IO = 1mA -2 -4 -2 -4 V 

Zero-Gate Voltage Drain Current lOSS VOS=-65V - -1 - - f1A 
VOS=-80V - - - -1 JlA 

TC=1250 C 

VOS=-65V - -50 - - "A 

VOS=-80V - - - -50 f1A 
Gate-Source Leakage Current IGSS VGS = ±20V, VOS = 0 - 100 - 100 nA 

Drain-Source On-Voltage VOS(on)* 10 = 12.5A, VGS = -1 OV - -1.88 - -1.88 V 

10 = 25A, VGS = -1 OV - -4.5 - -4.5 V 

Static Drain-Source On Resistance rOS(on)* 10 = 12.5A, VGS = -1 OV - 0.15 - 0.15 n 

Forward Transconductance gts* 10 = 12.5A, VOS = -10V 4 - 4 - S(m 

Input Capacitance C'SS VGS = OV, VOS = -25V - 3000 - 3000 pF 

Output Capacitance COSS 
f= 1MHz - 1500 - 1500 pF 

Reverse Transfer Capacitance CRSS - 600 - 600 pF 

Turn-On Delay Time td(on) 10 = 12.5A, VOS = -50V 35 (typ) 50 35 (typ) 50 ns 

Rise Time tr 
RGEN = RGS = 50n 

165 (typ) 250 165 (typ) 250 ns VGS=-10V 

Turn-Off Delay Time td(off) 270 (typ) 400 270 (typ) 400 ns 

Fall Time tf 165 (typ) 250 165 (typ) 250 ns 

Thermal Resistance Junction-to-Case ReJC RFK25P08,RFK25P10 - 0.83 - 0.83 ocm 

* Pulsed: Pulse duration = 300"s max., duty cycle = 2%. 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

RFH25P08 RFH25P10 

TEST RFK25P08 RFK25P10 

CHARACTERISTIC SYMBOLS CONDITIONS MIN MAX MIN MAX UNITS 

Diode Forward Voltage VSO** ISO =-12.5A - 1.4 - 1.4 V 

Diode Reverse Recovery Time trr IF=4A - 300 (typ) - 300 (typ). ns 
dlF/dt = 100N"s 

** Pulsed test: Width <0 300,,8, duty cycle., 2%. 
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Fig. 3 - Typical normalized gata threshold voltage as a function of 
junction temperature for all types. 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
Reier to Harris application notes AN-7254 and AN-7260. 
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Fig. 10- Typical forward transconductance as a function of drain 
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Fig. 7 - Typical saturation characteristics for a/l types. 

~ 3000 

I 

~ 

FREQUENCY (1) " 1 MHz 

C,,' 
Coss 

10 -20 -30 40 -50 
DRAIN-TO-SOURCE VOl-TAGE (Vos)-V 

92C5-37247 

Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 

4Jl 

I 
1- ________ _ 

92C5-37408 

Fig. 11 - Switching Time Test Circuit. 

VDD" 
-50V 

5-186 



1Il HARRIS 

August 1991 

Features 

• -30A, -50V 

• rDS(on) = 0.065 !l 

• UIS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 1750 C Operating Temperature 

Description 

The RFG30P05 and RFP30P05 p-channel power 
MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those 
of LSI integrated circuits, gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed for use in applications such as switching 
regulators, switching converters, motor drivers, relay 
drivers, and emitter switches for bipolar transistors. These 
transistors can be operated directly from integrated circuits. 

The RFG30P05 is supplied in the JEDEC TO-247 plastic 
package and the RFP30P05 in the TO-220AB plastic 
package. 

RFG30P05 
RFP30P05 

P-Channel Enhancement Mode Power 
Field Effect Transistors (MegaFETs) 

Packages 
TO-220AB 
TOP VIEW 

TO-247 
TOP VIEW 

Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

Absolute Maximum Ratings (TC == 250 C), Unless Otherwise Specified 

Drain-Source Voltage, VOSS ............................................................................................ -SOY 
Drain-Gate Voltage, (RGS = 1 mO), VOGR .......................•....................•.•................................. -SOV 
Gate-Source Voltage, VGS ............................•......•••...........•.......................................... ±20V 
Drain Current 

RMS Continuous, 10 ........................................•............•................•........•.......•.....•... -30A 
Pulsed, 10M ......................•......................................•.............•........................•.... -7SA 

Single Pulse Avalanche Rating, Refer to UIS SOA Curve 
Power Dissipation, PO: 

TC = +2SoC ......................................•....•........................................................... 120W 
Derate Above T C = +2SoC .............................................•...............•......................... O.8WfOC 

Operating and Storage Junction 
Temperature Range, TJ, TSTG .................................................................................. -SS to +17SoC 

CAUTION: These devices are sensitive to electrostatic discharge. Pl'oper I.C. handling procdures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFG30P05, RFP30P05 

Electrical Characteristics (Tc = +250 C) Unless Otherwise Specified 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 

Orain-Source Breakdown Voltage BVOSS 10 = 0.25 mA, VGS = OV 

Gate Threshold Voltage VGS{th) VGS = VOS, 10 = 0.25 mA 

Zero Gate Voltage Orain Current lOSS VOS = -40V, VGS = OV 

TC=1500C 

Gate-Source Leakage Current IGSS VGS=±20V 

Static Orain-Source on Resistance rOS(on) 10 = 30A, VGS = -10V 

Turn-On Time I(onl VOO = -25V, 10 = 15A 

Turn-On Oelay Time Id(on) 
Ig1 = Ig2 = O.BA 

Rise Time tr 
VGS (clamp): -1 OV, +0.6V 
RL=1.670 

Turn-Off OelayTime Id(off) 

Fall Time tf 

Turn-Off Time I(off) 

Total Gate Charge Og(total) VGS = 0 to -20V VOO=-40V 

Gate Charge at -1 OV 0g(-10V) VGS=Oto-10V 10=40A 

Threshold Gate Charge Og(th) VGS=Oto-2V RL=1.330 

Plateau Voltage V(plateau) 10 = 30A, VOS = -15V 

Turn-Off Energy Loss per Cycle Eoff VOO = -25V, 10 = 15A, RL = 1.670 
L = 0.2flH,lg1 = Ig2 = 0.8A 
VGS (clamol: -1 OV, +0.6V 

Thermal Resistance, Junction to Case ROJC 

Thermal Resistance, Junction to Ambient ROJA 

Source-Drain Diode Ratings and Characteristics 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 

Oiode Forward Voltage VSO ISO=30A 

Reverse Recovery Time trr ISO = 30A, dlSO/dt = 100NflS 

CASF TEMPERATURE (0)-25 degC 100 
Idm 100.0~.~_ 

~~ ~_d_M __ ~~~~~~~H ______ +-~ __ +-~~~ 

>z 
w 
~ 
~ 

G 

~--- C [)D 

10.0_~_ 
AR A IS LI IT 0 8 R . ,'", o",n-'.) --f----i--f-H-+t-H 
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Vd s 
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.......... 

~ 

If R 0 
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If R 0 
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LIMITS 

MIN MAX. 
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2 4 
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50 
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- 0.0.65 

- 80 

15 (typ) -
23 (typ) -
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- 75 
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- 80 
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ns 
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nC 
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j I SCd 
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ORAIN-TO-SOURCE VOLTAGE (Yds) - YOLTS TIME IN AVALANCHE (tav) - MILLISECONDS 
100.0 

Figure 1 - Safe operating area curve. (Curves must be derated linearly 
with increase in temperature.) 

Figure 2 - Unclamped inductive-switching safe-operating-area curve. 
(Single pulse UIS SOA). See Figure 13 for test circuit. 
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Features 

• -30A, -60V 

• rOS(on) = 0.075 n 
• UIS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 1750 C Operating Temperature 

Description 

The RFG30P06 and RFP30P06 p-channel power 
MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those 
of LSI integrated circuits, gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed for use in applications such as sWitching 
regulators, switching converters, motor drivers, relay 
drivers, and emitter switches for bipolar transistors. These 
transistors can be operated directly from integrated circuits. 

The RFG30P06 is supplied in the JEDEC TO-247 plastic 
package and the RFP30P06 in the TO-220AB plastic 
package. 

RFG30P06 
RFP30P06 

P-Channel Enhancement Mode Power 
Field Effect Transistors (Me,gaFETs) 

Packages 
TO-220AB 
TOP VIEW 

TO'-247 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

P-CHANNEL ENHANCEMENT MODE 

D 

G 

5 

Absolute Maximum Ratings (TC = 250 C), Unless Otherwise Specified 

Drain-Source Voltage, VOSS ............................................................................................ -60V 
Drain-Gate Voltage, (RGS = 1 mOl, VOGA. ................................................................................ -60V 
Gate-Source Voltage, VGS ............................................................................................ ±20V 
Drain Current 

RMS Continuous, 10 ........................................... 0> .................................................. ". -30A 
Pulsed,IOM ......................................................................................................... -75A 

Single Pulse Avalanche Rating, Refer to UIS SOA Curve 
Power Dissipation, PO: 

TC = +250 C ....................................................................................................... 135W 
Derate Above T C = +250 C .................................................................................... , .. O.9WfOC 

Operating and Storage Junction 
Temperature Range, TJ, TSTG ............ , ................. , ................................................... -55to+1750 C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be followed, 
Copyright © Harris Corporation 1991 
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Specifications RFG30P06, RFP30P06 

Electrical Characteristics (TC = +25oC) Unless Otherwise Specified 

CHARACTERISTICS SYMBOLS 

Orain-Source Breakdown Voltage BVOSS 

Gate Threshold Voltage VGS(th} 

Zero Gate Voltage Orain Current lOSS 

Gate-Source leakage Current IGSS 

Static Orain-Source on Resistance roS(on) 

Turn-On Time I(on) 

Turn-On Oelay Time id(on) 

RiseTime tr 

Turn-Off OelayTime id(off) 

Fall Time tf 

Turn-Off Time 'toff) 

Total Gate Charge QQ(tolal} 

Gate Charge at -1 OV Qg(-10V) 

Threshold Gate Charge Qa(th) 

Plateau Voltage V(plateau} 

Turn-Off Energy loss per Cycle Eoff 

Thermal Resistance, Junction to Case ReJC 

Thermal Resistance, Junction to Ambient RaJA 

Source-Drain Diode Ratings and Characteristics 

CHARACTERISTICS SYMBOLS 

Oiode Forward Voltage VSO 

Reverse Recovery Time trr 

100.0 
CASE TEMPERATURE CTc)"25degC 

Ir-a-MRX U 
,-

10.0 
\ ", 

," ZOP!:. 

A N H S 
AR A IS LI IT 0 B R ( on) 

1.0 

r-----c--
dss -_ .. ----
AX'-6 V 

TEST CONDITIONS 

10 = 0.25 mA, VGS = OV 

VGS = VOS, 10 = 0.25 mA 

VOS = -40V, VGS = OV 

TC=1500C 

VGS=±20V 

10 = 30A, VGS = -10V 

VOO = -30V,10 = 15A 
Igl = Ig2 = O.SA 
VGS (clamp): -1 OV, +0.6V 
Rl = 2.00. 

VGS = 010 -20V VOO=-48V 

VGS=Oto-l0V 10=30A 

VGS = Oto-2V Rl = 1.60. 

10 = 30A, VOS = -15V 

VOO = -30V,10 = 15A, Rl = 2.00. 
l = 0.2~H,lgl = Ig2 = O.SA 
VGS (clamp): -1 OV, +0.6V 

TEST CONDITIONS 

ISD=30A 

ISO = 30A, dlSO/dt = 100NI'S 

100 
Idm 

10 

r---. 

1--

If R 0 
tav .. C L)( a 

lbv~( 0 
L/R) I 

)1 

[e 

-........ 

'----

RATE 

lie I 

LIMITS 

MIN MAX. 

-60 -
-2 -4 

- 1 

50 

- 100 

- 0.075 

- 60 

15 (typ) -
23 (typ) -
2S (typ) -
18 (typ) -

- 100 

- 200 

- 100 

- 7 

- -S 

- 75 

- 1.11 

- so 

LIMITS 

MIN MAX. 

- 1.5 

- 150 

i no 
i ng 

, .. J7 

B dss V 

3 , ATE[ - V 

0.1 
I 
0.1 1.0 10.0 

UNITS 

V 

V 

~A 

~A 

nA 

0. 

ns 

ns 

ns 

ns 

ns 

ns 

nC 

nC 

nC 

V 

~J 

°C/W 

°C/W 

UNITS 

V 

ns 

2 e 
j - I d 

r---. 

d) + I 

-I TIME IN AVALANCHE e lay) - MILLISECONOS -10 
DRAIN-TO-SOURCE VOLTAGE eVds) - VOLTS 

-100 100.0 

Figure 1 - Safe operating area curve. (Curves must be derated linearly 
with increase in temperature.) 

Figure 2 - Un clamped inductive-switching safe-operating-area curve. 
(Single pulse UIS SOA). See Figure 13 for test circuit. 
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Figure 3 - Maximum continuous drain current vs case temperature. Figure 4 - Normalized power dissipation vs case temperature. 
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Tc=25de C 

Vgs"'-BV 

Vgs=-6V 

Vgs""-5V 

Vgs=-4V 

-2 -4 -6 -8 -10 
DRAIN-TO-SOURCE VOLTAGE. (Vds) VOLTS 

Figure 5 - Typical saturation characteristics. 
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I--' 

0.5 r---------- -.--~ _._---

0.0 
-50 50 100 150 

JUNCTION F,MPERATURE (T jl dogC 

Figure 7 - Normalized on-state resistance vs 
junction temperature. 
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Figure 6 - Typicaltrans/er characteristics. 
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Figure 8 - Normalized gate threshold voltage vs junction temperature. 

5-194 



RFG30PO~RFP30P06 

2.0,-------,---------,-------,--------,--~ld~.~2~5~Ou~A~ 5000 
Ygs""DV FREQUENCY (f)=IMHz 

~ 

~ 

W O 

~> 
Z7 -;; 1 .5 r------+--------r------+---------j---------I 
OW 

<-;-~ 
~::; 

~ ~ I .ob====+----~====:f====1==----~ 

4000 

~ 3000 

w 
u 
z 

r'\ 
'\ 

\-

- ... -- ----- C i 58 ----------o~ 
w~ ~ 2000 

\ \:-- -------- ---------
::::;~ '-., 
~ 

~ ~ 0,5 f----------,~---------__+--------+_---------+--------_I 

u 
~ 
a. 
~ 
u 

1000 
\ .---...---. 

~.~. 
00 z; 

O.OL-------~-------L-------L-------J------~ 

-50 50 100 150 200 
o 
o 

'- -. 
Crss 

- 5 -10 -15 -20 
J UNCT I ON TEMPERATURE (T j ) dogC DRAIN-TO SOURCE VoUAGE (Vds) VoUS 

Figure 9 - Normalized drain source breakdown voltage vs 
junction temperature. 

Figure 10 - Typical capacitance vs voltage. 
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Figure 11 - Normalized switching waveforms for constant gate current. 
(Refer to application notes AN-7254 and AN-7260.) 
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Figure 12 - Resistive switching. 
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DUT 

UIS Test Circuit 
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UIS Waveforms 

Figure 13 - Unc/ampeci-inductive-switching test. 
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((I HARRIS RFG60P05E 
RFG60P06E 

January 1994 

P-Channel Enhancement-Mode Power 
Field-Effect Transistors (MegaFETs) 

Features 

• RFG60P05E = -60A, -50V, rDS(on) = 0.0260 

• RFG60P06E = -60A, -60V, rDS(on) = 0.0300 

• Electrostatic Discharge Rated 

• UIS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Package 
TO-247 

TOP VIEW 

• 1750 C Operating Temperature 
Terminal Diagram 

Description 
The RFG60P05E and RFG60P06E p-channel ESD rated 
power MOSFETs are manufactured using the MegaFET 
process. This process, which uses feature sizes 
approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. 
They were designed for use in applications such as 
switching regulators, switching converters, motor drivers, 
relay drivers, and emitter switches for bipolar transistors. 
These transistors can be operated directly from integrated 
circuits. 

The RFG60P05E and RFG60P06E are supplied in the 
JEDEC TO-247 plastic package. 

Absolute Maximum Ratings (TC = 250 C), Unless Otherwise Specified 

Drain-Source Voltage ................•............•••....•....•.•...... VOSS 
Drain-Gate Voltage (RGS = 1 mO) ................•.•......••..•..•....•. VDGR 
Continuous Drain Current 

RMS Continuous ....................................................... 10 
Pulsed Drain Current. .................................................. 10M 

Gate-Source Voltage ................................................... VGS 
Electrostatic Discharge Rating ........................................... ESO 

MIL-STO-883, Category 8(2) 
Single Pulse Avalanche Rating (Refer to UIS SOA Curve) 
Maximum Power Dissipation 

TC = +250C ........................................................... Po 
Above T C = +250C, Derate Linearly ....................................... . 

Operating and Storage Junction ...................................... T J, TSTG 
Temperature Range 

P-CHANNEL ENHANCEMENT MODE 

o 

G 

s 

RFG60P05E RFG60P06E 

-50 -60 
-50 -60 

-60 -60 
-150 -150 
±20 ±20 

2 2 

190 215 
1.27 1.43 

-55to +175 -5510 +175 

UNITS 

V 
V 

A 
A 
V 

KV 

W 
WloC 

oc 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be. followed. 
Copyright © Harris Corporation 1994 

File Number 2745.2 
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Specifications RFG60P05E 

Electrical Characteristics (Tc = +250 C) Unless Otherwise Specified 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS MIN MAX. UNITS 

Drain-Source Breakdown Voltage BVOSS 10 = 0.25 mA, VGS = OV -50 - V 

Gate Threshold Voltage VGS(th) VGS = VOS, 10 = 0.25 mA -2 -4 V 

Zero Gate Voltage Orain Current lOSS VOS = -40V, VGS = OV - 1 !1A 
TC=1500 C - 50 !1A 

Gate-Source Leakage Current IGSS VGS=±20V - 100 nA 

Static Orain-Source on Resistance rOS(on) 10 = 60A, VGS = -10V - 0.026 0 

Turn-On Time I(on) VOO = -25V, 10 = 30A - 125 ns 

Turn-On Oelay Time. Icl(on) 
Igl = Ig2 = 2.0A 20 (typ) - ns 

RiseTime Ir 
VGS (clamp): -1 OV, +0.6V 

70 (typ) - ns RL=0.830 

Turn-Off OelayTime Icl(offl 65 (typ) - ns 

Fall Time tf 20 (typ) - ns 

Turn-Off Time I(offl - 125 ns 

Total Gate Charge Og(total) VGS = Oto-20V VOO=-40V - 450 nC 

Gate Charge at -1 OV Og(-10V) VGS=Oto-l0V 10=60A - 225 nC 

Threshold Gate Charge Oo(thl VGS = Oto-2V RL=0.670 - 15 nC 

Plateau Voltage V(plateau) 10 = 60A, VOS = -15V - -8 V 

Turn-Off Energy Loss per Cycle Eoff VOO = -25V, 10 = 30A, RL = 0.830 - 300 I'J 
L = 0.2I'H, Igl = Ig2 = 2.0A 
VGS (clamp): -1 OV, +0.6V 

Thermal Resistance, Junction to Case RSJC - 0.79 oC/W 

Thermal Resistance, Junction to Ambient RSJA - 80 °C/W 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS MIN MAX. UNITS 

Oiode Forward Voltage VSO ISO=60A - 1.5 V 

Reverse Recovery Time Irr ISO = 60A, dlSO/dt = 100NI's - 200 ns 
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Specifications RFG60P06E 

Electrical Characteristics (TC = +250 C) Unless Otherwise Specified 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 

Orain-Source Breakdown Voltage BVOSS 10 = 0.25 mA, VGS = OV 

Gate Threshold Voltage VGS(th) VGS = VOS, 10 = 0.25 mA 

Zero Gate Voltage Orain Current lOSS VOS = -48V, VGS = OV 

TC=1500 C 

Gate-Source Leakage Current IGSS VGS=±20V 

Static Orain-Source on Resistance rOS(on) 10 = 60A, VGS = -10V 

Turn-On Time t(on) VOO = -30V,10 = 30A 

Turn-On OelayTime 1d(on) 
Ig1 = Ig2 = 2.0A 

Rise Time tr 
VGS (clamp):-10V,+0.6V 
RL = 1.00 

Turn-Off OelayTime 1d(OffL 

Fall Time tf 

Turn-Off Time _troff) 

Total Gate Charge Og(tota!) VGS = 0 to -20V VOO=-48V 

Gale Charge at -1 OV 0g(-10Vj VGS = Oto -10V 10 = 60A 

Threshold Gate Charge Og(th) VGS=Oto-2V RL=0.8O 

Plateau Voltage V(plaleau) 10 = 60A, VOS = -15V 

Turn-Off Energy Loss per Cycle Eoff VOO = -30V, 10 = 30A. RL = 1.00 
L = 0.2~H,lg1 = Ig2 = 2.0A 
VGS (clamp): -1 OV, +0.6V 

Thermal Resistance, Junction to Case RSJC 

Thermal Resistance, Junction to Ambient ROJA 

Source-Drain Diode Ratings and Characteristics 

CHARACTERISTICS SYMBOLS TEST CONOITIONS 

Oiode Forward Voltage VSO ISO =60A 

Reverse Recovery Time tr, ISO = 60A, dlSO/dt = 1 OON~s 

5-199 

LIMITS 

MIN MAX. 

-60 -
-2 -4 

- 1 

- 50 

- 100 

- 0.030 

- 125 

20 (typ) -
60 (typ) -
65 (typ) -
20 (typ) -

- 125 

- 450 

- 225 

- 15 

- -8 

- 300 

- 0.70 

- 80 

LIMITS 

MIN MAX. 

- 1.5 

- 200 

UNITS 

V 

V 

~A 

~A 

nA 

0 

ns 

ns 

ns 

ns 

ns 

ns 

nC 

nC 

nC 

V 

~J 

°C/W 

°C/W 

UNITS 

V 

ns 
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I
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cs::!i 
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RFG60P05E, RFG60P06e ' 
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~···HARRIS .w '. 2N6901 
August 1991 

N-Channel Logic Level 
Power MOS Field-Effect Transistors (L 2FET) 

Features 

• 1.69A, 100V 

• rDS(on) = 1.40 

Package 
TO-205AF 

BOTTOM VIEW 

• Design Optimized for 5V Gate Drive 

• Can be Driven Directly from aMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation .Limited 

SOU~.RCE 0 " ."ATE DR.,. 

. ~(CASE) 
• Nanosecond SWitching Speecls' 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Devi.ce 
Termin.al Diagram 

N-CHANNEL ENHANCEMENT MODE 

Description 

The 2N6901 is an N-'channel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level (5V) driving sources in applications such as programma
ble controllers,aut()motive switching, and solenoid drivers. This per
formimce is accomplishedthrc;>ugh a special gate oxide design 
which provides full rated conduction at gate biases in the 3V - 5V 
range,therefore facilitating true on:-off power control directly from 
logic circuit supply voltages. 

The 2N6901issupplled in the JEDEC TO-205AF metal package. 

Absolute Maximum Ratings (TC"" +250 C), Unless Otherwise Specified 

G 

Drain-Source Voltage .....•......................................... , ...•. ; ....... " ••.. VDS 
Drain-Gate Voltage (RGS = 1 MO) ..........................•.......... , ••..• , ........••. VDGR 
Continuous Drain Current 

TC=+250C ...... ; ...................... ; ...................... , ................. , .... 10, 
Pulsed Drain Current. .................................................................... IDM 
Gate-Source Voltage ...................................... : ..................... ' ....... VGS 
MaximumPower DisSipation 

TC=+250 C ....... , ............... , ................................................. · ...... PD 
AboveTC = +250C, DeiateLinearly ........................................ , .... : ........... . 

Operating and Storage Junction Temperature Range: ....•.... , ......................... TJ, TSTG 
Maximum Lead Temperature for Soldering .................................................... TL 

At distance> 1/8 in. (3.17mm) from seating plane for lOs max' . 

*JEOEC registered values 

CAUTION: 'These devices 'are 'sensit~e to electrost~tic discharge. Proper I.C. handlinQ procedures 'should be followed. 
Copyright © Harris Corporation 1991 
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2N6901 UNITS 

100* V 
100* V 

1.69' A 
5' A 

±10* V 

8.33* W 
0.0667* W/oC 

-5510 +150* °C 
260* °c 

File Number 1877.1 



Specifications 2N690 1 

ELECTRICAL CHARACTERISTICS at Case Temperature (Te) = 25°C unless otherwise specified. 

CHARACTERISTIC TEST CONDITIONS 

Drain-Source Breakdown Voltage BVoss 10 = 1 mAo Vas - 0 
Gate Threshold Voltage Vas (th) Vas - Vos. 10 - 1 mA 

, Zero Gate Voltage Drain Current loss Vos = 80 V 
Te = 125°C. Vos = 80 V 

Gate-Source Leakage Current IGSS Vas = ±10 V. Vos = 0 
, Drain-Source On Voltage Vos(on)a 10 = 1.07 A. Vas = 5 V 

10 = 1.69 A. Vas = 5 V 
, Static Drain-Source On Resistance ros(on)a 10 = 1.07 A. VGS = 5 V 

Te = 125°C. 10 = 1.07 A. VGS = 5 V 
, Forward Transconductance g .. a Vos - 5 V. 10 = 1.07 A 
, Input Capacitance CiS8 Vos - 25 V 
, Output Capacitance Coos Vas = 0 V 
, Reverse Transfer Capacitance Crss f = 0.1 MHz 
, 

Turn-On Delay Time t.(on) Voo - 50 V 
, Rise Time t, 10 = 1.07 A 
, Turn-Off Delay Time t.(oft) Rgen=Rgs=15Q 
, Fall Time tf Vas = 5 V 
, Thermal Resistance Junction-to-Case R8te 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC TEST CONDITIONS 

, Diode Forward Voltage vsoa Iso = 1.69 A 
Reverse Recovery Time t" IF = 1 A. d'F/dt = 50 A/J1.S 

'In accordance with JEDEC registration data. 
apulsed: Pulse duration = 300 J1.S max., duty cycle = 2%. 

DRAIN-TO-SOURCE VOLTAGE (VDsl-V 

92CM-40707 

Fig. 1 - Maximum operating areas. 
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LIMITS 
UNITS 

Min. Max. 
100 - V 
1 2 V 
- 1 

J1.A - 50 
- 100 nA 
- 1.5 

2.4 
V -

- 1.4 
Q - 2.6 

500 2000 mmho 
50 200 
20 80 pF 
5 20 
- 25 
- 45 ns 
- 45 
- 80 
- 15 °C/W 

LIMITS 
UNITS 

Mln·IMax. 
0.8 11.6 V 
- 1250 ns 
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Fig. 3 - Typical normalized gate threshold voltage as a 
function of junction temperature. 
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Fig. 8 - Typical forward transconductance a,s a funciion of 
drain current. 
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mHARRIS 2N6902 
August 1991 

N-Channel Logic Level 
Power MOS Field-Effect Transistors (L 2FET) 

Features 

• 12A, 100V 

• rDS(on) = 0.20. 

Package 
TO-204AA 

BOTTOM VIEW 

• Design Optimized for SV Gate Drive 

• Can be Driven Directly from aMOS, NMOS, TTL Circuits 

DRAIN 
SOU~LANGE) 

o • Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 
GATE 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 
Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

Description 

The 2N6901 is an N-channel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level (5V) driving sources in applications such as programma
ble controllers, automotive switching, and solenoid drivers. This per
formance is accomplished through a special gate oxide design 
which provides full rated conduction at gate biases in the 3V - 5V 
range, therefore facilitating true on-off power control directly from 
logic circuit supply voltages. 

The 2N6902 is supplied in the JEDEC TO-204AA steel package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

G 

Drain-Source Voltage. . . • . . . .. . . . • . . .. . . . .. • .. .. . . . . . • . • . . . . . .. • . . . . . .. . . . .. . .. . . . . . .. .• VOS 
Drain-Gate Voltage (RGS = 1 MOl· ..........•.....•......••.••......••....••••....•.••.. VOGR 
Continuous Drain Current 

TC = +250 C ........................................................................... 10 
Pulsed Drain Current. .................................................................... 10M 
Gate-Source Voltage ................................................................... V GS 
Maximum Power Dissipation 

TC = +250C ........................................................................... Po 
Above T C = +250 C, Derate Linearly ........................................................ . 

Operating and Storage Junction Temperature Range .................................... T J, TSTG 
Maximum Lead Temperature for Soldering ................................................... TL 

At distance> 1/8 in. (3.17mml from seating plane for 10s max 

*JEDEC registered values 

CAUTION: These devices are sensitive to electfOstatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6902 

ELECTRICAL CHARACTERISTICS al Case Temperalure (Tc. = 25°C) unle~s otherwise specified 

. 
CHARACTERISTIC TEST CONDITIONS 

Drain-Source Breakdown Voltaf;je . BVoss 10 " lmA. VGs.=' a 
Gate Threshold Voltage VGs(th) Vas = Vos. 10= 1 mA 

Zero Gate Voltaf;je Drain CUrrent loss Vos = 80 V 
; To = 125°C. Vos =.80 V 

Gate-Source Leakag.e Current IGSS .. VGS " .. ±1 a V •. VOS =0 

Drain-Source. On Voltage Vos(on)a 10= 7.6 A.Vas = 5 V 

Jo.= 12. A.Vas = 5 V 

Static Drain-Source. On Resistance ros(on)a 10 = 7.6 A 

Tc=125°C. 10=7.6A.VGs=5 V 

Forward Transconductance g .. a Vos = 5 V. 10 = 7 .. 6 A 

Input Capacitance CiBS .. Vos = 25V. 

Output Capacitance Coss VGs = OV 

Reverse~ Transfer Capacitance Cras 'f= 0.1 MHz 

Turn-On Delay Time' t.{on) Voo = 50V 

Rise Time t, 10 = 7.6 V 

Turn-Off Delay Time t.(off) R.en =R.B = 15·0',' 

Fall Time 
.,. 

tf VGs= 5V 

Thermal ResistSl)ce Junction-to-Case ROJC 
; 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

C.HARACTERISTIC 

Diode Forwarp Voltage 

Reverse Recovery Time 

• In accQrdance. withJEpEC registration data. 

Iso,=12A 

If = 4 A 

d'F/dt =100 A/p.s 

apulsed: pulse duration = 300 p.s. max .• duty cycle =,2%. 
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LIMITS 

MIN. MAX. 

I 100 -
1 2 

- 1 

- 50 

- 100 

- 1.52 

- 3.3 

- 0.2 

- 0.32 

3 12 

350 900 ., 

100 325 

25 100 

- 50 

.:...,. 150 

- 130 

- 150 

- ,1.67 

1.6 

315 

UNITS 

V 

V 

p.A 

nA 

V 

0 

mho 

pF 

, 

ns 

°C/W 

UNITS 

v 

ns 
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2N6902 

Fig. 6 - Typical drain-to-source on resistance as a function of drain 
current. 
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Fig. 8 - Typical forward transconductance as a function of drain 
current. 

6-10 

DRAIN-TQ-SOURCE VOLTAGE (Vosl-V 
92CS-37217 
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m HARRIS 2N6903 
January 1994 

N-Channel Logic Level 
Power MOS Field-Effect Transistors (L 2FET) 

Features 

• O.9SA, 200V 

• rDS(on) = 3.650 

Package 
TO-20SAF 

BonOMVIEW 

• Design Optimized for 5V Gate Drive 

• Can be Driven Directly from CMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOAis Power-Dissipation Limited 

SOU~TE DR"" 

U'(CASE) 

• Nanosecond SWitching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 
Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

Description 

The2N6903 is an N-channel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level (5V) driving sources in applications such as programma
ble controllers, automotive switching, and solenoid drivers. This per
formance is accomplished. through a special gate oxide design 
which provides full rated conduction at gate biases in the 3V - 5V 
range, therefore faCilitating true on-off power control directly from 
logiC circuit supply voltages. 

The 2N6903 is supplied in the JEDEC TO-205AF metal package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

G 

Drain-Source Voltage. ; .......................................•............•••..•.•••••• VDS 
Drain-Gate Voltage (RGS = 1 MOl .....................•.••....•.••.•.....••............. VDGR 
Continuous Drain Current 

TC = +2SoC .......... : ....•..............................•....................•....... 10 
Pulsed Drain Current. ...............•.•.•..•........•.......•............................ 10M 
Gate-Source Voltage ....................................................•.....•••...... VGS 
Maximum Power Dissipation 

TC=+250 C ..••...•.•........••••••..••....•••....••••••.•.•••••... ; .••............... PD 
AboveTc = +250 C, Derate Linearly •••..••...•••...................•......................••• 

Operating and Storage Junction Temperature Range •..••••••••....•••••....••.••....... TJ, TSTG 
Maximum Lead Temperature for Soldering ...•...•.•...................................•••... TL 

At distance> 1/8 in. (S.17mml frotn seating plane for 1 Os max 

*JEDEC registered values, 

CAUTION: These devices are,sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation·1994 . 
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Specifications 2N6903 

ELECTRICAL CHARACTERISTICS at Case Temperature (Tel = 25°C unless otherwise specified. 

CHARACTERISTIC TEST CONDITIONS 

Drain-Source Breakdown Voltage BVoss 10 = 1 mAo VGS - 0 
Gate Threshold Voltage VGs(th) VGS - Vos. 10 - 1 mA 
Zero Gate Voltage Drain Current loss Vos - 160 V 

Te - 125°C. Vos - 160 V 
Gate-Source Leakage Current IGSS VGS - ±1 0 V. Vos - 0 
Drain-Source On Voltage Vos(on)a 10 = 0.62 A. Vas - 5 V 

10 = 0.98 A. VGS - 5 V 
Static Drain-Source On Resistance ros(on)a 10 = 0.62 A. VGS = 5 V 

Te = 125°C. 10 = 0.62 A. VGS = 5 V 
Forward Transconductance g,.a Vos = 5 V. 10 = 0.62 A 
Input Capacitance Ci8S Vos = 25 V 
Output Capacitance Coss VGS = 0 V 
Reverse Transfer Capacitance C",s f=0.1 MHz 
Turn-On Delay Time td(on) Voo - 100 V 
Rise Time t, 10 = 0.62 A 
Turn-Off Delay Time td(off) Roen = Rgs = 15 Q 
Fall Time t, VGS = 5 V 
Thermal Resistance Junction-to-Case R8Je 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

t:HARACTERISTIC TEST CONDITIONS 

Diode Forward Voltage Vsoa Iso = 0.98 A 
Reverse Recovery Time tn IF = 1 A. d'F/dt = 50 AlJJ.S 

"In accordance with JEDEC registration data. 
apulsed: Pulse duration = 300 JJ.S max .• duty cycle = 2%. 

4 6 8100 

ORAl N - TO - sou ReE VOLTAGE (V 05)- v 

Fig. 1 - Maximum operating areas. 
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92CM-40709 

LIMITS 
UNITS 

Min. Max. 
200 - V 
1 2 V 
- 1 

pA 
- 50 
- 100 nA 
- 2.26 

V 
- 6 
- 3.65 

Cl - 7.7 
500 2000 mmho 
50 200 
15 60 pF 
2 20 
- 25 
- 30 ns 
- 40 
- 80 
- 15 °C/W 

LIMITS 
UNITS 

Min. Max. 
0.8 1.6 V 
- 500 ns 
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m HARRIS 2N6904 
August 1991 

N-Channel Logic Level 
Power MOS Field-Effect Transistors {L 2FET} 

Features 

• SA, 200V 

Package 
TO-204AA 

BonOMVIEW 

• rDS(on) = 0.60 

• Design Optimized for 5V Gate Drive 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

DRAIN 
SOU~LANGE) 

o • Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 
GATE 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 
Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

Description 

The 2N6904 is an N-channel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level (5V) driving sources in applications such as programma
ble controliers, automotive switching, and solenoid drivers. This per
formance is accomplished through a special gate oxide design 
which provides full rated conduction at gate biases in the 3V - 5V 
range, therefore facilitating true on-off power control directly from 
logic circuit supply voltages. 

The 2N6904 is supplied in the JEDEC TO-204AA steel package. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

G 

Drain-Source Voltage ................................................................... VDS 
Drain-Gate Voltage (RGS = 1 MO) .. , .................................................... VDGR 
Continuous Drain Current 

TC = +250 C ........................................................................... ID 
Pulsed Drain Current. .................................................................... 10M 
Gate-Source Voltage ................................................................... V GS 
Maximum Power Dissipation 

TC = +250 C ........................................................................... PD 
Above T C = +250 C, Derate Linearly ........................................................ . 

Operating and Storage Junction Temperature Range .................................... T J, TSTG 
Maximum lead Temperature for Soldering ................................................... T l 

At distance> 1/8 in. (3.17mm) from seating plane for 10s max 

*JEDEC registered values 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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2N6904 UNITS 

200' V 
200' V 

8' A 
20' A 

±10' V 

75' W 
0.6- W/oC 

-55 to +150- oC 
260- oC 
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.'. Specifications 2N6904 ' 

ELECTRICAL CHARACTERISTICS atCale .Temp~rature (Te: = 25° C) unless Qlherwls, specified, 
. 

.... 

" '. 
. ' .... 

LIMITS 
CHARACTERISTIC TEST CONDITIONS' UNITS 

MIN. MAX. 

Drain-Source Breakdown Voltage BVoss 10 =. 1 mA: VGS =0 , 200 - V 

· Ga.te Threshold Voltage Vos(th) VG$ = Vo", 10 = 1. mA 1 2 V 

Zero Gate Voltage Drain Current loss .... Yos= 160 V - 1 

Tc = 125°C, Vos = 160Y 
fiA 

- 50 

· Gate-Source Leakage Cu rrent IGSS . VGS = ±10V,Vos = 0 - 100 nA 

· Drain-Source On Voltage Vos(on)a 10=5,1. A,VGs= 5V - 3.06 
V 

10 " 8 A, VGS = 5 V - 5.5 

· Static Drain-Source On Resistance ros(on)a 1;'''5.lA - 0,6 
0 . 

Tc=125°C, io=5,lA, VGs=5 V - 1.11 

· Forward Transconductance 9,.a Vos = 5. V, 10=.5,1 A .3 12 mho 

Input Capacitance Ci8~ Vos =25 V 350 900 

Output CapaC:itaric:e C08S VGS = 0 V 75 250 pF 

Reverse-Transfer Capacitance Crss .1 =0,1 MH;!: 20 100 

Turn-On Delay Tirne td(on) Voo =100 V 
. - 45 

Rise Time .' t, . 10 =.5,1 A .. ' 

- 150 
ns 

Turn-Off Delay Time td(off) Rgon= Rg• =15 n - 135 . 
FalJTime 

.... . '. 
t, VGS 'C.5V - 150 

~. Thermal Resistance Junction-to-Case R8JC 
.' : - 1,67' ·C/W 

.. ' 

SOURCE.D.RAINpIODE RATINGS AND CHARACTERISTICS 

CHARACTERI.STIC TEST CONDITIONS UNITS 
MAX. 

Diode Forwl;lrd Voltage Is'1= a. A 0,8 1.6 V 

I~ =4 A 
625 ns 
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Fig. 1 - Maximum safe operating areas. 
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junction temperature. 
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PULSE DUAATION :BD,lLS 
DUTY CYCLE<2% 

~ 4 

~ 
z 
" 

o 
Te'" 40°C 

3 

GATE .. rO-SOURCE VOLTAGE (VGS1-V 

III 
..JI
UJUJ >11.. 
UJ~ 
..J :E .. 
Qo: 
CJUJ 
03: 
..JO 

Il. 



2N69 04 

I 

DRAIN CURRENT (IO)-A 

Fig. 6 - Typical drain-to-source on resistance as a function Of drain 
current. 

DRAIN CURRENT (Io)-A 

92CS-37226 

Fig. 8 - Typical forward transconductance as a function of drain 
current. 
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DRAIN ~TO-SOURCE VOLTAGE (Vos}-V 

92CS-37225 
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Fig. 7 - Capacitance as a function of drain-to-source voltage. 
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Fig. 9 - Switching time test circuit. 
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. RFI..1 NaSI.. 
RFI..1N101.. 

fl)HARRIS 

August 1991 

N-Channel logic level 
Power Field-Effect Transistors (l2FET) 

Features 

• tA, 80Vand 100V 

• rDS(ON) :;:: 1.20 

• Design Optimized for SV Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Package 

TO-205AF 
BonOMVIEW 

SOU~TE DRAlN 

~(CASE) 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

Description 

The RFl1 N08l and RFl1 N1 Ol are N-channel enhancement
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 

The RFl series types are supplied in the JEDEC TO-205AF 
steel package. 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage. . . . . . • . . . . . . . . • . • . . . . . . . • . • . . . . . . . . . • . • • . . . . . • . . .• VDS 
Drain-Gate Voltage (RGS '= 1 MOl· •..........••........•••......•..••..• VDGR 
Continuous Drain Current 

RMS Continuous •.•...• " .......................................•...... 10 
Pulsed Drain Current ................................................... 10M 

Gate-Source Voltage ................................................... VGS 
Maximum Po~er Dissipation 

TC=+250 C : .• i ....................................................... PD 
Above T G = +250 C, Derate Linearly ........................................ . 

Operating and Storage Junction Temperature Range •..••••••....••..••. TJ, TSTG 

G 

RFL1N08L 

80 
80 

1 
5 

±10 

8.33 
0.0667 

-55to+15O 

C.AUTlON:. These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Cop.¥righl.© Harris Corporation 1991 
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RFL1Nl0L UNITS 

100 V 
100 V 

1 A 
5 A 

±10 V 

8.33 W 
0.0667 w/oC 

-55 to +150 oC 
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Specifications RFL 1 NOBL, RFL 1 N 1 OL 

Electrical Characteristics (TC = +250 C), Unless Otherwise Specified 

LIMITS 

RFL 1N08L RFL1N10L 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Orain-Source Breakdown Voltage BVOSS 10=lmA,VGS=0 80 - 100 - V 

Gate Threshold Voltage VGS(th) VGS=VOS, 10 = lmA 1 2 1 2 V 

Zero-Gate Voltage Orain Current lOSS VOS=65V - 1 - - "A 

Vos=80V - - - 1 pA 

TC = +1250 C 
VoS=65V - 50 - - pA 

VOS=80V - - - 50 mA 

Gate-Source Leakage Current IGSS VGS = ±10V, VOS = 0 - 100 - 100 nA 

Orain-Source On-Voltage VOS(onj' 10=lA,VGS=5V - 1.2 - 1.2 V 

10 =2A, VGS =5V - 2.9 - 2.9 V 

Static Orain-Source On Resistance rOS(on), 10 = lA, VGS = 5V - 1.2 - 1.2 (1 

Forward Transconductance 91s' 10 = lA, VOS = 10V 800 - 800 - Sm) 

Input Capacitance CISS VGS = OV, VOS = 25V - 200 - 200 pF 

Output Capacitance COSS 
1= 1 MHz - 80 - 80 pF 

Reverse Transler Capacitance CRSS - 35 - 35 pF 

Turn-On OelayTime Id(on) 10 = lA, VOO = 50V 10 (typ) 25 10 (typ) 25 ns 

RiseTime Ir 
RGEN =00, 

15 (typ) 45 15 (typ) 45 ns RGS = 6.25V, VGS = 5V 
Turn-Off OelayTime Id(oll) 25 (typ) 45 25 (typ) 45 ns 

Fall Time tl 30 (typ) 50 30 (typ) 50 ns 

Thermal Resistance Junction-io-Case ROJC - 15 - 15 °C/W 

* Pulsed: Pulse duration = 30011S max., duty cycle = 2%. 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

RFL1N08L RFL1N10L 

CHARACTERISTIC SYMBOLS TEST CONOITIONS MIN MAX MIN MAX UNITS 

Oiode Forward Voltage VSO* ISO = -lA - 1.4 - 1.4 V 

Oiode Reverse Recovery Time trr IF=2A 100 (typ) 100 (typ) 100(typ) 100 (typ) ns 
dlF/dt = 50Nps 

* Pulse Test: Width::; 300,,5. Duty Cycle S 2%. 
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RFL1N08L, RFL1N10L 
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>
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0': 
Cl 

0.01 

OPERATION IN THIS AREA 
LIMITED BY Rds(on) 

It 

CASE TEMPERATURE (Tc)=250C 

"'-
i' 

'-' 10 
'" 0 z z: - -' -' u. U. 
0': 0': 

1 10 100 1000 
DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 

Fig. 1 - Maximum operating areas for all types. 
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Fig. 2 - Power dissipation vs. temperature derating curve 
for all types. 

IO: I rnA 

VGS " + 5V 
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JUNCTION TEMPERTURE (TJ )_OC 

92CS-37342 

Fig. 4 - Normalized drain-to-source on resistance to 
junction temperature for all types. 
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Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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BFL1N08L, RFL1N10L 

lJME - Microseconds 

Fig 6. - Normalized switching waveforms for constant gate-current 
Refer to Harrisapplicationn6tes AN-7254 and AN-7260. 
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Fig. 8 - Typical.drain·to·source on' resistance as a function 
of drain current for all types. 
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Fig., 10 - Typical forward transconductance as a function 
of drain current for all types., 
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Fig. 7- Typical saturation characteristics for all types. 
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m HARRIS RFI.1N12L 
RFL1N15L 

August 1991 

N-Channel Logic Level 
Power Field-Effect Transistors (L 2FET) 

Features 

• lA, 120V and 150V 

• rDS(ON) = 1.90 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from OM OS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFll N12l and RFll N15l are N-channel enhancement
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 

The RFl series types are supplied in the JEDEC TO-205AF 
metal package. 

Package 

TO-20SAF 
BOnOM VIEW 

SOUTI
RCE 

0 • GATE 

Terminal Diagram 

DRAIN 
(CASE) 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

RFL1N12L RFL lN15L UNITS 

Drain-Source Vollage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VDS 
Drain-Gate Vollage (RGS = 1 MO.) .•..................•.................. VDGR 
Continuous Drain Currenl 

RMS Continuous ............•.........•......•......................... ID 
Pulsed Drain Current. ••••••...•..•...........•.....•••.........•....... IDM 

Gate-Source Voltage ......••..•....••.•.•.......••................••... V GS 
Maximum Power Dissipation 

TC=+250C ........................................................... PD 
Above T C = +250C, Derate Linearly ........................................ . 

Operating and Storage Junction T emperalure Range .•...•..•.........•• T J, TSTG 

120 
120 

5 
±10 

8.33 
0.0667 

-5510+150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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150 V 
150 V 

A 
5 A 

±10 V 

8.33 W 
0.0667 WloC 

-5510+150 °c 
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Specifications RFL 1 N12L, RFL 1 N15L 

Electrical Characteristics (TC = +250 C). Unless Otherwise Specified 

LIMITS 

RFL lN12L RFL1N15L 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Drain-Source Breakdown Voltage BVDSS 10 = lmA. VGS=O 120 - 150 - V 

Gate Threshold Voltage VGS(th) VGS = VOS.IO = 2mA 1 2 1 2 V 

Zero-Gate Voltage Drain Current lOSS VOS=100V - 1 - - IiA 

VOS=120V - - - 1 .. ~A 

TC = +1250C 
VOS=100V - 50 - - ~A 

VOS= 120V - - - 50 mA 

Gate-Source Leakage Current IGSS VGS = ±10V. VOS =0 - 100 - 100 nA 

Drain-Source On-Voltage VDS(on)' 10 = lA. VGS =5V - 1.9 - 1.9 V 

10=2A,VGS=5V - 4.6 - 4.6 V 

Static Drain-Source On Resistance rOS(onj* 10=lA.VGS=5V - 1.9 - .1.9 0. 

Forward Transconductance g\s' 10 = lA. VOS = 10V 800 - 800 - Sm) 

Input Capacitance CISS VGS = OV. VDS = 25V - 200 - 200 pF 

Output Capacitance COSS 
f = lMHz - 80 - 80 pF 

Reverse Transfer Capacitance CRSS - 35 - 35 pF 

Turn-On Delay Time lel(on) 10 = lA. VOO = 75V 10 (typ) 25 10 (typ) 25 ns 

Rise Time tr 
RGEN=OCl. 

10 (typ) 45 10 (typ) 45 ns 
RGS = 6.250.. VGS = 5V 

Turn-Off Delay Time lel(off) 24 (Iyp) 45 24 (Iyp) 45 ns 

Fail Time If 30 (typ) 50 30 (typ) 50 ns 

Thermal Resislance Junction-Io-Case ROJC - 15 - 15 °C/W 

• Pulsed: Pulse duration = 300~s max .• duty cycle = 2%. 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

RFL1N12L RFL1N15L 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Diode Forward Voltage VSO' ISo=-lA - 1.4 - 1.4 V 

Diode Reverse Recovery Time trr IF=2A 150 (Iyp) 150 (typ) 150 (typ) 150 (typ) ns 
dlF/dl = 50Nps 

• Pulse Test: Width 5. 300~s, Duly Cycle ~ 2%. 
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RFL 1N12L,RFLtN15L 
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Fig. 1 - Maximum operating areas for all types. 
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Fig. 2 ~ Power dissipation vs. case temperature derating curve 
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Fig. 4 - Normalized·drain-to-source on resistance to 
junction temperature for all types. 
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Fig. 3 - Typical normalized gate threshold voltage as a fuhction 
of junction temperature for all types. 
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RFL1N12L, RFL1N15L 

o 
Q 
> 

RL = 75 Q 
IG(REF) = 0.095 mA 

VGS=10V 

TIME - Microseconds 

IG(REF) 
80-

tG(ACn 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-72IJ4 and AN-7260. 
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Fig. 8 - Typical drain-to·source on resistance as a function 
of drain current for all types. 
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Fig. 10 - Typical forward transconductance as a function 
of drain current for all types. 
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PULSE TEST 
PULSE DURATION = BOf1$ 
DUTY CYCLE < 2% 
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YGS" + 2V 
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Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source 
voltage for all types. 
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m HARRIS RFI.1N181. 
RFI.1N201. 

August 1991 

N-Channel Logic Level 
Power Field-Effect Transistors {L 2FET} 

Features 

• lA, l80V and 200V 

• rDS(ON) = 3.6S0 

• Design Optimized for SV Gate Drives 

• Can be Driven Directly from aMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

. ~ Majority Carrier Device 

Description 

The RFL 1 N18L andRFL 1 N20L are N-channel enhancement
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom' 
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
faCilitating true on-oft power control directly from logic circuit 
supply voltages. 

The RFL series types are supplied in the JEDEC TO-205AF 
metal package. 

Package 

TO-205AF 
BOTTOM VIEW 

SOU~ATE DRAlN 

~(CASE) 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

RFL1N18L RFL1N20L UNITS 

Drain-Source Voltage. • • . • . . . • . . . . . . • . . • • . . • . . . • . . . . . . • . . . . . . . . . . . . . . . .. VDS 
Drain-Gate Voltage (RGS = 1 MOl· ..•...•....••..••....•.••......•.••... VDGR 
Continuous Drain Current 

RMS Continuous ..•.•••....•.•.•....................................... 10 
Pulsed Drain Current. ..•.......••...•••..•..••....••••••.•...••.••.•••. 10M 

Gate-Source Voltage ..........................•......•.....•.••..•..•.. VGS 
Maximum Power Dissipation 

TC=+250 C , •••.•••..••...•...........•.......•...•......••...••.....• PO 
Above TC = +250 C, Derate Linearly ..•.••••..••...••••••..•.•••..••.•••.•... 

Operating and Storage Junction Temperature Range .....••••........•.. T J, TSTG 

180 
180 

4 
±10 

8.33 
0.0667 

-55to+150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
CopyrighHg)·Harris Corporation 1991 
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Specifications RFL 1 N 18L, RFL 1 N20L 

Electrical Characteristics (TC = +250 C), Unless Otherwise Specified 

LIMITS 

RFL1N18L RFL1N20L 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Drain-Source Breakdown Voltage BVOSS 10 = lmA, VGS=O 180 - 200 - V 

~ Gate Threshold Voltage VGS(th) VGS = VOS, 10 = lmA 1 2 1 2 V 

Zero-Gate Voltage Drain Current lOSS VOS = 145V - 1 - - !lA 

VOS=160V - - - 1 ~A 

TC = +1250C 
VOS = 145V - 50 - - ~A 

VOS = 160V - - - 50 mA 

Gate-Source Leakage Current IGSS VGS = ±10V, VOS = 0 - 100 - 100 nA 

Drain-Source On-Voltage VOS(onj* 10=lA.VGS=5V - 3.65 - 3.65 V 

10 = 2A, VGS =5V - 9.3 - 9.3 V 

Static Drain-Source On Resistance rOS(onj* 10 = lA. VGS =5V - 3.65 - 3.65 0 

Forward Transconductance 9fs' 10 = lA, VOS = 10V 800 - 800 - Sm) 

Inpul Capacitance CISS VGS = OV, VOS = 25V - 200 - 200 pF 

Output Capacitance COSS 
f= 1 MHz - 60 - 60 pF 

Reverse Transfer Capacitance CRSS - 35 - 35 pF 

Turn-On Delay Time id(on) ID = 1A. VOO = 100V 10 (Iyp) 25 10 (fyp) 25 ns 

Rise Time Ir 
RGEN=ro, 

10 (typ) 30 10 (fyp) 30 ns RGS = 6.25V, VGS = 5V 
Turn-Off Delay Time id(off) 25 (typ) 40 25 (typ) 40 ns 

Fall Time tf 30 (typ) 50 30 (Iyp) 50 ns 

Thermal Resistance Junction-to-Case ROJC - 15 - 15 oC/W 

• Pulsed: Pulse duration = 300~s max., duly cycle = 2%. 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

RFL1N18L RFL1N20L 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Diode Forward Voltage VSO* ISO=-lA - 1.4 - 1.4 V 

Diode Reverse Recovery Time Irr IF=2A 200 (fyp) 200 (Iyp) 200 (Iyp) 200 (Iyp) ns 
dlF/dl = 50NllS 

• Pulse Test: Width :::. 300~s. Duty Cycle <; 2%. 
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RFL1N18L, RFL1N20L 
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Fig. 1 - Maximum operating areas for all types. 
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Fig. 2 - Power dissipation vs. temperature derating curve 
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Fig. 4 - Normalized drain-to-source on resistance to 
junction temperature for all types. 

Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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RFL 1N18L, RFL 1N20L 

10 (REF) 
'0-la(ACT) 

RL= 100n 

IG (REF) = 0.09 rnA 

VGS = 5 V 

DRAIN SQURCE VOLTAGE 

TIME - M.crosecoods 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN7254 and AN-7260. 
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Fig; 8 - Typical drain-to-source on resistance as a function 
of drain current for all types. 
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Fig. 10 - Typical forward transconductance as a function 
of drain current for all types. 
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Fig. 7 - Typical saturation characteristics for all types. 
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(It HARRIS RFL2N051. 
RFI.2N06L 

August 1991 

N-Channel Logic Level 
Power Field-Effect Transistors (L 2FET) 

Features Package 

• 2A, SOV and 60V 

• rDS{ON) = 0.950 

• Design Optimized for SV Gate Drives 

• Can be Driven Directly from aMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

TO-205AF 
BOTTOM VIEW 

SOU~TE DR". 

~(CASE) 

• High Input Impedance 

• Majority Carrier Device 
Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

Description 

The RFL2N05L and RFL2N06L are N-channel enhancement
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers and drivers for high
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFL series types are supplied in the JEDEC TO-205AF 
metal package. 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . • • . . . . . . . • . • . . • • . . . .. . • . . • . . .• VDS 
Drain-Gate Voltage (RGS = 1 MOl .....••....•..•.........•••............ VDGR 
Continuous Drain Current 

RMS Continuous .••......•..............•...•...•....•.•....•.•.....•.. 10 
Pulsed Drain Current. •..••.•.................•......••......•••.....•.. 10M 

Gate-Source Voltage •................•....•...••..•.•..•.......•••..... VGS 
Maximum Power Dissipation 

TC = +250C .••.....•.••••••.•....•.....•...•.•.•..••••....••....••.•.. Po 
Above T C = +250C, Derate Linearly ..••...••.......••..••..............••... 

Operating and Storage Junction Temperature Range .................... T J, TSTG 

G 

RFL2N05L 

50 
50 

2 
10 

±10 

8.33 
0.0667 

-55 to +150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFL2N05L, RFL2N06L 

Electrical Characteristics (TC = +250 C), Unless Otherwise Specified 

LIMITS 

RFL2NOSL RFL2N06L 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX UNITS 

Drain-Source Breakdown Voltage BVDSS 10 = 1mA, VGS =0 50 - 60 - V 

Gate Threshold Voltage VGS(th) VGS = VOS, 10 = 2mA 1 2 1 2 V 

Zero-Gate Voltage Drain Current lOSS VOS =40V - 1 - - f!A 

VOS =50V - - - 1 f!A 

TC = +1250 C 
VOS=40V - 50 - - f!A 

VOS=50V - - - 50 mA 

Gate-Source Leakage Current IGSS VGS = ±10V, VOS = 0 - 100 - 100 nA 

Drain-Source On-Voltage VOS(onj* 10=1A,VGS=5V - 0.95 - 0.95 V 

10=2A,VGS=5V - 2.0 - 2.0 V 

10 = 4A, VGS = 7.5V - 4.B - 4.B V 

Static Orain-Source On Resistance rOS(onj* 10=1A,VGS=5V - 0.95 - 0.95 0 

Forward Transconductance 9fs' 10 = 1A, VOS = 10V BOO - BOO - Sm) 

Input Capacitance CISS VGS = OV, VOS = 25V - 225 - 225 pF 

Output Capacitance COSS 
f= 1 MHz - 100 - 100 pF 

Reverse Transfer Capacitance CRSS - 40 - 40 pF 

Turn-On Delay Time td(on) 10 = 1A, VOO = 30V 10 (typ) 20 10 (lyp) 20 ns 

RiseTime tr 
RGEN=w, 

65 (typ) 130 65 (typ) 130 ns 
RGS = 6.25V, VGS = 5V 

Turn-Off OelayTime td(off) 20 (typ) 40 20 (lyp) 40 ns 

Fall Time tf 30 (lyp) 60 30 (lyp) 60 ns 

Thermal Resistance Junction-to-Case ROJC - 15 - 15 oC/W 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

RFL2NOSL RFL2N06L 

CHARACTERISTIC SYMBOLS TEST CONOITIONS MIN MAX MIN MAX UNITS 

Oiode Forward Voltage VSO* ISO = 1A - 1.4 - 1.4 V 

Diode Reverse Recovery Time trr IF=2A 150 (typ) 150 (typ) 150 (lyp) 150 (typ) ns 
dlF/dt = 1 OOA/~s 

* Pulse Test: Width ~ 300,IS, Duty Cycle::; 2%. 
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RFL2N05L, RFL2N06L 
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Fig. 1 - Maximum operating areas for all types. 
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Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperaturl! for all types. 
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RFL2N05L, RFL2N06L 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
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Refer to Harris application notes AN7254 and AN-7260. 

VGS ;; 5 V PULSE TEST 
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Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 
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Fig. 7 - Typical saturation characteristics for all types. 
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~HARRlS. 
\&J SEMICONDUCTOR RFW2N06RLE 
May 1992 

N-Channel Logic Level Enhancement-Mode 
Power Field-Effect Transistors 

Features 

• 2A,60V 

• rDS(on) = 0.1600 

• UIS Rating Curve (Single Pulse) 

Package 
4-PIN HEXDIP 

TOP VIEW 

• Design Optimized For 5 Volt Gate Drive 

• Can be Driven Directly from CMOS, NMOS, TTL Circuits 
0 ..... SOURCE 

DRAIN 
GATE 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• Electrostatic Discharge Protected· Terminal Diagram 

Description 

The RFW2N06RLE (TA9861) N-Channel logic level ESD protected 
power MOSFET is manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those of LSI 
integrated circuits gives optimum utilization of silicon, resulting in 
outstanding performance. The RFW2N06RLE was· designed. for 
use with logic level (5V) driving sources in applications 'such as 
programmable controllers, automotive switching, switching regula
tors, switching converters, motor and relay orivers and emitter 
switches for bipolar transistors. Thisperfo.rmance is accompliShed 
through a special gate oxide design which provides full rated con
ductance at gate biases in the 3-5 volt range, thereby facilitating 
true on-off power control directly from logic circuit supply voltages. 

The RFW2N06RLE is supplied in the 4-pin hexdip plastic package. 
(Similar to JEDEC outline TO-250) 

Absolute Maximum Ratings (T C = +25°C) 

Drain Source Voltage ............................................... ' .... ', .' .... V DSS 
Drain Gate Voltage ................................. , .......•.............. ; ... VOGR 
Gate Source Voltage ............................................ " ............. ,VGS 
Drain Current 

RMS Continuous ............................................ ; .................. ID 
Pulsed Drain Current .................•..................... ' ......... : ....... I DM 

Single Pulse AvaJance Rating ........ ; ...........•............ , ........... ':.' ...•.. EAS 
Electrostatic Discharge Rating, MIL-STD-883, Category 8(2) ......•.. : •....•• .' '.' ...... ESD 
Power DiSSipation 

Tc= +25°C ....... .' .................................................. ; ..... "Po 
Derate Above +250 C ........................................... , ..... ~ : ........ Pi 

Operating and Storage Temperature ...............•. ' ..... '.' .... , ........... , . TSTG, TJ 

D 

s 

60 
60 

+10,·5 

2 
14 

Refer to"UIS Curve 
2 

1.09 
0.009 

-55 to +150 

UNITS 
V 
V 
V 

A 
A 

KV 

W 
Wf'C 
°c 

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

Copyright © Harris Corporation 1990 • 
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Specifications RFW2N06RLE 

Electrical Characteristics Case Temperature (T cl = +250C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown BVoss 10 = 0.25mA, VGS = OV 60 - V 
Voltage 

Gale Threshold Voltage VGS(Ih) VGS = VDS, 10 = 0.25mA 1 - 2 V 

Zero Gate Voltage Drain Cur- loss Vos = 60V, VGS = OV Tc = +25OC - -1 1 ~A 
rent 

Tc = +1500 C - 50 ~A 

Gate-Source Leakage Current IGSS VGS = +10V, VGS = -5V - - 10 ~A 

- - 10 ~A 

On Resistance rOS(on) 10 = 2A, VGS = 5.0V, 10 = 2A, VGS = 4.3V - 160 mO 

- 200 mO 

Turn-On Time Ion Voo = 30V,ID = 2A, RL = 15, VGS = 5V, - 100 ns 

Turn-On Delay Time 
RGs=250 

13 ,«on) - - ns 

Rise Time t,. - 42 ns 

Turn-Off Delay Time ,«off) - 95 ns 

Fall Time It - 45 - ns 

Turn-Oil Time 10K - 200 ns 

Total Gate Charge 0g(lol) VGs=OIO 10V Voo = 48V, - 20 30 nC 

Gate Charge at 5V Og(5) VGs =Ot05V 
10 = 2A, 

11 16 nC RL=240 -

Threshold Gate Charge Og(th) VGs=Olo IV - 0.6 1.0 nC 

Plateau Voltage V(plat..au) 10 = 2A, Vos = 15V - - 4.3 V 

Input Capacitance Ciao Vos = 25V, Vas = OV, 1= lMHz - 535 pF 

Output Capacitance Coss 175 - pF 

Reverse Transfer CapaCitance C,.. 32 - pF 

Turn-Off Energy Loss per Eoff Voo = 30V,Io = 2A, L = 0.21~H, - - 10 tW 
Cycle RL = 150, Vas = 5V, RGS = 250 

Thermal Resistance Junction RaJA - 115 °C/W 
to Ambient 

Source-Drain Diode Ratings And Characteristics 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Forward Voltage Vso Iso = 2A - 1.2 V 

Reverse Recovery Time t,., Iso = 2A, disoidl = 1 OOA/~ - - 200 ns 
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RFW2N06RLE 

Performance Curves 
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RFVV2N()6RLE 

Perlormtmce Curves (Continued) , 
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RFW2N06RLE 

Performance Curves (Continued) 
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Em HARRIS RFP2N08L 
RFP2NfOL 

August 1991 

N-Channel Logic Level 
Power Field-Effect Transistors (L 2FET) 

Features 

• 2A, 80Vand 100V 

• rDS(ON) = 1.050 

• Design Optimized for5V Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Package 

TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MODE 

Description 

The RFP2N08L and RFP2N1 OL are N-channel enhancement
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 

The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage. • • . . . . . . . . . . . . . . . • . . • . . . . . . . . . • • . . . . . . . . . . . . • . . . .. VDS 
Drain-Gate Voltage (RGS = 1 MO) .................•.....•............•.. VDGR 
Continuous Drain Current 

RMS Continuous ...........•........................•.................. 10 
Pulsed Drain Current. ..........................•.........•............. IDM 

Gate-Source Voltage ...•...••.....•.....••.•..........•...........•...• VGS 
Maximum Power Dissipation 

TC = +250 C •...........•.•............................•............... Po 
Above T C = +250 C, Derate Linearly ......•...............•............•..... 

Operating and Storage Junction Temperature Range .••..........••..••. T J, TSTG 

G 

RFP2N08L 

80 
80 

2 
5 

±10 

25 
0.2 

-55 to +150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper .I.e. ,handl,ing procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFP2N08L, RFP2N10L 

Electrical Characteristics (TC = +250 C), Unless Otherwise Specified 

LIMITS 

RFP2N08L RFP2Nl0L 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX 

Drain-Source Breakdown Voltage BVOSS ID = 1 mA, VGS = 0 80 - 100 -

Gate Threshold Voltage VGS(th) VGS = VOS, ID = lmA 1 2 1 2 

Zero-Gate Voltage Drain Current lOSS VOS=65V - 1 - -

VDS=80V - - - 1 

TC = +1250 C 
VOS=65V - 50 - -

VOS=80V - - - 50 

Gate-Source Leakage Current IGSS VGS = ±10V, VDS =0 - 100 - 100 

Orain-Source On-Voltage VOS(onj* 10 = lA,VGS =5V - 1.05 - 1.05 

10 = 2A,VGS =5V - 2.5 - 2.5 

Static Orain-Source On Resistance rOS(on)* ID = lA,VGS =5V - 1.05 - 1.05 

Forward Transconductance 91s* 10 = lA, VDS = 10V 800 - 800 -
Input Capacitance CISS VGS = OV, VDS = 25V - 200 - 200 

1= lMHz 
Output Capacitance COSS - 80 - 80 

Reverse Transfer Capacitance CRSS - 35 - 35 

Turn-On DelayTime ld(on) ID = lA, VOO = 50V 10(typ) 25 10 (typ) 25 

RiseTime tr 
RGEN =00, 

15 (typ) 45 15 (typ) 45 
RGS = 6.25V, VGS = 5V 

Turn-Off DelayTime td(ofl) 25 (typ) 45 25 (typ) 45 

Fall Time tl 20 (typ) 25 20 (typ) 25 

Thermal Resistance Junction-to-Case ReJC - 5 - 5 

* Pulsed: Pulse duration = 300~s max., duty cycle = 2%. 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

RFP2N08L RFP2Nl0L 

CHARACTERI.STlC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX 

Diode Forward Voltage VSO* ISO=-lA - 1.4 - 1.4 

Diode Reverse Recovery Time trr IF=2A 100 (typ) 100 (typ) 100 (typ) 100(typ) 
dlF/dt = 50N~s 

* Pulse Test: Width ~ 300~s. Outy Cycle <:: 2%. 
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RFP2N08LRFP2N10L 
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OPERATION IN THIS AREA 
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Fig. 1 - Maximum operating areas for all types. 
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Fig. 2 - Power dissipation vs. temperature derating curve 
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Fig. 4 - Normalized drain-to-source on resistance to 
junction temperature for all types. 
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Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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RFP2N08L, RFP2N10L 
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Fig. 6 - Normalized switching waveforms for constant gate-current 
drive. 
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of drain current for all types. 
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Fig. 10 - Typical forward transconductance as a function 
of drain current for all types. 
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(IlHARRIS RFP2N12L 
RFP2N15L 

August 1991 

N-Channel logic level 
Power Field-Effect Transistors (l2FET) 

Features 

• 2A, 120V and 1S0V 

• rDS(ON) == 1.7S0 

• Design Optimized for SV Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Package 

TO-220AB 
TOP VIEW 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

Description 

The RFP2N12L and RFP2N15L are N-channel enhancement
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 

The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage ...........................•.....•........•......•. VDS 
Drain-Gate Voltage (RGS = 1 MOl· ....•................•.••...........•. VOGR 
Continuous Drain Current 

RMS Continuous ...........•........................•.......•..•..••... 10 
Pulsed Drain Current. ........................................••.•...•.. 10M 

Gate-Source Voltage •......•.•......•..........••.....•••.....•......•• V GS 
Maximum Power Dissipation 

TC = +250C •.••••.••••.................................•.............. Po 
Above TC = +250 C, Derate Linearly .......•...............••................ 

