


THE NEW HARRIS SEMICONDUCTOR 

Harris Semiconductor, one of four business sectors within the Harris 
Corporation (the others are Information Systems, Communications, and 
Government Systems), is a leading manufacturer of semiconductor prod
ucts that represent the state-of-the-art in complexity and performance. 

In December 1988, the Harris Semiconductor Sector merged with GE 
Solid State, a consolidation of GE Semiconductor, RCA Solid State, and 
Intersi!. The new Harris Semiconductor unites the strengths of four broad
based semiconductor suppliers and markets products under the Harris, 
RCA, GE and Intersil brands. 
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BIPOLAR POWER TRANSISTORS 

Harris Semiconductor offers an extensive line of bipolar power transistors for use in a 
wide range of consumer, industrial, and high-reliability applications. This Data Book 
contains detailed technical information on the full line of more than 750 power 
transistors. A complete index of these types is included on the following pages. 

Three separate data sections provide definitive ratings and characteristics for each 
major device category. Data sheets in all sections are arranged in numeric-alpha 
numeric sequence. Because some devices are grouped together to show similarity 
of function or data, some individual type numbers may be out of sequence. To 
determine if a particular device type is covered by a data sheet in this book, check 
Section 1, Index to Devices. 

This Data Book also contains information on high reliability power devices, package 
information, and abstracts of pertinent application notes. 

It is our intention to provide you with the most up-to-date information on Bipolar 
Power Devices. For complete, current and detailed technical specifications on any 
Harris devices please contact the nearest Harris sales, representative or distributor 
office listed in Section 6. 

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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BIPOLAR POWER TRANSISTORS 
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 ........................ 714-433-0667 

San Jose .......................... 408-922-0977 

Woodland Hills ...................... 818-992-0686 

FLORIDA Melbourne ......................... 407-724-3551 

GEORGIA Norcross ........................... 404-447-9022 

ILLINOIS Schaumburg ........................ 708-240-3499 

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

NEW JERSEY Mt. Laurel .......................... 609-727-1909 

NEW YORK Great Neck ......................... 516-829-9441 

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

INTERNATIONAL 

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

GERMANY Munich ........................... 49-8-963-8130 

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

ITALY Milano ........................... 39-2-262-22141 

JAPAN Tokyo ............................ 81-3-345-8911 

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

UNITED KINGDOM Camberley ....................... 44-2-766-86886 
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Index to Devices 

·'··":':·:·'::O:')rYPE OATABOOK' ' .... < .. :<::;'" . ". ;':. 
PART PAGE # :-,~ ·.'.;··' .. :···,··~A~t.'··:··'·.·'···.: .• ·•·.· ... ···!'~YFII: ••• • •• ·::· 

2N3441 2-3 2N6124 2-90 
2N3442 2-9 2N6125 2-90 2-150 
2N3583 2-13 2N6126 2-90 2-150 
2N3584 2-13 2N6211 2-93 2N6532 2-150 
2N3585 2-13 2N6212 2-93 2N6533 2-150 
2N3878 2-19 2N6213 2-93 2N6542 2-156 
2N3879 2-19 2N6214 2-93 2N6544 2-156 
2N4240 2-13 2N6246 2-98 2N6545 2-156 
2N4347 2-9 2N6247 2-98 2N6546 2-156 
2N5038 2-26 2N6248 2-98 2N6547 2-165 
2N5039 2-26 2N6249 2-105 2N6576 2-169 
2N5202 2-19 2N6250 2-105 2N6577 2-169 
2N5239 2-33 2N6251 2-105 2-169 
2N5240 2-33 2N6263 2-3 2-173 
2N5301 2-37 2N6264 2-3 2-178 
2N5302 2-37 2N6282 2-111 2-178 
2N5303 2-37 2N6283 2-111 2-178 
2N5629 2-41 2N6284 2-111 2-182 
2N5630 2-41 2N6285 2-111 2-182 
2N5631 2-41 2N6286 2-111 2-182 
2N5671 2-44 2N6287 2-111 2-186 
2N5672 2-44 2N6288 2-81 2-186 
2N5781 2-48 2N6289 2-81 2-186 
2N5782 2-48 2N6290 2-81 2-190 
2N5783 2-48 2N6291 2-81 2-190 
2N5784 2-48 2N6292 2-81 2-198 
2N5785 2-48 2N6293 2-81 2-198 
2N5786 2-48 2N6354 2-115 2-198 
2N5838 2-59 2N6383 2-120 2-204 
2N5839 2-59 2N6384 2-120 2-204 
2N5840 2-59 2N6385 2-120 2-204 
2N5885 2-65 2N6386 2-125 2-210 
2N5886 2-65 2N6387 2-125 2-210 
2N6043 2-69 2N6388 2-125 2-210 
2N6044 2-69 2N6420 2-130 2-216 
2N6045 2-69 2N6421 2-130 2-216 
2N6050 2-73 2N6422 2-130 2-216 
2N6051 2-73 2N6423 2-130 2-222 
2N6052 2-73 2N6467 2-135 2-222 
2N6055 2-77 2N6468 2-135 2-222 
2N6056 2-77 2N6469 2-98 2-222 
2N6057 2-73 2N6473 2-81 2-229 
2N6058 2-73 2N6474 2-81 2-229 
2N6059 2-73 2N6475 2-81 2-229 
2N6106 2-81 2N6476 2-81 B0239 2-234 
2N6107 2-81 2N6477 2-139 B0239A 2-234 
2N6108 2-81 2N6478 2-139 B0239B 2-234 
2N6109 2-81 2N6486 2-144 B0239C 2-234 
2N6110 2-81 2N6487 2-144 B0240 2-236 
2N6111 2-81 2N6488 2-144 B0240A 2-236 
2N6121 2-90 2N6489 2-144 B0240B 2-236 
2N6122 2-90 2N6490 2-144 B0240C 2-236 
2N6123 2-90 2N6491 2-144 B0241 2-239 
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PART ... .... PAGE::U" 

B0241A 
B0241B 
B0241C 
B0242 
B0242A 
B0242B 
B0242C 
B0243 
B0243A 
B0243B 
B0243C 
B0244 
B0244A 
B0244B 
B0244C 
B0500 
B0500B 
B0501B 
B0533 
B0534 
B0535 
B0536 
B0537 
B0538 
B0550 
BD550B 
BD643 
BD645 
BD647 
BD649 
BD895 
B0895A 
BD897 
BD897A 
BD899 
BD899A 
BD901 
BDX18 
BDX33 
BDX33A 
BDX33B 
BDX33C 
BDX33D 
BDX34 
BDX34A 
BDX34B 
BDX34C 
BDX34D 
BDY55 
BDY56 
BDY58R 
BDY90 
BDY91 

2-239 
2-239 
2-239 
2-242 
2-242 
2-242 
2-242 
2-245 
2-245 
2-245 
2-245 
2-248 
2-248 
2-248 
2-248 
2-251 
2-251 
2-251 
2-253 
2-253 
2-253 
2-253 
2-253 
2-253 
2-258 
2-258 
2-260 
2-260 
2-260 
2-260 
2-263 
2-263 
2-263 
2-263 
2-263 
2-263 
2-263 
2-266 
2-269 
2-269 
2-269 
2-269 
2-269 
2-275 
2-275 
2-275 
2-275 
2-275 
2-281 
2-281 
2-284 
2-288 
2-288 
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. :«PART •.• : , ' <PAGEl ::" ).:) 
BDY92 2-288 
BUW41 2-291 
BUW41 A 2-291 
BUW41B 2-291 
BUW64A 2-297 
BUW64B 2-297 
BUW64C 2-297 
BUX11A 2-303 
BUX14 2-307 
BUX21 2-311 
BUX32 2-316 
BUX32A 2-316 
BUX32B 2-316 
BUX33 2-322 
BUX33A 2-322 
BUX33B 2-322 
BUX39 2-327 
BUX66 2-330 
BUX66A 2-330 
BUX66B 2-330 
BUX66C 2-330 
BUY69A 2-335 
BUY69B 2-335 
BUY69C 2-335 
D40C1 2-339 
D40C4 2-339 
D40C7 2-339 
D40D1 2-342 
D40D2 2-342 
D40D4 2-342 
D40D5 2-342 
D40D7 2-342 
D40D8 2-342 
D40E1 2-345 
D40E5 2-345 
D40E7 2-345 
D40K1 2-348 
D40K2 2-348 
D40K3 2-348 
D40K4 2-348 
D40V1 2-350 
D40V2 2-350 
D40V3 2-350 
D40V4 2-350 
D40V5 2-350 
D40V6 2-350 
D4101 2-353 
D4102 2-353 
D4104 2-353 
D4105 2-353 
D4107 2-353 
D41D8 2-353 
D41E1 2-356 
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D41E5 2-356 
D41E7 2-356 
D41K1 2-359 
D41K2 2-359 
D41K3 2-359 
D41K4 2-359 
D42C1 2-361 
D42C2 2-361 
D42C3 2-361 
D42C4 2-361 
D42C5 2-361 
D42C6 2-361 
D42C7 2-361 
D42C8 2-361 
D42C9 2-361 
D42C10 2-361 
D42C11 2-361 f2f3 D42C12 2-361 ><0 
D43C1 2-365 ~> 
D43C2 2-365 ZW _0 
D43C3 2-365 
D43C4 2-365 
D43C5 2-365 
D43C6 2-365 
D43C7 2-365 
D43C8 2-365 
D43C9 2-365 
D43C10 2-365 
D43C11 2-365 
D43C12 2-365 
D44C1 2-368 
D44C2 2-368 
D44C3 2-368 
D44C4 2-368 
D44C5 2-368 
D44C6 2-368 
D44C7 2-368 
D44C8 2-368 
D44C9 2-368 
D44C10 2-368 
D44C11 2-368 
D44C12 2-368 
D44D1 2-371 
D44D2 2-371 
D44D3 2-371 
D44D4 2-371 
D44D5 2-371 
D44D6 2-371 
D44E1 2-374 
D44E2 2-374 
D44E3 2-374 
D44H1 2-378 
D44H2 2-378 
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'·(t::tr~p'PE .;.' .. 
;:::,:·,·:':.PART ··.·,~t~~!~~!·::;'; 
044H4 2-378 
044H5 2-378 045VH10 2-415 2-493 
044H7 2-378 045VM1 2-420 2-493 
044H8 2-378 045VM4 2-420 2-493 
044H10 2-378 045VM7 2-420 RCA9229A 2-493 
044H11 2-378 045VM10 2-420 RCA9229B 2-493 
04401 2-381 2-425 RCA9229C 2-493 
04403 2-381 2-425 RCA92290 2-493 
04405 2-381 2-425 2-497 
044T1 2-384 2-425 2-497 
044T2 2-384 2-425 2-497 
044T3 2-384 2-425 2-500 
044T4 2-384 2-432 2-500 
044T03 2-387 2-432 2-500 
044T04 2-387 2-436 2-504 
044T05 2-387 2-436 2-504 
044VH1 2-392 2-440 2-504 
044VH4 2-392 2-440 2-508 
044VH7 2-392 2-444 2-508 
044VH10 2-392 2-444 2-508 
044VM1 2-397 2-448 2-512 
044VM4 2-397 2-448 2-512 
044VM7 2-397 2-448 2-512 
044VM10 2-397 2-448 2-516 
045C1 2-402 2-448 2-516 
045C2 2-402 2-448 2-516 
045C3 2-402 2-455 2-516 
045C4 2-402 2-455 2-520 
045C5 2-402 2-458 2-520 
045C6 2-402 2-458 2-520 
045C7 2-402 2-475 2-520 
045C8 2-402 2-173 2-524 
045C9 2-402 2-485 2-524 
045C10 2-402 2-485 2-524 
045C11 2-402 2-462 2-524 
045C12 2-402 2-462 2-528 
04501 2-405 2-266 2-528 
04502 2-405 2-466 2-528 
04503 2-405 2-466 2-528 
04504 2-405 2-469 2-532 
04505 2-405 2-469 2-532 
04506 2-405 2-472 2-532 
045E1 2-408 2-472 2-532 
045E2 2-408 2-475 2-535 
045E3 2-408 2-480 2-535 
045H1 2-412 1 2-480 2-535 
045H2 2-412 RCA8638C 2-475 2-535 
045H4 2-412 RCA86380 2-475 2-538 
045H5 2-412 RCA8638E 2-475 2-538 
045H7 2-412 RCA9116C 2-173 2-538 
045H8 2-412 RCA91160 2-173 2-538 
045H10 2-412 RCA9116E 2-173 2-542 "~ 

045H11 2-412 RCA9202A 2-489 2-542 ,r;," 
045VH1 2-415 RCA9202B 2-489 
045VH4 2-415 RCA9202C 2-489 
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Power Transistors 
Technical Data 





File Number 529 

Medium-Power Silicon 
N-P-N Transistors 
Rugged Devices for Intermediate, Power Applications 
in Industrial and Commercial Equipment 

Features: 

• 2N6264. premium type from 2N3441 family 
• Maximum safe-area-of operation curves for dc 

and pulse operation 
• High voltage ratings 
• Low saturation voltages 

Applications: 

• Series and shunt regulators 
• High-fidelity amplifiers 
• Power switching circuits 
• Solenoid drivers 

The 2N3441. 2N6263. and 2N6264 are silicon n-p-n transis
tors intended for a wide variety of medium-to-high power, 
high-voltage applications. 

These devices employ the JEDEC TO-213AA package; they 
differ in maximum ratings for voltage, current. and power. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

*COLLECTOR-TO-BASE VOLTAGE 
COLLECTOR-TO-EMITTER 

SUSTAINING VOLTAGE: 
.. With base open • __ •• , .• _ .••••• __ ••• _ •••••• __ •••• _ ••.•••..•••..••..• 

With external base-to-emitter resistance (RBE} = lOOn _ ........... _ ....... . 
With base reverse-biased (VBE = -1.5 V} ......................... _ •.•.•. 

*EMITTER-TO-BASE VOLTAGE _ ..... _ ••••••• _ . _ ••.••••••••••.....••... 
*CONTINUOUS COLLECTOR CURRENT ............................... . 

PEAK COLLECTOR CURRENT •••••••••••••••••••••••••••••••••••••..• 
·CONTINUOUS BASE CURRENT ...................................... . 
TRANSISTOR DISSIPATION: 

* At case temperature up to 25°C ••••••••••••••••••.••••••••••••••••••• 

.. At temperatures above 25°C •••••••••.••••••••••••••.••••••.•• 
·TEMPERATURE RANGE: 

Storage & Operating (Junction} ••••••••••.••••••••.••••••••..••• 
·PIN TEMPERATURE (During Soldering}: 

At distances~ 1/32 in. (0.8 mm} from seating plane for 10 S max. • ••••••• 

*In accordance with JEDEC registration data format JS-6 RDF-2 
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2N3441, 2N6263, 2N6264 

TERMINAL DESIGNATIONS 

92CS-27S16 

JEDEC TO-213AA 

2N6263 2N3441 2N6264 

VCBO 140 160 170 V 

VCEO(SUS} 120 140 150 V 
VCER(sus} 130 150 160 V 
VCEV(sus} 140 160 170 V 
VEBO 7 7 7 V 

IC 3 3 3 A 
4 4 4 A 

IB 2 2 2 A 
PT 

20 25 50 W 

See Figs. 2&4 

-65 to 200 °c 

235 °c 



2N3441,2N6263,2N6264 

ElECTR ICAl CHARACTER ISTICS, At Case Temperature (T C) = 250C, Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
2N6263 2N3441 2N6264 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 
V de A de 

VCE VEa VaE IC la Min. Max. Min. Max. Min. Max. 

Collector-Cutoff Curr.nt: 
100 0 - 5 - - - -

• With bas. op.n ICEO 130 0 - - - - - 1 rnA 
140 0 - - - 100 - -

Coliector·Cutoff Curr.nt: 
120 -1.5 - 2° - - - -

ICEX 140 -1.5 - - - 5° - -
140 -1.5 - - - 1 - -

With bas .... mitter 150 -1.5 - - - - - 0.05" 
junction reversed rnA 
biased 120 -1.5 - 10° - - - -

ICEX 140 -1.5 - - - 6" - -
(TC = ISaaC) 140 -1.5 - - - 5 - -

150 -1.5 - - - - - I" 
• Emitter·Cutoff Current lEBO 5 - 2 - - - - rnA 

7 - - - I - 0.2 
Collector·to·Emitter 

Sustaining Voltage:a VCEO(sus) 
• With base open 0.1 a 120 - 140 - 150 -

With external base·to· 
emitter resistance VCER(sus) 0.1 130 - 150 - 160 - V 
(RBE ) = 100 n 
With basEN~mitter 

junction reversed VCEV(sus) -1.5 0.1 140 - 160 - 170 -
biased 

2 1 - - - - 20 60 
• DC Forward·Current hFE 2 3 3 - - - 5 -

Transfer Ratio 4 0.5 20 100 25 100 - -
4 2.7 - - 5 - - -

0.5 0.05 - 1.2° - I - -
Collector·to·Emitter VCE(sat) 1 0.1 - - - - - 0.5" V 

Saturating Voltage 2.7 0.9 - - - 6" - -
2 1 - - - - - 1.5" 

Base·to·Emitter Voltage VBE 4 0.5 - 2° - 1.7 - - V 
4 2.7 - - - 6" - -

* Magnitude of Common-
Emitter. Small-5ignal. 
Short-Circu it Forward Ihfel 4 0.5 5 - 5 - 5 -
Current Transfer Ratio 

(f = 40 kHz) 
Gain·Bandwidth Product fT 4 0.2 200 - 200 - 200 - kHz 

* Common-Emitter, Small-

Signal. Short·Circuit hIe 4 0.1 25 - - - 25 -
Forward Current Transfer 4 0.5 - - 15 75 - -
Ratio (f = 1 kHz) 

Forward·Bias Second 
Breakdown Collector 120 0.167 - - - - -
Current, Pulse Duration ISlb 120 - - - - 0.417 - A 
(non·repetitive) = I s 120 - - ~.21 - - -

Thermal Resistance: 
Junction-to-Case ROJC - 8.75 - 7 - 3.5 °ciw 

i 
*In accordance with JEDEC registration data format (JS-6 RDF·2). 
·CAUTION: The sustaining voltage VCEO(sus). VCER(sus). and VCEV(sus) MUST NOT be measured on a curve tracer. 
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2N3441,2N6263,2N6264 

10 8 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCEl-V 
92CS-19471 

Fig. 1 - Maximum operating areas for type 2N6264. 

CASE TEMPERATURE ~~c:. 1 =2S"C .! . I r~Hf:.·::W:·:: 
(CURVES MUST BE DERATED LINEARLY tH'--I'-I' :-+-+'+:;::+.1 '.+1 ;·+-I.lit_Ti::':r-r~!t---t-IH--j-+++-Hi 
WITH INCREASE IN TEMPERATUREl I' . ::" :: I :-r~!.;r~q·: 

. p 

10 2 4 6 100 1000 

COLLECTOR-TO-EMITTER VOLTAGE (VCEl-V 
92CS-19472 

Fig. 2 - Maximum operating areas for types 2N6263 and 2N3441. 

2-5 

CIJ 
0:: 

0::12 
WCIJ 

~Ui 
o.Z 

~ 



2N3441, 2N6263, 2N6264 

fS 
-~r-'~:::..--t;: 

o 211 50 715 100 1215 1150 1715 200 
CASE TEMPERATURE ITC)--C 

92lS-141tRI 

Fig. 3 - Current derating curve for al/ types. 

Fig 5 - Typical Input characteristics for 
type 2N6264. 

BASE -TO - EMITTER VOLTAGE (YaE'-V 
'leS-I'SII 

Fig. 7 - Typical input characteristics for 
type 2N6263. 

2·6 

CASE TEMPERATURE (Tcl--C 
tI:CI-11475RI 

Fig. 4 - Dissipation derating curves for al/ types. 

BASE-TO-EMITTER VOLTAGE eYBE)-Y 

IJ2CS-1264& 

Fig. 6 - Typical input characteristics for 
type 2N3441. 

2 
BASE-YO-EMITTER VQ..TAGE (YBE1-V 

'ICS-ISSIO 

Fig. B - Typical transfer characteristics for 
type 2N6264. 



BASE-TO-EMITTER VOLTAGE (VaE)-V 

92CS-12643 

Fig. 9 - Typical transfer characteristics for 
type 2N3441. 

1.5 

CASE TEMPERATURE (TC) ·2S·C 

16 

4. 
n 

BASE CURRENT (I 1 -0.8 mA 

50 100 100 200 
COLLECTOR - TO - EMITTER VOLTAGE (VCE'-V 

92CS-19513 

Fig. 11 - Typical output characteristics for 
type 2N6264. 

50 100 leo 200 
COLLECTOft-TO-EMITTER va..TAGE eVCEI-Y 

92CS-ISlSI5 

Fig. 13 - Typical output characteristics for 
type 2N6263. 
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2N3441, 2N6263, 2N6264 

BASE -TO-EMITTER VOLTAGE (VBE1-V 
92CS-19512 

Fig. 10 - Typical transfer characteristics for 
type 2N6263. 

CASE TEMPERATURE {Tcl"2!5·C 

L5 

1 
t! 
I- 1.0 

i a 
e 
!;l0.S 

.~ 

00 100 I~ 200 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

Fig. 12 - Typical output characteristics for 
type 2N3441. 

160 COLLECTOR-TO-EMITTER VOLTAGE (VCEI-4 

0 
;:: 

~ ~ 140 

'" 
, 

... 
~ 120 

~ \ 
I- 100 

~kI 
~ ...... ['l.. 

§=BO 

" 5J.ASE TEMPERATURE 'I \ ITc)·2'·C !i! 60 

~ V <NI I e 40 
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Fig. 14 - Typical dc beta characteristics for 
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2N3441, 2N6263, 2N6264 
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Fig. 15 - Typical dc beta characteristics for 
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File Number 528.1 

High-Voltage 
Silicon N-P-N Transistors 
High-Power Devices for Applications in 
Industrial and Commercial Equipment 

Features: 

• Low saturation voltages 
• High dissipation capability - 100 W (2N4347) 

- 117 W (2N3442) 

• Maximum area-ot-operation curves for dc and 
pulse operation 

The 2N3442 and 2N4347 are silicon n-p-n transistors 
intended for a wide variety of high-power, high-voltages 
applications. Typical applications for these transistors 
include power-switching circuits, audio amplifiers, series
and shunt-regulator driver and output stages, dc-to-dc con
verters, and solenoid (Hammer)/relay driver service. 

These devices employ the popular JEDEC TO-204M pack
age; they differ in maximum ratings for voltage, current, and 
power. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

"Vceo ................................................ . 
"V CEO ••••••••••••••••••••••••••••••••••••••••••••••••• 

VCEX(VBE=-1.5V) .................................... . 
"VEBO ••••••••••••••••••••••••••••••••••••••••••••••••• 

"Ic 
Continuous .......................................... . 
Peak ............................................... . 

"Ie 
Continuous ....................................•...... 
Peak ............................................... .. 

oPT 
At Tc up to 25°C ................................... . 
At T cabove 25°C ................................... . 

"TJ' T stg ••••••••••••••••••••••••••••••••••••••••••••••• 

"T L (During Soldering): 
At distances 2: 1/32 in. (O.S mm) from 

case for 10 s max. . •............................•.. 

"In accordance with JEDEC registration data format (JS-6, RDF-2). 

2-9 

2N3442, 2N4347 

TERMINAL DESIGNATIONS 

c 

'([5 
92CS-27516 

JEDEC TO-204AA 

2N4347 2N3442 
140 160 V 
120 140 V 
140" 160 V 

7 7 V 

5 10 A 
10" 15 A 

3 7 A 
S" A 

100 117 W 
~ See Figs. 1, 2, 3, & 4 _ 
__ -65 to +200 ___ °C 

235 °C 



2N3442, 2N4347 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T C) = 2!fJC unless 
otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENl 

Vdc Adc 2N4347 

VCE VBE Ie IB Min. Max. 

ICBO IE:O 
VCB: 140 V - -

ICEX 120 -1.5 - 2 
140 -1.5 - -
140 -1.5 - -
150 -1.5 - -

TC: 1500 C 125 -1.5 - 10 
140 -1.5 - -

140 -1.5 - -
150 -1.5 - -

ICEO 100 - 200 
110 - -
140 - -

lEBO -7 0 - 5 

2 3a - -
2 loa - -

hFE 
4 2a 15 60 
4 3a - -
4 5a 10 -

4 loa - -

VCEV(sus) 
-1.5 0.1 140 -
-1.5 0.2 - -

VCER(sus) 0.1 130 -
(RBE): 100~ 0.2 - -

VCEO(sus) 
0.2a 0 120 -
0.2a 0 - -

2 3a - -
4 3a - -

VBE 4 2a - 2 
4 5a - 3 
4 loa - -

2a 0.2 - 1 

VCE(sat) 
3a 0.3 - -
5a 0.63 - 2 

loa 2 - -
67 1.5 1 -

ISlb 78 1.5 - -
100 1.5 - -

Ihfe l 
f: 50 kHz 4 0.5 4 -

f: 40 kHz 4 1 - -
4 2 - -

hfe 4 ~.5 40 -
f: 1 kHz 4 1 - -

4 2 - -
ROJC - 1.75 

* In accordance with JEDEC registrlltion data format JS-6 RDF·2 
a Pulse test; Dulse duration = 300 jlS. reD. rate = 60 Hz 

2·10 

2N3442 
UNITS 

Min. Max. 

- 1 ~ rnA 

- - , 

- 51 rnA - 1 I 

- -
- - , 

- 30 : 
rnA - 10 

- -
- -
- 2~0 1 

rnA 
-

- 5 I rnA 

-
:::1 -

- -
20 70 
- -
4 -

160 -
V - -

- -
V 

150 -

140 -
V - -

- -
1.7 

I -
I - - V 

- - I 

- 5.7 

- -
- 1 

I 

V - -

- 5 

- -
1 - 5 

- - , 

- -
- -

2 -
- -
- - I 

12 72 

- 1.5 ioclW 
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2N3442,2N4347 

100 

I2A-31111 

Fig. 1 - Maximum operating areas for type 2N3442. 

25 eo 75 100 125 I!SO 175 200 
CASE TEMPERATURE tTcl-·C 

COLLECTOR - TO- EMITTER VOLTAGE (VCE1-Y 
92SS-3211 

Fig. 2 - Maximum operating areas for type 2N4347. Fig. 3 - Current derating curve for all types 
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2N3442, 2N4347 

COlL[CTOft-TO-£MITT[R VOLTAGE (VCE'- 4 V 

~ I ~ 100 -' 

1 s / k" r-. ~ 110 

§ //1 1", ~ .. ~ 
i :: / 1 i i ~ 
I ! ! ':~ , C', 

~ '0 

I 
t ." .. ~ 

g 
0 . . . , . ... . . . . 

0' , 
COlLECTOR Cl..IMU:HT lIe J-A 

Fig. 4 - Typical dc beta characteristics for type 2N3442. 

0.2 
BASE-lO-EMITTER VOLTAGE (VeE)-V 

Fig. 6 - Typical input characteristics for type 2N3442. 

BASE-lO-EMITTER VOLTAGE (VSE)-V 
925$-322.8 

Fig. 8 - Typical transfer characteristics for type 2N3442 and 2N4347. 
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COLLECTOR-lO-EMITTER VOLTAGE (VCE)' 4 V 
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Fig. 5 - Typical dc beta characteristics for type 2N4347. 
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Fig. 7 - Typical input characteristics for type 2N4347. 
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Fig. 9 - Typical saturation-voltage characteristics for all types. 



2N3583-2N3585, 2N4240 File Number 138 

High';Voltage Silicon N-P-N Transistors 
For High-Speed Switching and Linear-Amplifier Applications 

Features: 
• Freedom from second breakdown 
• Economy types for ac/dc circuits 
• Fast turn-on time at high col/ector current 

The 2N3583e, 2N3584e, 2N3585e, and 2N4240e. are silicon 
n-p-n transistors with high breakdown VOltages and fast 
switching speeds. 

Typical applications for these transistors include high
voltage operational amplifiers, high-voltage switches, 
switching regulators, converters, inverters, deflection and 
hi-fi amplifiers. 

These transistors are also intended for a wide varitey of 
applications in ac/dc commercial equipment. 

All types utilize the JEDEC TO-213AA package. 

eFormerly Dev. Nos. TA2510, TA2511, TA2512, andTA2871 
respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• COLLECTOR-TO-BASE VOLTAGE, VeBo ........... , ............... .. 
• COLLECTOR-TO-EMITTER VOLTAGE, Sustaining, VeEo(SUS) ........ . 
• EMITTER-TO-BASE VOLTAGE, VEBO .............................. .. 
• CONTINUOUS COLLECTOR CURRENT, Ie ...... , ..••.•..•.•....•.•. 
• PEAK COLLECTOR CURRENT .••..... , •.••...•...•..... , ..•...•.... 
• CONTINUOUS BASE CURRENT, lB ................. , ............... . 
• TRANSISTOR DISSIPATION, PT 

At Case Temperature (Te) = 25°C ................................ . 

2N3583 

250 
175 

6 
1 
5 
1 

35 
At Case Temperatures Above 25° C ., •. , ..••. , .•. ,. •••. ....... ..... ___ _ 
For Other Conditions. .. . .. . . . . . .. .. . . .. .. . .. . . .. . ... . .. .. . .. .. . •. ___ _ 

• TEMPERATURE RANGE: 

TERMINAL DESIGNATIONS 

92CS-27S16 

JEDEC TO-213AA 

2N3585 
2N3584 2N4240 

375 500 
250 300 
6 6 
2 2 
5 5 
1 1 

35 35 
Derate linearly at 0.2 
Derate linearly to 200 

Storage and Operating (Junction) .• , ...•.............•... , . .• •. .•. _____ _ -65 to +200 
• PIN TEMPERATURE: 

At distance 1/16 in. (1.58 mm) from seating plane 
for lOs. max. .. ................................................. . 235 235 235 

• In accordance with JEDEC registration data format JS-6 RDF-2 (2N3583), JS-6 RDF-l (2N3584, 2N3585, 2N4240). 
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2N3583-2N3585, 2N4240 
ELECTRICAL CHARACTERISTICS a! Case Temperature (Tei = 250 e Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMaOL VOLTAGE CURRENT 
Vd. mAde 2N3583 2N3584 2N3585 

Vca VCE VEa VBE Ic IE la MIN. MAX. MIN. MAX. 
Collector.cutoff Current ICEO 150 0 - 10 - 6 

225 -1.5 1.0 -
Collector-Cutoff Current ICEX 340 -1.5 - - - 1.0 

450 -1.6 - - - -
AITC'160oC ICEX 

225 -1.5 3 

300 -1.6 - - - 3 
Emltter.cutoff Current lEBO 6 -6 0 - 6.0 - 0.5 

2 760· - - -
2 1 Aa - - 8 80 

OC Forward.current 
hFE 

10 100· 40 - 40 -
Transfer Ratio 10 600· 40 200 - -

10 750· - - - -
10 1 A. 10 - 26 100 

Collector-ta-Emltter 
SUS1sining Voltage: 

With base open VCEO(sus. 200 0 176" - 250" -
With external base-to- 250 - 1.0 

emitter resistance leER 300 - - - 1.0 
IRBEI-50n 400 - - - -

Base-to-Emitter 
VBEI ... , 7608 76 - - -

Saturation Voltage lAa 100 - 1.4 - 1.4 
Collector-ta-Emitter 

VCEI .. ,I 750" 76 
Saturation Voltage 1 Aa 126 - 5 - 0.76 

Small-6ignal Forward 
Current Transfer Ratio 

hie 
I" 6 MHz 10 200 3 - 3 -
1·1 kHz 30 100 26 350 - -

Magnitude of Common-

Emitter. Small-5ignal. 
Short-Circuit. Forward Inl.1 10 200 2 - 2 -
Currant Transfer Ratio 

I· 6 MHz 
Output Capacitance: 

Cabo 10 0 - 120 - 120 
Vce' 10 V.f = 1 MHz 

Second·Breakdown 

Collector Current 
with bale forvvard· ISlb 100 360 - 360 -
biased·· 
IS •• FlgB. 1 & 21 

Saturated Switching 
Time IVCC ' 200 VI: Vce) lA 100 - - - 3 
Rise Time 'r 200 750 76 - - - -

Storage Time 
VCC) 1 A 100 - - - 4 

to 200 750 76 - - - -
Fall Time 

VCc) 750 76 - - - -
If 200 lA 100 - - - 3 

Thermal Resistance: 
RaJC - 5 5 

Junctlan-ta..c.se -
- 70 - 70 

Junction-la-Ambient RaJA 

°In accordanc. wilh JEOEC registralion dal. formal JS-6 RDF·2 12N35831. JS-6 RDF·' 12N3584. 2N3586. 2N42401 
• CAUTION: The sustaining voltaglS VCEO (IUS) MUST NOT be measured on 8 curve tracer . 

•• Specified value of ISIb for given value of VCE 8S base voltage is Increased from zero in a positiVI direction. 

• Pulled, pul .. duration - 300 ""; duty factor <:; 2%. 
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MIN. MAX. 

- 5 

- -
- -
- 1.0 

- -
- 3 

- OS 

8 80 
40 -
- -
- -

26 100 

300" -

- -- 1.0 
-

- 1.4 

- 0.76 

3 -
- -

2 -

- 120 

350 -

- 3 

- -

- 4 

- -

- -
- 3 

- 5 

- 70 

2N4240 
UNITS 

MIN. MAX. 

- 5 mA 

-
- - mA 

- 2.0 

- mA 
- 5.0 

- 0.5 mA 
10 100 

- -
40 -
- -

30 150 

- -

V 

300" -

- - rnA 
-:- 1.0 
- 1.8 

V - -
1.0 

V - -

3 -
- -

3 -

- 120 pF 

350 - mA 

- -
- 0.5 

~, 

- -
- 6 

- 3 

- -

- 6 

- 70 oCIW 



2N3583-2N3585,2N4240 

6 B 
10 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

6 B 
1000 

9255-'2790 

Fig. 1 - Maximum operating areas for types 2N3583, 2N3584, 
2N3585, and 2N4240 (dc conditions). 

6 B 
10 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
9255-2791 

Fig. 2 - Maximum operating areas for types 2N3583, 2N3584, 
2N3585, and 2N4240 (pulse conditions). 
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COLLECTOR CURRENT CIcI-A 
925$-3129 

Fig. 3 - Typical cOllactor-to-em/tter saturation voltage VB. current 
for types 2N3584 and 2N3585. 

CASE TEMPERATURE CTcl - 25"C 
BASE-TO-EMITTER VOLTAGE (YBEl o_4V 
INDUCTANCE (L I - 100 ,.H 

c 
,!. 
z .. .. .. 
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~ 
..J 
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~ 

4 

'rI~\C"'\. 

IA\II\~ 

o 10 20 30 40 
EXTERNAL BASE-TO-EMITTER RESISTANCE CReE'-A 

9255-3117 

Fig. 5 - Reverse-bias second breakdown characteristics for types 
2N3584 and 2N3585. 

CASE TEMPERATURE (TC)-OC 

Fig. 7 - Dissipation derating curves for all types. 
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2N3583-2N3585, 2N4240 

CASE TEMPERATURE ITc}-25-C 
BASE-TO-[MITTER VOLTAGE 'VSE)--4 v 
EXTERNAL BASE-lO-EMITT[R RESISTANCE'He[t-2on 

I~ xo ~o 400 
INDUCTANCE (L)-p.H 

92CS-20001 

Fig. 4 - Reverse-bias second breakdown characteristics for types 
2N3584 and 2N3585. 

CASE TEMPERATURE (Tel· 2S0C 
EXTERNAL BASE-YO-EMITTER 

RESISTANCE CReEl- 20 II 
INDUCTANCE (l)· IOO,..tf 

-8 -6 -4 -2 
BASE-TO-EMITTER VOLTAGE (VSE'-V 

i 
I 8 

~ 

o 

9255.3118 

Fig. 6 - Reverse-bias second breakdown characteristics for types 
2N3584 and 2N3585. 

• I 

~ 

I I I 
AMBIENT TEMPERATURE (TA)-OC 

92SS-2666RI 

Fig. 8 - Dissipation derating curve for types 2N3583. 2N3584. 
2N3585. and 2N4240. 
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2N3583-2N3585, 2N4240 

25 50 75 100 125 150 
COLLECTOR-TO-EMITTER VOLTAGE (VCE'-V 

92CS·20002 

Fig. 9 - Typical output characteristics for type 2N3583. 

92SS-l126RI 

Fig. 11 - Typical rise time vs. collector current for types 2N3584 
and2N3585. 

I 
COLLECTOR CURRENT (!cJ-A 

92SS-3125RI 

Fig. 13 - Typical fall time VB. collector current for types 2N3584 ana 
2N3585. 

COI.LECTOII-TO-DIITT£R \IOI.T_ 1""",. 10 Y 
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BASE-TO-EMITTER \IOI.TAG£ IYBE'-Y 

9255-3131 

Fig. 10 - Typical Input characteristics for all types. 

I 

COLLECTOR CURRENT (lc)-A 

92SS-3128RI 

Fig. 12 - Typical storage time vs. collector currant for types 2N358 
and2N3585. 
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Ie '" I A: I:e = 0.1 A 
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2.2 ~ 

150 100 150 200 250 300 350 
COLLECTOR SUPPLY VOLTAGE (Vccl-V 

92CS-'9946 

Fig. 14 - Typical rise time, lall time, and storage time VB. col/ecl 
supply voltage for types 2N3584 and 2N3585. 
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COLLECTOR-TO-EMITTER VOLTAGE (VCE)SIOV 

200 

4. 2 I" 10 
COLLECTOR CURRENT CICI- mA 

925S-3I20 

Fig. 15 - Typical dc beta vs. collector current for types 2N3583, and 
2N4240. 

[tit, t ~~ VCEo''''''., 

11"----4---' 
3i9Z0,rM IV 

MOTE. L 1 = 20 mH for VCEO(sus) 

= 5 mH for VCER(sus) 

CHAtM:LA 

L, (NOTE) TO 
HEWLETT -PACKARD 

OSCILLOSCOPE 
't,W'll; .. ,,:.mf· 

CHANNEL B 

COMMON 

_ OTO!lOV 
(!lOa mA) 

9ZCS ·IZSI6R2 

Fig. 17 - Circuit used to measure sustaining voltages Vceo(sus) and 
VCER(SUS) for all types. 

INPUT FROM 
HP-214A 

PULSf 
GENERATOR 

(ZG * 50 OHMS) 

-VBB 

Iel "''IB2 

10 
OHMS 

Vee 

INPUT PULSE DURATION'" 20 ", 

OUTPUT TO 
OSCILLOSCOPE 

92CS-12585RI 

FIg. 19 - Circuit used to measure switching tImes for types 2N3584 
and2N3585. 

2N3583-2N3585, 2N4240 
COLLECTOR-To-EMITTER VOLTAGE (VCE) -10 V 

~ J '" 200 2 

'2~.C i 
0: - ..;;~-'" Ili '50 

1 I i 

i ~,.~ I 
~5 c. 

i 1---1--- ~~~ I 
f.~~ -5~·C 501--~~ :A' 

/1 - - T , 
l\ -

g 1 1 ~~ 
2 4 6. 2 4 •• 

'0 io' 
4 •• • 

COLLECTOR CURRENT (I C)-rnA 
92SS-31:50 

FIg. 16 - Typical dc beta vs. collector current for types 2N3584 and 
2N3585. 

" E 
VCEOCsus) I VCER(Sus) 

i¥ , 
, I , .... I , , z I , I 

'" 200 --.fal 200 __ l+_-L_ .. .. ,e AlBIC 
i3 I ' ,I I 

I I I I I I .. I 
~ I I I: I 
~ 

I , I 
-' 

0 175 250 300 250300 400 
c COlLECTOR-rO-EMITTER VOL rAGE (VeE)-V " 

92CS-IZ875RI 

NOTt::: The sustaining voltages VCEO(sus) and 
VCER(sus) are acceptable when the trace falls to 
the right and above point "A" for types 2N3583 
and 40374, point "8" for type 2N3584. and 
point "C" for types 2N3585 and 2N4240. 