Operating and Storage Junction Temperature Range .................... T J, TSTG 

G 

RFP2N12L 

120 
120 

2 
5 

±10 

25 
0.2 

-55 to +150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFP2N12L, RFP2N15L 

Electrical Characteristics (Te = +250 C), Unless Otherwise Specified 

LIMITS 

RFP2N12L RFP2N15L 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX 

Orain-Source Breakdown Voltage BVOSS 10 = lmA, VGS=O 120 - 150 -

Gate Threshold Voltage VGS(th) VGS = VOS' 10 = 2mA 1 2 1 2 

Zero-Gate Voltage Orain Current lOSS VOS = 100V - 1 - -

VOS = 120V - - - 1 

TC=+1250C 
VOS= 100V - 50 - -

VOS= 120V - - - 50 

Gate-Source Leakage Current IGSS VGS = ±10V, VOS =0 - 100 - 100 

Orain-Source On-Voltage VOS(on), 10=lA,VGS=5V - 1.75 - 1.75 

10 = 2A,VGS = 5V - 4.2 - 4.2 

Static Drain-Source On Resistance rOS(on), 10=1A,VGS=5V - 1.75 - 1.75 

Forward Transconductance gIs' 10 = lA, VOS = 10V 800 - 800 -
Input Capacitance CISS VGS = OV, VOS = 25V - 200 - 200 

Output Capacitance COSS 
1= 1 MHz 

- 80 - 80 

Reverse Transler Capacitance CRSS - 35 - 35 

Turn-On OelayTime fcJ(on) 10 = lA, VOO = 75V 10 (fyp) 25 10 (fyp) 25 

Rise Time tr 
RGEN =ro, 

10 (fyp) 45 10 (fyp) 45 
RGS = 6.25V, VGS = 5V 

Turn-Off OelayTime td(ol!) 24 (fyp) 45 24 (fyp) 45 

Fall Time tl 20 (typ) 25 20 (fyp) 25 

Thermal Resistance Junction-to-Case ReJC - 5 - 5 

, Pulsed: Pulse duration = 300flS max., duty cycle = 2%. 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

RFP2N12L RFP2N15L 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX 

Oiode Forward Voltage VSO' ISO = -lA - 1.4 - 1.4 

Oiode Reverse Recovery Time trr IF=2A 150 (fyp) 150 (typ) 150 (fyp) 150 (typ) 
dlF/dt = 50NflS 

, Pulse Test: Width ~ 300JIS, Duty Cycle :s 2%. 
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RFP2N12L, RFP2N15L 
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Fig. 1 - Maximum operating areas for all types. 
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Fig. 2 - Power dissipation vs. case temperature derating curve 
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Fig. 4 - Normalized drain-to-source on resistance to 
junction temperature for all types. 
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Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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Fig. 5 - Typical transfer characteristics for all types. 
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Fig. 6 - Normalized switching waveforms forconstantgate-current 
drive. 
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Fig. 8 - Typical drain-to-source on resistance as a function 
of drain current for all types. 
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Fig. 10 - Typical forward transconductance as a function 
of drain current for all types. 
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Ell HARRIS RFP2N181. 
RFP2N20l. 

August 1991 

N-Channel Logic Level 
Power Field-Effect Transistors (L 2FET) 

Features 

• 2A, 180Vand 200V 

• fDS{ON) = 3.50 

• De$ign Optimized for 5V Gate Drives 

• Can be Driven Directly from aMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Package 

TO-220AB 
TOP VIEW 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

Description 

The RFP2N18L and RFP2N20L are N-channel enhancement
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom' 
plished through a special gate oxide design which provides full 
rated conduction atgatebiases in the 3V - 5V range, thereby 
faCilitating true on-off power control directly from logic circuit 
supply voltages. 

The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage .. ; '.' . . . . . . . . . . . . . . . . • . . . . . . . . • • . . . . . . . . . . . . . . . . . .. VDS 
Drain-Gate Voltage (RGS = 1 MOl· .................................•..•. VDGR 
Continuous Drain Current 

RMS Continuous ............................•.....••....•...•...•..•... 10 
Pulsed Drain Current. .......•.......•.. ; ......•....•••...••............ 10M 

Gate-Source Voltage .........................•.•......•...••......•..•. VGS 
Maximum Power Dissipation 

TC = +250C ..........••..••.••..•.••....•....•.....•••................ Po 
Above TC = +250C, Derate Linearly •.•••...•....••....•••................... 

Operating and Storage Junction Temperature Range .•..•...•••..••..... T J, TSTG 

G 

RFP2N18L 

180 
180 

2 
4 

±10 

25 
0.2 

-55 to +150 

CAUTION: These devices are semsitive to electrostatic discharge. Proper I.e. handling procedures should be followed. 
Copyright ©Harris Corporation 1991 
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Specifications RFP2N18L, RFP2N20L 

Electrical Characteristics (TC = +250 C), Unless Otherwise Specified 

LIMITS 

RFP2N18L RFP2N20L 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX 

Orain-Source Breakdown Voltage BVOSS 10 = 1 rnA, VGS=O 180 - 200 -

Gate Threshold Voltage VGS(th) VGS=VOS,10=1mA 1 2 1 2 

Zero-Gate Voltage Orain Current lOSS VOS = 145V - 1 - -

VOS = 160V - - - 1 

TC = +1250 C 
VOS = 145V - 50 - -

VOS=160V - - - 50 

Gate-Source Leakage Current IGSS VGS = ±10V, VOS = 0 - 100 - 100 

Orain-Source On-Voltage VOS(onj* 10=1A,VGS=5V - 3.5 - 3.5 

10 = 2A, VGS = 5V - 9 - 9 

Static Orain-Source On Resistance rOS(on), 10=1A,VGS=5V - 3.5 - 3.5 

Forward Transconductance 91s" 10 = 1A, VOS = 10V 800 - 800 -
Input Capacitance CISS VGS = OV, VOS = 25V - 200 - 200 

Oulput Capacitance COSS 
1= 1MHz - 60 - 60 

Reverse Transler Capacitance CRSS - 35 - 35 

Turn-On OelayTime Id(on) 10 = 1A, VOO = 100V 10 (typ) 25 10 (typ) 25 

RiseTime Ir 
RGEN =00, 

10 (typ) 30 10 (typ) 30 RGS = 6.25V, VGS = 5V 

Turn-Off Oelay Time id(ol!) 25 (typ) 40 25 (typ) 40 

Fall Time II 20 (typ) 25 20 (typ) 25 

Thermal Resistance Junction-to-Case ReJC - 5 - 5 

• Pulsed: Pulse duration = 300l1s max., duty cycle = 2%. 

Source-Drain Diode Ratings' and Characteristics 

LIMITS 

RFP2N18L RFP2N20L 

CHARACTERISTIC SYMBOLS TEST CONOITIONS MIN MAX MIN MAX 

Oiode Forward Voltage VSO" ISO=-1A - 1.4 - 1.4 

Oiode Reverse Recovery Time trr IF=2A 200 (Iyp) 200 (typ) 200 (typ) 200 (typ) 
dlF/dt = 50NI1s 

" Pulse Test: Width "- 300~s, Duty Cycle::: 2%. 
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Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for al/ types. 
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(I) HARRIS RFP4N051. 
RFP4N061. 

August 1991 

N-Channel Logic Level 
Power Field-Effect Transistors (L 2FET) 

Features 

• 4A, SOV and 60V 

• rDS(ON) = O.SO 

• Design Optimized for SV Gate Drives 

• Can be Driven Directly from OMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Package 

TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MODE 

Description 

The RFP4NOSL and RFP4N06L are N-channel enhancement
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers and drivers for high
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 

Absolute Maximum Ratings (TC = +2S0 C) Unless Otherwise Specified 

Drain-Source Voltage .•............•......•....•..•.........•........... VDS 
Drain-Gate Voltage (RGS = 1 MOl······ ................................. VDGR 
Continuous Drain Current 

RMS Continuous ....................................................... 10 
Pulsed Drain Current ................................................... IDM 

Gate-Source Voltage ................................................... V GS 
Maximum Power Dissipation 

TC = +2SoC ........................................................... Po 
Above TC = +250 C, Derate Linearly ........................................ . 

Operating and Storage Junction Temperature Range .................... T J, TSTG 

G 

RFP4N05L 

50 
50 

4 
10 

±10 

25 
0.2 

-55 to +150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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D 

s 

RFP4N06L 

60 
60 

4 
10 

±10 

25 
0.2 

-55 to +150 

UNITS 

V 
V 

A 
A 
V 

W 
WIOC 

°C 
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Specifications RFP4N05L, RFP4N06L 

Electrical Characteristics (Te = +25oC), Unless Otherwise Specified 

LIMITS 

RFP4N05L RFP4N06L 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX 

Orain-Source Breakdown Voltage BVOSS 10 = 1 mA, VGS = 0 50 - 60 -

Gate Threshold Voltage VGS(th) VGS=VOS,10=2mA 1 2 1 2 

Zero-Gate Voltage Orain Current lOSS VOS=40V - 1 - -

VOS=50V - - - 1 

TC = +1250 C 
VOS=40V - 50 - -

VOS=50V - - - 50 

Gate-Source Leakage Current IGSS VGS=±10V,VOS=0 - 100 - 100 

Orain-Source On-Voltage VOS(onj* 10 = 1A,VGS =5V - 0.8 - 0.8 

10 = 2A,VGS =5V - 2.0 - 2.0 

10 = 4A, VGS = 7.5V - 4.8 - 4.8 

Static Drain-Source On Resistance rOS(onj* 10=1A,VGS=5V - 0.8 - 0.8 

Forward Transconductance 9fs' 10 = 1A, VOS = 10V 800 - 800 -

Input Capacitance CISS VGS = OV, VOS = 25V - 225 - 225 

Output Capacitance COSS 
f = 1MHz - 100 - 100 

Reverse Transfer Capacitance CRSS - 40 - 40 

Turn-On Delay Time lcl(on) 10 = 1A, VOO = 30V 10 (typ) 20 10 (typ) 20 

Rise Time tr 
RGEN =00, 

65 (typ) 130 65 (typ) 130 RGS=6.25V, VGS= 5V 

Turn-Off Delay Time td(oft) 20 (typ) 40 20 (typ) 40 

Fall Time tf 30 (typ) 60 30 (typ) 60 

Thermal Resistance Junction-to-Case ROJC - 5 - 5 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

RFP4N05L RFP4N06L 

CHARACTERISTIC SYMBOLS TEST CONDITIONS MIN MAX MIN MAX 

Diode Forward Voltage VSO' ISO = 1A - 1.4 - 1.4 

Diode Reverse Recovery Time trr IF=2A 150(typ) 150 (typ) 150 (typ) 150 (typ) 
dlF/dt = 1 OOA/~s 

* Pulse Test: Width ~ 300115, Duty Cycle ~ 2%. 
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RFP4N05L, RFP4N06L 
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:::; 
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;z: 
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"'0.10 

a: 

'" Cl 

0.01 

v "-..., 

OPERATION IN THIS AREA 
LIMITED BY Rds(on) 

CASE TEMPERATURE (T ) 25°C c = 

--
-I -I It) co 0 - 0 
~ z ...-c.. -c.. u.. u.. 
"" '" 

1 10 100 1000 
DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 

Fig. 1 - Maximum operating areas for all types. 

1.2,----,----,----,---,---,----, 

~ 1.0 

~ O.sl----I------''k----1----I-----j 
>: 

a 
~O.6------

<n 
~ 0.4 

m 
~ 0.2 

O.OL __ c.L-:-_...L_--L------1---L-~ 
o 25 50 75 100 

cnsE TEMPERATURE (Te) °c 
125 150 

Fig. 2 - Power dissipation vs. case temperature derating curve 
for all types. 

2 IO= IA 
VGS=5,V 

-50 50 100 150 
J!JNCTION TEMPERATURE {TJ }-"C 

Fig. 4 - Normalized drain-to-source on resistancevs,junction 
temperature for all types. 

2 VGS=VOS 

IO= I mA 

o 50 100 150 
JUNCTION TEMPERATURE '( TJ ,).-,oC 

92CS-3817Q 

Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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Vos "IOV PULSE, TEST 

PULSE DURATION =_BO~s 
DUTY CYCLE < 2"10 

GATE-TO-SOURCE VOLTA'GE (VGS1-:-V 

92CS-38172 

Fig. 5 - Typical transfer characteristics for all types. 



RFP4N05L, RFP4N06L 

'5 
> 
I 
<II 
C 
> 

~~----,--------r------~--------,---~~10 

IG(REF} 
20 IG (ACT) 

RL = 15.n 

IG (REF) = 0.095 rnA 

VGS = 5 V 

TIME - Microseconds 

'GfREF) 
80 IG (ACT) 

92C5-37631 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN7254 and AN-1260. 
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o 
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92C5-38174 

Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 
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Fig. 7 - Typical saturation characteristics for al/ types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage for 
al/ types. 
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RFD7N10LE, RFD7N10LESM 
RFP7N10LE 

February 1994 

7 A, 100V, ESD Rated, Avalanche Rated, Logic Level 
N-Channel Enhancement-Mode Power MOSFETs (MegaFETs) 

Features 

• 7A,100V 

• rDS(ON) = 0.300n 

Packaging 
JEDEC TO-220AB 

TOP VIEW 

• 2KV ESD Protected 

• Temperature Compensating PSPICE Model 

: SOURCE 
DRAIN 

GATE 

• Can be Driven Directly from CMOS, NMOS, TIL Circuits 

• Peak Current vs Pulse Width Curve 
JEDEC TO-251AA 

TOP VIEW 

• UIS Rating Curve 

• +175°C Operating Temperature 

Description 

l SOURCE 
DRAIN 

(FLANGE) LIL~~~::::==:::;. DRAIN 
GATE 

JEDEC TO-252AA 
TOP VIEW 

The RFD7N10LE, RFD7N10LESM and RFP7N10LE N· 
Channel power MOSFETs are manufactured using the 
MegaFET process. This process, which uses feature sizes 
approaching those of LSI integrated circuits gives optimum 
utilization of silicon, resulting in outstanding performance, 
They were designed for use in applications such as switch· 
ing regulators, switching converters, motor drivers, relay 
drivers and emitter switches for bipolar transistors. This per
formance is accomplished through a special gate' oxide 
design which provides full rated conductance at gate bias in 
the 3V to 5V range, thereby facilitating true on-off power con
trol directly from logic level (5V) integrated circuits. 

DRAIN DRAIN Q SOURCE 

(FLANGE) 
GATE 

Symbol 

D 

The RFD7N10LE is supplied in the JEDEC TO-251M plas
tic package, the RFD7N10LESM is supplied in the JEDEC 
TO-252M plastic package and the RFP7N10LE is supplied 
in the JEDEC TO-220AB plastic package. Due to space limi
tations the RFD7N10LE and RFD7N10LESM are branded 
7N10LE; the RFP7N10LE is branded FP7N10LE. 

G o---Ir-1"--' 

When ordering use the entire part number; e.g. RFD7N10-
LESM. 

Formerly developmental type TA49046. 

Absolute Maximum Ratings (T c = +25°C) 

Drain Source Voltage ......•....•..•..••...•...•.••..•..•......••..• Voss 
Drain Gate Voltage .•.....•.•..............•........•............... VOGR 
Gate Source Voltage •••.••..•................•..............•...•... VGS 
Drain Current 

RMS Continuous ..••.••.•....•••••...•...•....•...••.•••.••••.•.. 10 

Pulsed Drain Current ...•.•.........................••..••.•..•.... 10M 

Pulsed Avalanche Rating ..................••..•..•..••.••.•..•...... EAS 

Power Dissipation 
(T c = +25°C) .....•....•.•.••..•..•...••.....•................... Po 
Derate above +25°C ...............................•..•......•.... PT 

Electrostatic Discharge Rating, MIL-STD-883, Category 8(2) .....•..•....••. ESD 
Operating and Storage Temperature ...•..•......•...•...........•...... T STG,TJ 

s 

RFD7N10LE, 
RFD7N10LESM,RFP7N10LE 

100 
100 

+10, -8 

7 
Refano Peak Current Curve 

Refer to UIS Curve 

47 
0.318 

2 
·55 to +175 

UNITS 
V 
V 
V 

A 

W 
wfC 

KV 
°C 

Copyright © Harris Corporation 1994 File Number 3598 
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Specifications RFD7N10LE, RFD7N10LESM, RFP7N10LE 

Electrical Specifications T C = +2SoC, Unless Otherwise Specified 

LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP 

Drain-Source Breakdown Voltage BVoss 10 = 0.25mA, VGS = OV 100 -
Gate Threshold Voltage VGS(TH) VGS = Vos, 10 = 0.25mA 1 -

Zero Gate Voltage Drain Current loss Vos= 100V, Tc = +25°C - -
VGS = OV 

Tc = +150·C -
Gate-Source Leakage Current IGSS VGS = +10, -BV 

On Resistance rOS(ON) 10 = 7A, VGS = 5V - -
Turn-On Time ioN Voo = 50V, 10 = 7A -

RL = 7.Hl, VGS = 5V 
Turn-On Delay Time to(ON) RGS = 2.50 - 10 

Rise Time tA - 65 

Turn-Off Delay Time iO(OFF) - 23 

Fall Time tF 18 

Turn-Off Time IoFF - -
Total Gate Charge QG(TOT) VGs=Oto 10V Voo = BOV 125 

10 = 7A, 
Gate Charge at 5V QG(5) VGs =Ot05V RL = 11.40 - 67 

Threshold Gate Charge QG(TH) VGs=Oto 1V - 3.7 

Plateau Voltage V(PLATEAU) 10 = 7A, Vos = 15V - -
Input Capacitance C1SS Vos = 25V, VGS = OV - 360 

!= 1MHz 
Output Capacitance Coss - 70 

Reverse Transfer Capacitance CASS - 20 

Thermal Resistance RaJC - -
Junction to Case 

Thermal Resistance RaJA T0-251 and TO-252 Package - -
Junction to Ambient 

T0-220 Package 

Source-Drain Diode Specifications 

LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP 

Forward Voltage Vso Iso = 7A - -
Reverse Recovery Time tAA Iso = 7A, dlsddt = 100Al~ - -

6-57 

MAX 

-
2 

1 

50 

10 

0.300 

110 

-
-
-

60 

150 

80 

4.5 

4.0 

-
-
-

3.15 

100 

80 

MAX 

1.5 

130 
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RFD7N10LE, ,RFD7N10LESM, RFP7N10LE 

Typical Performance Curves 
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FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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RFD7N10LE, RFD7N10LESM, RFP7N10LE 

Typical Performance Curves (Continued) 
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RFD7N10LE, RFD7N10LESM, RFP7N10LE 

Typical Performance Curves (Continued) 
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FIGURE 16. RESISTIVE SWITCHING WAVEFORMS FIGURE 17. RESISTIVE SWITCHING TEST CIRCUIT 
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RFD7N10LE, RFD7N10LESM, RFP7N10LE 

PSpice Model Listing 

Temperature Compensated PSPICE for the RFD7N10LE. RFD7N10LESM. RFP7N10LE 

SUBCKT RFD7N10LE 2 1 3; rev 612/93 

10 
DPLCAP 5 DRAIN CA 12 B 1.102e-9 

CB 15141.157e-9 LORAIN 2 
CIN 6 B 0.370e-9 

DBODY 7 5 DBDMOD 
DBREAK 5 11 DBKMOD 
DESDl 91 9 DESDl MOD 
DESD2 91 7 DESD2MOD 
DPLCAP 105 DPLCAPMOD 

EBREAK 1171718115.8 
EDS 148581 
EGS 138681 
ESG 610681 
EVTO 20 61881 

DBODY 

MOS2 
GATE 

IT 8171 RSOURCE LSOURCE 3 

LDRAIN 2 5 le-9 
LGATE 1 9 3.58e-9 
LSOURCE 3 7 3.82e-9 

~ ________ +-______________ +-____ ~7 

RBREAK 

SOURCE 

MOSl 16688 MOSMOD M=O.99 
MOS2 1621 88 MOSMOD M=O.Ol 

.--.JV.IIr-..., 18 

RBREAK 17 18 RBKMOD 1 
RDRAIN 50 16 RDSMOD 136.ge-3 
RGATE 9 20 7.61 
RIN681e9 
RSCL1 551 RSLVCMOD le-6 
RSCL2 5 50 le3 
RSOURCE 8 7 RDSMOD 84.4e-3 
RVTO 18 19 RVTOMOD 1 

SlA 612138 SlAMOD 
SiB 1312 138 SlBMOD 
S2A 6151413 S2AMOD 
S2B 13 15 1413 S2BMOD 

VBAT 819 DC 1 
VTO 21 60.444 

ESCL 51 50 VALUE={(V(5.51 )/ABS(V(5.51 )))*(PWR(V(5.51 )*1 e6l(15.5). 7.25))} 

.MODEL DBDMOD D (lS=5.07e-14 RS=1.37e-2 TRS1=1.72e-3 TRS2=-1.5ge-6 CJO=2.57e-l0 TT=3.84e-8) 

.MODEL DBKMOD D (RS=2.32e-1 TRS1=6.50e-4 TRS2=1.72e-6) 

.MODEL DESD1 MOD D (BV=13.0 TBVl =2.2e-4 TBV2=0 RS=49 TRS1 =0 TRS2=0) 

.MODEL DESD2MOD D (BV=11.7 TBVl =-5.5e-4 TBV2=-8.5e-7 RS=O TRS1 =0 TRS2=0) 

.MODEL DPLCAPMOD D (CJO=0.184e-9 IS=le-30 N=10) 

.MODEL MOSMOD NMOS (VTO=2.045 KP=14.07 IS=le-30 N=10 TOX=1 L=lu W=lu) 

.MODEL RBKMOD RES (TC1=1.13e-3 TC2=4.74e-8) 

.MODEL RDSMOD RES (TC1=7.45e-3 TC2=2.68e-5) 

.MODEL RSLVCMOD RES (TC1=1.75e-3 TC2=0) 

.MODEL RVTOMQD RES (TC1=-2.73e-3 TC2=-5.46e-6) 

.MODEL SlAMOD VSWITCH (RON=le-5 ROFF=O.l VON=-4.35 VOFF=-1.75) 

.MODEL Sl BMOD VSWITCH (RON=l e-5 ROFF=O.l VON=-1.75 VOFF=-4.35) 

.MODEL S2AMOD VSWITCH (RON=le-5 ROFF=O.l VON=-1.75 VOFF=3.50) 

.MODEL S2BMOD VSWITCH (RON=le-5 ROFF=O.l VON=3.50 VOFF=-1.75) 

.ENDS 
NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFET 
Featuring Global Temperature Options; IEEE Power Electronics Specialist Conference Records 1991. 
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m HARRIS RFMSN1SI./20l. 
RFPSN1SI./201. 

August 1991 

N-Channel Logic Level 
Power Field-Effect Transistors (L 2FET) 

Features 

• SA, 1S0V and 200V 

• rDS(ON) = 0.50 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM8N18L and RFM8N20L and the RFP8N18L and 
RFP8N20L are N-channel enhancmement-modesili~on~gate 
power field-effect transistors specifically designed for use with 
logic level (5V) driving sources in applications such as pro' 
grammable controllers, automotive switching and solenoid 
drivers. This performance is accomplished through a special 
gate oxide design which provides full rated conduction at gate 
biases in the 3V - 5V range, thereby facilitating true. on-oft 
power control directly from logiC circuit supply voltages. 

The RFM series types are supplied in the JEDEC TO:"204AA 
steel package and the RFP series types in the JEDEC TO-
220AB plastic package. 

Package 
TO-204M 

BOnOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 

~: SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

Absolute Maximum Ratings (TC = +250 C) Unless' Otherwise Specified 

Drain-Source Voltage. . . . . . . . . . . • . . . . . . . . . . . . VDS 
Drain-Gate Voltage (RGS = 1 MOl· ........... VDGR 
Continuous Drain Current 

RMS Continuous ............................ ID 
Pulsed Drain Current. .......•............... 10M 

Gate-Source Voltage ••............••........ V GS 
Maximum Power Dissipation 

TC = +250 C ......•.•............•.......... Po 
Above TC = +250C, Derate Linearly ••............ 

Operating and Storage Junction ......••... TJ, TSTG 
Temperature Range 

RFM8N18L 

180 
180 

8 
20 

±10 

75 
0.6 

-55to +150 

RFM8N20L 

200 
200 

8 
20 

±10 

75 
0.6 

-55 to +150 

RFP8N18L 

180 
180 

8 
20 

±10 

60 
0.48 

-55to +150 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. hanpling pr.cic~d.ur~s should be followed. 
Copyright © Harris Corporation 1991 '.' 
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RFP8N20L 

200 
200 

8 
20 

±10 

60 
0.48 

-55 to +150 

UNITS 

V 
V 

A 
A 
V 

W 
W/oC 
oc 
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Specifications RFM8N18L, RFM8N20L, RFP8N18L, RFP8N20L 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25° C unless otherwise specified. 

LIMITS 

CHARACTERISTIC SYMBOL TEST RFM8N18L RFM8N20L 
CONDITIONS RFP8N18L RFP8N20L 

MIN. MAX. MIN. MAX. 
Drain-Source Breakdown Voltage BVoos 10=1 mA 180 - 200 -

VGs=O 
Gate Threshold Voltage VGs(th) VGs=Vos 1 2 1 2 

10=1 mA 
Zero Gate Voltage Drain Current loss Vos=145 V - 1 - -

Vos=160 V - - - 1 
Tc=125°C 
Vos=145 V - 50 - -
Vos=160 V - - - 50 

Gate-Source Leakage Current IGSS VGs=±10 V - 100 - 100 
Vos=O 

Drain-Source On Voltage Vos(on)" 10=4A - 2.0 - 2.0 
VGs=5 V 
10=8 A - 4.6 - 4.6 

VGs=5 V 
Static Drain-Source On Resistance ros(on)" 10=4 A - 0.5 - 0.6 

VGs=5 V 
Forward Transconductance gfsa Vos=10 V 3.0 - 3.0 -

10=4 A 
Input Capacitance Ciss Vos=25 V - 900 - 900 

Output Capacitance Coss VGs=O V - 250 - 250 
Reverse-Transfer Capacitance C ... f=1MHz - 120 - 120 

Turn-On Delay Time td(on) Voo=50 V 15(typ) 45 15(lyp) 45 

Rise Time I, 10=4A 45(typ) 150 45(lyp) 150 
Rgen=oo 

Turn-Off Delay Time td(off) Rg,=6.25 n 100(lyp) 135 100(typ) 135 
Fall Time tf VGs=5 V 60(lyp) 105 60(lyp) 105 
Thermal Resistance R8JC RFM8N18L, - 1.67 - 1.67 

Junclion-Io-Case RFM8N20L 
RFP8N18L, - 2.083 - 2.083 
RFP8N20L 

"Pulsed: Pulse duration = 300 p.s max., duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL TEST RFM8N18L RFM8N20L 
CONDITIONS RFP8N18L RFP8N20L 

MIN. I MAX. MIN. I MAX. 
Diode Forward Voltage V80 180=4 A - I 1.4 - I 1.4 
Reverse Recovery Time I" IF=4 A 250(typ) 250(lyp) 

d'F/d,=100 A/p.s 
'Pulse Test: Width :S 300 fJS, duty cycle :S 2%. 
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RFM8N18L, RFM8N20L, RFP8N18L, RFP8N20L 

..: 10 
I 
g 
I
Z 

"' II: 
II: 
::; 
o 
z 

~ 
Q 

ORAIN-TO-SOURCE VOLTAGE - (VOS) - V 
92CM-37391 R1 

Fig_ 1 - Maximum safe operating areas for all types_ 

70 

'" 
15 30 
~ 

lr 20 

10 

50 100 150 
CASE TEMPERATURE (Tel-lie 

92CS-37504 

Fig. 2 - Power vs. temperature derating curve for 
all types. 

o 
-50 0 50 100 

JUNCTION TEMPERATURE {TJ )-"C 

ncs- 37220 

Fig. 4 - Normalized drain-to-source on resistance to 
junction temperature for all types. 
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0 
> 1.1 
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" ~ a .• 0 z 

0.5 

VOS-"3V 

ID'" I rnA 

-50 50 100 150 
JUNCTION TEMPERATURE (T J)-"C 

92CS-37211 

Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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16 VOS= IOV 

PULSE TEST 
PULSE DURATlON=80f'-s 
DUTY CYCLE:s2% 

S. 12 

'" tl 
>z 
i;! 
!5 8 

" z 

~ 
~ 4 

~ 
o 

o 
a 

TC =125"'C 

Te" 40"C 

3 

GATE-IO-SOURCE VOLTAGE (VGS1-V 

92CS-:37221 

Fig. 5 - Typical transfer characteristics for all types_ 



RFM8N18L, RFM8N20L, RFP8N 18L, RFP8N20L 

R[ "",250 
IG,(REF}.= 0.45 rnA 

VGS= 5 V 

DRAIN SOURCE VOLTAGE 

TIMJt: - Microseconds 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN7254 and AN-7260. 

" 

DRAIN CURRENT (10 )-A 
92CS~31224 

Fig. 8 - Typical drain-to-source on resistiJnce as a function 
of drain current for all types: 

o 
o 

DRAIN CV,RRENT (IO}-A 

92CS-37226 

'0 

Fig. 10 - Typical forward transconductance as a.functian 
of drain current for all types. 
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PULSE TEST 
PULSE DURATION ·80~a 
DUTY CYCLE S 2 % 
CASE TEMPERATURE (Te l· 

, 
DRAIN-TO-SOUACE VOLTAGE (VOS I-V 

92CS-37223 

Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source 
voltage for all types. 
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Fig. 11 - Switching Time Test Circuit. 
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m HARRIS RFM10N121./15L 
RFP10N12L/15L 

August 1991 

N-Channel Logic Level 
Power Field-Effect Transistors (L 2FET) 

Features 

• lOA, 120V and 150V 

• rDS(ON) = 0.30 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from aMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM10N12L and RFM10N15L and the RFP10N12L and 
RFP10N15L are N-channel enhancmement-mode silicon
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv
ers, relay drivers and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

The RFM series types are supplied in the JEDEC TO-204AA 
steel package and the RFP series types in the JEDEC TO-
220AB plastic package. 

Package 
TO-204AA 

SOnOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

Absolute Maximum Ratings (TC = +250C) Unless Otherwise Specified 

RFM10N12L RFM10N15L RFP10N12L 

Drain-Source Voltage •••••......•••••••....•• VDS 120 150 120 
Drain-Gate Voltage (RGS = 1 MO) .••.••..•••• VDGR 120 150 120 
Continuous Drain Current 

RMS Continuous ..•••••....•••..•......••••• 10 10 10 10 
Pulsed Drain Current. •••.•...•.............. 10M 25 25 25 

Gate-Source Voltage ..••••........•..•.•...• VGS ±10 ±10 ±10 
Maximum Power Dissipation 

TC = +250 C •..•........•.•.•..•.....•.•.... Po 75 75 60 
Above T C = +250 C, Derate Linearly .•........... 0.6 0.6 0.48 

Operating and Storage Junction ........... T J, TSTG -55to+150 -55 to +150 -55 to +150 
Temperature Range 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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RFP10N15L 

150 
150 

10 
25 

±10 

60 
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°c 

File Number 1559_1 



Specifications RFM10N12L, RFM10N15L, RFP10N12L, RFP10N15L 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc = 25° C) unless otherwise specified 

LIMITS 

TEST RFM10N12L RFM10N15L 
CHARACTERISTIC SYMBOL CONDITIONS RFP10N12L RFP10N15L 

MIN. MAX. MIN. MAX. 

Drain-Source Breakdown BVoss 10 = 1 mA 120 - 150 -

Voltaae VGS = 0 

Gate-Threshold Voltage VGs(thi VGS = Vos 1 2 1 2 

10 = 2 mA 

Zero-Gate Voltage Drain loss Vos= 100V - 1 - -

Current Vos = 120 V - - - 1 

Tc=125°C 

Vos= 100V - 50 - -

Vos = 120 V - - - 50 

Gate-Source Leakage Current IGSS VGs=±10V - 100 - 100 

Vos = 0 

Drain-Source On Voltage VOS(on)a 10 = 5 A - 1.5 - 1.5 

VGS = 5 V 

10 = 10 A - 4 - 4 

VGS = 5 V 

Static Drain-Source On rDS(On)a 10 = 5 A - 0.3 - 0.3 

Resistance VGS = 5 V 
Forward Transconductance glsa Vos=10V 

4.0 4.0 - -
10 = 5 A 

Input Capacitance Ciss VOS = 25 V - 1200 - 1200 

Output Capacitance Coss VGS = 0 V - 250 - 250 

Reverse, Transfer Capacitance erss f = 1 MHz - 120 - 120 

Turn-On Delay Time tdlonl Voo = 75 V 15(typ) 60 15(typ) 60 

Rise Time t, 10 = 5 A 50(typ) 135 50(typ) 135 
Rgen = 00 

Turn-Off Delay Time td1off) Rgs = 6.25 0 90(typ) 135 90(typ) 135 

Fall Time t, VGS = 5 V 90(typ) 135 90(typ) 135 

Thermal Resistance RBJC RFM10N12L, 
- 1.67 - 1.67 

Junction-to-Case RFM10N15L 

RFP10N12L, 
- 2.083 - 2.083 

RFP10N15L 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

RFM10N12L RFM10N15L 
CHARACTERISTIC SYMBOL TEST. CONDITIONS RFP10N12L RFP10N15L 

MIN. MAX. MIN. MAX. 

Diode Forward Voltage Vsoa Iso = 5A - 1.4 - 1.4 

Reverse Recovery Time tn IF = 4A. d'F/d,= 100 AI f.1S 150 (typ.) 150 (typ.) 

a Pulse Test: Width ~ 300 f.1S, Duty cycle ~ 2% 
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~ 
20 

10 

RFPIONI2L 
RFPIONI5L 

RFM10N12L, RFM10N15L, RFP10N12L, RFP10N15L 

I
Z 
UJ 

'" '" => 
L> 
I 

Z 

~ 

'" Q I 

RFMIONI2L 
RFM IONI5L 

CASE TEMPERATURE (TCI = 25 ·C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 

4 TEMPERATURE I ~~~~~~4lli~tittlliI±iliJj 

10 100 
DRAIN-TO- SOURCE VOLTAGE (VDSI-V 

92CM-38155 

Fig. 1 - Maximum safe operating areas for all types. 

, , 
1000 

50 100 150 
CASE TEMPERATURE lTC )_OC 92C5-38156 

0.0 

50 50 100 150 
JUNCTION TEMPERATURE {TJI - °C 

92CS-38158 

Fig. 2 - Power VS. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 

50 50 100 150 

JUNCTION TEMPERATURE (TJ I-OC 
92CS-38159 

Fig. 4 - Normalized drain-to-source on resistance vs. junction 
temperature for all types. 
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Fig. 5 - Typical transfer characteristics for all types. 



RFM10N12L, RFM10N15L, RFP10N12L, RFP10N15L 

;; 
> 
I 

'" ,;' 

IG (REF) 
20-_ 

IG(ACT) 

RL::: 1S!!. 

IG (REF) = 0.45 rnA 

VGS :::: 5 V 

DRAIN SOURCE VOLTAGE 

TIME - Microseconds 

tG (REF) 
80-

tG (ACT) 

92C5-37654 

62 
;; 
> 
I 

'" 4;;' 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN7254 and AN-7260. 
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Fig. 8 - Typical drain-to-source on resistance as a function 
drain current for all types. 

E 
I 

:i! 
212 

'" u 
z 
~ to 

" z 
§ 
z 6. 

" '" I-

" '" " ;0 

'" :r 

VOS" lOY 

PULSE TEST 
PULSE DURATION" 80~s 
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Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 
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Fig. 7 - Typical saturation characteristics for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 
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HARRlSRFD12N06RLE, RFD12N06RLESM 
SEMICONDUCTOR RFP12N06RLE 

January 1994 

N;,Channel Logic Level Enhancement-Mode Power 
Field-Effect Transistors (MegaFETs) 

Features 

• 12A,60V 

• rDS(on) = 0.1350 

• Electrostatic Discharge Rated 

• UIS SOA Rating Curve (Single Pulse) 

• Design Optimized for 5V Gate Drive 

• Can be Driven Directly from CMOS, NMOS, TTL Cir-
cuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Packages 
RFD12N06RLE (T0-251) 

TOP VIEW 

RFD12N06RLESM (T0-252) 
TOP VIEW -a SOURCE 

DRAIN . DRAIN TAB 
GATE 

RFP12N06RLE (T0-220AB) 
TOP VIEW 

• Majority Carrier Device 

Description 
: SOURCE 

DRAIN 
GATE 

Terminal Diagram 

These N-channel logic-level ESD protected power MOS
FETs are manufactured USing the· MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, result
ing in outstanding performance. They were designed for use 
with logic-level (SV) driving sources in applications such as 
programmable controllers; automotive switching, switching 
regulators, switching converters, motor drivers, relay drivers 
and emitter switches for bipolar transistors. This perfor
mance is accomplished through a special gate oxide dlilsign 
which provides full rated conductance at gate biases in the 
3V - SV range, thereby facilitating true on-off power control 
directly from logic circuit supply voltages. 

N-CHANNEL ENHANCEMENT MODE 
D 

The RFD12N06RLE is supplied in theJEDEC TO-251, 
RFD12N06RLESM in the JEDEC TO-2S2, and RFP12N06-
RLE in the JEDEC TO-220AB plastic package. 

Absolute Maximum Ratings (T c =+25°C), Unless Otherwise Specified 

Drain-Source Voltage ........ , .. : ' .......................................... Vos 
Drain-Gate Voltage (RGS = 1 MO) ..............................•............. VOGR 
Continuous Drain Current 

RMS Continuous ................. ~ ........................................ 10 
Pulsed Drain Current ........... , .................. ' ...•..................... IOM 

Gate-Source Voltage ........................................................ VGs 
Maximum Power DissipaHon 

Tc=+25°C ............................. ' •. , .........•..................... Po 
Above T c = +25°C, Derate Linearly .....•....•......• ' .......................... . 

Single Pulse Avalanche Rating, Refer to UIS SOA Curve Electrostatic Discharge RaHng, 
ESD, MIL-STO-883, Category 8(2) ............................................ . 

Operating and Storage Junction Temperature Range ....•.•..•...•..........•.. TJ , TSTG 

s 

60 
60 

12 
26 

+10 

40 
0.32 

2 

-55 to +150 

UNITS 
V 
V 

A 
A 

-5V 

W 
WI"C 
KV 

°c 

Copyright @ Harris Corporation 1994 File Number. 2407.2 
6-70 



Specifications RFD12N06RLE, RFD12N06RLESM, RFP12N06RLE 

ELECTRICAL CHARACTERISTICS, Case Temperature (Tc) = 25° C Unless Otherwise Specified 

LIMITS 

RFD12N06RLE 
CHARACTERISTIC TEST CONDITIONS RFD12N06RLESM 

RFP12N06RLE 

Min Max 

Drain-Source BVoss 10 = 0.25 mA 60 -
Breakdown Voltage VGS = 0 V 

Gate Threshold VGS'lI1l VGS = Vos 1 2 
Voltage 10 = 0.25 mA 

Zero Gate Voltage loss Vos = 60 V, VGS = 0 V - 1 
Drain Current Tc=150°C - 50 

Gate-Source IGSS VGs=+10V - 10 
Leakage Current VGS = -5 V - 10 

On Resistance rOS(onl VGS = 5.0 V. 10 = 12 A - 0.135 
VGS = 4.0 V. 10 = 12 A - 0.160 

Turn-On Time tCon) See Fig. 13 - 60 

Turn-On Delay Time tdlon) Voo = 30 V. 10 = 6 A 12 (typ) -

Rise Time t, RL = 5.0n 20 (typ) -
Turn-Off Delay Time td(offl Ig1 = Ig2 = 0.4 A 24 (typ) -
Fall Time tf VGS'clampl= +5 V. -0.6 V 12 (typ) -

Turn-Off Time t'offl - 60 

Total Gate Qgltot) VGS = 0-10 V 
Voo = 48 V - 40 

Charge 10 = 12 A 

Gate Charge Q915l VGS = 0-5 V RL = 4.0 0 - 20 
at 5 Volts 

Threshold Gate Q9lthl VGs=0-1V - 1.5 
Charge 

Plateau Voltage Vcplateau) 10=12A.Vos=15V - 4.0 

Turn-Off Energy Eoff Voo = 30 V. 10 = 6 A - 10 
Loss per Cycle L = 0.2 uH. Ig1 = Ig2 = 0.4 A 

VGs'c'ampl = +5.0 V. -0.6 V 
RL= 5.0 0 

Thermal Resistance R8JC - 3.125 
Junction to Case 

Thermal Resistance R8JA TO-251 & TO-252 packages - 100 
Junction to Ambient TO-220 package - 80 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

Forward Voltage Vso Iso = 12A - 1.2 

Reverse Recovery tn IF = 12 A - 200 
Time dlF/dt = 100 Allls 
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RFD12N06RLE, RFD12N06Rl.ESM,·RFP12N06RLE 

CASE TEMPERATURE crCl=25degC 
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Fig. 1 - Safe,operating area curve. (Curves must be derated 
linearly with increase in case temperature.) 
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Fig. 3 - Maximum continuous drain current vs. temperature. 
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Fig. 5 - Typical saturation characteristics. 
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RFD12N06RLE, RFD12N06RLESM, RFP12N06RLE 
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Fig. 12 - Typical switching waveforms for constant gate current. 
Refer to Harris application notes AN7254 and AN-7260. 
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RFD12N06RLE, RFD12N06RLESM, RFP12N06RLE 

SWITCHING TEST CIRCUIT 
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Fig. 13 - Resistive switching. 
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Fig. 14 - Resistive switching. 
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Fig. 15 - Unclamped inductive switching test. 
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Ell HARRIS RFM12N08L/10L 
RFP12N08L/10L 

August 1991 

N-Channel Logic Level 
Power Field-Effect Transistors (L 2FET) 

Features 

• 12A, 80V and 100V 

• rDS(ON) = 0.20 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from OMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM12N08L and RFM12N10L and the RFP12N08L and 
RFP12N10L are N-channel enhancmement-mode silicon
gate power field-effect transistors specifically designed for 
use with logic level (SV) driving sources in applications such as 
programmable controllers, automotive switching and solenoid 
drivers. This performance is accomplisheq through "a special 
gate oxide design which provides full rated conduction at gate 
biases in the 3V - SV range, thereby facmtating true on-off 
power control directly from logic circuit supplyvollages. 

The RFM "series types are supplied in the JEDEC TO-204AA 
steel package and the RFP series types in the JEDEC TO.,. 
220AB plastic package. 

Because of space limitations branding (marking) on type 
RFP12N08L is F12N08L and on type "RFP12N10L is 
F12N10L. 

Package 
TO-204AA 

BOnOMVIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

IFt-RAtH I ft= E~~E 
Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

s 

Absolute Maximum Ratings (TC = +2S0 C) Unless Otherwise Specified 

Drain-Source Voltage. . .. • .. . . . . . . . . . . • . . . . •. VDS 
Drain-Gate Voltage (RGS = 1 MOl· ..........• VDGR 
Continuous Drain Current 

RMS Continuous ............................ 10 
Pulsed Drain Current. ....................... 10 M 

Gate-Source Voltage •. , ..................... V GS 
Maximum Power Dissipation 

TC = +250C ......... " ....................... Po 
Above T C = +250 C, Derate Linearly ............• 

Operating and Storage Junction ........... TJ, TSTG 
Temperature Range 

RFM12N08L 

80 
80 

12 
30 

±10 

75 
0.6 

-55 to +150 

RFM12Nl0L RFP12N08L 

100 80 
100 80 

12 12 
30 30 

±10 ±10 

75 60 
0.6 0.48 

-55 to +150 -55to+150 

CAUTION: These devices ,are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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RFP12Nl0L 

100 
100 

12 
30 

±10 

60 
0.48 

-55 to +150 

UNITS 

V 
V 

A 
A 
V 

W 
W/oC 

°C 
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Specifications RFM12N08L, RFM12Nl0L, RFP12N08L, RFP12Nl0L 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified. 

LIMITS 

CHARACTERISTIC SYMBOL TEST RFM12N08L RFM12N10L UNITS 
CONDITIONS RFP12N08L RFP12N10L 

MIN. MAX. MIN. MAX. 
Drain-Source Breakdown Voltage BVoos 10=1 mA 80 - 100 - V 

VGs=O 
Gate Threshold Voltage VGs(th) VGs=Vos 1 2 1 2 V 

10=1 mA 
Zero Gate Voltage Drain Current loss Vos=65 V - 1 - -

Vos=80 V - - - 1 

Tc=125°C liA 
Vos=65 V - 50 - -
Vos=80 V - - - 50 

Gate-Source Leakage Cu rrent IGSS VGs=±10 V - 100 - 100 nA 
Vos=O 

Drain-Source On Voltage Vos(on)a 10=6A - 1.2 - 1.2 
VGs=5 V V 
10=12 A - 3.3 - 3.3 
VGs=5 V 

Static Drain-Source On Resistance ros(on)a 10=6 A - 0.2 - 0.2 Q 
VGs=5 V 

Forward Transconductance 9f5a Vos=10 V 4.0 - 4.0 - mho 
10=6 A 

Input Capacitance CisS Vos=25 V - 900 - 900 
Output Capacitance Coss VGs=O V - 325 - 325 pF 
Reverse-Transfer Capacitance C"" f=lMHz - 170 - 170 
Turn-On Delay Time td(on) Voo=SO V lS(typ) SO lS(typ) SO 
Rise Time t, ID=6 A 70(typ) lS0 70(typ) 150 

Rgen=oo ns 
Turn-Off Delay Time td(off) . Rg,=6.25 Q 100(typ) 130 100(typ) 130 
Fall Time tf VGs=S V 80(typ) 150 80(typ) lS0 
Thermal Resistance R6JC RFM12N08L, - 1.67 - 1.67 

Junction-to-Case RFM12Nl0L 
RFP12N08L, - 2.083 - 2.083 °CIW 

RFP12Nl0L 

aPulsed: Pulse duration = 300 liS max., duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

CHARACTERISTIC SYMBOL TEST RFM12N08L RFM12N10L UNITS CONDITIONS RFP12N08L RFP12N10L 
MIN. I MAX. MIN. I MAX. 

Diode Forward Voltage Vso Iso=6 A - I 1.4 - I 1.4 V 
Reverse Recovery Time t" IF=4 A 150(typ) 150(typ) ns 

d lFldt=100 AlliS 
'Pulse Test: Width::; 300 J1S, duty cycle::; 2%. 
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RFM12N08L, RFM12N10L, RFP12N08L, RFP12N10L 
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ORAIN-TO-SOURCE VOLTAGE (VOS)-V 

92CS-37392 

Fig. 1 - Maximum operating areas for all types. 

CASE TEMPERATURE (TC I - OC 92C5-37393 JUNCTION TEMPERATURE (TJ)-·C 
92C5-31211 

Fig. 2 - Power dissipation vs. temperature derating curve 
for all types. 

Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to 
junction temperature for al/ types. 

6-77 

I 
GATE-TO-SOURCE VOLTAGEIVc;sJ-V 

92C5-57213 
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RFM12N08L, RFM12Nl0L, RFP12N08L, RFP12Nl0L 

RL 0;:; 8.33 

IG (REF) "" 0.56 mA 

VGS = 5V 

GATE SOURCE 
VOLTAGE 

TIME - M'Cfoseconds 

IG (REF) 
80-

IG(ACn 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN7254 and AN-7260. 
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31216 

Fig. 8 Typical drain-to-source on resistance as a function 
of drain current for all types. 
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Fig. 10 - Typical forward transconductance as a function 
of drain current for all types. 
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Fig. 7 - Typical saturation characteristics for all types. 
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m HARRIS RFD14N051.I051.SM 
RFP14N051. 

June 1992 

N-Channel Logic Level Enhancement-Mode 
Power Field-Effect Transistors {MegaFETs} 

Features 

• 14A, 50V 

• rDS(on) = 0.1000. 

Packages 
RFD14N05L 

TO-251 
TOP VIEW 

• UIS SOA Rating Curve (Single Pulse) ::::::::====:=. SOURCE 
• Design Optimized for 5V Gate Drive 