Fig. 18 - Oscilloscope display for measurement of sustaining 
voltages. 
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.... 
"'z n~ 
~~~----~!--'---------~~~--71----. 

" I INPUr WAVE" FORM 

TIME 
l"'---

1--__ --I---'-TU't~M~FF 
OUTPUT WAVE FORM 

92CS-IZ874 

FIg. 20 - Phase relationship between input and output currents, 
showing referenca points for specification of switching 
times. 
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File Number 766.1 2N3878,2N3879,2N5202 

High-Speed, Epitaxial-Collector 
Silicon N-P-N Planar Transistors 
For High-Speed Switching and Linear-Amplifier Applications 

Features: 
• Maximum-area-of-operation curves for dc and pulse operation 
• H/gh substainlng voltage 
• Tota/saturated transition time less than 1 ps fOT 2N3879, 2N5202 

The 2N3878, 2N3879 and 2N5202" are epitaxial silicon n-p
n transistors. The 2N3878 Is an amplifier type intended for 
audlo-, ultrasonic-, and radio-frequency circuits. Types 
2N3879 and 2N5202 are switching transistors intended for 
use in high-current, high-speed switching circuits. 

Typical applications for these transistors include: low-distor
tion power amplifiers, oscillators. SWitching regulators, series 
regulators, converters, and inverters. 

"Formerly RCA Dev. Type Nos. TA2509. TA2509A and 
TA7285, respectively. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

TERMINAL DESIGNATIONS 

92C8-27516 

JEDEC TO-213AA 

2N3878 2N3B79 2N5202 

·COLLECTOR·TO·BASE VOLTAGE. VCBO 120 120 100 

COLLECTOR·TO·EMITTER SUSTAINING VOLTAGE: 
With external base-to-emitter resistance (RBE) = 50 n. VCER(sus) 65 90 75' 
With base open. VCEO(SUS) 50' 75' 50 

'EMITTER-TO-BASE VOLTAGE. VEBO 7 7 6 

'CONTINUOUS COLLECTOR CURR ENT IC 4 7 4 

PEAK COLLECTOR CURRENT. ICM 10 10 5 

'CONTINUOUS BASE CURRENT. IB 4 5 2 

"TRANSISTOR DISSIPATION. PT 
At case temperature (TC) = 25°C 35 35 35 
At case temperatures above 25°C Derate linearly at 0.2 W 1°C 
For other conditions . See Figs. 1,3 and 4 

"TEMPERATURE RANGE: 
Storage & operating (Junction) -65 to 200 

'PIN TEMPERATURE: 

1/32 in. (0.8 mm) from seating plane for 10 s max. 235 235 235 

• In accordance with JEDEC registration data format JI'-6 RDF-2 (2N3878); JS-6 RDF-l (2N3879,2N5202, 

2-19 

V 

V 
V 

V 

A 

A 

A 

W 

°c 

°c 



2N3878, 2N3879, 2N5202 
ELECTRICAL CHARACTER ISTICS, A t Case Temperature (TC) = 2fiOc unless otherwise specified: 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

Vdc Adc 

VCE VBE Ic IB 

Collector Cutoff Current: 100 -1.5 
With base-emitter junction reverse- 110 0 
biased 120 -1.5 

With base-emitter junction 
ICEV 

100 -1.5 
reverse· biased and T C = 1500 C 110 0 

With base open ICEO 
40 0 
70 0 

Emitter Cutoff Current lEBO 
-6 
-7 

Collector-to-Emitter Sustaining 
Voltage VCEOlsusl 0.2 0 
With base open 

With external base-to-emitter 
VCERlsusl resistance IRBEI = 50 n 0.2 0 

1.2 4b 

2 0.5b 

DC Forward-Current Transfer 
hFE 

2 3b 

Ratio 2 4b 

5 4b 

5 0.5b 

Collector-ta-Emitter 
VCElsatl 3b 0.3 

Saturation Voltage 4b 0.4 

Base-ta-Emitter Voltage VaE 2 4b -

Base-ta-Emitter Saturation 
VaElsatl 

3b 0.3 
Voltage 4b 0.4 

Coliector·to·Base Output 
Capacitance Cob 

If = 1 MHz. VCS = 10 VI 

Second Breakdown Collector Current: 

With base forward-biased and ISlb 40 
1-s nonrepetitive pulse 

Magnitude of Common Emitter. 
Small-Signal; Short-Circuit, 

Ihlel 10 0.5 
Forward-Current Transfer 
Ratio II = 10 MHzl 

* Common· Emitter • Small·Signal, 
Short·Circuit, Forward-Current hIe 30 0.1 
Transfer Ratio If = 1 kHzl 

Thermal Resistance 
Junction·to-case ROJC 

* In accordance with JEDEC registration data format JS-6 RDF·2 
(2N3878); JS·6 RDF·1 (2N3S79, 2N5202). 

a CAUTION: Sustaining voltages VCEOlsus) and VCERlsus) MUST 
NOT be measured on a curve tracer. 

b Pulsed, pulse duration = 300 1.15, duty factor"; 2 %. 
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UMITS 

2N3878 2N3879 2N5202 

Min. Max. Min. Max. Min. Max. 

- - - - - 10 
- - - - - -
- 25 - 25 - -
- 4 - 4 - 10 
- - - - - -
- 5' - 5 - -
- - - - - -

- - - - - 10 
- 10 - 10 - -

• . 
50a - 75" - 50" -

65a - 90a - 75a -

- - - - 10' 100' 
40' 200' - - - -

- - - - - -
a' - 12' 100' - -
20' - 20 ao - -
50' 200' 40 - - -
- - - - - -
- 2 - 1.2 - 1.2 

- 2.5 - - - -
- - - - - -
- - - 2 - 2 

- 175' - 175 - 175 

750 - 500 - 400 -

4 - 4 - 6 -

40 - - - - -

- 5 - 5 - 5 

UNITS 

rnA 

rnA 

rnA 

V 

V 

V 

V 

pF 

rnA 

DClwl 
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2N3878,2N3879,2N5202 

4 6 8 10 8 100 

COLLECTOR-TO-EMITTER VOLTAGE(VCE)-V 

Fig. 1 - Maximum operating areas for 2N3879, 2N5202 
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Fig. 2 - Typical input characteristics for all types. 
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2N3878,2N3879,2N5202 
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Fig. 3 - Maximum operaring ar ... for 2N3878. 
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ZN3878,2N3879,2N5202 

I CASE CASE TEMPERATURE lTc'· 25-C 

..•. 300 

~200 ::: 20 

o 

COLLECTOR CURRENT (ICI-A 
COLLECTOR CURRENT CIC)-A 

92CS-13234 
92CS-I3236 

Fig. 5 - Typical saturation-voltage characteristics 
for 2N3878. and 2N3879. 

Fig. 6 - Typical turn-on time for 2N3879. 2N5202. 

COLLECTOR OJRRENT at)-A. 
92SSo3691 

~~t~~ :t~t~iT~81t ~ATE ·1000 PULSES/s 
CASE TEMPERATURE (Te) =25-C 

2000 181= -IB2;-IC/hFE 

. 
11500 

50 
o 1 2 3 

COLLECTOR CURRENT (Icl-A 
4 

92CS-13237 

Fig. 7 - Typical saturation-voltage characteristics 
for2N5202. 

Fig. 8 - Typical storage time for 2N3879. 2N5202 

CASE TEMPERATURE CTC)· 25°C 

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

300 

~I 

o 

20 <T'" (nf. ~ \0 
oC .. 

1 4 

COLLECTOR CURRENT CIC)-A 

Fig. 9 - Typical fall time for 2N3879, 2N5202. 
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2N3878, 2N3879, 2N5202 
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Fig. 10 - Typical transfer characteristics for all types. 
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Fig. 12 - Typical output characteristics for 2N3878. 2N3879 and 
2N5202. 
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COLLECTOR-TO-EMITTER VOLTAGE (VeE). 2 v 
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Fig. 11 - Typical de beta characteristics for 2N3878 and 2N3879. 
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Fig. 13 - Typical de beta characteristics for 2N5202. 



2N3878, 2N3879, 2N5202 

TRANSITION AND STORAGE-TIME CHARACTER ISTICS FOR SWITCHI NG TYPES, A t Case Temperature (T CJ = 2fiOC: 

TEST CONDITIONS 

VOLTAGE CURRENT 
CHARACTERISTIC SYMBOL Vdc Adc 

VCC IC IB 

Saturated Switching 
30 3 0.3" Time 
30 4 0.4" Id 
30 4 O.S" 

Delay time 

30 3 0.3a 

· Rise time tr 30 4 O.4a 

30 4 O.aa 

30 3 0.3" 

· Storage time Is 30 4 0.4a 

30 4 O.S" 

30 3 0.3a 

• Fall time tf 30 4 0.4" 

30 4 o.a" 

• In accordance with JEDEC registration data format (JS-6, RDF-l) 

IC MONITOR 
TEKTRONIX P6021 
CURRENT c--1>---t---, 

INPUT FROM 
HEWLETT 
PACKARO 
219A PULSE 
GENERATOR" 

PROBE" \ 

IB MONITOR 
TEKTRONIX 

~~~~'ENT PROBE" 

SL (O+--eJ,I\A,......J 

INPUT PULSE 
tr < 20 ns 
tf < 20 ns 
REP. RATE -500 Hz 
PULSE DURATION 

~ 20 I£s 

"OR EQUIVALENT 

0.22 "F 
MYLAR 
- + 

100"F 

0-7V 

30V 

RL <7511 FOR 2N3879, 2N5202 

Fig. 14 - Circuit used to measure switching times for 2N3879 and 
2N5202. 

CLARE 
MERCURY-RELAY 

MODEL No. HGP-I004. 
OR EQUIVALENT 

III 
0.5W 

CHANNEL A 

TO 
TEKTRONIX 

25mH OSCILLOSCOPE 
MODEL No. 503 I 
OR EQUIVALENT 

CHANNEL 8 

COMMON 

92CS·13239R3 

Fig. 16 - Circuit used to measure sustaining voltages. V CEO(SUS) and 
VCER(sUS) for all types. 

LIMITS 

2N3879 2N5202 UNITS 

Min. Max. Min. Max. 

-
-
-

-
-
-
-

-
-

-

-

-

-
40 
-
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-
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1200 
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- -- --- - - --10°/0 

'" a 
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on 

'" en 

1-1-
uz 
Ww 
-'''' -'''' 8 a '-;-..,.;.y 

92CS- 23760 

Fig. 15 - Oscilloscope display for measurement of switching times 
(Circuit shown in Fig. 1). 
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COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

The sustaining voltages VCEO(sus) and VCER(SUS) are acceptable 
whe... the traces fall to the right and above point "A" for types 
2N3878, 40375, and 2N5202; and point "B" for type 2N3879. The 
sustaining voltage V CER(SUS) Is acceptable when the trace falls to 
the right and above point "OW for type 2N5202. 

Fig. 17 - Oscilloscope display for measurement of sustaining 
voltages. 
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2N5038,2N5039,2N6496 File Number 698 

High-Current, High-Power High-Speed 
Silicon N-P-N Planar Transistors 
Devices for Switching and Amplifier Circuits in Industrial and 
Commercial Applications 
Features: 
• Maximum operating area curves for de and pulse operation 
• Is/b-limit line beginning at 28 V 
• High col/ector current rating 
• High-dissipation capability 

TERMINAL DESIGNATIONS 

c The 2N5038, 2N5039 and 2N6496 are epitaxial silicon n-p-n 
planar transistors. They differ in breakdown-voltage ratings, 
leakage-current, and dc-beta values. 

The high current-handling capability of these transistors in 
conjunction with fast switching speeds make these devices 
especially suited for switching-control amplifiers, power 
gates, switching regulators, converters, and inverters. Other 
recommended applications include dc-rf amplifiers and 
power oscillators. These transistors are supplied in the 
JEDEC TO-204AA package. 

'0 
92CS-275f6 

JEDEC TO-204AA 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N5038 2N5039 

*COLLECTOR-TO-BASE VOLTAGE ........................... VCBO 150 120 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With - 1.5 volts (VBE) of reverse bias and 
external base-to-emitter resistance (RBE) = 100 n ...... ',' ....... VCEX(sus) 
With RBE';;;; 50 n ................................ 1 •••••••• VCER(sus) 

150 120 
110 95 

With base open .........................•.•...... j •••••••• VCEO(sus) 90 75 
"EMITTER-TO·BASE VOLTAGE ....•..........•...•.. !. . . . • . . •. VEBO 
*CONTINUOUS COLLECTOR CURRENT .......••......•....•.. IC 

7 7 
20 20 

*PEAK COLLECTOR CURRENT ............•................. 30 30 
*CONTINUOUS BASE CURRENT .................... , . . . . . . . . . IB 5 5 
*TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C'and VCE up to 28 V •........... '. 
At case temperature of 100°C and V CB of 20 V ..•..•..•........• 

140 140 
80 80 

At case temperatures up to 25°C and VCE above 28 V ..•......... - See Fig. 1. 

2N6496 

150 

130 
110 

7 
15 

5 

140 
80 ... 

At case temperatures above 25°C and VCE above 28 V .••...•..... 4--- See Figs. 1 & 2. __ 
*TEMPERATURE RANGE: 

Storage & Operating (Junction) ................... : ......... . ~ -65 to 200 ___ 

PIN TEMPERATURE (During Soldering) 
At distances;;;' 1/32 in. (0.8 mm) from seating plane for 10 s max. ~ 230 ... 

*In accordance with JEDEC registration data format (J5-S. RDF-ll 
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2N5038, 2N5039, 2N6496 
ELECTRICAL CHARACTERISTICS,At Case Temperature (TC' = 25"C Unless Otherwise Specified 

TEST CONOITIONS LIMITS 

VOLTAGE 
CHARACTERISTIC SYMBOL Vde 

!Yca VCE VEa VaE 

Collector Cutoff Current: ICEO 65 
With base open 70 

With base-emitter 
110 -1.5 

junction reverse·blased 
ICEV 140 -1.5 

130 0 

AITC; 150°C S5 -1.5 
100 -1.5 
130 0 

Emitter Cutoff Current leao 5 
7 

DC Forward-Current hFE 5 
Transfer Ratio 5 

5 
2 

Magnitude of Small·Signal 
Forward-Current Transfer hel 10 
Ralio IAI f = 5 MHz) 

Collector-la-Emitter 
Sustaining Voltage: 
With base open VCEOI,us)b 

With base-emltter 
junction reverse biased and 
externa' base-to-emitter 

VCExlsus)b -1.5 

resistance (Rse) '" 100 n 

Wilh RaE"; 50 n VCERlsus)b 

Emitter-to-Base Voltage Veso 

Vse 
5 

Base-ta-Emitter Voltage 5 
2 

COllector·ta-Emitter 

Saturation Voltage 
YCElsatl 

Sase·ta-Emitter 
VSEI .. tl Saturation Voltage 

Output capacitance Cob 10 

Second--Breakdown 

Collector Curren~ IS/b d 28 
(With base forward biased) 45 

Second· Breakdown Energy 

(With base reverse biased, ES/bf -4 
RS = 20.n, L = lS0 ~H) -4 

Sat. Switching Rise Time VCC= 
I, 30V 

Sat. Switching Storage Time VCC= 
Is 30V 

Sat. Switching Fall Time VCC· 
If 30V 

Thermal Resistance 

Uunction-to-Case) R8JC 10 

8 Pulsed; pulse duration ::;360 ps, duty factor": 2%. 
b CAUTION' The sustaining voltages VCEO(suS), VCER(sUS), and 

VCEX(sus) MUST NOT be measured on a curve tracer. 

c IS1 = IS2 = value shown. 

-In accordance with JEDEC registration data format (JS-6. RDF-') 

CURRENT 

IC 

0 
0 

2" 
10" 
12" 
Sa 

2 

0.2 

0.2 

0.2 

0 

10" 
12" 
Sa 

loa 
12" 
20" 
Sa 

20" 
Sa 

12 
S 

10 
12 
8 

10 
12 
S 

10 
12 
S 

10 

Ade 2N503S 2N5039 2N6496 UNITS 

IE la Min. Max. Min. Max, Min. Max. 

0 - - - 20 - -
0 - 20 - - - -

- - - 50 - -
- 50 - - - -
- - - - - 20 mA 

- - - 10 - -
- 10 - - - -
- - - - - 25 

- 5 - 15 - - rnA 

- 50 - 50 - 50 

50 200 30 150 - -
- - 20 100 - -
20 100 - - - -
- - - - 12 100 

12 - 12 - 12 -

0 90 - 75 - 110 - V 

0 150 - 120 - - -

0 110 - 95 - 130 -
0.05 7 - 7 - 7 - V 

- - - loS - -
- I.S - - - V 
- - - - - 1.6 

1.0 - - - 1.0 - -
1.2 - 1.0 - - - - V 
5 - 2.5 - 2.5 - -

O.S - - - - - 1.0 

5 - 3.3 - 3.3 - - V 
O.S - - - - - 2.0 

0 - 400 - 400 - 400 pF 

5.0 - 5.0 - 5.0 - A 
0.9 - 0.9 - 0.9 -

13 - 13 - - - mJ 
- - - - 5.7 -

1.00 - - - 0.5 - -
1.2" - 0.5 - - - -
O.Se - - - - - 0.5 

1.00 - - - 1.5 - -
1.2" - 1.5 - - - - ~s 

O.Se - - - - - 1.5 

1.00 - - - 0.5 - -
1.2" - 0.5 - - - -
O.so - - - - - 0.5 

- 1 •• 25 .- 1.25 - 1.25 °C/W 

d IS/b is defined as the current at which second breakdown occurs at a 
specified collector voltage with the emitter·base junction forward. 
biased for transistor operation in the active region. 

e Pulsed; 1-s non-repetitive pulse. 
f ESlb is defined as the energy at which second breakdown occurs 

under specified reverse-bias conditions. ES/b = %U2 where L is a 
series load or leakage inductance and I is the peak collector current. 
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2N5038,2N5039,2N6496 
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100B CASE TEMPERATURE (TC) = 250 C I I 
(FOR TC ABOVE 25", DERATE L(NEARLY) I I 6 

4 1 ~ 
0.05 m~7 

IC MAX. (PULSED) PULSE OPERATION" 

I I 

" l'\. 'No.ri; "- 0.1 ms 
2 

IC MAX. (CONTINUOUS) 

~,,~~ ~~ ~ 
10 ~q.,~1 ~ 

B ~O:~q,. ~~"\. '. 
«'~ <~ 91- \' , 
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\' ", \ I 

\\ I liI\ 1 
Ci". \ \ 
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6 ~ l\ 
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"FOR SINGLE 

\<2> 
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I 
2 
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1 

NON REPETITIVE PULSE 

VCEO MAX. = 75 V - I-
(2N5039) 

VCEO MAX.= 90 V _ 
(2N5038) 

r- VCEO MAX.= 1I0V 1-'- (2N6496) 
I L I 

4 6 B 10 2 4 6 B \ 2 4 6 B 1000 

COLLECTOR· TO-EMIITER VOLTAGE (VCE)-V 
92S~JG41RI 

Fig. 1 - Maximum operating areas for all types. 

~ NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
AND IS/It'LIIAITED PORTION OF MAXIMU/A-OPERATING 
AREA-CURVES. DO NOT DERATE THE SPECI· 
FlED VALUE FOR Ie MAX. 

25 511 75 100 125 1511 115 2110 

CASE TEMPERATURE (TC)-OC 92S5-363!IRi 

Fig. 2 - Dissipetion derating curves for all types_ 
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20 ICMAX. (CONTINUOUS)ZN5038.2N5039 

15 (~ 
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10 - 2N6496 --':'''f.,r. ~~ C'J. ~"'.a 
~ 

8 ~~~~ ~~ ~ 
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ISlb -liMITEO~ -' 4 5 
vCEO MAX! 75V(2Nl039~ u 
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VCEO MAX' 9OV(2N5038)-

:l~ 0.1 "cEO MAX., IOV (2N6496) 

I 2 4 • a 10 2 4 • 15 81'00 110 
2 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
90 

92CS~22812 

Fig. 3 - Maximum operating areas for all types. 

'" CASE TEMPERATURE (TC) = 25°C 
BASE SERIES RESISTANCE (R B) = 20.!l 
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50 102 

INDUCTANCE (l) - jJ H 
92'CS·'~460 

Fig. 5 - Maximum reverse-bias, second-breakdown characteristics 
for 2N5038 and 2N5039. 

CASE TEMPERATURE (T c) -Z5°C 
BASE SERIES RESISTANCE (Re)'20n 
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INDUCTANCE (L)-I'H 
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92CS-22803 

Fig. 7 - Maximum reverse-bias, second-breakdown characteristics 
for2N6496_ 
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2N5038, 2N5039, 2N6496 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)= ISV 

90 CASE TEMPERATURE (TC)' IS'C -- .-
,:! V-1'\ .. 
I 80 --- ._.-

-;: \ '" ....... V ~ 70 

~ / 1\ I 6D 

/ \ 

; 50 

40 

3D 

0.1 a 1.0 • 10 
COLLECTOR CURRENT (Ic )-A 

92SS·3&37 

Fig. 4 - Tvpical gain-bandwidth product for al/ types_ 

CASE TEMPERATURE (TC)-25°C 
30 BASE SUPPLY VOLTAGE (VBB)=-4V 
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o. f 
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BASE SERIES RESISTANCE (RB)-Sl 
92CS-15464RI 

Fig. 6 - Maximum reverse-bias, second-breakdown characteristics 
for 2N5038 and 2N5039_ 
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Fig. 8 - Maximum reverse-bias, second-breakdown characteristics 
for2N6496_ 
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2N5038,2N5039,2N6496 
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Fig. 9 - Typical ttansfer characteristics for 2N5038. 
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Fig. 11 - Typical ttansfer characteristics for 2N5039. 

o.s I 1.5 2 2.5 3 
BASE-1O-EilITTER VOLTAGE lYBE)-V 

92«:5-22800 

Fig. 13 - Typical ttans:fer characteristics for 2N6496. 
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.. COLLECTOR-lO-EMJTTER VOLTAGE (VCE)s5V 
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Fig. 10 - Typical de beta characteristics for 2N5038. 
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Fig. 12 -Typical de beta characteristics for 2N5039. 
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Fig. 14 - Typical de beta characteristics for 2N6496. 
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CASE TEMPERATURE (T C) = 25° C 
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Fig. 15 - Typical output characteristics for 2N5038. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) =4 v 
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BASE -TO-EMITTER VOLTAGE (YaE) - V 

3.0 

92.L$-!465R2 

Fig. 17 - Typical output characteristics for 2N5039. 
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Fig. 19 - Typical output characteristics for 2N6496. 
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2N5038,2N5039,2N6496 

'" CASE TEMPERATURE (T C) = 25° C z 
Z SUI i! 13 

N~l.l "'> -......... =>. 
"'-0: ~ 12 

I ft ~!! 
t:S VeER (sus) -- VeEO (sUII 
~~Il 
'1>: 

1 1'"-......... ~~s~ J 1 f?o 
~!IO VCER!S"') 

14' I I I. 01>: 

"'''' ....... -- VCEolsusl j>u gO 

8~ ~ I "' .. =>~ 80 ,,"0 

1 1 -- VCEO(sus) z> 

'" 7 J 
2 • • 10 • 100 • •• I. • •• 10K 

EXTERNAL BASE-TO-EMITTER RESISTANCE (RSEI-It 

92CS~22S04 

Fig. 16 - CollectoNo·emitter sustaining voltage characteristic 
for all types. 

CASE TEMPERATURE IT c1 = 25° C 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92.LS-1464 

Fig. 18 - Typical input characteristics for 2N5038 and 2N5039. 
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Fig. 20 - Typical input characteristics for 2N6496. 



2N5038, 2N5039, 2N6496 
CLARE 

MERCURY-RELAY 
MODEL No. HGP-l004, 

OR EQUIVALENT 

~,~:~: 
VCEQlsus) 

+ II"'-__ ~~-.:.l 
IIO.n. 6V 
IW 

L = 15mH for V CEO!sus) and 
V CER Isus) measurements 

L = 2mH for VCFXlsus) measurements 

CHANNEL A 

L 

TO 
HEWLETT-PACKARD 

QSCILLOSCOPE 
MODEL No. 1308, 
OR EQUIVALENT 

CHANNELB 

COMMON 

OT050V 
SOOmA 

92LS-1468R3 

Fig, 21 - Circuit used to measure sustaining voltages V CEO (sus). 
V CER(sus). and V CEX(sus). 

I~ 
I~ 

o 

:: 30Y 

• COLI ECT~ Cl RREN (JOc:A 

Fig. 23 - Typical rise·time and fall·time characteristics for all types. 

PULSE GENERATOR 
HEWLETT-PACKARD 

O-;-2SV 

~~. ~~~VALENT 2N3B7B 

PULSE DURA
TION ~20 P.s 
JL~

2S~ 

REP. RATE S SIJJ 
I kHz 

RL (NON-INOUC1IVE)' 
2.SJJ,12W FOR 'c -12A 

3 JJ,I2 W FOR IC 'IOA 
3.7SJJ, BW FOR IC' BA 

-4TO 
-BV 

"'+30V 

- + 
SOD 
~F 

92CS-22377R! 

Fig. 25 - Circuit used to measure switching times for all types. 
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o 95 110 130 

COLl.ECTOR-TO-EMITTER VOLTAGE IVCE)-V 

The sustaining voltages (VCEO(SUS), VCERlsus). and 
VCEX(sus) are acceptable when the traces fall to the 
right of point "A" for type 2N5039. point "8" for 
type 2N5038 and point "c" for type 2N6496. 
(NOTE: 2N6496 is not tested for V CEXlsusl.) 

92SS-3636RI 

Fig. 22 - Oscilloscope display for measurement of sustaining voltages 
(Test circuitshown in Fig. 22). 

Fig. 24 - Typical storage time characteristic for all types. 
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g ... 
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..JO: 

813.1---+1 

92CS-22378 

Fig. 26 - Phase relationship between input and output currents 
showing reference points for sper;ification of switching 
times. (Test circuit shown in Fig, 26). 



File Number 321 2N5239, 2N5240 

High-Voltage, Silicon N-P-N Transistors 
For High-Speed Switching and Linear-Amplifier Applications in 
Industrial and Commerical Service 
Features: 

• High voltage ratings: VCER[SUS] 

=350 V, RaE::; 50 n (2N5240) 
=250 V, RaE::; 50 n (2N5239) 

• High power dissipation rating: 
PT = 100 Wat VCE = 125 V, Tc= 25°C 

• For switching applications where circuit values and operating conditions require a 
transistor with a high second-breakdown rating (Is/b) (limit line begins at 125 V) 

• Exceptional second-breakdown: 0.8 A at VCE = 125 V 
• Maximum area-of-operation curves for dc and pulse operation 

The 2N5239 and 2N5240' are multi apitaxial silicon n-p-n 
power transistors. 

TERMINAL DESIGNATIONS 

"Fhe high breakdown voltage ratings and exceptional sec
ond-breakdown capabilities of these transistors make them 
especially suitable for use in series regulators, power ampli
fiers, inverters, deflection circuits, switching regulators, 
and high-voltage bridge amplifiers. 

These types differ in breakdown voltage and leakage current 
values. The 2N5239 and 2N5240 are supplied in steel JEDEC 
TO-204AA hermetic packages. 

92CS-27516 

• RCA Dev. No. TA2765 and TA2765A, respectively. 
JEDEC TO-204AA 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N5239 
.VeBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 300 
VCER(SUS) 
RBE:S; 50 0 ................................................................. . 250 

·VCEO(SUS) ....•.........•.••........................................•...•..... 225 
"VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ------- 6 
·Ic ........••.............•.........•.•.•.•.•.•..............•.•.•............ ______ _ 5 
·IB ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• _------ 2 
'PT: 

Tc S;25°CandVcE:S;125V ...•..............•.•.•.•.••.........•...•••••.•. _------ 100 
Tc:S;25°C and VcE :S;125V ..............••••.............•.••••............ _____ _ See Fig. 1 
Tc>25DC and VCE>125V ..................•.•................••••........ _____ _ See Fig. 1 

*Ta,g,TJ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ------ -6510200 
TL 

At distance ~1/32 in. (0.8 mm) 
Trom seating plane for 10 S max .••.••••.......•.•••..••.........•.•..••••••. ______ _ 230 

• In accordance with JEDEC registration data 
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2N5239, 2N5240 
ELECTRICAL CHARACTERISTICS, At Case Temperature (Te) = 2S·C unless otherwise specified 

TEST CONDInONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT 

2N5239 2N5240 
Vde Ade 

VeE VBE Ie .. Min. Max. Min. Max. 

ICEO 200 0 - 5 -
300 -1.5 - 4 -

IcEY 
375 -1.5 - - -

(Tc = 150"C! 300 -1.5 - 5 -
lEBO (VEB = 5 V) 0 - 5 -

(VEB= 6 V) 0 - 20 -
VEBO 0.02 6 - 6 

VCEO(SUS)a 0.2b 225 - 300 

VCER(SUS)a (RaE < 50 n) 0.2b 250 - 350 

10 0.4b 20 80 20 

hFE 10 2b 20 80 20 

10 4.5b 5 - 5 

VaE 10 2b - 3 -
2b 0.25 - 2.5 -

VCE(sat) 
4.5b 1.125 - 5 -

ISIb (t = 1 s) 125 0.8 - 0.8 

I hl.l(f = 1 MHz) 10 0.2 2 - 2 

h,. (f = 1 kHz) 10 4 20 - 20 

fr 10 0.2 2 - 2 

Cobo (f = 1 MHz! 10e 0 - 250 -
RBJC - 1.75 -

• In accordance with JEDEC registration data. 

a CAUTION: The sustaining voltages VCEO(SUS) and VCER(SUS) MUST NOT be measured on a curve tracer. 

b Pulsed; pulse duration :5 350 p.s, duty factory :5 2%. 

e Vcavalue. 

II NOTE:CURRENT DERATING AT CONSTANT VOLTAGE APPLIES 3 ONLY TO THE DlSSIPATION-LiMITED PORTION AND IS/b 
LIMITED PORTION OF MAXIMUM-OPERATING-AREA CURVES. ! DO NOT DERATE THE SPECIFIED YAWE FOR Ie MAX. 

,9~ 
Ii 

o 25 50 75 100 125 ISO 
CASE TEMPERATURE (T c) - ·c 

175 200 0.01 OJ 1.0 
COLLECTOR CURftENTnc)-A 

2 

-
2 

3 

1 

20 

-
-
-
80 

80 

-
3 

2.5 

5 

-
-
-
-
250 

1.75 

UNITS 

mA 

V 

V 

A 

MHz 

pF 

·C/w 

10 

Fig. 1 - Derating curves for both types. Fig. 2 - Typical dc beta characteristics for both 
types. 
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2N5239, 2N5240 

COLLECTOR-TO-EMITTER VOLTAGEIVCEI- V 

92CM-35179 

Fig. 3 - Maximumopsratlng areas for both types. 

c 
I • 

if 

I 

BASE-TlH:IIITlER VOI7_ 1"aEI-v 

Fig. 4 - Typicaltransfer characteristics for both 
types. 

~11HIOT1ER __ IIIt:ItI·IOV 
CAR TlllPEllATURE ITd-ZS- C 
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I 1 
1-

t • I , ,,; 
'" ·v I; 

i 3 

'\. z 2 

11 , 
z • • • z • • • • • 0.0' G.,. LO 10 

COLU:CTOR CURRENT Ucl-A 'IILS-I.TlIl 

Fig. 6 - Typical gain-bandwidth product as a 
function of col/ector current for both 
types. 
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COI.LECTaII-'I1 _I~-v __ 

Fig. 5 - Typical output characteristics for both 
types. 
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COLLECTOR CURRENT IIC)-A 
92.LS-II1ORI 

Fig. 7 - Typical saturated-switching time 
(storage) as a function of col/ector 
current for both types. 
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2N5239,2N5240 

P\A..S[ WllJTHAZO,.. 
Mfl£TlTlON "aTt-5OQPULSEIII I I L COll.£CTOIII ..... VVOLTAKC\tc)·5QV 
CA5I: T[Mf"[RATUft£CTc)-2S-C 

~ .. , It~(T~P.I~ 
I 
'" '" ! I 

1/ 

~ 0.. 
't 'TYPo) 

5 
} 0.& .. 
~ 0.' 

I 0.2 

o 1.1 2 La 3 u 
__ TIIc:I-A 

92LS-1969R1 

Fig. 8 - Typical saturated-time (turn-on or fal/) 
as a function of col/ector current for 
both types. 

COLLECTOR-TO-EMfTTER VOLTAGE: (VCE ) - v 

liLa"""'''''' 

Fig. 10 - Oscilloscope display for VCEO(sus) 
and VCER(SUS) measurement. 

+ 

PULSE GENERATOR 
(HEWLETT-PACKARD 
IIZA. OR EQUIVALENT I 

Re 

DEVICE 
UND£R 
TE$T 

WITCHING TIME 
IIE"IURID AT 
Ie· 10 Ilf-IO 18z ettANNtL. A • CHANNEL a 

VII __ ' v OSCILLOSCOPE (TEKTRONIX 541" 
OR !DUIVALENT.I 

IILS-I'SOR! 

Fig. 9 - Circuit used to measure sustaining 
voltages, VCEO(sus) and VCER(SUS) for 
both types. 

[~ &'W. 
VC£D1ul 

., • '\"'---+---' 
39 0. 6Y 

2W 

CHANNEL A 
.---r---O 

TO 

~H H~~,U~-:~~ARO 
MODEL No.130B. 
OR EOUIVALENT 

CHANNEL 8 

COMMON 

_ OTOSOV 
:- HSOOmA) 

92LS-'IS!lR2 

Fig. 11 - Circuit used to measure switching 
times for both types. 

1::; TIME 
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u INPIJrWM£"ORM 

I" __ ;..IO_"" ___ TIME 

1---oif-..:TU'WiirF 

O/IT""T~_ 

92CS-12874 

Fig. 12 - Phase relationship between input and 
output currents showing reference 
points for specification of switching 
times. 
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File Number 1029 

High-Current High-Power 
High-Speed N-P-N Power 
Transistors 
Features: 
• Specification (or hFe and Vcdsat) up to 30 A 
• Current gain-bandwidth product fT = 2 MHz min. at 1 A 
• Low saturation voltage with high beta 
• High dissipation capability 

The 2N5301, 2N5302 and 2N5303 are epitaxial-base 
silicon n-p-n transistors intended for a wide variety of high
power, high-current applications, such as power-switching 
circuits, driver and output stages for series and shunt 
regulators, dc-to-dc converters, inverters, and solenoid 
(hammer)/relay drivers. 
These devices differ In maximum voltage ratings and 
VCE(sat), VOE(sat), and VeE characteristics. All are supplied 
in JEDEC TO-204AA hermetic steel packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

.. VeBa •.•.. 0 ••••• 0 ••• 0 ••• 0 •••••••••••••••••••••••••••••••••••••••••• 0 ••••••• 

* VeEo(SUS) ••.....•...•..•.....••.••.•.••.••..•••..••.......•.•••.•...•..... 
* Veao ..... .......... 0 •••••••••••••••• 0 •••••••••••••••••••• 0 ••• 0 •••••••••••• 

• Ie •...•...•.•......•........••...•.••.•.••••..•••...••••••••••.•..••...... 
... ICM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•••• 

* I •........................................................................ 
I.M ••••.•.....•.•••..•.............•......•.•.•••..•.•..•.••.•.•...•....•. 

*PT 
At Te:5 25·C •....•.....•..•••.••....•.•••.••..••••••••••••...•..•••... 
At Te > 25· C ••...•...•..•.•.•••••....•..•.••..••.••••••• derate linearly 

* TJ, T ...................................................................... . 
TL 

At distance ~ 1/32 in. (0.8 mm) from seating plane for 10 s max. 

* In accordance with JEDEC registration data format JS-6 RDF-2. 

2-37 

2N5301,2N5302,2N5303 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

2N5301 2N5302 2N5303 
40 60 80 V 
40 60 80 V 

5 V 
30 A 
50 A 
7.5 A 
15 A 

200 W 
1.15 W/·C 

See FigS. 1 & 2 
-65 to 200 ·C 

230 ·C 



2N5301,2N5302,2N5303 
ELECTRICAL CHARACTERISTICS, at Case Temperature (T cJ == ~ C unless otherwise specified 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 
* 
* 

CHARAC· 
TERISTIC 

ICBO 

ICEX 

ICEX 
TC= 
150°C 

ICEO 

lEBO 

hFE 

VCEO(sus) 

VSE 

VSE(sat) 

VCE(sat) 

15tb 
tp = 1 s 
nonrep. 

Ihfel 
f= 1 MHz 

. hfe 
f= 1 kHz 

tr (See Fig.S) 

ts 
tf 

ROJC 

TEST CONDITIONS 

VOLTAGE CURRENT 
Vdc Adc 

VeE VBE IC IB 

40a 
60· 
aoa 
40 -1.5 
60 -1.5 
80 -1.5 

40 -1.5 
60 -1.5 
80 -1.5 

40 
60 
80 

-5 

2 lb 

2 lOb 
3 15b 

2 20b 
3 30b 

0.2 

2 lOb 

2 15b 
4 20b 
4 30b 

lOb 1 
15b 1.5 
20b 2 
20b 4 

lOb 1 
15b 1.5 
20b 2 
20b 4 
30b 6 

20 

10 1 -

10 1 . -
VCC= 10 1 
30 10 l c 

10 l c 

20 5 -

2N5301 

Min. Max. 

- 1 
- -
- -
- 1 
- -
- -
- 10 
- -
- -
- 5 
- -
- -
- 5 

40 -
- -
15 60 
- -

5 -
40 -
- -
- 1.7 

- -
- 3 

- 1.7 
- 1.8 

- 2.5 
- -
- 0.75 
- -
- 2 
- -
- 3 

10 -

2 -

40 -
- 1 
- 2 
- 1 

- 0.875 

• In accordance with JEDEC registration data format JS-6 RDF·l. 
e lSI = -IS2 

2·38 

LIMITS 

2N5302 2N5303 UNITS 

Min. Max. Min. Max. 

- - - -
- 1 - -
- - - 1 

- - - -
- 1 - -
- - - 1 

- - - - rnA 

- 10 - -
- - - 10 

- - - -
- 5 - -
- - - 5 

- 5 - 5 

40 - 40 -
- - 15 60 
15 60 - -
- - 5 -

5 - - -
60 - 80 -
- - - 1.5 
- 1.7 - -
- - - 2.5 
- 3 - -
- 1.7 - 1.7 

- 1.8 - 2 
V - 2.5 - -

- - - 2.5 

- 0.75 - 1 

- - - 1.5 

- 2 - -
- - - 2 
- 3 - -

10 - 10 - A 

2 - 2 -

40 - 40 -

- 1 - 1 
- 2 - 2 /.Is 

- 1 - 1 

- 0.875 - 0.875 °C/W 

b Pulsed; pulse duration = 300 ,,5. 
duty factor = 1.8% 
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2N5301, 2N5302, 2N5303 

6 8 ,0 80 '00 

COLLECTOR-TO-EMITTER VOLTAGE (VcE)-V 
92CS-29797 

Fig. 1 - Maximum operating areas for 2N5301, 2N5302, and 2N5303. 
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NOTE:CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
AND :IS/b-LIMITED PORTION OF MAXIMUM-OPERATING 
AREA-CURVES. CO NOT DERATE THE SPECIFIED VALUE 
FOR Ie MAX. 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE (Tcl-,·C 

Fig. 2 - Derating curves for 2N5301, 2N5302, 
and2N5303. 

COLLECTOR-TO-EMITTER SATURATION VOlTAGE [VCE(sall]-V 

Fig. 4 - Typical saturation voltage characterIStics 
for 2N5301, 2N5302, and 2N5303. 
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1000, COLLECTOR-TO-EMITTER VOLTAGE (VCEI-2V-
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100, 
COs< TEMPERATURE (TCI~ "-
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'\ 

2 

~ 
10 , 

6 
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2 

I 

0.1 4 6 8 I 4 6 8 10 

COLLECTOR CURRENT (IC)-A 

Fig. 3 - Typical dc beta characteristics as a 
function of collector current for 

2N5307, 2N5302, and 2N5303. 

I. 
BASE-lO-EMITTER VOLTAGE (VBEI-V 

Fig. 5 - Typical transfer characreristics for 
2N5301, 2N5302, and 2N5303. 



2N5301,2N5302,2N5303 
I 8 COLLECTOR SUPPLY VOL.TAGE CVccI-!OV 

ICIIO-IO 

'1. 
6 CASE TEMPERATURE (Tel- 2S·C 

V-
I • ....... ~ I, I-
!iI 2 -
" i:! 
~ 01 

1i 

OJ 
'" i= 

5 
l!! 

• ---

:""'"'-t- Id -
2 

0.01 

1 

4 6 . 2 10 
COLLECTOR CURRENT (IC)-A 

4 6 • 100 

Fig. 6 - Typical delay·time and rise·time charac· 
teristics as a function of collector current 
for 2N5301, 2N5302, and 2N5303. 
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10. COLLECTOR SUPPLY VOLTAGE (Vcc)-:soy 
Is1--.lB2; 

6 Ie/la-IO 

4 
CASE TEWERATURE CTC)·2!5·C 

2 --I 

:~ 
4 

0-' 

Nt 

r-.!.!.. 
....... 

....... 

~ 

2 4 6 • 2 10 
COLLECTOR CURRENT C1C)-A 

4 6 • 100 

Fig. 7 - Typical storage-time and fall-time charac
teristics as a function of collector current 
for 2N5301, 2N5302, and 2N5303. 

OSCILLOSCOPE 

TRANSISTOR tr ~ 20 ns 
UNDER Z "IOK 
TEST 

TRANSISTOR 
UNDER 
TEST 

OSCILLOSCOPE 
trs 20ns 
Z >IOK 

D:COLLECTOR-BASE DIODE 
OF 2N3252 

92.CS-29804 

Fig. 8 - Equivalent test circuits for rise-time (a) and 
fall-time and storage-time (b) measurements 
for 2N5301, 2N5302, and 2N5303. 
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File Number 1141 

Silicon N-P-N 
Epitaxial-Base 
High-Power Transistors 
Rugged, Broadly Applicable Devices 
For Industrial and Commercial Use 
F •• tures: 
• High dissipation capability 
• Low saturation voltages 
• Maximum safe-area-of-operation curves 
• High gain at high current 

The 2N5629, 2N5630 and 2N5631 are epitaxial-base 
silicon n-p-n transistors intended for a wide variety of high
power, high-current applications, such as power-switching 
circuits, driver and output stages for series and shunt 
regulators, dc-to-dc converters, Inverters, and solenoid 
(hammer)/relay drivers. 

These devices differ in maximum voltage ratings. They are 
supplied in JEDEC TO-204AA hermetic steel packages. 
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~~ 75 4> 
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~g50 

m~ 
~= 25 

iii 

2N5629,2N5630,2N5631 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

"'" "'" :t>+o,,;, 
&(/ .... 

'''. 
17 t5 !SO 75 100 IlS ISO !5 200 

CASE TEMPERATURE (Tc1-·C 

Fig. 1 - Current derating curve for al/ type •. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

* VCEO ••••••••••••••••••••••••••••••••• 0 •••••••••••••••••••••••••••••••• 0 ••• 

* Vcao .................................................................... .. 
* VEBO •••••••••••••••••••••••••• 0 •••••••••••••••• 0 •••••••••••••••••••••••••• 

* Ie .0 •••••••••••••••••••••••••••••••••••••••••• 0 ••••••••••••••••••••••••••• 

* leM ••••••••• 0 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

* 18 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* PT 

At Tc:5 25·C ..••••••.•...•.•.••••••..•...••.••••.•••.••....•..•••....• 
At T c> 25· C ............................................ derate Ii"early 

• TJ, Tata •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

• TL at 1/16 ± 1132 in. (1.58 ± 0.8 mm) from case for 10 s ..•......•.•.•••....• 

• In accordance with JEDEC registration data. 
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2N5829 
100 
100 

2N5830 2N5831 
120 140 V 
120 140 V 

7 V 
16 A 
20 A 

5 A 

200 W 

1.14 W/·C 

-65 to 200 ·C 

235 ·C 



2N5629, 2N5630, 2N5631 
ELECTRICAL CHARACTERISTICS, At Case Temperature TC = 25°C 
Unless Otherwile Specified 

TEST CONDITIONS LIMITS 

CHARAC· VOLTAGE CURRENT 

TERISTIC Vdc Adc 2N5629 2N5630 ~!II!!631 

VCE V8E IC 18 

100 -1.5 -• ICEX 120 -1.5 -
140 -1.5 -
100 -1.5 -

TC=l50°C 120 -1.5 -
140 -1.5 -
50 - -

ICEO 60 - -• 
70 - -

ICBO 1008 - -
IE =0 

120a - -
1408 - -

lEBO - 7 0 • 
VCEO(sus)b - - jo.2c • 
hFEa 2 - SC 

2 - 16c • 
VBEa 2 - SC • 

• VBE(sat)a - - 10c 

Cobo f = 0.1 MHz loa - -IE =0 
• 

VCE(sat)a - - 10c 
- - 16c • 

fr_ f=0.5MH2. 20 - 1 • 
hfe f= 1 kHz 10 - 4 • 
I Sib 
tp = 1 s nonrep. 30 - -
ReJC 10 - 10 

• In accordance with JEDEC registration data. 
a VCB value. 