• Can be Driven Directly from CMOS, NMOS, TTL Circuits 
~~~~~DRAIN 
::: GATE 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• Operating Temperature .•......•.......•....• +1500C 

Description 

RFD14N05LSM 
TO-252 

TOP VIEW 

RFP14N05L 
TO-220AB 
TOP VIEW 

(F~r:1 0 II :l .... 
Terminal Diagram 

:~~~~CE 
.. GATE 

The RFD14N05L, RFD14N05LSM and RFP14N05L N-Chan
nel logic level power MOSFETs are manufactured using the 
MegaFET process. This process, which uses feature sizes ap
proaching those of LSI integrated circuits gives optimum utili
zation of silicon, resulting in outstanding performance. They 
were designed for use with logic-level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, switching regulators, switching converters, motor 
relay drivers, and emitter switches for bipolar transistors. This 
performance is accomplished through a special gate oxide de
sign which provides full rated conductance at gate biases in 
the 3V - 5V range, thereby faCilitating true on-off power control 
directly from logic circuit supply voltages. 

N-CHANNEL ENHANCEMENT MODE 

The RFD14N05L is supplied in the JEDEC TO-251 plastic 
package, the RFD14N05LSM in the JEDEC TO-252 plastic 
package and the RFP14N05L in the JEDEC TO-220AB plastic 
package. 

G 

PICt1'lFI 

D 

o 14N05lJ 
FN224604.gem S 

Absolute Maximum Ratings (TC = +250 C) Unless Otherwise Specified 

Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . •. VDS 50 
Drain-Gate Voltage (RGS = 1 MOl •••.....••••.....••.•••..••••••..••..••...•.. VDGR 50 
Continuous Drain Current 

RMS Continuous ............•..•....•..........•.••....•.....•............... 10 14 
Pulsed Drain Current. ............•.....•.......••.•••....................•..• IDM 35 

Gate-SourceVoltage .......................................•.....••.••...••.. VGS ±10 
Maximum Power Dissipation 

TC = +250C ................................................................. Po 40 
Above TC = +250C, Derate Linearly •...•.•......•.•......•..........••.•••..••••• 0.32 

Single Pulse Avalanche Rating. • . . . . . .. . . . . . . . . .. . .• .• . . . .. . . . . . • •. . . • •. . •• . . . •• •• • Refer to UIS SOA Curve 
Operating and Storage Junction Temperature Range •••.•...•••....••........• TJ, TSTG -55 to +150 

UNITS 
V 
V 

A 
A 
V 

W 
W/oC 

oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 

File Number 2246.1 
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Specific(!tions RFD14N05L, RFD 14N05LSM,RFP14N05L 

ELECTRICAL CHARACTERISTICS, At. Cas.eTempElrature (Tc) = 25° ClJnless Otherwise SpeCified. 
: 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

MIN. MAX. 
Drain-Source Breakdown Voltage .'. BVoss 10 - 0.25 mA, VGS = 0 V 50 -
Gate-Threshold Voltage VGs(th) VGS - Vos, 10 - 0.25 mA 1 2 

Zero-Gate Voltage DrainCIJrrent 
Vos = 40 V, VGS - 0 V - 1 

loss 
Tc = 150°C - 50 

Gate-Source Leakage Current lass VGS - ±10 V, Vos - 0 V - 100 

Static Drain-Source On-Resistance 
10 = 14 A, VGS = 5 V - 0.1 

ros(on) 
10 = 14 A, VGS = 4 V - 0.12 

Turn-On Time .. ' I(on) Voo - 25 V, 10 - 7A - 60 
Turn-On Delay Time '" td(on) 1.,= 1.2 = 0.4 A - 13 (typ.) 
Rise Time t, VGs(clamp) +5 V, -Q.6 V - 24 (typ.) 
Turn-Off DelayTime td(off) RL = 3.57 n - 42 (typ.) 
Fall Time ..... .' tf (See Figs. 10 & 11) - 16 (typ.) 
Turn-Off Time t( off) - 100 
Total Gate Charge O.(lotal) Voo - 40 V L VGS ~ 0-10 V - 4Q 
Gate Charge at5V 0.(5) 10 = 14 A L VGS = 0-5 V - 2Q 
Threshold .Gate Charge O.(th) RL =2.86 n I VGS = 0~1 V - 1,5 
PlateauVoltage V(plateau) 10=14A,Vos=15V - 4 

Voo - 25 V, 10 - 7A, L '= Q.2 pH, 
Turn-Off Energy Loss Per Cycle Eo .. RL = 3.57 n, I., = 1.2 =. 0.2 A, - 14 

V"s(clamp) +5 V, ~0 .. 6V 
Thermal ResistanCe,JIJnctiQn-to"Case R8Jc - 3.125 

.... .. TO-251 & TOc252 - 100 
Thermal ReSistance, Junction-to~Ambier1t RUJA 

TO-220 - 80 
. 

SOURCE-DRAIN DIODE RA.TINGS.AND CHARACTERISTICS 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

'. MIN. MAX. 
Diode Forward Voltage Vso Iso-14A - 1.5 
Reverse Recdvety Time til IF - 14 A, dl.ld, - 100 Alps - 125 

CASE TEMPERATURE [TCJ=25degC 

DRAIN-TO-SOURCE VOLTAGE WdsJ-V 
SOAGEX14NQ5LCF5 

Fig. 1 - Safe-operating-area curve. (CuNesmustpe derated 
linearly with increase in case lemper.atlJfe.) 
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Fig. 2 - Maximum continuous drain current VS. temperature. 
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Fig. 4 - Typical saturation characteristics. 
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RFD14N05L, RFD14N05LSM, RFP14N05L 
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Fig. 8 - Gate threshold voltage vs. temperature. 
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Fig. 9 - Drain source breakdown voltage vs. temperature. 
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current. Refer to Harris application notes AN7254 and 
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YGS=5V~ 

RFD 14N05L, RFD 14N05LSM, RFP 14N05L 

Voo R} I. (on) 

VOS 

o~G~ g OUT 19~ 
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192--------

SWITCHING TEST CIRCUIT SWITCH ING WAVEFORMS 
92CS-42922 

Fig. 12 - Resistive switching. 
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Fig. 13 _. Unclamped energy test circuit. Fig. 14 - Unclamped energy waveforms. 
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m HARRIS RFM15N05L./06L 
RFP15N05L./06L 

August 1991 

N-Channel Logic Level 
Power Field-Effect Transistors (L 2FET) 

Features 

• 15A, 50V and 60V 

• rDS(ON) = 0.140 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM15N05L and RFM15N06L and the RFP15N05L and 
RFP15N06L are N-channel enhancmement-mode silicon
gate power field-effect transistors specifically designed for ap
plications such as switching regulators, switching converters, 
motor drivers, relay drivers and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive 
power. These types can be operated directly from integrated 
circuits. 

The RFM series types are supplied in the JEDEC TO-204AA 
steel package and the RFP series types in the JEDEC TO-
220AB plastic package. 

Because of space limitations branding (marking) on type 
RFP15N05L is F15N05L and on type RFP15N06L is 
F15N06L. 

Package 
TO-204AA 

SODOM VIEW 

DRAIN 
SOU~LANGE) 

o 
GATE 

TO-220AB 
TOP VIEW 

Terminal Diagram 

:~~I~CE 
GATE 

N-CHANNEL ENHANCEMENT MODE 

D 

G 

S 

Absolute Maximum Ratings (TC = +250C) Unless Otherwise Specified 

RFM15N05L RFM15N06L RFP15N05L 

Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . . .. VDS 50 60 50 
Drain-Gate Voltage (RGS = 1 MOl ............ VDGR 50 60 50 
Continuous Drain Current 

RMS Continuous ............................ 10 15 15 15 
Pulsed Drain Current. ....................... 10M 40 40 40 

Gate-Source Voltage ........................ VGS ±10 ±10 ±10 
Maximum Power Dissipation 

TC = +250 C ....................•........... Po 75 75 60 
Above T C = +250 C, Derate Linearly ............. 0.6 0.6 0.48 

Operating and Storage Junction ........... T J, T STG -55 to +150 -55 to +150 -55to+150 
Temperature Range 

CAUTION: The.e device. are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright @ Harris Corporation 1991 
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Specifications RFM15N05L, RFM15N06L, RFP15N05L, RFP15N06L 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc = 25' C) unless otherwise specified 

LIMITS 

TEST RFM15N05L RFM15N06L 
CHARACTERISTIC SYMBOL CONDITIONS RFP15N05L RFP15N06L 

MIN. MAX. MIN. MAX. 

Drain-Source Breakdown BVoss 10 = 1 mA 50 - 60 -

Voltage VGS = 0 

Gate-Threshold Voltage VGSlth) VGS = Vos 1 2 1 2 

10 = 1 mA 

Zero-Gate Voltage Drain loss Vos = 40 V - 1 - -

Current Vos = 50 V - - - 1 

Tc = 125' C 

Vos = 40 V - 50 - -

Vos = 50 V - - - 50 

Gate-Source Leakage Current IGSS VGs =±10V - 100 - 100 

Vos = 0 

Drain-Source On Voltage VOS (on,8 10=7.5A - 1.05 - 1.05 

VGS = 5 V 

10 = 15 A - 3.0 - 3.0 

VGS = 5 V 

Static Drain-Source On rOSIOn)a 10 = 7.5 A - 0.14 - 0.14 

Resistance VGS = 5 V 
Forward Transconductance gfs8 Vos=10V 

10 = 7.5 A 
4.0 - 4.0 -

Input Capacitance Ciss VOS = 25 V - 900 - 900 

Output Capacitance Coss VGs = 0 V - 450 - 450 

Reverse-Transfer Capacitance erss f = 1 MHz - 200 - 200 

Turn-On Delay Time tdlen) Voo = 30 V 16(typ) 40 16(typ) 40 

Rise Time t, 10 = 7.5 A 250(typ) 325 250(typ) 325 
Rgen = 00 

Turn-Off Delay Time tdloff) Rgs = 6.25 0 200(typ) 325 200(typ) 325 

Fall Time tf VGS = 5 V 225(typ) 325 225(typ) 325 

Thermal Resistance ROJC RFM15N05L, 
- 1.67 - 1.67 

Junction-to-Case RFM15N06L 

RFP15N05L, 
2.083 - 2.083 -

RFP15N06L 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 

RFM15N05L RFM15N06L 
CHARACTERISTIC SYMBOL TEST CONDITIONS RFP15N05L RFP15N06L 

MIN. MAX. MIN. MAX. 

Diode Forward Voltage Vs08 Iso = 7.5A - 1.4 - 1.4 

Reverse Recovery Time tn IF = 4A, d'F/dt = 1 OOA/IlS 225 (typ.) 225 (typ.) 

a Pulsed: Pulse duration = 300 IlS, duty cycle = 2%. 
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RFM 15N05L, RFM 15N06L, RFP 15N05L, RFP 15N06L 

Fig. 1 - Maximum safe operating areas for all types. 

75 

10 

RFPI.5N05L 
RFPI5N06L 

'RFMI5N05L 
RFM 15NOGL 

Fig. 2 - Power dissipation vs.' case tempera/ore derating curve 
for all types; 

2.0 IO· 7.5A 
VGS" IOV 

a 
-50 0 "SO" 100 ,150 , 

'. JUNCTION TEM,PERATUR,E (TJ )-~9;~S~38146 

. . .. . . 

Fig. 4, Norinalizeddrain-to-source on resistance vs. junction 
. temperature for all types; 

il! 
~ 0.9 

g 
~O.8 
::; 
~O.7 

~O.6 
~50 a 50 100 150 

9?CS-3BJ45 

Fig. 3 - Typical normalizedgate threshold vo'ltage as a function 
of junction temperature for all types. 
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Fig. 5 - Typical transfer characteristics for all. types. 



RFM15N05L, RFM15N06L, RFP15N05L, RFP15N06L 

" o 
> 

RL'" 4 n 
IGIREf):::; O.SmA 

\las= 5 V 

DRAIN SOURCE VOLTAGE 

20 10 (REF) 80 10 (REF) 

10 (Aen 10 (Aen 

TIME - Microseconds 

Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN7254 and AN-7260. 
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z 0.3 

Ii 

--4U'" 

8 16 
DRAIN CURRENT {LO)-A 

92CS-38149 

Fig. 8 - Typical drain-to-source on resistance as a function 
drain current for all types. 

VOS=IOV 

o PULSE TEST 
E 14 PULSE DURATION =80f'S 
I DUTY CYCLE:s 2% 

0. 12 

o 
o 2 3 4 

DRAIN CURRENT (IO)-A 
10 

92CS-38151 

Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 
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40 PULSE TEST 
PULSE DURATIONae0flos 
DUTY CYCLE:s 2 % 
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Fig. 7 - Typical saturation characteristics for all types. 

14 

1200 

~JOOO 

I 
u800 

~ 
~600 
u 
~400 
:5 

200 

o 

FREQUENCY (f) = 1 MHz 

Coss 

C'55 

~ 20 ~ ~ W 
DRAIN-TO-SOURCE VOLTAGE (VDS)-V 

92CS-38150 
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(1Jl HARRIS 
\aJ SEMICONDUCTOR 

RFD16N05L 
RFD16N05LSM 

June 1992 

N-Channel Logic Level Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 

Features 

• 16A,50V 

• rDs(ON) = O.047n 

• UIS SOA Rating Curves (Single Pulse) 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from aMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-DIssipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

Package 
T0-251AA 
TOP VIEW 

T0-252AA 
TOP VIEW 

• High Input Impedance O SOURCE 
DRAIN . . . DRAIN 

TAB • Majority Carrier Device 
GATE 

• Operating Temperature +150oC 

Description 

The RFD16N05L and RFD16N05LSM N·channellogic level power 
MOSFETs are manufactured using the MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits gives optimum utilization of silicon, resulting in 
outstanding performance. The RFD16N05L and RFD16N05LSM 
were designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, switching regulators, switching converters, motor relay 
drivers and emitter switches for bipolar transistors. This 
performance is accomplished through a special gate oxide design 
which provides full rated conductance at gate biases in the 3V • 5V 
range, thereby facilitating true on·off power control directly from 
logic circuit supply voltages. 

Terminal Diagram 
N·CHANNEL ENHANCEMENT MODE 

The RFD16N05L is supplied in the JEDEC TO·251 plastic package 
and the RFD16N05LSM in the JEDEC TO·252 plastic package. 

Absolute Maximum Ratings (T C = +25°C), Unless Otherwise Specified 

Drain-Source Voltage ..••..•...•..••......••••.......••................•... Vos 
Drain-Gate Voltage (RGS = 1MQ) .•.....••••....••.•..•..•..•....••••••..... VOGR 
Continuous Drain Current 

RMS Continuous .•....•..•••••...•••........•••.•...••.••..•••.......•..• 10 

Pulsed Drain Current •••••...•..••....•..••.......••......•.............. 10M 

Single Pulse Avalance Rating 
Gate-Source Voltage •....•..•....••.•••••••..•.•...•.••••.•..••...•••.. ,VGS 

Maximum Power Dissipation 
T c = +25°C •••........••.•..•..•.••...•••••....••••..•..••••......••.••. Po 
Above Tc = +25°C, Derate Linearly .••.•..•...•..•••• " ••....•..••....•.....•.... 

Operating and Storage Junction Temperature Range .....•..•.......•.•...... T J, T STG 

D 

,~ 
s 

50 
50 

16 
45 

Refer to UIS SOA Curve 
±10 

60 
0.48 

·55 to +150 

UNITS 

V 
V 

A 
A 

V 

W 
Wf'C 

DC 

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

Copyright © Harris Corporation 1992 
File Number 2269.1 
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Specifications RFD16N05L, RFD16N05LSM 

Electrical Characteristics At Case Temperature (Tc) = +25°C Unless Otherwise Specified 

LIMITS 

CHARACTERISTICS SYMBOL TEST CONDITIONS MIN MAX UNITS 

Drain-Source Breakdown Voltage BVoss 10 = 2.05mA, VGS = OV 50 V 

Gate Threshold Voltage VGs(th) VGS = VOS, 10 = 2.05mA 1 2 V 

Zero Gate Voltage Drain Current loss Vos - 40V, VGS - OV - 1 ItA 
Tc= 150°C 50 

Gate-Source Leakage Current IGSS VGC = ±10V, VOS = OV 100 nA 

Static Drain-Source On Resistance ros(on) 10 = 16A, VGS = 5V 0.047 W 
10 = 16A, VGS = 4V 0.056 

Turn-On Time t(on) Voo = 25V, 10 = SA, IGI = IG2 = O.4A, VGS (clamp) + 5V, 60 ns 

Turn-On Delay Time t.l(on) -0.6V, RL = 3.1250 14(typ) ns 

Rise Time t, 30 (typ) ns 

Turn·Off Delay Time t.l(off) 42 (typ) ns 

Fall Time tf 14 (typ) ns 

Turn-Off Time t(off) 100 ns 

Total Gate Charge °o(total) VGS- 0·10V I VOO-40V SO nC 

Gate Charge at 5V Og(5) VGS - 0·5V I to= 16A 45 nC 

Threshold Gate Charge Og(th) VGS =0·1V I RL=2.50 3 nC 

Plateau Voltage V(plateau) 10 = 16A, VOS = 15V 4 V 

Turn·Off Energy Loss per Cycle Eoff Voo= 25V, 10 = SA,RL =3.1250. L= 0.2)lH,lg, = 102 = 19 ~ 
O.SA, VGs(clamp) +5V, :0.6V 

Thermal Resistance, Junction-to-Case ROJC 2.0S3 °CIW 
Thermal Resistance, Junction-to-Ambient ROJA 100 °CIW 

Source-Drain Diode Ratings and Characteristics 
LIMITS 

CHARACTERISTICS SYMBOL TEST CONDITIONS MIN I MAX UNITS 

Diode Forward Voltage Vso Iso = 16A I 1 .. 5 V 

Reverse Recovery Time trr IF = 16A, dlpdt = 100Ai!JS 
" I 125 ns 

100 
CASE TEMPERATURE crO=25degC 

100 

"to 
'-

w i'- SHInING TJ" 25dlgC 

. """" oW ~ 
'0 10. 

~ 
u: 

"'" '5 
() 

0 r--z 
~ 1. 
o 

.I, 10 100 
DAAIN-TO-SOURCE VOLTAGE f/ds>-V 

RGURE 1. SAFE OPERATING AREA CURVE. (CURVES MUST 
BE DERATED LINEARLY WITH INCREASE IN TEMP;) 

0 

,. 
~ 

, \ 

• i\ 
\ 

.. 
50 75 100 125 150 

CASE TEMPERATURE ffcl-degC 

FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURR.ENT vs 
TEMPERATURE 
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RFD16N05L, RFD16N05LSM 
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RFD16N05L, RFD16N05LSM 
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RFD16N05L, RFD16N05LSM 

Spice Model (RFD16N05L) 

.SUBCKT RFD16N05L 2 1 3; rev 04108192 

"Nominal Temperature = 25°C 
.MODEL MOSMOD NMOS (VT0=2.054 KP=24.73 IS=1e-30 N=10 TOX=1 L=1u W=1u) 

Vto 21 6 0.448 

Rsource 8 7 RDSMOD 0.614E-3 
Rdrain 5 16 RDSMOD 27.38E-3 
.MODEL RDSMOD RES (TC1=3.66E-3 TC2=1.46E-5) 
.MODEL RVTOMOD RES (TC1=-1.81E3 TC2=1.41E-6) 
Ebreak 11 7 17 18 70.9 
.MODEL FiBKMOD RES (TC1 =1.01 E-3 TC2=5.21 E-8) 
.MODEL DBKMOD D (RS=8.82E-2 TRS1=-2.01E-3 TRS2=7.32E-10) 
.MODEL DBDMOD D (1S=1.34E-13 RS=1.21E-2 TRS1=1.64E-3 TRS2=2.59E-6 +CJO=1.13E-9 TI=4.14E-8) 
Cin 6 8 1.21E-9 
Ca 12 8 3.33E-9 
.MODEL SIAMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-4.25 VOFF=-2.25) 
.MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.25 VOFF=-4.25) 
.MODEL DPLCAPMOD D (CJ0=5.22E-10 IS=1e-30 N=10) 
Cb 15 14 3.11E-9 

.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-0.65 VOFF=4.35) 

.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=4.35 VOFF=-0.65) 
Rgate 9 20 2.98 

Lgale 1 9 1.38E-9 
Ldrain 2 5 1.0E-12 

Lsource 3 7 1.0E-9 
Dbody 7 5 DBDMOD 
Dbreak 5 11 DBKMOD 

Dplcap 10 5 DPLCAPMOD 
Eds 14 8 5 8 

Egs 13 8 6 8 1 
Esg 6 10 6 8 1 

Evto 20 6 18 8 1 
II 8 17 1 

MOS1 16 6 B 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 
Rin 6 8 1e9 

Rvto 18 19 RVTOMOD 1 

S1a 6 12 13 8 S1AMOD 
S1b 13 12 13 8 S1BMOD 
S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 
Vbal 8 19 DC 1 

.ENDS 

6-92 



~HARRlS \KJ SEMICONDUCTOR 

RFD16N06LE 
RFD16N06LESM 

March 1994 

16A, 60V, ESO Rated, Avalanche Rated, Logic Level 
N-Channel Enhancement-Mode Power MOSFETs (MegaFETs) 

Features 

• 16A, 60V 

• rDS(ON) = 0.0470 

• 2KV ESD Protected 

• Temperature Compensating PSPICE Model 

• Can be Driven Directly from CMOS, NMOS, TTL 
Circuits 

• Peak Current vs Pulse Width Curve 

• UIS Rating Curve 

Description 

The RFD16N06LE and RFD16N06LESM N-Channel power 
MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those of 
LSI integrated circuits gives optimum utilization of silicon, 
resulting in outstanding performance. They were designed 
for use in applications such as switching regulators, switch
ing converters, motor drivers, relay drivers and emitter 
switches for bipolar transistors. This performance is accom
plished through a special gate oxide design which provides 
full rated conductance at gate bias in the 3V - 5V range, 
thereby facilitating true on-off power control directly from 
logic level (5V) integrated circuits. 

The RFD16N06LE is supplied in the JEDEC T0-251AA plas
tic package and the RFD16N06LESM is supplied in the JEDEC 
T0-252AA plastic package. Due to space limitation$ the 
RFD16N06LE and the RFD16N06LESM are branded .. 16N06L. 

The RFD16N06LE and RFD16N06LESM incorporates ESD 
protection and is designed to withstand 2KV (Human Body 
Model) of ESD. 

When ordering use the entire part number; ego RFD16N06-
LESM. 

Formerly developmental type TA49027. 

Absolute Maximum Ratings (T c = +25°C) 

Packaging 

DRAIN 
(FLANGE) 

Symbcl 

Drain Source Voltage ••.••••••••••••.•.•.••• ' .••..•.•..•••.•.....•.• Voss 
Drain Gate Voltage ••••...••••.•..•.•.•..••..•.•.•...••....••..••• VOGR 
Gate Source Voltage ••.••••...•.•.....•..••••• ' •••.........•...••..• VGS 
Drain Current 

RMS Continuous .•......•••..•.•.•....•...•••.•...••....••..••.•.• 10 
Pulsed Drain Current ..•.•....•.•...•.....•.•..• : ....•..•.....•••.• IOM 

Pulsed Avalanche Rating ••..•••.•.••.•.....•.....••...•••...•.•.••.• EAS 
Power Dissipation 

(Tc = +25°C) .....•...•.•.•.•....•....... , ....•...•••.....•.••.•. Po 
Derate above +25°C, ..•.•.••........•..•.......•...........•.••.. PT 

Electrostatic Discharge Rating MIL-STD-883, CategoryB(2) ................ ESD 
Operating and Storage Temperature ................................ T STG,TJ 

G 

JEDEC TO-251AA 
TOP VIEW 

JEDEC TO-252AA 
TOP VIEW 

SOURCE 

GATE 
-..!:::==:::!/""""""""-

o 

RFD16N06LE, 
RFD16N06LESM 

60 
60 

+10, -8 

16 
Refer to Peak Current Curve 

Refer to UIS Curve 

90 
0.606 

2 
-55 to +175 

UNITS 
V 
V 
V 

A 

W 
Wf'C 

KV 
°C 

CAUTION: These devices areS9ns~ive to electrostatic discharge. Users should follow proper I.C.Handling Procedures. File Number 3628 
Copyright © Harris Corporation 1994 ' 
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Specifications RFD16N06LE, RFD16N06LESM 

Electrical Specifications T c = +25°C, Unless Otherwise Specified 

LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVoss 10 = 0.25mA, VGS = OV 60 - - V 

Gate Threshold Voltage VGS(TH) VGS = Vos, 10 = 0.25mA 1 - 2 V 

Zero Gate Voltage Drain Current loss Vos = 60V, Tc= +25°C - - 1 I1A 
VGs=OV 

Tc = +1500C - - 50 I1A 

Gate-Source Leakage Current IGSS VGs =+10, -8V - - 10 I1A 

On Resistance rOS(ON) 10 = 16A, VGS = 5V - - 0.047 0 

Turn-On Time ioN Voo = 30V, 10 = 16A, - - 100 ns 
RL = 1.880, VGS = 5V, 

Turn-On Delay Time to(ON) RGs=50 - 11 - ns 

Rise Time tR - 60 - ns 

Turn-Off Delay Time to(OFF) - 48 - ns 

Fall Time tF - 35 - ns 

Turn-Off Time IoFF - 115 ns 

Total Gate Charge QG(TOT) VGS = OV to 10V Voo =48V, - 51 62 nC 
10= 16A, 

Gate Charge at 5V QG(5) VGs =OVt05V RL =30 - 29 35 nC 

Threshold Gate Charge QG(TH), VGS = OVto 1V - 1.8 2.6 nC 

Plateau Voltage V(PLATEAU) 10= 16A, VOs= 15V - - 3.5 V 

Input Capacitance CISS Vos = 25V, VGS = OV, - 1350 - pF 
f = lMHz 

Output Capacitance Coss 300 - pF 

Reverse Transfer Capacitance CRSS 90 - pF 

Thermal Resistance Juncijon to Case ReJC - - 1.65 °CIW 

Thermal Resistance Junction to Ambient ROJA - 80 °CIW 

Source-Drain Diode Specifications 

LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Forward Voltage Vso Iso = 16A - - 1.5 V 

Reverse Recovery Time tRR Iso =16A, dlsoldt = 100AlllS 125 ns 
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RFD16N06LE, RFD16N06LESM 

Typical Performance Curves 
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RFD16N06LE, RFD16N06LESM 

Typical Performance Curves (Continued) 
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RFD16N06LE, RFD16N06LESM 

Typical Performance Curves (Continued) 

Test Circuits 

VARY Ip TO OBTAIN 
REQUIRED PEAK lAS 

VGS 

OV~ 

RG 

100 

cSTARTING T J • +25oC 

V STARTING TJ = +1 50°C 

......... ./ 1/ 

V t'-.i"-

IfR=O ......... 
IAV = (L)(IASY(1.3·RATED BVOSS • VOO) 
IfR~O ~ 
IAV = (UR)ln[(lAS·RY(1.3·RATED BVOSS • VOO) +1] 

1 
0.01 0.1 

IAV. TIME IN AVALANCHE (ma) 

FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 
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FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
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FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 
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RFD16N06LE, RFD16N06LESM 

Temperature Compensated PSPICE Mode/for the RFD16N06LE, RFD16N06LESM 
SUBCKT RFD16N06l-E 213; 

CA 12 8 3.364e-9 
CB 15 14 3.41e-9 

rev 8/2193 

OPLCAP 5 DRAIN 

CIN 680 1.317e-9 LORAIN 2 

DBODY 7 5 DBDMOD 
DBREAK 5 11 DBKMOD 
DESDl 91 9 DESDl MOD 
DESD2 91 7 DESD2MOD 
DPLCAP 10 5 DPLCAPMOD 

EBREAK 117 171875.5 
EDS 148581 
EGS 138681 
ESG 610 6 81 
EVT02061881 

IT 8171 

GATE RGATE 

1 LGATE 9 

RSCL1 

OBODY 

"=--+--~i+., MOS2 

RSOURCE LSOURCE 
3 LDRAIN 2 5 le-9 

LGATE 1 9 4.ge-9 
LSOURCE 3 7 4.ge-9 

L-____ + ________ +-__ --J 1 SOURCE 

S1A S2A 
RBREAK 

MOS116 6 8 8 MOSMOD M = 0.99 
MOS2 1621 88 MOSMOD M = 0.01 l'Qf?'J .--"'VV_ .... 18 

RBREAK 1718 RBKMOD 1 
RDRAIN 50 16 RDSMOD 11.86e-3 
RGATE 9 20 2.52 
RIN 68 le9 
RSCL1 5 51 RSLVCMOD le-6 
RSCL2 5 50 1e3 
RSOURCE 8 7 RDSMOD 26e-3 
RVTO 1819 RVTOMOD 1 

SlA 612.138 SlAMOD 
SlB.13 12 138 SlBMOD 
S2A 6151413 S2AMOD 
S2B 13 15 1413 S2BMOD 

VBAT819DCl 
VT0216 0.49 

CA CB 
+ + 14 

EGS .A. .5. 

ESCL 5150 VALUE= {(V(5,51)1ABS(V(5,51)))*(PWR(V(5,51)*le6/93,7.3))} 

.MODEL DBDMOD D(IS = 3.80e-13 RS = 1.12e-2 TRSl = 1.61e-3 TRS2 = 6.08e-6 CJO = 1.05e-9 TT = 3.84e-8) 

.MODEL DBKMOD D (RS = 1.44e-l TRS1 = 6.5ge-3 TRS2 = 9.71e-6) 

.MODEL DESD1MOD D (BV = 13.5 TBVl = 0 TBV2 = 0 RS = 48 TRSl = 0 TRS2 = 0) 

.MODEL DESD2MOD D (BV = 10.24 TBVl = -8.6756e-4 TBV2 = 7.425e-7 RS = 0 TRSl = 0 TRS2 = 0) 

.MODEL DPLCAPMOD D (CJO = 5.5ge-l0 IS = le-30N = 10) 

.MODELMOSMOD NMOS (VTO= 1.89 KP=113IS=le-30 N=10 TOX=1 L=lu W=lu) 

.MODEL RBKMOD RES (TCl = 1.12e-3 TC2 = -9.59e-7) 

.MODEL RDSMOD RES (TCl = 4.98e-3 TC2 = 1.34e-5) 

.MODEL RSLVCMOD RES (TCl = 1.75e-3 TC2 =3.75e-6) 

.MODEL RVTOMOD RES (TCl = -1.86e-3 TC2 = -3.63e-6) 

.MODEL SlAMOD VSWITCH (RON = le-5 ROFF = 0.1 VON = -3.B5 VOFF= -1.85) 

.MODEL SlBMOD VSWITCH (RON = le-5 ROFF = 0.1 VON = -1.85 VOFF= -3.85) 

.MODEL S2AMOD VSWITCH (RON = le-5 ROFF = 0.1 VON = -2.34 VOFF= 2.76) 

.MODEL S2BMOD VSWITCH (RON = le-5 ROFF = 0.1 VON = 2.76 VOFF= -2.34) 

.ENDS 

NOTE: 

1. For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFet 
Featuring Global Temperature Options; IEEE Power. Electronics Specialist Conference Records 1991. 
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m HARRIS RFP17N06L. 
August 1991 

N-Channel Logic Level Enhancement-Mode 
Power Field-Effect Transistor 

Features 

• 17A, 60V 

• rDSION) = 0.1000 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from aMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Package 

TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

Description N-CHANNEL ENHANCEMENT MODE 

The RFP17N06L is an N-Channel enhancement mode silicon
gate power field effect transistor designed for applications 
such as switching regulators, switching converters, motor driv
ers, relay drivers and drivers for high power bipolar transistors 
requiring high speed and low gate drive power. This type can 
be operated directly from integrated circuits. This performance 
is accomplished through a special gate oxide design which 
provides full rated conductance at gate biases in the 3V - 5V 
range, thereby faCilitating true on-off power control directly 
from logic circuit supply voltages. 

The RFP17N06L is supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (TC '" +250 C) Unless Otherwise Specified 

G 

Drain-Source Voltage ••...•••....... " ..•...••..............•...................•...••• VDS 
Drain-Gate Voltage (RGS = 1 Mfl) .....•...•............................................ VDGR 
Continuous Drain Current 

RMS Continuous •.•.••••••........•.....................••.•.................••..•.••. 10 
Pulsed Drain Current. ..............••.•.................•.••..............•...••....•. IDM 

Gate-Source Voltage ..............•....................•.............................. V GS 
Maximum Power Dissipation 

TC = +250 C ...••••••.•••...•.•••...............................•....•••.....••..••... Po 
Above TC = +250C, Derate Linearly ...............................•...•.•......••..•.••... 

Operating and Storage Junction Temperature Range ...........•....................•.. T J, T STG 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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UNITS 
60 V 
60 V 

17 A 
50 A 

±10 V 

60 W 
0.48 W/oC 

-55to+150 °C 
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Specifications RFP17N06L 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Te) = 25° C unless otherwise specified.' 

LIMITS 
CHARACTERISTIC TEST CONDITIONS MIN. MAX. UNITS 

Drain-Source Breakdown Voltage BVoss 10 = 1.0 mA, Vos = 0 V 60 -
V 

Gate Threshold Voltage VGs(th) VGS = VbS; 10= 1:0 mA 1 2 

Zero Gate Voltage Drain Current 
Vos == 48V. VGS = 0 V 1 

jJA loss 
Te = 150°C 

-
50 

Gate-Source Leakage Current IGSS VGS = ±10 V - 100 nA 
On Resistance Ros(on) 10 = 8.5 A. VGS = 4.0 V - 0.150 

10 = 8.5 A, VGS = 5.0 V - 0.100 0 
10 = 17.0 A, VGS = 5.0 V - 0.130 

Forward Transconductance gFS 10 = 8.5 A. Vos = 5.0 V 6.0 - S 
Turn-On Delay Time Td(on) Voo = 30 V. 10 = 8.5 A - 40 
Rise Time TR RGEN = 12.5 ohms - 150 
Turn-Off Delay Time Td(off) RGS = 12.5 ohms - 240 

ns 

Fall Time T, VGS = +5 V - 110 
Total Gate Charge Og(total) 10 = 8.5 A. Voo = 30 V 

45 -
VGS = 10 V, RL = 3.5 ohms 

nC 
Gate Charge at 5 volts Og(5) VGS = 5 V - 25 
Threshold Gate Charge Og(th) VGS = 1 V - 2.0 
Thermal Resistance Junction to Case RI/JC - 2083 

°C/W 
Thermal Resistance Junction to Ambient RI/JA - 80 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

LIMITS 
CHARACTERISTIC TEST CONDITIONS MIN. I MAX: UNITS 

Forward Voltage Vso Iso= 17 A - I 1.2 V', 

Reverse Recovery Time t" IF = 17 A, dlF/d, = 100 A/jJs 115 (typ) ns 

CASE TEMPERATURE (fC)-25degC -
10 0 

Id ~AX ICONT NUOUS) 

10. O~><OPE nON I THIS 

'-... 

0 
I'-.. 

, 

.1 , 10 100 
DRAIN-TO-SOURCE VOLTAGE /Vdsl-v 

SO"RFP17N06LCF6 

Fig. 1- Maximum safe operating arBas for all types. 
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RFP17N06L 
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Fig. 2 - Power dissipation vs. case temperature derating curve for 
all types. 
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Fig. 5 - Typical transfer characterisl1cs for all types. 
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RFP17N06L 
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Fig. 8 ... Typical drain-fa-source on resistance as a function drain 
current for all types. 
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Fig. 10' TYPical forward transconductance as a function of drain 
current for all types. 
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mJ HARRIS RFP2SNOSI. 
June 1992 

N-Channel Logic Level Enhancement-Mode 
Power Field-Effect Transistor (MegaFETs) 

Features 

• 25A, 50V 

• rDS(ON) = 0.0470. 

• UIS SOA Rating Curve (Single Pulse) 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from CMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Package 

TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

• Majority Carrier Device N-CHANNEL ENHANCEMENT MODE 

• Operating Temperature ......•......•........ +150oC 

Description 

The RFP25N05L is an N-Channellogic level power MOSFETs 
are manufactured using the MegaFET process. This process, 
which uses feature sizes approaching those of LSI integrated 
circuits gives optimum utilization of silicon, resulting in out· 
standing performance. The RFP25N05L was designed for use 
with logic level (5V) driving sources in applications such as 
programmable controllers, automotive switching, switching 
regulators, switching converters, motor relay drivers and emit· 
ter switches for bipolar transistors. This performance is accom· 
plished through a special gate oxide design which provides full 
rated conductance at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 

The RFP25N05L is supplied in the JEDEC TO-220AB plastic 
package. 

Absolute Maximum Ratings (Tc = +250Cl, Unless Otherwise Specified 

D 

G 

s 

Drain-Source Voltage. . . • . . . . . . . . . . . • . . . . . • • . • . • . . • . • . . . . . . • . . . . . • • . . . . • • • • . .. VDS 50 
Drain-Gate Voltage (RGS = 1 MOl ............................................. VDGR 50 
Continuous Drain Current 

RMS Continuous ...•••..........••••••.••.....••.•...•.•..••...••............ 10 25 
Pulsed Drain Current. ..•..........•.•....•••....•••••...•...................• 10M 65 

Single Pulse Avalanche Energy Rating Refer to UIS SOA Curve' 
Gate-Source Voltage ....................•.......•....••.•.....•••..••••••••.. VGS ±10 
Maximum Power Dissipation 

TC = +250 C .......................................................••••.•..•• Po 60 
Above T C = +250C, Derate Linearly .•............•.•......••.•...••...••.•.•..... 0.48 

Operating and Storage Junction Temperature Range ...............•.....••••. T J, TSTG -55 to + 150. 

, See Figures 13, 14 and 15 

UNITS 
V 
V 

A 
A 

V 

W 
WloC 
°c 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 
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Specifications RFP25N05L 

ELECTRICAL CHARACTERISTICS. At Case Temperature (Tc) = 25° C unless otherwise specified: 

. 
CHARACTERISTIC TEST CONDITIONS 

Drain-Source Breakdown Voltage BVoss 10 = 0.25 mA, VGS = 0 V 
Gate Threshold Voltage VGs(th) VGS = Vos, 10 = 0.25 mA 

Zero Gate Voltage Drain Current 
Vos = 40 V, VGS = 0 V 

loss 
Tc= 150°C 

Gate-Source Leakage Current IGSS VGS - ±10 V, Vos - 0 V 

Static Drain-Source On Resistance ros(on) 
10 - 25 A, VGS - 5 V 
10=25A, VGs=4V 

Turn-On Time t(on) 
Turn-On Delay Time td(on) Voo = 25 V, 10= 12.5 A 
Rise Time t, 191 = 192 = 1 A 
Turn-Off Delay Time td(off) VGS (clamp) + 5 V, - 0.6Y 
Fall Time tf RL =20 
Turn-Off Time t(off) 
Total Gate Charge O.(total) VGS = 0-10 V Voo=40V 
Gate Charge at 5 V 0.(5) VGS - 0-5 V 10= 25 A 
Threshold Gate Charge O.(th) VGs-O-l V RL = 1.60 
Plateau Voltage V(plateau) 10=25A,Vos-15V 

Voo = 25 V, 10 = 12.5 A, RL = 20 
Turn-Off Energy Loss per Cycle Eoff L = 0.2 /lH, 191 = 1.2 = 1 A 

VGS (clamp) + 5 V, -0.6 V 
Thermal Resistance, Junction-to-Case R(!JC 
Thermal Resistance, Junction-to-Ambient R(!JA 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS: 

CHARACTERISTIC 

Diode Forward Voltage 
Reverse Recovery Time 

fOO 

< 
~ 10 
t" 
.o~~ TlONI ~~ IrED 

Vso 

t" 

- .. CASE TEMPERATURE {TC) 25d C 

TEST CONDITIONS 

Isp= 25 A 
IF = 25 A, dlF/dt = 100 AI/ls 

0 

--------
I-----

0 

LIMITS 
MIN. MAX. 

50 -
1 2 

1 
-

50 
- 100 

0.047 
-

0.056 
- 60 
- 15 (typ.) 
- 35 (typ.) 
- 40 (typ.) 
- 14 (typ.) 
- 100 
- 80 
- 45 
- 3 
- 4 

- 30 

- 2.083 
- 80 

LIMITS 
MIN. MAX. 
- 1.5 
- 125 

---. 
0 I'---z 

w 
~ 
~ 
~ 
() 

z "" ~ 
~ t. 0 0 
o 

W 

.1 o 1 10 100 50 75 100 125 
DRAIN-TO-SOURCE VOLTAGE Wds)-V CASE TEMPERATURE ITcHfegC 

UNITS 

V 

/lA 

nA 

0 

ns 

nC 

V 

/lJ 

°C/W 

UNITS 

V 
ns 

"-
l'\ 

\ 
150 

Fig. 1 - Safe operating area curve. (Curves must be derated 
linearly with increase in temperature.) 

Fig. 2 - Maximum continuous drain current vs. temperature. 
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Fig. 3 - Normalized power dissipation vs. temperature 
derating curve. 

Vds-15V -

PU..SfTEST I /' 
65 

"'-,,~~~ .' II 5 0UTYCYCl£=.5t' 

/ / 

5 /1 / 

I / 

5 II 
;// 

5 
11/ 

! 

15 
/ 

5 . /1 
.;,;' 

1.5 3.0 4.5 6.0 7.5 
GATE-TO-SOURCE VOLTAGE Wgsr-v 

VGSGEP25N05LCF6 

Fig. 5 - Typical transfer characteristics. 
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Fig. 7 - Normalized rd.(on) vs. junction temperature. 
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Fig. 4 - Typical saturation characteristics. 
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Fig. 6 - Normalized switching wavetorms for constant gate-current. 
Refer to Harris application notes AN7254 and AN-7260, 
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Fig. 8 - Typical normalized gate threshold voltage. 
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Fig. 9 - Drain source breakdown voltage VS. temperature. Fig. 10 - Typical capacitance VS. voltage 
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Fig. 11 - Normalized switching waveforms fat constant gate-current 
(Refer to Harris application notesAN-7254 andAN-7260) 
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VGS= 5V~ 
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Fig. 13 - Unclamped energy test circuit. Fig. 14 - Unclamped energy waveforms. 
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En HARRIS RFP25N06L 
August 1991 

N-Channei Logic Level Enhancement-Mode 
Power Field-Effect Transistor (L 2FET) 

Features 

• 2SA, 60V 

• rDS(ON) = 0.08Sn. 

• Design Optimized for SV Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

Package 

TO'"220AB 
TOP VIEW 

Terminal Diagram 

~SOURCE 
DRAIN 
GATE 

• High Input Impedance 
N-CHANNEL ENHANCEMENT MODE 

• Majority Carrier Device 

Description 

The HFP25N06L is an N-Channel enhancement-mode sili
con-gate power field-effect transistor specifically designed for 
use with logic level (5V) driving sources in applications such as 
programmable controllers, automotive switching and solenoid 
drivers. This performance is accomplished through a special 
gate oxide design which provides full rated conductance at 
gate biases in the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic circuit supply voltages. 

The RFP25N06L is supplied in the JEDEC TO~220AB plastic 
package. 

Because of space limitations branding (marking) on type 
RFP25N06L is F25N06L. 

Absolute Maximum Ratings (TC = +250 C) UnlessOtherwiseSpecified 

G 

Drain-Source Voltage ............•..........••... ~ ........... : •... : , . . • . .. . . . . . . . . . . . .. VOS 
Drain-Gate Voltage (RGS = 1 MO) .••.. '.' .. : ••....•...••...•...••............•....•...•. VOGR 
Continuous Orain Current 

RMS Continuous ......•..••...••.•............•........ , . ; .............................. 10 

RMSContinuous @TC=+850 C ...•.•...•....•....••.•.•....• : ..........•...........••...... 
Pulsed Drain Current. .•.....••.....•.•.........••....••••..•. , ....•••...•... , .... ',' ...... IOM 

Gate-Source Voltage ........................................... ; .............. , ......... VGS 
Maximum Power Oissipation 

TC=+250 C .................................. , .................. : .... ,···;···.······ .. ··.po 
Above TC = +250 C Derate Linearly ..................................... '. , ................ . 

Operating and Storage Junction TemperatureHange; ... : .. ; ......... : .••...••... : ...... TJ, TSTG 

CAunON: These devices are sensitive to elect~ostatic discharge:._ Prope'r- I.e. handling' procedures should be followed. 
Gopyright © Harris Corporation 1991 
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UNITS 
60 V 
60 V 

25 A 
18 A 
60 A 

±10 V 

75 W 
0.6 W/oC 

~55 to +150 °c 
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Specifications RFP25N06L 

ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25° C Unless Otherwise Specified 

LIMITS 

CHARACTERISTICS TEST CONDITIONS RFP25N06L 

MIN. MAX. 

Drain-Source Breakdown 10 = 1 mA 
60 -

Voltage BVoss VGs=O 

Gate Threshold Voltage VGSCthl VGS = Vos 
1 2 

10= 1 mA 

Zero Gate Voltage Drain Vos=40V - -

Current loss Vos =50 V - 1 

Tc = 125°C 

Vos = 40 V - -

Vos = 50V - 50 

Gate-Sou rce Leakage VGs= 10 V 
- 100 

Current IGSS Vos=O 

Drain-Source On Voltage VOS(onJa 10= 12.5 A 
- 1.06 

VGS = 5 V 

10 = 25 A 
- 2.5 

VGS = 5 V .. 

Static Drain-Source rOSlon,8 10=12.5A 
- 0.085 

On Resistance VGS = 5 V 

Forward Transconductance gfsa Vos = 5 V 
5 -

10= 12.5.A 

Input Capacitance Ciss - 2000 
VDs = 25V 

Output Capacitance Coss 
VGS = 0 V 

- 900 

Reverse Transfer C ... - 400 
f= 1 MHz 

Capacitance 

Turn-On Delay Time tdlonJ Vos =30 V 18 (typ.) 60 

Rise Time t, 10=12.5A 120 (typ.) 225 

Turn-Off Delay Time td(offJ Rgen = 00 123 (typ.) 225 

Fall Time tf Rgs= 6.25 n 123 (typ.) 200 

VGs= 5 V 

Thermal Resistance Junction-to-Case RBJC RFP25N06L - 1.67 

apulsed: Pulse duration =.300 fJ.S max" duty cycle = 2%. 
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RFP25N06L 

CASE TEMPERATURE (T C) - 25 °C 

(CURVES MUST BE DERATED 

LINEARLY WITH INCREASE IN 

TEMPERATURE) 

°0 0", 
OPERATION IN 

~"'~ THIS AREA IS 

~ LIMITED BY r- 01-

r-+->.s~ 'DS(on) 

" 
V DSS (MAX) = 60 V RFP25N06L, 

6 8 
10 

6 8 
100 

DRAIN-TO-SOURCE VOLTAGE (VDS) - V 

Fig. 1 - Maximum operating areas for all types. 
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Fig. 2 - Power dissipation vs. case temperature derating curve for 
all types. 

Fig. 3 - Maximum continuous drain current vs. case temperature. 
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Fig. 4 - Typical normalized gate threshold voltage as a function of 
junction temperature for all types. 
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Fig. 5 - Normalized drain-to-source on resistance to junction 
temperature for all types. 
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GATE-TO-SOURCE VOLTAGE (VGS)-V 

Fig. 6 - Typical transfer characteristics for all types. 

DRAIN-TO-SOURCE VOLTAGE (VOS1-V 

Fig. 8 - Typical saturation characteristics for all types. 
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Fig. 10 - Typical capacitance vs. voltage. 
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Fig. 7 - Typical output characteristics for all types. 
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Fig. 9 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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Fig. 11 - Typical forward transconductance as a function of drain 
current for all types. 
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Rl = 2.4,Q 
IG (REF) = 0.5 mA 

VGS= 5 V 

Fig. 12 - Normalized switching waveforms for constant gate
current. Refer to Harris application notes AN7254 and 
AN-7260. 
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HARRIS 
SEMICONDUCTOR RFP30N06LE 

January 1994 

30A, 60V, ESO Rated, Avalanche Rated, Logic Level 
N-Channel Enhancement-Mode Power MOSFET (MegaFET) 

Features 
• 30A,60V 

• rOS(ON) = 0.047Q 

• 2KV ESD Protected 

• Temperature Compensating PSPICE Model 

• Can be Driven Directly from CMOS, NMOS, TTL 
Circuits 

• Peak Current vs Pulse Width Curve 

• UIS Rating Curve 

Description 
The RFP30N06LE N-Channel power MOSFET is manufac
tured using the MegaFET process. This process, which uses 
feature sizes approaching those of LSI integrated circuits 
gives optimum utilization of silicon, resulting in outstanding 
performance. They were designed for use in applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers and emitter switches for bipolar transis
tors. This performance is accomplished through a special 
gate oxide design which provides full rated conductance at 
gate bias in the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic level (5V) integrated circuits. 

The RFP30N06LE incorporates ESD protection and is 
designed to withstand 2KV (Human Body Model) of ESD. 

The RFP30N06LE is supplied in the JEDEC T0-220AB plastiC 
package. Due to space limitations the RFP30N06LE is branded 
P30N06LE. 

When ordering use the entire part number; RFP30N06LE. 
Formerly developmental type TA49027. 

Absolute Maximum Ratings (Tc = +25°C) 

Package 

Symbol 

Drain Source Voltage .............................................. Voss 

Drain Gate Voltage ................................................ VOGR 

Gate Source Voltage ............................................... VGS 

Drain Current 
RMS Continuous .................................................. 10 

Pulsed Drain Current ............................................. 10M 

Pulsed Avalanche Rating ............................................ EAS 

Power Dissipation 
(T c = +25°C) ..................................................... Po 
Derate above +25°C ............................................... PT 

Electrostatic Discharge Rating MIL-STD-883, Category 8(2) .............. ESD 

Operating and Storage Temperature ................................ T STG,TJ 

G 

TO-220AB 
TOP VIEW 

o 

RFP30N06LE 

60 

60 

+10, -8 

30 
Refer to Peak Current Curve 

Refer to UIS Curve 

96 
0.645 

2 

-55 to +175 

UNITS 

V 

V 

V 

A 

W 
Wf'C 

KV 

°C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3629 
Copyright © Harris Corporation 1994 
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Specifications RFP30N06LE 

Electrical Specifications T c = +25°C, Unless Otherwise Specified 

LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source Breakdown Voltage BVoss 10 = 0.25mA, VGS = OV 60 - V 

Gate Threshold Voltage VGS(TH) VGS = Vos, 10 = 0.25mA 1 - 2 V 

Zero Gate Voltage Drain Current loss Vos = 60V, Tc = +25°C - - 1 ~A 
VGS = OV 

Tc = +150oC - - 50 ~ 

Gate-Source Leakage CUrrent IGSS VGS = +10, -8V - - 10 ~ 

On Resistance rOS(ON) 10 = 30A, VGS = 5V - - 0.047 Q 

Turn-On Time ioN VOO = 30V, 10 = 30A, - 140 ns 
RL = 1Q, VGS = 5V, 

Turn-On Delay Time to(ON) RGs=2.5Q - 11 ns 

Rise Time tR - 88 - ns 

Turn-Off Delay Time to(OFF) - 30 - ns 

Fall Time IF - 40 - ns 

Turn-Off Time IoFF - - 100 ns 

Total Gate Charge OG(TOT) VGS = OV to 10V Voo = 48V, - 51 62 nC 
10 = 30A, 

Gate Charge at 5V OG(5) VGs =OVt05V RL = 1.6Q 28 34 nC 

Threshold Gate Charge OG(TH) VGS = OVto 1V 1.8 2.6 nC 

Plateau Voltage V(PLATEAU) 10 = 3OA, Vos = 15V - - 4.0 V 

Input Capacitance C,ss VOS = 25V, VGS = OV, - 1350 - pF 
f = 1MHz 

Output Capacitance COSS - 290 pF 

Reverse Transfer Capacitance CRSS - 85 - pF 

Thermal Resistance Junction to Case ROJc - - 1.55 °C/W 

Thermal Resistance Junction to Ambient ROJA - - 80 °C/W 

Source-Drain Diode Specifications 

LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Forward Voltage Vso Iso = 30A - - 1.5 V 

Reverse Recovery Time tRR Iso = 30A, disoldt = 100Al~ - - 125 ns 
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RFP30N06LE 

Typical Performance Curves 
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RFP30N06LE 

Typical Performance Curves (Contlnued) 
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RFP30N06LE 

Typical Performance Curves (Continued) 

Test Circuits 
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IAV= (LIR)ln[(lAS·R)/(1.3·RATEDBVOSS - Voo) +1] 
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FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 
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FIGURE 14. UNCLAMPED ENERGY WAVEFORMS FIGURE15.UNCLAMPED ENERGY TEST CIRCUIT 
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FIGURE 16. RESISTIVE SWITCHING WAVEFORMS FIGURE 17. RESISTIVE SWITCHING TEST CIRCUIT 
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RFP30N06LE 

Temperature Compensated PSPICE Model for the RFP30N06LE 
SUBCKT RFP30N06LE 2 1 3; 
CA 12 8 1 3.34e-9 
CB 15143.449-9 
CIN 680 1.343e-9 

DBODY 7 5 DBDMOD 
DBREAK 5 11 DBKMOD 
DESD1 91 9 DESD1 MOD 
DESD2 91 7 DESD2MOD 
DPLCAP 10 5 DPLCAPMOD 

EBREAK 117 1718 75.39 
EDS 148581 
EGS 138681 
ESG610681 
EVT02061881 

IT 8171 

rev 6/2/93 

10 

GATE RGATE 

1 LGATE 9 

DPLCAP 5 

LDRAIN 

RSCL1 

RSCL2 DBREAK 

DBODY 

t-%--+-...".,.~!+, MOS2 

RSOURCE LSOURCE 

DRAIN 
2 

3 LDRAIN 2 5 1 e-9 
LGATE 1 9 7.22e-9 
LSOURCE 3 7 6.31e-9 

L-____ + ________ +-__ --' 7 SOURCE 

SlA S2A 
RBREAK 

MOS1 16688 MOSMOD M = 0.99 
MOS2 1621 88 MOSMOD M = 0.01 ro~ 1 S1B t i S2B~ 1 

.--.I\I'II'Ir--. 18 

RBREAK 17 18 RBKMOD 1 
RDRAIN 50 16 RDSMOD 11.86e-3 
RGATE 9202.52 
RIN 681e9 
RSCL1 5 51 RSLVCMOD 1e-6 
RSCL2 5 50 1e3 
RSOURCE 8 7 RDSMOD 26.6e-3 
RVTO 1819 RVTOMOD 1 

S1A 612138 S1AMOD 
S1B 1312 138 S1BMOD 
S2A 6151413 S2AMOD 
S2B 1315 1413 S2BMOD 

VBAT819 DC 1 
VT0216 0.5 

CA CB 

EGS 

ESCL 5150 VALUE = {(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/89,7)) 

+ 14 
.a. 

.MODEL DBDMOD D (IS = 3.80e-13 RS = 1.12e-2 TRS1 = 1.61e-3 TRS2 = 6.08e-6 CJO = 1.05e-9 n = 3.84e-8) 

.MODEL DBKMOD D (RS = 1.82e-1 TRS1 = 7.50e-3 TRS2 = -4.0e-5) 

.MODEL DESD1 MOD D (BV = 13.54 TBV1 = 0 TBV2 = 0 RS = 45.5 TRS1 = 0 TRS2 = 0) 

.MODEL DESD2MOD D (BV = 11.46 TBV1 = -7.576e-4 TBV2 = -3.0e-6 RS = 0 TRS1 = 0 TRS2 = 0) 

.MODEL DPLCAPMOD D (CJO = 0.591 e-9 IS = 1 e-30 N = 10) 

.MODEL MOSMOD NMOS (VTO = 1.94 KP = 139.2 IS = 1e-30 N = 10 TOX = 1 L = 1u W = 1u) 

.MODEL RBKMOD RES (TC1 = 1.07e-3 TC2 = -3.03e-7) 

.MODEL RDSMOD RES (TC1 = 5.38e-3 TC2 = 1.64e-5) 

.MODEL RSLVCMOD RES (TC1 = 1.75e-3 TC2 = 3.90e-6) 

.MODEL RVTOMOD RES (TC1 = -2.15e-3 TC2 = -5.43e-6) 

.MODEL S 1 AMOD VSWITCH (RON = 1 e-5 ROFF = 0.1 VON = -4.05 VOFF = -1.5) 

.MODELS1BMODVSWITCH(RON=1e-5 ROFF=0.1 VON=-1.5 VOFF=-4.05) 

.MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -2.2 VOFF = 2.8) 

.MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 2.8 VOFF = -2.2) 

.ENDS 

NOTE: 

RVTO 

19 

+ 

1. For further discussion of the PSPICE model consult A New PSPICE Sub-circuitfor the Power MOSFet Featuring Global Temperature 
Options; I EEE Power Electronics Specialist Conference Records 1991. 
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m·I-IARRIS RFP50N051. 
RFG50NOSI. 

May 1992 

N-Channel Logic Level Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 

Features 

• UIS SOA Rating Curve (Single Pulse) 

• Design Optimized for 5V Gate Drive 

• Can be Driven Directly from CMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

Package 

RFP50N05L 
TO-220AB 
TOP VIEW 

RFG50NOSL 
TO-247 

TOP VIEW 

Terminal Diagram 

The RFP50N05L and RFG50N05L N-channellogic-Ievel pow
er MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those of 
LSI integrated circuits gives optimum utilization of silicon, 
resulting in outstanding performance. They were designed for 
use with logic-level (5V) driving sources in applications such 
as programmable controliers, automotive switching, switching 
regulators, switching converters, motor relay drivers, and emit
ter switches for bipolar transistors. This performance is accom
plished through a special gate oxide design which provides full 
rated conductance at gate bias in the 3V - 5V range, thereby 
facilitating true on-off power control directly from integrated 
circuit supply voltages. 

N-CHANNEL ENHANCEMENT MODE 

The RFP50N05L is supplied in the JEDEC TO-220AB plastic 
package and the RFG50N05L is supplied in the TO-247 plas
tic package. 

Maximum Ratings, Absolute-Maximum Values (TC = +250C) 

G 

Drain-Source Voltage. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VOS 
Drain-Gate Voltage (RGS = lMO) ...................................................... VOGR 
Continuous Drain Current 

RMS Continuous ..............•.................. , .................................... 10 
Pulsed Drain Current. ................................................................. IOM 

Single Pulse Avalance Rating, Refer to UIS SOA Curve 
Gate-Source Voltage ..•.. ; •........................................................... VGS 
Maximum Power Dissipation 

TC = +250 C .......................................................................... Po 
AboveTc:: = +250 C, Derate Linearly ...................................................... . 

Operating and Storage Junction Temperature Range ................................... T J, T STG 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be fOllowed. 
Copyright © Harris Corporation 1992 
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UNITS 
50 V 
50 V 

50 A 
130 A 

±10 V 

110 W 
0.88 W/oC 
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Specifications RFP50N05L, RFG50N05L 

ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 250 C unless otherwise specified. 

CHARACTERISTICS SYMBOLS TEST CONDITIONS 

Drain-Source Breakdown Voltage BVDSS 10 =0.25 mA, VGS = OV 

Gate Threshold Voltage VGS(th) VGS = VDS,ID = 0.25 mA 

VDS= 40V, VGS = OV 
Zero Gate Voltage Drain Current lOSS Tc=150oC 

Gate-Source Leakage Current IGSS VGS=±10V, VDS= OV 

10 = 50A,VGS = 5V 
Static Drain-Source on Resistance rDS(on) 10 = 50A, VGS=4V 

Turn-On Time I(on) 

Turn-On Delay Time td(on) VDD = 25 V, 10 = 25 A 

Rise Time tr Ig1 =lg2 = 2A 

Turn-Off Delay Time Id(off) VGS (clamp): +5 V, -0.6 V 

Fall Time tr RL=1 n 

Turn-Off Time I(off) 

Total Gate Charge Og(total) VGS = oto 10V VDD=40V 

Gate Charge at 5V Og(5) VGS=Ot05V ID=50A 

Threshold Gata Charge Og(th) VGS = Oto 1 V RL=0.8n 

Plateau Voltage V(plateau) 10 = 50 A, VDS= 15V 

VDD = 25 V, 10 = 25 A, RL = 1 n 
Turn-Off Energy Loss per Cycle Eoff L=0.2IlH,lg1 =lg2=2A 

VGS (clamp): +5 V, -0.6 V 

Thermal Resistance, Junction to Case ROJC 

Thermal Resistance, Junction to Ambient RaJA 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTICS 

Diode Forward VoHage VSD 

Reverse RecoveryTime trr 

100.0 
CASE TEMPERATURE (10)-26, de C 

---
PERRT! IN TH S 

~ 10.0 
REA LI IlED BY Rd , n Op", 

Vd • 
lolA -10 V 

O. I 
1 10 100 

TEST CONDITIONS 

ISD=50A 

ISO = 50 A, dlSD/dt = 100 NilS 

1000 

If R 0 
tav- Ll 
If R 0 

~ 

~ Idm 
"-100 

10 
0.01 

I • 

LIMITS 

MIN MAX. 

50 -
1 2 

- 1 
50 

- 100 

- 0.022 
- 0.027 

- 100 

15 (typ) -
50 (typ) -
50 (typ) -
15 (typ) -

- 100 

- 140 

- 80 

- 6 

- 4 

- 150 

- 1.14 

- 80 

LIMITS 

MIN MAX. 

- 1.5 

- 1.25 

(I. RATE B d • 

"' .J A Idd: 

Ung I 
tin 

"-
.......... 

~r-.., 
0.10 1.00 

t'-

DRAIN-TOw SOURCE VOLTAGE (Vd.) - VOLTS TIME IN AVALANCHE (tOY) - MILLISECONDS 

UNITS 

V 

,.A-

nA 

n 

ns 

nC 

V 

IlJ 

°C/W 

UNITS 

V 

ns 

1 

10.00 

Figure 1 - Safe operating area curve. 
(Curves must be derated linearly with increase in temperature.) 

Figure 2 - Unc/amped-inductive-switching safe-operating-area 
(single pulse UlS SOA). See Figure 14 for test circuit. 
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RFP50N05L, RFG50N05L 
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Figure 3 - Maximum continuous drain current vs. temperature. 
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Figure 5 - Typical saturation characteristics. 

3.0 
PULSE DURATlON-26Qua vga-5V Id-60A 

2.5 

/ 
---
~ 

2.0 

1.5 

1.0 
~.-

0.5 

0.0 
-&l 60 100 160 200 

JUNCTION TEHPERqTURE CTJ) degC 

Figure 7 - Normalized Rds{on) vs junction temperature. 
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Figure 4 - Normalized power dissipation vs temperatura dlIrating curve. 
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Figure 6 - Typical transter characteristics. 
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RFP50N05L, RFG50N05.L 

2.0 
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Figure 9 - Normalized gate threshold voltage. 
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Figure 11 - Typical capacitance vs voltage. 
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Switching Test Circuit 

2.0 
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Figure 10 - Normalized drain source breakdown voltage vs temperature. 

Fig. 12- Normalized s ..... itching waveforms for constant gate
current. Refer to Harris application notes AN7254 and 
AN-1260. 
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Switching Waveforms 

Figure 13 - Resistive switching. 
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Figure 14 - Unclamped-inductive-switching test. 
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~HARRlS 
(.KJ SEMICONDUCTOR 

RFD10P03L, RFD10P03LSM 
RFP10P03L 

March 1994 

10A, -30V, Avalanche Rated, Logic Level P-Channel 
Enhancement-Mode Power MOSFETs (MegaFETs) 

Features 

• 10A,-30V 

• rOS(ON) = 0.2000 

• UIS Rating Curve (Single Pulse) 

• SOA Is Power-Dissipation Umlted 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• +175°C Operating Temperature 

• PSPICE Model 

Description 

Package 

DRAIN 
(TAB) 

T()'220AB 
TOP VIEW 

TO-251AA 
TOP VIEW 

T()'252AA 
TOP VIEW 

: ~~~~CE 
GATE 

The RFP1OP03L P-Channel power MOSFETs are manufac
tured.using the MegaFET process. This process, which uses 
feature sizes approaching those of LSI Integrated circuits 
gives optimum utilization of silicon,resulting in outstanding 
performance. They were designed for use in applications 
such. as switching regulators, switching converters, motor 
drivers, relay drivers and emitter switches for bipolar transis
tors .. These transistors can. be operated directly from inte
grated circuits. 

DRAIN 
(TAB) 

~:~URCE 
LLPGATE 

TheRFD10P03L is supplied in the JEDEC TO-251AA plastiC 
package, the RFD10P03LSM is supplied in the JEDEC 
TO-252M plastic package and the RFP10P03L is supplied in 
theJEDEC TO-220AB plastic package. Due to space limita
tions the RFD10P03L and .the RFD1OP03LSM are branded 
10P03L and the RFP10P03L is branded FP10P03L. 

When ordering use the entire part number; e.g. RFD1Q
P03LSM. 

Formerly developmental type TA49012. 

Absolute Maximum Ratings (T c = +25°C) 

Symbol 

G 

Drain Source Voltage ........• , ................................•........... Voss 
DrainGateVoitage ....................................................... VOOR 
Gate Source Voltage .....•.......... ; ...................................... VGS 
Drain Current 

RMS Continuous .......................................................... 10 
Pulsed prain Current •...... ; .......•...... , ................................ IOM 

Single Pulse Ava:lanche Rating ..... ; ....................................... ;. EAS 
Power Dissipation 

(Tc= +25°9) ......... ;, .. ; .............................................. Po 
Derate above +250C .............•........................................ PT 

Operating and Storage Temperature ...........• ,. , .......................... TSTG,TJ 

CAUTION:These devices are sensnlve to electrostatic discharge. Users should follow proper I.C. Handling Procadures. 
Copyright @ Harris Corporation 1993 6-124 
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RFD10P03L, 
RFD.10P03LSM, 

RFP10P03L 
·30 
·30 
10 

10 
25 

UNITS 
V 
V 
V 

A 
A 

Refer to UIS Curve 

60 
0.4 

-55 to +175 

W 
Wf'C 

°C 
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Specifications RFD10P03L, RFD10P03LSM, RFP10P03L 

Electrical Specifications T c = +25°C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Drain-Source,Breakdown Voltage BVoss 10 = O.25mA, Vas = OV ·30 · V 

Gate Threshold Voltage VGS(TH) Vas = Vos, 10 = 0.25mA ·1 · ·2 V 

Zero Gate Voltage Drain Current loss Vos =·30V, Tc= +25°C · · ·1 itA 

VGs=OV Tc =+1500C ., · ·50 ItA 

Gate-Source Leakage Current IGSS VGS = ±10V · - 100 nA 

On Resistance rOS(ON) 10 = 10A, Vas = ·5V · · 0.200 0 

Turn·On Time !oN Voo = 15V, 10= 10A · - 110 ns 

Turn-On Delay Time to(ON) RL = 1.50, Vas = -5V · 10 - ns 

Rise TIme tR Ras= 50 · 45 - ns 

Turn-Off Delay Time lo(oFF) - 25 · ns 

Fall TIme tF 35 · ns 

Turn-Off Time !oFF · · 120 ns 

Total Gate Charge Oa(TOT) Vas = 0 to'10V Voo= 24V, · 25 30 nC 

Gate Charge at 5V Oa(-5) Vas =Oto-5V 10= 10A, - 12 15 nC 

Threshold Gate Charge Oa(TH) Vas =Oto·1V RL = 2.40 · 0.7 0,9 nC 

Plateau Voltage V(PLATEAU) 10= lOA, VOS = ·15V · · -4.4 V 

Input Capacitance C1SS Vos = .25V, Vas = OV · 670 · pF 

Output Capacitance . Coss f=1MHz - 225 · pF 

Reverse Transfer Capacitance CRSS · 58 · pF 

Thermal Resistance HaJC - 2.5 °CIW 
Junction to Case 

" 

Thermal Resistance RaJA - 80 °CIW 
Junction to Ambient 

Source"Drain Diode Ratings and Characteristics 

LIMITS 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Forward Voltage Vso Iso = -10A · · -1.5 V 

Reverse Recovery Time tRR Iso = ·10A, dlsoldt = -100AlIlS · · 125 AS 
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RFD10P03L, RFD10P03LSM, RFP10P03L 

Typical Performance Characteristics 
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FIGURE 5. TYPICAL SATURATION CHARACTERISTICS. 
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FIGURE 2. UNCLAMPED INDUCTIVE-SWITCHING. 
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RFD10P03L, RFD10P(}3LSM, RFP10P03L 

Typical Performance Characteristics (Continued) 
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RFD10P03L, RFD10P03LSM, RFP10P03L 

Typical Performance Characteristics (Continued) 

.Yoo 

FIGURE 13. RESISTIVE SWITCHING TEST CIRCUIT. 
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+ 

FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT. 
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RFD10P03L, RFD10P03LSM, RFP10P03L 

PSPICE Model for the RFD10P03L, RFD10P03LSM, RFD10P03L (Temperature Compensated) 

CA 12 81.42e-9 
CB 15 14 1.3e-9 
CIN 6 8 0.67e-9 

DBODY 5 7 DBDMOD 
DBREAK 7 11 DBKMOD 
DPLCAP 106 DPLCAPMOD 

EBREAK 511 1718 -51.9 
EDS 148581 
EGS 138681 
ESG 5108 61 
EVTO 20 6 8181 

IT 8171 

LORAIN 2 5 le-9 
LGATE 1 98.7e-12 
LSOURCE 3 7 7.6e-9 

MOSl 16688 MOSMOD M=0.99 
MOS2 1621 8 8 MOSMOD M=O.Ol 

RBREAK 1718 RBKMOD 1 
RDRAIN 516 RDSMOD 79.08e-3 
RGATE 9 2012.25 
RIN681e9 
RSOURCE 8 7 RDSMOD 27.4ge-3 
RVTO 18 19 RVTOMOD 1 

SlA 612138 SlAMOD 
SlB 1312138 SlBMOD 
S2A 6 15 14 13 S2AMOD 
S2B 13151413 S2BMOD 

VBAT819DC 1 
VTO 21 6 -0.50 

.MODEL DBDMOD 0 (IS=1.14e-13 RS=2.86e-2 TRS1=6.2ge-4 TRS2=-2.76e-6 CJO=8.55e-l0 TT=3.84e-8) 

.MODEL DBKMOD 0 (RS=3.32e-l TRS1=5.50e-3 TRS2=-5.38e-5) 

.MODEL DPLCAPMOD 0 (CJO=0.43e-9 IS=le-30 N=10) 

.MODEL MOSMOD PMOS (VTO=-2.01 KP=5.3105 IS=le-30 N=10 TOX=l l=lu W=lu) 

.MODEL RBKMOD RES (TC1=6.07e-4 TC2=3.30e-6) 

.MODEL RDSMOD RES (TC1=3.48e-3 TC2=8.83e-6) 

.MODEL RVTOMOD RES (TC1=-1.51e-3 TC2=8.74e-7) 

.MODEL SlAMOD VSWITCH (RON=le-5 ROFF=O.l VON=4.42 VOFF=2.42) 

.MODEL SlBMOD VSWITCH (RON=le-5 ROFF=O.l VON=2.42 VOFF=4.42) 

.MODEL S2AMOD VSWITCH (RON=le-5 ROFF=O.l VON=1.43 VOFF=-3.57) 

.MODEL S2BMOD VSWITCH (RON=le-5 ROFF=O.l VON=-3.57 VOFF=1.43) 

.ENDS 

NOTE: For further discussion of the PSPICE model consult A New PSPICE SIIh-clrclllt for the power MOSEET featuring 
Glpbal Temperature Optipns; authored by William J. Hepp and C. Frank Wheatley. 
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POWER MOSFETs 7 
INTELLIGENT DISCRETES 
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~HARR.lS 
WJ SEMICONDUCTOR RFB18N10CS 
April 1993 

Current Sensing N-Channel 
Enhancement-Mode Power Field-Effect Transistor 

Features Package 

• 18A,1OGV 

• rOS(ON)··;··············· ••• •••••••••••• ••• ·.···0.1Q 

• Bullt·ln Current Sensing Ratio ••••••••....•. 1350 to 1650 

• UIS SOA Rating Curve (Single Pulse) 

• -55°C to +1750 C Operating and Storage Temperature 

Description 

TS-001AA 
TOP VI FEW 

TERMINAL CONNECTIONS 

1 Gate 
2 Current Sense 
3 Drain 
4 Source Kelvin 
5 Source 

The RFB18N10CS is an n-channel enhancement-mode silicon
gate power field-effect transistors which have a built-in current 
sensing function. The current sense lead provides an accurate 
fraction of the drain current that can be us~d as a feedback signal 
for control and/or protection. These devices can be repeatedly and 
economically produced on the standard PowerMOS production 
line. Terminal Diagram 

Because of space limitations. branding (marking) on type 
RFB18N1OCS is F18N1OCS. 

N·CHANNEL ENHANCEMENT MODE 

Q 

Absolute Maximum Ratings (T C = +25°C). Unless Otherwise Specified 

Drain-Source Voltage .........••.•.•••.••................•••......•.. c •••••••••••••••••••••••••••••••••••••••••••••••••••••••• Voss 

Drain-Gate Voltage •.....•....•.•.....•.......•••..•••...•••....•.•••...••.•.•.•..........•.••.•............••..•.............. VOGR 

Gate-Source Voltage •.•...•...••••.••••..•.•..•.•.•••.•.••••..••....•......••••••.••.•...•.•...•..•.•••.•.••......••.••..••....• VGS 

Continuous Drain Current 

RMS Continuous .•••.••••.••.•••..••••.••••..•••...•.••.•.•••••...••....•••...•••••••.••••••••••••••••••.•••••••....•..•••••••••.• 10 

Pulsed Drain Current ••.•••••.•.••••••••........•........•••.•••..•.•...••..•.••...•.•.••••.•••••.•..•.•••.•.••..•...•••..•••• IOM 

Single Pulse Avalance Rating. Refer to UIS SOA Curve (Figure 10) 

Power Dissipation 

Tc = +25°C •••.••.••••••••••.....•..•....••••..................••••.•.•....•.....•••••.•..••.•••.••••••••.•.•.•••..••..•..•••..••... Po 

Above T c = +25°C. Derate Linearly ....................................................................................... . 

Operating and Storage Junction Temperature Range ..••...•.•.••..•..•.••.•...•••••.••••••.•.••••••••• TJ. TSTG 

SOURCE 

~~~-:tg KELVIN 
CURRENT 
SENSE 

S 

RFB18N10CS 

100 

100 

±20 

18 

56 

79 

0.53 

-55 to +175 

UNITS 

V 

V 

V 

A 

A 

W 

Wf'C 

°c 

CAUTION: These devices are aensltiw to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2430.3 
Copyright'@ Harris Corporation 1993 
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Specifications RFB18N10CS 

Electrical Characteristics At Case TemperatUre (T cl = +25°C, Unless Otherwise Specified 

LIMITS 

CHARACTERISTICS SYMBOL TEST CONDITIONS MIN MAX UNITS 

Drain-Source Breakdown Voltage BVoss 10 = 0.25mA, VGS = OV 100 - V 

Gate Threshold Voltage VGS(TH) VGS = Vos, 10 = 025mA 2 4 V 

Zero Gate Voltage Drain Current loss VGs=O 

Vos = 100V, Tc = 25°C - 250 !LA 
Vos = 80V, Tc = 175°C - 1000 !LA 

Gate-Source Leakage Current IGSS VGS = ±20V, Vos = OV - ±500 nA 

Static Drain-Source On Resistance rOS(ON) 10 = 9A, VGS = 10V - 0.10 0 

Forward Transconductance gls 10 = 9A, Vos = 15V 4.7 - S(u) 

Current Sensing Ratio r '0 = 14A, VGS = 10V 1350 1650 

Tum-On Delay Time io(ON) Vos=50V - 14 ns 

Rise Time ~ 10 = 14A - 63 ns 

Tum-Oil Delay Time io(OFF) VGS = 10V - 33 ns 

Fall Time ~ RGS = 120 - 38 ns 

Total Gate Charge QG(TOTAL) 10 = 14A, Vos = 8OV, - 20 nC 
VGS = 10V 

Thermal Resistance, Junction-to-Case R9JC - 1.9 °CIW 

Thermal Resistance, Junction-to-Ambient RaJA - 75 °CIW 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

CHARACTERISTICS SYMBOL TEST CONDITIONS MIN MAX UNITS 

Diode Forward Voltage Vso Iso = 14A - 1.5 V 

Reverse Recovery Time tRR Iso = 14A, dlsoldt = 100AltJS - 310 ns 

Typical Performance Curves 

liD 
Pula. Ouratlon-2:60u8 Out C ols-Z: To-Z60C IiDPul •• V Idth-25Du. Outu Col. ZZ Vd.-'DV 

it ,tif Vg.-gV ,~ 
<10 

l 
4l 

f/J? '" , Vg.-sv a:: 

h ... , 
z: 3l ~3l w fI h / '" w 
'" '" ::> Vg.-7V '" u ::> 

~ 
u 

ZD ~ZD 

~I(/ 
a: 

'" Vg.-8V a: 
Cl '" 0 

10 10 

/' Vgo-5V 

Vg.-4V 
0 .--:. 

0 
0 10 ZD 3l 40 liD 0 2 4 B 8 10 

DRAIN-TO-SOURCE VOLTAGE - V GATE-TO-SOURCE VOLTAGE - V 

FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 
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RFB18N10CS 

Typical Performance Curves (Continued) 
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FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 
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RFB18N10CS 

Typical Performance Curves (Continued) 
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FIGURE 13. NORMALIZED SWITCHING WAVEFORMS FOR 
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RFB18N10CS 

Typical Performance Curves (Continued) 
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t..'Il HARRIS \&J SEMICONDUCTOR RFV10N50BE 
December 1992 

10A, 500V, Fast Switching N-Channel 
Enhancement-Mode Power MOSFETs 

Features Package 

• 10A,SOOV 

• rOS(on) = 0.480 

5 LEAD TO·247 STYLE 
TOP VIEW 

• Very Fast Turn-Off Characteristics 

• Nanosecond Switching Speeds 

• Electrostatic Discharge Protected 

• UIS Rating Curve (Single Pulse) 

• SOA Is Power Dissipation Limited 

• High Input Impedance 

Description 

The RFV10N50BE is an N·Channel fast switching MOSFET tran
sistor that is designed for switching regulators, inverters and motor 
drivers. The RFV10N50BE is a monolithic structure incorporating a 
high voltage, high current MOSFET, a control MOSFET and ESD 
protection diodes. As indicated in the symbol to the right, the turn
on of the main MOSFET is controlled by Gate 1 (G1). The control 
MOSFET, controlled by Gate 2 (G2), is distributed throughout the 
structure. Gate 2 provides a very low impedance and inductive 
path to rapidly discharge the gate of the main MOSFET. Gate 2 
affords very fast turn-off (typically less than 25ns) when desired. A 
separate return connection, Source Kelvin (Sk)' is supplied for the 
gate drive circuit to avoid voltage induced transients Irom the out
put circuit during switching. The RFV10N50BE can be operated 
directly from integrated circuits. 

Terminal Diagram 

The RFV10NSOBE is supplied in the 5 lead TO-247 style plastic pack
age. 

The RFV10N50BE was formally developmental type TA9881 , 

Absolute Maximum Ratings (T C = +25°C) 

Drain Source Voltage •.•.••.....•..•.••••.••.•.••..••••••.••.•••••...•••..•... Voss 
Gate Source Vonage •••.••....•......•••••....•...•.•....••.••.•..•.•••...•.. 'VGS 
Control FET Gate Source Voltage •.•..••...••••.•••••...•..•..•...•.....•....•.• 'VGS 
Electrostatic Discharge Rating, MIL-STD-883, Category B(2) .•• ; .•. ; •.•.•.•..•••...••• ESD 
Drain Current 

RMS Continuous ...••.••••.•..•.•••.••...••..•.•.•..•••.•...••..•••.....•...• 10 

Pulsed Drain Current •.•••.•••.•..•••• , •.•.•.••..•.•. , •.••.••......•••..•.... 10M 

Single Pulse Avalanche Rating ••••...•..•..•.•••••••.•••..•.••.••..•..•••...•... EAS 
Control FET Avalanche Current. • . • • • • • • • • • . . .. • . . • .. . . . . . . • • . . . . . . • . . • . . . . . . . . .. lAS 
Control FET Single Pulse Avalanche Rating .•.... , ................................. EAS 
Power Dissipation 

Tc= +25°C .•....•...•.•..••....•• ; .••• ; •..•••.•...•..••••...•....•••...•.... Po 
Derate Above +25°C •...•••.•.•.••.•.••...••..•.••••....•••••.•....•..••..•. " .. 

Control FET Power Dissipation 
Tc = +25°C ••••.••••••••....•.••••.•...•...•.......••...••..•..•.......•. ; .• Po 
Derate Above +25°C •.......•........•.•••.......•...•.•...•..•.••...•...•...••. 

Operating and Storage Temperature ......................................... , T sm, TJ 

o 

s 

500 
+14, -0.3 
+14, -0.3 

2 

10 
25 

Referto UIS Curve 
1.5 
50 

156 
1.25 

21 
0.17 

-55 to +150 

UNITS 
V 
V 
V 

KV 

A 
A 

A 
mJ 

W 
Wf'C 

W 
Wf'C 

°C 

CAUTION: These d6\lices are sensitive to electrostatic discharge. Users should. follow proper I.C. Handling Procedures. File Number 3377 
Copyright © Harris Corporation 1992 
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Specifications RFV10N50BE 

Electrical Characteristics Case Temperature (T c) = +250C, Unless Otherwise Specified 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN 

Drain-Source Breakdown Vollage BVoss 10 = 250~A, VGS = OV 500 

Gate Threshold Voltage VGS(th) VGS = Vos, 10 = 250~A 2 

Zero Gate Voltage Drain Current loss Vos = 500V, Tc = +25°C 
VGS = OV 

Tc = +125°C -
Gate-Source Leakage Current IGSS VGS = +12V, VGS = -0.3V 

On Resistance rOS(on) 10 = 10A, VGS = 10V -
Turn-On Time Ion Voo = 250V, 10 = 10A, RL = 250, -
Turn-On Delay Time t.J(on) 

VGS1 = VGS2 = +10V, RGS1 = 6.250, 
RGs2 = 200 

Rise Time I, 

Turn-Off Delay Time t.J(off) -
Fall Time If 

Turn-Off Time Ioff -
Total Gate Charge Oglo VGS = OV to 10V Voo = 400V, 

Gate Source Charge Ogs 
10 = 10A, -RL =400 

Gate Drain ("Miller") Charge Ogd -
Input Capacitance Ciss Vos = 25V, VGS = OV, f = 1MHz 

Output Capacitance Coss -
Reverse Transfer Capacilance Crss 

Thermal Resistance RaJC Junction to Case 

Thermal Resistance RaJA Junction to Ambient 

Control FET Characteristics 

CHARACTERISTIC SYMBOL TEST CONDITIONS MIN 

Static Drain to Source roS(on) VGS = 10V, 10 = LOA -
Drain Source Breakdown Voltage BVoss 10 = 1.0mA, VGS = OV 14 

Gate Threshold Voltage VGS(th) Vos = VGS, 10 = 250~A 2 

Total Gate Charge Og10 10 = LOA, VGS = 10V -

Source-Drain Diode Ratings And Characteristics 

CHARACTERISTIC SYMBOL TEST CON DITIONS MIN 

Continuous Source Currenl Is -
Pulsed Source Current ISM -
Forward Vollage Vso Iso = 10A, VGS = OV 

Reverse Recovery Time Irr Iso = 10A, VGS = OV, dlsddt = 100Alms 
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Performance Curves 
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Performance. Curves (Continued) 
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Performance Curves (Continued) 
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:II HARRIS RLP1N06CLE 
January 1994 

Voltage-Clamping Current-Limited ESD-Protected 
N-Channel Enhancement-Mode Power Field-Effect Transistor 

Features 

• 1A, 55V 

• ROS(ON) .•••••.•.•.••.•...•...••...••..••••.•.•..••••.••• 0.750. 

• ILimit .•.•••••••...•.•.•.•.•..••.•.•• 1.1A to 1.5A Max @ +1500 C 

• Built In Voltage Clamp 

• Built In Current Limiting 

• ESO Protected ••••••••••••••.••••..•.••••••.•.••.••••.•• 2KV Min 

• Controlled Switching Limits EMI and RFI 

• +1750 C Rated Junction Temperature 

• Logic Level Gate 

Description 

The RLP1 N06CLE is an intelligent monolithic power circuit which 
incorporates a lateral bipolar. transistor, resistors, zener diodes, and a 
PowerMOS transistor. The current limiting of this device allows it to be 
used safely in circuits where it is anticipated that a shorted load condition 
may be encountered. The drain-source voltage clamping offers precision 
control of the circuit voltage when switching inductive loads. "Logic Level" 

Package 

TO-220AB 
TOP VIEW 

Terminal Diagram 

: SOURCE 
DRAIN 
GATE 

N-CHANNEL ENHANCEMENT MODE 
D 

gates allow this device to be. fully biased on with only 5.0V from gate to G 
source. Input protection is provided for ESD up to 2KV. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage .... ; ............................................ VDSS 
Drain-Gate Voltage ................................................... VDGR 
Gate-Source Voltage' .................................................. VGS 

Reverse Voltage Gate Bias Not Allowed 
Electrostatic Voltage atT C = +250 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ESD 
Drain Current, Continuous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ID 
Power Dissipation Total @TC=.+250 C .................................... PD 
Power Dissipation Derating TC > +250 C ..................................... . 
Operating and Storage Junction Temperature Range .................... Tj. TSTG 

* May be exceeded if current is limited' ~o 1 DmA. 