-
-
-
-
-
-

0 
0 
0 

-
-
-
-

0 

-
-

-
1 

-
1 
4 

-
-

-
-

Min. Max. Min. Max. Min. 

- 1 - - -
- - - 1 -
- - - - -
- 5 - - -
- - - 5 -
- - - - -

- 1 - - -
- - - 1 -
- - - - -

- 1 - - -
- - - 1 -
- - - - -
- 1 - 1 -

100 - 120 - 140 

25 100 20 SO 15 
4 - 4 - 4 

- 1.5 - 1.5 -
- loS - 1.S -

- 500 - 500 -

- 1 - 1 -
- 2 - 2 -

1 - 1 - 1 

15 - 15 - 15 

6.67 - 6.67 - 6.67 

- 0.875 - 0.875 -

b CAUTION: Sustaining voltage, VCEO(sus) MUST NOT BE measured on a curve tracer. 
C Pulsed; pulse duration";; 300 1'5. Dutv factor";; 2%. 

~rcOlLECTOR- TO-EMITTER VOLTAGE (VCE)-2 V I--
~ 6 
~ 4 

~ 2~UJJJ 
: '00 I- +H1- ....... 
... 

8 ::; 
& ft,.'1'U1\f. z .. 4~~~:'C 0: ... \~C ... 2 z ... 

0: 
'0 0: 

" 8 

" • Q 
0: • ; 
~ 2 

!! I 2 4 6. 2 4 6 • 2 4 6. 2 4 6. 
0.0' 0.1 , '0 '00 

COLLECTOR CURRENT (Ie )-A 92CS-30146 

Max. 

-
-

1 

-
-

5 

-
-

1 

-
-

1 

1 

-
60 

-

1.5 

1.8 

500 

1 
2 

-
-

-

0.875 

U 
N 
I 
T 
S 

mA 

mA 

mA 

mA 

V 

V 

V 

pF 

V 

MHz 

A 

°C/W 

Fig. 2 - Typical dc beta characteristics as a function 
of collector current for all types. 

Fig. 3 - Typical saturation voltage characteristics 
for all types. 
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BldolMo 
lal 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

2N5629,2N5630,2N5631 

92CM-31029 

Fig. 4 - Maximum operating areas for all types (T C = 26° CJ. 

BASE-TO-EMITTER VOLTAGE IVBEI-V 
92CS-30148 

BASE-TO-EMITTER VOLTAGE (VSE'-V 92CS-30149 

Fig. 6 - Typical input characteristics for all types. Fig. 6 - Typical transfer characteristics for all types. 

Fig. 7 - Typical saturated-switching times 
for all types. 
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2N5671, 2N5672 File Number 383 

High-Current, High-Power, High-Speed 
Silicon N-P-N Planar Transistors 
For Switching and Amplifier Applications in 
Military, Industrial and Commercial Equipment 
Feature.: 
• Maximum Safe-Area-of-Operation Curves -

IS/b limit line beginning at 24 V 
• Fast Turn-On Time -

tON = 0.5 /IS max. at Ic = 15 A 

Types 2N5671 and 2N5672" are epitaxial silicon n-p-n 
transistors having high current ana high power handling 
capability and fast switching speed. The 2N5672 is similar 
to the 2N5671 except that It has higher voltage ratings and 
,lower leakage currents. These devices are especially suitable 
for switching-control amplifiers, power gates, switching 
regulators, power-switching circuits, converters, inverters, 
control circuits. Other recommended applications included 
DC-RF amplifiers and power oscillators. 

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

"Formerly Dev. Types TA7323 and TA7323A, respectively. 

'MAXIMUM RATINGS, Absolute-Maximum Values: 

TERMINAL DESIGNATIONS 

c 

'0 
92CS-27516 

JEDEC TO-204AA 

2N5671 2N5672 
" COLLECTOR-TO-BASE VOLTAGE, Vcoo ..•..•.•....••..•.••••...•..•••••••••.••.•.••. 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With base open, VCEO(SUS) .......••.••••..•••.••..•.••.•.........•...••..•...••...•• 
With external base-to-emitter resistance (RaE) ~ 50 n, VCER(SUS) .....••.•.......••••.•• 
Wit~ external base-to-emltter resistance (Rael ~ 50 n & VaE=-1.5, VCEX(SUS) .•.••••.•.•• 

" EMITTER-TO-BASE VOLTAGE, VEOO •.•••...•..••..•..••......••.•..•••••.•..••.•.•••• 
" COLLECTOR CURRENT, Ic ......•.•.•.••...•••••...•.........•.....•..•..•.••••.••••. 
" BASE CURRENT, la ••••••.•••.•..•••••••••.•••.••..•.•••.....••..•.•.•......••••••••• 
" TRANSISTOR DISSIPATION, lOr: 

At case temperatures up to 25· C and VCE up to 24 V ••.••••••..•.••.•...•.....•..••..• 
At case tamperatures up to 25·C and VCE above 24 V •••••••••••••••....•...•.•••....• 
At case temperatures above 25" C and VCE above 24 V •.••••••..••••••••.•••...•...•..• 

" TEMPERATURE RANGE: 
Storage and Operating (Junction) •..•••.••••••••••••••..••...••••.•.•.•.•....•...•.. 

" PIN TEMPERATURE (During Soldering): 
At distances ~ 1/32 In. from seating plane for 1 0 s max. . .•......•........•.......•.• 

"In accordance with JEDEC registration data format (JS-6, RFD-1). 
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2N5671, 2N5672 
ELECTRICAL CHARACTERISTICS. Case Temperature (TC) = 2SOC Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

DC 
DC 

DC Emitter Type Type 
CHARACTERISTIC SYMBOL Collector 

or Base 
Current 2N5671 2N5672 UNITS 

Voltage(V) 
Voltage (V) 

(A) 

Vce VCE VEB VBE IC IE Ie Min. Max. Min. Max. 

ICEO - 80 - - - - 0 - 10 - 10 mA 

Collector-Cutoff Current ICEV - 110 - -1.5 - - - - 12 - - mA 

ICEV 135 - -1.5 - - - - - - 10 rnA - 100 - -1.5 - - - - 15 - 10 rnA 
(TC=I50° C) 

Emitter-Cutoff CUlrent lEBO - - 7 - 0 - - - 10 - 10 mA 

Collector-to-Emitter 
btaining Voltage: VCEo(sus) - - - - 0.2 - 0 goo - 1200 - V 

With base open 
With external base-to-emitter 

resistance (fleE> "50 n VCER(sus) - - - - 0.2 - 0 1100 - 1400 - V 

With base-emitter 
junction reverse biased VCEX(SUS) - - - -1.5 0.2 - - 120a - 1500 - V 
& RBE "son 

Base-to-Ernilter Saturation Voltage VSE(sat) - - - - 15 - 1.2 - 1.5 - 1.5 V 

Base-to-Emitter Voltage VBE - 5 - - 15 - - - 1.6 - 1.6 V 

Collector-to-Emitter 
VCE(sat) 15 1.2 0.75 0.75 V Saturation Voltage - - - - - - -

DC Forward-Current 
hFE 

- 2 - - 15 - - 20 • 'q .20 iOO 
Transfer Ratio - 5 - - 20 - - 20 - 20 -

Second-Breakdown 
24 5.8" 5.8c A Collector Current C IS/bb - - - - - - - -

With base forward biased - 45 - - - - - 0.9" - 0.9" - A 

Second-Breakdown Energy 
With base reverse biased 

ES/bd - - - -4 15 - - 20 - 20 - mJ 
RBE = 20 n, L = 180 fLIl 

Gain-Bandwidth Product fT - 10 - - 2 - - 50 - 50 - MHz 

Output Capacitance (At 1 MHZ) Cob 10 - - - - 0 - - 900 - 900 pF 

Saturated SWitching Turn-On Time VCC= 
IB1= 

ton - - - 15 - IB2= - 0.5 - 0.5 ~ (Delay Time + Rise Time) 30 V 
1.2 

Saturated SWitching ts VCC= 15 
IB1= 

1.5 1-.5 30V - - - -
I~= 

- - ~ 
storage Time 

1.2 

Saturated SWitching tf VCC= 15 
IB1= 

0.5 0.5 
30 V - - - -

IB2= 
- - ~ 

Fall Time 
1.2 

Thermal Resistance 
BJ-C (Junction·to-Case) - 40 - - 0.5 - - - 1.25 - 1.25 °C/W 

°CAUTION: The sustaining voltages VCEO(sus), VCER(sus), and VCEX(sus) MUST NOT be measured on a curve tracer. 

blS/b Is defined as the current at which second breakdown occurs at a specified collector voltage with the emiller-b.se junction forward 

bl.sed for transistor operation In the active reaion. 
cpulsed; 1-s, non-repetitive pulse. 

dES/b is deflned.s the e"OIIY at which second breakdown occurs under specified reverse bles conditions. ES/b = ~Ll2, where 

. L is •• erles load or leakaae inductance and I Is the peak collector current. 

* In accordance with JEDEC registration data format (J8-6. RFD-l) 
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2N5671, 2N5672 
100 CASE TEMPERATURE ITC)o25·C 8 

IFOR TC ABOVE 25·, DERATE LINEARLY) 
6 

4 
IC MAX. (CONTI NOOUS) 

30 

'\.:' \. " " " ~ ".t~ 2 /-?) 00 ~ 

I~~~~" ~ 
i' 

is'~ /. ~ \. ~ 0 
I '9)\ -?)~ - -0..", '- \ u 8 ~ ~~)J\ \ ~ 1/1 6 1&.1 

~i\ \ \ \ 0:: ~ 1&.1 
IL 
:IE 4 

~~\ \ "' 0:: 
0 
I- 2 u 

~\ ~ 1&.1 

~ 
..J 

r\ ..J 
0 
u 

I 
\\ 8 

\ 6 

\\ , 4 

\ ~VCEO MAX.'120 V -
12N5672l 

2 

VCEOMAX.'90 V , 
0·1 

T 12N567[l 

2 4 e 8 10 2 4 6 8 100 2 4 

COLLECTOR-TO-EMITTER VOLTS (VCEl 
92CS-15650 

Fig. 1 - Maximum operating areas for types 2N5671 & 2N5672. 

COLLECTOR- TO~ EMITTER VOLTAGE (VeE'· 2V 

240 

~200 

~I 

r'· 
£. \7..r;,ec __ .. ,~,,~~\l" 

~E: 
C~ oz!;.C 

......., _5~·J .\ 
J....-- "'\ 

~ ::...I---" 
4 • 0.01 2 4 680 .1 e 4 68 1 2 810 2 4 

COLLECTOR CURRENT IXC)-A "'._ ' ...... 

Fig. 2 - Dissipation derating curve. for type. 2N5671 & 2N6672. Fig. 3 - Typical dc beta characteristics fortypes 2N5671 & 2N5672. 
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BASE-TO-EMITTER VOLTAGE (VBE)-V 

92CS-12438RI 

Fig. 4 - Typical Input characteristics for types 2N5671 & 2N5672. 

92CS-12442 

Fig. 6 - Typical transfer characteristics for types 2N5671 & 2N5672. 

2N5671, 2N5672 

COLLECTOR-TO-EMITTER VOLTS VCE) 92CS-156" 

Fig. 5 - Typical output characteristics for types 2N5671 & 2N5672. 

COLLECTOR SUPPLY VOLTS (Vcc)·:lQ 
Ic·12.518,·-12.518. 

1.4 

1.2 ........... 
I"-.. 

<I) I 0 z 
0 
u 
UJ 0.8 <I) 

0 
0: 
u 
!i! 0.6 
I 

UJ 
2; 0.4 
~ ;: ......, 

0.2 

0 

....... 
.......... 

........... 
........ 

~ 
f' 

........... .'. -

............ 