RLP1N06CLE 

55 
55 
5.5 

2 
Self Limited 

36 
0.24 

-55 to +175 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications RLP 1 N06CLE 

Electrical Characteristics At Case Temperature (Tc = +250 C), Unless Otherwise Specified 

LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN MAX UNITS 

Orain Source Breakdown Voltage BVOSS 10 = 20mA VGS=OV 55 70 V 

Gate Threshold Voltage VGS(TH) VGS=VOS 10=0.25mA 1 2.5 V 

Zero Gate Voltage Orain Current lOSS VOS=45V VGS=OV - 5 IlA 

atTc = +1500C - 20 IlA 
Gate Source Leakage Current IGSS VGS=5V - 5 ~A 

atTc = +1500C - 20 ~A 

On Resistance ROS(ON) 10= lA VGS=5.0V - 0.75 0 

atTC = +1500C - 1.5 0 

Umiting Current 10S(Umit) VOS= 15.0V VGS=5.0V 1.8 3 A 

@TC=1500C 0.9 1.5 A 

Turn-On Time t(ON) VOO=30.0V - 6.5 ~s 

Turn-On OelayTime to(ON) 10=lA - 1.5 ~s 

Rise Time tR VGS=5.0V 1.0 5.0 ~s 

Turn-Off Oelay Time to(OFF) RGS=250 - 7.5 ~s 

Fall Time tF RL=300 1.0 5.0 ~s 

Turn-Off Time l(OFF) - 12.5 ~s 

Plateau Voltage V(PLATEAU) 10=1A VOS=15.0V - 5.0 V 

Thermal Resistance R9JC - 4.17 °C/W 
Junction to Case 

Thermal Resistance R9JA - 80 °C/W 
Junction to Ambient 

Electrostatic Voltage ESO Human Model (1 OOpF, 1.5kO) 2000 - V 
MIL-STO-883B (Category B2) 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN MAX UNITS 

Forward Voltage VSO ISO= lA - 1.5 V 

Reverse Recovery Time TRR IF= lA - 1.0 ms 
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RLP1N06CLE 

Performance Curves 
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RLP1N06CLE 

. Performance Curves (Continued) 
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25 

Temperature Dependence of Current Limiting and 
Switching Speed 

The RLP1N06CLE is a monolithic power device. which 
incorporates a Logic Level PowerMOS transistor with a. 
resistor in series with the source. The base and emitter of a 
lat('Jral bipolar transistor is connected across· this resistor, 
and the collector of the bipolar transistor is connected tothe 
gate of the PowerMOS transistor. When the voltage across 
the resistor reaches the value required to forward .bias the 
emitter base junction of the bipolar transistor, the bipolar 
transistor "turns on". A s('Jries resistor is incorporated in 
s('Jries with the gate oUhe PowerMOS transistor allowing 
the bipolar transistor ot drive the gate of tile PowerMOS 
transistors to a voltage which just maintains. a constant 
current in the PowerMOS transistor. Since both the 
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FIGURE 8. NORMALIZED CURRENT LIMIT vs. 
TEMPERATURE 

Voo 
v 

o 

FIGURE 10. SWITCHING TEST CIRCUIT 

Vos 

resistance of the resistor in series with the PowerMOS 
transistor source and voltage required to forward bias the 
base el11itterjunction of the bipolar transistor vary with the 
t('JT!1P('Jrature, the current at which the device limits is a 
function of temperature. This dependence is shown in 
FigureR 

The· resistor in series with the gate of the PowerMOS 
transistor results in much. slqwer switching than in most 
PowerMOS transistors. This is an advantage where fast 
switching can cause EMI or RFI. The switching speed is 
very predictable, and a minimum as well as maximum fall 
time is given in the device characteristics for this typ('J. 
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RLP1N06CLE 

Performance Curves (Continued) 

DC Operation of the RLP1 NOGCLE 

The limit of the drain-to-source voltage for operation in 
current limiting on a steady state (DC) basis is shown as 
Figure A. The dissipation in the device is simply the applied 
drain-to-source voltage multiplied by the limiting current. 
This device, like most PowerMOSFET devices today, is 
limited to +1500 C. The maximum voltage allowable can, 
therefore, be expressed as: 

(150°C - T AMBIENT) 
V - ,..-----c=o----=---,-

OS - ILlMx (RaJc+RaCA) 

Duty Cycle Operation of the RLP1 NOGCLE 

In many applications either the drain-to-source voltage or 
the gate drive is not available 100% of the time. The copper 
header on which the RLP1 N06CLE is mounted has a very 
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large thermal storage capability, so for pulse widths of less 
than 100 milliseconds, the temperature of the header can 
be considered a constant case temperature calculated 
simply as: 

Tc = (Vos X 10 x D x ROCA) + TAMBIENT 

Generally the heat storage capability of the silicon chip in a 
power transistor is ignored for duty cycle calculations. Mak
ing this assumption, limiting junction temperature to 
+1500 C and using the TC calculated above, the expression 
for maximum Vos under duty cycle operation is: 

150-TC 
V - ,----=-_=_-

os - !LlMXOXRaJC 

These values are plotted as Figures 81 - 85 for various 
heatsink thermal resistances. 
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RLP1N06CLE 

FIGURE B4. MAXIMUM VOS vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HEATSINK THERMAL 
RESISTANCE = 2S0C/W). 

Limited Time Operations of the RLP1N06CLE 

Protection for a limited period of time is sufficient ·for many 
applications. As stated above the heat storage in the silicon 
chip can usually be ignored for computations 01 over 10 
milliseconds and the thermal equivalent circuit reduces to a 
simple enough circuit to a allow easy computation on the 
limiting conditions. The variation in limiting current with 
temperature complicates the calculation of junction 
temperature, but a simple straight line approximation of the 
variation is accurate enough to allow meaningful 
computations. The curves shown as Figures C1. "'C5 give an 
accurate indication of how long the specified voltage can be 
applied to the device in the current limiting mode without 
exceeding the maximum specified 1750 Cjunction 
temperature. In practice this tells you how long you have to 
alleviate the condition causing the current limiting to occur. 
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mlHARRIS RI.P1NOSI.E 
January 1994 

Current Limited ESO Protected N-Channel 
Enhancement-Mode Power Field-Effect Transistor 

Features 

• 1A, BOV 

• rCS(ON) = 0.750 

• ILIMIT at +1500 C .....•.••••.••••..•••.••••.•••.•..•••.• 1.5A Max 

• Built-In Current Limiting 

• ESC Protected 

• Controlled Switching Limits EMI and RFI 

• Specified for +1500 C Operation 

• Temperature Compensated Spice Model Provided 

Description 

The RLP1 N08LE is a semi-smart monolithic power circuit which 
incorporates a lateral bipolar transistor, two resistors, a zener diode, and a 
PowerMOS transistor. Good control of the current-limiting levels allows 
use of these devices where a shorted load condition may be encountered. 
"Logic level" gates allow this device to be fully biased on with only 5 volts 
from gate to source. The zener diode provides ESD protection up to 2kV. 
These devices can be produced on the standard PowerMOS production 
line. 

The RLP-series types are supplied in the JEDEC TO-220AB plastic 
packages. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage ................................................. VDSS 
Drain-Gate Voltage ................................................... VDGR 
Gate-Source VoHage (1) ................................................ VGS 

Reverse Voltage Gate Bias Not Allowed 
Electrostatic Voltage at 1 OOpF, 15000 ............ . . . . . . . . . . . . . . . . . . . . . .. ESD 
Drain Current, Continuous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ID 
Power Dissipation Total @TC=+250 C .................................... PD 
Power Dissipation Derating T C > +250 C ..................................... . 
Operating and Storage Junction Temperature Range .................... Tj, T STG 

(1) May be exceeded if current is limited to 10mA. 

Package 

TO-220AB 
TOP VIEW 

: SOURCE 
DRAIN 
GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

G 

RLP1NOBLE 

80 
80 
5.5 

2 
Self Limited 

30 
0.24 

-55 to +150 

D 

S 

UNITS 

V 
V 
V 

kV 

W 
W/oC 

oC 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 

File Number 2252.2 
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Specifications RLP 1 NOBLE 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Te) = 25° C unless otherwise specified. 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

UNITS 
MIN. MAX. 

Drain-Source Breakdown Voltage BVoss 10 = 0.25 rnA, Vas = 0 V 80 -
V 

Gate Threshold Voltage VGs(th) VGS - Vos, 10 - 0.25 rnA 1 2 

Zero-Gate Voltage Drain Current loss 
Vos - 65 V, Vas = 0 V - 1 

Te = 150°C - 50 /iA 
Gate-Source Leakage Current IGSS VGs=5V,Te=150°C - 50 

On Resistance 
10 = 1 A, Vas = 5 V - 0.75 

Cl ros(on) 
Te = 150° C - 1.5 

Limiting Current 10s(Lim) 
Vos = 15 V, VGS = 5 V 1.8 3 

A 
Te = 150°C 1.1 1.5 

Turn-On Time t(on) - 6.5 
Turn-On Delay Time t.(on) 

Voo = 30 V, 10 = 1 A 
- 1.5 

Rise Time t, 1 5 
Turn-Off Delay Time t.(off) 

VGS = 5 V, RGS = 25 Cl 
- 7.5 

/is 
Rl = 30 Cl 

Fall Time tf 1 5 
Turn-Off Time t( off) - 12.5 
Plateau Voltage V(plateau) 10 = 1 A, Vos - 15 V - 5 V 
Thermal Resistance, Junction-to-Case ROJe - 4.17 

°C/W 
Thermal Resistance, Junction-to-Ambient ROJA - 80 
Electrostatic Voltage ESD Human Model (100 pF. 1.5 kCl) 2000 - V 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 

CHARACTERISTIC TEST CONDITIONS 
LIMITS 

UNITS 
MIN. I MAX. 

Diode Forward Voltage Vso Iso = 1 A - 1 1.5 V 
Reverse Recovery Time .. 

t" IF = 1 A - I 1 ms 

10 .0 

.0 

MAX AT 2 eg 

~ ERATION N THI "- "'--
VAREAI UMITE 8Y Ad (on) , 

~ ~ MIN T 1 

0 o. 

.S 

" 
6 ~ 

~ 
o. 4 

f'., 

" 
2 

"-
o. 

AX S 

.1 
100 

0 ."'-
90 60 120 10 

DRAIN-TO-SOURCE VOLTAGE Nds)-V CASE TEMPERATURE (fCJ-cieiC 

Fig. 1 - Safe-operating-area curve. Fig. 2 - Normalized power dissipation vs. temperature 
derating curve. 
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Fig. 3 - Typical normalized gate-threshold voltage. 
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Fig. 5 - Typical transfer characteristics. 
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Fig. 7 - Drain-source breakdown voltage vs. temperature. 
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Fig. 4 - Normalized ros(on) vs. junction temperature. 
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Fig. 6 - Typical saturation characteristics. 
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Fig. 8 - Normalized current limit vs. temperature. 
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CRSS CISS cass 

500 
Vgs.=:OV FREQUENCY (fl=lMHz 

voo 

400 

vos 
300 

" 200 " 
~-

100 
\ 

K 
-- - ~. 

10 15 20 25 

DRAIN-TO-SOURCE VOLTAGE Wdsl-Y 
CAPGLP1N08LCF4 

Fig. 9 - Typical capacitance vs. voltage. Fig. 10 - Switching test circuit. 

Temperature Dependence of Current Limiting and Switching Speed 

The RLP1 NOBLE is a monolithic power device which incor
porates a Logic Level PowerMOS transistor with a resistor 
in series with the source. The base and emitter of a lateral 
bipolar transistor is connected across this resistor, and the 
collector of the bipolar transistor is connected to the gate 
of the PowerMOS transistor. When the voltage across the 
resistor reaches the value required to forward bias the 
emitter base junction of the bipolar transistor, the bipolar 
transistor "turns on". A series resistor is incorporated in 
series with the gate of the PowerMOS transistor allowing 
the bipolar transistor to drive the gate of the PowerMOS 
transistor to a voltage which just maintains a constant 
current in the PowerMOS transistor. Since both the 
resistance of the resistor in series with the PowerMOS 
transistor source and the voltage required to forward bias 
the base emitter junction of the bipolar transistor vary 
with the temperature, the current at which the device lim
its is a function of temperature. This dependence is shown 
in Figure B. 

The resistor in series with the gate of the PowerMOS 
transistor results in much slower switching than in most 
PowerMOS transistors. This is an advantage where fast 
switching can cause EMI or RFI. The switching speed is 
very predictable, and a minimum as well as maximum fall 
time is given in the device characteristics for this type. 

DC Operation of the RLP1N08LE 

The limit on drain-to-source voltage for operation in cur
rent limiting on a steady state (dc) basis is shown as Fig
ure A. The dissipation in the device is simply the applied 
drain-to-source voltage multiplied by the limiting current. 
This device, like most PowerMOS devices today, is limited 
to 150°C. The maximum voltage allowable can, therefore, 
be expressed as: 

(150°C - TAMBIENT) 

ILiM x (RSJC + ReCA) 

20,~ ______ ~ ______ ,-______ ,H~~~~~N~K~rn~E~~~RE~S.=T~~E"~~=T~AI 

TJ = 150"C 
'LIM = 1.SA 
Rl/JC = 4.11°C/W 

~ 15 

)E 
w 

'" g 10'~------~~~~~~~--~-------r-------; 
o 
w 

~ 

Al/JC 80'C/W 

50 75 100 

AMBIENT TEMPERATUAE-degC 

Fig. A - DC operation in current limiting. 
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Specifications RLP 1 NOBLE 

Duty Cycle Operation of the RLP1 NOBLE 

In many applications either the drain-to-source voltage or 
the gate drive is not available 100% of the time. The 
copper header on which the RLP1 NOBLE is mounted has a 
very large thermal storage capability, so for pulse widths 
of less than 100 milliseconds, the temperature of the 
header can be considered a constant case temperature 
calculated simply as: 

Tc = (Vos X 10 x D x ROCA) + TAMBIENT 

Generally the heat storage capability of the silicon chip in a 
power transistor is ignored for duty cycle calculations. Mak
ing this assumption, limiting junction temperature to 1500 C 
and using the T c .calculated above, the expression for max
imum Vos under duty cycle operation is: 

150-TC 
V DS = ,..---=--=-

IUM x D x RllJC 
These values are plotted as Figures 81 - 85 for various heat 
sink thermal resistances. 

50 75 100 125 150 
AMBIENT TEMPEAATURE-degC 

Fig. 82 - Maximum Vos vs. ambient temperature in current limiting. 
(Heatsink thermal resistance = 5° C/W) 
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Fig. 84 - Maximum Vos vs. ambient temperatura in current limiting. 
(Heatsink thermal resistance = 25° C/W) 
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Fig. 81 - Maximum Vos vs. ambient temperature in current limiting. 
(Heatsink thermal resistance = 2° C/W) 
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Fig. 83 - Maximum Vos vs. ambient temperature in current limiting. 
(Heatsink thermal resistance = 10° C/W) 
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Fig. 85 - Maximum Vos VS. ambient temperature in current limiting. 
(No external heatsink) 



RLP1N08LE 

Limited Time Operations of the RLP1N08LE 

Protection for a limited period of time is sufficient for many 
applications. As stated above the heat storage in the silicon 
chip can usually be ignored for computations of over 10 mil
liseconds and the thermal equivalent circuit reduces to a 
simple enough circuit to allow easy computation on the lim
iting conditions. The variation in limiting current with 
temperature complicates the calculation of junction tempera
ture, but a simple straight line approximation of the varia
tion is accurate enough to allow meaningful computations. 
The curves shown as Figures Cl - C5 give an accurate indi
cation of how long the specified voltage can be applied to 
the device in the current limiting mode without exceeding 
the maximum specified 150°C junction temperature. In 
practice this tells you how long you have to alleviate the 
condition causing the current limiting to occur. 

,0,.:R:;.:!£"C:.....:.;:...::..::.....,,-_--r __ rr_....-__ --, ____ __. 

20 
ORAIN-To--SOURCE VOLTAGE Nds)-V TI5GlPINOBLCH 

Fig. C2 - Time to 150° C in current limiting. 
(Heatsink thermal resistance = 5' C/W 

Heatsink thermal capacitance = 2 if' C) 

DRAIN-TO-SOURCE VOLTAGE Wds)-V 
TI25GL.PtN08LCF4 

Figure C4. Time to lScPC in cu"ent limiting 
(Heatsink thermal resistance = 2SOCIW. 
Heatslnk thermal capacitance = O.SjPC) 
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Fig. Cl - Time to 150° C in current limiting. 
(Heatsink thermal resistance = 2° C/W 
Heatsink thermal capacitance = 4 if' C) 
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Fig. C3 - Time to 150' C in current limiting. 
(Heatsink thermal resistance = 10' C/W 
Heatsink thermal capacitance = 1 if' C) 

20 

10,-,....,...,....,....--.,..------,------,------, 

10 15 

OAAlN-TO-SOURCE VOLTAGE Mis>-v 

Fig. C5 - Time to 150° C in current limiting. 
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RLP1NOBLE 

Spice Model (RLP1 NOBLE) 

.SUBCKT RLP1N08LE 2 1 3; rev 09/16191 
-Nominal Temperature = 25°C 
.MODEL MOSMOD NMOS (VTO=1.7 KP=2.1 IS=le-30 N=10 TOS=l L=lu W=1u) 

Vto 21 6 0.33 
Rsource 8 7 RDSMOD 0.28 
Rdrain 5 16 RDSMOD 0.2 

.MODEL RDSMOD RES (TC1=7.54E-3 TC2=2.23E-5) 

.MODEL RVTOMOD RES (TC1=-2.23E3 TC2=-5.29E-7) 

.MODEL RVTOMOD2 RES (TC1=0 TC2=0) 
Ebreak 11 7 17 18 107.3 

.MODEL RBKMOD RES (TC1=1.11E-3 TC2=-6.83E-7) 

.MODEL DBKMOD D (RS=2.78 TRS1=-8.88E-3 TRS2=2.55E-5) 

.MODEL DBDMOD D(lS=9.91E-15 RS=3.01E-1 TRS1=3.79E-3 
Cin 6 8 3.75E-10 
Ca 12 8 6.5E-l0 
.MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-3 VOFF=-1) 
.MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-1 VOFF=-3) 

.MODEL DPLCAPMOD D (CJO=2E-1 0 IS=1 e-30 N=10) 
Cb 12 14 6.5E-10 

.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-1.65 VOFF=3.35) 

.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=3.35 VOFF=,1.65) 
Rgate 9 20 4.48E3 

Lgate 1 9 9.5E-l0 
Ldrain 2 5 2.5E-9 

Lsource 3 7 2.5E-9 
Dbody 7 5 DBDMOD 
Dbreak. 5 11 DBKMOD 
Dplcap 10 5 DPLCAPMOD 
Eds 14 8 5 8 
Egs 13 8 6 8 1 

Esg 6 10 .6 8 1 
Ev10 20 6 18 8 
It 8 17 1 

MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 
Rbreak 17 18 RBKMOD 1 

Rin 6 8 1e9 

Rvto 18 19 RVTOMOD 1 
S1a 6 12 13 8 S1AMOD 

S1b 13 12 13 8 S1BMOD 

S2a 6 15 1413 S2AMOD 
S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 

'Current Limiting Control Section 
.MODEL RSMOD RES (TC1=3.2E-3) 

Q Control 20 8 7 QMOD 10 

.MODEL QMOD NPN (BF=5 VJE=0.5) 
'ESD Protection 

DESD 7 9 DES MOD 

.MODEL DESMOD D(BV=7.185 TBV1=3.51O-4 TBV2=2.2E-6) 

.ENDS 
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m HARRIS RLP5N08LE 
May 1992 

Current Limited ESD Protected N-Channel 
Enhancement-Mode Power Field-Effect Transistor 

Features 

• 5.5A, 80V 

• ROS(ON) . . . . . . • . . . . . . . . . .. . . . . . . . . . . . . . . . • . . • . .• . . . . . • . .. 0.120 

• ILimit .................•..•.•.••.••....••. 5.5A to 8.5Aat +1500 c 
• Built In Current Limiting 

• ESO Protected ...•.....•.................•..•..•..•..•.. 2KV Min 

• Controlled Switching Limits EMI and RFI 

• Specified For +1500 C Operation 

• +1750 C Rated Junction Temperature 

• Logic Level Gate 

Description 

The RLP5N08LE is an "Intelligent ~iscrete'' monolithic power circuit which 
incorporates a small signal bipolar transistor, two resistors, a zener diode, 
and a PowerMOS transistor. Low ROS(ON) is achieved by the use of 
separate current sensing cells. Good control of the current limiting levels 
allows these devices to be used where it is anticipated that a shorted load 
condition may be encountered. "Logie Level" gates allow this device to be 
fully biased on with only 5.0V from gate to source. The zener diode 
provides ESO protection of 2KV minimum. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage ••••••••••••.•.....•••...••...•..•.•••.....••.... VOSS 
Drain-Gate Voltage ..•..•••••••••.•....••••..•.•...•..••.••.•...••.... VDGR 
Gate-Source Voltage .••.••..•...••...••..••..•...••...•••..•..•..••.•. V GS 

Reverse Voltage Gate Bias Not Allowed 
Electrostatic Voltage at 100pF, 15000 •••.....•...•.....••..•••••.......• ESD 
Drain Current, Continuous ... . . . . . . . • • • . . . . . . • . . . • . . . . . . . . . • . . • • . . . . . • . . .. 10 
Power Dissipation Total @ TC = +250 C ....•.....••..•....•.•.•••......••.• Po 
Power Dissipation Derating TC > +250 C ...••....•...•...••.•.•..•••••.....••. 
Operating and Storage Junction Temperature Range ....•....•.••......• Tj, TSTG 

Package 

TO-220AB 
TOP VIEW 

: SOURCE 
DRAIN 
GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

G 0--+-_-' 

RLPSN08LE 

80 
80 
5.5 

2 
Self Limited 

72 
0.48 

-55 to +175 

o 

S 

UNITS 

V 
V 
V 

kV 

W 
W/oC 
oc 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 

File Number 2493.1 
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Specifications RLP5N08LE 

Electrical Characteristics At Case Temperature (TC = +250 C), Unless Otherwise Specified 

LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN 

Orain Source Breakdown Voltage BVOSS ID=0.25mA VGS=OV 80 

Gate Threshold Voltage VGS(TH) VGS=VOS 10=0.25mA 1 

Zero Gate Voltage Orain Current lOSS VOS=65V VGS=OV -

atTC = +1500 C -

Gate Source Leakage Current IGSS VGS=5V -

atTc = +1500 C -
On Resistance ROS(ON) 10 = 5.5A VGS=5.0V -

atT C = +1500 C -
Limiting Current 10S(Limit) VOS= 15.0V VGS=5.0V 9.0 

@TC=1500 C 5.5 

Turn-On Time I(ON) VOO=30.0V -
Turn-On OelayTime to(ON) 10 = 5.5A -
Rise Time fR VGS=5.0V 1.0 

Turn-Off Oelay Time to(OFF) RGS=250 -
Fall Time tF RL=5.450 1.0 

Turn-Off Time t(OFF) -
Plateau Voltage V(pLATEAU) 10=7.5A VOS= 15.0V -

Thermal Resistance R9JC -
Junction to Case 

Thermal Resistance ROJC -
Junction to Ambient 

Eleclrostatic Voltage ESO Human Model (1 OOpF, 1.5kO) 2000 
Mil-Std-883S (Category B2) 

SOURCE DRAIN DIODE RATINGS AND CHARACTERISTICS 

Forward Voltage 

Reverse Recovery Time 

Performance Curves 
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Performance Curves (Continued) 
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Temperature Dependence of Current Limiting and 
Switching Speed Performance 

The RLP5N08LE is a monolithic power device which 
incorporates a Logic Level PowerMOS transistor with a 
current sensing scheme and control circuitry to enable the 
device to self limit drain-source current flow. The current 
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FIGURE 8. DRAIN SOURCE BREAKDOWN VOLTAGE vs. 
TEMPERATURE 

sensing scheme supplies current to a resistor that is 
connected across the base to emitter of a bipolar transistor 
in the control section. The collector of this bipolar transistor 
is connected to the gate of the PowerMOSFET. When the 
ratio metric current from the current sensing reaches the 
value required to forward bias the base-emitter 
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RLP5N08LE 

Performance Curves (Continued) 
2.0 

~ 1.5 

~ 
:> 
u 
:z 
~ 1.0 
c 

~ 
~O.5 
x 

~ 
0.0 

Vde • 15V 
Vge • 5V 

'-........ 
i'--- .......... 

-........ 

---r----I-

-60 -26 0 26 60 75 100 126 150 175 
JUNCTION TEMPERATURE (Tj) - degC 

FIGURE 9. NORMALIZED CURRENT LIMIT vs. 
TEMPERATURE 

Vds 

FIGURE 11. SWITCHING TEST CIRCUIT 

> 

" u 
> 

~ 
::: 
...J 
0 
> 

5:: 
...J 
a. 
a. 
0: 

junction of this bipolar transistor, the bipolar "turns-on". A 
resistor is incorporated in series with the gate of the 
PowerMOSFET allowing the bipolar transistor to adjust the 
drive on the gate of the PowerMOSFET to a voltage which 
then maintains a constant current in the PowerMOSFET. 
Since both the ratiometric current sensing scheme and the 
base-emitter junction voltage of the bipolar transistor vary 
with temperature, the current at which the device limits is a 
function of temperature. This dependence is shown in 
Figure 9. 

The resistor in series with the gate of the PowerMOSFET 
also results in much slower switching performance than in 
standard PowerMOSFETs. This is an advantage where fast 
switching can cause EMI or RFI. Switching speed is very 
predictable; a minimum as well as a maximum fall time is 
given in the device characteristics for this type. 

DC Operation of the RLP5N08LE 

The limit of drain-to-source voltage for operation in 
current limiting on a steady state (~C) basis is shown in 
equation below. The dissipation in the device is simply the 
applied drain-to-source voltage multiplied by the limiting 
current. This device, like most PowerMOSFET devices, 
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FIGURE 10. TYPICAL CAPACITANCE vs. VOLTAGE 
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FIGURE A. DC OPERATION IN CURRENT LIMITING 

is limited to +1750 C. The maximum voltage allowable can, 
therefore, be expressed as: 

VOS= +1750 C - TAmbient 

ILiMIT x (R8JC + HSTR) 

The results of this equation are plotted in Figure A for vari
ous heats inks. 

Duty Cycle Operation of the RLP5N08LE 
In many applications either drain-to-source voltage or gate 
drive is not available 100% of the time. The copper header 
on which the RLP5N08LE is mounted has a very large ther
mal storage capability, so for pulse widths of less than 1 ms 
header temperature can be considered a constant. Thereby, 
junction temperature can be calculated simply as: 

T J = (VDS x IDS x D x R8J-Amb) + T ambient 

Generally the heat storage capability of the silicon chip in a 
power transistor is ignored for duty cycle calculations. Mak
ing this assumption, limiting junction temperature to 
+1750 C and using TC calculated above, the expression for 
maximum VDS under duty cycle operation is: 

VOS= +1750 C - T ambient 

ILiMIT x 0 x R8J-ambient 

These values are plotted as Figures B 1 - B6 for various 
heats ink thermal resistances. 
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Performance Curves (Continued) 
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FIGURE 81. MAXIMUM VOS vs. TEMPERATURE IN CURRENT 
LIMITING. 
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FIGURE 83. MAXIMUM VOS VS. TEMPERATURE IN CURRENT 
LIMITING. 
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FIGURE 8S. MAXIMUM VOS vs. TEMPERATURE IN CURRENT 
LIMITING. 
(HEATSINK THERMAL RESISTANCE = 2SoC/W) 
(T J = +17S0C, ILIMIT = S.SA, RJC = 2.0830C/W) 
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FIGURE 82. MAXIMUM VOS VS. TEMPERATURE IN CURRENT 
LIMITING 
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(T J = +1750C, ILIMIT = S.SA, RJC = 2.0830 C/W) 
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FIGURE 84. MAXIMUM VOS VS. TEMPERATURE IN CURRENT 
LIMITING. 
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FIGURE 86. MAXIMUM VOS VS. TEMPERATURE IN CURRENT 
LIMITING. 
(NO EXTERNAL HEATSINK) 
(T J = +17S0C, ILIMIT = S.5A, RJC = 2.0830CIW) 
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RLP5NOBLE 

Performance Curves (Continued) 

Limited Time Operations of the RLP5N08LE 

Protection for a limited period of time is sufficient for many 
applications. As previously stated, heat storage in the sili
con chip can usually be Ignored for computations of over 10 
milliseconds and the thermal equivalent circuit reduces to a 
simple enough circuit to allow easy computation on the 
limiting conditions. The variation in limiting current with 
temperature complicates the calculation of junction temper
ature, but a simple straight line approximation of the varia
tion is accurate enough to allow meaningful computations. 
The curves shown as Figures C1 - C5 give an accurate 
indication of how long the specified voltage can be applied 
to the device in the current limiting mode without exceeding 
the maximum specified +1750 C junction temperature. In 
practice this tells you how long you have to alleviate the 
condition causing the current limiting to occur. 
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MILITARY AND RAD-HARDENED POWER MOSFETs 
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Radiation Hardened MOSFET Nomenclature System 

HARRIS RADIATION HARDENED 
POWER MOSFET 

PACKAGE DESIGNATION 

FR 

M - TO-204AA (TO-3 with 40 mil diameter leads) 

K - TO-204AE (TO-3 with 60 mil diameter leads) 

L - TO-205AF (TO-39 with Low Profile Cap) 

F - TO-254AA 

S - TO-257AA 

E - TO-258AA 

Features 

x xxxx x 

DIE DESIGNATION 

All Numeric Characters 

N-Channel (Three Digits) - XXX 

P-Channel (Four Digits) - 9XXX 

• Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 

x 

L RELIABIUTY SCREENING LEVEL 

1 - Non-TX (Commerical) 

2 - TX Equivalent of MIL-S-19500 

3 - TXV Equivalent of MIL-S-19500 

4 - Space Equivalent of MIL-S-19500 

RADIATION (TOTAL DOSE) 
ASSURANCE LEVEL 

D - 10kRAD (Si) 

R - 100kRAD (Si) 

H - 1000kRAD (Si) 

- Defined End Point Specifications at 300KRAD(SI) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(SI) 

• Gamma Dot - Survives 3E9RAD(SI)/sec at 80% BVoss Typically 
- Survives 2E12 Typically if Current Limited to 10M 

• Photo Current - 3.0nA Per-RAD(SI)/sec Typically 

• Neutron - Pre-RAD Specifications for 1 E13 Neutrons/cm2 

- Usable to 1 E14 Neutrons/cm2 

• Single Event - Typically Survives 1E510nslcm2 Having an LET:s; 35MeVlmg/cm2 

and a Range <: 30 m at 80% BVoss 

Description 

The Harris Semiconductor Sector has designed a series of SECOND GENERATION hardened power MOSFETs of both N 
and P channel enhancement types with ratings from 100V to 5DOV. 1A to 60A. and on resistance as low as 25mil. Total dose 
hardness is offered at lOOK RAD(Si) and 1000K RAD(Si) with neutron hardness ranging from 1E13n/cm2 for 500V product 
to 1E14n/cm2 for 100V product. Dose rate hardness (GAMMA DOT) exists for rates to lE9 without current limiting and 2E12 
with current limiting. Heavy ion survival from signal event drain burn-out exists for linear energy transfer (LET) of 35 at 80% 
of rated voltage. 

These MOSFETs are enhancement-mode silicon-gate power field effect transistors of the vertical DMOS (VDMOS) struc
ture. They are specially designed and processed to exhibit minimal characteristic changes to total dose (GAMMA) and neu
tron (nO) exposures. Design and processing efforts are also directed to enhance survival to heavy ion (SEE) and/or dose rate 
(GAMMA DOT) exposure. 

These parts may be supplied as dies or in various packages other than shown. Reliability screening is available as either non 
TX (commercial). TX equivalent of MIL-S-19500. TXV equivalent of MIL-S-19500. or space equivalent of MIL-S-19500. Con
tact the Harris Semiconductor High-Reliability Marketing group for any desired deviations from the devices listed. 
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Hi-Rei and Rad Hard 

QPL Approved JANTXffXV Power MOSFETs 

LEVEL 
PT 10 BVoss ROS(ON) 

PART NUMBER M IL-5-195001 TX TXV PACKAGE (W) (Al (V) (0) 

N-CHANNEL TYPES 

2N6756 542 X X TO-204M 75 14 100 0.18 

2N6758 542 X X TO-204M 75 9 200 0.4 

2N6760 542 X X TO-204M 75 5.5 400 1.0 

2N6762 542 X X TO-204M 75 4.5 500 1.5 

2N6764 543 X X TO-204AE 150 38 100 0.055 

2N6766 543 X X TO-204AE 150 30 200 0.085 

2N6768 543 X X TO-204M 150 14 400 0.3 

2N6770 543 X X TO-204M 150 12 500 0.4 

2N6782 556 X X TO-205AF 15 3.5 100 0.6 

2N6784 556 X X TO-205AF 15 2.25 200 1.5 

2N6786 556 X X TO-205AF 15 1.25 400 3.6 

2N6788 555 X X TO-205AF 20 6 100 0.3 

2N6790 555 X X TO-205AF 20 3.5 200 0.8 

2N6792 555 X X TO-205AF 20 2 400 1.8 

2N6794 555 X X TO-205AF 20 1.5 500 3.0 

2N6796 557 X X TO-205AF 25 8 100 0.18 

2N6798 557 X X TO-205AF 25 5.5 200 0.4 

2N6800 557 X X TO-205AF 25 3 400 1.0 

2N6802 557 X TO-205AF 25 2.5 500 1.5 

2N7224 592 X X TO-254M 150 34 180 0.07 

2N7225 592 X X TO-254M 150 27.4 200 0.1 

2N7227 592 X X TO-254M 150 14 400 0.315 

2N7228 592 X X TO-254M 150 12 500 0.415 

N-CHANNEL LOGIC LEVEL TYPES 

2N6901 570 X X TO-205AF 8.33 1.69 100 1.4 

2N6902 566 X X TO-204M 12 75 100 0.2 

2N6903 570 X TO-205AF 8.33 0.98 200 3.65 

2N6904 566 X TO-2D4AF 75 8 200 0.65 

P-CHANNEL TYPES 

2N6895 565 X X TO-205AF 8.33 1.5 100 3.65 

2N6896 565 X TO-204M 60 6 100 0.6 

2N6897 565 X X TO-204M 100 12 100 0.3 

2N6898 565 X X TO-204AE 150 25 100 0.2 

2N6849 564 X X TO-205AF 25 6.5 100 0.3 

2N6851 564 X X TO-205AF 25 4 200 0.8 

8-4 



Tactical and Strategic Level Selections 

Radiation Hardened MOSFETs (N-Channel) 

DIE 
T0-3 TO·39 TO·254 TO·257 T0-258 

FAMILY INTERIM FINAL INTERIM FINAL INTERIM FINAL INTERIM FINAL INTERIM FINAL 

17631 FRM130D 2N7271 FRL130D 2N7272 · · FRS130D 2N7273 
FRM130R FRL130R · FRS130R · 
FRM130H FRL130H FRS130H · 

17632 FRM230D 2N7274 FRL230D 2N7275 · · FRS230D 2N7276 · . 
FRM230R FRL230R · FRS230R · 
FRM230H FRL230H · FRS230H · 

17633 FRM234D 2N7277 FRL234D 2N7278 · · FRS234D 2N7279 · . 
FRM234R FRL234R FRS234R · 
FRM234H FRL234H · FRS234H · 

17635 FRM430D 2N7280 FRL430D 2N7281 - · FRS430D 2N7282 - -
FRM430R FRL430R - FRS430R -
FRM430H FRL430H - FRS430H -

17641 FRM140D 2N7283 - - - - FRS140D 2N7284 - -
FRM140R - - FRS140R -
FRM140H - - FRS140H 

17642 FRM240D 2N7285 - - - - FRS240D 2N7286 - -
FRM240R - - FRS240R -
FRM240H - - FRS240H -

17643 FRM244D 2N7287 - - - - FRS244D 2N7288 - -
FRM244R - FRS244R -
FRM244H - - FRS244H -

17645 FRM440D 2N7289 - - - FRS440D 2N7290 - -
FRM440R - FRS440R 
FRM440H - FRS440H -

17651 FRK150D 2N7291 - FRF150D 2N7292 - -
FRK150R - FRF150R -
FRK150H - FRF150H - -

17652 FRK250D 2N729.3 - FRF250D 2N7294 - -
FRK250R FRF250R - -
FRK250H - FRF250H -

17653 FRK254D 2N7295 - - FRF254D 2N7296 - - -
FRK254R - FRF254R - -
FRK254H - FRF254H - -

17655 FRM450D 2N7297 - - FRF450D 2N7298 - -
FRM450R - FRF450R 
FRM450H - FRF450H -

17661 FRK160D 2N7299 - - - FRE160D 2N7300 
FRK160R - - FRE160R 
FRK160H - - FRE160H 

17662 FRK260D 2N7301 - - - - FRE260D 2N7302 
FRK260R - FRE260R 
FRK260H - FRE260H 

17663 FRK264D 2N7303 - - - FRE264D 2N7304 
FRK264R - FRE264R 
FRK264H - - FRE264H 

17665 FRK460D 2N7305 - - - FRE460D 2N7306 
FRK460R - FRE460R 
FRK460H - - FRE460H 

8-5 



Tactical and Strategic Level Selections (Continued) 

Radiation Hardened MOSFETs (P-Channel) 

DIE 
TO·3 To-39 TO·254 TO·257 TO·258 

FAMILY INTERIM FINAL INTERIM FINAL INTERIM FINAL INTERIM FINAL INTERIM FINAL 

17731 FRM9130D 2N7307 FRL9130D 2N7308 · · FRS9130D 2N7309 
FRM9130R FRL9130R · FRS9130R 
FRM9130H FRL9130H · FRS9130H · 

17732 FRM9230D 2N7310 FRL9230D 2N7311 · · FRS9230D 2N7312 · 
FRM9230R FRL9230R · FRS9230R · 
FRM9230H FRL9230H FRS9230H 

17741 FRM9140D 2N7316 · · FRS9140D 2N7317 · 
FRM9140R - FRS9140R · 
FRM9140H · FRS9140H 

17742 FRM9240D 2N7318 · - - FRS9240D 2N7319 -
FRM9240R - FRS9240R · 
FRM9240H · · FRS9240H -

17751 FRK9150D 2N7322 · · FRF9150D 2N7323 · · · . 
FRK9150R · FRF9150R · · 
FRK9150H · FRF9150H · 

17752 FRM9250D 2N7324 · · FRF9250D 2N7325 · · -
FRM9250R · FRF9250R · · 
FRM9250H · FRF9250H · 

17761 FRK9160D 2N7328 · - - · · FRE9160D 2N7329 
FRK9160R - FRE9160R 
FRK9160H · FRE9160H 

17762 FRK9260D 2N7330 - · · · FRE9260D 2N7331 
FRK9260R - FRE9260R 
FRK9260H · · FRE9260H 
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N-Channe/ 

RATED PART 
BVoss NUMBER 

100 2N7271 

2N7272 

2N7273 

2N7283 

2N7284 

2N7291 

2N7292 

2N7299 

2N7300 

200 2N7274 

2N7275 

2N7276 

2N7285 

2N7286 

2N7293 

2N7294 

2N7301 

2N7302 

250 2N7277 

2N7278 

2N7279 

2N7287 

2N7288 

2N7295 

2N7296 

2N7303 

2N7304 

500 2N7280 

2N7281 

2N7282 

2N7289 

2N7290 

2N7297 

2N7298 

2N7305 

2N7306 

Pre-Post Radiation Characteristics 

PRE-RADIATION POST 10K RAD OR POST 

PACKAGE 
RATINGS lOOK RAD (SI) RATINGS POST 1M RAD (Si) RATINGS 

OUTLINE 10 Ros(oN) VGS(TH) BVoss ROS(ON) VGS(TH) BVoss Ros(oN) VGS(TH) 
(TO-) (A) (n) (V) (V) (n) (V) (V) (n) (V) 

204AA 14 0.180 2-4 100 0.180 2-4 95 0.270 1.5 - 4.5 

205AF 8 0.180 2-4 100 0.180 2-4 95 0.270 1.5- 4.5 

257AA 12 0.195 2-4 100 0.195 2-4 95 0.293 1.5 - 4.5 

204AA 23 0.130 2-4 100 0.130 2-4 95 0.200 1.5-4.5 

257AA 17 0.145 2-4 100 0.145 2-4 95 0.218 1.5 - 4.5 

204AE 40 0.055 2-4 100 0.055 2-4 95 0.083 1.5-4.5 

254AA 25 0.070 2-4 100 0.070 2-4 95 0.105 1.5-4.5 

204AE 50 0.040 2-4 100 0.040 2-4 95 0.060 1.5 - 4.5 

258AA 41 0.050 2-4 100 0.050 2-4 95 0.075 1.5 - 4.5 

204AA 8 0.500 2-4 200 0.500 2-4 190 0.750 1.5 - 4.5 

205AF 5 0.500 2-4 200 0.500 2-4 190 0.750 1.5 - 4.5 

257AA 7 0.515 2-4 200 0.515 2-4 190 0.773 1.5 - 4.5 

204AA 16 0.240 2-4 200 0.240 2-4 190 0.360 1.5 - 4.5 

257AA 12 0.255 2-4 200 0.255 2-4 190 0.383 1.5 - 4.5 

204AE 27 0.100 2-4 200 0.100 2-4 190 0.140 1.5 - 4.5 

254AA 23 0.115 2-4 200 0.115 2-4 190 0.161 1.5 - 4.5 

204AE 46 0.070 2-4 200 0.070 2-4 190 0.105 1.5 - 4.5 

258AA 31 0.080 2-4 200 0.080 2-4 190 0.120 1.5 - 4.5 

204AA 7 0.700 2-4 250 0.700 2-4 238 1.000 1.5 - 4.5 

205AF 4 0.700 2-4 250 0.700 2-4 238 1.000 1.5 - 4.5 

257AA 5 0.715 2-4 250 0.715 2-4 238 1.070 1.5 - 4.5 

204AA 12 0.400 2-4 250 0.400 2-4 238 0.600 1.5 - 4.5 

257AA 9 0.415 2-4 250 0.415 2-4 238 0.623 1.5-4.5 

204AE 20 0.170 2-4 250 0.170 2-4 238 0.215 1.5 - 4.5 

254AA 17 0.185 2-4 250 0.185 2-4 238 0.234 1.5 - 4.5 

204AE 34 0.120 2-4 250 0.120 2-4 238 0.180 1.5 - 4.5 

258AA 23 0.130 2-4 250 0.130 2-4 238 0.195 1.5 - 4.5 

204AA 3 2.500 2-4 500 2.500 2-4 475 3.750 1.5 - 4.5 

205AF 2 2.500 2-4 500 2.500 2-4 475 3.750 1.5 - 4.5 

257AA 3 2.520 2-4 500 2.520 2-4 475 3.780 1.5 - 4.5 

204AA 6 1.400 2-4 500 1.400 2-4 475 2.100 1.5 - 4.5 

257AA 5 1.420 2-4 500 1.420 2-4 475 2.130 1.5 - 4.5 

204AA 10 0.600 2-4 500 0.600 2-4 475 0.860 1.5 - 4.5 

254AA 9 0.615 2-4 500 0.615 2-4 475 0.879 1.5 - 4.5 

204AE 17 0.400 2-4 500 0.400 2-4 475 0.600 1.5 - 4.5 

258AA 12 0.410 2-4 500 0.410 2-4 475 0.615 1.5-4.5 
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Pre-Post Radiation Characteristics (Continued) 

P-Channel 

PRE RADIATION POST 10K RAD OR POST 

PACKAGE 
RATINGS lOOK RAD (SI) RATINGS POST 1M RAD (Si) RATINGS 

RATED PART OUTLINE 10 ROS(ON) VGS(TH) BVoss Ros(oN) VGS(TH) BVoss ROS(ON) VGS(TH) 
BVoss NUMBER (TO-) (A) (0) (V) (V) (0) (V) (V) (0) (V) 

100 2N7307 204AA 6 0.550 2-4 100 0.550 2-4 95 0.830 2-6 

2N7308 205AF 5 0.550 2-4 100 0.550 2-4 95 0.830 2-6 

2N7309 257AA 6 0.565 2-4 100 0.565 2-4 95 0.848 2-6 

2N7316 204AA 11 0.300 2-4 100 0.300 2-4 95 0.450 2-6 

2N7317 257AA 11 0.315 2-4 100 0.315 2-4 95 0.473 2-6 

2N7322 204AE 26 0.125 2-4 100 0.125 2-4 95 0.188 2-6 

2N7323 254AA 23 0.140 2-4 100 0.140 2-4 95 0.210 2-6 

2N7328 204AE 40 0.085 2-4 100 0.085 2-4 95 0.128 2-6 

2N7329 258AA 30 0.095 2-4 100 0.095 2-4 95 0.143 2-6 

200 2N7310 204AA 4 1.300 2-4 200 1.300 2-4 190 1.950 2-6 

2N7311 205AF 3 1.300 2-4 200 1.300 2-4 190 1.950 2-6 

2N7312 257AA 4 1.320 2-4 200 1.320 2-4 190 1.980 2-6 

2N7318 204AA 7 0.720 2-4 200 0.720 2-4 190 1.080 2-6 

2N7319 257AA 7 0.735 2-4 200 0.735 2-4 190 1.100 2-6 

2N7324 204AA 16 0.300 2-4 200 0.300 2-4 190 0.450 2-6 

2N7325 254AA 14 0.315 2-4 200 0.315 2-4 190 0.473 2-6 

2N7330 204AE 26 0.200 2-4 200 0.200 2-4 190 0.300 2-6 

2N7331 258AA 19 0.210 2-4 200 0.210 2-4 190 0.315 2-6 
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PREVIEW PRODUCTS 
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Features 

• 3A, 80V 

• RDS(on) = 0.80n 

• Design Optimized for 5 Volt Gate Drive 

• Can be Driven Directly From a-MOS, N-MOS, or TTL 
Circuits 

• SOA is Power-Dissipation Limited 

• 1750 C Rated Junction Temperature 

• Logic Level Gate 

• High Input Impedance 

Description 

The RFD3N08L is an n-channel enhancement mode silicon 
gate power field effect transistor specifically designed for use 
with logic level (5 volt) driving sources in applications such as 
programmable controllers, automotive switching, and solonoid 
drivers. This performance 'is accomplished through a special 
gate oxide design which provides full rated conduction at gate 
biases in the 3-5 volt range, thereby facilitating true on-off 
power control from logic circuit supply voltages. 

The RFD3N08L is supplied in the JEDEC TO-251 plastic 
package and the RFD3N08LSM is supplied in the JEDEC TO-
252 plastic package. 

RFD3N08L. 
RFD3N08L.SM 

N-Channel Logic Level 
Power Field Effect Transistors 

Packages 

TO-251AA 
TOP VIEW 

TO-252AA 
TOP VIEW 

D~~_ DRAIN a SOURCE 

GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
o 

G 

s 
Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage, VOSS ............................................................................................. 80V 
Drain-Gate Voltage, (RGS = 1 mOj, VDGR ................................................................................. 80V 
Gate-Source Voltage, vGS ............................................................................................ ±10V 
Orain Current: 

RMS Continuous, 10 ................................................................................................... 3A 
Pulsed, 10M ......................................................................................................... " 7A 

Power Oissipation, PO: 
TC = +250 C ........................................................................................................ 30W 
OerateAboveTc=+250 C ...................................................................................... O.20WfOC 

Operating and Storage Junction Temperature Range, T J, TSTG .................................................... -55 to +1750 C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.e. handling procdures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFD3N08L, RFD3N08LSM 

Electrical Characteristics (TC = +250 C), Unless Otherwise Specified 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS MIN MAX. UNITS 

Drain-Source Breakdown Voltage BVOSS 10 = 1mA,VGS=OV 80 - V 

Gate Threshold Voltage VGS(th) vGS = vos, 10 = 250~A 1 2.5 V 

Zero Gate Voltage Drain Current lOSS VOS=70V - 1 ~A 

VOS = 70V @TC=1250C - 50 ~A 

Gate-Source Leakage Current IGSS VGS = ± 10V, VOS = OV - 100 nA 

Drain-Source on Voltage VOS(on) 10=1.5A,VGS=5V - 1.2 n 

10 =3A, VGS= 5V - 2.5 V 

On Resistance ROS(on) 10=1.5A,VGS=5V - 0.8 n 

Total Gate Charge Og(tota!) VGS = Oto 10V VOO=48V - 8 nC 

Gate Charge at 5V Og(5) VGS=Ot05V 10=2A - 5 nC 

Threshold Gate Charge Og(th) VGS=Oto1V RL=24n - 1 nC 

Plateau Voltage V(plateau) 10 = 3A, VOS = 15V - 4.5 V 

Turn-On Delay Time to(on) VOO = 40V, 10 = 1A - 20 ns 

RiseTime tR RG = 6.25V, VGS = 5V - 130 ns 

Turn-Off OelayTime to(off) - 40 ns 

Fall Time tF - 160 ns 

Thermal Resistance, Junction to Case ROJC - 5 °C/W 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS MIN MAX. UNITS 

Forward Voltage VSO ISO = 1A - 1.4 V 

Reverse Recovery Time trr If = 2A, dif/dt = 100A/~s - 150(typ.) ns 
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Features 

• 4A, 60V 

• RDS(on) = 0.600. 

• Design Optimized for 5 Volt Gate Drive 

• Can be Driven Directly From Q-MOS, N-MOS, or TTL 
Circuits 

• SOA is Power-Dissipation Limited 

• 1750 C Rated Junction Temperature 

• Logic Level Gate 

• High Input Impedance 

Description 

The RFD4N06L is an n-channel enhancement mode silicon 
gate power field effect transistor specifically designed for use 
with logic level (5 volt) driving sources in applications such as 
programmable controllers, automotive switching, and solonoid 
drivers. This performance is accomplished through a special 
gate oxide design which provides full rated conduction at gate 
biases in the 3-5 volt range, thereby facilitating true on-off 
power control from logic circuit supply voltages. 

The RFD4N06L is supplied in the JEDEC TO-251 plastic 
package and the RFD4N06LSM is supplied in the JEDEC TO-
252 plastic package. 

RFD4N061. 
RFD4N061.SM 

N-Channel Logic Level 
Power Field Effect Transistors 

Packages 

TO-251AA 
TOP VIEW 

TO-252AA 
TOP VIEW 

D~~~_ DRAIN [0; SOURCE 

GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 

G 

s 
Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage, voss ............................................................................................. 60V 
Drain-Gate Voltage, VOSS ............................•..•..............••.....•.•.••.........•.......•.................. 60V 
Gate-Source Voltage, VGS ...........•...•....................••..............•..••................................... ±10V 
Drain Current: 

RMS Continuous, 10 •......................•..............................•.....................••.•...•...••...•.•.... 4A 
Pulsed, 10M ...•.••.•............•...•.....•..•••......••...•.....••......••. ; .••..................................•... 10A 

Power Dissipation, PO: 
TC = +250 C ....•..............••.............••......••....•............••...• ; ...•.•..........•..............•.... 30W 
Derate Above T C = +250 C ...•............•....••..............................•........•..........•......••••.. O.20WfOC 

Operating and Storage Junction Temperature Range, TJ, TSTG ..... , ........................................ , ..... -55 to +1750 C 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFD4N06L, RFD4N06LSM 

Electrical Characteristics (TC = +250 C), Unless Otherwise Specified 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS MIN MAX. UNITS 

Orain-Source Breakdown Voltage BVOSS 10 = lmA, VGS=OV 60 - V 

Gate Threshold Voltage VGS(lh) VGS = VOS, 10 = 250~A 1 2.5 V 

Zero Gate Voltage Orain Current lOSS VOS=50V _. 1 ~A 

VOS = 50V @TC= 1250C - 50 ~A 

Gate-Source Leakage Currenl IGSS VGS = ± 1 OV, VOS = OV - 100 nA 

Orain-Source on Voltage VOS(on) 10 = lA, VGS= 5V - 0.8 V 

10= 2A, VGS= 5V - 2.0 V 

10 = 4A, VGS = 7.5V - 4.0 V 

On Resislance ROS(on) 10=lA,VGS=5V - 0.6 0 

Total Gate Charge °a(lotal) VGS = 010 10V VOO=48V - 8 nC 

Gate Charge at 5V Og(5) VGS=Ot05V 10=2A - 5 nC 

Threshold Gate Charge °a(th) VGS = 010 lV RL=240 - 1 nC 

Plateau Voltage V{plaleau) 10 = 4A, VOS = 15V - 4.5 V 

Turn-On Oelay Time to{on) VOO=30V,10=lA - 20 ns 

Rise Time tR RG = 6.25V, VGS = 5V - 130 ns 

Turn-Off Oelay Time to(oH) - 40 ns 

Fall Time tF - 160 ns 

Thermal Resistance, Junction to Case ROJC - 5 °C/W 

Source-Drain Diode Ratings and Characteristics 

LIMITS 

CHARACTERISTICS SYMBOLS TEST CONDITIONS MIN MAX. UNITS 

Forward Voltage VSO ISO=lA - 1.4 V 

Reverse Recovery Time trr If = 2A, dif/dt = 1 OOA/~s - 150(typ.) ns 
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Em HARRIS RFP15NOSI. 
August 1991 

N-Channel Logic Level 
. Power Field-Effect Transistor 

Features 

• 15A, 80V 

• RDS(ON): 0.140 

• Design Optimized for 5 Volt Gate Drive 

• Can be Driven Directly from a-MOS, N-MOS, TTL Circuits 

• SOA is Power-Dissipation Limited 

• +1750 C Rated Junction Temperature 

• Logic Level Gate 

• High Input Impedance 

Description 

The RFP15N08L is an n-channel enhancement mode silicon gate power 
field effect transistor specifically designed for use with logic level (5 volt) 
driving sources in applications such as programmable controllers, 
automotive switching, and solonoid drivers. This performance is 
accomplished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3-5 volt range, thereby facilitating 
true on-off power control from logic circuit supply voltages. 

Absolute Maximum Ratings (TC = +250 C), Unless Otherwise Specified 

Drain-Source Voltage ..............•.........•........................ VOSS 
Drain-Gate Voltage ...........•.........•............................. VDGR 
Gate-Source Voltage .................................................. V GS 
Drain Current, RMS Continuous ........................................... ID 

Pulsed .....•........................................................ IDM 
Power Dissipation Total @TC = +250C ........................•.......•... Po 
Power Dissipation Derating T C = +250C .•.....•.............................. 
Operating and Storage Junction Temperature Range •................•.. Ti' T STG 

Package 

TO-220AB 
TOP VIEW 

: SOURCE 
: DRAIN 

- GATE 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

o 

G 

RFP15N08L 

80 
80 

±10 
15 
40 
72 

0.48 
-55 to +175 

s 

UNITS 

V 
V 
V 
A 
A 
W 

WloC 
oC 

CAUTION: These devices are sensitive to electrosiatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFP15N08L 

Electrical Characteristics At Case Temperature (TC = +250 C), Unless Otherwise Specified 

LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN MAX UNITS 

Drain-Source Breakdown Voltage BVOSS 10=1mA VGS=OV 80 - V 

Gate Threshold Voltage VGS(TH) VGS=VOS 10=1mA 1 2.5 V 

Zero Gate Voltage Drain Current lOSS VOS=65V - 1 pA 

VOS=65V atTc=+1250 C - 50 ~A 

Gate-Source Leakage Current IGSS VGS=±10V VOS=OV - 100 nA 

Drain-Source On Voltage VOS(ON) 10 = 7.5A VGS=5V - 1.05 V 

10= 15A VGS=5V - 3.0 V 

On Resistance ROS(ON) 10=7.5A VGS=5V - 0.14 0 

Total Gale Charge '. OG(TOTAL) VGS=0-10V VOO= 64V - 80 nC 

Gale Charge al 5V OG(5) VGS=0-5V 10 = 15A - 45 nC 

~hreshold Gale ChargE! OG(TH) VGS=O-W RL=4.270 - 3 nC 

.-'Ialeau Voltage 
. 

V(pLATEAU) 10=15A VOS=15V - 4.5 V 

Turn-On OelayTime 10(ON) VOO=40V 10=7.5A - 40 ns 

Rise Time 
., 

Ir RG=6.250 VGS=5V - 325 ns 

Turn-Off Oelay Time to(OFF) . - 325 ns 

Fall Time ..... If - 325 ns 

T:hermalResistance Junction to Case ReJC - - 2.083 OC/W 

Source-Drain Diode Ratings and CharacteristiCs 

LIMITS 

PARAMETERS SYMBOL TEST CONDITIONS MIN MAX UNITS 

Forward Voltage VSO ISO = 7.5A - 1.4 V 

Reverse RecOvery Time TRR IF = 4A, dif/dl = 1 OOa/~s - 225(lyp) ns 
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Harris Semiconductor - --
V 

No. AN8610.1 February 1994 Harris Power MOSFETs 

SPICING-UP SPICE II SOFTWARE FOR 
POWER MOSFET MODELING 
Author: C.F. Wheatley, Jr., H.R. Ronan, Jr., G.M. Dolny 

The SPICE II simulation software package is familiar to most 
designers working in computer-aided design of integrated 
circuits. Developed by L. W. Nagel in 1973, SPICE II has 
become a widely available, well-understood design tool for 
IC modeling and analysis. But, SPICE II has a shortcoming: 
its standard simulation programs were developed when all 
MOSFETs were low-power devices. Power MOS devices are 
growing in use today, both as discrete components and, 
potentially, as output stages of power integrated circuits. 
SPICE II in its current form doesn't recognize these new 
developments. Its built-in FET models aren't able to simulate 
all the modes of new power MOS device operation. For 
example, SPICE II doesn't recognize the way a power 
MOSFET's internal capacitances change with bias 
conditions, the presence of a cascode JFET that compli
cates both static and dynamic operation, or the presence of 
a parasitic body diode that affects operation in the third 
quadrant. Without this information, SPICE II will predict 
power MOSFET performance that is incorrect. 

Since SPICE II's internal device models can't be easily 
changed for all existing copies, we looked for another 
approach to update the capabilities of this widely used simu
lation package in its standard form. Adding a ·subcircuit" of 
external components that complement the devices within the 
SPICE II software, so as to form a true, equivalent circuit of a 
power MOSFET. is the answer. 

The subcircuit works nicely with the standard SPICE II 
software, providing a model with all the terminal characteris
tics of a power MOSFET. Parameters of the subcircuit model 
can be determined from Simple terminal measurements or 
from standard data sheets, using the algorithmic and empiri
cal approach described below. Once these parameters are 
in place, SPICE II can be used to accurately simulate either 
p-channel or n-channel power MOSFET devices over a wide 
range of currents and voltages. The subcircuit functions as 
an embedded subroutine, so it can be used repetitively for 
any number of power MOSFETs in a design. This technique 
can be used to model power MOSFETs with any version of 
the SPICE II program presently available, without any modifi
cations to its internal source code. The technique can also 
be used with other commercially available or in-house-devel
oped circuit simulators. 

Modeling The Power MOSFET 
A cross-sectional view of a cell of a Harris IRF130 power 
MOSFET is shown in Figure 1. The easiest way to under-

Copyrighl © Harris Corporation 1992 

stand its electrical characteristics is to think of it as a vertical 
JFET, driven in cascode from a low-voltage lateral MOS
FET.l, 2 When the gate is positively biased with respect to 
the n-bulk, an accumulation layer forms in the n-region 
beneath the gate. This layer acts as the drain of the lateral 
MOSFET, as well as the source of the vertical JFET. The 
JFET channel is then-region between the two p-type body 
diffusions, which act as the gate of the JFET. The JFET drain 
is the n+ bulk, usually thought of as the power MOSFET 
drain. 

---/ SOURCE METAL 

POLY GATE GATE OXIDE 

•• ~.:::. ov ' .. ' .. ~--...... -.... . 
\/ .... 

•••••• 10V---
:..... '. '- J 

•••• DEPLETION 40V 
••• •• .kI\yER '" -----.. ·--1_ ... ___ • 

n+DRAIN 

FIGURE 1. A CROSS-SECTIONAL VIEW SHOWS THE PHYSI
CAL MAKEUP OF THE LATERAL LOW·VOLTAGE 
MOSFET AND VERTICAL JFET THAT OPERATE IN 
CASCODE AS THE POWER MOSFET. 

When you look at the power MOSFET this way, it becomes 
possible to use the standard SPICE II built-in device models, 
because SPICE II can simulate both the vertical JFET and 
the lateral MOSFET. When we use the subcircuit to add the 
rest of the Harris IRF130 power MOSFET to these SPICE II· 
simulated devices, we get a satisfactory equivalent circuit, 
shown in Figure 2. 

The gate-te-source capacitance of the Harris IRF130 power 
MOSFET is represented by C21 . It is really a composite of 
two capacitances. The first is formed between the polysilicon 
gate and source metal (with the thick oxide as a dielectric). 
The second is formed between the gate and the n+ source 
(with the thin oxide acting as the dielectric). The value of C21 
is essentially unchanged by voltage or current. 

Capacitor C24 is formed between the power MOSFET gate 
and the accumulation layer, with the thin gate oxide as a 
dielectric. So long as the gate is positive with respect to the 
n·neck region, the accumulation layer exists and C24 doesn't 
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Application Note 8610 

change. But. if the external drain voltage (less their voltage 
drop across then-drift region) approaches the gate voltage. 
the accumulation layer starts to disappear. When that 
happens. C24 abruptly drops in value. This sudden change 
has to be taken into consideration. 

MOS1 
FDSCHRG 0 

RSOURCE 

@ 
LsOURCE 

FIGURE 2. THE EQUIVALENT CIRCUIT OF THE POWER MOS
FET IS MADE BY COMBINING SPICE II MODEL EL
EMENTS WITH SOFTWARE SPECIFIED 
COMPONENTS ON A "SUBCIRCUIT." 

Capacitor C23 represents the gate-to-drain capacitance of 
the Harris IRF130 power MOSFET. Because the accumula
tion layer normally acts as an electrostatic shield. C23 has no 
significance until the layer ceases to exist under the 
conditions just described. When it does disappear. the effect 
upon C23 is abrupt. and also has to be taken into 
consideration. The sudden changes in C24 and C23 cannot 
be easily modeled with the standard SPICE II software. 

Figure 2 illustrates what happens: If the JFET source voltage 
(node 4) is very low compared to its pinCh-off voltage. the 
JFET will be highly conductive. tightly coupling C24 to the 
JFET drain (which is also the drain of the Harris IRF130 
power MOSFET). However. as the node 4 voltage 
approaches the pinch-off voltage (VPINCH) of the JFET. it 
operates in a constant-current mode. This action decouples 
C24 from the JFET drain. making possible a much faster 
slew-rate. determined by C23• If the node 4 voltage is 
allowed to exceed VPINCH of the JFET. errors will exist in the 
output waveforms predicted by the standard SPICE II model. 

To correct the situation. the added subcircuit includes a cur
rent-controlled current source. FOSCHRG. and a current
sense network containing D1. If node 4 voltage begins to 
exceed VplNCH of the JFET, D1 conducts. and its current is 
sensed at VMEAS' The high-gain current source FOSCHRG is 
turned-on rapidly and partially discharges C24• pinning node 
4 voltage at the pinch-off voltage of the JFET. In setting up 
the parameters of the subcircuit. the ideality factor of D1 is 
set at 0.03 to assure that node 4 voltage will never exceed 

VplNCH of the JFET by more than a few millivolts. This condi
tion results in waveform predictions from the SPICE II model 
that represent the true characteristics of the power MOSFET. 

The body diode (DSOOY in Figure 2) is formed by the drain
to-body diffusion pn junction of the Harris IRF130power 
MOSFET. Dsooy is added as an external component in the 
subcircuit because the built-in gate-to-drain diode of the 
SPICE II JFET model is inconvenient when it comes to mod
eling third-quadrant conduction of a power MOSFET. We 
want most of the third-quadrant current to flow in Dsooy. So. 
we effectively delete the SPICE II model's built-in diode by 
setting its saturation current parameter to an artificially low 
value. such as 10-20 ampere. 

To round-out the subcircuit. a resistor value is chosen for the 
JFET drain of the SPICE II model to represent the series 
resistance of the n-drain region of the Harris IRF130 power 
MOSFET.3 We also add resistor RSOURCE to represent the 
series source resistance of the Harris IRFl30 power 
MOSFET: a composite of resistances in the n+ source 
region. contact resistance. and source-metal series 
resistance. Finally. we add inductor lSOURCE to represent 
the source inductance of the power MOSFET contributed by 
the source metallization and bond wires. 

Choosing Parameters to Simulate A Power 
MOSFET 

To accurately simulate the terminal characteristics of the 
physical power MOSFET you are working with. you will need 
to adjust the SPICE II model parameters and select 
subcircuit component values. look first at adjustment of the 
SPICE II model. The static current-voltage characteristics of 
the power MOSFET are determined by the low-voltage 
lateral MOSFET included in the SPICE II model; Figure 2. In 
saturation (large values of Vos). the lateral MOSFET device 
is modeled according to the following equation: 

(Kp)W (Vas - Vro)2 
los 

2L 

where 

Kp Process Transconductance Parameter 

Vro Threshold Voltage 

W L = 1j.1m (Fixed In This Note For Convenience) 

los MOSFET Drain Current 

Vas MOSFET Gate-To-Source Voltage 

Continuing with the example device. the Harris IRF130 
power MOSFET. a plot of the square root of los versus gate 
voltage (VGs) provides the curves shown in Figure 3 for Vos 
= 10 volts. These curves provide the process transconduc
tance parameter. (Kpl2)0.5. and threshold voltage. VTO 
directly. This data can then be used to find the value of 
source resistance. RSOURCE' This series resistance is impor
tant because it causes the curve produced by plotting the 
square root of los versus V GS to depart from linearity at high 
current levels. Departure at very low current levels is caused 
by subthreshold conduction. which we ignore in this model. 
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To find the JFET drain resistance. we use the value of 
source resistance. RSOURCE. and plots of los versus Vos for 
operation in the linear region. as shown in Figure 4. 

To find the current. resistance and capacitance parameters 
of the body diode (Deooy in Figure 2). first plot log los versus 
Vos. as shown in Figure 5. holding the gate voltage. VGs• 
negative for third-quadrant operation; i.e .• where Vos is less 
than O. This plot gives the saturation current and resistance 
of Deooy. The minority-carrier transit-time parameter (TT) of 
the SPICE II program is chosen to provide the best fit to 
measured transient reverse-recovery data. The junction 
capacitance value of DBQOY is equal to the power MOSFET 
device output capacitance. Coss. at zero volts. This value 
can be obtained from the device data sheet. or by bridge 
measurement. It is usually specified at 25 volts. and may be 
converted to zero volts by multiplying by 6. 

Vos>VGS 
(SATURATED REGIME) 

5.0 
VGS(V) 

6.0 7.0 

FIGURE 3. THIS PLOT OF THE SQUARE ROOT OF DRAIN 
CURRENT VS. GATE VOLTAGE DEFINES THE 
THRESHOLD VOLTAGE. VTO• (Kpl2)o.s. AND 
Rooureo. FOR THE POWER MOSFET. 

o 
VosM 

FIGURE 4. DRAIN CURRENT VB. DRAIN VOLTAGE OF THE 
POWER MOSFET PLOTTED USING CONSTANT 
GATE VOLTAGES. THIS CURVE DEFINES THE ON 
RESISTANCE OF THE DEVICE. 

.' .' .' .' ., .. ~Is 

VosM 

FIGURE 5. THIS PLOT OF LOG 10 VS Vos IN THIRD-QUADRANT 
OPERATION OF THE POWER MOSFET DEFINES Is 
AND Rs. OF THE PARASITIC BODY DIODE. DBOoy• 

To properly simulate avalanche breakdown voltage wRh the 
added clamp circuR (diode DeREAK and voltage source Vbreak 
in Figure 2). first set the voltage level of VeREAK equal to the 
measured value of drain breakdown voltage. Then. adjust the 
SPICE II model parameters Is. N. and Rs for Dbreak to obtain 
the best fR to the measured breakdown voltage curve. 

Selection of capaCitors C21 • C23• and C24• and the parame
ters of the JFET (all shown in Figure 2). can be made using 
the curves of Figure 6. This is a plot of drain and gate volt
age versus time for a power MOSFET driven with constant 

BVoss FIDRAJN • BvossIIcc 
IG-1mA 
TEST CIRCUIT 8.0 

(SEE REF. 1) 

SLOPE. IQI(~l + 
C23+ C24) 

-.....,... 
6.0 

E E 
!!! 

BVoss 
'" 2 ~ > 

3.0 

o 20 40 

TIME(",,) 

FIGURE 6. PLOTTING DRAIN AND GATE VOLTAGES OF THE 
POWER MOSFT VS TIME DETERMINES THE VAL
UES OF C21> C23• C24• AND VplndI. 
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gate current (IG).l The initial slope of the VGS curve defines 
C21 (since for any value of gate voltage. VGs• less than 
threshold voltage. VTQ. the power MOSFET is in its off-state. 
so that the gate-to-source capacitance. C21. charges linearly 
under constant-current conditions). As VTO is reached. the 
low-voltage lateral MOSFET (Figure 2) turns on. and its 
drain voltage drops toward its minimum value. 

At the outset. the JFET is operating beyond pinch-off. and 
the slope of the V Ds-versus-time curve is controlled by C23. 
However. when the drain voltage falls below VPINCH. the 
JFET conducts. strongly coupling C24 to the JFET drain and 
greatly redUCing the drain voltage slew rate. Thus. the value 
of C23 can be approximated from the steep slope of the VDS 
curve in Figure 6. while the value of C21+C23+C24 corre
sponds to the labelled VGS slope. These values can be 
adjusted slightly to give the best slope fit. A trial value of 
VplNCH (and VTO) is given by the labelled intercept of the VDS 
curve. Adjustments of this value will control the length of the 
gate plateau voltage needed to complete the curve fit. 