6 1 8 910 

COLLECTOR AMPERES (IcI 

~~~ -

1, 

92CS-I2429R2 

Fig. 7 - Typical saturated switching characteristics for types 
2N5671 & 2N5672. 
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2N5781, 2N5782, 2N5783, 2N5784, 2N5785,2N5786 File Number 413 

Silicon N-P-N and P-N-P Epitaxial-Base 
Complementary-Symmetry Transistors 
General-Purpose Types for Switching and 
Linear-Amplifier Applications 

Features: 
• Low saturation voltages 
• Maximum safe-area-of-operatlon curves 
• High gain at high current 
• High breakdown voltages 

The 2N5781. 2N5782. and 2N5783 are epitaxial-base silicon 
p-n-p transistors -- complements of the silicon n-p-n types 
2N5784. 2N5785. and 2N578S-. respectively. 

The three types in each family differ primarily In voltage 
rati ngs and saturation characteristics. 

These transistors are intended for medium-power switching 
and complementary-symmetry audio amplifier applications. 

All types are supplied in the JEDEC TO-205AD package. 

- Formerly RCA Dev. Types TA7270. TA7271. TA7272. 
TA7289. TA7290. and TA7291 respectively. 

MAXIMUM RA TI NGS. Absolute-Maximum Values: 

·COLLECTOR-TO-BASE VOLTAGE .• - .•••..•..•• _........ VCBO 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

• With external base-to-emitter 
resistance (RBE) = 100 n ............................ . 
With base open .................................... .. 

·EMITTER-TO·BASE VOLTAGE •.••..•.....••••••......•. 

·CONTINUOUS COLLECTOR CURRENT .••.•.••••••••...•. 

·CONTINUOUS BASE CURRENT •••••...•••••••••..•..••. 

"TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C •••.•.•..•.•••••••••.••. 

At ambient temperatures up to 25°C .••......•.••••••..• 

At case temperatures above 25°C. . . • . • • • . .. Derate linearly 

At ambient temperatures above 25°C ...•...•• Derate linearly 

*TEMPERATURE RANGE: 

Storage and operating (Junction) ••••••••..••••.••••.•••• 

*LEAD TEMPERATURE (During soldering): 

At distance ~ 1/32 in. (0.8 mm) from seating plane 
for 10 s max. . ...•..•.••.••••.•.........••••.•. 

VCER(sus) 

VCEO(susl 

V EBO 

IC 

IB 
PT 

P-N.p 

N-P-N 

TERMINAL DESIGNATIONS 

92CS-27512 

JEDEC TO-20SAD 

2N5781+ 2N5782+ 2N5783+ 

2N5784 2N57B5 2N5786 

80 65 45 V 

80 65 45 V 

65 50 40 V 

5 5 3.5 V 

3.5 3.5 3.5 A 

A 

10 10 10 W 

1 1 W 

0.057 Wlo C, or see Fig. 7. 

0.0057 wtc 

----65 to +200 --- °c 

230 °c 

*In accordance with JEDEC registration data format JS-6 RDF-2. • For p-n-p devices, voltaQe and current values are negative. 
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2N5781,2N5782,2N5783,2N5784,2N5785,2N5786 
ELECTRICAL CHARACTERISTICS, At Case Temperature (T r.J = 2tf'C unless otherwise specified 

TEST CONDITIONS. LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE 
Vdc 

VCE VBE 

Collector Cutoff Current: 
With external base-to-emitter 65 
resistance (RBE) = 100 n ICER 

AtTC=150°C 65 

With base-emitter junction reverse-
biased and external base-to-emitter -75 1.5 
resistance (RBE) = 100 n 75 -1.5 

At TC = 150°C 
ICEX -75 1.5 

75 -1.5 

With base open ICEO 50 

Emitter Cutoff Current lEBO -5 

DC Forward-Current Transfer 2 
Ratio hFE 2 

Collector-to-Emitter Sustaining 
Voltage (see Figs, 2 and 3): VCEO(sus) 

With base open 

With external base-to-emitter 
resistance (RBE) = 100 n VCER(sus) 

Base-to-Emitter Voltage VBE 2 

Collector-to-Emitter Saturation 
Voltage (measured 0.25 in VCE(sat) 
(6.35 mm) from case)C 

Magnitude of Common-Emitter, 
Small-Signal, Short-Ci rcuit, 
Forward-Current Transfer Ratiod Ihfel 

f=4 MHz -2 

f = 200 kHz 2 

Common-Emitter, Small-Signal, 
Short-Circuit, Forward-Current hfe 2 
Transfer Ratio (f = 1 kHz) 

Saturated Switching Time (V CC = 

30 V, IBl = IB2): tON 
Turn-on (td + t r) 

Turn-off 
(ts + tf) tOFF 

Thermal Resistance: 
ROJC Junction-to-case 

Junction-to-ambient ROJA 

* In accordance with JEDEC registration data format JS-6 RDF-2. 

a Pulsed, pulse duration = 300 /lS, duty factor = 1.8% 

b .cAUTION: Sustaining voltages VCEO(sus}, and VCER(sus} 
MUST NOT be measured on a curve tracer. 

2-49 

CURRENT 2N5781 2N5784 UNITS 
Adc p-n-p n-p-n 

IC IB Min. Max_ Min. Max. 

- -10 - 10 /lA 

- -1 - 1 mA 

- -10 - - /lA 
_. - - 10 

- -1 - -
mA 

- - - 1 

0 - -100 - 100 /lA 

0 - -10 - 10 /lA 

l a 20 100 20 100 
3.2a 4 - 4 -

O.la 0 -65b - 65b -
V 

O.la -80b - 80b -

l a - -1.5 - 1.5 V 

l a 0.1 - -0.5 - 0.5 V 

-0.1 2 15 - -
0.1 5 20 

0.1 25 - 25 -

-1 -0.1 - 0.5 - -
1 0.1 - - - 5 

/ls 
-1 -0.1 - 2.5 - -

1 0.1 - - - 15 

- 17.5 - 17.5 

°C/W 
- 175 - 175 

• For p-n-p devices, voltage and current values are negative. 

C Lead resistance 'is critical in this test. 

d Measured at a frequency where I hfel is decreasing 
at approximately 6 dB per octave. 



2N5781, 2N5782, 2N5783, 2N5784, 2N5785, 2N5786 

* 

* 

* 
* 
* 

* 

* 

* 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T C) = 25' C unless otherwise specified 

TEST CONDITIONS. LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE 
Vdc 

VCE VBE 
Collector Cutoff Current: 

With external base-to-emitter 50 
resistance (RBE) = 100 n 

ICER 

AtTC=150°C 50 

With base-emitter junction reverse-
biased and external base-to-emitter -SO 1.5 
resistance (RBE) = 100 n SO -1.5 

ICEX 

AtTC=150°C 
-SO 1.5 

SO -1.5 

With base open ICEO 35 

Emitter Cutoff Current lEBO -5 

DC Forward-Current Transfer 
hFE 

2 
Ratio 2 

Collector-to-Emitter Sustaining 
Voltage (see Figs. 2 and 3): VCEO(sus) 
With base open 

With external base-to-emitter 
VCER(sus) 

resistance (RBE) = 100 n 

Base-to-Emitter Voltage VBE 2 

Collector-to-Emitter Saturation 
Voltage (measured 0.25 in VCE(sat) 
(S.35 mm) from case)C 

Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, 
Forward-Current Transfer Ratiod Ihfel 

f= 4 MHz -2 

f = 200 kHz 2 

Common-Emitter, Small-Signal, 
Short-Circuit, Forward-Current hfe 2 
Transfer Ratio (f = 1 kHz) 

Saturated Switching Time (VCC = 
30 V, IBl = IB2): 
Turn-on tON 

(td + t r) 

Turn-off 
(ts + tf) tOFF 

Thermal Resistance: 
ROJC Junction-to-case 

Junction-to-ambient ROJA 

* In accordance with JEDEC registration data format JS-S RDF-2. 

a Pulsed, pulse duration = 300 /lS, duty factor = 1.8%. 

b CAUTION: Sustaining voltages VCEO(sus), and VCER(sus) 
MUST NOT be measured on a curve tracer. 
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CURRENT 2N5782 2N5785 UNITS 
Adc p-n-p n-p-n 

IC IB Min_ Max_ Min_ Max_ 

- -10 - 10 /lA 

- -1 - 1 mA 

- -10 - - /lA 
- - - 10 

- -1 - -
mA - - - 1 

0 - -100 - 100 /lA 

0 - -10 - . 10 /lA 

1.2a 20 100 20 100 
3.~ 4 - 4 -

O.la 0 -50b - 50b -

V 

O.la -S5b - S5b -

1.2a - -1.5 - 1.5 V 

1.2a 0_12 - -0.75 - 0.75 V 
3.2a 0.8 - -2 - 2 

-0_1 2 15 - -
0.1 - - 5 20 

0.1 25 - 25 -

-1 -0.1 - 0.5 - -
1 0.1 - - - 5 

/ls 
-1 -0.1 - 2.5 - -

1 0.1 - - - 15 

17.5 - 17.5 
°C/W 

- 175 - 175 

• For p-n-p devices, voltage and current values are 
negative. 

C Lead resistance is critical in this test. 

d Measured at a frequency where I hfe I is decreasing 
at approximately S dB per octave. 
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2N5781,2N5782,2N5783,2N5784,2N5785,2N5786 
ELECTRICAL CHARACTERISTICS. At Case Temperature (T cJ = 25"C unless otherwise specified 

TEST CONDITIONs+ LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE 
Vdc 

VCE VBE 

Collector Cutoff Current: 
With external base-to-emitter 40 
resistance (RBEI = 100 n ICER 

AtTC= 150°C 40 

With base-emitter junction reverse-
biased and external base-to-emitter -45 1.5 
resistance (RBEI = 100 n 45 -1.5 

ICEX 
-45 1.5 

AtTC= 150°C 
45 -1_5 

With base open ICED 25 

Emitter Cutoff Current lEBO -3_5 

DC Forward-Current Transfer 
hFE 2 

Ratio 2 

Collector-to-Emitter Sustaining 
Voltage (see Figs_ 2 and 31: VCEO(susl 
With base open 

With external base-to-emitter 
VCER(susl resistance (RBEI = 100 n 

Base-to-Emitter Voltage VBE 2 

Collector-to-Emitter 
Saturation Voltage (measured VCE(sat) 
0.25 in (6_35 mml from caselc 

Magnitude of Common-Emitter, 
Small-Signal, Short-Circuit, 
Forward-Current Transfer Ratiod Ihfel 

f=4MHz -2 

f= 200kHz 2 

Common-Emitter, Small-Signal, 
Short-Circuit, Forward-Current hte 2 
Transfer Ratio (f = 1 kHzl 

Saturated Switching Time (VCC = 
30 V, IB1 = IB21: 
Turn-on tON 

(td +trl 

Turn-off 
(ts +lfl toFF 

Thermal Resistance: 
Junction-to-case RUC 

Junction-to-ambient R8JA 

• In accordance with JEDEC registration data format J5-6 RDF-2. 

a Pulsed, pulse duration = 300 /lS, duty factor = 1_8%_ 

b CAUTION: Sustaining voltages VCEO(sus), and Vr.ER(susl 
MUST NOT be measured on a curve tracer_ 

2·51 

CURRENT 2N5783 2N5786 UNITS 
Adc p-n-p n-p-n 

Ie IB Min. Max_ Min. Max. 

- -10 - 10 /lA 

- -1 - 1 mA 

- -10 - -
IlA - - - 10 

- -1 - - mA 
- - - 1 

0 - -100 - 100 /lA 

0 - -10 - 10 /lA 

I_sa 20 100 20 100 
3_2" 4 - 4 -

0.1 a 0 -40b - <Job -
V 

O.la -45b - 45b -

I.sa - -1.5 - 1.5 V 

1.sa 0_16 - -1 - 1 V 
3.2" 0.8 - -2 - 2 

-0.1 2 15 - -
0_1 - - 5 20 

0.1 25 - 25 -

-1 -0.1 - 0.5 - -
1 0.1 - - - 5 /lS 

-1 -0.1 - 2.5 - -
1 0.1 - - - 15 

17.5 - 17_5 °CIW 

- 175 - 175 

• For p-n-p devices, voltage and current values are negative. 

c Lead resistance is critical in this test. 

d Measured at a frequency where Ihte I is decreasing at 
approximately 6 dB per octave_ 



2N5781, 2N5782,2N5783, 2N5784, 2N5785,2N5786 

120n 
IW 

CASE TEMPERATURE (Tel = 25°C 

(CURVES MUST BE DERATED LINEARLY 
WITH INCREASE IN TEMPERATURE I E~=t 

-8 -10 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

Fig. 1 - Maximum operating areas for types 2N5781, 2N5782, and 2N5783. 

Isn 
sw 

+ Yet T012V .. 
E 

-6 -8 -10 

92CS-23943 

6'3ill-~--1 
60H, I I 

I I L _____ J 

10mH 
STANCOR 
C-268B, 
OR EQUIVALENT +-----0 VERT. 
In.I~.~W 
(NON.INDUCTIVE) 

+-----oGND. 

OSCILLOSCOPE 
INPUT 
HEWLETT.PACKARD 
MODEL No. 1308, 

ICbft VCER(sus) 

ABC 
100 

CHOPPER TYPE 
MERCURY RELAY 
P & B JML 81308. 
CLARE 1028. OR 
EQUIVALENT 

L-_ ...... _-<l HORIZ. 

YCER(SUS} 

• FOR P ... ·p TYPES 2N578 I, 2N5782, & 2N5783, 
REVERSE POLARITY OF VCC' 

OR EQUIVALENT 

- Vee' 

92SS-3882R2 

Fig. 2 - Circuit used to measure sustaining voltages V CEO (sus) 
and V CER(sus). 
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o 45 65 80 VCE 

COLLECTOR.TO·EMITTER VOLTAGE (VCE)*- V 

'FOR TYPES 2NS781, 2N5782, AND 2N5783, TH,E 
VALUES FOR IC AND VCE AilE NEGATIVE. 

The sustaining voltages VCEO(sus) and VCER(sus) ore 
acceptable when the trace fails 10 the right and above 
poin' "A" (2N5783 & 2N5786), "B" (2N5782 & 2N5785), 
•• "c" (2N5781 & 2N5784). 

92SS-3863RI 

Fig. 3 - Oscilloscope display for measurement of sustaining voltages. 
(Test circuit shown in Fig. 2). 



2N5781, 2N5782,2N5783, 2N5784,2N5785,2N5786 
.-~~~~==~~~~~---

CASE TEMPERATURE (TC) = 25°C 

« 
I 
'0 
!j 
I-
Z 
W 
It: 
It: 
:::> u 
It: 
0 
I-
[;3 
..J 
..J 
0 
U 

8 (CURVES MUST BE DERATED LINEARLY 
WITH INCREASE IN TEMPERATURE) 

0.8 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-23944 

Fig. 4 - Maximum operating areas for types 2N5184. 2N5185. and 2N5186. 

INPUT: 
HEWLETT-PACKARD 
MODEL No. 214A OR 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

IPULSE DURATION-
201''' REP. RATE' 

2kHz) 

50!! 

VCC·-30V 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL 
No.543A OR 
EQUIVALENT 

2N5781 tUt 

2N5782 it* 

2N5783 .... 

*ADJUST RB FOR IB2 AND RC FOR IC 
'IBI AND IB2 MEASURED WITH TEKTRONIX CURRENT PROBE 

P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

**For N-P.N types 2N5784, 2N5785, & 2N5786, reverse direction of 
ISl and IS2 and reverse polarity of VS8 and Vee. 

92CS-15GIBRI 

Fig. 5 - Circuit used to measure saturated switching times. 
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92CS-15619 

Fig, 6 - Oscilloscope display for measurement of switching times. 
(Test circuit shown in Fig. 5). • 



2N5781,2N5782,2N5783,2N5784,2N5785,2N5786 
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N ,CURR DE A T 
VOLTAGE _UESDNLY TD TNE DISSIPATION· 
LIMITED PDRnON AND ISlb ..... ITED PDRnON 
OF .AXIMUJI.OPERATlMG-AREA CURVES (FIGS. 1 
& 21. DD MDT DERATE TNE SPEOFIED V AWES 
FOR IC MAli. (CONTINUOUS). 

100 ISO 200 

EFFECnVE CASE TEMPERAtuRE OR CASE TEMPERAtuRE (TEFF) OR (Tc) _'C 
92S$38tilR2 

Fig. 7 - Dissipation derating curve for all typas. 

CASE TEMPERATURE ITC) "2e"C 
181"-I82"0.1 Ic 

CASE TEMPERATURE (TC) • 2S'C 
IBI • - IB2' 0.1 Ie 

l 
I 

;=::' ru; w . 
;: ~ .. z 
;;: 

~~i l:! 
~ 4 

~. ie 

0.5 1.0 1.5 2.0 
COLLECTOR CURRENT IIC) - A COLLECTDR CURRENT (le)- A 

92CS-23945 

2.5 3.0 

92SS·4310 

Fig. 8 - TypicallBturated .witchlngcharacteristics for types 2N5781, 
2N5782, and 2N5783. 

Fig. 9 - TypicallBturatad switching characteristics for types 2N5784. 
2N5785, and 2N5786. 
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- 10 • '-100 '-1000 

COLLECTOR CURRENT (lc) - mA 925$-4313 

Fig. 10 - Typical gain·bandwidth product for types 2N5781, 
2N5782, and 2N5783. 

2-54 

lD.~ COLLECTOR·JO.EMITTER VOLTAGE (VeE) • 2V 

• CASE TEMPERAtuRE (TC) • 25'C 

~ • 
'" I 
!- z g -r--.. i--fl.o -ii • 
;; • .. 
'Ii ; • .. 

Z 

0.1 
10 • , 100 , 1000 

COLLECTOR CURRENT (IC) - mA 
'2~S·4JI2 

Fig. 11 - Typical gain-bandwidth product for types 2N5784, 
2N5785, and 2N5786. 



2N5781, 2N5782,2N5783, 2N5784,2N5785, 2N5786 

I 

_n 

CASE TEMPERATURE (TC) • 2SOC 
INDUCTANCE (U - 40mH 
BASE·EMITTER RESISTANCE (RBE) • loon 

BASE· TO-EMITTER VOLTAGE (VBE) - V 

Fig. 12 - Reverse-bias second-breekdown characteristics for types 
2N5781, 2N5782, and 2N5783. 
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a: 
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a: 
I'! 
0 

"' ...J 
...J 

8 

-0.2 -0.4 -0.6 -0.8 -1.0 

BASE· TO· EMITTER VOLTAGE (VBEI- V 
Q'SS-U17 

Fig. 14 - Typical transfer characteristics for types 2N5781, 
2N5782, and 2N5783. 

-. COLLECTOR··TO··EMITTER VOLTAGE (VCE):-2 V 

-2.5 

iii 
-2 

ill: 

I!!; .c. -1.5 Iir :~ ;:: 
iH -I !$~~; I:: 

-0.5 ~"# 

~:c.~ 
0 

-0 ).4 -0.6 1.8 -I -1.2 -1.4 -1.6 
BASE-TO-EMITTER VOLTAGE (VBE) - V 

92CS-23946 

Fig. 16 - Typical transfer characteristics for types 2N5781, 
2N5782, and 2N5783. 
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-loon 

-I -2 -3 -4 -S 

BASE· TO-EMITTER VOLTAGE (VBEI- V 
92SH314 

Fig. 13 - Reverse-bias second-breakdown characteristics for types 
2N5784, 2N5785, and 2N5786. 
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BASE· TO-EMITTER VOLTAGE (VBE) - V 
92Ss.ms 

Fig. 15 - Typical transfer characteristics for types 2N5784, 
2N5785, and 2N5786. 
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Fig. 17 - Typical transfer characteristics for types 2N5784, 
2N5785, and 2N5786. 



2N5781, 2N5782, 2N5783, 2N5784, 2N5785, 2N5786 
",1000. COLLECTOR -TO-EMITTER VOLTAGE (VcEI--2 V I-
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Fig. 18 - Typical de beta characteristics for type 2N5781. 

'" 1000. COLLECTOR-TO-EMITTER VOLTAGE (VCEI = -2 V -
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4 CASE TEMP 
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I 
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Fig. 20 - Typical dc beta characteristics for type 2N5782. 
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CASE TEMPERATURE(~=-65 C 

..... ~ 
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Fig. 22 - Typical de beta characteristics for type 2N5783. 

1000 • COLLECTOR·T().EMITTER VOLTAGE (VCE) • 2V • I 
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15 8 
II.. • ~ • ~ 
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COLLECTOR CURRENT (lc) - A 
9255-4320 

Fig. 19 - Typical dc beta characteristics for type 2N5784. 

1000a COLLECTOR·TO·EMITTER VOLTAGE (VCE) = 2V 
• I 
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~ . I'CASE TEMPERATURE (TC) = - 6S'C ~t-~ 4 
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COLLECTOR CURRENT (lc) - A 
92SS·4322 

Fig. 21 - Typical dc beta characteristics for type 2N57lJlJ. 

luuu, COLLECTOR·TO·EMITTER VOLTAGE (VCE) = 2V 
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Fig. 23 - Typical de beta characteristics for type 2N5786. 
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COLLECTOR-TO-EMITTER VOLTAGE (VCE) - v 

92CS-239!50 

Fig. 24 - Typical output characteristics for type 2N5781. 
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Fig. 26 - Typical output characteristics for type 2N5782. 
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Fig. 28 - Typical output characteristics for type 2N5783. 
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Fig. 25 - Typical output characteristics for typa 2N5784 • 
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Fig. 27 - Typical output characteristics for type 2N5785 • 
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Fig. 29 - Typical output characteristics for type 2N5786. 



2N5781, 2N5782,2N5783, 2N5784, 2N5785, 2N5786 
-300: COLLECTOR-TO'EMITTER VOLTAGE~'_-2V 
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Fig. 30 - Typical input characteristics for type 2N5781. 
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Fig. 32 - T)!pical input characteristics for type 2N5782. 

-300. COLLECTOR· TO-EMITTER VOLTAGE (VCE) '-2 V 

-( -I. -1.4 -1.6 -I.B 
BASE-TO-EMITTER VOLTAGE (VBEI-V 

92CS-23955 
Fig. 34 - typical input characteristics for type 2N5783. 
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0.8 1.0 1.2 1.4 

BASE·TO·EMITTER VOLTAGE (YBE)-Y 
92SS-433Z 

Fig. 31 - Typical input characteristics for type 2N5784. 
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Fig. 33 - Typical input characteristics for type 2N5785. 
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Fig. 35 - Typical input characteristics for type 2N5786. 



File Number 410 2N5838, 2N5839, 2N5840 

High-Voltage, High-Power Silicon N-P-N 
Power Transistors 
For Switching and Linear Applications in Military, Industrial, 
and Commercial Equipment 
Features: 
• Maximum safe-area-of-operation curves 
• Low saturation voltages 
• High voltage ratings 

VCER[SUS] = 375 V [2N5840] 
300 V [2N5839] 
275 V [2N5838] 

• High dissipation rating 
PT= 100 W 

The 2N5838, 2N5839 and 2N584CJ11 are epitaxial silicon 
n-p-n power transistors. These devices employ the popular 
JEDEC TO-204AA package; they differ mainly in voltage, 
current-gain, and VCE(sat) ratings. 

Featuring high breakdown voltage ratings and low-satur
ation voltage values, the 2N5838, 2N5839 and 2N5840 are 
especially suitable for use in inverters, deflection Circuits, 
switching regulators, high-voltage bridged amplifiers, 