Table I lists the preferred algorithm for parameter extraction; 
Table II summarizes the required empirical inputs. Together. 
these tables will aid in setting up the parameters for evalua
tion of a power MOSFET with SPICE II and the subcircuit. 
As an example. Table 3 summarizes the input parameters for 
the SPICE II model and subcircuit. determined for the Harris 
IRF130 power MOSFET. using the approach just described. 
The IRF130 is rated at 14 amperes and has a l00-volt block
ing capability. 

TABLE 1. PREFERRED ALGORITHM FOR PARAMETER 
EXTRACTION 

1. Determine Kp of lateral MOS 

2. Determine Vro of lateral MOS 

3. Determine C21 

4. Determine C21 + C23 + C24 

5. Determine Rsource and JFET draln resistance 

6. Assign beta of JFET = 100 x Kp of lateral MOS 

7. Use trial V PINCH 

8. Use trial C23 and calculate C24 

9. Curve fit for slope by repeating step 8 with different values 
ofC23• 

10. Adjust VPINCH and Vro of JFET to fix gate-voltage plateau 

TABLE 2_ EMPIRICAL INPUTS 

MOSFET Enhancement mode:W = L = 111m; Kp (Figure 3); 
Vro (Figure 3); C's = 0; Tox = 1 E611m 

JFET Depletion mode; area factor = 1; Beta = looKp 
(Figure 3); Vro = -Vpinoh (Figure 6); C's = diode 
lifetime = 0; diode ideality factor = 1.0; Is = 1 E -20; 
Ro (Figure 4) 

DOODY Is from Figure 5; Ideality Factor = 1.0; Rs from 
Figure 5 (must be very much smaller than RD); 

C (from Coss); lifetime = best fit to T RR 

TABLE 2. EMPIRICAL INPUTS (Continued) 

DBREAK Is': arbitrary; C = lifetime = 0; ideality factor = best 
low-current fit; R = best high-current fit 

01 Is = 1 E - 13; C = lifetime = 0; Ideality factor = 0.03; 
As = 1 

RSOURCE Figure 3 

LsoURCE Approx. (5L)ln(4Ud) nH; Land d are source wire 
Inches 

VPINCH Figure 6 

VBREAK Avalanche voltage 

~1 Figure 6 

C23 Figure 6 

C24 Figure 6 

TABLE 3 -INPUT PARAMETERS OF IRF130 TO SPICE MODEL 

SPICE PARAMETER HARRIS IRF130 VALUE 

LATERALMOS 

Model Level 1 

Tox lE0611 

Vro 3.4V 

Kp 6.4AN2 

W.L 1.011 

VERTICAL JFET 

JMODArea 1 

Vro -6.4V 

Beta 640 

Is 10-20 

RD 42.15 x 10-30 

DooDY 
CJO 1650pF 

IT 70 x 10-9 

Is 3 X 10-12 

Rs 2.5x 10.30 

PASSIVE ELEMENTS 

C21 900pF 

C23 40pF 

C24 1360pF 

RSOURCE 17.5 x 10-30 

LsoURCE 7.5 x lO-sH 

VBREAK 117V 

Implementing The Subcircuit in SPICE II 

Table IV is the input listing for the implementation of the 
power MOSFET subcircuit in SPICE II software. Nodes are 
identified for drain. gate. and source of the power MOSFET. 
The subcircuit then 'hooks' to these nodes wherever 
specified in the SPICE II simulation. Any number of power 
MOSFETs can be specified. The parameters listed are for an 
IRF130 power MOSFET. 
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The Results 

The real test of the enhanced SPICE II model is how closely 
its predicted performance compares with actual measure
ments. Using the input parameters for the Harris IRF130 
device example given in Table III, we calculated transfer and 
output curves for the model. These curves were then com
pared against measured static data. Figures 7 and 8 show 
the precise fit between predicted and measured static data, 
even at low values of drain voltage. 

To see how the model performs in dynamic prediction, we 
simulated first-quadrant operation (including avalanche 
mode) and third-quadrant operation for the Harris IRF130 

power MOSFET. Once again, the predicted performance of 
the enhanced SPICE II model fits actual measurements sat
isfactorily over the entire operating range of the Harris 
IRFI30, as shown in Figures 9 and 10. 

To compare calculated switching performance versus actual 
measurement on the Harris IRF130, we used the enhanced 
SPICE II model to generate switching curves. Figurell 
shows drain and gate voltages versus time with a constant 
gate-current drive. Figure 12 shows drain and gate voltages 
versus time for a step gate-voltage input. Actual measured 
data was then taken and overlaid on the points predicted by 
the enhanced SPICE II model. Again, the fit was accurate in 
each case. 

TABLE 4 -INPUT LISTING OF SUBCIRCUIT MODEL 
Listed Parameters Valid for a Harris IRFI30 Power MOSFET 

• THIS IS THE POWER MOS SUBCIRCUIT 

• NODE 3 IS THE POWERMOS DRAIN 

• NODE 2 IS THE POWERMOS GATE 

• NODE 11 IS THE POWERMOS SOURCE 

.OPTIONS NOMOD NOLIST NOACCT NONODE L1MPTS=250 GMIN=1.0E-20 

.SUBCKT POWMOS 32 11 
C21 21 900P 

C232340P 
C24241360P 
FDSCHRG 4 2 VMEAS 1.0 

MOSl 42 11 MOSMOD L=l U W=l U 
JFET 3 1 4 JMOD AREA=l 

DBODY 1 3 DMOD2 

RSOURCE 1 10 17.5E-03 
LSOURCE 10 11 7.5N 

E41 5 11 4 1 1.0 
Dl 56 DMOD 

VPINCH 6 8 DC 6.4 

VMEAS 8 11 DC 0.0 

DBREAK 3 7 DMOD3 

VBREAK 7 1 DC 117 

.MODEL MOSMOD NMOS VTO=3.4 KP=6.40 TOX=1.0E+06U 

.MODEL JMOD NJF VTO=-6.4 BETA=640 IS=1.0E-20 RD=42.5E-03 

.MODEL DMOD D IS=1.0E-13 N=0.03 RS=1.0 

.MODEL DMOD2 D CJO=1650P TT =70N IS=3.0E-12 RS=2.5E-03 

.MODEL DMOD3 D IS=lE-13 RS=2.0 N=1.0 

.ENDS 
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5.0 0 

HARRIS IRF130 0 
4.5 -MEAS 

0 CALC 

4.0 VD_10V 

3.5 

sf 3.0 
~ 

\j 2.5 

2.0 

1.5 

1.0 

0.5 

0.0 
0 2 3 4 5 I 7 

VGATEM 

FIGURE 7. MEASURED SQUARE ROOT OF DRAIN CURRENT 
(DRAIN VOLTS = 10) va. GATE VOLTAGE FOR THE 
HARRIS IRF130 POWER MOSFET IS PLOTTED 
ALONG WITH THE CALCULATED VALUES FOR 
THE ENHANCED SPICE II MODEL. AN EXCEL
LENT FIT IS OBTAINED. 

3 

13 HARRIS IRFl30 

ffi2 
~ o 
::IE 
< . 
~1 
~ 

VG=4.0VOLTS W? 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ocSt 

VG = 3.8 VOLTS fP 
o 0 0 0 0 0 0 ootg 

0 

0 20 40 60 80 100 120 

VDRAIN - VOLTS 

FIGURE 9. FIRST QUADRANT DRAIN CURRENT va. DRAIN 
VOLTAGE WITH VGS HELD CONSTANT IS CALCU
LATED BY THE ENHANCED SPICE II MODEL OF 
THE HARRIS IRF130 POWER MOSFET. NOTE 
THAT THE MODEL PREDICTS AVALANCHE 
BREAKDOWN. 

20 

18 

16 

14 

12 

3: J 10 

8 

& 

4 

2 

0 
0 

o 

VG-I.OV 

HARRIS IRF130 
- MEASURED 
o MODEL 

VG-5.0V 

2 3 4 5 

VDRAlNM 

6 7 

FIGURE 8. PLOTS OF DRAIN CURRENTvs. DRAIN VOLTAGE 
FOR THE HARRIS IRF130 POWER MOSFET SHOW 
AN EXCELLENT FIT BETWEEN MEASURED VAL
UES AND THOSE CALCULATED BY THE EN
HANCED SPICE II MODEL FOR VARIOUS VALUES 
OF CONSTANT GATE VOLTAGE. 

-1.2 -1.0 

HARRIS IRF130 
- MEASURED 
o CALC • 

CALC. VALUES FOR 

VGATE - 0 AND 2 
ARE COINCIDENT 

-10 

~ 
-15 j 

-20 

-25 

FIGURE 10. THIRD-QUADRANT OPERATION OF THE HARRIS 
IRF130 SHOWS AGREEMENT BETWEEN THE 
PREDICTED VALUES OF THE ENHANCED SPICE II 
MODEL AND ACTUAL MEASURED VALUED OF 
DRAIN CURRENT vs DRAIN VOLTAGE AT DIFFER
ENT VALUED OF CONSTANT GATE VOLTAGE. 
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FIGURE 11. THESE PLOTS OF DRAIN AND GATE VOLTAGES vs. TIME FOR CONSTANT GATE CURRENT SHOW AGREEMENT 
BETWEEN THE PREDICTIONS OF THE ENHANCED SPICE II MODEL (a) AND MEASURED PERFORMANCE OF THE 
HARRIS IRF130 POWER MOSFET (b). 
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FIGURE 12. SWITCHING PERFORMANCE OF THE HARRIS IRF130 POWER MOSFET IS CLOSELY PREDICTED BY THE ENHANCED 
SPICE II MODEL IN THIS PLOT OF MEASURED AND CALCULATED VALUES OF DRAIN AND GATE VOLTAGES vs. 
TIME IN A STANDARD SWITCHING CIRCUIT. 
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Time (Nanoseconds) 

FIGURE 13. THE CALCULATED THIRD-QUADRANT DIODE RECOVERY WAVEFORM OF THE ENHANCE SPICE II MODEL SHOWS 
GOOD AGREEMENT WITH THAT ACTUALLY MEASURED FOR THE HARRIS IRF130 POWER MOSFET 

Finally, the enhanced model was used to compare calcu
lated and measured body diode (DooDY in Figure 2) recovery 
time curves in third-quadrant operation of the Harris power 
MOSFET. Figure 13 shows the good agreement between 
predicted and actual results. 

This approach provides excellent results when there is a 
need to model the performance of a power MOSFET. Not 
only will the approach update SPICE II (or other circuit 
simulation CAD program) so that it will simulate the latest 
state-of-the-art in MOS power, but it will allow quick analysis 
of every static and dynamic characteristic for suitability in a 
proposed design. 
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A SPICE-2 SUBCIRCUIT REPRESENTATION FOR POWER 
MOSFETs, USING EMPIRICAL METHODS 
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Abstract 

An accurate power-MOSFET model is not widely available 
for CAD circuit simulation. This work provides a subcircuit 
model which is compatible with SPICE-2 software and 
MOSFET terminal measurements. SPICE-2 is the circuit 
simulation package of choice for this work because of its 
universal availability, despite its inherent limitations. These 
limitations are circumvented through circuit means. 

This effort models power-MOSFET terminal behavior consis
tent with SPICE-2 limitations; hence it will differ from the 
physical model as suggested by Wheatley, et all, Ronan 
et al2 and others. We feel we have advanced prior efforts3 

particularly in areas of third-quadrant operations, avalanche
mode simulation, switching waveforms and diode recovery 
waveforms. 

Discussion 

The subcircuit shown in Figure 1 is described in Table 1. All 
passive circuit elements are constants. The very-high-gain 
JFET is used to simulate the dual-slope drain voltage vs time 
switching curve common to the power MOSFET.1,2 

C3 

Cz 

RORAIN o 

G o--+--i 

LSOURCE 

RSOURCE 

s 

FIGURE 1. SPICE-2 SUBCIRCUIT FOR POWER MOSFET SIMU
LATION. 

Copyright © Harris Corporation 1992 

NOTE: If the JFET source voltage, E1, is very low relative to 
its VplNCH voltage, the JFET is in a highly conductive state, 
tightly coupling C2 to the JFET drain. However, as the volt
age El approaches VPINCH' the JFET operates in a con
stant-current mode, thereby permitting a much faster drain 
slew rate, which is determined primarily by C3. 

If El exceeds VPINCH, errors will exist in the turn-on wave
forms. The C2 discharge current-controlled current source 
remedies this situation in conjunction with the subcircuit con
taining O2 , The O2 ideality factor was set at 0.03 to assure 
that El minus VplNCH does not exceed several millivoits. 

The body diode cannot be properly modeled by the JFET 
gate-drain diode, hence Dsooy. Conditions of Table 1 assure 
that most third-quadrant current flow is via Deooy. Avalanche 
breakdown is more accurately modeled by the clamp circuit 
containing 0 1, 

Table 1 in combination with Figures 2, 3, 4 and 5 provides 
the required empirical inputs. Table 2 lists the preferred algo
rithm for parameter ex1raction. 

TABLE 1. EMPIRICAL INPUTS 

MOSFET Enhancement mode; W = L = 1111T1; Kp (Figure 
2); Vro (Figure 2); C's = 0; loso = IE -12 

JFET Depletion mode; areas factor = 1; B = 100Kp 
(Figure 2); Vro = VplNCH (Figure 5); C's = diode 
lifetime = RSERIES = 0; diode ideality factor = 1.0, 
loso = IE -20 

BODY DIODE Is from Figure 4; Ideality Factor = 1.0; R from 
Figure 4 (must be very much greater than Ro); 
C (from Coss); lifetime = best fit to T RR 

Dl Is = arbitrary; C = lifetime = 0; ideality factor = 
best low~urrent fit; R = best high~urrent fit 

D2 Is = 1 E -8; C = lifetime = R = 0; Ideality factor = 
0.03 

Rs Figure 2. 

RORAIN Figure 3. 

Ls Approximately (5L) In (4 Ud) nH; L and dare 
source wire inches. 

VplNCH Vro ofJFET. 

VBRK Avalanche voltage. 

C, From Figure 5. 

C2 Maximum from Figure 5. 

C3 Minimum from Figure 5. 
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IDSRS 

RFP15N15 

Vos > VGS 
(SATURATED REGIME) 

" l yl I 
7.0 5.0 6.0 

Vas (VOLTS) 

FIGURE 2. SQUARE ROOT OF DRAIN CURRENT vs GATE 
VOLTAGE DEFINES VTHRESHOLD' Kp, AND Rs. 

Vos(VOLTS) 

FIGURE 4. THIRD-QUADRANT OPERATION DEFINES IsAND R 
OF DIODE DeoDY• 

TABLE 2. PREFERRED ALGORITHM FOR PARAMETER 
EXTRACTION 

1. Determine Kp of lateral MOS 
2. Determine VTH of lateral MOS 
3. Determine C1 

4. Determine C1 + C2 + C3 

5. Determine RDS 

6. Assign B of JFET = 100 x Kp of lateral MOS 

7. Use trial VPINCH 

8. Use C2 (Maximum). C3 (Minumum) are curve-fit C's 
9. Adjust VplNCH to fix gate voltage plateau 

25 

20 

Iii 
~ 

~ 15 

~ 
10 

5 

RFP15N15 

0 2 4 
IDS (AMPERES) 

6 

FIGURE 3. DRAIN CURRENT VS DRAIN VOLTAGE WITH CON
STANT GATE VOLTAGE DEFINES "ON" RESIS
TANCE. 

135 

45 

RFP15N15 

RDRAIN-l00 
1Q=lrnA 
TEST CIRCUIT 
(SEE REF. 1) 

SLOPE_ 

o 20 40 

TIME {J18) 

9.0 

3.0 

FIGURE 5. DRAIN AND GATE VOLTAGE vs TIME DETERMINE 
C1, C2, Ca AND VP1NCH' 

Results 

Figure 6 and Figure 7 compare measured static data to 
calculated transfer curves and output curves. Calculated 
static-output curves are shown in Figure 8 and Figure 9 for 
third-quadrant range, including avalanche. 

Calculated switching data is compared to measured 
switching curves 1.2 in Figure 10 and Figure 11. Calculated 
body-diode recovery curves are shown in Figure 12. 
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FIGURE 6. DRAIN CURRENT vs GATE VOLTAGE (NOTE 
SQUARE ROOT SCALE) - MEASURED CURVE vs 
CALCULATED POINTS. 
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FIGURE 8. THIRD-QUADRANT DRAIN CURRENT vs DRAIN 
VOLTAGE WITH CONSTANT POSITIVE GATE 
VOLTAGE (CALCULATED). 
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FIGURE 10. DRAIN AND GATE VOLTAGE vsTIME FOR CON
STANT GATE CIRCUIT - MEASURED CURVES vs 
CALCULATED POINTS. 
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FIGURE 7. DRAIN CURRENT vs DRAIN VOLTAGE FOR CON
STANT VALUES OF GATE VOLTAGE-MEASURED 
CURVES vs CALCULATED POINTS. 
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FIGURE 9. FIRST-QUADRANT DRAIN CURRENT vs DRAIN 
VOLTAGE, VGS = CONSTANT. NOTE AVALANCHE 
BREAKDOWN (CALCULATED). 
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FIGURE 11. DRAIN AND GATE VOLTAGE vs TIME FOR STAN
DARD SWITCHING CIRCUIT - MEASURED 
CURVES vs CALCULATED POINTS. 
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4A 
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iii' 
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( 
a: i 0.0 
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FIGURE 12. THIRD-QUADRANT DIODE-RECOVERY-TIM 
CURVE (CALCULATED). 

Conclusion 
An equivalent-circuit model for power-MOSFETs, that is suit
able for use with the SPICE CAD program, has been demon
strated. The model is compatible with all versions of SPICE 
presently available without modification to the program's 

internal code. The model addresses static and dynamic 
behavior of first and third-quadrant operation, including ava
lanche breakdown, and is empirical in nature; all necessary 
input parameters may be inferred from data sheets or simple 
terminal measurements. 

Excellent agreement has been obtained between measured 
and simulated results. 
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Abstract 
An empirical sub-circuit was implemented in PSpice® and is 
presented. It accurately portrays the vertical DMOS power 
MOSFET electrical and for the first time, thermal responses. 
Excellent agreement is demonstrated between measured 
and modeled responses including first and third quadrant 
MOSFET and gate charge behavior, body diode effects, 
breakdown voltage at high and low currents, gate equivalent 
series resistance, and package inductances for 
temperatures between -55°C and 175°C. Parameter extrac
tion is relatively straight forward as described. 

Introduction 

Circuit simulation commonly uses one of the SPICE (1) 
programs. However, power circuits require proper models 
for unique devices which are not included in the supplied 
libraries. Efforts have been published to model the power 
MOSFET [2-10) with varying degrees of success. The more 
successful papers have used sub-circuit representation. 
To-date, a thermal model has not been offered. 

10 5 

GATE 

Lc:ATE 9 

SlA p;2 
13/8 

CA SlB 13 
+ 

Objective 
It is the goal of this effort to provide for the first time a 
thermal sub-circuit model capable of providing accurate sim
ulation throughout all of the power MOSFET regimes. In 
addition the sub-circuit should be readily understood and 
accepted by users, and the ease of parameter extraction 
should be demonstrated. 

Method 

A sub-circuit approach is employed which is empirical. It is 
developed to provide black box conformity to the power 
MOSFET throughout the operating regime normally 
traversed by the dictates of most power circuit applications 
including junction temperature. Although device thermal 
behavior is the driving force, respect is maintained toward 
the physics and the SPICE algorithms. 

The developed sub-circuit schematic is shown in Figure 1. 

DRAIN 

loRAIN 2 

DSOOY 

LsOURCE 3 

7 SOURCE 

RSREAK 
...--JVV'vo---. 18 

Rvro 

19 

FIGURE 1. PSPICE MODEL SUBCIRCUIT 

Copyright © Harris Corporation 1992 
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There are many forms of SPICE, each with its own strengths 
and weaknesses. PSpice@ was chosen for the following 
reasons. 
1. An evaluation copy capable of considerable circuit anal

ysis for power circuits is available. 

2. The PROBE feature provides excellent displays. 

3. Programmed time slice defaults and DC convergence 
routines make it very friendly. 

4. The switch algorithm of PSpice@ provides a very smooth 
transition from off to on. 

Other forms of SPICE were not investigated, but they should 
be amenable to the development of a similar sub-circuit by 
paralleling the teachings of this work. 

Driving constraints for this work were: 
1. The SPICE device equations should not be modified. 

2. Global temperature should be included. 

3. All modes and levels of power MOSFET operation should 
be modeled. 

4. The sub-circuit should be empirically developed to 
complement the device physics and the source code 
algorithms. 

5. The sub-circuit should be acceptable to a circuit design 
user. 

6. Parameter extraction should require little or no iteration. 

Temperature Modeling 

Use is made of voltage controlled voltage sources and 
model statements in order to form master/slave circuit 
relationships. In this manner, resistors can often be used to 
establish a first and second order temperature correction 
where direct PSpice algorithms will not permit thermal 
modeling. 

An Overview (Figure 1) 

The primary device for gate controlled positive or negative 
current flow is provided by Mos1 which is defined by the level 
1 model MOSMOD. The second order effect of threshold 
voltage is set by Mos2 combined with the voltage VTO 
Model MOSMOD also defines Mos2 but with a 1 percent 
scaling. 

It is necessary that RSOURCE and RORAIN be provided as 
separate resistors, rather than being included with the 
mosfets. In this manner, 1st and 2nd order temperature 
effects may be added as described by model RDSMOD. 

The thermal variation of KP as provided by the source code 
is a satisfactory representation. However, the threshold 
voltage of Mos1 must be modified by the voltage dependent 
voltage source EVTO EVTO provides an additive or subtrac
tive voltage in series with the gate as a function of tempera
ture. It is equal to the sum of VBAT and the product of It and 
RVTO Temperature variation is provided by model RVTO
MOD. 

Avalanche breakdown of the MOSFET is provided by the 
clamp circuit of DSREAK in series with ESREAK' The value of 
ESREAK is provided by the multiplier of ESREAK and the 
product of It times RSREAK' Temperature variation is pro
vided by model RBKMOD. High current voltage drops are 

provided by RS of the mode! DBKMOD including thermal 
sensitivity. 

The power MOSFET being modelled contains a third quad
rant diode as a fabrication consequence, and it is repre
sented by Dsooy. Model DBDMOD provides the leakage 
current IS, the transit time for stored charge effects n, the 
body diode series resistance RS. temperature dependence 
of this resistor TRS1 and TRS2, and the MOSFET output 
capacitance CJO. 

The inductances associated with the device terminals are 
represented by LSOURCE, Y>ATE' and LORAIN' 

The effective series resistance associated with the gate is 
modelled by the resistor RGATE' 

A gate to source input capacitance is represented by CIN' 
MOSFET output capacitance is provided by model DBD
MOD as described above. Feedback capacitance is pro
vided by DpLCAP as defined by model DPLCAPMOD. A 
diode was used for this function to provide a square root 
dependency with drain to source voltage. The voltage 
dependent voltage generator ESG is added to assure that the 
drain to source voltage is imposed across the feedback 
capaCitor while forcing the feedback current flow into the 
gate node. It is further necessary that the ideality factor N of 
model DPLCAPMOD be made large to exclude forward 
diode conduction during third quadrant operation of the 
MOSFET. 

A capacitor CA is switched in parallel withCIN when the gate 
to source voltage becomes sufficiently negative. This 
switching is implemented by the. switch S1A. Model 
S1AMOD defines the switch closed resistance, open resis
tance, and the gate to source voltages through which the 
fully on to fully off transition occurs. During this transition, 
switch S1 B also transitions from fully off to fully on. Switch 
S1B is defined by model S1BMOD. Voltage controlled volt
age generator EGS provides the proper charge state for CA 
when switch S1A is open. 

In a similar manner, the capacitor Ce is switched in parallel 
with CIN when the drain to gate voltage becomes negative. 
Switch S2A is defined by model S2AMOD for the on resis
tance, off resistance, and drain to gate voltage transition 
range. During this transition switch S2B also transitions as 
defined by model S2BMOD. Voltage controlled voltage gen
erators Eos and EGS provide the proper charge state for Ce 
when switcll S2A is open. 

In order to facilitate DC convergence, PSpice@ provides a 
minimum conductance between all nodes as defined by the 
PSpice@ analysis options. In order to assure that a floating 
gate initial condition will not exist should a modeler drive 
from a current source, a very large gate to source resistor 
RIN is added. Inclusion of RIN is recommended but not 
required. 

All sub-circuit elements are treated as being independent of 
temperature if they are not otherwise defined. 

Gate propagation effects [15], radiation effects, and inherent 
VDMOS design deficiencies are not modelled. This is 
discussed later. 
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All discussions apply equally to P channel although N 
channel is discussed exclusively. 

Applications 

The sub-circuit combined with external circuitry may be 
analyzed for many responses. Three circuits are modelled to 
demonstrate the capability of the PSpice® sub-circuit model. 
A synchronous rectifier producing 100 watts at S volts DC 
from a 100KHz square wave demonstrates the ability to 
handle the first and third quadrant regimes of two 
MOSFETs, including conversion efficiency versus tempera
ture. Calculated waveforms are presented, but they are 
unsupported by measured data. The diode recovery 
waveform is modelled and compared to the measured 
response. Switching waveforms of the power MOSFET are 
also modelled and compared to the measured results. 

SYNCHRONOUS RECTIFIER 

The schematic of a synchronous rectifier circuit is shown in 
Figure 2. The rectifier power MOSFETs are a pair of cross 
coupled RFH7SNOS megafet devices. Conduction is offered 
by a forward gate bias with negative drain current (third 
quadrant mosfet operation) and voltage blocking is assured 
by a slightly negative gate bias for first quadrant MOSFET 
operation. 

R2 
S.Q 

_VM4 

VM2 100~Io.2r~ 
® CD f ~~~75NOS ~~~75N~ -=- ®-=-

FIGURE 2. SYNCHRONOUS RECTIFIER CIRCUIT 

VM1 to VM4 are voltage sources of zero potential and are 
used to permit a recording of branch currents. The trans
former secondary normally used in a supply of this sort is 
represented by voltage source V1 and leakage inductance 
L2. Filter inductor L 1 and capacitor C1 provide energy stor
age and smoothing for the 100KHz square wave of V1. Rise 
and fall times of the square wave are not critical, but were 
set at 40ns. Gate coupling resistors R1 and R2 are some
what critical, in that too high a value will restrict the conduc
tion transition time of the MOSFET. Alternatively, a value too 
low will permit a high voltage drain spike to appear on the 
gate of the MOSFET. 

The calculated output voltage turn on transient is shown in 
Figure 3. Of course this represents a feed forward circuit 
response only. In practice, the un modelled drive circuit with 
pulse width modulation and feedback would provide a much 
faster response which would be slew rate limited. The ripple 
voltage is SmV RMS. 

The efficiency for this portion of the synchronous rectifier 
circuit is plotted in Figure 4 as a function of temperature from 

-2S0C to 1S0oC. As a convenience, the equation used by 
PROBE® (PSpice'S® waveform plotter routine) is included. 
This equation yields a solution rapidly. 

5 

/ 
't' 

J 
/ 

/ 
~~J~E~~~: ~~~~z -lL T. +250 C 

..1 
100 200 300 

TIME( .... ) 

FIGURE 3. RECTIFIER OUTPUT VOLTAGE 

EFF = (1/(1 + AVG(AVG(I(VM4) • VIS) 
+ I(VM3) • V(7) + I(R3) • V(4.5) 
»)/AVG(AVG(I(R4)' V(5)))) -

- r--r--r--~ -
POWER OUT .. 1 DOW 
FREQUENCY .1 OOkHz 

o 50 100 
AMBIENT TEMPERATURE (OC) 

FIGURE 4. RECTIFIER EFFICIENCY 

Transition voltage waveforms of the input voltage, one drain 
voltage, and one gate voltage are plotted in Figure S. The 
value of drain voltage during third quadrant conduction is 
approximately -0.2 volts. Other waveforms are readily 
available by use of the PSpice® system. 

D~A1NV\n T~=+2~C 
20 

)(3) 

V 
~, 1 ~1 

:oc:;; ,., o 
GATE V(3) 

-10 

INPUT V(9.2)1 I V(9.2) 

100 300 5100 5300 
TIME (ns) 

FIGURE 5. TRANSITION VOLTAGE WAVEFORMS 
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RECOVERY WAVEFORMS 

Figure 6 shows the MOSFET current 01 the parasitic 3rd 
quadrant diode vs time as modelled with the sub-circuit and 
as measured using the Berman SM30 equipment. Measure
ments show very little temperature sensitivity. Therefore it is 
not modelled. 

TJ=+2S0C 

-30 

g 
ffi -20 

~ 
B 
1-10 

"" ,. ""- t'.... 
"-~ / 

-- MODEL "-V 
o 

• DATA 

100 200 300 400 
TIME (ns) 

FIGURE 6. DIODE RECOVERY WAVEFORMS 

SWITCHING WAVEFORMS 

Switching time measurements of the power MOSFET are 
usually taken in a circuit similar to that of Figure 7. Although 
parasitic wiring inductance is not normally shown, it exists 
and is modelled as shown. The waveforms of gate and drain 
voltages are presented as measured and modelled in Figure 
8. Switching times of Figure 8 are listed in Table 1. 

TABLE 1. SWITCHING TIME DATA 

PARAMETER DATA MODEL UNITS 

Tum on Delay Time 72 67 ns 

Rise time 238 208 ns 

Tum Off Delay Time 440 460 ns 

Fall Time 259 240 ns 

Lo Roo 
Snh lH1 

® 

Voo= 
2SV 

FIGURE 7. SWITCHING TIME CIRCUIT 

E 
!!l 

20 

> 10 

o 

I ~ATE Tc-+2SoC 
DRAIN •. 

,/ -- , f 
Ir ! 

w 1\. 
- MODEL IJ 

\ I 
, 

DtTA 17 " 0.5 1.5 2.5 3.5 
TIME wo) 

FIGURE 8. SWITCHING TIME WAVEFORMS 

Measured vs Modelled Characteristics 

8 

o 

The device characteristics have been measured (data 
points) and modelled (solid line) as plotted in Figures 9 to 
19. Thermal responses were omitted from some figures to 
improve the clarity of presentation. 

Discussion Of Results 

Excellent correlation generally exists between measured 
and modelled information over the current range from zero to 
three times the device rated current. As the drain voltage is 
increased from zero volts with a constant gate voltage, the 
MOSFET transitions from the linear mode to the saturated 
mode. Conformance of modelled to actual data is very good 
in the constant current regime (saturated mode). A forcing of 
conformance exists for the very high gate voltages in the 
linear mode, with departure existing for the linear mode with 
lesser values of constant gate voltages; 

The actual drain voltage in the linear mode is seen to be as 
much as 20 percent below the modelled value in worst 
cases. This represents a conservative error for circuit calcu
lations in that the conduction loss is somewhat less than 
modelled. In addition, the gate drive is usually high under 
MOSFET conduction, thereby avoiding operation in the 
regions of discussion. 

160 

120 
g 
.9 

80 

40 

101 117/ 6V 

• 

It 1 TA,,+2SOC 

7!! SV 

1(/ 
- MODEL 

IJ 'I DATA 
VGS= 4V 

I' 
1.5 3.0 4.5 6.0 

Vos(V) 

FIGURE 9. OUTPUT CURVES 
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The discrepancy results because the PSpice@ algorithm for 
a mosfet assumes the channel surface concentration to be 
constant. In the power MOSFET, the surface concentration is 
gaussian along the channel length. Hence, the observed 
behavior is as would be expected. 

The modelled response can be improved by changing the 
PSpice@ algorithm, however changes of this type were ruled 
out for this work. 

160 ~----~------+------+--~~~~--~ 

120 r------r------+------t-,It~t_----_i 

80 r------r------+-----~~----t_----~ 

40 r------r------~~~_+------+_----_i 

3 4 5 6 
VGS (V) 

FIGURE 10. TRANSFER CURVES 

Excellent agreement exists. 

5 

IO-1mA 
VOS= VGS 

-I---r--r-

- MODEL 
• DATA 

~ 0 ~ 100 1~ 

TJ("C) 
FIGURE 11. THRESHOLD VOLTS 

Excellent agreement exists. This would not be so without the 
inclusion of Mos2 to represent the sharp corners of the many 
hexagonal cells of the structure. The flat part of the hex cells 
results in a two dimensional diffusion during processing and 
the establishment of a source to body junction cross-over 
concentration at the surface. resulting in Mos1 as modelled. 
However, the corners of the hex cells introduce a three 
dimensional diffusion resulting in a lower source to body 
junction cross-over concentration at the surface. The 
unpublished work of Klodzinski, el al [11J processed test and 
control devices upon a common wafer where the corners of 
the hex source implant were excluded versus included, 
revealing threshold voltages approximately 0.4 volts higher 
for the test. 

Omission of Mos2 would not impact circuit performance, 
however a reverence of attached importance to the 
MOSFET threshold voltage mandates modelled to 
measured agreement. 

65 

~ 
~ 60 
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55 
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/' 
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/ 

" 
~ 
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I I I I 
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FIGURE 12. BREAKDOWN VOLTAGE, LOW CURRENT BVoss 

Excellent agreement exists. 

150 ~--I---II--I---t-_250C 

-175°C 

MODEL 
• DATA 

10 30 50 70 
BVoss (V) 

FIGURE 13. BREAKDOWN VOLTAGE" HIGH CURRENT BVoss 

Excellent agreement exists. 
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I I 
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vGS '" 10V / 
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/' "" Y 
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5 

- MODEL 

I I • ,ATA, 

~ 0 ~ 100 1~ 

TJ("C) 
FIGURE 14. ON RESISTANCE vs TEMPERATURE 

Excellent agreement exists. 
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75r_---+----~~--r_~~~--~--_; 

iii: 
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25 
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50 

FIGURE 15. TRANSCONDUCTANCE CURVES 

Excellent agreement exists. 
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MODEL 
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FIGURE 16. GATE CHARGE CURVES 
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Excellent agreement exists. The non linear behavior of gate 
charge for negative gate bias is seldom shown. A significant 
increase in turn on delay results by operating from a 
negative gate voltage. 

IL' .a 

8000 

~ 6000 
z 
~ 
~ 4000 

~ 
2000 

TC a +25OC 

:--.. 

" 
CISS 

~ ---COSS 

...... CRSS 

5 10 15 

Vos(V) 

- MODEL 
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20 

FIGURE 17. CAPACITANCE CURVES 

Excellent agreement exists. 

~Or-------~~~~---t--------, 

·100 r-----H~::--

~ 
·150 I---~~+-----+----_; 

·200 r---. .... --t-----t------j 
MODEL 

• DATA 

·1.0 .0.5 
Vos(V) 

FIGURE 18. BODY DIODE CURVES 

All three measured data curves were noted to cross at a 
drain current of 180amps. Excellent agreement exists. 

·201----1. 

- MODEL 
• DATA 

.0.8 .0.6 .0.4 .0.2 
VDS(V) 

FIGURE 19. 3RD QUADRANT MOSFET CURVES 

Good agreement exists. The departure seen between 
modelled and measured exists for the same reason as the 
departure of the output curves in the linear regime. This 
would also be improved by changing the PSpice algorithm 
as suggested relative to Figure 9. 

Parameter Extraction 

The sub-circuit is chosen to minimize interdependencies 
between parameters. A listing of the sub-circuit is presented 
in Table 2 as a template which routes the Modeler through 
extraction with guiding comments. Although the template is a 
complete and workable PSpice@ sub·circuit listing, all 
parameter values except KP and VTO are chosen to be 
transparent to the results of the analysis. As the transparent 
values are replaced with extracted values, the model is 
developed. The listing in Table 2 is structured so that 
parameters being extracted have very little dependency 
upon those values which are not yet determined. If desired 
after completing the extraction, an iteration may be made for 
the comfort of the Modeler. 
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EXTRACTION OF MODEL PARAMETERS FROM PHYSICAL MEASUREMENTS 

TABEL 2. TEMPLATE 

.SUBCKT TEMPLATE 21 3; rev 12117190 
"Nom Temp=25 deg C 

Mosl 16688 MOSMOD M=O.99 ; 
.MODEL MOSMOD NMOS (VT0=3 KP=10 
+IS=le·30 N=10 TOX=l L=lu W=lu) 

Mos2 162188 MOSMOD M=O.Ol ; 
Vto2160 

Rsource 8 7 RDSMOD le·12; 

Rdrain 516 RDSMOD le-12; 

.MODEL RDSMOD RES (TC1=0 TC2=0) 

EVlo2061881; 
RVlo 1819 RVTOMOD 1 
118171 
Vbat819 DC 1 
.MODEL RVTOMOD RES (TC1=0 TC2=0) 

Ebreak 11 7 17 18 1000 ; 
Dbreak 5 11 DBKMOD 
Rbreak 1718 RBKMOD 1 

.MODEL RBKMOD RES (TCl =0 TC2=0) ; 

.MODEL DBKMOD 0 (RS=O TRS1=0 TRS2=0) ; 

Dbody 7 5 DBDMOD ; 
.MODEL DBDMOD 0 (IS=le-30 RS=O TRS1=O 
+ TRS2=0 CJO=O IT =0) 

Lgate 1 9 le-12 ; 
Ldrain 2 5 le-12 
Lsource 3 7 1e-12 
Rgate 9 201 

Cin 6 8 le-15 ; 

Dplcap 10 5 DPLCAPMOD ; 
.MODEL DPLCAPMOD 0 (CJO=O IS=1e-30 N=10) 
Esg610681 

Slep 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 

Step 7 

Step 8 

Step 9 

Step 10 

Step 11 

Slep 12 

Step 13 

Ca 12 8 le-15 ; Step 14 
Sla 612138 SlAMOD 
Slb 1312138 SlBMOD 
.MODEL SlAMOD VSWITCH (RON=1e-5 ROFF=O.l 
+VON=-3 VOFF=-l) 
.MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=O.l 
+VON=-l VOFF=-3) 
Egs 138681 

Cb 15 141e-15; Step 15 
S2a 6151413 S2AMOD 
S2b 13 1514 13 S2BMOD 
.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=O.l 
+VON=-2.5 VOFF=2.5) 
.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=O.l 
+VON=2.5 VOFF=-2.5) 
Eds148581 

Rin681e9; 

.ENDS 

Step 16 

TABLE 3. FINAL MODEL 

.SUBCKT RFH75N05 2 1 3; rev 3120191 
"Nom Temp=25 deg C 

Mos116 6 8 8 MOSMOD M=O.99 
.MODEL MOSMOD NMOS (VT0=3.48 KP=78.5 
+IS=1e-30 N=10 TOX=l L=1u W=1u) 

Mos2 1621 88 MOSMOD M=O.Ol 
Vto 2160.6 

Rsource 8 7 RDSMOD 2e-3 

Rdraln 516 RDSMOD 3.07e-3 

.MODEL RDSMOD RES (TC1=5.2e-3 TC2=1.37e-5) 

EVlo 20 61881 
Rvto 18 19 RVTOMOD 1 
118171 
Vbat819 DC 1 
.MODEL RVTOMOD RES (TC1=-3.78e-3 TC2=-7.51e-7) 

Ebreak 117171858.4 
Dbreak 5 11 DBKMOD 
Rbreak 17 18 RBKMOD 1 

.MODEL RBKMOD RES (TC1=9.5e-4 TC2=-1.17e-6) 

.MODEL DBKMOD 0 (RS=8e-2 TRS1=2.5e-3 TRS2=0) 

Dbody 7 5 DBDMOD 
.MODEL DBDMOD D (IS=2.23e-12 RS=2.28e-3 TRS1=2.98e-3 
+TRS2=2.22E-12 CJ0=7.55e-9 IT=4e-8) 

Lgate 1 9 5e-9 
Ldrain 2 5 1 e-9 
Lsource 37 3e-9 
Rgate 9 20 1.2 

Cin 6 84.48e-9 

Dplcap 105 DPLCAPMOD 
.MODEL DPLCAPMOD 0 (CJ0=2.14e-9IS=1e-30 N=10) 
Esg610681 

Ca 12 8 8.98e-9 
S1a 612138 SlAMOD 
Slb 13 12 138 SlBMOD 
.MODEL SlAMOD VSWITCH (RON=1e-5 ROFF=O.l 
+VON=-2.48 VOFF=-D.48) 
.MODEL SlBMOD VSWITCH (RON=l e-5 ROFF=O.l 
+VON=-0.48 VOFF=-2.48) 
Egs138681 

Cb 15 14 8.81e-9 
S2a 6151413 S2AMOD 
S2b 13 15 1413 S2BMOD 
.MODEL S2AMOD VSWITCH (RON=le-5 ROFF=O.l 
+VON=-2.25 VOFF=2.75) 
.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=O.l 
+VON=2.75 VOFF=-2.25) 
Eds148581 

Rin681e9 

.ENDS 
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OBTAINING EXPERIMENTAL DATA 

When the authors experienced difficulty in parameter extrac
tion the problems were traceable to erroneous data in all 
cases. The following caveats are offered: 

1. Obtain all data from a single device. 

2. Read gate voltage data to the nearest 0.01 volt. 
3. Employ Kelvin sensing to the package leads. 
4. Avoid self heating (a difficult assignment) 
5. Inconsistencies lurk in data sheet curves and 

specifications. 
FINAL MODEL 

The final model for the RFH7SN05 is shown in Table 3 and 
serves as an aid to understanding as it is developed from the 
template. 

STEP 1 - MODEL MOSMOD (VTO AND KP) 

The square root of drain current is plotted versus the gate to 
source voltage for the MOSFET in the saturated regime; a 
straight line results. The zero current intercept defines VTO 
and the slope defines the square root of (KP/2). Vary VTO 
and KP to obtain the best fit to data for the low to medium 
current experimental data at 25°C. 

VTO is not the threshold voltage as measured. In order to 
use the algorithm of the PSpice@ Level 1 model, W(the 
channel width) and L(the channel length) are defined as one 
micron. Therefore KP times W divided by L reduces to the 
model value called KP. Likewise IS, N, and TOX are set to 
values chosen to avoid other algorithm problems. Figure 20 
shows the PSpice@ generated curve after the correct values 
of KP and VTO of model MOSMOD are chosen. 

5 

vos»VGS / TJ=+25OC 

/ 
V 

/ 
/ 

/ 
3 4 

VGS(V) 

FtGURE 20. SQUARE ROOT OF 10 

STEP2-VTO 

The threshold voltage is set by fixing the value of Vro 
Threshold voltage of a power MOSFET is usually measured 
in the saturated regime at a low current, typically 1 mA. If the 
PSpice@ model is run at 25°C with the gate and drain volt
age equal, a voltage will be found to yield 1 mA drain current. 
Vro is this voltage reduced by the measured threshold volt
age. The value identified was 0.6 volts. 

STEP 3 - RSOURCE 

The straight line curve of Figure 20 is modified by a chosen 
value of RSOURCE in order to better fit the measured data for 
medium to high currents at 2SoC. This is shown in Figure 21, 
where 2E-3 provided the best fit. 

/ Vos»VGS 
TJ= +250 C / 

/ 

L 
I 

I 
3 4 5 

VGs(V) 

FIGURE 21. SQUARE ROOT OF 10 

STEP 4 - RORAIN 

6 

RORAIN is chosen to fix the PSpice@ calculated ROS(ON) 
value to the measured value at 2SoC when the template is 
biased to the gate voltage and drain current of the specifica
tions. Do not use the specified maximum of ROS(ON)' The 
value developed was 3.07E-3. 

STEP 5 - MODEL RDSMOD (Tel AND TC2) 

RSOURCE and RORAIN are assumed to have the same 
temperature coefficients. Although this is not accurate, it is 
convenient and is deemed to be sufficient for this purpose. If 
ROS(ON) is measured as a function of temperature, best fit 
can be obtained by appropriately choosing TCl and TC2 
values of S.2E-3 and 1.37E-S. ROS(ON) is shown in Figure 
22. 
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FIGURE 22. RoS(oN) vs TEMPERATURE 
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STEP 6 - MODEL RVTOMOD (TC1 AND TC2) 

The plot of Figure 21 must be modified to add curves at low 
and high temperature. A temperature sensitive additive or 
subtractive voltage is placed in series with the gates of Mos 1 
and Mos2 by use of EVTO A 1 volt drop equal to It times 
RVTO is canceled by a 1 volt supply, VSAT and applied to 
EVTO By choosing the values of TC1 and TC2 for model 
RVTOMOD, the voltage of EVTO is made temperature sensi
tive. The result is shown in Figure 23, where TC1 and TC2 
were chosen for best fit at -3.7BE-3 and -7.51E-7. 

€'10 r-........ +-........ ;-........ ~~ .... -r ........ ; 
~ 
;g 
§ 

5 r-........ +-.... --,;4-oH'--4-........ -I-........ ; 

.so 3 4 5 6 
VGS(V) 

FIGURE 23. TRANSFER CHARACTERISTICS VS 
TEMPERATURE 

STEP 7 - ESREAK 

ESREAK derives a thermally variant voltage from the product 
of IT and RSREAK equal to 1.00 volt at 25°C. When the drain 
voltage rises sufficiently, diode DSREAK provides a voltage 
clamp to ESREAK' The value of the ESREAK multiplier is equal 
to the low current value of BVoss less the forward drop of 
DsREAK. The multiplier was set at 5B.4 for the final model. 

STEP 8 - MODEL RBKMOD (TC1 AND TC2) 

The low current breakdown voltage of the MOSFET may be 
measured at several temperatures, such that TC1 and TC2 
may be determined for model RBKMOD. Figure 24 plots the 
low current breakdown voltage as a function of temperature 
as modeled with TC 1 and TC2 equal to 9.5E-4 and -1.17E-6. 
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FIGURE 24. BREAKDOWN VS TEMPERATURE 

STEP 9 - MODEL DBKMOD (RS, TRS1 AND TRS2) 

Although reliable data is difficult to obtain for the breakdown 
voltage at many tens of amperes, it can be done with a small 
inductive flyback circuit of very low duty cycle. RS of the 
diode DSREAK may be determined at 25°C. TRS1 and TRS2 
may be determined with similar measurements at several 
temperatures. The curves of Figure 25 present the modelled 
behavior for RS, TRS1 and TRS2 equal to BE-2, 2.5E-3, and 
O. 

150 r--1r--4 .... -;..-
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FIGURE 25. BREAKDOWN vs TEMPERATURE 

STEP 1 O(a) - MODEL DBDMOD (IS, RS, TRS1 and TRS2) 

When operating DSOOY in the forward mode, one may 
develop IS and RS at 25°C assuming a diode ideality value 
of 1.0, the default value. Measurements at elevated current 
levels and several temperatures will define TRS1 and TRS2. 
Measurements are taken with VGS equal to zero. Figure 26 
presents the body diode forward characteristics for several 
temperatures where IS, RS, TRS1, and TRS2 are found to 
equaI2.23E-12, 2.2BE-3, 2.98-E3, and 2.22E-12. 
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~ 
~ 
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-1.0 -0.5 
VosM 

FIGURE 26. BODY DIODE CURVES 

STEP 10(b) - MODEL DBDMOD (CJO, TT) 

Coss minus CRSS may be determined at 25 volts and 25°C. 
Then CJO is this value when adjusted to zero drain volts by 
the factor of the square root of (25+0.7) or 5.07. For the 
example this equals 7.55E-9. 
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In order to determine IT. equipment similar to the Bermar 
8M30 may be used. This equipment forces a forward body 
diode current (If) for a sufficiently long period of time, alter 
which a linear amplifier with high current capability ramps 
the diode current off at a constant rate, dildt. (Feedback 
control is used.) The diode current equals zero at time T f' 
alter the ramp off is initiated. The current continues to ramp, 
extracting charge from the diode, for an added time TAo At 
this time, the constant ramp (dildt) can no longer be main
tained and the reverse current has attained a maximum. TT 
may be solved [12] and entered using: 

TT = TA"(1-exp(-(TA+TF)m)) 

The value of TT was determined to equal 4E-S. 

STEP 11 • ~ATE. LORAIN. LSOURCE. RGATE 

laATE' LORAIN, LSOURCE, and RGATE may be measured, 
estimated or calculated and entered. An approximation for 
the inductances in nH may be calculated using: 

L = (5)(1ength)(log.(4(length/diam))) nH 

where wire length and diameter are in inches [13]. Values of 
Lgate, Ldrain, Lsource, and Rgate were approximated at 
5E-9, 1 E-9, 3E-9, and 1.2 for the final model. 

CAPACITANCES 

The capacitances are derived from the measured gate 
charge curve of Figure 27. They will require some iteration 
and some judgement calls as will be explained. 

""~~"''''''''''''''''''\ s~ 
30 .~~~ ............. ,., 

~ STEP12 I' ~ ........ , 8 0 - .................. ... 

> STEP 14 L TJ = +250 C 
-30 •••• RL = 0.667Q -

•••• 10= 3.44mA 
•• ' VOD= SOV 

I 
20 40 60 

TIME (lIS) 

FIGURE 27. GATE CHARGE CURVES 

STEP 12· CIN 

The value of CIN should be chosen for best fit to the solid line 
portion of the VGs curve of Figure 27 labeled step 12. A 
value of 4.4SE-9 was found to provide a good fit. 

STEP 13 - MODEL DPLCAPMOD (CJO) 

A feedback capacitor is modelled by using the junction 
capaCitance of a reverse biased diode, DpLCAfl as defined by 
model DPLCAPMOD. IS and N of model DPLCAPMOD were 
chosen to avoid undesired diode effects. CJO is chosen as 
2.14E-9 to best fit the solid line portion of the Vos curve of 
Figure 27. 

STEP 14 - CA. MODELS S1AMOD and S1BMOD (VON 
andVOFF) 

The value of CA is chosen to be S.9SE-9 to best parallel the 
dotted line portion of the VGS curve of Figure 27 labelled 
step 14. 

In order to match the dotted line portion it may be necessary 
to increment VON and VOFF of both model 81AMOD and 
model 81 BMOD. Note that all four values must be incre
mented by an identical amount before making a P8pice@ 
run. This incremental change will vertically displace the 
slope provided by CA. The transition voltages of 81A and 
81 B must always be negative values. 

The sharpness of transition between the dashed line of step 
14 and the solid line of step 12 may be adjusted if necessary 
by changing the increment between VON and VOFF equally 
for both S1A and 81B. 

STEP 15 - Ca. MODELS S2AMOD and S2BMOD (VON 
and VOFF) 

The value of CB is chosen to be S.S1E-9 to best parallel the 
solid line portion of the VGS curve of Figure 27 labelled step 
15. 

In order to match the solid line portion it may be necessary 
to increment VON and VOFF of both model 82AMOD and 
model S2BMOD. Note that all four values must be incre
mented by an identical amount before making a PSpice run. 
This increment change will horizontally displace the slope 
provided by CB. 

The sharpness of transition between the solid line and the 
low voltage dotted line of the Vos curve may be adjusted if 
necessary by changing the increment between VON and 
VOFF equally for both S2A and 82B. It is recommended that 
this increment be small, of the order of several volts. 

STEP 16- RIN 

RIN can be set to a very large value such as 1E15. However 
it is recommended that it be chosen low enough to cause 
10nA to flow at a gate bias of moderately high voltage, typi
cally 1 E9 ohms. Rin functions to provide an initial gate refer
ence voltage near zero even though the Modeler may 
choose to drive the MOSFET from a current generator. 

EPILOGUE 

The final model is completed as shown in Table 3. One may 
iterate through the steps if desired, but it should not be nec
essary. Any changes made in the model outside of the 
above routine should be minimal, if at all. 

Anomalies 

80me commercially available power MOSFETs exhibit 
anomalous. behavior which is not modelled in this work. 

THE VERTICAL JFET PROBLEM 

A vertical JFET type of structure exists in the VDMOS device 
used for the industry standard power MOSFET. Many works 
describe this portion of the device, including Wheatley, et al 
[14]. The N·lightly doped drain region reaches to the surface 
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of the silicon die, which is bounded by the P doped body. 
This region of N' is often called the neck of the MOSFET. As 
the breakdown voltage of the device is designed for increas
ing values, the depletion layer extends further within the 
neck laterally, for relatively low drain voltages. In this man
ner, the neck or vertical JFET becomes pinched off, causing 
the ROS(ON) to exhibit excess non-linearity with current. In 
addition an abrupt limiting of the drain current (at large val
ues of drain voltages) occurs for increasing values of gate 
voltage. This current limiting has a highly localized thermal 
assist constrained to the neck with time responses in the 
microsecond region. This anomaly may be suppressed by 
increasing the neck width and/or implanting a low dose of N 
type dopant into the neck, just below the surface. 

Devices of this type are not properly modelled. 

NON OHMIC CONTACT PROBLEMS 

Some commercially available devices exhibit a non-ohmic 
series contact resistance from the metallization to the sili
con. This seldom happens with present day devices, but, 
when present, it is most likely to occur from source metal to 
source silicon for N channel devices, and from drain metal to 
drain silicon for P channel devices. The effect is seen as a 
low current non-linearity in ROS(ON) vs drain current for the 
former case and an excessive voltage drop for the body 
diode for the latter case. 

Devices of this type are not properly modelled. 

Conclusions 
An equivalent circuit model for power MOSFETs that is suit
able for use with PSpice@ has been demonstrated. The 
model requires no modifications to the PSpice@ algorithms. 
The model features global temperature representation from 
-55°C to 175°C for the first time. It addresses static and 
dynamic behavior over the normal circuit operating range of 
the device, including 1 st and 3rd quadrant MOSFET opera
tion, high current avalanche breakdown operation, body 
diode stored charge effects, gate charge non-linearities, gate 
equivalent series resistance (ESR), and package induc
tances. Gate propagation delay is not modelled (15). The 
sub-circuit is empirical in nature and the parameters may be 
readily extracted by use of terminal measurements. Experi
mental verification shows excellent agreement between 
measured and simulated results over the entire thermal, 
static, and dynamic regimes. 

Recommendations For Future Work 

A supporting program of algorithms should be written to 
address the parameter extraction effort. 

Accurate testing for characterization of power MOSFETs as 
a function of temperature is required. Studies should be 
made to identify and correct methods prone to testing error. 

PSpice@ algorithms should be modified to refine and incor
porate many of the findings of this work into a new MOS 
level. 

If a new MOS level is formed, a modification should be made 
to the drain current equation in the linear regime to accom
modate the non-uniform channel surface concentration of 
the power MOSFET as described elsewhere. If done, the 
MOSFET may be more closely modelled in the linear regime 
of the output characteristic curves and the third quadrant 
MOSFET regime. (See Figure 9 and Figure 19.) The 
authors suggest a user defined model value WH to be used 
in a multiplier which would be applied to Id in the linear 
regime such that: 

Multiplier = (1+WH*(1-Vosf(VGS-VTO))2) 
If the multiplier were applied to the MOSFET of Table 3, the 
1 st and 3rd quadrant characteristics would be approximately 
as shown in Figure 28 for VGS = 5 volts. Here, WH is shown 
for values of 0, 1, and 2. The drain and source are inter
changed for Vos < 0, as is done in PSpice@. 
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FIGURE 28. THE WH ADJUSTMENT 

A value of zero for WH forces the multiplier to equal unity for 
all values of Vos, thereby retaining the original linear regime 
equation. Zero should be the default value. Any value of WH 
greater than 1 results in a negative output resistance and is 
unacceptable. Therfore WH is bounded by 0 and 1. 

If this multiplier option were offered, it would be extracted for 
the model MOSMOD between steps 3 and 4 of Table 2, 
probably requiring some iteration between WH and Rdrain. 
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Spice Model CKT File 

.SUBCKT RFD14N05 2 1 3 ; REV 11/23193 SPICE MODEL CKT FILE 'D14N05.CIR' 
Term. Conn.···· D G S 

.... * .. * .. * * * * * * ** * * .. * ...... * ........................ * .. * .. * * * * * .. * * * * * * * .. * * * .. * * .. .. 
* * 

For further discussion of this PSPICE PowerFET macromodel consult : 
* A New PSPICE Sub-circuit for the Power MOSFET Featuring Global : 
* Temperature Options by William J. Hepp and C. Frank Wheatley * 
: NOM TEMP=25 deg C : 
* * ******* ••••• * ••••••• * ••••••••••••••• **** ••••••• **********.* 
Ca 128 6.62e-10 
Cb 1514 6.53e-10 
Cin 6 85.297e-10 
Dbody 7 5 DBDMOD 
Dbreak 5 11 DBKMOD 
Dplcap 10 5 DPLCAPMOD 
Ebreak 11 717 1866.5 
Eds148581 
Egs 13 8 681 
Esg610681 
Escl51 50 VALUE={(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)'1 E6/45,7.0))} 
Evto 20 618 8 1 
It 8 17 1 
Ldrain 2 5 1 e-9 
Lgale 1 9 3.60e-9 
Lsource 3 73.25e-9 
Mos116 688 MOSMOD M=O.99 
Mos2 16 2188 MOSMOD M=O.01 
Rbreak 1718 RBKMOD 1 
Rdrain 5 16 RDSMOD 2.46e-3 
Rgate 9 20 4.53 
Rin 6 81e9 
Rscl1 551 RSLVCMOD 1e-6 
Rscl2 5 50 1 e3 
Rsource 8 7 RDSMOD 42.48-3 
Rvto 1819 RVTOMOD 1 
Sia 612138 S1AMOD 
Sib 13 12138 S1BMOD 
S2a 6151413 S2AMOD 
S2b 1315 1413 S2BMOD 
Vbat819 DC 1 
Vto 21 60.69 
.MODEL DBDMOD D (IS=1.30e-13 RS=1.03e-2 TRS1 =1.95e-3 TRS2=-3.06e-6 +CJO=6.84e-10 TT =4.05e-8) 
.MODEL DBKMOD D (RS=3.8ge-1 TRS1=1.38e-3 TRS2=-1.13e-6) 
.MODEL DPLCAPMOD D (CJO=1.94e-10 IS=1e-30 N=10) 
.MODEL MOSMOD NMOS (VTO=3.73 KP=9.32IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=1.06e-3 TC2=-1.22e-6) 
.MODEL RDSMOD RES (TC1=5.80e-3 TC2=2.03e-5) 
.MODEL RSLVCMOD RES (TC1 =1.85e-3 TC2=-3.1 e-6) 
.MODEL RVTOMOD RES (TCh=-5.66e-3 TC2=-7.92e-6) 
.MODEL S1AMOD VSWITCH(RON=1e-5 ROFF=O.1 VON=-5.02 VOFF=-3.00) 
.MODEL S1BMOD VSWITCH(RON=1e-5 ROFF=O.1 VON=-3.00 VOFF=-5.02) 
.MODEL S2AMOD VSWITCH(RON=1e-5 ROFF=O.1 VON=-1.8 VOFF=3.2) 
.MODEL S2BMOD VSWITCH(RON=1e-5 ROFF=O.1 VON=3.2 VOFF=-1.8) 
.ENDS 
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Spice Model CKT File 

.SUBCKT RFD16N06LE 2 1 3 ; REV 612193 SPICE MODEL CKT FILE 'D16N06LE.CIR' 
·Term. Conn .. ••••• 0 G S 
* * ................ * .. ** .................. * ............................ * .............................. * * ...... .. 
* * 
: For further discussion of this PSPICE PowerFET macromodel consult : 
: A New PSPICE Sub-circuit for the Power MOSFET Featuring Global : 

: NOM TEMP = 25 deg C Temperature Options by William J. Hepp and C. Frank Wheatley : 

* * ******** •• ** •••••• **** ••• *** •••• *.*****.**.****** ••• **.**** 
Ca 12 8 3.364e-9 
Cb 1514 3.41e-9 
Cin 6 8 1.317e-9 
Dbody 7 5 DBDMOD 
Dbreak 5 11 DBKMOD 
Desdl 91 9DESD1MOD 
Desd2 91 7 DESD2MOD 
Dplcap 10 5 DPLCAPMOD 
Ebreak 11 7171875.5 
Eds148581 
Egs 138681 
Esg610681 
Evt02061881 
It 8171 
Ldrain 2 5 1 e-9 
Lgate 1 9 4.ge-9 
Lsource 3 7 4.ge-9 
Mos116 688 MOSMOD M=O.99 
Mos21621 88 MOSMOD M=O.Ol 
Rbreak 1718 RBKMOD 1 
Rdrain 50 16 RDSMOD 11.86e-3 
Rgate 9 20 2.52 
Rin681e9 
Rscll 551 RSLVCMOD le-6 
Rscl2 5 50 1 e3 
Rsource 8 7 RDSMOD 26.0e-3 
Rvto 18 19 RVTOMOD 1 
Sla 612138 SlAMOD 
Slb 1312138 SlBMOD 
S2a 6151413 S2AMOD 
S2b 13 15 14 13 S2BMOD 
Vbat 819 DC 1 
Vto 2160.5 
Escl 51 50 VALUE=((V(5,51)/ABS(V(5,51)))·(PWR(V(5,51)·le6l93,7.6))} 
.MODEL DBDMOD 0 (IS=3.80e-13 RS=1.12e-2 TRSl =1.61 e-3 TRS2=6.08e-6 +CJO=1.05e-9 IT =3.84e-8) 
.MODEL DBKMOD 0 (RS=1.44e-l TRS1=6.5ge-3 TRS2=9.71e-6) 
.MODEL DESD1MOD D(BV=13.5 TVB1=O TBV2=0 RS=48.0 TRS1=O TRS2=0) 
.MODEL DESD2MOD D(BV=10.24 TVB1=-8.6756e-4 TBV2=7.425e-7 RS=O TRS1=O TRS2=0) 
.MODEL DPLCAPMOD 0 (CJO=5.5ge-l0 IS=le-30 N=10) 
.MODEL MOSMOD NMOS (VTO=1.89 KP=113.0 IS=le-30 N=10 TOX=l L=lu W=lu) 
.MODEL RBKMOD RES (TC1=1.12e-3 TC2=-9.5ge-7) 
.MODEL RDSMOD RES (TCl =4.98e-3 TC2=1.34e-5) 
.MODEL RSLVCMOD RES (TC1=1.75e-3 TC2=3.75e-6) 
.MODEL RVTOMOD RES (TCl =-1.86e-3 TC2=-3.63e-6) 
.MODEL SlAMOD VSWITCH(RON=le-5 ROFF=O.l VON=-3.85 VOFF=-1.85) 
.MODEL SlBMOD VSWITCH(RON=le-5 ROFF=O.l VON=-1.85 VOFF=-3.85) 
.MODEL S2AMOD VSWITCH(RON=le-5 ROFF=O.l VON=-2.34 VOFF=2.76) 
.MODEL S2BMOD VSWITCH(RON=le-5 ROFF=O.l VON=2.76 VOFF=-2.34) 
.ENDS 
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.SUBCKT RFD7N10LE 21 3; REV 612193 SPICE MODEL CKT FILE 'D7N10LE.CIR' 
·Term. Conn ..... • 0 G S 

* * '* * * '* * * '* * * * ** '*. * * * * * * * * * *. '* * * '* * * *. * * * * * * * * '* * '* *. * * *. * * * * * * * * 
* * 
: For further discussion of this PSPICE PowerFET macromodel consult : 
: A New PSPICE Sub-circuit for the Power MOSFET Featuring Global : 

: NOM TEMP = 25 deg C Temperature Options by William J. Hepp and C. Frank Wheatley : 

* * ••••• * •• ** ••••••••••••• ***** •••••••• ** •• *****.****** •• ***** 
Ca 12 8 1.102e-9 
Cb 15141.157e-9 
Cin 6 8 0.370e-9 
Dbody 7 5 DBDMOD 
Dbreak 5 11 DBKMOD 
Desd1 91 9DESD1MOD 
Desd291 7DESD1MOD 
Dplcap 10 5 DPLCAPMOD 
Ebreak 1171718115.8 
Eds 148581 
Egs 138681 
Esg 610 6 81 
Evt020 618 81 
It 817 1 
Ldrain 2 5 1 e-9 
Lgate 1 9 3.58e-9 
Lsource 3 7 3.82e-9 
Mos1 16688 MOSMOD M=O.99 
Mos2 162188 MOSMOD M=0.01 
Rbreak 17 18 RBKMOD 1 
Rdrain 50 16 RDSMOD 136.ge-3 
Rgate 9 20 7.61 
Rin681e9 
Rscl1 551 RSCLVMOD 1e-6 
Rscl2 5 50 1 e3 
Rsource 8 7 RDSMOD 84.4e-3 
Rvto 18 19 RVTOMOD 1 
S1a 612138 S1AMOD 
S1b 1312 138 S1BMOD 
S2a 6 15 14 13 S2AMOD 
S2b 13 15 1413 S2BMOD 
Vbat 819 DC 1 
Vlo 21 60.444 
Escl 51 50 VALUE={(V(5.51)/ABS(V(5.51)))·(PWR(V(5.51)·1e6l(15.5).7.25))} 
.MODEL DBDMOD D (IS=5.07e-14 RS=1.37e-2 TRS1 =1. 72e-3 TRS2=-1.5ge-6 +CJ0=2.57e-10 n =3.84e-8) 
.MODEL DBKMOD D (RS=2.32e-1 TRS1=6.50e-4 TRS2=1.72e-6) 
.MODEL DESD1MOD D(BV=14.0 TVB1=O TBV2=O RS=O TRS1=O TRS2=O) 
.MODEL DESD2MOD D(BV=12.5 TVB1=0 TBV2=0 RS=O TRS1=0 TRS2=0) 
.MODEL DPLCAPMOD 0 (CJO=1.84e-8IS=1e-30 N=10) 
.MODEL MOSMOD NMOS (VTO=2.045 KP=14.07IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=1.13e-3 TC2=4.74e-8) 
.MODEL RDSMOD RES (TC1 =7.45e-3 TC2=2.68e-5) 
.MODEL RSCLVMOD RES (TC1=1.75e-3 TC2=0) 
.MODEL RVTOMOD RES (TC1=-2.73e-3 TC2~5.46e-6) 
.MODEL S1AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-4.35 VOFF=-1.75) 
.MODEL S1 BMOD VSWITCH(RON=1 e-5 ROFF=0.1 VON=-1.75 VOFF=-4.35) 
.MODEL S2AMOD VSWITCH(RON=1 e-5 ROFF=0.1 VON=-1.75 VOFF=3.50) 
.MODEL S2BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=3.50 VOFF=-1.75) 
.ENDS 
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Spice Model CKT File 

.SUBCKT RFP1 OP03L 2 1 3 ; REV 11/6192 SPICE CKT MODEL FILE 'P1 OP03L.CIR' 
·Term. Conn.····· D G S 
* '* '* '* '* '* '* * '* '* '*. ** '* '* * * * '* '* '* '* * '* * * '* '* '* '* * '* '* * '* * '* '* * '* * '* '* '* '* * '* '*. * '* * * '* '* '* * * '* • • 
: For further discussion of this PSPICE PowerFET macromodel consult : 
: A New PSPICE Sub-circuit for the Power MOSFET Featuring Global : 

: NOM TEMP = 25 deg C Temperature Options by William J. Hepp and C. Frank Wheatley : 

* * ****.***************.****** ••• ***************************** 
Ca 1281.42e-9 
Cb 15141.3e-9 
Cin 6 86.7e-8 
Dbody 5 7 DBDMOD 
Dbreak 7 11 DBKMOD 
Dplcap 10 6 DPLCAPMOD 
Ebreak 511 1718 -51.9 
Eds 148581 
Egs 138681 
Esg510861 
Evt02061881 
It 8171 
Mos1 16688 MOSMOD M=0.99 
Mos2 162188 MOSMOD M=0.01 
Lgate 1 98.7e-12 
Ldrain 2 5 1 e-9 
Lsource 3 7 7.6e-9 
Rbreak 17 18 RBKMOD 1 
Rdrain 5 16 RDSMOD 79.08e-3 
Rgale 92012.25 
Rin 6 81e9 
Rsource 8 7 RDSMOD 27.4ge-3 
Rvlo 18 19 RVTMOD 1 
S1a 612138 S1AMOD 
S1b 13 12 138 S1BMOD 
S2a 6151413 S2AMOD 
S2b 13151413 S2BMOD 
Vbal 819 DC 1 
Vlo 21 6 -0.50 
.MODEL DBDMOD D (IS=1.14e-13 RS=2.86e-2 TRS1 =6.2ge-4 TRS2=-2.76e-6 +CJO=8.55e-10 IT =3.84e-8) 
.MODEL DBKMOD D (RS=3.32e-1 TRS1=5.50e-3 TRS2=-5.38e-5) 
.MODEL DPLCAPMOD D (CJO=4.3e-8IS=1e-30 N=10) 
.MODEL MOSMOD PMOS (VTO=-2.01 KP=5.3105IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=6.07e-4 TC2=3.30e-6) 
.MODEL RDSMOD RES (TC1=3.48e-3 TC2=8.83e-6) 
.MODEL RVTMOD RES (TC1=-1.51e-3 TC2=8.74e-7) 
.MODEL S1AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=4.42 VOFF=2.42) 
.MODEL S1 BMOD VSWITCH(RON=1 e-5 ROFF=0.1 VON=2.42 VOFF=4.42) 
.MODEL S2AMOD VSWITCH(RON=1 e-5 ROFF=0.1 VON=1.43 VOFF=-3.57) 
.MODEL S2BMOD VSWITCH(RON=1 e-5 ROFF=0.1 VON=-3.57 VOFF=1.43) 
.ENDS 
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.SUBCKT RFP30N06LE 2 1 3 ; REV 612193 SPICE MODEL CKT FILE 'P30N06LE.CIR' 
·Term. Conn .. ••••• 0 G S 
• * •••• * *. *. * *. * * * •••• * *. *. *. * * * * * ••• * * •••• * * * * * •• * *. * •••• * *. 
* * 
: For further discussion of this PSPICE PowerFET macromodel consult : 
: A New PSPICE Sub-clrcuit for the Power MOSFET Featuring Global : 

: NOM TEMP = 25 deg C Temperature Options by William J. Hepp and C. Frank Wheatley : 

* * •• ************* •••••• * ••••••••• * •••• ******.** •••••• ***.*.*. 
Ca 128 3.34e-9 
Cb 15 143.446-9 
Cin 6 8 1.343e-9 
Dbody 7 5 DBDMOD 
Dbreak 5 11 DBKMOD 
Desd1 91 9DESD1MOD 
Desd2 91 7 DESD2MOD 
Dplcap 105 DPLCAPMOD 
Ebreak 117171875.39 
Eds 148581 
Egs138681 
Esg 6 10 6 81 
Evt02061881 
It 8 17 1 
Ldrain 2 5 1 e-9 
Lgate 1 9 7.22e-9 
Lsource 3 7 6.31 e-9 
Mos1 16688 MOSMOD M=O.99 
Mos2 162188 MOSMOD M=0.01 
Rbreak 17 18 RBKMOD 1 
Rdrain 5016 RDSMOD 11.86e-3 
Rgate 9 20 2.52 
Rin 6 81e9 
Rscl1 551 RSLVCMOD 1e-6 
Rscl2 5 50 1 e3 
Rsource 8 7 RDSMOD 26.6e-3 
Rvto 18 19 RVTOMOD 1 
S1a 612138 S1AMOD 
S1b1312138S1BMOD 
S2a 6151413 S2AMOD 
S2b 13 15 14 13 S2BMOD 
Vbat819 DC 1 
Vto 2160.5 
Escl51 50 VALUE={(V(5,51)/ABS(V(5,51)))·(PWR(V(5,51)·1e6l89,7))} 
.MODEL DBDMOD 0 (IS=3.80e-13 RS=1.12e-2 TRS1 =1.61 e-3 TRS2=8.08e-6 +CJO=1.05e-9 IT =3.84e-8) 
.MODEL DBKMOD 0 (RS=1.82e-1 TRS1=7.50e-3 TRS2=-4.0e-5) 
.MODEL DESD1MOD D(BV=13.54 TVB1=0 TBV2=0 RS=45.5 TRS1=0 TRS2=O) 
.MODEL DESD2MOD D(BV=11.46 TVB1 =-7.576e-4 TBV2=-3.0e-6 RS=O TRS1=0 TRS2=0) 
.MODEL DPLCAPMOD 0 (CJO=0.591e-9IS=1e-30 N=10) 
.MODEL MOSMOD NMOS (VTO=1.94 KP=139.2IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=1.07e-3 TC2=-3.03e-7) 
.MODEL RDSMOD RES (TC1 =5.38e-3 TC2=1.64e-5) 
.MODEL RSLVCMOD RES (TC1=1.75e-3 TC2=3.90e-6) 
.MODEL RVTOMOD RES (TC1=-2.15e-3 TC2=-5.43e-6) 
.MODEL S1 AMOD VSWITCH(RON=1 e-5 ROFF=0.1 VON=-4.05 VOFF=-1.50) 
.MODEL S1 BMOD VSWITCH(RON=1 e-5 ROFF=0.1 VON=-1.50 VOFF=-4.05) 
.MODEL S2AMOD VSWITCH(RON=1 e-5 ROFF=0.1 VON=-2.20 VOFF=2.80 ) 
.MODEL S2BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=2.80 VOFF=-2.20) 
.ENDS 
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.SUBCKT RFP3055 2 1 3; REV 10126193 SPICE MODEL CKT FILE 'P3055.CIR' 
*Term. Conn"" D G S 
•• ** •••••••••••••••• ***.** ••••••••• ** •••••••••• ** ••• ***** ••• 
* * 
: For further discussion of this PSPICE PowerFET macromodel consult : 
: A New PSPICE Sub-clrcuit for the Power MOSFET Featuring Global : 

: NOM TEMP = 25 deg C Temperature Options by William J. Hepp and C. Frank Wheatley : 

* * ****.***** •••• ** •••••••••••••• ****** •••••••• ** •••••••• ****. 
Ca 128 0.54e-9 
Cb 15 14 0.548-9 
Cin 6 8 0.30e-9 
Dbody 7 5 DBDMOD 
Dbreak 5 11 DBKMOD 
Dplcap 10 5 DPLCAPMOD 
Ebreak 11 7171867.9 
Eds 148581 
Egs 138681 
Esg 6 10681 
Escl51 50 VALUE=«V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1E6/30,6.5))} 
Evt02061881 
It 8171 
Ldrain 2 5 1 e-9 
Lgate 1 94.61e-9 
Lsource 3 74.61e-9 
Mos1 16 6 8 8 MOSMOD M=O.99 
Mos2 1621 8 8 MOSMOD M=0.01 
Rbreak 17 18 RBKMOD 1 
Rdrain 5 16 RDSMOD 1.0e-4 
Rgate 9 20 7.23 
Rin 6 81e9 
Rscl1 551 RSLVCMOD 1e-6 
Rscl2 5 50 1 e3 
Rsource 8 7 RDSMOD 108e-3 
Rvto 18 19 RVTOMOD 1 
S1a 612138 S1AMOD 
S1b 1312 138 S1BMOD 
S2a 6151413 S2AMOD 
S2b 13 15 1413 S2BMOD 
Vbat 819 DC 1 Vto 2160.5 
.MODEL DBDMOD D (IS=4.33e-14 RS=2.78e-2 TRS1 =1.1 Oe-3 TRS2=5.1ge-6 +CJ0=3.94e-10 TT = 7.63e-8) 
.MODEL DBKMOD D (RS=0.67Se-1 TRS1=1.94e-3 TRS2:-1.0ge-S) 
.MODEL DPLCAPMOD D (CJO=0.283e-9IS=1e-30 N=10) 
.MODEL MOSMOD NMOS (VTO=4.078 KP=12IS=1e-30 N=10 TOX=1 L=1u W=1u) 
.MODEL RBKMOD RES (TC1=1.0Se-3 TC2=-1.92e-6) 
.MODEL RDSMOD RES (TC1 =5.03e-3 TC2=1.53e-5) 
.MODEL RSLVCMOD RES (TC1=2.2E-3 TC2=-5E-S) 
.MODEL RVTOMOD RES (TC1 =-5.02e-3 TC2=-9.1Se-S) 
.MODEL S1AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-S.50 VOFF=-3.50) 
.MODEL S1BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-3.50 VOFF=-6.50) 
.MODEL S2AMOD VSWITCH(RON=1 e-5 ROFF=0.1 VON=-2.5 VOFF=2.5) 
.MODEL S2BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=2.5 VOFF=-2.5) 
.ENDS 
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.SUBCKT RFP45N06 213; REV 1/18193 SPICE MODEL CKT FILE 'P45N06.CIR' 
'Term. Conn."" 0 G S 
* •••••• * * •• * *. * * ••• *. * *. *. *. *. * * * *. * *. * * •• *. * •• *. * ••• * ••••• * * • 
: For further discussion of this PSPICE PowerFET macromodel consult : 
: A New PSPICE Sub-circult for the Power MOSFET Featuring Global : 
• Temperature Options by William J. Hepp and C. Frank Wheatley • 
: NOM TEMP = 25 deg C : 
• * ••••• ********.* •• *** ••• ******.*.***** ••• ** ••• *** ••••• * ••• *. 
Ca 128 3.4ge-9 
Cb 15 14 3.80e-9 
Cin 6 8 2.00e-9 
Dbody 7 5 DBDMOD 
Dbreak 5 11 DBKMOD 
Dplcap 10 5 DPLCAPMOD 
Ebreak 11 7171866.5 
Eds 148581 
Egs 138681 
Esg 610681 
Evto2061881 
It 8171 
Ldrain 2 5 1 e-9 
Lgate 1 9 5.65e-9 
Lsource 3 7 4.13e-9 
Mos116 688 MOSMOD M=O.99 
Mos2 16 21 88 MOSMOD M=0.01 
Rbreak 17 18 RBKMOD 1 
Rdrain 5 16 RDSMOD 3.58e-3 
Rgate 9 20 0.681 
Rin681e9 
Rsource 8 7 RDSMOD 13.6e-3 
Rvto 18 19 RVTOMOD 1 
S1a 612138 S1AMOD 
S1b 1312138S1BMOD 
S2a 6151413 S2AMOD 
S2b 13 15 1413 S2BMOD 
Vbat 819 DC 1 
Vto 21 6 0.920 
.MODEL DBDMOD 0 (IS=8.2e-13 RS=7.86e-3 TRS1=2.26e-3 TRS2=2.9Qe-6 +CJ0=2.07e-9 TT=5.72e-8) 
.MODEL DBKMOD 0 (RS=1.93e-1 TRS1=5.13e-4 TRS2=-2.15e-5) 
.MODEL DPLCAPMOD 0 (CJO=1.25e-9IS=1e-30 N=10) 
.MODEL MOSMOD NMOS (VTO=3.862 KP=55.571S=1e-30 N=10 TOX=1 l=1u W=1u) 
.MODEL RBKMOD RES (TC1=1.12e-3 TC2=-5.18e-7) 
.MODEL RDSMOD RES (TC1=4.64e-3 TC2=1.58e-5) 
.MODEL RVTOMOD RES (TC1=-4.27e-3 TC2=-6.55e-6) 
.MODEL S1AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-6.50 VOFF=-1.70) 
.MODEL Sl BMOD VSWITCH(RON=l e-5 ROFF=0.1 VON=-1.70 VOFF=-6.50) 
.MODEL S2AMOD VSWITCH(RON=le-5 ROFF=O.l VON=-3.0 VOFF=2.0) 
.MODEL S2BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=2.0 VOFF=-3.0) 
.ENDS 
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Spice Model CKT File 

.SUBCKT RFP50N06 2 1 3 ; REV 2122193 SPICE MODEL CKT FILE ·P50N06.CIR' 
·Term. Conn.·· .. 0 G S 
....... * ........ * ....... * ................................ * .. * ......................................... * ................ .. 
* * 
* * * 
* * 
: NOM TEMP = 25 deg C 

For further discussion of this PSPICE PowerFET macromodel consult 
A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 

Temperature Options by William J. Hepp and C. Frank Wheatley 

* 
* * * * 
* 
* 

* * ********* ••• **.**.*.*******.*****.** •• ** •••• *.** •••• * •••• *. 
Ca 128 3.68e-9 
Cb 15 14 3.625e-9 
Cin 6 8 1.98e-9 
Dbody 7 5 DBDMOD 
Dbreak 5 11 DBKMOD 
Dplcap 10 5 DPLCAPMOD 
Ebreak 11 7171864.59 
Eds 148581 
Egs 138681 
Esg 610681 
Evt02061881 
It8171 
Ldrain 2 5 1 e-9 
Lgate 1 9 5.65e-9 
Lsou rca 3 7 4.13e-9 
Mosl 16688 MOSMOD M=0.99 
Mos2 16 21 88 MOSMOD M=O.Ol 
Rbreak 1718 RBKMOD 1 
Rdrain 516 RDSMOD 1.00e-4 
Rgate 9 20 0.690 
Rin 6 81e9 
Rsource 8 7 RDSMOD 12.0e-3 
Rvto 18 19 RVTOMOD 1 
Sla 612138 SlAMOD 
Slb 1312138 SlBMOD 
S2a 6151413 S2AMOD 
S2b 13 151413 S2BMOD 
Vbat 819 DC 1 
Vto 21 6 0.678 
.MODEL DBDMOD 0 (IS=9.851e-13 RS=4.91e-3 TRS1=2.07e-3 TRS2=2.51e-7 +CJO=2.05e-9 TT=4.33e-8) 
.MODEL DBKMOD 0 (RS=1.98e-1 TRS1=-2.35e-3 TRS2=-3.83e-6) 
.MODEL DPLCAPMOD 0 (CJO=1.42e-9 IS=l e-30 N=10) 
.MODEL MOSMOD NMOS (VTO=3.65 KP=35IS=le-30 N=10 TOX=ll=lu W=lu) 
.MODEL RBKMOD RES (TC1=1.23e-3 TC2=-2.34e-6) 
.MODEL RDSMOD RES (TC1=5.01e-3 TC2=1.4ge-5) 
.MODEL RVTOMOD RES (TC1=-5.03e-3 TC2=-5.16e-6) 
.MODEL SlAMOD VSWITCH(RON=le-5 ROFF=O.l VON=-6.75 VOFF=-2.50) 
.MODEL SlBMOD VSWITCH(RON=le-5 ROFF=O.l VON=-2.50 VOFF=-6.75) 
.MODEL S2AMOD VSWITCH(RON=l e-5 ROFF=O.l VON=-2.7 VOFF=2.3) 
.MODEL S2BMOD VSWITCH(RON=1e-5 ROFF=O.l VON=2.3 VOFF=-2.7) 
.ENDS 
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No. AN7244.2 September 1993 Harris Power MOSFETs 

UNDERSTANDING POWER MOSFETs 
Author: Tom McNulty 

Power MOSFETs (Metal Oxide Semiconductor, Field Effect 
Transistors) differ from bipolar transistors in operating 
principles, specifications, and performance. In fact, the 
performance characteristics of MOSFETs are generally 
superior to those of bipolar transistors: significantly faster 
switching time, simpler drive circuitry, the absence of a 
second-breakdown failure mechanism, the ability to be 
paralleled, and stable gain and response time over a wide 
temperature range. This note provides a basic explanation of 
general MOSFET characteristics, and a more thorough 
discussion of structure, thermal characteristics, gate 
parameters, operating frequency, output characteristics, and 
drive requirements. 

General Characteristics 

A conventional n-p-n bipolar power transistor is a current
driven device whose three terminals (base, emitter, and 
collector) are connected to the body by silicon contacts. 
Bipolar transistors are described as minority-carrier devices 
in which injected minority carriers recombine with majority 
carriers. A drawback of recombination is that it limits the 
device's operating speed. And because of its current-driven 
base-emitter input, a bipolar transistor present a low-imped
ance load to its driving circuit. in most power circuits, this 
low-impedance input requires somewhat complex drive 
circuitry. 

By contrast, a power MOSFET is a voltage-driven device 
whose gate terminal, Figure 1(a), is electrically isolated from 
its silicon body by a thin layer of silicon dioxide (Si02). As a 
majority-carrier semiconductor, the MOSFET operates at 
much higher speed than its bipolar counterpart because 
there is no Charge-storage mechanism. A positive voltage 
applied to the gate of an n-type MOSFET creates an electric 
field in the channel region beneath the gate; that is, the 
electric charge on the gate causes the p-region beneath the 
gate to convert to an n-type region, as shown in Figure 1 (b). 
This conversion, called the surface-inversion phenomenon, 
allows current to flow between the drain and source through 
an n-type material. In effect, the MOSFET ceases to be an 
n-p-n device when in this state. The region between the 
drain and source can be represented as a resistor, although 
it does not behave linearly, as a conventional resistor would. 
Because of this surface-inversion phenomenon, then, the 
operation of a MOSFET is entirely different from that of a 
bipolar transistor, which always retain its n-p-n characteristic. 

By virtue of its electrically-isolated gate, a MOSFET is 
described as a high-input impedance, voltage-controlled 
device, whereas a bipolar transistor is a low-input-imped-
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ance, current-controlled device. As a majority-carrier 
semiconductor, a MOSFET stores no charge, and so can 
switch faster than a bipolar device. Majority-carrier semicon
ductors also tend to slow down as temperature increases. 
This effect, brought about by another phenomenon called 
carrier mobility (where mobility is a term that defines the 
average velocity of a carrier in terms of the electrical field 
imposed on it) makes a MOSFET more resistive at elevated 
temperatures, and much more immune to the thermal
runaway problem experienced by bipolar devices. 

A useful by-product of the MOSFET process is the internal 
parasitic diode formed between source and drain, Figure 
1 (c). (There is no equivalent for this diode in a bipolar 
transistor other than in a bipolar darlington tranSistor.) Its 
characteristics make it useful as a clamp diode in inductive
load switching. 

n-

n+ 

(a) 

+ 

(b) 

FIGURE 1. THE MOSFET, A VOLTAGE-CONTROLLED DEVICE 
WITH AN ELECTRICALLY ISOLATED GATE, USES 
MAJORITY CARRIERS TO MOVE CURRENT FROM 
SOURCE TO DRAIN (A). THE KEY TO MOSFET 
OPERATION IS THE CREATION OF THE INVER
SION CHANNEL BENEATH THE GATE WHEN AN 
ELECTRIC CHARGE IS APPLIED TO THE GATE 
(B). BECAUSE OF THE MOSFETs CONSTRUC
TION, AN INTEGRAL DIODE IS FORMED ON THE 
DEVICE (C), AND THE DESIGNER CAN USE THIS 
DIODE FOR A NUMBER OF CIRCUIT FUNCTIONS. 
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Structure 

Harris Power MOSFETs are manufactured using a vertical 
double-diffused process, called VDMOS or simply DMOS. A 
DMOS MOSFET is a single silicon chip structured with a 
large number of closely packed, hexagonal cells. The 
number of cell varies according to the dimensions of the 
chip. For example, a 12Q-mij2 chip contains about 5,000 
cells; a 240-miI2 chip has more than 25,000 cells. 

One of the aims of multiple-cells construction is to minimize 
the MOSFET parameter rOS(ON)' or resistance from drain to 
source, when the device is in the on-state. When rOS(ON) is 
minimized, the device provides superior power-switching 
performance because the voltage drop from drain to source 
is also minimized for a given value of drain-ta-source current. 

Since the path between drain and source is essentially 
resistive, because of the surface-inversion phenomenon, 
each cell in the device can be assumed to contribute an 
amount, RN, to the total resistance. An individual cell has a 
fairly low resistance, but to minimize rOS(ON)' it is necessary 
to put a large number of cells in parallel on a chip. In general, 
therefore, the greater the number of paralleled cells on a 
chip, the lower its rOS(ON) value: 

rOS(ON) '" RrJN, where N is the number of cells. 
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10 L...L....L.L..J:!LL._....L...L...L.J.~u..u 

30 100 
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1000 

RCHAN 

ReULK 

FIGURE 2. THE DRAIN-TO-SOURCE RESISTANCE (rDS(ON) OF 
A MOSFET IS NOT ONE BUT THREE SEPARATE 
RESISTANCE COMPONENTS) 

TABLE 1. PERCENTAGE RESISTANCE COMPONENTS FOR A 
TYPICAL CHIP 

Bvoss 40V 150V 500V 

RcHANNEL 50% 23% 2.4% 

ReuL.K 35% 70% 97% 

REXTERNAL 15% 7% <1% 

In reality, rOS(ON) is composed of three separate resistances. 
Figure 2 shows a curve of the three resistive components for 
a single cell and their contributions to the overall value of 
rOS(ON)' The value of rOS(ON) at any point of the curve is 
found by adding the values of the three components at that 
point: 

rOS(ON) '" RSUlK + RCHAN + REXT 

where RCHAN represents the resistance of the channel 
beneath the gate, and REXT includes all resistances resulting 
from the substrate. solder connections. leads. and the 
package. RSUlK represents the resistance resulting from the 
narrow neck of n material between the two players. as 
shown in Figure 1 (a). plus the resistance of the current path 
below the neck and through the body of the device to the 
drain. 

Note in Figure 2 that RCHAN and REXT are completely inde
pendent of voltage, while RSULK is highly dependent on 
applied voltage. Note also that below about 150 volts. 
rOS(ON) is dominated by the sum of RCHAN and REXT. Above 
150 volts. rOS(ON) is increasingly dominated by RSUlK' Table 
1 gives a percentage breakdown of the contribution of each 
resistance for three values of voltage. 

Two conclusions. inherent consequences of the laws of 
semiconductor physics, and valid for any DMOS device, can 
be drawn from the preceding discussion: First. rOS(ON) 
obviously increases with increasing breakdown-voltage 
capability of a MOSFET. Second, minimum rOS(ON) 
performance must be sacrificed if the MOSFET must with
stand ever-higher breakdown voltages. 

The significance of RSUlK in devices with a high voltage 
capability is due to the fact that thick. lightly doped epi layers 
are required for the drain region in order to avoid producing 
high electric fields (and premature breakdown) within the 
device. And as the epi layers are made thicker and more 
resistive to support high voltages. the bulk component of 
resistance rapidly increases (see Figure 2) and begins to 
dominate the channel and external resistance. The rOS(ON) 
therefore. increases with increasing breakdown voltage 
capability. and low rOS(ON) must be sacrificed if the MOSFET 
is to withstand even higher breakdown voltages. 

There is a way around these obstacles. The rOS(ON) in Figure 
2 holds only for a relatively small Chip. Using a larger chip 
results in a lower value for rOS(ON) because a large chip has 
more cells (See Figure 3). A larger chip also increases 
MOSFET breakdown voltage capability. 

The penalty for using a larger chip. however. is an increase 
in cost. since chip size is a major cost factor. And because 
chip area increases exponentially. not linearly. with voltage. 
the additional cost can be substantial. For example. to obtain 
a given rOS(ON) at a breakdown voltage twice as great as the 
original, the new chip requires an area four or five times 
larger than the original. Although the cost does not rise 
exponentially, it is substantially more than the original cost. 
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FIGURE 3. AS CHIP SIZE INCREASES. rDS(ON) DECREASES. & 
VOLTAGE HANDLING CAPABILITY INCREASES 

Effects of Temperature 

The high operating temperatures of bipolar transistors area 
frequent cause of failure. The high temperatures are caused 
by hot-spotting. the tendency of current in a bipolar device to 
concentrate in areas around the emitter. Unchecked. this 
hot-spotting results in the mechanism of thermal runaway. 
and eventual destruction of the device. MOSFETs do not 
suffer this disadvantage because their current flow is in the 
form of majority carriers. The mobility of majority carriers 
(where. again. mobility is a term that defines the average 
velocity of a carrier in terms of the electrical field imposed on 
it) is temperature dependent in silicon: mobility decreases 
with increasing temperature. This inverse relationship 
dictates that the carriers slowdown as the chip gets hotter. In 
effect. the resistance of the silicon path is increased. which 
prevents the concentrations of current that lead to hot spots. 
In fact. if hot spots do attempt to form in a MOSFET. the local 
resistance increases and defocuses or spreads out the 
current. rerouting it to cooler portions of the Chip. 

Because of the character of its current flow. a MOSFET has 
a positive temperature coefficient of resistance. as shown by 
the curves of Figure 4. 
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FIGURE 4. MOSFETs HAVE A POSITIVE TEMPERATURE CO
EFFICIENT OF RESISTANCE. WHICH GREATLY 
REDUCES THE POSSIBILITY OF THERMAL RUN
AWAY AS TEMPERATURE INCREASES 

The positive temperature coefficient of resistance means 
that a MOSFET is inherently stable with temperature 
fluctuation. and provides its own protection against thermal 
runaway and second breakdown. Another benefit of this 
characteristic is that MOSFETs can be operated in parallel 
without fear that one device will rob current from the others. 
If any device begins to overheat. its resistance will increase, 
and its current will be directed away to cooler chips. 

Gate Parameters 

To permit the flow of drain-to-source current in an n-type 
MOSFET, a positive voltage must be applied between the 
gate and source terminals. Since. as described above. the 
gate is electrically isolated from the body of the device, 
theoretically no current can flow from the driving source into 
the gate. In reality. however, a very small current. in the 
range of tens of nanoamperes. does flow. and is identified on 
data sheets as a leakage current. IGss. Because the gate 
current is so small. the input impedance of a MOSFET is 
extremely high (in the megohm range) and, in fact. is largely 
capacitive rather than resistive (because of the isolation of 
the gate terminal). 

Figure 5 illustrates the basic input circuit of a MOSFET. The 
elements are equivalent. rather than physical. resistance, R, 
and capacitance, C. The capacitance, called C1SS on 
MOSFET data sheets, is a combination of the device's 
internal gate-to-source and gate-to-drain capacitance. The 
resistance, R, represents the resistance of the material in 
the gate circuit. Together, the equivalent Rand C of the input 
circu~ determine the upper frequency limit of MOSFET 
operation. 

FIGURE 5. A MOSFETs SWITCHING SPEED IS DETERMINED 
BY ITS INPUT RESISTANCE R AND ITS INPUT 
CAPACITANCE CISS 

Operating Frequency 

Most DMOS processes develop the polysilicon gate 
structure rather than the older metal-gate type. If the 
resistance of the gate structure (R in Figure 5) is high, the 
switching time of the DMOS device is increased, thereby 
reducing its upper operating frequency. Compared to a metal 
gate, a polysilicon gate has a higher gate resistance. This 
property accounts for the frequent use of metal-gate 
MOSFET in high-frequency (greater than 20M Hz) 
applications, and pOlysilicon-gate MOSFETs in higher-power 
but lower-frequency systems. 

Since the frequency response of a MOSFET is controlled by 
the effective Rand C of its gate terminal, a rough estimate 
can be made of the upper operating frequency from 
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datasheet parameters. The resistive portion depends on the 
sheet resistance of the polysilicon-gate overlay structure, a 
value of approximately 20W/D. But whereas the total R 
value is not found on datasheets, the C value (CISS) is; it is 
recorded as both a maximum value and in graphical form as 
a function of drain-to-source voltage. The value of CISS is 
closely related to chip size; the larger the chip, the greater 
the value. Since the RC combination of the input circuit must 
be charged and discharged by the driving circuit, and since 
the capacitance dominates, larger chips will have slower 
switching times than smaller chips, and are, therefore, more 
useful in lower-frequency circuits. In general, the upper 
frequency limit of most power MOSFETs spans a fairly broad 
range, from 1MHz to 10MHz. 

Output Characteristics 

Probably the most used MOSFET graphical data is the 
output characteristics or plot of drain-to-source voltage (V os) 
as a function of drain-to-source current (10)' A typical 
characteristic, shown in Figure 6, gives the drain current that 
flows at various Vos values as a function of the gate-to
source voltage (gs). The curve is divided into two regions: a 
linear region in which Vos is small and drain current 
increases linearly with drain voltage, and a saturated region 
in which increasing drain voltage has no effect on drain 
current (the device acts as a constant-current source). The 
current level at which the linear portion of the curve joins 
with the saturated portion is called the pinch-off region. 

Drive Requirements 

When considering the VGS level required to operate a 
MOSFET. note, from Figure 6, that the device is not turned 
on (no drain current flows) unless VGS is greater than a 
certain level (called the threshold voltage). In other words, 
the threshold voltage must be exceeded before an apprecia
ble increase in drain current can be expected. Generally VGS 
for many types of DMOS devices is at least 2V. This is an 
important consideration when selecting devices or designing 
circuits to drive a MOSFET gate: the gate-drive circuit must 
provide at least the threshold-voltage level, but preferably. a 
much higher one. 

As Figure 6 shows, a MOSFET must be driven by a fairly 
high voltage, on the order of 10V, to ensure maximum 
saturated drain-current flow. However, integrated circuits, 
such as TTL types, cannot deliver the necessary voltage 
levels unless they are modified with external pull-up 
resistors. Even with a pull-up to 5V, a TTL driver cannot fully 
saturate most MOSFETs. Thus, TTL drivers are most 
suitable when the current to be switched is far less than the 
rated current of the MOSFET. CMOS ICs can run from 
supplies of IOV, and these devices are capable of driving a 
MOSFET into full saturation. On the other hand, a CMOS 
driver will not switch the MOSFET gate circuit as fast as a 
TTL driver. The best results, whether TTL or CMOS ICs 
provide the drive, are achieved when special buffering chips 
are inserted between the IC output and gate input to match 
the needs of the MOSFET gate. 
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The switching waveforms of a newly announced series of 
power MOSFET devices called Logic Level FETs (L 2FETs) 
and featuring a 5V gate drive are presented and contrasted 
with those of the more conventional 10V gate drive devices. 
A new method of characterizing MOSFET switching perfor
mance is discussed in which the MOSFET is treated as a 
vertical JFET driven in cascade from a low voltage lateral 
MOS. The 2:1 advantage in rise and fall time and the 4:1 
reduction in switching "dynamic V(SAT)" dissipation with con
stant drive power of the L2FET over the 10V MOSFET are 
demonstrated and discussed 

Background 

A new series of power MOSFET devices called Logic Level 
FETs. or L2FETs. is compatible with the 5V power supply 
used for logic circuitry. L 2FETs retain the on resistance. 
drain current. and blocking voltage ratings of their 10V pre
decessors. but operate from a much less costly 5V supply. 

The reduction in gate drive voltage is the result of halving the 
thickness of the gate insulator from the industry standard 
100nm to 50nm (500A). Since the surface inversion of the 
MOS channel is determined by the gate insulator voltage 
field. halving the insulator thickness halves the applied gate 
voltage without compromising drain characteristics. 

The apparent conclusion from a study of the switching wave
forms of the new device that halving the gate oxide thickness 
would double the gate capacitance and halve the switching 
speed does not prove true. Measurements demonstrate 
empirically a 2:1 increase in switching speed for the L2FET 
over its 100nm predecessor. where gate drive power is the 
same for both devices. The "dynamic V(SAT)" dissipation is 
lowered by a factor of four. The apparent anomalies are 
explained with the aid of a new method of switching charac
terization developed by treating the power MOSFET as a 
grounded gate. depletion mode. vertical JFET driven in cas
cade by a grounded source. enhancement mode. lateral 
MOS. The waveforms and switching characterization meth
ods are described in detail below. 

L 2FET Characteristics Compared to Standard Types -
A Brief Review 

Thirty-two different power MOSFETs of the L2FET structure 
have been announced. These devices were designed to be 
totally interchangeable with the standard power MOSFET 
with respect to output characteristics. while offering twice the 

Copyright © Harris Corporation 1992 

gate sensitivity. as shown in Figures 1. 2. and 3. which are 
comparisons of the industry standard RFM10N15 with its 
Logic Level FET counterpart. the RFM10N15L. (Although 
the L suffix notation in the type number will ultimately be 
valid for the entire product matrix. the L2FET product cur
rently available is limited to n-channel devices handling 200V 
or less. with 15A ratings or less.) 

10 j.- VG D 9(4.S)V 

g 8 -VG=6(3)V 

~ VG = S(2.S)V 

RFM10N15 
RFM10N15L 

ooa-----3~0----~6~0----~9~0----1~2~0----1~50 

DRAIN VOLTAGE (Vo) (V) 

FIGURE 1. DRAIN CURRENT VS. DRAIN VOLTAGE CURVES 
FOR REPRESENTATIVE STANDARD AND L2FET 
DEVICES 

10r------,rrr-------------------, 
VG.9(4.S)V RFM10N15 
VG.7(3.S)V RFM10N1SL 

VG= 6(3)V 

VG= 5(2.S)V 

2 4 6 8 10 
DRAIN VOLTAGE (Vo) (V) 

FIGURE 2. DRAIN CURRENT VS. LOW DRAIN VOLTAGE 
CURVES FOR REPRESENTATIVE STANDARD 
AND L2FET DEVICES DEMONSTRATING THAT 
RON HAS NOT BEEN SACRIFICED IN THE L 2FET 

Figures 1 and 2 are plots of drain current versus drain volt
age with gate voltage as the running parameter. The L 2FET 
gate voltage is in parenthesis. The low drain voltage curves 
of Figure 2 demonstrate that RON has not been sacrificed in 
the L 2FET. Figure 3 is the transfer characteristic comparison 
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for three different temperatures. The abscissa has two 
scales to reflect the different gate sensitivities; again, L val
ues are in parenthesis. It is evident from the curve that: 

1. The threshold voltage is scaled down by a factor of two for 
the L2FET. 

2. The threshold voltage temperature coefficient in mVf'C is 
scaled down. 

3. The current level for zero temperature coefficient is un-
changed. 

4. The transconductance is scaled up by a factor of two. 

All other L2FETs have similar relationships to their respec
tive predecessors. 

~ 
;g 

10r---------r------,-,~r_----~ 

8~--~~~~~~~~------~ 

+ 6r---------+---~~--~--------~ 
!i: RFM1ON15 
l!! RMF10N15L g; VDRAlN _10V 
o 4r---------+-~------~~~----~ z 

~ 
2r-----~fr----~--~------~ 

°2~--~~--~4--------~6----------J8 
(1) (2) (3) (4) 

GATE VOLTAGE (VG) (V) 

FIGURE 3. TRANSFER CHARACTERISTIC 

Switching Waveforms with Conventional 
Drive 

The first concern when comparing devices with such a large 
difference of transfer sensitivity is one of "other things being 
equal". If the standard device is driven between zero and ten 
volts with an RG of 250, impedance transformation dictates 
that the L2FET should be driven between zero and five volts 
with an RG of 61/4 0, thereby transforming open circuit volt
age and short circuit current by factors of 2 (or %). With 
these parameters, either drive system will supply a peak RG, 
or generator dissipation, of one watt. 

Figure 4 displays the drain voltage versus time of the 
RFM10N15 and the RFM10N15L when each is driven as 
described above with a 5A, 75V resistive load line. The time 
scale is 100ns per division. The table under the graph com
pares on delay time, rise time, off delay time, and fall time for 
each device. The times are measured in the normal manner, 
that is, involving the 10% and 90% points of the input voltage 
and output voltage waveforms. 

Note that: 

1. The rise and fall times are not symmetrical 

2. The L 2FET is faster 

3. There is a "dynamic V(SATJ" type of behavior 

4. The "dynamic V(SAT)" is of a lesser amplitude for the 
L2FET 

These observations are discussed below. 

100r-----------------------------~ 

GATE RG 
TYPE DRIVE (n) 

RFM10N15 0-10V 25 
(l00nm) 

RFM10N15L 0-5V 6.25 
(50nm) 

500 
nME(n) 

fo(oN) 
(ns) 

15 

11 

~ISE) 
(ns) 

120 

57 

fo(OFF) ,<FAll) 
(ns) (ns) 

123 73 

104 62 

FIGURE4. DRAIN VOLTAGE VB. TIME CURVES FOR REPRE
SENTATIVE STANDARD AND L 2FET DEVICES 

Switching Waveforms with Constant 
Current Drive 

The power MOSFET is a current driven device during transi
tions due to the charging or discharging of capacitances. In 
actual applications, most drive circuits exhibit a first order 
approximation to a constant current where the voltage com
pliance is determined by ground potential or the drive circuit 
power supply voltage. The on current may not equal the off 
current; this situation is addressed below. 

Figure 5 presents the curves for the RFM10N15 and 
RFM10N15L when each is driven from a current generator 
whose IGI = IG2' with gate voltage limits of zero and 10 or (5) 
volts. The drive current is kept the same for both devices in 
this case even though the L2FET receives less drive power 
or energy. The value for IGI and IG2 was chosen as 5mA; the 
time scale is Ills/division. 

Note that: 

1. The rise and fall times of a given device are the same with 
current drive. 

2. The two devices have similar output waveforms in most 
regions. 

3. There is a persistent "dynamic V(SAT( even at slow switch
ingspeeds. 
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4. The "dynamic V(SAT) curves are symmetrical during the 
low drain voltage portion of the turn on and turn off portion. 

5. The "dynamic V(SAT) curves are lower in amplitude by a 
factor of approximately two for the L2FET. 

100G:----------~ ____ ==~------~==~ 

l 
w 

~ 
~ 
~ 
1550 
C 

~ 
!z 
~ 
~ 

3 4 5 6 7 10 
nME (juI) 

FIGURE 5. CHARACTERIZATION CURVES FOR REPRESEN
TATIVE DEVICES DRIVEN FROM A CURRENT 
GENERATOR 

Large Signal Equivalent Circuit of the 
MOSFET 

If we are to understand the differences and similarities of the 
L 2FET relative to the conventional power MOSFET, the 
conventional power MOSFET must first be understood. Fig
ure 6 shows a properly proportioned cross sectional view of 
the power MOSFET. 

SOURCE METAL 

n+ DRAIN 

FIGURE 6. CROSS SECTION OF POWER MOSFET 

When the drain voltage is very low and the gate is forward 
biased, an accumulation layer exists for the n· region 
beneath the gale. This layer may be thought of as serving 
the function of the drain for the lateral MOS. In addition, it 
serves as a source for a vertical depletion mode JFET. The 
gate of the JFET is formed by the body diffusion, particularly 
in the neck region. The JFET drain is the n+ region usually 
though of as being the MOSFET drain. This situation is 
shown in Figure 6, where the cross sectional view of the 
MOSFET is shown. The lateral MOS and the vertical JFET 

are schematically implied by the left half of Figure 6. The 
right half indicates the edge of the depletion width for several 
drain voltages. Note how the JFET pinches off, such that 
increased drain voltage is supported predominately by the 
JFET. This structure is schematically represented as shown 
in Figure 7. Note that the third quadrant diode is caused by 
the p-n junction associated with the gate and drain charac· 
teristic (common to all JFETs). A parasitic n-p-n transistor is 
not shown, nor is it discussed in this Note. Voltage node (4) 
is within the device, and is not precisely a single node, as 
represented. 

FIGURE 7. SCHEMATIC REPRESENTATION OF THE CROSS 
SECTION OF FIGURE 6 

Interelectrode Capacitance 

The equivalent circuit of Figure 7 contains four voltage 
nodes. Therefore, six capaCitors will exist to couple these 
nodes. The switching waveforms are determined by these 
capacitors and the small signal equivalent circuit of the MOS 
and JFET. Of course, the MOS and JFET small signal equiv· 
alent circuits are nonlinear functions of voltage and current 
and invariant with frequency. Similarly, the capaCitors are 
nonlinear with voltage and current. 

Industry data sheets show three terminal characterization of 
this four node network at zero drain current. Under this con
dition, the transconductance and output resistance are zero 
and infinity for both the MOS and the JFET. This condition 
reduces the power MOSFET to the capacitor network of Fig
ure 8, which may be replaced by three capacitors. Note that 
this situation is valid only when no MOSFET current flows. 

FIGURE 8. CAPACITOR NETWORK REPRESENTATION OF 
THE POWER MOSFET 

When current does flow, node (4) of Figure 7 is a low imped
ance node due to the source follower characteristic of the 
JFET. Similarly, nodes (1) and (3) are generally low imped
ance nodes by virtue of the ground reference and the load 
resistance. Therefore, capacitive currents will usually be sig· 
nificant only to the input node, (2). Capacitors C 12, C23, and 
C24 are examined below over most of the switching regime 
when current is flowing. 
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Gate to Source Capacitance, C'2 

When all of the die except the actual MOSFET cells are 
ignored, Figure 6 shows that the gate to source capacitance 
(C'2) is that from the poly gate upward through the thick 
oxide to the source metal. In addition, there is a contribution 
from the poly gate to the n+ source through the thin gate 
oxide. Additionally a fringing capacitance exists at the edge 
of the polysil gate. These components of C'2 are invariant 
with voltage and current. There is a fourth component from 
the poly gale to a region about half way along the MOS 
channel through the gate oxide. This component is actually 
distributed, and varies somewhat with current and voltage. 

Gate to Drain Capacitance, C23 

Capacitor C23 exists only when no accumulation layer is 
present beneath the poly gate. Otherwise, the accumulation 
layer acts as an electrostatic shield. This layer exists when
ever the drain voltage immediately beneath the gate oxide is 
essentially negative relative to the poly gate. In addition, the 
capacitive coupling from drain to gate diminishes greatly 
when the JFET is pinched off. Therefore, C23 exists for only 
a small range of drain voltage. In addition, it should decrease 
rapidly as the pinch-off voltage level is approached because 
the effective area of concern is closed off similarly to the 
aperture of a camera (for a hex cell). 

Gate to Internal Electrode Capacitance, C24 

Capacitor C24 is rather large for positive gate voltages. It is 
made up of that area between the poly gate and the accu
mulation layer, plus some of the area between the poly gate 
and the middle of the MOS channel. In both cases, the 
dielectric is the thin gate oxide. So long as the gate voltage 
is positive relative to the n- layer beneath the poly gate, the 
accumulation layer exists and C24 is invariant. This accumu
lation layer ceases to exist when the external drain voltage 
minus the IR drop through the n- neck region approximately 
equals the gate voltage. The area associated with the accu
mulation layer (JFET cathode) rapidly decreases with 
increased drain voltage. In addition, a depletion layer may 
now form, leading to a further reduction of C24. 

Waveforms Expected from the Model 

The following discussion relates the prior model discussion 
to the waveforms of Figure 5. The discussion begins with the 
gate voltage at +SV or +10V and the gate current equal to 
zero. This condition corresponds to saturated behavior, 
where the drain current is approximately equal to lo(max) 
and the drain voltage equals lo(max) times Ros(ON). 

Gate Voltage Slope - toFF Delay 

As time progresses, IG = -SmA, which must flow through C'2 
+ C23 + C24 of Figure 8 because the MOS and JFET are 
both heavily biased into conduction. Therefore, dV Jdt = dVs/ 
dt = nearly O. With large positive gate bias and drain voltage 
near zero, C23 is zero and C'2 and C24 are constant. As a 
result, the gate voltage should be a straight line with a slope 
equal to: 

(1 ) 

Gate Voltage Plateau 

As the gate voltage decreases, the drain voltage will 
increase imperceptibly at first until the gate voltage drops 
enough to bias the MOS into its constant current mode. At 
this pOint, the very high transconductance of the MOS is 
consistent with very little change in gate voltage to reduce 
the current by several percent. Several percent change in 
drain current corresponds to many volts in drain voltage. As 
a reSUlt, the gate current no longer flows from C'2 during the 
constant gate voltage plateau. 

Drain Voltage Shallow Slope 

Since C23 is still zero, all gate current must flow from C24. 
Assuming that the gate voltage is plateaued and that the 
JFET is still heavily forward biased, node 4 of Figure 7 must 
ramp at linear rate. Therefore, the JFET must also ramp at 
this same rate. 

dVoIdt = IG/C24 (2) 

Again this curve will approximate a straight line. 

Drain Transition Voltage 

As mentioned above, C24 rapidly decreases once the drain 
voltage is slightly greater than the gate voltage. (Actually, 
this voltage is the n- voltage directly beneath the gate oxide, 
and differs from the drain voltage by an amount nearly equal 
to loros(on).) 

Since the drain voltage is still fairly low and the drain current 
has not changed much, the gate plateau voltage still exists. 
Equation 2 still applies except that the value of C24 has 
materially decreased and C23 has become finite. This situa
tion results in a substantial increase in dVoIdt. 

JFET Pinch Off Voltage - Drain Voltage Steep Slope 

As the drain voltage approaches the pinch off voltage of the 
JFET, the JFET comes out of saturation and starts to support 
MOSFET drain voltage. The voltage gain of the active JFET 
permits large changes in the JFET drain voltage for small 
changes in its source-te-gate voltage. But the JFET sour-to
gate voltage is the lateral MOS drain-te-source voltage, which 
is dominated by equation 2 (but for low values of C24). 

Gate Voltage Curvature from Plateau 

As the drain voltage increases, the drain current decreases. 
This condition requires significant decrease in gate voltage 
until the gate threshold is approached. A significant portion 
of the gate current must now flow through C'2' This flow pro
duces a gradual transition in the gate voltage and some 
slowing of the drain voltage waveform. 

Gate Voltage Slope - t(ON) Delay 

When the drain is totally off, most of the gate current flows 
from C'2' Again, this capacitance is constant, so that the 
waveform is a straight line with a slope equal to: 

(3) 
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FIGURE 9. TEST CIRCUIT 

New Switching Characterization for 
Power MOSFETs 

The above discussion suggests that a new method of char
acterization may be provided for resistive switching with 
power MOSFETs, where constant current gate drive is 
employed during the transition time.1 The below method 
bears some similarity to the gate charge concept.2 The state 
of the gate charge is a continuous plot in this work, however, 
rather than a single point. This approach permits a knowl
edge of all waveforms with any drive circuitry, rather than just 
the total elapsed time. In addition, the total elapsed time is 
fixed (at just under 50 microseconds) by choosing the 
required value of constant gate current. Circuit designers are 
usually more comfortable with milliamperes and microsec
onds (although the product is charged in nanocoulombs). 

Test Circuit - Drive 

A test circuit is shown in Figure 9. The heart of this circuit is 
the Harris CA3280 integrated circuit. This is an operational 
transconductance amplifier (OTA) operated as a comparator. 
An OTA is a current output circuit where the output current 
and output transconductance are programmed by the ampli
fier bias current (lABel. Internal chip circuit feedback assures 
an extremely high output impedance within a compliance 
range established by the supply voltages. The circuit of Fig
ure 9 is actually two OTA's in parallel. The linearizing diodes 
on this chip are not used. 

A value of IABC is established from the collector of the 
2N4036. The current into the load (the gate of the MOSFET 
under test) may be varied between +IABC and -IABC times a 
constant of proportionality (approximately 0.9). The actual 
value depends upon the input differential input voltage. As a 
comparator, the differential voltage is large resulting in satu
rated behavior of ±IABC' If the gate voltage comes within a 
volt of the rail voltages, this current goes to zero, producing a 
clamping voltage. For the purposes of this Note, these sup
ply voltages are adjusted to clamp 0 volts and +10 volts for 
the normal n-channel MOSFET. The behavior of this IC is 
excellent from submicroamperes to about 2.5mA. Higher 
current may be achieved by stacking many CA3280 pack-

ages one on top of another and soldering the leads parallel 
to the chips rather than wiring many sockets. However, this 
arrangement may require an increase in the bypass capaci
tor values. 

A CA3240E MOS input op amp is used as a unity gain fol
lower. Otherwise, the 1mQ or 10mQ shunting impedance of 
the scope would load the high impedance circuitry associ
ated with the MOSFET gate. 

Testing Conditions 

A pulse generator is set for 50l1s on time duration and 
approximately 25ms repetition rate (about 0.2% duty cycle). 
The ± clamp voltages are set to the appropriate values. The 
power MOSFET load resistor is chosen to equal the maxi
mum rated voltage divided by the maximum rated current. 

With a low value of drain supply voltage, observe the gate 
voltage while adjusting IABC' A convenient set of conditions 
occurs when a short dwell time of several I1s exists at the 
+10V level. Minor adjustments may be desired for IABC as 
the drain supply voltage is increased to maximum rated 
value. The L2FETs would be tested at +5V gate clamp. 

Figure 10 exhibits the pertinent waveforms for an 
RFM15N15. All power MOSFETs have similar waveforms. 
Figure 10(a) is the 3V signal to the CA3280. Figure 10(b) is 
the power MOSFET gate current. In this example, the ampli
tude is ±1mA with a third state of OmA. Figure 10(c) displays 
the gate voltage and the drain voltage, 10V peak-to-peak 
and 150V peak-to-peak. Figure 10(d) is a piece wise linear 
approximation of Figure 10(c). The datum line is zero volts 
and applies to both waveforms. The time scale of the wave
forms of Figure 10 is 100l1s full scale. 

There are some features of the gate and drain voltage wave
forms that should be noted. These features are consistent 
with the equivalent model discussion. 

1. The waveforms during the positive gate current time are 
symmetrical to those during the negative gate current 
time. Exceptions will occur for very fast or very slow 
switching, and for nonsymetrical current drive. These ex
ceptions are discussed in the following. 
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2. The drain voltage waveforin contains a rather steep slope 
with a fairly constant dv/dt over most of the drain voltage 
excursion. 

3. The drain voltage contains a rather shallow slope with a 
fairly constant dv/dt over the remainder of the drain volt
age excursion. 

4. The drain transition voltage (defined as the intercept of the 
above two near straight lines) typically occurs when the 
drain voltage equals the sum of the gate voltage (at that 
instant of time) plus the product of the drain current times 
ros(on). 

5. The gate voltage waveform contains three near straight 
line segments during the positive gate current transition 
time. 

J 
(A) 

,,'-_ ......... __ ..41 
(B) 

(C) 

(D) 

FIGURE 10. (A) 3V SIGNAL TO THE CA3280, (B) POWER MOS
FET GATE CURRENT, (C) GATE AND DRAIN 
VOLTAGE, (D) PIECE WISE LINEAR APPROXIMA
TION OF 10(C) 

Application of the Switching Data 

Figure ·11 is a family of curves similar to Figure 10(C), where 
the drain supply voltage is fixed at four values. Note that the 
ordinate is 10V full scale for the gate voltage, while it is nor
malized to 100% of maximum-rated drain voltage for the 
drain-voltage curves. All four sets of curves are taken with a 

predetermined gate current, ±IT• The abscissa is also nor
malized to 100 (lTIIG) microseconds full scale, where IG is 
the actual gate drive current. With this characteristic curve, 
switching behavior may be readily predicted for almost any 
driving circuit, provided the load is resistive. 
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FIGURE 11. CURVES SIMILAR TO THOSE OF FIGURE 10(C) 
WITH DRAIN SUPPLY VOLTAGE FIXED AT FOUR 
VALUES 

Symmetrical Current Drive 

Waveforms of Figure 11 will scale in .an inverse manner with 
gate current. Driving current was varied from ±200mA to 
±21lA for the device of Figure 11. Measurements of delay 
time (on), rise time, delay time (off), and fall time are plotted 
in Figure 12 and compared to the inverse scaling suggested 
by Figure 11. 

RFM15N15 

" Id (oFF) 
All 
o Ir 
• Id (ON) 

FIGURE 12. VARIOUS TIME MEASUREMENTS COMPARED TO 
THE INVERSE SCALING SUGGESTED BY 
FIGURE 11. 

It is anticipated that very slow switching (in the millisecond 
region) will result in the chip thermally tracking the power 
dissipation, which would cause some deviation from the 
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inverse scaling. This condition was not noted on Figure 12 
for gate cu rrents as low as ±21lA. 

Large gate currents result in very fast switching waveforms. 
The gate of each hex cell is accessed through a gate pad 
and gate runners. which are of a low resistivity metal 
followed by buried polysilicon of a moderate resistivity. As a 
result. the high gate currents cause a propagation delay to 
exist for those cells far removed from the gate runners. This 
effect is not seen in Figure 12. even though the gate current 
was increased to ±200mA. 

Asymmetrical Current Drive 

The positive and negative gate drive will often be dissimilar. 
Of course. the scaling must reflect this situation. At other 
times the gate current varies with amplitude. This condition 
is always true when driving from a pulse generator of fixed 
resistance. Piecewise linear methods will yield the gate 
current. which will permit the proper piecewise linear scaling. 
This calculation could be done in the following manner: 

1. Mark eleven small x's along the gate waveform of Figure 
11 dividing it into 10 equal voltage segments; for example. 
Vo = 0.1.2 •... 9. 10V. 

2. Draw averticalline through each x the full height of the fig
ure. creating 10 time segments. 

3. If the driving-pulse amplitude is 0 to 10 volts with an inter
nal resistance of 100 ohms. calculate the piecewise linear 
gate current for each time segment. 101 = (10 - 0.5)/100 = 
95mA. 102 = (10 -1.5)/100 = 85mA. etc. 

4. Then scale each waveform within the pertinent time seg
ment by the proper gate current. 

5. Smooth the curves. 

6. Create 10 more time segments for the right half of Figure 
11 corresponding to an average gate voltage of 9.5.8.5 •. 
.. 1.5.0.5 volts. Call these segments 11.12 •... 19.20. 

7. In that the pulse-generator voltage is now zero volts. cal
culate 10 as: 
1011 = (0-9.5)/100 = -95mA. 1012 = (0-8.5)/100 = -85mA. 
etc. 

8. Repeat 4 and 5; L2FETs would be treated with smaller 
voltage segments. 

Generally. the gate-voltage plateau of Figure 11 will not be 
located at the middle of the pulse-generator amplitude (5 
volts). As a result. rise· and fall times measured this way 
experience differing gate currents and are "nonsymetrical". 
This type of measurement will also lead one to observe 
temperature sensitivities. load-current sensitivities. and 
device-to-device variability. all of which are more circuit 
dependent than device dependent. 

Source-Lead Inductance 

output current loops. This voltage. l dVdt. may be 
approximated and applied to the gate-voltage waveform after 
scaling Figure 12 for the actual gate currents. Generally. this 
effect is not appreciable for gate current small relative to 
±100mA. A very loose circuit wiring arrangement with inches 
of mutually common source wire will exaggerate this effect. 

Gate Voltage Propagation Effects 

Most power MOSFET applications need switch no faster 
than tenths of a microsecond. but should faster switching be 
required. this section will become important. It must be 
understood that the power MOSFET appears as a 
distributed network of many cells when used for very fast 
switching. 

The thousands of individual MOSFET cells are connected in 
parallel with highly conductive metal for the sources and 
drains. However. the gates are paralleled with a moderately 
conductive film of doped polysilicon. As a result. a very steep 
voltage waveform applied to the gate pad will bias those 
cells close by. but a delay will occur for turn on or turn off. 
Because of the nonlinear "input capacitance" of each cell. 
the delay cannot be characterized by a pure number of so 
many nanoseconds. 

Presently. most manufacturers characterize typical switching 
speed for a single test condition. The test conditions are 
usually chosen to present the most favorable result. usually 
near the upper limit of usefulness. 

Figures 13(A). (B). and (C) show the increasing effect of gate 
voltage propagation. The gate waveform is the only one 
shown because the drain is not affected so drastically. This is 
true because some cells are overdriven. offsetting the effect of 
the starved cells. Care must be exercised when operating with 
large gate effects similar to those of Figure 13(C). 

The gate-voltage waveforms may be corrected by the FIGURE 13. CURVES SHOWING THE INCREASING EFFECT OF 
voltage across the source-lead inductance and external GATE VOLTAGE PROPAGATION 
inductance. which may be mutually common to the input and 
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Gate-propagation effects may be reduced by the following 
design methods: 

1. Many gate runners. 

2. More conductive polysilicon. 

3. Silicide rather than polysilicon gates. 

4. Less cells (resulting in lower transconductance and higher 
RoN)· 

5. Substantially different lateral and vertical structure. 

6. High-frequency packaging. 

None of the above methods will yield "breakthrough" devices 
unless used in combination. 

Any of the previous methods require trade-offs which would 
not be attractive to the needs of most components users. 
These trade-offs are in the realm of: 

1. Reduction of RoN per unit area. 

2. Decreased yield. 

3. Added cost (beyond the cost of yield impact). 

4. RFI, sell-oSCillation, and other problems characteristic of 
very fast devices. 
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POWER MOSFET SWITCHING WAVEFORMS: 
A NEW INSIGHT 

Author: Harold R. Ronan. Jr. and C. Frank Wheatley. Jr. 

The examination of power MOSFET voltage and current 
waveforms during switching transitions reveals that the 
device characterization now practiced by industry is inade
quate. In this Note. device waveforms are explained by con
sidering the interaction of a vertical JFET driven in cascode 
from a lateral MOSFET in combination with the interelec
trode capacitances. Particular attention is given to the drain
voltage waveform and its dual-slope nature. The three termi
nal capacitances now published by the industry are shown to 
be valid only for zero drain current. For cases where the gate 
drive is a voltage step generator with internal fixed resis
tance. the drain voltage characteristics are inferred from the 
gate current drive behavior and compared to observed 
waveforms. The nature of the "asymmetric switching times" 
is explained. 

A waveform family is proposed as a more descriptive and 
accurate method of characterization. This new format is a 
plot of drain voltage and gate voltage versus normalized 
time. A family of curves is presented for a constant load 
resistance with VOO varied. Gate drive during switching tran
sitions is a constant current with voltage compliance limits of 
o and 10 volts. Time is normalized by the value of gate driv
ing current. The normalization shows excellent agreement 
with data over five orders of magnitude. and is bounded on 
one extreme by gate propagation effects and on the other by 
transition time self-heating (typically tens of nanoseconds to 
hundreds of microseconds). 

Device Models 

The keystone of an understanding of power MOSFET 
switching performance is the realization that the active 
device is bimodal and must be described using a model that 
accounts for the dual nature. Buried in today's power MOS
FET devices is the equivalent of a depletion layer JFET that 
contributes significantly to switching speed. Figure 1 is a 
cross-sectional view of a typical power MOSFET. with MOS
FET/JFET symbols superimposed on the structure. 

Figure 2 is obtained by taking the lateral MOS and vertical 
JFET from this conception and adding all the possible node
to-node capacitances. Computed values of the six capaci
tances for a typical device structure suggest that device 
behavior may be adequately modeled using only three 
capacitors in the manner of Figure 3. This is the model to be 
employed for analysis and study 

Copyright © Harris Corporation 1992 
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Gate Drive: Constant Voltage or 
Constant Current 
Before moving on to the study of the equivalent circuit states 
of the model. a gate-drive forcing function which is easy to 
represent. relates to reality. and best illustrates device 
behavior must be chosen. The choice may be immediately 
narrowed to two: 

(1) An instantaneous step voltage with internal resistance R. 
Figure 5. 

(2) An instantaneous step current with infinite internal resis
tance. Figure 6. 

t 
STATES i ..... +--5.-; ........ ..; 

i 
: 

i 10 = CONSTANT! 
: : 
i i 
i i 
i i 

FIGURE 4. IDEALIZED POWER MOSFET WAVEFORMS 

TURN ON 
v(t). va (1 _ 8)-tlROC 
1(1) = Va • -t/RoC 

FiO 

TURN OFF 
vItI = Va. -tIRoC 
I(t) • - Va .-tlRoC 

FiO 

~U 
t : 

-IPK= VafRo ! 
i 
~ 
! 

FIGURE 5. STEP-VOLTAGE FORCING FUNCTION 

Power MOSFET devices are highly capacitive in nature; 
hence. simple capacitor responses to the forcing functions 
offer a good vehicle for comparison. The advantageous 
choice is immediately obvious: Figure 5. Voltage/time 
responses dominated by capacitance are straight lines 
(when constant current is used). The slope of these lines is 

proportional to current and inversely proportional to capaci
tance. Analytically. then. constant current is most conve
nient. It is quite another matter. however. to build a 
bidirectional current drive that is accurate across the many 
decades of both current and time required to establish 
experimental verification. 

Six States 
To completely characterize power MOSFET switching wave
forms. the six states that a device assumes. Figure 6. must 
be addressed: 

STATE MOS JFET 

Turn-on 1 Off Off 

Turn-on 2 Active Active 

Turn-on 3 Active Saturated" 

Turn-oil 4 Saturated Saturated 

Turn-oil 5 Active Saturated 

Turn-oil 6 Active Active 

"The term saturated is taken to mean a constant low-voltage 
drain-source condition. 

TURN ON 
l!it 

v(I). C 

1(I)ala 0 <I < T 

TURN OFF 
"'.sit v(I)= 2Va C 

1(1) ala T < t< 2T 

FIGURE 6. STEP CURRENT FORCING FUNCTION 

Equivalent Circuit 

The lumped-parameter model of Figure 3. with the 'cascode
connected JFET. can now be reduced to the linear equiva
lent circuit of Figure 7. and the six device states investigated 
from full off to full on. 

la 

LEGEND 

VGS - Gate Voltage 
Vx - JFET Driving Voltage 
Vo - Drain Voltage 
CGS - Gate Source 

Capacitance 
Cx - MOSFET Feedback 

Capacitance 

Cos 
gM 
gw 
RL 

IG 

VD 
l--+-_o---o DRAIN 

CDS 

- Drain Source CapacHance 
- MOSFET Transconductance 
-JFET Transconductance 
- Drain Load Resistance 

- Constant Current AmpHtude 

FIGURE 7. POWER MOSFET EQUIVALENT CIRCUIT 
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State 1: MOS Off, JFET Off 

In a power-MOSFET device, no drain current will flow until the 
device gate threshold IIOltage, VT, is reached. During this time, 
the gate current drive is only charging the gate source capaci
tance. More accurately, IG is charging CISS (Clss = CGS + CGl) 
Cos shorted), the capacitance designation published by the 
industry. 

The current generators, gMvG and gMJVX are open circutts for 
zero drain current, and RL is presumed to be so low as to repre
sent a short circuit (generally true for practical applications). This 
is academic however since CGS is very much larger that Ca. The 
time to reach threshold, then, is simply: 

T= 
C1SS VT 

State 2: MOS Active, JFET Active 

This state graphically illustrates the dramatic influence that the 
JFET has on the power MOSFET drain-lIOltage wave- form. 
Instead of having to discharge Cx from V DO to ground, the lateral 
MOSFET need only swing Vx to ground, a much smaller IIOttage 
thanks to the grounded gate JFET. Since the interaction of ~ 
with the device capacttances has a second-order effect on the 
drain IIOttage, the equivalent circuit of Rgure 7 predicts a drain 
vottage change ot 

dyaldt = gMRLIal[CGS + Cx(1 + grv¥'gMJ)J 

In all but the smallest power-MOSFET devices, ex is several 
thousand picofarads and grv¥'gMJ is of the order of 3:1. Power
MOSFET devices exhibit a high dv[/dt swttching rate because of 
the cascode-connected J FET, not because CRSS (CRSS = CGo) 
is a small value, as zero-drain-current data- sheet capacitance 
values might lead one to believe. If CRSS were, in actualtty. small, 
long drain IIOltage tails would not exist. The tail response is a 
direct resutt of JFET saturation. In order to delineate the transi
tion from state 2 to state 3, a drain IIOltage at which the transition 
occurs must be defined. VoK is the knee vottage at which linear 
extrapolations of drain-lIOltage slopes intersect. The time dura
tion of state 2 is: 

t = (Voo - VoK)[CGS + Cx(1 + gM/9MJ)VgMRLIG 

State 3: MOS Active, JFET Saturated 

When the JFET saturates, the gMJVX current generator becomes 
a short circuit and the equivalent circuit predicts: 

dy[/dt = gM~Iaf[CGS + Cx(1 + gMRL)J 

This is the Miller effect so often referred to in older texts that 
describe the behavior of grounded-cathode vacuum-tube ampli
fier circuits. Allowing for the fact that 1 + gMRL is approximately 
equal to gMRL and Cx(1 + gMRLl is very much larger than CGS, 
the expression for drain-voltage tail time is: 

t = (VoK - VO(SATj)CJlG 

State 4: MOS Saturated, JFET Saturated (Tum-Off) 

In this state, in addttion to gMJVX being shorted, the gMVG current 
generator is shorted, and IG is occupied with charging Cx and 
CGS' in parallel, from the peak value of VG to VG(SAT)' The time 
required for this is: 

t = (VG - VG(SAT)(CGS + Cx)IIG 

Since a value for CGS may be measured independently of swttch-

ing time, the method described is the simplest way of determin
ingCx· 

On turn-off, the state time equations are equally applicable, 
but in reverse order (states 5 and 6); see the idealized wave
form of Figure 4. 

Experimental Verification 

The four swttching states just analyzed indicate that for a given 
device, all four switching state times are inversely proportional to 
the magnttude of the gate drive current. Figure 8 illustrates the 
switching performance of a typical power MOSFET across three 
decades of gate drive current and time. In each case the data 
slope is almost a pertect -1. 

A New Device Characterization 

Figure 8 could not be a reasonable device data sheet presenta
tion because it does not give the designer any information on a 
typical value for Cx, nor does it convey how V OK, gM, grv¥'gMJ, and 
VG(sat) vary wtth drain current. What would be of enormous 
value 10 the designer is a plot of Vo(t), VG(t) for selected values of 
V DO and 10 wtthin device ratings. 

A reasonable characterization would be as follows: 

1. The x axis would be normalized in terms of gate current drive. 

2. The Y axis would be normalized in terms of percent maximum rated 
Vo (0 to 100%). 

3. At. = V O(maxYIO(max) would define the drain load resistance. 

4. Four plots of Vo(t), VG(t) at 100%, 75%, 50%, and 25% Vo(max) 
would be shown. 
10r-~-----------------------------' 
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FIGURE 8. CONSTANT GATE CURRENT SWITCHING TIME 

Figure 9 is such a plot for the RFM15N15 power MOSFET. 
With such a plot, a designer can estimate device switching 
performance under any resistive gate/drain conditions. 
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100,.~--------7.M~--~-----------=~ sis for resistive step voltage inputs, which is complex 
because the gate current is no longer constrained 10 be con
stant, bul is a function of device gate-voltage response, is 
covered in Appendix A. (A second, shorter appendix, B, has 
been added to illustrate the estimation of Ro for some practi
cal gate drive circuits.) Table I summarizes the common 
switching equations, and indicates the appropriate 1G to be 
used in each state for relating step voltage drives to the 
characterization curves. 

75 

j 
en 50 
w 
Ii a: 
~ 

25 Experimental Verification 

20lPla 40lTlla 60lTJla 80lTlla 
TIME - microseconds 

FIGURE 9. NORMALIZED RFM15N15 SWITCHING WAVE
FORMS FOR CANSTANT GATE-CURRENT DRIVE. 

Since the switching equations for step currents and voltages 
differ only by gate-current magnitudes lor the same device 
type, one would expect a plot of switching time versus 1/Ra 
to be 01 the same form as those obtained for a step current 
drive. This is exactly Ihe case, as Figure 10 is merely a vari
ation of Figure 8. Using the relationships of Table I, the 
observed differences between Figs. 7 and 9 can be pin
pointed. The two sets of experimental curves confirm that, 
on the basis of the short-circuit drive current VU/Ro equal
ling the constant 1G, t6(on), t, td(off), and t1 will all be 
longer, as predicted by the ratios of the gate drive currents of 
Table 1. Notice also that t, t1 switching symmetry is dis
rupted by the use of a step voltage with source resistance 
Ro For states 2 and 6 the time ratio is: 

Step-Voltage Gate Drive 

The majority of power MOSFET applications employ a step 
gate-voltage input with a finite source resistance RoOllen 
Ro for turn-on is not the same as Ra for turn-off. How can 
switching times for these situations be estimated using the 
switching characterization curves just described? The analy-

TABLE 1. COMMON SWITCHING EQUATIONS 

CONSTANT CURRENT I STATE 1: MOS OFF, JFET OFF 

1= 
CISs VT 

T IG 
U IG=IT I STATE 2: ACTIVE, ACTIVE 
R 
N 

1= 
[Voo - Vol<) [CGS + Cx (1 + g,JgMJ)) 

0 gMRLIG 

N IG = Ir I STATE 3: ACTIVE, SATURATED 

1= 
(VOK - VOSATlCx 

IG 

IG = Ir I STATE4:SATURATED,SATURATED 

(CGS + Cx)(VG - VGSATl 

T 1= 

U 
IG 

R IG = Ir I STATE 5: ACTIVE, SATURATED 
N 

1= 
(VOK ' VOSATlCx 

0 IG 
F 

I F IG = Ir STATE 6: ACTIVE, ACTIVE 

1= 
[Voo - VoK) [CGS + Cx (1 + g,JgMJ)) 

gMRLIG 
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Experimental Verification 

Since the switching equations for step currents and voltages 
differ only by gate-current magnitudes for the same device 
type, one would expect a plot of switching time versus lIRe 
to be of the same form as those obtained for a step current 
drive. This is exactly the case, as Figure 10 is merely a vari
ation of Figure 8. Using the relationships of Table I, the 
observed differences between Figures 7 and 9 can be pin
pOinted. The two sets of experimental curves confirm that, 
on the basis of the short-circuit drive current VcfRe equalling 
the constant IG' to(on), tA' to(oll), and tF will all be longer, as 
predicted by the ratios of the gate drive currents of Table 1. 
Notice also that tA, tF switching symmetry is disrupted by the 
use of a step voltage with source resistance Ro For states 2 
and 6 the time ratio is: 

tTUAN-ON 

tTUAN-OFF 

For states 3 and 5 the time ratio is: 

lTURN'()N 

tTUAN-OFF 

Utilization of available maximum gate drive voltage and cur
rent can be optimized for fastest power MOSFET switching 
speed through Ihe use of constant-current gate drive at the 
expense of increased gate-drive circuit complexity. 