ignition circuits, and other high-voltage switching appli
cations. 

-Formerly RCA Dev. Types TA7513, TA7530, and TA7420A, 
respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

'COLLECTOR-TO-BASE VOLTAGE, VeBo ...•.....••. 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

2N5838 
275 

With base open VeEo(SUS) •.••.•••.••.••..•..•..••. 
With reverse bias (VaE) of -1.5 V, (VeEv) (sus)· ..••. 
With external base-to-emitter 
resistance (RBE) ::; 50 n, VeER(SUS) 

'EMITTER-TO-BASE VOLTAGE, VEao .••••••••.•.•••• 
'COLLECTOR CURRENT, Ie 

Continuous ••..•...•.••.••..••.••••.•••.•..•••••. 
Peak ........................................... . 

'CONTINUOUS BASE CURRENT, la .•.•••..•..•..••. 
'TRANSISTOR DISSIPATION, 
P.: 

At case temperature up to 25°C 
and VeE up to 40 V ............................. . 

At case temperatures up to 25°C 

250 
275 

275 

6 

3 
5 

1.5 

100 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

2N5839 
300 

275 
300 

300 

6 

3 
5 

1.5 

100 

2N5840 
375 

350 
375 

375 

6 

3 
5 

1.5 

100 

and VeE above 40 V ............................. __________ See Fig. 1. _________ _ 

At case temperatures up to 25°C 
and VeE above 40 V ............................. __________ See Figs. 1 & 2. ________ _ 

'TEMPERATURE RANGE: 

V 

V 
V 

V 

V 

A 
A 
A 

W 

Storage and operating (Junction) .•..•....•.•...•... __________ -65 to +200 __________ °C 

'PIN TEMPERATURE (During soldering): 
At distances ~ 1/32 in. (0.8 mm) from 
casefor10smax ................................ ___________ 230 ___________ °C 

• In accordance with JEDEC registration data format (JS-6, RDF-1). 
• Shown as VeEx(SUS) in JEDEC Registration Data. 
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2N5838,2N5839,2N5840 
Tesl Condillons Limits 

DC 
DC 

DC 
Characteristic Symbol Colleclol Emillel Cu"enl Type Type Type 

or Base 2N5838 2N5839 2N5840 Unlls 
Vollage IV I 

Vollage IVI 
IAI 

VCE VEB VBE IC IB IE Min. Max. Typ. Min. Max. Typ. Min. Max. Typ. 

Colleelol'Culoll Cu"enl: 200 2 mA 
W,lh base open ICED 250 2 2 

With base·emille, JunctIon 265 ·1.5 5 
ICEV 290 ·1.5 2 mA 

reverse biased 360 ·1.5 2 
Wilh base·emilt., lunclion ICEV 265 ·1.5 8 

290 1.5 5 mA reverse biased TC 1000C 360 .1.5 5 
• Emllt.,·Culoll Cu"enl lEBO ·6 I I I mA 

• Colieclor·lo·Emlll., 
Suslammg Vollage 

VCEO(susl' 02 250b mb 350b 
ISI'I' F'RH.", .'i, & fj; 

Wllh base open 

· With base-emitter Junction mb 300b 
V 

reversed biased 
VCEX(sus/' .1.5 0.1 3)5b 

With external base-Io·emltter 
VCERlSus/' 0.2 mb 300b 3)5b 

reSISlance IRBEI- 50" 

• Emlller·lo·Base Vollage VEBO 0.02 6 6 6 V 

• DC Forward·Cu"enl 
5 0.5b 20 10 20 

hFE 3 2b 10 50 10 50 · Transfer Ratio 2 3b 8 40 
• Base·lo·Emlller VBElsali 2 0.2 2 2 V Salurallon Vollage 3 0.375 2 
• Colieclor·lo·Emlller 2 0.1 1.5 1.5 

SalurallOn Vollage V CE,son 3 0.375 I V 

Oulpul CapaCilance IAI I MHZI Coho 10d 0 150 150 150 pF 

Magnitude of, Common-
Emiller. Small·Slgnal. Shorl· 
CUCUIt. Forward-Cunent I h,.1 10 0.2 5 5 5 
Transfer RatIO (f I MHzl 
Second Breakdown Collector 
Cu"enl (With base forward 

Isl.c 40 1.5 2.5 2.5 A biased) Pulse durallon 
(non·repelltlVe) . 1 s 

SWllchmg Times: 
Delay Id VCC' 2 D.!" 0.07 0.07 

200 3 0.375" 0.06 
RISe VCC - 1 0.2" 1.5 0.6 1.75 0.6 

Ir 
200 3 0.375" 1.5 0.8 .. 

Storage VCC - 2 O.ze 3.75 1.75 3.0 1.75 
I"S 

ts 
200 3 0.375e 3.0 1.0 

Fall VCC - 2 0.2" 1.5 0.35 1.5 0.35 
tf 200 3 0.37S" 1.5 0.4 

Thermat ReSistance aJ·C 10 5 1.75 1.75 1.75 °C'W (Junction·to·Case) 

a Pulsed; pulse duration:;' 350 }los, Duty factor = 2%. d VeB 

b CAUTION: Ths sustaining voltages VCEO(SUS), VCEX(sUS) and 
VCER(sUS), MUST NOT be measured on a curve tracer. e IBI = IB2 = value shown. 

c ISIb is defined as the current at which second breakdown occurs at 
a specified collector voltage with the emitter-base junction forward * In accordance with JEDEC registration data format (JS-6 RDF-l). 
biased for transistor operation in the active region. 
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2N5838,2N5839,2N5840 

VCEO MAX.&250 V 12N58381 

VCEO MAX.a275 V 12N5839 

MAX.' 350 V 12N5840 

2 4 6 8 10 2 4 6 8 100 2 4 6 81000 
COLLECTOR-TO - EMITTER VOLTAGE IVCE 1-V 

Fig. 1 - Maximum operating areas for all types. 
92CS-15905 

NOTE: CURRENT DERATING AT CONSTANT m 
VOLTAGE APPLIES ONLY TO THE DISSIPATION-
LIMITED PORTION AND THE lS/b-LIMITED . 
PORTION OF MAXIMUM OPERATING AREA 

g~~~FF~~~Gy~~3J ~gRN~~ ~~~~TE THE 1:+ 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE 1TCl--C 

Fig. 2 - Derating curves lor all types. 
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3.!5 COLLECTOR-lO-EMITTER VOLTAGE (VeE): 5 v 

.. 3 

i!i /' " ,~J 0:-
0:'" :. 11-2.5 

I{" u~ 

~2 --.... 2 .... 
0:0: /p'-00: \ ~'" 
U~ I Sr--- CASE TEMPERATURE 

~ 
o~ 

(TC) = 25·C OZ 

~~ I 

~ .. :: O.S 0 '::: Z 

0 
0.01 2 4 , , 

0.1 2 . , , 2 4 , , 
10 

COLLECTOR rll~qENT {Ie I-A '12SS-4076R1 

Fig. 3 - Typical normalized dc beta characteristics for all types. 



2N5838, 2N5839, 2N5840 
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COLLECTOR-TO-EMITTER VOLTAGE (VCEl-V 

92CS-15906 
Fig. 4 - Maximum operating areas for all types. 
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COLLECTOR-TO-EMITTER VOLTAGE IVCEI-V 9ZSS-4017RI 

Fig. 5 - Typical output characteristics for all types. 
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Fig. 7 - Typical saturation voltage characteristics for 
for all types. 
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CASE TEMPERATURE ITel. 25·C 
DC BETA {liFE'" 8 UN58381 

.. 10 t2NS839 e. 2N58401 
8, .. -IS2 

COLLECTOR CURRENT ltCI-A 

92SS-4081RI 

Fig. 9 - Typical rise-time characteristics for all types. 
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2N5838,2N5839,2N5840 
COLLECTOR-TO-EMITTER VOLTAGE 1Vetl"s V ;;:hlt ~! 

'"HI''' 
:::! 
.,1. i 

~ 
~ 

I 
~ 

~ 
3 

2 
8 

.IT 
0.5 I 1.5 
BASE-rO-EMITTER VOLTAGE IVSE1-V 

92SS-4078RI 

Fig. 6 - Typical transfer characteristics for all types. 
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COLLECTOR SUPPLY VOLTS tvee , .. zoe 
CASE TEMPERATURE ITe I .. 25-C 

DC BETA '''FE' :I~ :::S~~:;8~2N58401 
8 1 " -lS2 

COLLECTOR CURRENT IIcI-A 

92SS-4080RI 

Fig. 8 - Typical delay-time characteristics for all types. 
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1 = 4 ... 
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~~~~~If:'crNAT~~~;=. 2:l(o'HZ 
COLLECTOR SUPPLY VOLTS (Vcc). 20 
CASE TEMPERATURE (TCI. 2S-C 

DC SETA '"FE) :1~(Z(:~:38;~12N58401 
lSI· -lS2 

1 2 3 
COLLECTOR CURRENT IICI-A 

Fig. 10 - Typical storage-time characteristics for all types. 



2N5838, 2N5839, 2N5840 
PULSE DURATION:S: 20~' 
REPETITION RATE. IDOH1 
COLLECTOR SUPPLY VOLTS tVeel • 200 
CASE TEMPERATURE lTc" 25'C 

DC BETA ("fE': I~ II:~;:::~ 2N58401 i 0.5 8 1 • -182 

:- 0.",_ 

~ . 
;: 0.3 

J 
J 

~ 0.2 

0.1 

a 
COLLECTOR CURRENT lIe I-A 

SYlfC OUT 

Ie 
MONITOR 

T"'E 
""UI 
2N5819 

OR 
2N5NO 

"81 AND IB2MEASURED WITH TEXTRONI" CURRENT PROBE P6019 OR EQUIVALENT 

Fig. 11 - Typical fal/-tlme characteristics for all types. Fig. 12 - Circuit used to measura switching tim98 for al/ types. 

+ 

0-

~~I-----i .,!!i ... 

:!io-o-Z ... '" ",0: 
~o: 

gGL.... ___ t-

925$-4085 

____ ..L-+ __ • __ TlME 

INPUT WAVE" FORM 

TURN-OFF 
Io---~;-- TIME 

OUTPUT WAVE FORM 

HORIZONTAl. 
INPUT 

TEKTRONIX OSCILLOSCOPE 
MODEl. RM- !lD3,OR EQUIV B 

VERTICAL 
INPUT 

GROl.r.D 

veEO 

v O~~ 0 CER~ 

VCEX~r.--5' 
1.5 v 

PUSH 
TO 

r-_______ T_E~ST~~~ 

CLARE 

Vee POWER 
SUPPLY 

MODEl. No HGP-2034, 
OR EQUIVALENT 

"OJ IW 

- + 
8.5V 

VOLTAGE SOURCE 

115VAC 
60 Hz 

9ZCS-15to3 Fig. 13 - Phase relationship between input and output currents 
showing reference pOints for specification of switching 
times. 

Fig. 14 - Circuit used to measure sustaining voltages 
VeEO(SUS). VeER(SUS). and Vcex (sus) for al/ types. 

COLLtCTOR-TO-EMITTtR VOLTAGE (VeEI-Y 

~r~e a:::~~~~1 :::!.~:: t~~~~(~~~l' t: Ct~:(:~~t' aa:: a~~~X~:~:: 
"A" (or type 2N5838. poInt "S" (or type 2NS839. and poInt "e" 
(or type 2NS840. 

Fig. 15 - Oscilloscope display for measurement of sustaining 
voltages. 
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File Number 1041 2N5885, 2N5886 

High-Current, High Power, 
High-Speed N-P-N 
Power Transistors 
Features: 

• Specification for hFE and VCE [sat] up to 25 A 
• Current gain bandwidth product 

fT = 4 MHz [min.] at 1 A 
• Low saturation voltage with high beta 
• High dissipation capability 

The 2N5885 and 2N5886 are epitaxial-base, silicon 
n-p-n transistors intended for a wide variety of high-power, 
high-current applications, such as power-switching cir
cuits. driver and output stages for series and shunt regula
tors, dc-to-dc converteni, inverters, and solenoid (ham
mer)/relay drivers. 

These devices differ in maximum voltage ratings. They are 
supplied in the J EDEC TO-204AA hermetic steel packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

*Vcao •..•••••••••••••••••••••••.••••••••••..•.•••. 
·VCEO(SUS) ••.•••.••.••••••.••••••••••••.•••••••••• 

2N5885 

60 
60 

TERMINAL DESIGNATIONS 

92CS-27S16 

JEDEC TO-2D4AA 

2N5886 
80 
80 

·VE.O ............................................. ____________ 5 __________ _ 

·Ic ......................... ,. .....•... ............ 25 __________ _ 
·ICM............................................... 50 __________ _ 
·1................................................. 7.5 __________ _ 
I.M............................................... 15 __________ _ 

*PT: 

v 
V 
V 
A 
A 
A 
A 

At Tc::; 25°C ................................. ____________ 200 W 
At Tc > 25°C .................. Derate linearly 1.15 ___________ W/oC 

_________ See Figs. 1 and 2 ________ _ 

·T.\v,TJ ............................................ -65 to 200 _________ _ 

T. 
At distance ;::1/32 in. (0.8 mm) 
from seating plane for 10 s max ................ ____________ 230 __________ _ 

·In accordance with JEDEC registration data format J8-6 RDF-1. 
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2N5885,2N5886 
ELECTRICAL CHARACTER ISTICS, At Case Temperature (T C) = 2SOC 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
CHARAC· VOLTAGE CURRENT 

2N5885 2N5886 
TERISTIC Vdc Adc 

* 

* 

* 

* 

* 
* 

VCE V8E IC 18 Min. 

fCBO 
60a -
BOa -
60 -1.5 -

ICEX BO -1.5 -
ICEX 60 -1.5 -
TC = 1500 C 80 -1.S -

30 -
ICED 40 -
lEBO -s -

4 3b 35 

hFE 4 10b 20 
4 25b 4 

VCEO(sus) 0.2 60 

VBE 4 10 -

VBE(sat) 25b 6.25 -

VCE(sat) 
1Sb 1.5 -
2Sb 6.2S -

I Sib 
tp = 1 s 20 10 
nonrep. 

Ihfel 10 1 4 
f = 1 MHz 

hfe 4 3 20 
f = 1 kHz 

Cobo 10a -f = 1 MHz 

tr (See Fig. 8) 
VCC= 

10 1 -
ts 30 

10 1c -
tf 10 1c -
RI:/JC 20 S -
*In accordance with JEDEC registration data format JS-6 RDF·l. 

aVCB' 
bpulsed; pulse duration = 300 "s, duty factor = 1.8%. 

CI B1 = -I B2• 
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Max. Min. Max. 

1 - -
- - 1 

1 - -
- - 1 

10 - -
- - 10 

2 - -
- - 2 

1 - 1 

- 35 -
100 20 100 
- 4 -

- 80 -
1.5 - 1.5 

2.5 - 2.5 

1 - 1 
4 - 4 

- 10 -

- 4 -

- 20 -
500 - SOD 

0.7 - 0.7 
1 - 1 

0.8 - 0.8 

0.875 - 0.875 

UNITS 

rnA 

V 

A 

pF 

/.lS 

oCIW 



2N5885, 2N5886 

CO LLECTOR - TO- EMITTER V.OLTAGE I Vc El- v 

92CS-29846 

Fig. 1 - Maximum operating areas for 2N5885 and 2N5886. 
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1. 

50 

•• 

NOTE=CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DlSSIPATION-UMITED PORTION 
AND ISlb-LIMITED PORTION OF MAXIMUM-OPERATING 
AREA-CURVES. DO NOT DERATE THE SPECIFIED 'ALUE 
FOR Ie MAX. 

~ 50 75 100 ~ 125 I~ 175 200 
CASE TEMPERATURE (TC)--C 

Fig. 2 - Derating curves for 2N5885 and 2N5886. 

o 0.2 0.4 0.6 o.a 
COLLECTOR-TO-EMITTER SATURATION VOLTAGE [YCE(lotl]-v 

92CS-29849 

Fig. 4 - Typical saturation voltage characteristics for 
2N5885and2N588~ 

2-67 

••• 2 4 6 8 
0·1 I 10 

COLLECTOR CURRENT Cle I-A 
• •• 100 

92CS-29845 

Fig. 3 - Typical dc beta characteristics as a func
tion of collector current for 2N5885 and 
2N5886. 

92CS-29847 

Fig. 5 - Typical transfer characteristics for 
2N5885 and 2N5886. 



2N5885,2N5886 
I I COLLECTOR SUPPLY VOLTAGE (\tel-SOV 

Ie/la-IO 

... • CASE TEfII'ERATURE CTc)· tD·c V 
I • 1--1--'" 
~ I, 

_ ..... 
W , 
F 
III 

t 
10. ~:R SUPPLY VOLTAGE (VCC).~v 

& :Ie/la- IO 
1 4 CASE TEMPERATURE (Te)-OIlC 

~ • r--.. 
'" 01 I I 

No! 
is 

~ 
" ;: 
Ii ... 
:!! 

• • · ---
• 

0.00 

I. 

6 B 10 

COLLECTOR CURRENT (IC)-A 

-

4 . • 100 

Fig. 6 - Typical delay-time and rise-time 
characteristics as a function of 
collector current for 2N5885 
and2N5886. 

+II:-P-
-2V 

~ 
1,520nt 
p.w. 1110 TO 100". 
D.C,·2'%. 

+lIv--n 
_.:=t 
~ 
I, :s:20ns 
P.W. -10 10 100,.. 
D.C.-2'" 

lOA 

'01 

lOA 

D 

VBB--4V 

'bl 

is • ~ I---I, 
:0 

!II " ;: 

'" ~ 
0.1 

6 8 10 2 
• • 100 COLLECTOR CURRENT (IC)-A 

Fig. 7 - Typical.srorage-time and fall-time 
chsrscteristics as a function of 
collector cu"ent for 2N5885 
and2N5886. 

OSCILLOSCOPE 

TRANSISTOR Ir S 20 ns 
UNDER Z >10 K 
TEST 

TRANSISTOR 
UNDER 
TEST 

OSCR..I.OSCOPE 

'rS 20ns 
Z :>IOK 

D:COLLECTOR-SASE DIOOE 
OF 2N32e2 

92CS-29804 

Fig. 8 - Equivalent test circuits for rise-tims (a) and 
fall-tims and storage-time (b) measurements 
for 2N5885 and 2N5886. 
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2N6043,2N6044,2N6045 

a-Ampere N-P-N Darlington 
Power Transistors 

File Number 1151 

TERMINAL DESIGNATIONS 

60-, 80-, 100-Volts, 75 Watts 
Gain of 1000 at 4 A (2N6043, 2N6044) 
Gain of 1000 at 3 A (2N6045) 'R';"l° II Jet :: 

TOP VIEW B 
Features: 

• Operates from IC without predriver 

Applications: 

• Power switching • Audio amplifiers 
• Hammer drivers • Series and shunt regulators 

The 2N6043, 2N6044, and 2N6045 are monolithic silicon 
n-p-n Darlington transistors designed for low- and 
medium-frequency power applications. The high gain of 
these devices makes it possible for them to be driven 
directly from integrated circuits. These devices are sup
plied in the JEDEC TO-22DA8 (VERSAWATT) plastic 
package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

"VCBO ............•......................................•..... 
VCEO(sus) •........•.•........................................• 

"VEBO .•.........•........................................•...• 
"Ic ..............•.....................•.......•............... 

ICM ................•....•..........•.........•...........•.... 
"lB' ......................................................... .. 
oPT 

Tc:2:25°C .....•............................................ 
Tc>25°C ................................................. . 

*Tstg, TJ ....................................................... . 
*T L ,. 

At distances:2: 1/8 in. (3.17 mm) from 
case for 10 s max ...........•...•..•..............•...•.... 

"In accordance with JEDEC registration data. 
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92CS-39969 

JEDEC TO-220AB 

r-----------, 
B 

I I 
I I 
I I 
I I 
I I 

: I L _________ ---1 

92CS-Z8597 

Fig. 1 - Schematic diagram for al/ types. 

2N6043 
60 
60 

2N6044 
80 
80 

2N6045 
100 
100 ______ 5 _____ _ 

_______ 8 ______ _ 
________ 16 _____ _ 
_______ 0.12 _____ _ 

______ 75 _____ _ 
______ See Fig. 2 ____ __ 
______ -65 to 150 ____ __ 

_______ 235 ______ _ 

v 
V 
V 
A 
A 
A 

W 
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2N6043, 2N6044, 2N6045 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 2fjOC Unless Otherwise Specified 

TEST CONDITIONS LIMITS U 

CHARACTERISTIC VOLTAGE CURRENT N 

Vdc Adc 2N6043 2N6044 2N6045 I 
SYMBOL T 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. S 

* ICEO 100 a - - - - - 20 
80 a - - - 20 - -
60 a - 20 - - - -

ICEV 100 -1.5 -* - - - - 20 
80 -1.5 - - - 20 - - /lA 
60 -1.5 - 20 - - - -

100 -1.5 - - - - - 200 
TC=1250 C 80 -1.5 - - - 200 - -

60 -1.5 - 200 - - - -

lEBO 5 0 - 2 - 2 - 2 mA * 
* VCEO(sus) 0.1 a a 60 - 80 - 100 - V 

ICBO 100b - - - - - 20 
80b - - - 20 - - /lA 
60b - 20 - - - -

4 4 000 20,000 1000 20.000 - -

* hFE 4 3 - - - - 1000 20,000 
4 8 100 - 100 - 100 -

VBE 
4 4 - 2.8 - 2.8 - -
4 3 - - - - - 2.8 V 

* 
* VBE(sat) 8 0.08 - 4.5 - 4.5 - 4.5 

4 0.016 - 2 - 2 - -
* VCE(sat) 3 0.012 - - - - - 2 V 

8 0.08 - 4 - 4 - 4 

VF -8a - 4 - 4 - 4 V 

hfe 4 3 300 - 300 - 300 -
f=l kHz 

* 

Ihfel 4 3 4 - 4 - 4 -
f=l MHz 

* 

Cobo lOb - 200 - 200 - 200 pF 
f=l MHz 

* 

ISlb 30 2.5 - 2.5 - 2.5 - A 
t=l s, nonrep. 

ROJC - 1.67 - 1.67 - 1.67 °CIW 
.. In accordance with JEDEC registration data. 
a Pulsed: Pulse duration = 300 I'S, duty factor = 1.8%. b VCB value. 
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2N6043,2N6044,2N6045 

COLLECTOR- TO - EMITTER VOLTAGE (VCEI- V 92CM-31124 

Fig. 2 - Maximum operating areas for all types fTC = 2sOC). 

NOTE- CCMR£NT DERATING AT CONSTANT 
VOL.TAGE APPLIES ONLY 10 THE DISSIPATION
L.IMITED PORTION AND THE I.S/b -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVE. DO NOT DERATE THE 
SPECIFIED VALUE 'OR Ie MAX 

CASE TEMPERATURE {Tel _·C 

Fig. 3 - Derating curve for all types. 
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COLLECTOR-TO-EMITTER VOLTAGE IVCE)-4 v 
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Fig. 4 - Tvpical dc beta characteristics for all types. 
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Fig. 5 - Typical small-signol gain for all types. 

2-72 

2N6043,2N6044,2N6045 

I!i :5 CASE TEMPERATURE (TC). 25-

't.~ 
,~ !: 2 u" 
~~ 
;1 .. 
~5 
~c 

ll~ 
... ll 
~ ... 

~i 
8~ .... 
ii 
~! 
~" 
"" 88 

r--... .......... 
...... t-- c ... .. • 
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2 • •• , 4 •• , 4 •• 0.1 I 10 100 
REVERSE VOLTAGE (VR )-y 92CS- 31122 

Fig. 6 - Typical common-base input or outPUt 
capacitance characteristics as a function 
of reverse voltage for all types. 



2N6050,2N6051,2N6052,2N6057,2N6058,2N6059 File Number 1185 

12-Ampere Complementary 
P-N-P and N-P-N Monolithic 
Darlington Power Transistors TERMINAL DESIGNAnONS 

60-80-100 Volts, 150 Watts 
Gain of 7000 (Typ.) at 5 A (2N6050, 2N6051, 2N6052) 
Gain of 4000 (Typ.) at 5 A (2N6057, 2N6058, 2N6059) 

Features: 

• Operates from IC without predriver 

• Monolithic construction 

• High voltage ratings: 

VCEO(sus) = 60 V Min. - 2N6050·, 2N6057 
= 80 V Min. - 2N6051·, 2N6058 
= 100 V Min. - 2N6052·, 2N6059 

The 2N6050, 2N6051, and 2N6052 p-n-p types and the 
2N6057, 2N6058, and 2N6059 n-p-n types are complemen
tary monolithic silicon Darlington transistors designed for 
general-purpose amplifier and low-speed switching applica