10 

S: 0.1 

RFM15N15 
'. Voo= 75V 

". 10 .7.5A 
"'ie.. Va .10V 

•• ie. ••• ~ ••• 
Ito • 

..... ". 

" .. ""~···········~···· ••• II 
10(OFF) + 
IR 0 

:~(ON) ~ ••••••• 
'. 

0.01 L.l0-... :-'--...I-..J...J....J...,;~.L--'--'-..L,..L0".,..2-'--..I.-..L..U10_1 
llRo 

FIGURE 10_ CONSTANT GATE VOLTAGE SWITCHING TIME 

Using the Characterization Curves, 
Figure 9 

To estimate the switching times for an RFM15N15 power 
MOSFET under the conditions VG = 10V, Voo = 75V, Ro = 
100 ohms, and RL = 10 ohms, precedes as follows: 

State 1: MOS Off, JFET Off 

This time can be estimated without recourse to the curves 

t= 100(1200 x lO,l2jin[lI(I-41'Oll 

t= 61 ns 

State 2: MOS Active, JFET Active 

10 = (10 - 4)/100 = 60mA 

1= 
(curve divisions) x IT lIS 

60 

State 3: MOS Active, JFET Saturated 

10 = (10 -7)/100 = 30mA 

9 

60 

14 
1= 

(curve divisions) x IT lIS 

30 
=--

30 

State 4: MOS Saturated, JFET Saturated 

150 ns 

467ns 

CGS + Cx (gate vottage slope)(lesl currenl) 

= (1.5 x 10-6S/5volts)(10mA) 

= 3OO0pF 

1= 100(3000 X 10,12) In [10/6.6) 

t = 125ns 

State 5: MOS Active, JFET Saturated 

10 = 6.61100 = 66mA 

1= 
(curve divisions) x IT lIS 

66 

8 

66 
= 121 ns 

Figure 11 shows RFM 15N 15 waveforms using the condi
tions specified in the example. 

RFM15N15 
voo " 75 VOLTS 

RL,,100HMS 
VG ,,10 VOLTS 
Ro.l00 OHMS 

o Yo-..L-~~--------I~------~-'--...I-~3 

TIME - MICROSECONDS 

FIGURE 11. STEP GATE VOLTAGE INPUT TO AN RFM15N15 

CALCULATED MEASURED 
STATE TIME TIME RATIO 

(te, ns) (tM' ns) (tdIM) 

1 61 60 1.02 

2+3 671 670 0.92 

4 125 137 0.91 

5+6 318 375 0.85 

For peak gate voltages other than 10 volts, and load resis
tances other than VOSs/IO(AMS), the equations of Table 1 
may be used in conjunction with slope estimates from the 
characterization curves for Cx and CGS + Cx(l + gM/9MJ) at 
the appropriate drain-current level. 
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Characterization-Curve Limits 

The swRching-time range over which the characterization can be 
applied is very impressive. For gate currents of the order of 
microamperes, device dissipation is the limiting factor. For gate 
currents of the order of amperes, the device response will be 
slowed by gate propagation delay. This delay, of course, 
degrades the linear swRching relationship to gate current. How
ever, as Figure 12 graphically shows, the characterization is valid 
across five decades of gate current and swRching time, allowing 
all but a very few swRching applications to be described by the 
characterization curves of Figure 9. 

RFM15N15 
to(OFF) x 
tR 0 
tF A 
to(ON) + 

10.2'-:,.......:_...,1:....-:...1 ..:.I..:.I-::-...:..._.".I--!.I-"I'-!...I .,....-:""--o!:--!'..!...J 
100 101 102 103 104 105 106 

GATE CURRENT (IG) - MICROAMPERES 

FIGURE 12. FIVE DECADES OF LINEAR RESPONSE 

Conclusions 

The viability of the proposed characterization curves using con
stant current has been demonstrated and the IimRs of applica
tion defined. The existence of a vertical JFET in a power 
MOSFET makes data-sheet capacitances of little use for esti
mating switching times. The classical method of defining 
switching time by 10% and 90% is a poor representation for 
power MOSFETs because of the dual-slope nature of the drain 
waveforms. SwRching influences are masked because the 10% 
level is controlled by one mechanism and the 90% level by 
another. Device comparisons based on the classical switching 
definition can be very misleading. 

Appendix A - Analysis for Resistive Step 
Voltage Inputs 

Step Voltage Gate Drive 

To obtain the necessary relationships, six device switching 
states must be examined using the same device equivalent 
circuit as was used for the constant-gate-current case, but 
with the forcing function replaced with a step voltage with 
internal resistance ROo Figure A-1. 

GATE 

Vo 
r-t"----<t--o DRAIN 

LEGEND 

VGS - Gate Voltage Cos - Drain Source CapacHance 

Vx - JFET Driving Voltage gM - MOSFET Transconductance 

Vo - Drain Voltage gMJ - JFET Transconductance 

CGS - Gate Source RL - Drain Load Resistance 
Capacitance 

Cx - MOSFET Feedback IG - Constant Current Amplitude 
Capacitance 

FIGURE A-1. POWER MOSFET EQUIVALENT CIRCUIT 

State 1: Mos Off, JFET Off 
As before, both current generators are open circuits, reducing 
the equivalent circuit to simply charging CISS through Ro 

t = FIoC1ssln(1/(1 - VrNG)] 

t= Va/Flo 

State 2: Mos Active, JFET Active 
Before proceeding, R is wise to examine an actual device 
response and make use of available simplifications. Figure A-2 
shows iG(tl and iD(tl for a typical power MOSFET driven by a 
step gate voltage. For truly resistive switching, realize that these 
waveforms are only mirror images of their voltage counterparts 
vG(ll and vo(!). Using Figure A-2, applicable gate currents for 
each of the device states may be listed. 

IG(t) 

TIME--+ 

FIGURE A-2. IG(I) AND 10 (1) FOR A TYPICAL POWER MOSFET 
DRIVEN BY A STEP GATE VOLTAGE 

Turn-On 

State 1: MOS Off, JFET Off 

IpKl =VdRo 
State 2: MOS Active, JFET Active 

IpK2 = (VG - VTl/Ro 
State 3: MOS Active, JFET Saturated 

IpK3 = (VG - VG(SAT)l/Ro 
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Turn-Off 

State 4: MaS Saturated, JFET Saturated 

IpK4= VdRo 

State 5: MaS Active, JFET Saturated 

IpKS = VG(SATYRo 

State 6: MaS Active, JFET Active 

IpK6 = VG(SAT/Ro 

The equivalent circuit of Figure A-1 predicts that: 

dvoldt = -gMRdVG - VT)e-VT1 rr1 
where T1 = RoCGS + (1 + gM"gMJ)RoCx 

Note that gMRL(VG - VT) is usually an order of magnitude 
greater than V do. indicating that the drain voltage is discharging 
toward a very large negative value. The device operation, then, 
is on the early, almost linear, portion of the exponential, where 
e-VT1 approximates unity. The drain current of Figure A-2, and 
hence the drain voltage, does indeed exhibit a linear decrease 
with time. 

Thus, for state 2: 

t= 
[VOO - VOK][CGS + Cx(1 + gM"gMJ)) 

gMRL IpK2 

where IpK2 = (VG - VT)/Ro 

State 3: Mos Active, JFET Saturated 

Because of the Miller effect, the gate voltage and, hence, the 
gate current, is almost constant during the tail time. The 
equivalent circuit then predicts: 

~ = gMRLIG 
dt CGs +(1 +gMRLlCx 

IG = IpK3 = (VG - VG(sAT)/Ro 

State 4: Mos Saturated, JFET Saturated [rurn-off) 

Both equivalent-circuit generators are short circuits, and the 
gate drive is discharging Cx in parallel with CGS through R0-

t = Ro(CGS + Cx) In[VdVG(sAT)1 

IpK4= vdRo 

State 5: Mos Active, JFET Saturated 

The JFET current generator VxgmJ, is operative. 

t= 
[VOK - VOISAT])CX 

IpK5 = VG(SATYRo 
State 6: Mos Active, JFET Active 

The Miller effect is now reduced by the activation of VGgMJ, 
and the equivalent circuit predicts: 

t= 
[Voo - VDldlCGS + Cx(1 + gM"gMJ)) 

Appendix B - Estimating Ro for Some 
Typical Gate-Drive Circuits 

Case 1: Typical Pulse-Generator Drive, Figure B-1 
VOD 

" l.-Jf " 

I~ 1 
r··-.---- .. -----------. 
: VGEN : i-D-C i · . · . · , · . · . 
~--------------------! 

FIGURE B-1. TYPICAL PULSE-GENERATOR DRIVE CIRCUIT 

Turn-On and Turn-Off 

Ro = RGENRGsf(RGEN + RGs) 

For the typical case where RGEN = 500.. and a coaxial-cable 
termination of 50 ohms, Ro = 25!l and VG = VGE~2. 

Case 2: Voltage-Follower Gate Drive, Figure B-2 

FIGURE B-2. VOLTAGE-FOLLOWER GATE-DRIVE CIRCUIT 

Turn-On 

Ro is approximately equal to 1/9M for Rs very much 
greater than 1/9M• 

gm = transconductance of driving MOSFET transistor. 

Turn Off 

Ro=Rs 

Case 3: Common-Source Gate Drive, Figure B-3 

RL 

Ro ~VDD ~ 
L.r

10V 1 "11 = 

FIGURE B-3. COMMON-SOURCE GATE-DRIVE CIRCUIT 

Turn-On 

Ro = Ro (drain-to-ground capacitance of driving 
device adds to CGS of driven MOSFET.) 

Turn Off 

Ro = Ros(on) of driving MOSFET 

Ro is very much greater than Ros(on) 
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SINGLE PULSE UNCLAMPED INDUCTIVE SWITCHING: 
A RATING SYSTEM 

Author: Harold Ronan 

Unexpected transients in electrical circuits are a fact of life. 
The most potentially damaging transients enter a circuit on 
the power source lines feeding the circuit. Power control and 
conversion circuits are vulnerable because of their close 
proximity to the incoming lines. The circuit deSigner must 
provide protection or face frequent field failures. Harris 
provides extensive information on transient characteristics in 
support of its line of transient voltage suppression devices 
(SSD-450). Additionally Harris offers power MOS devices 
that are avalanche failure resistant. Most semiconductor 
devices are intolerant of voltage transients in excess of their 
breakdown rating. Avalanche capable devices are designed 
to be robust. The Harris MEGAFET product line typifies the 
best in rugged power devices. To assist the designer in their 
use, Harris has devised a Rating System thai is application 
specific. This application note is intended to explain and 
illustrate the use of the single pulse Unclamped Inductive 
Switching Rating curves. 

Failure Mechanisms 

Early Power MOSFET devices, not designed to be rugged, 
failed when the parasitic bipolar transistor indigenous to the 
vertical DMOS process turned on. Figure 1 shows a cross 
section of a unit cell from an N-channel enhancement mode 
device. 

n-

n++ 

BIPOLAR TRANSISTOR 

FIGURE 1. VDMOS STRUCTURE WITH PARASITIC BIPOLAR 
TRANSISTOR 

When a unit is in avalanche, the bipolar transistor is in a 
V CER mode, thus, it will rapidly heat. The avalanche-induced 
base-emitter voltage rises because of a positive resistive 
temperature coefficient. Simultaneously, the base emitter 

Copyright © Harris Corporation 1993 

voltage at which the transistor will become forward biased 
decreases because of a negative VeE temperature 
coefficient. If a forward bias condition is reached, device 
failure initiates. Blackburn's measurements showed that this 
failure mode is a function of avalanche current and junction 
temperature and not energy related. 

Ruggedness improvement technology has advanced to such 
a level that devices fail because of a different mechanism. 
Devices have been manufactured in which the parasitic 
bipolar transistor never turns on. The failure is thermally 
induced. At the start of avalanche, any localized increase in 
temperature can initiate the formation of a current filament 
with a current-controlled negative-resistance characteristic. 
At a high current density, this can lead to the formation of a 
mesoplasma resulting in second breakdown and device 
failure. If there is heat transfer from the filament to the bulk 
material, the time to second breakdown is inversely 
proportional to the square of the current. 

The Harris MEGAFET product line typifies this type of failure 
mode. UIS capability testing of these devices show that the 
failure current versus the time in avalanche closely 
approximates a negative one-half slope when the loclls of 
device destruction points is plotted on a log-log graph. 
Device failure is not inversely proportional to current only as 
it would be in the case of constant energy. Harris supplies 
rating curves at starting junction temperatures of +250C and 
+150oC. 

VGS-20V -
100 

Idm 

STARTING TJ" +250 C 

'" O!" STARTING TJ" +150° 

~ ~ ... ... 
::Ii 

} 10 

IFR=O 
..... 

IAV" (L)(IASlI(1.3 RATED BVoss - Voo) l"- I'-
IFR>O ... 

IAV. (UR) In[(lAS·R)/(1.3 RATED BVoss - Voo) + 1) 
1 

0.01 0.10 1.00 10.00 
TIME IN AVALANCHE (IAV) - MILUSECONDS 

FIGURE 2. UNCLAMPED-INDUCTIVE-SWITCHING SAFE 
OPERATING-AREA CURVE (SINGLE PULSE UIS 
SOA). SEE FIGURE 3 FOR TEST CIRCUIT. 
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TABLE 1. 

CIRCUIT TIME IN AVALANCHE AVERAGE 
CONDITIONS AVALANCHE ENERGY AVALANCHE POWER 

ROW' Voo R TAV EAS PAS(AVE) = (EAJTAX) 

1 Voo R (UR)ln[l/In(1 +I/K)·K] (LIAS VOSx(susy'R)[I·Kln(I+I/K)] [lAS VosX(SuS) I [l/ln(1 +I/K)-K] 

- 0 R . . . . 

2 Voo 0 LlAs/(Vosx(suSrVoo) LlAS2/2(I-VooIVOSX(SUS») lAS VOSX(susy'2 -
3 0 0 LI~OSX(sUS) Ll2As12 lAS VOsX(susy'2 -

lAS - The peak current reached during device avalanche. 
- The time duration of device avalanche. tAV 

VosX(SUS) 
L 

- The effective (constant) device breakdown voltage during avalanche. 
- Inductance 

R - Resistance 
Voo - The output circuit supply voltage. 
K - (VoSX(SusrVoo)/IASR - The ratio of the inductor plus the resistor voltage to the resistor voltage drop. 

Test Circuit Equations 

The circuit model (Figure 3) used to describe a UIS test is a 
simple lumped parameter series inductor/resistor circuit in 
which both the power supply and device avalanche voltage 
are presumed to be constant. All the equations that result 
from the mathematical analysis are listed in Table 1 by the 
Voo. R conditions commonly referenced in the JEDEC test 
method and commercial data sheets. The equations in Row 
1 are for the general case. The factor K is the ratio of the net 
voltage across the inductor and resistor to the resistor 
voltage drop. When K is large (K >30), the equations in Row 
1 reduce to those in Rows 2 and 3. This can be accom· 
plished mathematically by substituting the series expansion: 
In(l + X) = X -X2/2 + ... Only the first term is needed fortAy. 
while two terms are required for EAS and PAS\AVE)' Time in 
avalanche, lAY. is the important parameter or a rugged 
device. Reviewing the expressions for tAV in Table 1, the 
following observations can be made: 

VOS 

L 

+ 

0.010 

1. Series circuit resistance reduces the device avalanche 
stress. 

2. A supply voltage approaching the device avalanche voltage 
increases tAli- Stress increases and the allowable 
avalanche current is reduced. 

3. When the supply voltage is zero, tAV varies inversely with 
the device avalanche voltage. 

Integrated Technology Corporation, Tempe, AZ. manufactures 
test equipment that works on this prinCiple. When a device 
avalanches, the supply voltage is disconnected and current is 
com mutated through an antiparallel diode. Power MOSFETs 
tested in this manner will receive the same heating energy 
independently of varying device-te-device avalanche voltages. 

The equations of Table 1 presume that the device avalanche 
voltage is constant. In an actual test it is not. Experiments 
have been performed using devices with similar low current 
room temperature BVoss readings. Voo. L, R, lAS and tAV 

voo 

VOSX(SUS) 
1 E Ip _I 

Vos 

Voo IAS--/' • 

./ \ ....... ~I ---1-- #2 
..... / 

FIGURE 3. UIS TEST CIRCUIT AND WAVEFORMS 
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were carefully measured and the avalanche breakdown was 
calculated. All units yielded similar results. The effective 
avalanche voltage was in all cases 30% larger than BVoss. 
VOSX(SUS) is the effective voltage referenced in the JEDEC 
test method. Harris has chosen to list VOSX(SUS) in the tAV 
equations on the rating curves for these devices as 1.3 times 
the rated low current breakdown voltage. It has been 
industry practice to refer only to Bvoss. 

Single point avalanche energy ratings al TJ = +250C are not 
application specific nor are they useful for comparing similar 
devices offered by different manufacturers. To highlight the 
difficulty, a hypothetical example is in order. Let's attempt to 
determine the safe single pulse avalanche current for an 
application that uses L = l00~H and a Voo = 30V. Typical 
industry data sheet information is as follows: 

EAs 19mJ Maximum 
T J +250C (Starting) 
BVoss 60V 
L 50~H 
Voo 25V 
lAS 21A 

Only a starting junction temperature of +250C can be 
assessed. In lieu of a rating curve, a failure mode must be 
assumed. 

Parasitic Bipolar TUrn-on 

There is no basis from which to estimate the safe avalanche 
current for the intended application. 

Constant Energy 

To use the relationship EAs = L 12As/2(I-VoolVosx(suS» we 
must use V OSX(SUS) = BV OSS. The predicted safe lAS would 
then be equal to 13.8A. 

Thermal (12 AS tAV = Constant) 

Again using VOSX(SUS) = BVoss in the relationship tAy = L 
IAs/(VoSX(SUS)-Voo) we have tAV = 30~s for the data sheet 
condition and 12AS tAV = 0.0132. For the intended application 
then 

13AS = 0.0132 (VoSX(SUsrVoo)L 
where L = 100~H, Voo = 30V and VOSX(SUS) = BVoss 
and lAS = 15.SA 

It is a simple matter to establish the safe avalanche current 
for a Harris MegaFET supplied with rating curves. Figure 2 is 
the rating chart for the RPF22N10, a 100V BVoss device. 

For TJS = +250 C 

12 AS ~V = constant = C = 0.06 and V OSX(SUS) = 1.3 BV OSS 
and I AS = C (VoSX(SUsrVoo)/L 
for the application lAS = 39A 

For TJS = +150oC 

12AS tAV = 0.025 

Thus at the maximum rated starting junction temperature, 
lAS = 29.2A. 

The safe avalanche current for any starting T J can be 
established from the Harris rating curves. Stoltenburg 
showed that for MegaFET devices avalanche failure was a 
linear function 01 starting TJ for a fixed inductor. This is also 
true for a constant tAY- Figure 4 shows the relationship for the 
RFP22N10 device. It is a simple matter then to establish the 
12AS tAY = constant for any starting TJ. TJS = +100oC is a 
common operating temperature for a practical application. 

50r---~--~--.----r---r---T---'---' 

IAV Jl8 
T JPK • +378°C 

40 

0. 30 
:I! 
c( 

~ 
... 20 

10 
480 

0 

0 100 200 300 400 

FIGURE 4. RFP22N10 LAS vs TJS 

Entering the Harris curves at any convenient tAy. in this case. 
0.6ms, the lAS temperature sensitivity is found to be -3.55N 
+ 125°C or -28.4mAl"C. Therefore, lAS = 1 0-(0.0284) (75) = 
7.87 A at tAy = 0.6ms and 12 AS lAY = 0.0372. 

Using 13AS = 0.0372 (Vosx(SusrVoo)1L for the hypothetical 
application lAS = 33.4A for a starting TJ = +100oC. 

Rail Voltage (Voo) Transients 
Development of a single pulse UIS rating curve for a specific 
load inductance and junction temperature has been 
illustrated. This information can be used to develop the 
amplitude and duration of rail voltage transients that are 
within the device rating. Figure 5 shows an idealized rail 
voltage pulse with the resultant avalanche current waveform. 
The equations that describe the current waveform are based 
on a V = Ldi/dt relationship are: 
VSPK - VOSX(SUS) = L1As/tSPK and 
VOSX(SUS) - Voo = L1As/tAV 

Calculating the junction temperature rise caused by the volt
age transient will allow the use of UIS rating curve 
information to determine a corresponding VSPK, tSPK rating 
curve for L = 100~H, Voo = 30V and a TJ = +100oC. Under 
the condition of no die heat loss and constant VOSX(SUS), the 
temperature at tSPK is: 

TSPK = TJS + HVosx(sUS) lAS tsPK/2 
where H is a constant defined by 
the rating cu rves. 

The UIS rating curves contain two important items of 
information. First, each curve regardless of starting T J' 
represents the locus of points of a single allowable peak 
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junction temperature to be reached during avalanche. Sec
ond, for any fixed tAVo the +250C lAS and the +150oC lAS val
ues are two points on a linear las versus starting TJ 
relationship whose intercept at lAs = 0 is that peak junction 
temperature. 

Continuing the analysis, TJPK may be determined from the 
rating curves at a constant tAV by: 

TJPK = (150 - 25IAs1so11AS2S)/(1 -IASIWIAS2S) 
for the RFP22N10, TJPK = +37SoC. 

A value for H may be found from the time/temperature 
relationship during tAl.' 

t t 
TJ = [HVOSX(SUS)] i I(t)dt + TSPK where 
o ° 
I(t) = IAS(1 - tltAv) and 
TJ = HVOSX(SUS) IAS(t - t2/2tAV) + TSPK 

Stoltenburg has reported that device failure generally 
occurred between tAv/3 and tAv/2. If the delay time to second 
breakdown is proportional to (Tjl(t))2, then a maximization 
leads to a tAv/3 result. If the delay time is proportional to 
T jl(t) then tAv/2 is the result. tAv13 is used here to obtain 

TJPK = 5H VOSX(SUS) IAStAV + TSPK 

-1-S-

Setting TSPK = TJS = +250C and using TJPK = +37SoC, VOSX(
SUS) = 130V and entering the +250C rating curve for lAS and 
tAI.I H is found to be 1.63 x 103 0C/J. 

FIGURE 5. IDEALIZED RAIL VOLTAGE TRANSIENT 

It is now possible to calculate the allowable lAS 
corresponding to a rail voltage spike using the relationship 

T SPK-TJS = HvoSX(sUS) lAS tSPKl2 

The rating curve limits TSPK to +150oC. For TJS = +100oC: 

IASI50 tSPK = 472 X 10-6 

For each tSPK in this equation there is a circuit defined tAV = 
LI~(VoSX(SUS) - VOO) that should not exceed the tAV = C1W 
12AS rating. This in turn defines a maximum spike induced lAS 
that should not be exceeded. This current is 

13ASM = el50 (VOSX(SUS) - Voo)/l· 

For this example IASM = 29.2A for tSPK S 1S.2 microseconds. 
The bounds for the relationship VSPK = LlAs/lsPK + Vosx 
(SUS) have been defined and VSPK vs tSPK can be plotted. 
The rating curve is illustrated in Figure 6. 

The Application Environment 

With a rating curve in hand, the intended application 
transient environment must be assessed to determine if 
added protection is required. The expected rail transient 
voltage amplitude, duration, and frequency of occurrence 
can vary greatly. Figure 7 illustrates measured results on AC 
power service. Several organizations such as ANSI/IEEE, 
IEC, UL, NEMA have and are developing guidelines and test 
standards to describe what a specific environment is likely to 
be on the basis of field experience. 

Reference 6 contains an overview of voltage transients and 
provides the means for selecting an appropriate Metal-Oxide 
Varistor should it be required for an application. 

10F=============I=l:IFF 

Voo- 30V, L_100 MICROHENRYS, T~s- +100"C 

O.11~--'--.L....L...L....l...u...L1'":O--.L........L--L-'-..L....Io~100 

TSPK MICROSECONDS 

FIGURE 6. RFP22N10 RAIL TRANSIENT RATING 
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A COMBINED SINGLE PULSE AND REPETITIVE 
UIS RATING SYSTEM 

Author: Wallace D. Williams 

A rating system for Unclamped Inductive Switching in 
PowerMOS transistors already widely accepted and 
implemented on Harris PowerMOS transistor data sheets can 
be applied to a wide range of applications very easily and 
expanded to cover repetitive UIS pulses by the simple 
technique of superposition. This allows PowerMOS transistor 
users to determine if their application lies within the rated 
capability of a power transistor. Two examples are given of the 
analysis of UIS stress level in representative applications. 

The ability of PowerMOS transistors to withstand 
unclamped inductive switching (UIS) has been recognized 
since 1985. Although Blackburn has clearly shown 1 UIS 
stress level is not directly related to energy, many 
manufacturers of PowerMOS transistors persist in rating 
their devices in terms of energy capability. Since the energy 
capability varies with the operating conditions, this rating is 
valid only at the condition specified and the PowerMOS 
transistor user has no way to calculate whether the particular 
application exceeds the device rating. Ronan has defined a 
rating system 3, herein after called simply the UIS Rating 
System, which allows manufacturers to specify the capability 
of their PowerMOS transistors for single pulse UIS in such a 
way that users can easily determine if their application 
exposes the device to more UIS stress than is guaranteed in 
the device data sheet. 

The Single Pulse U/S Rating System 

This UIS Rating System, requires the user to determine only 
the peak current through the PowerMOS transistor (lAS), the 
junction temperature at the start of the UIS pulse (TJ) and 
the time the transistor remains in avalanche (tAV). It allows 
the easy determination of the conformance of any applica
tion to a specified UIS capability where the worst case condi
tions can be simulated. It is also quite feasible to calculate 
the UIS stresses for circuits not yet constructed or conditions 
not easily simulated. 

The UIS rating for a PowerMOS transistor (see Figure 1) is 
presented as a chart with a vertical axis of (lAS) maximum 
avalanche current vs (tAv) time in avalanche as the 
horizontal axis. Two lines are shown, one for +250C and one 
for the maximum junction temperature. It is fairly easy in 
most applications to determine the avalanche current and 
time in avalanche in an existing application by using a 
current probe. If the time in avalanche and avalanche current 
plotted on the UIS rating curve fall above and to the right of 

Copyright © Harris Corporation 1993 

the +250 C line, the application is beyond the UIS rating of 
the device and the user stands a risk of device failure. If the 
time and current plotted on the rating curve fall below and to 
the left of the maximum junction temperature line the appli
cation is within the UIS rating of the device. In either case no 
further analysis is needed. If the time and current plotted on 
the rating chart falls between the +250C and the maximum 
junction temperature lines further analysis is required. 

To analyze those cases where the starting temperature and 
time in avalanche fall between the +250 C and maximum 
temperature line, first we must determine the junction 
temperature of the PowerMOS transistor at the start of the 
UIS pulse. If the UIS stress occurs after a long period in 
conduction it may be sufficient to just measure the case 
temperature of the device and calculate the temperature rise 
between the case and junction from the dissipation and 
thermal resistance of the device. Any other approach may be 
used. Once the junction temperature at the start of the pulse 
has been determined we can extrapolate between the two 
published rating curves to determine the UIS capability at 
that starting junction temperature. 

Ronan3, Stoltenburg2 and Blackburn 1 have all indicated that 
the UIS capability 12AsxtAV is a simple linear function of tem
perature. USing this allows a straight line extrapolation of the 
UIS capability of the device at the calculated junction tem
perature. Then simply compare the calculated capability to 
the stress determined to determine if the device is within rat
ings. This simple approach allows users to find out if their 
application is safe for any single UIS pulse. 

300 
IFR=O 

ION 
lAY = (L)(IAS)l(1.3 RATED BVoss - Voo) 

i"'""'" r-... IFR;tO 

~ I'IAV= (L./R) 1.[(1 sxR)I(1.3 RA~ED BVoss - Voo) + 1) 
100 

....... 
.... 

STARTING TJ = +2SoC 
~ STARTING TJ = lS00C 

.... ~ 1. 1. J.J.Wi 

RFP70N06 ~ 10 
0.01 

~ i~ 
0.10 1.00 

TIME IN AVALANCHE (lAy) - MILLISECONDS 
10.00 

FIGURE 1. UNCLAMPED-INDUCTIVE-SWITCHING (SINGLE 
PULSEUIS) 
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Multiple or Repetitive UIS 

The handling of repetitive UIS pulses has been ignored by 
the PowerMOS transistor manufacturers except for an 
attempt by one manufacturer to rate repetitive UIS at 0.01 % 
of the +250C power rating with no further qualifications. The 
UIS rating system outlined in Ronan's paper3 is quite appli
cable to repetitive pulses by using the technique of superpo
sition as is commonly done in evaluating repetitive SOA 
pulses. Each UIS pulse is considered a separate event and 
evaluated as if no other pulse existed. It is necessary only to 
determine IAV (avalanche current), tAV (time in avalanche) 
and TJ Uunction temperature at the start of the pulse), just as 
in the single pulse case. Usually the last pulse in a series 
occurs at the highest junction temperature and is therefore 
the most severe stress. If the PowerMOS transistor is within 
the specified UIS rating for that pulse, it is certainly within the 
UIS ratings for previous pulses which occurred at a lower 
junction temperature. 

Usually the junction temperature variation of a PowerMOS 
transistor over a full repetitive period is very small. The 
device has a thermal capacitance and does not change 
temperature instantaneously, so usually using the average 
junction temperature for the starting temperature to evaluate 
the avalanche stress does not result in appreciable error. In 
those cases where the period is long other means must be 
used to determine the junction temperature at the start of the 
UIS pulse. 

PULSE DURATION = 250118 vGS = 10V 10= 70A 

2.5 

Z 
g 2.0 

II: 
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oe( 
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II: 
0 1.0 ..". 

/ 
z 

~ 
~ 

0.5 

0.0 
.so o 50 100 

JUNCTION TEMPERATURE (TJ) _·c 
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FIGURE 2. NORMALIZED RoS(oN) vs JUNCTION TEMPERATURE 

Examples 

The two examples shown below are intended only to 
illustrate the techniques used to calculate whether a 
PowerMOS transistor is within its UIS rating or not. Since 
UIS capability is an interactive function of other environmen
tal stresses, it is necessary to include some calculation of 
other operating conditions as part of this analysis. The 

operating conditions in both examples are calculated rather 
than measured since the determination of UIS capability 
using measured values for IAV and tAV seemed trivial and self 
explanatory. The first example is a "single" pulse stress with 
sufficient time between stresses so that there is no 
interaction between subsequent pulses, and the second has 
a period short enough so that the temperature variation over 
a period is small. 

Example 1 

DRAIN 

GATE 

VOLTAGE 

GATE 

SOURCE 

SCHEMATIC 

Solenoid Driver: Single Pulse 

Given: Voo = 28 volts 
RL = 2.50 
Pulse width = Steady state "on" 
Transistor = RFP70N06 
Gate "on" drive = 10 volts 
Maximum TJ = 150°C 
TAMBIENT = 90°C 

Calculate: L (Maximum allowable inductance) 
eCA (Required case to ambient 

thermal resistance) 

c 
6 L 
z 
0 
..J 
0 

'" 
RL 

=voo 

RTOTAL = RL + ROS(ON) = 2.5 + (0.014 x 1.8) See Figure 2 
RTOTAL = 2.5250 
IAVALANCHE = 28/2.525 = 11.09 amps 

(Peak avalanche current) 

Using the rule of thumb that the avalanche voltage is equal 
to the rated breakdown rating multiplied by 1.3 we can write: 

V AVALANCHE = 60 x 1.3 = 78 volts 
tAVALANCHE = (UR) x In[(lAv x R)/(VAV - Voo) +1] 
tAVALANCHE = (U2.525) x In[(11.09 x 2.525)/(78 - 28) +1] 
L = tAVALANCHE/0.176 
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·"In GATE 
VOLTAGE 0 

HMp DRAIN 
~RRENT 

+78V I ~~t~~GE ~ _______ _ 
Vos +28V 

-4~-~---------------
WAVEFORM 

Entering the Unclamped Inductive Switching Chart (See Figure 
1) at 150°C and 11.09 amps we read an allowable tAVALANCHE 
01 1.5 milliseconds. This gives us a maximum allowable L 01: 

L = (1.5E-3)/0.176 = 8.53mH 
maximum allowable inductance 

Now to calculate the required heat sink thermal resistance: 

Pd = (12 x ROS(ON)) = (11.092) x 0.025 = 3.07 watts 

eCA = [TJMAX - Po x eJC - TAMBIENTYPO 
eCA = [150 - (3.07 x 1.0) - 40]/3.07 

eCA = 18.5 °C/W required thermal resistance, case to 
ambient 

Example 2 

DRAIN 
:z: 
~ 

GATE a .. .. 
SOURCE =Voo 

SCHEMATIC 

Switching Regulator - 100kHz 
Given: 
Frequency = 100kHz 
Duty Cycle = 50% 
RL =2.40 
Voo = 48 volts 
TAMBIENT = 40°C 
TJUNCTION = 150°C Maximum junction temperature 
L = 11lH (Leakage Inductance) 
PowerMOS transistor = RFP70N06 

·"tJ GATE 
VOLTAGE. 10 

10 

b 
WAVEFORM 

Determine: 
Is the PowerMOS transistor within UIS rating? 
What eCA is required? 

IAVALANCHE = VOo/(RL + ROS(ON)) 

IAVALANCHE = 48/(2.4 +(0.014 x 1.8)) See Figure 2 

IAVALANCHE = 19.79 amps 

tAVALANCHE = (UR) x In[(IAV x (RL + ROS(ON)))IVAV - VOO) +1] 

tAVALANCHE = (lE-6/2.425) x In[19.79 x 2.425/(78 - 48) +1] 

tAVALANCHE = 0.3951lsec 

Entering the Un clamped Inductive Switching Curve (See 
Figure 1) at 19.79 amps, we lind the device has a 
tAVALANCHE capability at 150°C 01 500llsec. Obviously this 
application does not challenge the UIS capability 01 the 
RFP70N06. 

Now to calculate the required heat sink thermal resistance: 

EAVALANCHE = (L X VAV x IAv/R) x (1 - (VAV - Voo)/(IAv X R) x 
In[(l + [IAV x R)/(VAv - Voo)] 

EAV = ((le-6 x (60 x 1.3) x 19.79)/2.4) In(l + 19.97 x 2.4) 
178 - 48) 

EAV = 614.0 flJ per avalanche 

PAVALANCHE = EAVALANCHE X I 

PAVALANCHE; 614.0e-6 "100e3 

PAVALANCHE; 61.40 watts 

PCONOUCTION; (IAi x ROS(ON))/2 

Pc; (19.792 x 0.025)/2 

Pc; 4.90 watts 

PTOTAL ; PAY + Pc 

PTOTAL ; 61.40 + 4.90 

PTOTAL ; 66.30 watts 

eCA; [TJMAX - (PTOTAL x eJcl - TAMBIENT]/PTOTAL 

eCA = [150 - (66.30 x 1.0) - 40Y66.30 

eCA ; 0.659°C/W Obviously the heat sink is more 01 a 
problem than the UIS capability. 
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Application to Other Circuits 

Usually the designer of a circuit has carefully determined the 
temperature of the devices in his circuit over the entire range 
of operating conditions. Using only the junction temperature 
of the device at the start of a UIS pulse, the duration of the 
pulse and the current level of the pulse the designer can 
determine whether or not hislher application exceeds the 
UIS rating on the device. These quantities are easily mea
sured or calculated. By superposition this rating can be 
applied to multiple or repetitive pulses as illustrated in the 
two examples shown. Any circuit can be analyzed for UIS 
stress using this approach. There is no need for a separate 
repetitive UIS rating. 
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Quality and Reliability Assurance 

The ability to build and maintain the high levels of qual
ity and reliability today, depends on inherent design and 
process capability, and not the degree of test and inspection. 
Both the design and production facilities for Power MOS
FETs are totally new. with state-of-the-art equipment and 
process techniques which deliver this needed capability. 

In-Process Quality Control 

All critical phases of the highly automated power MOSFET 
manufacturing cycle have been characterized with respect to 
their intrinsic variability. Statistical lim its have been estab
lished to give warning of abnormal process trends and fluc
tuations. based on this intrinsic capability. These limits are 
constantly tightened as the process improves and are well 
within the engineering specifications. The emphasis at 
Harris is to employ statistical methods at the point of control. 
rather than an inspection point at the end of a process. 

Control of Outgoing Product 

The quality control lot acceptance sampling of finished prod
uct is performed after manufacturing has performed 100% 
inspection of all specified electrical characteristics. The cur
rent sampling level is 0.1 % AOL for electrical parameters. 
and is constantly being improved. However. due to tight 
parameter distributions gained through process control and 
inherent design capability. the average outgoing quality level 
(AOO) to the customer has been in the order of 100 PPM 
(0.01%). 

Reliability Assurance 

Harris Semiconductor has a world-wide reliability program 
that helps to shape the direction of new product develop
ment. assures that the reliability level is maintained through
out the production cycle. and develops specific models to 
predict the reliability in the end-use application. In order to 
meel these objectives. a reliability facility is maintained at 
each manufacturing location for real-time feedback. A cen
tralized reliability engineering organization develops all new 
test methods and supports new product/process develop
ment. Each group is fully trained in the reliability and applied 
statistics disciplines. as well as failure analysis. and are 
responsible for using these techniques to monitor and 
improve product capability. 

The Reliability Program 

The reliability-assurance program operates at all stages of 
production. using the following four-pronged approach: 

Product Design and Development 

During early development. initial product lots are character
ized through accelerated reliability tests which establish the 
product capability. Once the design had been fine-tuned. 

multiple production runs are initiated and samples are sub
jected to a full range of standardized accelerated tests. All 
lots must meet pre-established reliability standards before 
any new design or process can be released for production. 

Wafer HTRB 

Harris Semiconductor has developed a totally unique in-line 
reliability test performed at the wafer level. Samples from 
each wafer lot receive a 24-hour + 150°C bias life test to 
measure passivation integrity and surface cleanliness. 

Real Time Indicators (RTI) 

RTf's are short-duration accelerated-stress tests used to 
control the occurrence of specific failure mechanisms that 
can significantly affect product reliability. The stress levels 
are designed to induce failures. so that product-capability 
shifts can be detected and corrected. They are performed 
weekly at each manufacturing location. In this real-time 
method of determining reliability. a continuous flow of data is 
provided to indicate how well the manufacturing process is 
performing product. 

TABLE 1. TYPICAL MOSFET RTI TESTS 

TYPICAL 
TEST CONDITIONS PACKAGE DURATION 

Power PD=4.75W Plastic 10 - 15K 
Cycling TJ = +35°C -175°C Cycles 

(approx.) 

Power PD=4.75W TO-3 20 - 50K 
Cycling TJ = +35°C - 175°C Cycles 

(approx.) 

D-S Bias TA = +1500C All 168 Hours 
Life 80% of Drain 

Source 

G-SBias G-S=16V All 168 Hours 
Life TA = +150°C 

Requallflcation Program (RQP) 

Each product is requalified every six to twelve months to the 
same matrix of tests required for the initial production 
release. This operation measures the changes in the total 
capability of each MOSFET family to meet the original reli
ability design objectives. Table 2 is typical of the data gener
ated for ROP. 
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TABLE 2. ACCELERATED POWER MOSFET TEST RELIABILITY SUMMARY 

CUM. HOURS 'Yo NON-
PACKAGE TEST AND CONDITIONS DURATION OR CYCLES FUNCTIONAL 

All Bias L~e 500 Hours 300,000 0.33 
Drain-Source = 80% of rated 

TA = +t500C 

All Bias We 500 Hours 270,000 0.00 
Gate-Source = 16V, TA = + 1500C 

All Operating Life 500 Hours 230,000 0.00 
TA = + 150°C, Free Air 

TO·31 Thermal Cycling 400 Cycles 133,600 0.30 
TO·39 ·65°C to + 1500C 

TO·220 Thermal Shock 400 Cycles 100,000 0.00 
-65°C to + 1500C 

TO-31 Power Cycling 20,000 Cycles 5,480K 0.73 
TO·39 Delta TJ = +78°C 

PO = 56W (T0-3) Or 2W (TO·39) 

TO·220 Power Cycling 10,000 Cycles 1,850K 0.00 
Delta TJ = +135°C, PO = 4.75W 

TO-220 Pressure Cooker 24 Hours 3,072 0.00 

FAILURE RATE IN %/1000 HOURS AT 600/0 UCL 

TEST TA = +125°C TA =+90oC TA=+75°C 

Bias Life 0.09 0.005 0.001 

Operating Life 0.07 0.004 0.001 

NOTE: Failure rate based on Nonfunctional performance in an operating mode, extrapolated from + 150°C data using 
1.0eV activation energy. 
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No. TB304 February 1994 Harris Power 

ADVANCED POWER PACKAGE CONSTRUCTION METHOD 
RAISES TO-252 RELIABILITY TO NEW HEIGHTS 

This technical backgrounder is intended to show how Harris 
redesigned the TO-252 surface-mount power package into 
the most reliable package of its type in the industry. 

Surface-Mount Packaging Introduction 

The continuing development of surface-mount technology 
(SMT) as a replacement for conventional through-hole 
mounting of electronic components on single-sided printed 
circuit boards has led to a host of advantages for electronics 
equipment manufacturers. From an integrated circuit stand
point, SMT allows manufacturers to optimize packaging den
sity since ICs can be mounted on both sides of a board. 
SMT also offers thrifty and efficient use of material resources 
by permitting circuit boards to be smaller, closer component 
spacing, lower assembly costs and more compact and 
lighter system housings. Semiconductor companies have 
steadily promoted SMT growth by creating a variety of high
density, high lead-count ICs designed to be easily assem
bled onto the smaller footprints of SM circuit boards. 

Most circuit boards perform functions in addition to the signal 
processing and logic operations handled by ICs. To interface 
with and drive off-board components such as amplifiers, 
motors, printer hammers, relays and the like requires power 
devices mounted on SM boards in close proximity to their 
signal sources. But SMT power devices are not as simple to 
use as their IC partners. Because of the reduced size of SM 
boards, the confined space alloted for the package and the 
greater dissipation of a power device, attention to thermal 
management and heat sinking take on greater significance. 

To squeeze a power device into the confined area 
demanded by SM boards, semiconductor manufacturers 
have developed the plastic TO-252 package, popularly 
known as the D-pak (see Figure 1). With its gull-wing leads 
and metal back designed to pull heat from the device inside, 
the TO-252 offers to designers a high-power SM package. 
Unlike the variety of IC packages that designers can choose 
among, the TO-252 has become the workhorse package for 
SM power MOSFETs and rectifiers. Since it is widely used 
and applied in applications in which device failure is more 
probable because of internal heat generation, it is vital that 
TO-252-packaged power devices meet the highest stan
dards for reliable operation. 

Copyright © Harris Corporation 1993 

FIGURE 1. T0-252 

While today's TO-252-packaged power devices are manu
factured to meet extremely high reliability standards, that has 
not always been the case. In the recent past, all the leading 
power semi- conductor suppliers of the TO-252 have been 
hampered by manufacturing problems that are rooted in the 
package's size, materials and fabrication methods. And 
these problems can be inadvertently passed on to users who 
don't detect them until after devices have been assembled 
into boards. 

Like its competitors, Harris Semiconductor has experienced 
. problems with the package. When unexplained problems 

arose on customer production lines, the company launched 
an exhaustive year-long investigation into the TO-252 that 
encompassed every detail of its manufacturing process, 
materials, fabrication, process control and testing. The result 
of this comprehensive effort, undertaken with the assistance 
of a number of customers who produce computer, automo
tive and cellular telephone products, is a vaslly improved 
method for building and testing TO-252-packaged power 
devices. Extensive monitoring and testing of tens of thou
sands of production line devices reveals that the redesigned 
TO-252 is a robust power package capable of surviving 
extremely demanding thermal environments during assem
bly onto boards and under operating conditions. 

Since no process is ever perfect, Harris Semiconductor 
offers this report to power designers and production person
nel to increase awareness of problems that may occur using 
plastic, surface-mount power devices. By understanding the 
structural foundation of the package and the improvements 
incorporated in the Harris manufacturing process, users can 
have increased confidence that the company's TO-252 
power devices will provide unmatched service and reliability 
in any application and environment for which the devices are 
intended. 
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The TO-2S2 Problem 

When a TO-252-packaged power device fails after it has 
been assembled into a SM circuit board, the most likely con
clusion that a user might draw is that the semiconductor die 
has cracked from thermal stresses induced by their solder
ing process. However, research indicates that the die was 
likely damaged during the manufacturing process and that 
the thermal shock of soldering only exacerbates the prob
lem. There is no evidence to conclude that a user's mounting 
or assembly methods are the root of the problem. Die crack
ing is a generic problem in the TO-252 and can affect any 
manufacturer. The smaller the semiconductor die (its physi
cal dimensions) the less likely it is to crack. 

The root cause of die cracking stems from the materials and 
physical configuration of the TO-252 and the sile of the die 
put into the package. In the manufacturing process, the/die is 
attached to the header by a thin layer of solder (see Figure 
2). The solder serves to reduce the thermal coefficient of 
expansion mismatch between the silicon die and the copper 
header. 

~~_I __________ H_EA_~_~_R __________ I_~~.. SOLDER 

EPOXY 
./ SOLDER 

i ~E I V 
HEADER 7 

FIGURE 2. 

The next step is to put an epoxy encapsulation over the die 
and header to form the package's molded outer shell (Figure 
2). The shrinking of the mold epoxy compound forces the 
header to deflect, but in the opposite direction from the die 
attach process (concave on the top, convex on the bottom). 
This type of stress puts tenSion on the bottom of the die 
which can lead to cracking because the die is not as resis
tant to stress in this direction. Deflection of the header is 
more pronounced under epoxy curing than during die attach 
resulting in greater forces on the die. 

Slight cracks in the die may result from the shrinking mold 
compound but they usually do not result in electrical failure 
of the device. It is the thermal shock of wave soldering dur
ing board assembly that forces the cracks to open wider and 
lead to eventual failure. 

The TO-2S2 Solution 

After identifying the primary cause of failed devices, engi
neers· at. Harris initiated a!1 extensive program to redesign 
the TO-252 by changing materials and increasing the 
strength Of mechanical components. This involved experi
mentation with different components supported by a sophis
tic2\ted computer-aided design technique called Finite 
Element Analysis (FEA). 

Initial analysis showed that the standard 20-mil thick header 
could bow by 1- to 2-milsduring epoxy curing. This bowing 
puts excessive tension on the backside of the die, making it 
more susceptible to cracking. After many experiments, it 
became clear that the amount of deflection with a 20-mil 
header could not be compensated for with solder thickness, 
assembly methods or low-stress epoxies. Through FEA, it 
was determined that increasing the header thickness to 35-
mils would eliminate most of the deflection. To achieve a 35-
mil thickness without retooling allthe mount and mold equip
ment, it was decided to use a pedestal of 35-mils under the 
die. 

FEA is· an extremely valuable tool that permits the modeling 
of a device's critical· package elements, materials, headers, 
overcoat material, oxides and others. It provides solutions for 
reducing stress at dissimilar material junctions, thus minimilc 
ing device failure. The real benefit of FEA is its ability to sim
ulatecomplex packagi!1g relationships in a fast and accurate 
way. The.stress models produced by FEA can be generated' 
faster and at lower cost than by actually constructing and 
modifying physical models. FEA models point the way lothe 
most· favorable solutions which can then be implemented 
with actual materials. 

FEAaiso came into play to help determine the best epoxy 
compound to use. The epoxy is probably the most critical 
elementi!1 the problem of cracked die because .its curing 
generates the forces that. cause the header to bow. And the 
bowing of the headerproc!uces the tension that cracks the 
die. To solve the problem, engineers selected an improved 
epoxy which balances stress vs. power cycling reliability. 
They then tested the new compound with the largestqie that 
fit in the TO-252 to ensure that no cracking occurred. 

I 

At this point, the critical elements for solving the prOblem h2\d I
fallen into place: increase the header thickness to 35.'mils, 
go to an improved epoxy to reduce tension on the die and 
improve the process control over the thickness of the solder 
betweehthe die and header. One other change in the manU
facturing process was made to prevent any unnecessary 
shock to the die when the completed package is separated 
from.the strip that holds a whole run of devices together, The 
conventional way to separate devices is called frame shear, 
a mechanical method that shears the strip away and can 
transfer forces from the package's heats ink to the die, possi- ,. 
bly leading to cracking. In place of frame shear, Harris 
employs a less stressful method of device separation .. In this 
technique, a shallow groove (10 mils deep) is cut into the 
heatsink portion of the package to reduce the force on the 
header and die when separating the package from the strip . 

... 
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After hundreds of thousands of devices were fabricated with 
the new process, Harris engineers pulled tens of thousands 
off the line and subjected them to a grueling reliability test. 
The test is called solder shock and requires that the devices 
be fully immersed in a liquid solder bath at a temperature of 
260°C for 10 seconds. Solder shock closely simulates the 
conditions that the package is subjected to when a user 
wave solders the part into a 8M circuit board. The thermal 
shock of the solder bath is intended to increase the stress on 
the header and cause sufficient movement to make any 
existing crack wider detectable via electrical testing. 

Harris has run solder shock tests on over 24,000 TO-252-
packaged devices during the past year and no device has 
ever failed. Over 15,000 devices were chemically decapsu
lated and correlated to solder shock results. No die cracks 
were ever found when examined under high-power magnifi
cation. In addition, the company has sold more than 4.7 mil
lion devices without having any reports or returns due to a 
cracked die. This record of reliability is unmatched by any 
other manufacturer of TO-252-packaged power semiconduc
tors and should give users confidence that the company 
offers the manufacturing and engineering capabilities to pro
duce the highest quality products for today's complex elec
tronic systems. 
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Package Outlines 

Hermetic Steel Packages 

TO-204AA 
JEDEC To-204AA HERMETIC STEEL PACKAGE 

NOTES: 

1. These dimensions are within allowable dimensions of Aev. C of 
JEOEC TO-204M outline dated 11-82. 

2. Lead dimension (without solder). 

3. Add typically 0.002 inches (0.05mm) for solder coating. 

4. Position of lead to be measured 0.250 inches (6.35mm) from bot
tom of seating plane. 

5. Controlling dimension: Inch. 

6. Aevision 2 dated 6-93. 
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SYMBOL 

A 

A, 

0b 

0b, 

00 

e 

e, 

L 

0P 

q 

A 

A, 

s 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.310 0.330 7.88 8.38 

0.060 0.065 1.53 1.65 

0.038 0.042 0.97 1.06 

0.138 0.145 3.51 3.68 

- 0.800 - 20.32 

0.215 TYP 5.46TYP 

0.430BSC 10.92 BSC 

0.430 - 10.93 -
0.155 0.160 3.94 4.06 

1.187 BSC 30.15 BSC 

0.495 0.525 12.58 13.33 

0.131 0.185 3.33 4.69 

0.655 0.675 16.64 17.14 

NOTES 

-

2,3 

-
4 

4 

-
-
-
-

-



Package Outlines 

Hermetic Steel Packages (Continued) 

,~EATlNG TO-204AE PLANE Rl OP 

- -- TERM_3 JEDEC TO-204AE HERMETIC STEEL PACKAGE 

r~ =Ii" :~i 
INCHES MILLIMETERS 

i' -i'+'.-
R SYMBOL MIN MAX MIN MAX NOTES 

A 0.310 0.330 7.88 8.38 

L~ l ObI Al 0.060 0.065 1.53 1.65 

JJi ~4 0b 0.057 0.063 1.45 1.60 2,3 

0b1 0.138 0.145 3.51 3.68 :.l 881 14- 00 0.800 20.32 

e 0.215 TYP 5.46TYP 4 

NOTES: e1 0.430BSC 10.92 Bse 4 

1. These dimensions are within allowable dimensions of Rev. B of L 0.440 0.460 11.18 12.19 

JEOEC TO-204AE outline dated 11-82. 0P 0.155 0.160 3.94 4.06 
2. Lead dimension (without solder). q 1.187 BSC 30.15 BSe 
3. Add typically 0.002 inches (0.05mm) for solder coating. 

R 0.495 0.525 12.58 13.33 
4. Position of lead to be measured 0.250 inches (6.35mm) from bot-

R1 0.131 0.185 3.33 4.69 tom of seating plane. 

5. Controlling dimension: Inch. s 0.655 0.675 16.64 17.14 

6. Revision 2 dated 6-93. 
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Package Outlines 

Metal Can Packages 

TO-20SAB 
3 LEAD JEDEC TO-205AB HERMETIC METAL CAN PACKAGE 

k 

NOTES: 

SEATING 
PLANE 

1. These dimensions are within allowable dimensions of Rev. E of 
JEDEC TO-205AB outiine dated 11-82. 

2. Lead dimension (without solder). 

3. Solder coating may vary along lead length, add typically 0.002 
inches (0.05mm) for solder coating. 

4. Position of lead to be measured 0.1 00 inches (2.54mm) from bottom 
of seating plane. 

5. This zone controlled lor automatic handling. The variation in 
actual diameter within this zone shall not exceed 0.010 inches 
(0.254mm). 

6. Controlling dimension: Inch. 

7. Revision 1 dated 6-93. 
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SYMBOL 

A 

0b 

0D 

001 

e 

e1 

~ 

h 

j 

k 

L 

P 

INCHES MILLIMETERS 

MIN MAX MIN MAX NOTES 

0.240 0.260 6.10 6.60 -
0.016 0.021 0.41 0.53 2,3 

0.350 0.370 8.89 9.39 -
0.315 0.335 8.01 8.50 

0.095 0.105 2.42 2.66 4 

0.190 0.210 4.83 5.33 4 

0.095 0.105 2.42 2.66 4 

0.010 0.020 0.26 0.50 -
0.028 0.034 0.72 0.86 -
0.029 0.045 0.74 1.14 -
0.500 0.560 12.70 14.22 3 

0.100 - 2.54 5 



Package Outlines 

Metal Can Packages (Continued) 

TO-205AF 
3 LEAD JEDEC T0-205AF HERMETIC METAL CAN PACKAGE 

k 

NOTES: 

SEAnNG 
PLANE 

1. These dimensions are within allowable dimensions of Rev. E of 
JEDEC TO-205AF outline dated 11-82. 

2. Lead dimension (without sOlder). 

3. Solder coating may vary along lead length, add typically 0.002 
inches (0.05mm) for solder coating. 

4. Position of lead to be measured 0.1 00 inches (2.54mm) from bottom 
of seating plane. 

5. This zone controlled for automatic handling. The variation in 
actual diameter within this zone shall not exceed 0.010 inches 
(0.254mm). 

6. Controlling dimension: Inch. 

7. Revision 2 dated 6-93. 
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SYMBOL 

A 

f2lb 

0D 

001 

e 

e1 

e2 

h 

k 

L 

P 

INCHES MILLIMETERS 

MIN MAX MIN MAX NOTES 

0.160 0.180 4.07 4.57 

0.016 0.021 0.41 0.53 2,3 

0.350 0.370 8.89 9.39 

0.315 0.335 8.01 8.50 

0.095 0.105 2.42 2.66 4 

0.190 0.210 4.83 5.33 4 

0.095 0.105 2.42 2.66 4 

0.010 0.020 0.26 0.50 

0.028 0.034 0.72 0.86 

0.029 0.045 0.74 1.14 

0.500 0.560 12.70 14.22 3 

0.075 1.91 5 



Package Outlines 

Plastic Packages 

4PIN DIP 
4 PIN DUAL-IN-LiNE PLASTIC PACKAGE 

1. Lead dimension (without solder). 

2. Add typically 0.0006 inches (0.015mm) lor solder coating. 

3. Position 01 lead to be measured 0.1 00 inches (2.54mm) Irom bot
tom of dimension D. 

4. Controlling dimension: Inch. 
5. Revision 1 dated 1-93. 
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SYMBOL 

A 

b 

c 

D 

E 

e 

L 

M 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.194 0.198 4.93 5.02 

0.020 0.024 0.51 0.60 

0.035 0.045 0.89 1.14 

0.013 0.017 0.34 0.43 

0.126 0.134 3.21 3.40 

0.242 0.248 6.15 6.29 

0.100 BSC 2.54BSC 

0.300 7.62 

0.038 0.042 0.97 1.06 

0.266 0.296 6.76 7.51 

0.126 0.136 3.21 3.45 

150 

NOTES 

1,2 

1,2 

1,2 

3 

3 



Package Outlines 

Plastic Packages (Continued) 

MO-o93AA 
5 LEAD JEDEC MO-093AA PLASTIC PACKAGE 

NOTES: 

1. These dimensions are within allowable dimensions of Rev. A of 
JEDEC MO-093AA outline dated 2-90. 

2. Tab outline optional within boundaries of dimensions E and Q. 

3. Lead dimension and finish uncontrolled in L1. 

4. Lead dimension (without solder). 

5. Add typically 0.002 inches (0.05mm) for solder coating. 

6. Maximum radius of 0.050 inches (1.27mm) on all body edges and 
corners. 

7. Position of lead to be measured 0.250 inches (6.35mm) from bot
tom of dimension D. 

8. Position of lead to be measured 0.100 inches (2.54mm) from bot
tom of dimension D. 

9. Controlling dimension: Inch. 

10. Revision 1 dated 1-93. 
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SYMeOL 

A 

A1 

b 

b1 

c 

D 

E 

e 

e1 

H1 

J1 

L 

L1 

0P 

Q 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.185 0.195 4.70 4.95 

0.058 0.062 1.48 1.57 

0.049 0.053 1.25 1.34 

0.070 0.080 1.78 2.03 

0.018 0.022 0.46 0.55 

0.800 0.820 20.32 20.82 

0.615 0.625 15.63 15.87 

0.110TYP 2.80TYP 

0.438 BSC 11.12 BSC 

- 0.330 - 8.38 

0.115 0.125 2.93 3.17 

0.575 0.600 14.61 15.24 

- 0.130 - 3.30 

0.159 0.163 4.04 4.14 

0.176 0.186 4.48 4.72 

NOTES 

3,4,5 

3,4 

3,4,5 

2 

7 

7 

8 

3 

2 



Package Outlines 

Plastic Packages (Continued) 

rf~ 
TO-218AC 

l';~A' 
3 LEAD JEDEC TO-218AC PLASTIC PACKAGE 

~"p 
INCHES MILLIMETERS ----. j- SYMBO 

HI L MIN MAX MIN MAX 

-.i A 0.185 0.195 4.70 4.95 

0 

! 
~TERM.4 Al 0.058 0.062 1.48 1.57 

WI [ p b 0.049 0.053 1.25 1.34 

b1 0.070 0.080 1.78 2.03 

-I 1-- b1 

'-l 
c 0.018 0.022 0.46 0.55 

0 0.800 0.820 20.32 20.82 

L I I I E 0.615 0.625 15.63 15.87 

~ --- -b 
e 0.219 TYP 5.56 TYP 

1 2 3 e1 0.438BSC 11.12 BSC 
-. e I-- -.JJ1 HI - 0.330 - 8.38 

--el--
J1 0.115 0.125 2.93 3.17 

NOTES: L 0.575 0.600 14.61 15.24 
1. These dimensions are within allowable dimensions of Rev. E of 

Ll - 0.130 - 3.30 
JEDEC TO-218AC outline dated 6-86. 

2. Tab outline optional within boundaries of dimensions E and Q. 0P 0.159 0.163 4.04 4.14 

3. Lead dimension and finish uncontrolled in L1• Q 0.176 0.186 4.48 4.72 

4. Lead dimension (without solder). 

5. Add typically 0.002 inches (0.05mm) for solder coating. 

6. Maximum radius of 0.050 inches (1.27mm) on all body edges and 
corners. 

7. Position of lead to be measured 0.250 inches (6.35rnm) from bottom 
of dimension D. 

8. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 

9. Controlling dimension: Inch. 

10. Revision 1 dated 1-93. 
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NOTES 

-
-

3,4,5 

3,4 

3,4,5 

-
2 

7 

7 

8 

3 

2 
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Package Outlines 

Plastic Packages (Continued) 

TO-220AB 
3 LEAD JEDEC TO-220AB PLASTIC PACKAGE 

INCHES 

SYMBOL MIN MAX 

NOTES: 

1. These dimensions are within allowable dimensions of Rev. J of 
JEDEC TO-220AB outline dated 3-24-87. 

2. Lead dimension and finish uncontrolled in L1. 

3. Lead dimension (without solder). 

4. Add typically 0.002 inches (0.05mm) for solder coating. 

5. Position of lead to be measured 0.250 inches (6.35mm) from bot
tom of dimension D. 

6. Position of lead to be measured 0.1 00 inches (2.54mm) from bot
tom of dimension O. 

7. Controlling dimension: Inch. 

8. Revision 1 dated 1-93. 

13-10 

A 0.170 0.180 

A1 0.048 0.052 

b 0.030 0.034 

b1 0.045 0.055 

c 0.014 0.019 

D 0.590 0.610 

0 1 - 0.160 

E 0.395 0.410 

E1 - 0.030 

e 0.100 TYP 

0.200 BSC 

0.235 0.255 

0.100 0.110 

L 0.530 0.550 

0.130 0.150 

0P 0.149 0.153 

Q 0.102 0.112 

MILLIMETERS 

MIN MAX 

4.32 4.57 

1.22 1.32 

0.77 0.86 

1.15 1.39 

0.36 0.48 

14.99 15.49 

4.06 

10.04 10.41 

0.76 

2.54 TYP 

5.08 BSC 

5.97 6.47 

2.54 2.79 

13.47 13.97 

3.31 3.81 

3.79 3.88 

2.60 2.64 

NOTES 

3,4 

2,3 

2,3,4 

5 

5 

6 

2 



Package Outlines 

Plastic Packages (Continued) 

TS-001AA 
5 LEAD JEDEC TS-001AA PLASTIC PACKAGE 

L I --A I I I I I 

~II 
b-

NOTES: 

'r:J345 e--

-- e,-

c -- I--

1. These dimensions are within allowable dimensions of Rev. A of 
JEOEC TS-001AA outline dated 8-89. 

2. Lead finish uncontrolled in zone M. 

3. Lead dimension (without solder). 

4. Add typically 0.002 inches (0.05mm) for solder coating. 

5. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension O. 

6. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension O. 

7. Controlling dimension: Inch. 

8. Revision 3 dated 12-93. 
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SYMBOL 

A 

A, 

b 

c 

0 

0, 

E 

E, 

e 

e, 

H, 

J, 

L 

M 

0P 

Q 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.170 0.180 4.32 4.57 

0.048 0.052 1.22 1.32 

0.030 0.034 0.77 0.86 

0.014 0.019 0.36 0.48 

0.590 0.610 14.99 15.49 

- 0.160 - 4.06 

0.395 0.410 10.04 10.41 

- 0.030 - 0.76 

0.067TYP 1.70TYP 

0.268 SSC 6.80 SSC 

0.235 0.255 5.97 6.47 

0.100 0.110 2.54 2.79 

0.530 0.550 13.47 13.97 

0.130 0.150 3.31 3.81 

0.149 0.153 3.79 3.88 

0.102 0.112 2.60 2.84 

NOTES 

-
-

3,4 

2,3,4 

-
-

5 

5 

-
6 

-
2 

o . 
zO 
c(~ 
CJ
zCJ -z 
~ffi 
0 0 
~~ 



Package Outlines 

Plastic Packages (Continued) 

TO-247 
3 LEAD JEDEC STYLE T0-247 PLASTIC PACKAGE 

SYMBOL 

NOTES: 
1. Lead dimension and finish uncontrolled in L1• 

2. Lead dimension (without solder). 

3. Add typically 0.002 inches (0.05mm) for solder coating. 

4. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 

5. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 

6. Controlling dimension: Inch. 
7. Revision 1 dated 1-93. 

13-12 

A 

b 

c 

o 
E 

e 
e1 

L 

0P 

Q 

0R 

0S 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.180 0.190 4.58 4.82 

0.046 0.051 1.17 1.29 

0.060 0.070 1.53 1.77 

0.095 0.105 2.42 2.66 

0.020 0.026 0.51 0.66 

0.800 0.820 20.32 20.82 

0.605 0.625 15.37 15.87 

0.219TYP 5.56 TYP 

0.438 SSC 11.12 SSC 

0.090 0.105 2.29 2.66 

0.620 0.640 15.75 16.25 

0.145 0.155 3.69 3.93 

0.138 0.144 3.51 3.65 

0.210 0.220 5.34 5.58 

0.195 0.205 4.96 5.20 

0.260 0.270 6.61 6.85 

NOTES 

2,3 

1,2 

1,2 

1,2,3 

4 

4 

5 



Package Outlines 

Plastic Packages (Continued) 

iEi 1 A r TERM. 6 

0S\ 0P TO-247 

pi), (ITo 
-

~ 
5 LEAD JEDEC STYLE TO·247 PLASTIC PACKAGE 

=- INCHES MILLIMETERS 

- SYMBOL MIN MAX MIN MAX 

A 0.180 0.190 4.58 4.82 

h-' 
I 

b 0.046 0.051 1.17 1.29 

b, 0.060 0.070 1.53 1.77 

I-- b, b2 0.095 0.105 2.42 2.66 

1'-- b2 
c 0.020 0.026 0.51 0.66 

L I I 
c~ ~ 

I 
D 0.800 0.820 20.32 20.82 

L --b 
E 0.605 0.625 15.37 15.87 

e 0.110 TYP 2.79TYP 1 2 3 4 5 -1J, I-- 5 4 3 2 1 

--e-- BACK VIEW e, 0.438 BSC 11.12 BSC 

I-- e,- J, 0.090 0.105 2.29 2.66 

L 0.620 0.640 15.75 16.25 
NOTES: 

L, 0.145 0.155 3.69 3.93 
1. Lead dimension and finish uncontrolled in L, . 

2. Lead dimension (without solder). 0P 0.138 0.144 3.51 3.65 

3. Add typically 0.002 inches (0.05mm) for solder coating. a 0.210 0.220 5.34 5.58 

4. Position of lead to be measured 0.250 inches (6.35mm) from bottom 0R 0.195 0.205 4.96 5.20 
of dimension D. 0S 0.260 0.270 6.61 6.85 

5. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 

6. Controlling dimension: Inch. 

7. Revision 1 dated 1-93. 
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NOTES 

2,3 

1,2 

1,2 

1,2,3 

4 

4 

5 

· 
1 

· 
· 

-
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Package Outlines 

Plastic Packages (Continued) 

TO-2S1AA 
3 LEAD JEDEC TO-2S1 AA PLASTIC PACKAGE 

c 

NOTES: 

SEATING 
PLANE 

1. These dimensions are within allowable dimensions of Rev. C of 
JEDEC TO-251AA outline dated 9-88. 

2. Solder finish uncontrolled. 

3. Dimension (without solder). 

4. Add typically 0.0006 inches (0.015mm) for solder coating. 

5. Position of lead to be measured 0.250 inches (6.35mm) from bot
tom of dimension D. 

6. Position of lead to be measured 0.100 inches (2.54mm) from bot
tom of dimension D. 

7. Controlling dimension: Inch. 

8. Revision 1 dated 1-93. 

SYMBOL 

A 

Al 

b 

b1 

b2 

c 

D 

E 

e 

el 

HI 

J1 

L 

Ll 

13-14 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.086 0.094 2.19 2.38 

0.018 0.022 0.46 0.55 

0.028 0.032 0.72 0.81 

0.033 0.040 0.84 1.01 

0.205 0.215 5.21 5.46 

0.018 0.022 0.46 0.55 

0.270 0.290 6.86 7.36 

0.250 0.265 6.35 6.73 

0.090TYP 2.28TYP 

0.180 BSC 4.57BSC 

0.035 0.045 0.89 1.14 

0.040 0.045 1.02 1.14 

0.355 0.375 9.02 9.52 

0.075 0.090 1.91 2.28 

NOTES 

-
3,4 

3,4 

3 

3,4 

3,4 

-

5 

5 

-
6 

-
2 



Package Outlines 

Plastic Packages (Continued) 

TO-2S2AA 

1 -;~A' 2 LEAD JEDEC TO-252M PLASTIC PACKAGE 

",TERM. 4 

\. t 
L4 

I-- b3 -l ---.i 

U u U 
BACK VIEW 

NOTES: 

-Iv SEATING 
PLANE 

I-- 0.265 --l 
I (6.7) I 

0'07rl'8)~ I ~---:J(3'0) 
0.063 (1'6).J~ L c::!'(1.6) 

0.090 (2.3) 

0.090(2.3) 

MINIMUM PAD SIZE RECOMMENDED FOR 
SURFACE-MOUNTED APPUCATIONS 

1. These dimensions are within allowable dimensions of Rev. B of 
JEDEC TO-252AA outline dated 9-88. 

2. L4 and b3 dimensions establish a minimum mounting surface for 
terminal 4. 

3. Solder finish uncontrolled. 

4. Dimension (without solder). 

5. Add typically 0.0006 inches (0.015mm) for solder coating. 

6. L3 is the terminal length for soldering. 

7. Position of lead to be measured 0.090 inches (2.28mm) from bottom 
of dimension D. 

8. Controlling dimension: Inch. 

9. Revision 2 dated 6-93. 

SYMBOL 

A 

b 

c 

D 

E 

e 

H, 

J, 

L 

13-15 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

0.086 0.094 2.19 2.38 

0.018 0.022 0.46 0.55 

0.028 0.032 0.72 0.81 

0.033 0.040 0.84 1.01 

0.205 0.215 5.21 5.46 

0.190 4.83 

0.D18 0.022 0.46 0.55 

0.270 0.290 6.86 7.36 

0.250 0.265 6.35 6.73 

0.090TYP 2.28 TYP 

0.180 BSC 4.57BSC 

0.035 0.045 0.89 1.14 

0.040 0.045 1.02 1.14 

0.100 0.115 2.54 2.92 

0.075 0.090 1.91 2.28 

0.025 0.040 0.64 1.01 

0.020 0.51 

0.170 4.32 

NOTES 

4,5 

4,5 

4 

4,5 

2 

4,5 

7 

7 

3 

4,6 

2 

o . 
zO 
c(~ 
C1-
zCl -z 
~ffi 
(,)0 

!:gs 





POWER MOSFETs 14 
HOW TO USE HARRIS AnswerFAX 

What is AnswerFAX? 
AnswerFAX is Harris' automated fax response system. It gives you on-demand access to a full 
library of the latest data sheets, application notes, and other information on Harris products . 

••• 
What do I need to use AnswerFAX? 

Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week . 

••• 
How does it work? 

You call the AnswerFAX number, touch-tone your way through a series of recorded questions, enter 
the order numbers of the documents you want, and give AnswerFAX a fax number to send them to. 
You'll have the information you need in minutes. The chart on the next page shows you how . 

••• 
How do I find out the order number for the publications I want? 
The first time you call AnswerFAX, you should order one or more on-line catalogs of product line 
information. There are seven catalogs: 

• New Products • Digital Signal Processing (DSP) Products • Application Notes 

• LinearfTelecom Products • Discrete & Intelligent Power Products 

• Data Acquisition Products • Microprocessor Products 

Once they're faxed to you, you can call back and order the publications themselves by number . 

••• 
How do I start? 

Dial 407-724-7800. That's it. 

ANSWER 

FAX 
Please refer to next page for a map to AnswerFAX. 
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ORDER 

WELCOME TO 
AnawerFAX! 

GET HELP 

Your Map to Harris AnswerFAX 

MOREE!. m 
YOUR YOUR 

GIVE A 
DOCUMENT 
NUMBER 

DONE II • I FAX NUMBER NAME 

ENTER DONE:1l ENTER II 

NEW PRODUCTS 

UNEARITELECOM 
PRODUCTS 

DATA ACQUISITION 
PRODUCTS 

DIGITAL SIGNAL 
PROCESSING 

DI~~~i~~~~ III • .. I 
POWER PRODUCTS 

MICROPROCESSOR 
PRODUCTS 

RADIATION HARDENED 
PRODUCTS 

ENTIRE CATALOG 
USTING 

APPU~A~~~ my .. I 

CHOOSE A CATALOG 

CONARM 
YOUR 
CHOICE 

(ORDER UP 
TO THREE 
DOCUMENTS) 

DONE 

_ RAPID 
CORRECT YOUR ~ ACCESS II 
FAX NUMBER _ NUMBER 

ENTER YOUR 
NUMBER 

DONE II 

m~ 

ANSWER 

m 



Harris AnswerFAX Data Book Request Form 

DATA BOOKS AVAILABLE NOWI 

PUBLICATION 
NUMBER DATA BOOK/DESCRIPTION 

PSG201S PRODUCT SELECTION GUIDE (1992: 320pp) Key product information on all Harris Semiconductor de-
vices. Sectioned (Analog, Data Acquisition, Digital, Application Specific, Power, Hi-Rei & Rad-Hard, 
ASIC) for easy use and includes cross references and alphanumeric part number index. 

DB500B LINEAR AND TELECOM ICs (1993: l,312pp) Product specifications for: op amps, comparators, SlH 
amps, differential amps, arrays, special analog circuits, telecom ICs, and power processing circuits. 

DB301B DATA ACQUISITION (1994: l,104pp) Product specifications on AID converters (display, integrating, 
successive approximation, flash); D/A converters, switches, multiplexers, and other products. 

DB302A DIGITAL SIGNAL PROCESSING (1993: 380pp) This new edition includes specifications on one- and 
two-dimensional filters, signal synthesizers, multipliers, special function devices (such as address se-
quencers, binary correlators, histogrammer). Includes sections on development tools, application notes 
and QualitylReliability. 

DB304 INTELLIGENT POWER ICs (1992: 512pp) Product specifications for low- and high-side switches, half 
bridges, AC-DC converters, full bridges, regulators & power supplies, protection circuits, and speCial func-
tion ICs. Includes application notes and Quality/Reliability sections. 

DB450C TRANSIENT VOLTAGE SUPPRESSION DEVICES (1994: 400pp) Product specifications of Harris varis-
tors and surgectors. Also, general informational chapters such as: ·Voltage Transients - An Overview," 
"Transient Suppression - Devices and Principles," ·Suppression - Automotive Transients." 

DB223.2 POWER MOSFETs (1992: l,504pp) Product specifications on MOSFETs (N- and P-channel,logic level, 
military and radiation-hardened); IGBTs; Intelligent discretes; power drivers and switches; and ultra-fast 
rectifiers. Includes industry replacement guide and application notes. 

DB220.1 BIPOLAR POWER TRANSISTORS (1992: 592pp) Technical information on over 750 power transistors 
for use in a wide range of consumer, industrial and military applications. Indexing and packaging included. 

DB303 MICROPROCESSOR PRODUCTS (1992: l,156pp) For commercial and military applications. Product 
specifications on CMOS microprocessors, peripherals, data communications, and memory ICs. Includes 
application notes and QualityIReliability chapters. 

DB309 MCTnGBT/DIODES (1994: 528pp) This databook fully describes Harris Semiconductor's line of MOS 
Controlled Thyristors, Insulated Gate Bipolar Transistors (IGBTs) and Power Diodes/Rectifiers. It in-
cludes a complete set of datasheets for product speCifications, application notes with design details for 
specific applications of Harris products, and a description of the Harris Quality and Reliability program. 

Analog Military ANALOG MILITARY (1989: l,264pp) This databook describes Harris' military line of Linear, Data Acqui-
sition, and Telecommunications circuits. 

Digital Military DIGITAL MILITARY (1989: 680pp) Harris CMOS digitallCs -- microprocessors, peripherals, data com-
munications and memory -- are included in this databook. 

NAME: ____________________________ __ COMPANY: _________________________ _ 

MAILSTOP: ________________________ ___ 

PHONE: _____________________ _ 

FAX: _______________________ ___ 

ADDRESS: ________________________ _ 

DATA BOOK REQUESTED: _____________ _ 
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AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

27007 BR007 Complete listing of Harris Sales Offic-
es, Representatives and Authorized 
Distributors World Wide (7 pages) 

HARRIS SEMICONDUCTOR APPLICATION NOTES 

9001 AN001 Glossary of Data Conversion Terms 
(6 pages) 

9002 AN002 Principles of Data Acquisition and 
Conversion (20 pages) 

9004 AN004 The IH5009 Analog Switch Series 
(9 pages) 

9007 AN007 Using the 804818049 Log! Antilog 
Amplifier (6 pages) 

9009 AN009 Pick Sample-Holds by Accuracy and 
Speed and Keep Hold Capacitors in 
Mind (7 pages) 

9012 AN012 Switching Signals with Semiconductors 
(4 pages) 

9013 AN013 Everything You Always Wanted to 
Know About the ICL8038 (4 pages) 

9016 AN016 Selecting AID Converters (7 pages) 

9017 ANOn The Integrating AID Converter 
(5 pages) 

9018 AN018 Do's and Don'ts of Applying AID 
Converters (4 pages) 

9020 AN020 A Cookbook Approach to High Speed 
Data Acquisition and Microprocessor 
InterfaCing (23 pages) 

9023 AN023 Low Cost Digital Panel Meter Designs 
(5 pages) 

9027 AN027 Power Supply Design Using the 
ICL8211 and 8212 (8 pages) 

9028 AN028 Build an Auto-Ranging DMM with the 
ICL7103A18052A AID Converter Pair 
(6 pages) 

9030 AN030 ICL71 04: A Binary Output AID Convert-
er for Microprocessors (16 pages) 

9032 AN032 Understanding the Auto-Zero and 
Common Mode Performance of the 
ICL7106n107n109 Family (8 pages) 

9040 AN040 Using the ICL8013 Four Quadrant 
Analog Multiplier (6 pages) 

9042 AN042 Interpretation of Data Converter 
Accuracy Specifications (11 pages) 

9043 AN043 Video Analog-to-Dlgltal Conversion 
(6 pages) 

9046 AN046 Building a Battery Operated Auto Rang-
ing DVM with the ICL7106 (5 pages) 

9047 AN047 Games People Play with Intersil's AID 
Converter's (27 pages) 
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AnswerFAX Technical Support 
Application Note Listing 

AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

9048 AN048 Know Your Converter Codes (5 pages) 

9049 AN049 Applying the 7109 AID Converter 
(5 pages) 

9051 AN051 Principles and Applications of the 
ICL7660 CMOS Voltage Converter 
(9 pages) 

9052 AN052 Tips for Using Single Chip 3.5 Digit AID 
Converters (9 pages) 

9053 AN053 The ICL7650 A New Era in Glitch-Free 
Chopper Stabilized Amplifiers 
(19 pages) 

9054 AN054 Display Oliver Family Combines Con-
venience of Use with Microprocessor 
Interfaceability (18 pages) 

9059 AN059 Digital Panel Meter Experiments for the 
Hobbyist (7 pages) 

9108 AN108 82C52 Programmable UART 
(12 pages) 

9109 AN109 82C59A Priority Interrupt Controller 
(14 pages) 

9111 AN111 Harris 80C286 Performance 
Advantages Over the 80386 (12 pages) 

9112 AN112 80C286180386 Hardware Comparison 
(4 pages) 

9113 AN113 Some Applications of Digital Signal Pro-
cessing Techniques to Digital Video 
(5 pages) 

9114 AN114 Real-Time Two-Dimensional Spatial 
Rltering with the Harris Digital Filter 
Family (43 pages) 

9115 AN115 Digital Filter (OF) Family Overview 
(6 pages) 

9116 AN116 Extended OF Configurations (10 pages) 

9120 AN120 Interfacing the 80C286-16 With the 
80287-10 (2 pages) 

9121 AN121 Harris 80C286 Performance Advantag-
es Over the 80386SX (14 pages) 

9400 AN400 Using the HS-3282 ARINC Bus 
Interface Circuit (6 pages) 

9509 AN509 A Simple Comparator Using the 
HA-2620 (1 page) 

9514 AN514 The HA-2400 PRAM Four Channel 
Operational Amplifier (7 pages) 

9515 AN515 Operational Amplifier Stability: Input 
CapaCitance Considerations (2 pages) 

9517 AN517 Applications of Monolithic Sample and 
Hold Amplifier (5 pages) 

9519 AN519 Operational Amplifier Noise Prediction 
(4 pages) 



AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

9520 AN520 CMOS Analog Miltiplexers and Switch-
es; Applications Considerations 
(9 pages) 

9521 AN521 Getting the Most Out of CMOS Devices 
for Analog Switching Jobs (7 pages) 

9522 AN522 Digital to Analog Converter 
Terminology (3 pages) 

9524 AN524 Digital to Analog Converter High Speed 
ADC Applications (3 pages) 

9525 AN525 HA-5190/5195 Fast Settling Operation-
al Amplifier (4 pages) 

9526 AN526 Video Applications for the HA-5190/ 
5195 (5 pages) 

9531 AN531 Analog Switch Applications in AID Data 
Conversion Systems (4 pages) 

9532 AN532 Common Questions Conceming CMOS 
Analog Switches (4 pages) 

9534 AN534 Additional Information on the HI-300 
Series Switch (5 pages) 

9535 AN535 Design Considerations for A Data 
Acquisition System (DAS) (7 pages) 

9538 AN538 Monolithic SamplelHold Combines 
Speed and Precision (6 pages) 

9539 AN539 A Monolithic 16-Bit D/A Converter 
(5 pages) 

9540 AN540 HA-5170 Precision Low Noise JFET 
Input Operation Amplifier (4 pages) 

9541 AN541 Using HA-2539 or HA-2540 Very High 
Slew Rate. Wideband Operational 
Amplifier (4 pages) 

9543 AN543 New High Speed Switch Offers 
Sub-50ns Switching Times (7 pages) 

9544 AN544 Micropower Op Amp Family (6 pages) 

9546 AN546 A Method of Calculating HA-2625 Gain 
Bandwidth Product vs. Temperature 
(4 pages) 

9548 AN548 A Designers Guide for the HA-5033 
Video Buffer (12 pages) 

9549 AN549 The HC-550X Telephone Subscriber 
Line Interface Circuits (SLlC) 
(19 pages) 

9550 AN550 Using the HA-2541(6 pages) 

9551 AN551 Recommended Test Procedures for 
Operational Amplifiers (6 pages) 

9552 AN552 Using the HA-2542 (5 pages) 

9553 AN553 HA-5147/37/27. Ultra Low Noise 
Amplifiers (8 pages) 

9554 AN554 Low Noise Family 
HA-5101/02l04l11112114 (7 pages) 

AnswerFAX Technical Support 
Application Note Listing 

AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

9556 AN556 Thermal Safe-Operating-Areas for High 
Current Op Amps (5 pages) 

9557 AN557 Recommended Test Procedures for An-
alog Switches (6 pages) 

9558 AN558 Using the HV-1205 AC to DC Converter 
(2 pages) 

9559 AN559 HI-222 VideolHF Switch Optimizes Key 
Parameters (7 pages) 

9571 AN571 Using Ring Sync with HC-5502A and 
HC-5504 SLiCs (2 pages) 

9573 AN573 The HC-5560 Digital Line Transcoder 
(6 pages) 

9574 AN574 Understanding PCM Coding (3 pages) 

9576 AN576 HC-5512 PCM Filter Cleans Up CVSD 
Codec Signals (2 pages) 

9607 AN607 Delta Modulation for Voice 
Transmission (5 pages) 

95290 AN5290 Integrated Circuit Operational 
Amplifiers (20 pages) 

96048 AN6048 Some Applications of A Programmable 
Power Switch/Amp (12 pages) 

96077 AN6077 An IC Operational-Transconductance-
Amplifier (OTA) With Power Capability 
(12 pages) 

96157 AN6157 Applications of the CA3085 Series 
Monolithic IC Voltage Regulators 
(11 pages) 

96182 AN6182 Features and Applications of Integrated 
Circuit Zero-Voltage Switches 
(CA3058. CA3059 and CA3079) 
(31 pages) 

96386 AN6386 Understanding and Using the CA3130. 
CA3130A and CA3130B30Al30B 
BiMOS Operation Amplifiers (5 pages) 

96459 AN6459 Why Use the CMOS Operational 
Amplifiers and How to Use it (4 pages) 

96565 AN6565 Design of Clock Generators For Use 
With COSMAC Microprocessor 
CDP1802 (3 pages) 

96669 AN6669 FET-Bipolar Monolithic Op Amps Mate 
Directly to Sensitive Sources (3 pages) 

96915 AN6915 Application of CA 1524 Series 
Pulse-Width Modulator ICs (18 pages) 

96970 AN6970 Understanding and Using the CDP1855 
Multiply/Divide Unit (11 pages) 

97063 AN7063 Understanding the CDP1851 
Programmable I/O (7 pages) 

97174 AN7174 The CA1524E Pulse-Width Modulator-
Driver for an Electronic Scale (2 pages) 
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97244 AN7244 Understanding Power MOSFETs 
(4 pages) 

97254 AN7254 Switching Waveforms of the L2FET: 
A 5 Volt Gate-Drive Power MOSFET 
(8 pages) 

97260 AN7260 Power MOSFET Switching Waveforms: 
A New Insight (7 pages) 

97275 AN7275 User's Guide to the CDP1879 and 
CDP1879Cl CMOS Real-Time Clocks 
(18 pages) 

97326 AN7326 Applications of the CA3228E Speed 
Control System (16 pages) 

97332 AN7332 The Application of Conductivity-Modu-
lated Field-Effect Transistors (5 pages) 

97374 AN7374 The CDP1871A Keyboard Encoder 
(9 pages) 

98602 AN8602 The IGBTs - A New High Conductance 
MOS-Gated Device (3 pages) 

98603 AN8603 Improved IGBTs with Fast Switching 
Speed and High-Current Capability 
(4 pages) 

98610 AN8610 Spicing-Up Spice /I Software for Power 
MOSFET Modeling (8 pages) 

98614 AN8614 The CA1523 Variable Interval Pulse 
Regulator (VI PUR) For Switch Mode 
Power Supplies (13 pages) 

98707 AN8707 The CA3450: A Single-Chip Video Line 
Driver and High Speed Op Amp 
(14 pages) 

98742 AN8742 Application of the CD22402 Video Sync 
Generator (4 pages) 

98743 AN8743 Micropower Crystal-Controlled Oscilla-
tor Design Using CMOS Inverters 
(8 pages) 

98754 AN8754 Method 01 Measurement of Simulta-
neous Switching Transient (3 pages) 

98756 AN8756 A Comparative Description of the UART 
(16 pages) 

98759 AN8759 Low Cost Data Acquisition System Fea-
tures SPI AID Converter (9 pages) 

98761 AN8761 User's Guide to the CDP68HC68Tl 
Real-Time Clock (14 pages) 

98811 ANBBll BiMOS-E Process Enhances the 
CA5470 Quad Op Amp (B pages) 

98818 ANBB18 Exceptional Radiation Levels from Sill-
con-on-Sapphire Processed High-
Speed CMOS Logic (5 pages) 

·98820 ANBB20 Recommendations for Soldering Termi-
nal Leads to MOV Varistor Discs 
(2 pages) 
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98823 ANBB23 CMOS Phase-Locked-Loop Applica-
tions Using the CD54174HC/HCT 4046A 
and CD54174HC/HCT7046A (23 pages) 

98829 ANBB29 SP600 and SP601 an HVIC MOSFET/ 
IGBT Driver for Half-Bridge Topologies 
(6 pages) 

98910 ANB910 An Introduction to Behavioral Simula-
tion Using Harris AC/ACT Logic Smart-
Models™ From Logic Automation Inc. 
(9 pages) 

99001 AN9001 Measuring Ground and VCC Bounce in 
Advanced High Speed (AC/ACT/FCn 
CMOS Logic ICs (4 pages) 

99002 AN9002 Transient Voltage Suppression in 
Automotive Vehicles (B pages) 

99003 AN9003 Low-Voltage Metal-Oxide Varistor-
Protection for Low Voltage (::;5V) ICs 
(13 pages) 

99010 AN9010 HIP2500 High Voltage (500Vod Half-
Bridge Driver IC (B pages) 

99011 AN9011 Synchronous Operation of Harris Rad 
Hard SOS 64K Asynchronous SRAMs 
(4 pages) 

99101 AN9101 High Current Off Line Power Supply 
(4 pages) 

99102 AN9102 Noise Aspects of Applying Advanced 
CMOS Semiconductors (9 pages) 

99105 AN9105 HVICIIGBT Half-Bridge Converter 
Evaluation Circuit (1 page) 

99106 AN9106 Special ESD ConSiderations for the HS-
65643RH and HS-65647RH Radiation 
Hardened SOS SRAMs (2 pages) 

99108 AN910B Harris Multilayer Surface Mount Surge 
Suppressors (10 pages) 

99201 AN9201 Protection Circuits for Quad and Octal 
Low Side Power Drivers (B pages) 

99202 AN9202 Using the HFAllOO, HFA1130 
Evaluation Fixture (4 pages) 

99203 AN9203 Using the HI5BOO Evaluation Board 
(13 pages) 

99204 AN9204 Tools for ContrOlling Voltage Surges 
and Noise (4 pages) 

99205 AN9205 Timing Relationships for HSP45240 
(2 pages) 

99206 AN9206 Correlating on Extended Data Lengths 
(2 pages) 

99207 AN9207 DSP Temperature Considerations 
(2 pages) 

99208 AN920B High Frequency Power Converters 
(10 pages) 



AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

99209 AN9209 A Spice-2 Subcircuit Representation for 
Power MOSFETs, Using Empirical 
Methods (4 pages) 

99210 AN9210 A New PSpice Subcircuitlor the Power 
MOSFET Featuring Global Tempera-
ture Options (12 pages) 

99211 AN9211 Soldering Recommendations for 
Surface Mount Metal Oxide Varistors 
and Multilayer Transient Voltage 
Suppressors (8 pages) 

99213 AN9213 Advantages and Application of Display 
Integrating AID Converters (6 pages) 

99214 AN9214 Using Harris High Speed AID 
Converters (10 pages) 

99215 AN9215 Using the HI-5700 Evaluaton Board 
(7 pages) 

99216 AN9216 Using the HI5701 Evaluation Board 
(8 pages) 

99217 AN9217 High Current Off Line Power Supply 
(11 pages) 

99301 AN9301 High Current Logic Level MOSFET 
Driver (3 pages) 

99302 AN9302 CA3277 Dual 5V Regulator Circuit 
Applications (9 pages) 

99303 AN9303 Upgrading Your Application to the 
HI7166 or HI7167 (7 pages) 

99304 AN9304 ESD and Transient Protection Using the 
SP720 (10 pages) 

99306 AN9306 The New 'C' III Series of Metal Oxide 
Varistors (5 pages) 

99307 AN9307 The Connector Pin Varistor for 
Transient Voltage Protection in 
Connectors (7 pages) 

99308 AN9308 Voltage Transients and their 
Suppression (5 pages) 

99309 AN9309 Using the H15800/H15801 Evaluation 
Board (8 pages) 

99310 AN931 0 Surge Suppression Technologies 
Advantages and Disadvantages 
(MOVs, SADs, Gas Tubes, Rlters and 
Transformers) (6 pages) 

99311 AN9311 The ABCs of MOVs (3 pages) 

99312 AN9312 Suppression of Transients in an 
Automative Environment (11 pages) 

99313 AN9313 Circuit Considerations in Imaging 
Applications (8 pages) 

99314 AN9314 Harris UHF Pin Drivers (4 pages) 

99315 AN9315 RF Amplifier Design Using HFA30461 
3096/3127/3128 Transistor Arrays 
(4 pages) 

AnswerFAX Technical Support 
Application Note Listing 

AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

99316 AN9316 Power Supply Considerations for the 
HI-222 High Frequency Video Switch 
(2 pages) 

99317 AN9317 Micropower Clock Oscillator and Op 
Amps Provide System Control for Bat-
tery Operated Circuits (2 pages) 

99321 AN9321 Single Pulse Unclamped Inductive 
Switching: A Rating System (5 pages) 

99322 AN9322 A Combined Single Pulse and 
Repetitive UIS Rating System (4 pages) 

99323 AN9323 HIP5061 High Efficiency, High Perfor-
mance, High Power Converter 
(10 pages) 

99324 AN9324 HIP4080, 80V Frequency H-Bridge 
Driver (12 pages) 

99327 AN9327 HC-5509A 1 Ring Trip Component 
Selection (9 pages) 

99328 AN9328 Using the HI1166 Evaluation Board 
(9 pages) 

99329 AN9329 Using the H11176/H11171 Evaluation 
Board (5 pages) 

99330 AN9330 Using the HI1396 Evaluation Board 
(9 pages) 

99331 AN9331 Using the HI1175 Evaluation Board 
(10 pages) 

99332 AN9332 Using the HI1276 Evaluation Board 
(10 pages) 

99333 AN9333 Using the HI1386 Adapter Board 
(2 pages) 

99334 AN9334 Improving Start-Up Time at 32kHz 
for the HA7210 Low Power Crystal 
Oscillator (2 pages) 

99335 AN9335 HIP5500 High Voltage (500Vocl Power 
Supply Driver IC (13 pages) 

99337 AN9337 Reduce CMOS-Multiplexer Troubles 
Through Proper Device Selection 
(6 pages) 

660001 MMOOOI HFA-OOOI Spice Operational Amplifier 
Macro-Model (4 pages) 

660002 MMOO02 HFA-0002 Spice Operational Amplifier 
Macro-Model (4 pages) 

660005 MMOOO5 HFA-0005 Spice Operational Amplifier 
Marco-Model (4 pages) 

662500 MM2500 HA2500/02 Spice Operational Amplifier 
Macro-Model (5 pages) 

662510 MM2510 HA-2510/12 Spice Operational 
Amplifier Macro-Model (4 pages) 

662520 MM2520 HA-2520/22 Spice Operational 
Amplifier Macro-Model (4 pages) 
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662539 MM2539 HA-2539 Spice Operational Amplifier 
Macro-Model (4 pages) 

662540 MM2540 HA-2540 Spice Operational Amplifier 
Macro-Model (4 pages) 

662541 MM2541 HA-2541 Spice Operational Amplifier 
Macro-Model (5 pages) 

662542 MM2542 HA-2542 Spice Operational Amplifier 
Macro-Model (5 pages) 

662544 MM2544 HA-2544 Spice Operational Amplifier 
Macro-Model (5 pages) 

662548 MM2548 HA-2548 Spice Operational Amplifier 
Macro-Model (5 pages) 

662600 MM2600 HA-2600/02 Spice Operational 
Amplifier Macro-Model (5 pages) 

662620 MM2620 HA-2620/22 Spice Operational 
Amplifier Macro-Model (5 pages) 

662839 MM2839 HA-2839 Spice Operational Amplifier 
Macro-Model (4 pages) 

662840 MM2840 HA-2840 Spice Operational Amplifier 
Macro-Model (4 pages) 

662841 MM2841 HA-2841 Spice Operational Amplifier 
Macro-Model (4 pages) 

662842 MM2842 HA-2842 Spice Operational Amplifier 
Macro-Model (4 pages) 

662850 MM2850 HA-2850 Spice Operational Amplifier 
Macro-Model (4 pages) 

665002 MM5002 HA-5002 Spice Buffer Amplifier 
Macro-Model (4 pages) 

665004 MM5004 HA-5004 Spice Current Feedback 
Amplifier Macro-Model (4 pages) 
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665020 MM5020 HA-5020 Spice Current Feedback 
Operational Amplifier Macro-Model 
(4 pages) 

665033 MM5033 HA-5033 Spice Buffer Amplifier 
Macro-Model (4 pages) 

665101 MM5101 HA-5101 Spice Operational Amplifier 
Macro-Model (5 pages) 

665102 MM5102 HA-5102 Spice Operational Amplifier 
Macro-Model (5 pages) 

665104 MM5104 HA-5104 Spice Operational Amplifier 
Macro-Model (5 pages) 

665112 MM5112 HA-5112 Spice Operational Amplifier 
Macro-Model (5 pages) 

665114 MM5114 HA-5114 Spice Operational Amplifier 
Macro-Model (5 pages) 

665127 MM5127 HA-5127 Spice Operational Amplifier 
Macro-Model (4 pages) 

665137 MM5137 HA-5137 Spice Operational Amplifier 
Macro-Model (4 pages) 

665147 MM5147 HA-5147 Spice Operational Amplifier 
Macro-Model (4 pages) 

665190 MM5190 HA-5190 Spice Operational Amplifier 
Macro-Model (4 pages) 

665221 MM5221 HA-5221/22 Spice Operational 
Amplifier Macro-Model (4 pages) 

797338 MM Harris Power MOSFET and MCT Spice 
PWRDEV Model Library (16 pages) 
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FAX: 315 457 7076 
Columbus, OH 43017 TEL: (412) 828-3553 Salt Lake City, UT 84180 
TEL: (614) 752-5900 FAX: 412 828 6160 TEL: (801) 322-0391 

Trionic Associates, Inc. 6200 SOM Center Rd. FAX: 801 322-0392 
320 Northern Blvd. Suite D-20 TEXAS Great Neck, NY 11021 Solon, OH 44139 Harris Semiconductor WASHINGTON TEL: (516) 466-2300 TEL: (216) 498-4644 • 17000 Dallas Parkway, Suite 205 Northwest Marketing Assoc. 
FAX: 516 466 2319 FAX: 216 498 4544 Dallas, TX 75248 12835 Bel-Red Road 

TEL: (214) 733-0800 Suite 330N 
NORTH CAROLINA OKLAHOMA FAX: 214 7330819 Bellevue, WA 98005 

Harris Semiconductor 
4020 Stirrup Creek Dr. 

Nova Marketing Nova Marketing TEL: (206) 455-5846 
8421 East 61st Street, Suite P FAX:2064511130 

Building 2A, MS/2T08 Tulsa, OK 74133-1928 
8310 Capitol of Texas Hwy. 

Durham, NC 27703 Suite 180 

TEL: (919) 405-3600 
TEL: (800) 826-8557 Austin, TX 78731 WISCONSIN 

FAX: 919 405 3660 
TEL: (918) 660-5105 TEL: (512) 343-2321 Oasis Sales 
FAX: 9183171091 FAX: 512 343-2487 1305 N. Barker Rd. 

New Era Sales Brookfield, WI 53005 
1110 Navajo Dr., Suite 203 OREGON 

8350 Meadow Rd., Suite 174 TEL: (414) 782-6660 
Raleigh, NC 27609 Northwest Marketing Assoc. Dallas, TX 75231 FAX: 414 782 7921 
TEL: (919) 878-0400 6975 SW Sandburg Rd. TEL: (214) 265-4800 
FAX: 9198788514 FAX: 2142654668 

North American Authorized Distributors and Corporate Offices 
Hamilton Hallmark and Zeus are the only authorized North American distributors for stocklng and sale of Harris Rad Hard Space products. 

Alliance Electronics Farnell Electronic Services Hamilton Hallmark Zeus Electronics, 
7550 E. Redfield Rd. (Formerly m Multicomponents) 10950 W. Washington Blvd. An Arrow Company 
Scottsdale, AZ 85260 300 North Rivermede Rd. Culver City, CA 90230 100 Midland Avenue 
TEL: (602) 483-9400 Concord, Ontario TEL: (310) 558-2000 PI. Chester, NY 10573 
FAX: (602) 443 3898 Canada L4K 3N6 FAX: 3105582809 (Mil) TEL: (914) 937-7400 
Arrow/schweber TEL: (416) 798-4884 FAX: 214 343 5988(Com) TEL: (800) 52-HI-REL 
Electronics Group FAX: 416 798 4889 Newark Electronics FAX: 914 937-2553 
25 Hub Dr. Gerber Electronics 4801 N. Ravenswood Obsolete Products: 
Melville, NY 11747 128 Camegie Row Chicago, IL 60640 
TEL: (516) 391-1300 NorwOOd, MA 02062 TEL: (312) 784-5100 
FAX: 516391 1644 TEL: (617) 769-6000, x156 FAX: 312 275-9596 

Electronics Marketing 
Corporation (EMC) 
1150 West Third Avenue 
ColumbUS, OH 43212 
TEL: (614) 299-4161 
FAX: 6142994121 

FAX: 617 762 8931 

North American Authorized Distributors 

ALABAMA 
Arrow/schweber 
Huntsville 
TEL: (205) 837-6955 

Hamilton Hallmark 
Huntsville 
TEL: (205) 837-8700 

Wyle Laboratories 
Huntsville 
TEL: 205) 830-1119 

Zeus, An Arrow Company 
Huntsville 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 

ARIZONA 
Alliance Electronics, Inc. 
Gilbert 
TEL: (602) 813-0233 

• Field Application Assistance Available 

Scottsdale 
TEL: (602) 483-9400 

Arrow/Schweber 
Tempe 
TEL: (602) 431-0030 

Hamilton Hallmark 
Phoenix 
TEL: (602) 437-1200 

Wyle Laboratories 
Phoenix 
TEL: (602) 437-2088 

Zeus, An Arrow Company 
Tempe 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 

CALIFORNIA 
Alliance Electronics, Inc. 
Santa Clar~a 
TEL: (805) 297-6204 
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Wyle Laboratories 
(Commercial Products) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (408) 727-2500 
FAX: 408 988-2747 

Arrow/schweber 
Calabasas 
TEL: (818) 880-9686 

Irvine 
TEL: (714) 587-0404 

San Diego 
TEL: (619) 565-4800 

San Jose 
TEL: (408) 441-9700 

Hamilton Hallmark 
Costa Mesa 
TEL: (714) 641-4100 

Los Angeles 
TEL: (818) 594-0404 

Sacramento 
TEL: (916) 624-9781 

San Diego 
TEL: (619) 571-7540 

Rochester Electronic 
10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 

San Jose 
TEL: (408) 435-3500 

Wyle Laboratories 
Calabasas 
TEL: (818) 880-9000 

Irvine 
TEL: (714) 863-9953 

Rancho Cordova 
TEL: (916) 638-5282 

San Diego 
TEL: (619) 565-9171 

Santa Clara 
TEL: (408) 727-2500 

Zeus, An Arrow Company 
San Jose 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 
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North American Authorized Distributors (Continued) 

Zeus, An Arrow Company Hamilton Hallmark Yorba Linda Indianapolis TEL: (714) 921-9000 TEL: (914) 937-7400 
TEL: (317) 872-8875 TEL: (800) 52-HI-REL TEL: (800) 52-HI-REL 
Zeus, An Arrow Company 

CANADA FLORIDA TEL: (708) 250-0500 
ArrowlSchweber Alliance Electronics, Inc. TEL: (800) 52-HI-REL 
Burnaby, British Columbia Tampa 

IOWA TEL: (604) 421-2333 TEL: (813) 831-7972 
ArrowlSchweber 

Dorval, Quebec ArrowlSchweber Cedar Rapids 
TEL: (514) 421-7411 Deerfield Beach TEL: (319) 395-7230 
Nepan, Ontario TEL: (305) 429-8200 

Hamilton Hallmark 
TEL: (613) 226-6903 Lake Mary Cedar Rapids 
Mississagua, Ontario TEL: (407) 333-9300 TEL: (319) 362-4757 
TEL: (905) 670-7769 Hamilton Hallmark Zeus, An Arrow Company 
Farnell Electronic Services Miami TEL: (214) 380-4330 
Burnaby, British Columbia TEL: (305) 484-5482 TEL: (800) 52-HI-REL 

TEL: (604) 291-8866 Orlando 
TEL: (407) 657-3300 KANSAS 

Calgary, Alberta 
Largo ArrowlSchweber 

TEL: (403) 273-2780 
TEL: (816) 541-7440 Lenexa 

Concord, Ontario 
Wyle laboratories 

TEL: (913) 541-9542 
TEL: (416) 798-4884 

Fort Lauderdale Hamilton Hallmark 
V. St. Laurent, Quebec TEL: (305) 420-0500 Kansas City 
TEL: (514) 335-7697 

St. Petersburg 
TEL: (913) 888-4747 

Nepean, Ontario TEL: (813) 576-3004 Zeus, An Arrow Company 
TEL: (613) 596-6980 

Zeus, An Arrow Company 
TEL: (214) 380-4330 

Winnipeg, Manitoba Lake Mary 
TEL: (800) 52-HI-REL 

TEL: (204) 786-2589 TEL: (407) 333-3055 MARYLAND 
Hamilton Hallmark TEL: (800) 52-HI-REL ArrowlSchweber 
Mississagua, Ontario Columbia 
TEL: (905) 564-6060 GEORGIA TEL: (301) 596-7800 

ArrowlSchweber 
Montreal Duluth Hamilton Hallmark 
TEL: (514) 335-1000 TEL: (404) 497-1300 Baltimore 

TEL: (410) 988-9800 Ottawa Hamilton Hallmark 
Wyle Laboratories TEL: (613) 226-1700 Atlanta 
Columbia Vancouver, B.C. TEL: (404) 623-5475 
TEL: (410) 312-4844 TEL: (604) 420-4101 Wyle laboratories 
Zeus, An Arrow Company Toronto Duluth 
TEL: (914) 937-7400 TEL: (416) 795-3859 TEL: (404) 441-9045 
TEL: (800) 52-HI-REL 

Zeus, An Arrow Company 
COLORADO TEL: (407) 333-3055 MASSACHUSETTS ArrowlSchweber TEL: (800) 52-HI-REL Alliance Electronics, Inc. Englewood Winchester 

TEL: (303) 799-0258 ILLINOIS TEL: (617) 756-1910 
Hamilton Hallmark Alliance Electronics, Inc. 

ArrowlSchweber 
Denver Vernon Hills 

Wilmington TEL: (303) 790-1662 TEL: (708) 949-9890 
TEL: (508) 658-0900 

Colorado Springs ArrowlSchweber 
Gerber 

TEL: (719) 637-0055 Itasca 
Norwood 

Wyle Laboratories TEL: (708) 250-0500 
TEL: (617) 769-6000 

Thornton Hamilton Hallmark 
Hamilton Hallmark 

TEL: (303) 457-9953 Chicago 
Peabody 

Zeus, An Arrow Company TEL: (708) 660-7780 
TEL: (508) 532-9893 

TEL: (408) 629-4789 Newark Electronics, Inc. 
Wyle laboratories 

TEL: (800) 52-HI-REL Chicago 
Burlington TEL: (312) 907-5436 
(617) 272-7300 

CONNECTICUT Wyle laboratories 
Zeus, An Arrow Company Alliance Electronics, Inc. Addison 
Wilmington, MA Shelton TEL: (708) 620-0969 
TEL: (508) 658-4776 TEL: (203) 926-0087 Zeus, An Arrow Company TEL: (800) HI-REL 

ArrowlSchweber Itasca 
Wallingford TEL: (708) 250-0500 MICHIGAN 
TEL: (203) 265-7741 TEL: (800) 52-HI-REL ArrowlSchweber 
Hamilton Hallmark Livonia 
Danbury INDIANA TEL: (313) 462-2290 
TEL: (203) 271-2844 ArrowlSchweber Hamilton Hallmark 

Indianapolis 
Detroit TEL: (317) 299-2071 
TEL: (313) 347-4271 

• Field Application Assistance Available 
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Grandville 
TEL: (616) 531-0345 

Zeus, An Arrow Company 
TEL: (708) 595,9730 
TEL: (800) 52-HI-REL 

MINNESOTA 
ArrowlSchweber 
Eden Prarie 
TEL: (612) 941-5280 

Hamilton Hallmark 
Minneapolis 
TEL: (612) 881-2600 

Wyle Laboratories 
Minneapolis 
TEL: (612) 653-2280 

Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 

MISSOURI 
ArrowlSchweber 
St. Louis 
TEL: (314) 567-6888 

Hamilton Hallmark 
St. Louis 
TEL: (314) 291-5350 

Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 

NEW JERSEY 
ArrowlSchweber 
Marlton 
TEL: (609) 596-8000 

Pinebrook 
TEL: (201) 227-7880 

Hamilton Hallmark 
Cherry Hill 
TEL: (609) 424-0110 

Parsippany 
TEL: (201) 515-1641 

Wyle Laboratories 
Mt. Laurel 
TEL: (609) 439-9110 

Pine Brook 
TEL: (201) 882-8358 

Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 

NEW MEXICO 
Hamilton Hallmark 
Albuquerque 
TEL: (505) 828-1058 

Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 

NEWVORK 
Alliance Electronics, Inc. 
Binghamton 
TEL: (607) 648-8833 

Huntington 
TEL: (516) 673-1930 

Arrow/schweber 
Farmingdale 
TEL: (516) 293-6363 



North American Authorized Distributors (Continued) 

Hauppauge Columbus Dallas 
TEL: (516) 231-1000 TEL: (614) 888-3313 TEL: (214) 380-6464 

Melville Dayton Houston 
TEL: (516) 391-1276 TEL: (513) 439-6735 TEL: (713) 647-8868 
TEL: (516) 391-1300 Toledo Hamilton Hallmark 
TEL: (516) 391-1633 TEL: (419) 242-6610 Austin 
Rochester Zeus, An Arrow Company TEL: (512) 258-8848 
TEL: (716) 427-0300 TEL: (708) 595-9730 Dallas 
Hamilton Hallmark TEL: (800) 52-HI-REL TEL: (214) 553-4300 
Long Island Houston 
TEL: (516) 434-7400 OKLAHOMA TEL: (713) 781-6100 
Rochester ArrowlSchweber Wyle laboratories 
TEL: (716) 475-9130 Tulsa 

TEL: (918) 252-7537 
Austin 

Ronkonkoma TEL: (512) 345-8853 
TEL: (516) 737-0600 Hamilton Hallmark Houston 

Tulsa 
Syracuse TEL: (918) 254-6110 TEL: (713) 879-9953 
TEL: (315) 453-4000 

Zeus, An Arrow Company Richardson 
Zeus, An Arrow Company TEL: (214) 380-4330 TEL: (214) 235-9953 
PI. Chester TEL: (800) 52-HI-REL Zeus, An Arrow Company 
TEL: (914) 937-7400 Carrollton 
TEL: (800) 52-HI-REL 

OREGON TEL: (214) 380-4330 
Almae/Arrow TEL: (800) 52-HI-REL 

NORTH CAROLINA Beaverton 
ArrowlSchweber TEL: (503) 629-8090 UTAH 
Raleigh 

Hamilton Hallmark ArrowlSchweber 
TEL: (919) 876-3132 

Portland Salt Lake City 
EMC TEL: (503) 526-6200 TEL: (801) 973-6913 
Charlotte Hamilton Hallmark 
TEL: (704) 394-6195 Wyle Laboratories 

Salt Lake City Beaverton 
Hamilton Hallmark TEL: (503) 643-7900 TEL: (801) 266-2022 
Raleigh 

Zeus, An Arrow Company Wyle laboratories 
TEL: (919) 872-0712 

TEL: (408) 629-4789 West Valley City 
Zeus, An Arrow Company TEL: (800) 52-HI-REL TEL: (801) 974-9953 
TEL: (407) 333-3055 Zeus, An Arrow Company 
TEL: (800) 52-HI-REL 

PENNSYLVANIA TEL: (408) 629-4789 

ArrowlSchweber TEL: (800) 52-HI-REL 
OHIO Monroeville 

Alliance Electronics, Inc. TEL: (412) 963-6807 WASHINGTON 
Dayton 

Hamilton Hallmark Almae/Arrow 
TEL: (513) 433-7700 

Pittsburgh Bellevue 
ArrowlSchweber TEL: (412) 281-4150 TEL: (206) 643-9992 
Solon Hamilton Hallmark 
TEL: (216) 248-3990 Zeus, An Arrow Company Seattle 
Centerville 

TEL: (914) 937-7400 TEL: (206) 881-6697 
TEL: (513) 435-5563 

TEL: (800) 52-HI-REL 
Wyle laboratories 

EMC TEXAS Redmond 
Columbus Alliance Electronics, Inc. TEL: (206) 881-1150 
TEL: (614) 299-4161 Carrollton Zeus, An Arrow Company 
Hamilton Hallmark TEL: (214) 492-6700 TEL: (408) 629-4789 

Cleveland ArrowlSchweber TEL: (800) 52-HI-REL 

TEL: (216) 498-1100 Austin 
TEL: (512) 835-4180 

European Sales Offices and Representatives 
European Sales Headquarters DENMARK =----------

Harris S.A. FRANCE 
Mercure Center Delco AS Harris Semiconducteurs SARL 
Rue de la Fusee 100 Titangade 15 • 2-4, Avenue de l'Europe 
B-1130 Brussels, Belgium OK - 2200 Copenhagen N F -78140 Velizy 
TEL: 32 2 724 21 11 TEL: 45 35 821200 TEL: 33 1 3485 40 80 (Dist) 
FAX: 32 2 724 2205/ ... 09 FAX: 453582 1205 TEL: 33 1 34 65 4027 (Sales) 

FAX: 33 1 39464054 

AUSTRIA 
Eurodls Electronics GmbH 
Lamezanstrasse 1 0 
A - 1232 Vienna 
TEL: 43 1 61062-0 
FAX: 43 1 610625 

• Field Application Assistance Available 

FINLAND 
J_ Havullnna & Son 
Reinikkalan Kartano 
SF - 51200 Kangasniemi 
TEL: 358 59 432031 
FAX: 35859432367 
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WISCONSIN 
ArrowlSchweber 
Brookfield 
TEL: (414) 792-0150 

Hamilton Hallmark 
Milwaukee 
TEL: (414) 780-7200 

Wyle laboratories 
Waukesha 
TEL: (414) 521-9333 

Zeus, An Arrow Company 
TEL: (708) 595-9730 
TEL: (800) 52-HI-REL 

Harris Semiconductor 
Chip Distributors 

Chip Supply, Inc. 
7725 N. Orange Blossom Trail 
Orlando. FL 32810-2696 
TEL: (407) 298-7100 
FAX: (407) 290-0164 

Elmo Semiconductor Corp. 
7590 North Glenoaks Blvd. 
Burbank, CA 91504-1052 
TEL: (818) 768-7400 
FAX: (818) 767-7038 

Minco Technology Labs, Inc. 
1805 Rutherford Lane 
Austin, TX 78754 
TEL: (512) 834-2022 
FAX: (512) 837-6285 

Puerto Rican 
Authorized Distributor 

Hamilton Hallmark 
TEL: (809) 731-1110 

South American 
Authorized Distributor 

Graftec Electronic Sales Inc. 
One Boca Place, Suite 305 East 
2255 Glades Road 
Boca Raton, Florida 33431 
TEL: (407) 994-0933 
FAX: 407 994-5518 

BRASIL 
Graftec Electronics 
Av. Moema 538 
04077-022 Sao Paulo - SP 
Brasil 
TEL: 01155115722727 
FAX: 01155115757519 

GERMANY 
Harris Semiconductor GmbH 

• Putzbrunnerstrasse 69 
0-81739 MOnchen 
TEL: 49 89 63813-0 
FAX: 49 89 6377891 

Harris Semiconductor GmbH 
Kieler Strasse 55-59 
0-25451 QUickborn 
TEL: 49 4106 50 02-04 
FAX: 49 4106 6 88 50 
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European Sales Offices and Representatives (Continued) 

Harris Semiconductor GmbH 
Wegener Strasse, 5/1 
o -71063 Sindelfingen 
TEL: 49 7031 8 69 40 
FAX: 49 7031 873849 

Ecker Michelstadt GmbH 
In den Oorfwiesen 2A 
Postfach 33 44 
0- 64720 Michelstadt 
TEL: 496061 2233 
FAX: 49 6061 5039 

Erwin W. Hildebrandt 
Nieresch 32 
o - 48301 Noltuln·Darup 
TEL: 49 2502 60 65 
FAX: 49 25021889 

FINK Handelsvertretung 
Laurinweg, 1 
D - 85521 Otlobrunn 
TEL: 49 89 6 09 70 04 
FAX: 49 89 6 09 81 70 

Hartmut Welte 
Hepbacher Strasse 11 A 
o - 88677 Markdorf 
TEL: 49 7544 7 25 55 
FAX: 49 7544 7 25 55 

ISRAEL 
Aviv Electronics Ltd 
Hayetzira Street, 4 Ind. Zone 
IS - 43651 Ra'anana 
PO Box 2433 
IS· 43100 Ra'anana 
TEL: 972 9 983232 
FAX: 972 9916510 

ITALY 
Harris SRL 

• Viale Fulvio Testi, 126 
1-20092 Cinisello Balsamo, 
(Milan) 
TEL: 39 2 262 07 61 

(Oisti & OEM ROSE) 
TEL: 39 2 240 95 01 

(Disti & OEM Italy) 
FAX: 39 2 248 66 20 

39226222158 (ROSE) 

NETHERLANDS 
Harris Semiconductor SA 
Benelux OEM Sales Office 
Mercuriusstraat 40 
NL - 5345 LX ass 
TEL: 31412036561 
FAX: 31412034419 

Auriema Nederland BV 
Beatrix de Rijkweg, 8 
NL - 5657 EG Eindhoven 
TEL: 31 40502602 
FAX: 31 40510255 

SPAIN 
Elcos S. L. 
C/Avda. Europa, 30 1 B-A 
Spain 28224 Pozuelo de Alarcon 
Madrid 
TEL: 34 1 352 3052 
FAX: 34 1 352 1147 

TURKEY 
EMPA 
Besyol Londra Asfalti 
TK - 34630 Sefakoy/lstanbul 
TEL: 90 1 5993050 
FAX: 90 1 5993059 

European Authorized Distributors 
AUSTRIA 

Avnet E2000 GmbH 
Waidhausenstrasse 19 
A-1140Wien 
TEL: 43 1 9112847 
FAX: 43 1 9113653 

EBV Elektronik 
• Diefenbachgasse 35/6 

A-1150Wien 
TEL: 43 1 8941717 
FAX: 43 1 6941775 

Eurodis Electronics GmbH 
Lamezanstrasse 10 
A - 1232 Wien 
TEL: 43 1 610620 
FAX: 43 1 610625 

Spoerle Electronic 
Heiligenstadter Str. 52 
A - 1190 Wien 
TEL: 43 1 31872700 
FAX: 43 1 3692273 

BELGIUM 
Diode Belgium 

• Keiberg II 
Minervastraat, 14/B2 
B-1930 Zaventem 
TEL: 32 2 725 46 60 
FAX: 32 2 725 45 11 

EBV Elektronik 
• Excelsiorlaan 35 

B - 1930 Zaventem 
TEL: 32 2 7160010 
FAX: 32 2 720 61 52 

Eurodls Texlm Electronics 
• Avenue des Croix de 

Guerre 116 
B - 1120 Brussels 
TEL: 32 2 247 49 69 
FAX: 32 2 215 61 02 

• Field Application Assistance Available 

DENMARK 
AVnet Nortec 
Transformervej, 17 
OK - 2730 Herlev 
TEL: 45 42 84 2000 
FAX: 45 44 92 1552 

Dltz Schweitzer 
Vallensbaekvej 41 
Postboks 5 
OK - 2605 Brondby 
TEL: 45 42 45 30 44 
FAX: 45 42 45 92 06 

FINLAND 
Avnet Nortec 
ltalahdenkatu, 16 
SF - 00210 Helsinki 
TEL: 358 061 318250 
FAX: 358 069 22326 

Bexab 
Sinimaentie 10C 
P.O. Box 51 
SF - 02830 ESPOO 
TEL: 358.0.50 23 200 
FAX: 358.0.50 23 294 

FRANCE 
3D 
ZI des Glaises 
6/8 rue Ambroise Croizat 
F - 91127 Palaiseau 
TEL: 33 1 64 47 29 29 
FAX: 33 1 64 47 00 84 

Arrow Electronlque 
73 - 79, Rue des Solets 
Silic585 
F - 94683 Rungis 
TEL: 33 1 49 78 49 78 
FAX: 33 1 49780596 

Avnet EMG France 
• 79, Rue Pierre Semard 

F-92320 Chatillon Sous Bagneux 
TEL: 33 1 49 65 27 00 
FAX: 33 1 49652739 

CCI Electronlque 
• 5, Rue Marcellin Berthelot 

Zone Industrielle D'Antony 
BP92 
F - 92164 Antony Cedex 
TEL: 33 1 46744700 
FAX: 33 1 40969226 

Harris Semiconductor 
Chip Distributors 

EdgetekIRood Tech 
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Zai De Courtaboeuf 
Avenue Des Andes 
91952 Les Ulis Cedex 
TEL: 33 1 64 46 06 50 
FAX: 33 1 6928 43 96 
TWX: 600333 

Elmo 
Z. A. De La Tuilerie 
B. P. 1077 
78204 Mantes-La-Jolie 
TEL: 33 1 3477 16 16 
FAX: 33 1 34779579 
TWX: 699737 

Hybrltech CM (HCM) 
7, Avenue Juliot Curie 
F - 17027 LA Rochelle Cedex 
TEL: 33 46 451270 
FAX: 33 46 45 04 44 
TWX: 793034 

December 1994 

UNITED KINGDOM 
Harris Semiconductor Ltd 

• Riverside Way 
Camberley 
Surrey GU15 3YQ 
TEL: 44276 686 886 
FAX: 44 276 682 323 

Laser Electronics 
Ballynamoney 
Greenore 
Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 

Comtech House 
Redgate Road 
South Lancashire Indust. Estate 
AShton-ln-Makerfield 
Wigan WN4 80T 
TEL: 44 942 274731 
FAX: 44 942 274732 

Stuart Electronics Ltd. 
Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire ML6 5UF 
TEL: 44555751566 
FAX: 44 555 751562 

EASTERN COUNTRIES 
HEVGmbH 
Alexanderplatz 6 
0- 10178 Berlin 
TEL: 49 30 2483400 
FAX: 49 30 2483424 

GERMANY 
Avnet/E2000 
Stahlgruberring, 12 
0- 81829 MOnchen 
TEL: 49 89 4511001 
FAX: 49 89 45110129 

EBV Elektronlk GmbH 
• Hans-Pinsel-Strasse 4 

0- 65540 Haar-bei-MOnchen 
TEL: 49 89 45610-0 
FAX: 49 69 464488 

Eurodis Enatechnik 
Electronics GmbH 
Schillerstrasse 14 
o -25541 Quickborn 
TEL: 49 4106 612-0 
FAX: 49 4106 612-268 

Indeg Industrie Elektronik 
Emil Kommerling Strasse 5 
D - 66954 Pirmasens 
TEL: 496331 940 65 
FAX: 49 633194064 

Sasco Semiconductor 
GmbH 
Hermann-Oberth Strasse 16 
D - 65640 Putzbrunn-bei
MOnchen 
TEL: 49 89 4611-0 
FAX: 49 89 46 11-270 



European Authorized Distributors (Continued) 

Spoerle Electronic 
Max-Planck Strasse 1-3 
D - 63303 Dreieich-bei
Frankfurt 
TEL: 49 6103 3 04-0 
FAX: 496106304-201 

GREECE 
SemiconCo. 
1 04 Aeolou Street 
GR - 10564 Athens 
TEL: 30 1 32 53 626 
FAX: 3013216063 

ISRAEL 
Aviv Electronics 
Hayetzira Street 4, Ind. Zone 
IS - 43651 Ra'anana 
PO Box 2433 
IS - 43100 Ra'anana 
TEL: 972 9 963232 
FAX: 972 9 916510 

ITALY 
EBV Elektronlk 

• Via C. Frova, 34 
I - 20092 Cinisello Balsamo (MI) 
TEL: 39266017111 
FAX: 39 2 660 17020 

Eurelellronica 
Via Enrico Fermi, 8 
I - 20090 Assago (MI) 
TEL: 39 2 457 841 
FAX: 39 2 488 02 75 

Lasi Elellronica 
Viale Fulvio Testi 280 
I - 20126 Milano 
TEL: 39 2 66 10 1370 
FAX: 39 2 6610 13 85 

Silverstar 
Viale Fulvio Testi 280 
1- 20126 Milano 
TEL: 39 2 66 1251 
FAX: 39266101359 

NETHERLANDS 
• Aurierna Nederland BV 

Beatrix de Rijkweg 8 
NL - 5657 EG Eindhoven 
TEL: 31 40 502602 
FAX: 31 40510255 

• Diode Spoerle 
Coltbaan 17 
NL - 3439 NG Nieuwegein 
TEL: 31 340291234 
FAX: 31 340235924 

Diode Spoerle 
Postbus 7139 
NL - 5605 JC Eindhoven 
TEL: 31 40545430 
FAX: 31 40535540 

EBV Elektronik 
• Planetenbaan, 2 

NL - 3606 AK Maarssenbroek 
TEL: 31 3465 62353 
FAX: 31 3465642 77 

• Field Application Assistance Available 

NORWAY 
Avnet Nortec 
Smedsvingen 4B 
Box 123 
N - 1364 Hvalstad 
TEL: 47 66 84 6210 
FAX: 47 66 84 65 45 

PORTUGAL 
Amltron-Arrow 
Quinta Grande, Lote 20 
Allragide 
P - 2700 Amadora 
TEL: 351.1.471 48 06 
FAX: 351.1.471 08 02 

SPAIN 
Amltron-Arrow S.A. 
Albasanz, 75 
SP - 28037 Madrid 
TEL: 34 1 304 30 40 
FAX:34 1 3272472 

EBV Elektronik 
• Calle Maria Tubau, 6 

SP - 28049 Madrid 
TEL: 34 1 358 86 08 
FAX: 34 1 35885 60 

SWEDEN 
Avnet Nortec 
Englundavagen 7 
P.O. Box 1830 
S - 171 27 Solna 
TEL: 46 8 629 1400 
FAX: 46 8 627 0280 

Bexab Sweden AB 
P.O. Box 523 
Kemistvagen, lOA 
S - 183 25 Taby 
TEL: 46 8 630 88 00 
FAX: 46 8 732 70 58 

SWITZERLAND 
Avnet E2000 AG 
Boehirainstrasse 11 
CH - 8801 Thalwil 
TEL: 41 1 7221330 
FAX: 41 1 7221340 

Baslx Fur Elektronlk 
Hardturmstrasse 1 B 1 
CH - 8010 ZOrich 
TEL:4112761111 
FAX: 41 12761234 

EBV Elektronik 
• Vordstadtstrasse 37 

CH - 8953 Dielikon 
TEL: 41 1 7401090 
FAX: 41 1 7415110 

Eurodis Electronic AG 
Bahnstrasse 58160 
CH - 8105 Regensdorf 
TEL:4118433111 
FAX: 41 1 8433910 

Fabrlmex Spoerle 
Kirchenweg 5 
CH - 8032 ZOrich 
TEL: 41 13868 686 
FAX: 41 1 38 32379 

TURKEY 
EMPA 
Besyol Londra Aslalti 
TK - 34630 Selakoyl Istanbul 
TEL: 90 1 599 3050 
FAX: 90 1 599 3059 

UNITED KINGDOM 
Arrow-Jermyn Electronic 
Vestry Industrial Estate 
Sevenoaks 
Kent TN 14 5EU 
TEL: 44 732 743743 
FAX: 44 732 451251 

AvnetEmg 
Jubilee House, Jubilee Road 
Letchworth 
Hertfordshire SG6 1 QH 
TEL: 44 462 488500 
FAX: 44 462 488567 

Farnell Electronic 
Components 
Armley Road, Leeds 
West Yorkshire LS12 2QQ 
TEL: 44 532 790101 
FAX: 44 532 633404 

Farnell Electronic 
Services 
Edinburgh Way. 
Harlow 
Essex CM20 2DE 
TEL: 44 279 626777 
FAX: 44279441687 

Micrornark Electronics 
Boyn Valley Road 
Maidenhead 
Berkshire SL6 4DT 
TEL: 44 628 76176 
FAX: 44 628 783799 

Thame Components 
Thame Park Rd. 
Thame, Oxfordshire OX9 3UO 
TEL: 44 844 261188 
FAX: 44 844 261681 

Harris Semiconductor 
Chip Distributors 
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Die Technology Ltd. 
Corbrook Rd., Chadderton 
Lancashire OL9 9SD 
TEL: 4461 6263827 
FAX: 44 61 6274321 
TWX: 668570 

Rood Technology 
Test House Mill Lane, Alton 
Hampshire GU34 20G 
TEL: 44 420 88022 
FAX: 44 420 87259 
TWX: 21137 

December 1994 

South African 
Authorized Distributor 
TRANSVAAL 

Allied Electronic Components 
10, Skietlood Street 
Isando, Ext. 3, 1600 
P.O. Box 69 
Isando, 1600 
TEL: 27 11 39238041 . .. 19 
FAX: 27119749625 
FAX: 27 119749683 

Asian Pacific 
Sales Offices and 
Representatives 
NORTH ASIA 
Sales Headquarters 
JAPAN 

Harris K.K. 
Kojimachi-Nakala Bldg. 4F 
5-3·5 Kojimachi 
Chiyoda-ku, Tokyo, 102 Japan 
TEL: (81) 3-3265-7571 
TEL: (81) 3-3265-7572 (Sales) 
FAX: (81) 3-3265-7575 

SOUTH ASIA 
Sales Headquarters 
HONG KONG 

Harris Semiconductor H.K. Ltd. 
13/F Fourseas Building 
208-212 Nathan Road 
Tsimshatsui, Kowloon 
TEL: (852) 723-6339 
FAX: (852) 739-8946 
TLX:78043645 

AUSTRALIA 
VSI Electronics Ply, Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 

INDIA 
Intersil Private Limited 
Plot 54, SEEPZ 
Maral Industrial Area 
Andheri (E) Bombay 400 096 
TEL: (91) 22-832-3097 
FAX: (91) 22-836-6682 

KOREA 
Harris Semiconductor YH 
RM #419-1 
Korea Air Terminal Bldg. 
159-6, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-0931/4 
FAX: 82-2-551-0930 

Inhwa Company, Ltd. 
Room #305 
Daegyo Bldg., 56-4, 
Wonhyora - 2GA, 
Young San-Ku, 
Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 
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Asian Pacific Sales Offices and Representatives (Continued) 

KumOh Electric Co., Ltd. 
203-1,Jangsa-Dong, 
Chongro-ku, Seoul 
TEL: 822-279-3614 
FAX: 822·272-6496 

PHILIPPINES 
Intergral Silicon Solution,lnc. 
6th Floor Peakson Bldg 
1505 Princeton Street 
Cor. Shaw Bldg. 
Mandauyong 
TEL: 632-786652 
FAX: 632-786731 

SINGAPORE 
Harris Semiconductor Pte Ltd. 
105 Boon Keng Road 
#01-18119 Singapore 1233 
TEL: (65) 291-0203 
FAX: (65) 293-4301 
TLX: RS36460 RCASIN 

GS Technology Pte, Ltd. 
Block 5073 #02-1656 
Ang Mo Kio I ndustrial Park 2 
Singapore 2056 
TEL: (65) 483-2920 
FAX: (65) 483-2930 

TAIWAN 
Harris Semiconductor 
Room 1101, No. 142, Sec. 3 
Ming Chuan East Road 
Taipei, Taiwan 
TEL: (686) 2-716-9310 
FAX: 686-2-715-3029 
TLX:78525174 

Asian Pacific Authorized Distributors 

AUSTRALIA 
VSI Electronics Pty, Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 

CHINA 
Means Come Ltd. 
Room 1007, Harbour Centre 
8 Hok Cheung Street 
Hung Hom, Kowloon 
TEL: (852) 334-8188 
FAX: (852) 334-8649 

Sunnice Electronics Co., Ltd. 
Flat F, 5/F, Everest Ind. Ctr. 
396 Kwun Tong Road 
Kowloon, 
TEL: (852) 790-8073 
FAX: (852) 763-5477 

HONG KONG 
Array Electronics Limited 
24/F., Wyler Centre 
Phase 2 
200 Tai Lin Pai Road 
Kwai Chung 
New Territories, H.K. 
TEL: (852) 418-3700 
FAX: (852) 481-5872 

Inchcape Industrial 
10/F, Tower 2, Metroplaza 
223 Hing Fong Road 
Kwai Fong 
New Territories 
TEL: (852)410-6555 
FAX: (852) 401-2497 

Kingly International Co., Ltd. 
Flat 03, 16/F, Block A, 
Hi·Tech Ind. Centre 
5-12 Pak Tin Par St., 
Tsuen Wan 
New Territories, H.K. 
TEL: (852) 499-3109 
FAX: (852) 417-0961 

• Field Application Assistance Available 

JAPAN 
Hakuto Co., Ltd. 
1-1-13 Shinjuku Shinjuku-ku 
Tokyo 160 
TEL: 81-3-3355-7615 
FAX: 81-3-3355-7680 

Jepico Corp. 
Shinjuku Daiichi Seimei Bldg. 
2-7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 
TEL: 03-3348-0611 
FAX: 03-3348-0623 

Macnica Inc. 
Hakusan High Tech Park 
1-22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 
TEL: 045-939-6116 
FAX: 045-939-6117 

Micron, Inc_ 
DJK Kouenji Bldg. 5F 
4-26-16, Kouenji-Minami 
Suginami-Ku, Tokyo 166 
TEL: 03-3317-9911 
FAX: 03-3317-9917 

Okura Electronics Co., Ltd. 
Okura Shoji Bldg. 
2-3-6, Ginza Chuo-ku, 
Tokyo 104 
TEL: 03-3564-6871 
FAX: 03-3564-6870 

Takachlho Kohekl Co., Ltd. 
1-2-6, Yotsuya 
Shinjuku-ku, Tokyo 160 
TEL: 03-3355-6896 
FAX: 03-3357-5034 

KOREA 
KumOh Electric Co., Ltd. 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 
TEL: 822-279-3614 
FAX: 822-272-6496 

Acer Sertek Inc. 
3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 
TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 

Applied Component Tech. 
Corp. 
8F No. 233-1 
Pao-Chia Road 
Hsin Tien City, Taipei Hsien, 
Taiwan, R.O.C. 
TEL: (686) 2 9170858 
FAX: 886 2 9171895 

Inhwa Company, Ltd. 
Room #305 
Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 
Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 

NEW ZEALAND 
Components and 
Instrumentation NZ, Ltd. 
19 Pretoria Street 
Lower Hut! 
P.O. Box 38-099 
Wellington 
TEL: (64) 4-566-3222 
FAX: (64) 4-566-2111 

PHILIPPINES 
Intergral Silicon Solution, Inc. 
6th Floor Peakson Bldg 
1505 Princeton Street 
Cor. Shaw Bldg. 
Mandauyong 
TEL: 632-786652 
FAX: 632-786731 

SINGAPORE 
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B.B.S Electronics Pte, Ltd. 
1 Genting Link 
#05-03 Perfect Indust. Bldg. 
Singapore 1334 
TEL: (65) 748-8400 
FAX: (65) 748-8466 

Device Electronics Pte, Ltd. 
605B MacPherson Road 
04-12 Citimac Ind. Complex 
Singapore 1336 
TEL: (65) 268-6455 
FAX: (65) 287-9197 

December 1994 

Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 
Fu Hsing South Road 
Taipei, Taiwan 
TEL: (886) 2-705-7266 
FAX: 686-2-708-7901 

TECO Enterprise Co., Ltd. 
10FL., No. 292 
Min-Sheng W. Rd. 
Taipei, Taiwan 
TEL: (686) 2-555-9676 
FAX: (868) 2-558-6006 

Willas • Array Pte, Ltd. 
40 Jalan Pemimpin 
#04-03B Tat Ann Building 
Singapore 2057 
TEL: (65) 353-3655 
FAX: (65) 353-6153 

TAIWAN 
Acer Sertek Inc. 
3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 
TEL: (686) 2-501-0055 
FAX: (866) 2·501-2521 

Applied Component 
Technology Corp. 
8F No. 233-1 
Pao-Chial Road 
Hsin Tien City, Taipei Hsein, 
Taiwan, R.O.C. 
TEL: (02) 9170858 
FAX: (02) 9171895 

Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 
Fu Hsing South Road 
Taipei, Taiwan 
TEL: (686) 2·705-7266 
FAX: 886-2·708-7901 

TECO Enterprise Co., Ltd. 
1 DFL., No. 292, Min-Sheng W. Rd. 
Taipei, Taiwan 
TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 
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