tions. The high gain of these devices makes it possible for 
them to be driven directly from integrated circuits. These 
devices are supplied in the JEDEC TO-204AA hermetic steel 
package. 

JEDEC TO-204AA 

Applications: 
• Power switching 
• Hammer drivers 
• Series and shunt regulators 
• Audio amplifiers 

MAXIMUM RATINGS, Absolute-Maximum Values: 

* Veso' . 
• VeEo(sus) 
* V ESO 

* Ie· 
* ICM • 
* IS' . 
* PT 

T e ";;25°e 
Te >25°e 

* Tstg• TJ .. 

* TL 

Derate linearly 

2N6050· 2N6051· 
2N6057 2N6058 

60 
60 

80 
80 

2N6052· 
2N6059 

100 
100 

----- 5 -----_____ 12 _____ _ 
_____ 20 
_____ 0.2 

_____ 150 
____ 0.857 

___ -65 to 200 

At distances ~ 1116 in. (1.58 mm) from case for lOs max. ___ 235 

V 
V 
V 

A 
A 
A 

W 
w/oe 

°e 

°e 

* In accordance with JEDEe registration data. • For p-n-p devices. voltage and current values are negative. 
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* 

* 

* 
* 

* 

* 
* 
* 
* 

* 

* 

2N60S0, 2N60S1, 2N60S2, 2N60S7, 2N60S8, 2N60S9 

92CS-29129 

Fig. 1 - Schematic diagram for 2N6050, 2N6051, 
and2N6052. 

92CS-29128 

Fig. 2 - Schematic diagram for 2N6057, 2N6058, 
and2N6059. 

ELECTRICAL CHARACTERISTICS, at Case Temperature (TC' = 25"C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENl 2N6050· 2N6051· 2N6052· 
CHARACTERISTIC Vdc Adc 2N6057 2N6058 2N6059 UNITS 

VCE VSE IC IS MIN. MAX. MIN. MAX. MIN. MAX. 

30 a - 1 - - - -
ICEO 40 a - - - 1 - -

50 a - - - - - 1 rnA 
60 -1.5 - 0.5 - - - -

ICEX 80 -1.5 - - - 0.5 --

100 -1.5 - - - - - 0.5 

60 -1.5 - 5 - - - -

TC= 150°C 80 -1.5 - - - 5 - -
100 -1.5 - - - - - 5 

lEBO -5 a - 2 - 2 - 2 rnA 

VCEO(sus) O.la a 60 - 80 - 100 - V 

3 1~ 100 - 100 - 100 -
hFE 3 5a 750 18,000 750 18,000 750 18,000 

VCE(sat) 
1~ 0.1 - 3 - 3 - 3 
6a 0.02' 2 2 2 

V - - -

VBE 3 5a - 2.8 - 2.8 - 2.8 V 

VBE(sat) 1~ 0.12 - 4 - 4 - 4 V 

hfe 3 5 300 - 300 - 300 -
f = 1 kHz 

Ihfe l 3 5 4 - 4 - 4 -
f = 1 MHz 

Cob 
VCB=10V,IEO, 
f= 0.1 MHz 

2N5050·52 - 500 - 500 - 500 
pF 

2N5057·59 - 300 - 300 - 300 

ISlb 30 5 - 5 - 5 - A 
t = 1 S, nonrep. 

ROJC 1.17 - 1.17 - 1.17 °CIW 

a Pulsed: Pulse duration::: 300 JJS, duty factor = 1.8%. • For p-n-p devices, voltage and current values are negative. 

* In accordance with JEDEC registration data. 
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2N6050, 2N6051, 2N6052, 2N6057, 2N6058, 2N6059 

COLLECTOR-TO-EMITTER VOLTAGEIVCEI-V 

-FOR p-n-p DEVICES ,VOLTAGE AND CURRENT 
VALU ES ARE NEGATIVE 

92CS-31714 

Fig. 3 - Maximum operating areas for all types. 
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Fig. 4 - Current derating curve for all types. 
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Fig. 6 - Typical dc beta characteristics for 
2N6050. 2N6051. and 2N6052. 

Fig. 5 - Power derating curve for all types. 
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2N6050,2N6051,2N6052,2N6057,2N6058,2N6059 
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COLLECTOR- TO-E~ITTER SATURATION VOLTAGE 

LVCEI.at~-V 
FOR p-n-p DEVICES, VOLTAGE AND CURRENT VALUES ARE NEGATIVE 

92CS·31712 

Fig. 8 - Typical saturation characteristics for all 
types. 
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Fig. 10 - Typical switching times for 2N6050, 
2N6051, and 2N6052. 
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types. 
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Fig. 11 - Typical switching times for 2N6057, 
2N6058, and 2N6059. 
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2N6055, 2N6056 

8-Ampere Silicon N-P-N 
Darlington Power Transistors 
60· and aO·Volt, 100·Watt Types 
With Gain of 750 at 4 Amperes 

Features: 
• Operation from Ie without predriver 
• Low leakage at high temperature 

Applications: 

• Power switching • Hammer drivers 

• Audio amplifiers 
• Series and shunt regulators 

The 2N6055 and 2N6056 are monolithic n-p-n sil
icon Darlington transistors designed for low- and medium
frequency power applications. The construction of these 
devices provides good forward-bias second-breakdown 
capability. Their high gain makes it possible for them to 
be driven directly from integrated circuits. 

These devices are supplied in the JEDEC TO-204AA 
(VERSAWATT) plastic package. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

* VCBO 
VCER(sus) 

RBE=100n 
.. VCEO 

VCEV(sus) 
VBE = -1.5 V 

... VEBO 

* IC· 
ICM 

* lB. 

*PT 
TC ';;250 C 

TC>250 C 
... Tstg• TJ . 
.. TL 

At distances;;;' 1/32 in. (0.8 mm) 
from seating plane for lOs max. 

.. In accordance with JEDEC registration format JS·6 RDF·2. 
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TERMINAL DESIGNATIONS 

c 

'0' 
92CS~ 21516 

JEDEC TO·204AA 

,....---------~ 

I I 
• I I 

I I 
: I 
I I 
I I L _________ ..J 

Fig. 1 - Schematic diagram of 2N6055 and 2N6056 
Darlington power transistors. 

2N6055 2N6056 

60 BO V 

60 80 V 
60 80 V 

60 80 V 
5 5 V 
8 8 A 
16 16 A 

120 120 rnA 

100 100 W 
- See Figs. 2 and 4-
--65 to +200- OC 
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2N6055, 2N6056 

ELECTRICAL CHARACTERISTICS,At Case Temperature (TC)= 2fSOC Unless Otherwise Specified 

tie 
6l< ... «w 
i~~ 
"".,!:::j 
s~g 

i~~ wu 

~3~ 
wu c 

!~~ z.« w « 
uu~ 

~~U 

TEST CONDITIONS LIMITS 
DC DC 

CHARACTERISTIC VOLTAGE CURRENT 2N6055 
SYMBOL V A 

VCE VEB VeE IC IE Ie MIN. MAX. 

* ICED 30 0 - 0.5 
40 0 - -

'CEX 
60 -1.5 - 0.5 
80 -1.5 - -

'CEX 60 -1.5 - 5 
TC = 1500 C 80 -1.5 - -

*IEBO 5 0 - 2 

hFE 
3 8a 100 -
3 4a 750 18,000 * 

VCEO(sus) O.la 60a -
VCER(sus) O.la 60a -RBE = lOon 
VCEX(sUS) -1.5 0.111 60a -

4a 0.016 - 2 * VCE(sat) sa 0.08 - 3 
* VBE 3 4a - 2.8 

VBE(sa!) 8a 0.08 - 4 

* Ihfel 3 3 4 -
f = 1 MHz 

* Cobo 
f = 0.1 MHz, 0 - 200 
VCB = 10 V 

* hfe 
f = 1 kHz 3 3 300 -

'Slb 33.3 3 -
t = 1 s, 40 - -
non rep. 

ReJC - 1.75 

* In accordance with JEDEC registration data format JS·6 RDF·2. 

a Pulsed: Pulse duration = 300 ).Is, duty factor = 2%. 

2N6056 

MIN. MAX. 

- -
- o.s-
- -
- 0.5 

- -
- 5 

- 2 

100 -
750 18,000 
80a -

80a -

80a -

- 2 
- 3 
- 2.8 

- 4 

4 -

- 200 

300 -
3 -
2 -

- 1.75 

UNITS 

mA 

mA 

V 

V 

V 

pF 

A 

°C/W 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPliES ONLY TO THE DISSIPATION-LIMITED PORTION 
AND lS/b-LIMITED PORTION OF MAXIMUM-OPERATING
AREA CURVES 00 NOT DERATE THE SPECIFIED 

II: 

'" ... • CCLLECTCR-TO-EMITTER VCLTAGE I VCE)' 3 V-

VALUE. FOR Ie MAX. !!! • .. 
I!' 2 

100 

7. 

•• 

ffi 10.' 

h~~ !--t---.c, 
~ . -J2lc.~ Q-

11:0 ~, ;fi Z V ~q~;~c, ~ fD:.103 ~ c, ... g l v .. ~r-'\ 
.J • 

2. .. 
U 
0: 2 ,. 

10" .. 
25 50 75 100 125 150 175 zoo 0.1 

2 • • 8 • 2 • 8 
I 10. 

2 • 
CASE TEMPERATURE (TC)--C 

92CS-It'943 
CCLLECTCR CURRENT IIc)-A 

Fig.2 - Derating curve for both types. Fig.3 - Typical dc beta characteristics 
for both types. 
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2N6055, 2N6056 

I COLLECTOR CURRENT ( ~I-A 
9lCS-lOln RI 

Fig.4 - Maximum operating areas for types 2N6055 and 2N6056. 
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Fig. 5 - Typical small-signal gain 
for both types. 

COLLECTOR-lO-EMITTER VOLTAGE IVCE1~ 3V~ 

SASE-lO-EMITTER VOLTAGE (YaEl-V 
92CS-19923RI 

Fig. 7 - Typical input characteristics 
for both types. 
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Fig. 6 - Typical saturated switching-time 
characteristics for both types. 

I • , 

BASE-lO-EMITTER VOLTAGE (V8El-V 

Fig. 8 - Typical transfer characteristics 
for both types. 



COLL[CTOR·TO-[MITT[R YOLTAGE IYCE)-Y 
'l2CS-19925 

Fig. 9 - Typical output charactaristics 
for both types. 

6~~1ET1cs PULSE IBI* 
GENERATOR MODEL 
No. PG-3I, OR 
EQUIVALENT 

PULSE DURATION 
20,.1 POSITIVE VOLTAGE 
20,.1 NEGATIVE VOLTAGE 

REP. RATE = 200 Hz 

RB" 200 Rc 

"It IBI AND IB2 ARE MEASURED WITH TEKTRONIX CURRENT 
PROBE P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

92CS·I9942 

Fig. 11 - Circuit used to measure saturated 
switching times. 
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2N6055, 2N6056 

• 10 12 14 

COLL£CTOR CURRENT {lcl-A 
92CS·199i~6 

Fig. 10 - Typical saturation-voltage charac
teristics for both types. 

OUTPUr WAIIF FORM 

Fig. 12 - Phase relationship between input 
current and output current show
ing reference points for specifi
cation of switching times 



File Number 676 2N6106-2N6111, 2N6288-2N6293, 2N6473-2N6476 

Epitaxial-Base, Silicon 
N-P-N and P-N-P 
VERSAWATT Transistors 
General-Purpose Medium-Power Types for 
Switching and Amplifier Applications 
Features: 
- Low saturation voltages 
- Complementary n-p-n and p-n-p types 
- Maximum safe-area-of-operation curves specified 

for dc operation 

The 2N6106-2N6111, 2N6288-2N6293, and 2N6473-
2N6476 are epitaxial-base silicon transistors supplied In a 
VERSAWATT package. The 2N6288-2N6293, 2N6473, and 
2N6474- are n-p-n complements of p-n-p types 2N6106-
2N6111, 2N6475, and 2N6476-, respectively. All these 
transistors are intended for a wide variety of medium-power 
switching and amplifier applications, such as series and 
shunt regulators and driver and output stages of high
fidelity amplifiers. 
The 2N6289, 2N6291, and 2N6293 n-p-n types and 2N6106, 
2N6108, and 2N6110 p-n-p devices fit into TO-213AA 
sockets. The remaining types are supplied in the JEDEC 
TO-220AB straight-lead version of the VERSAWATT pack
age. All of these devices are also available on special order 
in a variety of lead-form configurations. 

-Formerly RCA Dev. Nos. TA7784, TA8323, TA7783, TA8232, 
TA7782, TA8231, TA8444, and TA8723, respectively. 

-Formerly RCA Dev. Nos. TA821 0, TA7741 , TA8211, TA7742, 
TA8212, TA7743, TA8445, and TA8722, respectively. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

2N8288 
N-P-N 2N8289 

P-N-P 2N811~ 

2N8111:j: 

* Vceo...................................................... 40 
* VCEX(SUS) 

RBB = 100 0, VBB = 0 V.. ... . .... .. .. .. .... . . ..... . ...... .. 40 
VCEO(SUS) ........................................ ......... 30 

* VEeo ..................................................... . 
* Ic(Tc:5100"C) .......................................... . 
* IB(Tc:5130"C) ......................................... .. 

PT 
* Tc:525"C ............................................... . 

Tc>25"C:5100"C ...................................... . 
Tc>25"C ............................................... . 
TA:525"C ............................................... . 
TA>25"C .............................................. .. 

* T.tg, TJ ....••...•••.•.........•.••••••.•••..•.••.••.••.••.. 
* TL 

At distances ~ 1/8 in. (3.17 mm) from case for 10 s max. 

TERMINAL DESIGNATIONS 

'~'~"1011 J~' 
TOP VIEW B 

92C5-39969 

_c_ 
(FLANGEl 

JEDEC TO-220AB 

o 
TOP VIEW B 

92CS-4(]1B6 

JEDEC TO-220AA 

2N8290 2N8292 
2N8291 2N8293 2N8473 2N8474 

2N81D8:j: 2N8108:j: 2N8475:j: 2N8478:j: 
2N81D9:j: 2N8107:j: 

60 80 110 130 

60 80 110 130 
50 70 100 120 

5 
7 

4 __ 

3 2 __ 

40 
16 

Derate linearly 0.32 
1.8 

Derate linearly 0.0144 
-65 to 150 

235 

V 

V 
V 
V 
A 
A 

W 
W 

W/"C 
W 

W/"C 
"C 

"C 

*In accordance with JEDEC registration data. :j:For p-n-p devices, voltage and current values are negative. 
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2N61 06-2N6111, 2N6288-2N6293, 2N6473-2N6476 
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ELECTRICAL CHARACTERISTICS At Case Temperature (T cJ = 25"C Unless Otherwise Specified 

TEST CONDITIONS. LIMITS 

2N6292 2N6290 2N6288 
CHARAC· VOLTAGE CURRENT 2N6293 2N6291 2N6289 

UNITS 
TERISTIC Vdc Adc 2N6106· 2N610s+ 2N6110· 

2N61 0'+ 2N610gt 2N6111· 

VCE V8E IC 18 MIN. MAX. MIN. MAX. MIN. MAX. 

ICER 75 - 0.1 - - - -
(RBE = lOOn) 55 - - - 0.1 - -

35 - - - - - 0.1 

(RBE = loon, 70 - 2 - - - -
TC= 150°C) 50 - - - 2 - -

30 - - - - - 2 

'CEX 75 -1.5 - 0.1 - - - -
(RBE=100n) 56 -1.5 - - - 0.1 - -

37.5 -1.5 - - - - - 0.1 rnA 
(RBE=100n, 70 -1.5 - 2 - - - -
TC= 150°C) 50 -1.5 - - - 2 - -

30 -1.5 - - - - - 2 

'CEO 60 0 - 1 - - - -
40 0 - - - 1 - -
20 0 - - - - - 1 

lEBO -5 0 - 1 - 1 - 1 

VCEO(sus)b O.la 0 70 - 50 - 30 -
V 

VCER(sus)b O.1 a 80 - 60 - 40 -
(RBE=100n) 

hFE 4 2a 30 150 - - - -
4 2.5a - - 30 150 - -
4 3a -- - - - 30 150 
4 7a 2.3 - 2.3 - 2.3 -

VBE 4 2a - 1.5 - - - -
4 2.5a - - - 1.5 - -
4 38 - - - - - 1.5 
4 78 - 3 - 3 - 3 V 

VCE(sat) 2a 0.2 - 1 - - - -
2.5a 0.25 - - - 1 - -

3a 0.3 - - - - - 1 
78 3 - 3.5 - 3.5 - 3.5 

Ihfel (f = 1 MHz) 
2N6288:93 4 0.5 4 - 4 - 4 -

2N6106·11 -4 -0.5 10 - 10 - 10 -

hfe ( f = 50 kHz) 4 0.5 20 - 20 - 20 -

fT 
2N6288·93 4 0.5 10 - 10 - 10 - MHz 
2N6106·11 -4 -0.5 10 - 10 - 10 -

Cobo (f = 1 MHz) 10 0 - 250 - 250 - 250 pF 

ROJC - 3.125 - 3.125 - 3.125 

ROJA - 70 - 70 - 70 °C/W 
... In accordance wIth JEDEC regIstratIon data. 
a Pulsed: Pulse duration = 300 IlS, duty factor = 0.018. 
b CAUTION: The sustaining voltage VCEO(sus) and VCER(sus) 

MUST NOT be measured on a curve tracer. 

c VC8 value. 
• For p-n-p devices. voltage and current 

values are negative. 
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2N6106-2N6111, 2N6288-2N6293, 2N6473-2N6476 

ELECTRICAL CHARACTERISTICS At Case Temperature (T cJ = 25"C Unless Otherwise Specified 

TEST CONDITIONS 

VOLTAGE CURRENT 
CHARACTERISTIC Vdc Adc 

VCE VSE IC IS 

ICER 120 
(RBE = 100 1"2) 100 

(RBE = 100.n 120 
TC= 100°C) 100 

* ICEX 120 -1.5 
(RBE = 100.n) 100 -1.5 

(RBE = 100.n, 120 -1.5 
TC=100°C) 100 -1.5 

* ICEO 60 a 
50 a 

* lEBO -5 a 

* VCEO(sus)b O.la a 

VCER(sus)b 
(RBE=100Q) O.la 

* hFE 4 1.5a 
2.5 4a 

* VBE 4 1.5a 
2.5 4a 

* VCE(sat) 1.5a 0.15 
4a 2 

* Ihfel (f = 1 MHz) 
2N6473·74 4 0.5 

2N6475·76 -4 0.5 

* hfe (f = 50 kHz) 4 0.5 

fT 
2N6473·74 4 0.5 

2N6475·76 -4 =:<1.5 

* Cobo (f = 1 MHz) lac a 

ROJC 

ROJA 

• I n accordance with JEDEC registration data 
a Pulsed: Pulse duration = 300 jlS, duty factor = 0.01 B. 
b CAUTION: The sustaining voltage VCEO(sus) are VCER(sus) 

MUST NOT be measured on a curve tracer. 
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LIMITS 

2N6474 2N6473 
2N6476+ 2N6475· UNITS 

Min. 

-
-

-
-

-
-

-
-

-
-

-

120 

130 

15 
2 

-
-
-
-

4 

5 

20 

4 

5 

-

-

-

Max. Min. Max. 

0.1 - -
- - 0.1 

2 - -
- - 2 

0.1 - -
- - 0.1 rnA 

2 - -
- - 2 

1 - -
- - 1 

1 - 1 

- 100 -

V - 110 -

150 15 150 
- 2 -

2 - 2 
3.5 - 3.5 V 
1.2 - 1.2 
2.5 - 2.5 

- 4 -

- 5 -

- 20 -

- 4 - MHz 
- 4 -

250 - 250 pF 

3.125 - 3.125 °C/W 
70 - 70 

+ For p·n·p devices, voltage and current 
values are negative. 



2N61 06-2N6111, 2N6288-2N6293, 2N6473-2N6476 
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Fig. 1 - Current derating curves for all types. 
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Fig. 5 - Typical dc beta characteristics for 2N6106-
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Fig. 6 - Typical dc beta characteristics for 
2N6288 - 2N6293. 



~ 
D 

5 .. 
t:!, 
!2 .. 
:: 
~ 
'li 
" a 
" I 
~ 
II 

2N6106-2N6111, 2N6288-2N6293, 2N6473-2N6476 
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Fig. 7 - Typical dc beta characteristics for 
2N6473 and 2N6474. 

COLLECTOR CURRENT IIc)-A 

Fig. 8 - Typical dc beta characteristics for 
2N6475 and 2N6476. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
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Fig. 9 - Maximum operating areas for 2N6106 - 2N6111 (T C c 25°C). 
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2N61 06-2N6111, 2N6288-2N6293, 2N6473-2N6476 
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Fig. 10 - Maximum ope,ating a,eas fo, 2N6288-2N6293 (T C = 25°C). 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)- V 
92CS-22524 

Fig. 11 - Maximum ope,ating areas fo, 2N6473 and 2N6474 (T C = 25°C). 
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2N6106-2N6111, 2N6288-2N6293, 2N6473-2N6476 
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Fig. 12 - Maximum operating areas for 2N6475 - 2N6476 (TC= 25°C). 
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Fig. 13 - Typical input characteristics for 2N6106-
2N6"'. 2N6475. and 2N6476. 
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Fig. 15 - Typical input characteristics for 2N6473 
2N6474. 
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COLLECTOR-TO-EMITTER VOLTAGE (YCE).4V 
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Fig. 14 - Typical input characteristics for 2N6288 -
2N6293. 
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Fig. 16 - Typical transfer characteristics for 2N6106-
2N6111. 



2N61 06-2N6111, 2N6288-2N6293, 2N6473-2N6476 
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Fig. 17 - Typical transfer characteristics for 2N6288 -
2N6293. 
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Fig. 19 - Typical transfer characteristics for 
2N6475 and 2N6476. 
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Fig. 21 - Typical output characteristics for 
2N6288 - 2N6293. 
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tZCS-22U6 

Fig. 18 - Typical transfer characteristics for 
2N6473 and 2N6474. 

CASE TEMPERATURECTcl-2S·C 

BASE CURRENTtla)-· 200 mA 

- 5 m" 

-so mA 40W 

lamA 

o ~ ~ ~ ~ ~ ~ ~ ~ 

COLLECTOR-TO-EMITTER YOLTAGE IVCEI-Y 
_ItS-1I01lIti 

Fig. 20 - Typical output characteristics for 
2N6106 - 2N61". 
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Fig. 22 - Typical output characteristics for 
2N6473 and 2N6474. 



2N61 06-2N6111, 2N6288-2N6293, 2N6473-2N6476 
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Fig. 23 - Typical output characteristics for 
2N6475 and 2N6476. 
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92CS-19674 

Fig. 25 - Typical gain-bandwidth product for 
2N6288 - 2N6293. 

CHOPPER TYPE 
MERCURY RELAY 
P a II .JML 81308, 
CLARE 1028, OR 

EQUIVALENT 

lOon 
1/2w 

VCERlSul1 

OSCILLOSCOPE 
GND. INPUT 

HeRIZ 

HEWLE'rT-PACKARO • 
MODEL No. 1308, 
OR EQUIVALENT 

-Vee 
NOTE: FOR p-n-p TYPES, REVERSE POLARITY OF VCC' 

12CS-22540 

Fig. 27 - Circuit used to measure sustaining 
voltage V CE R(sus} for all types. 
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COLLECTOR -TO-EMITTER VOLTAGE I YCEla-4 V 

% 
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Fig. 24 - Typical gain·bandwidth product 2N6106 -
2N6"', 2N6475, and 2N6476. 
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Fig. 26 - Typical gain-bandwidth product for 
2N6473 and 2N6474. 
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Note: Curve will be inverted and polarity reversed 
for p-n-p types. The sustaining voltage, 
VCER (sus), is accepatble when the traces fall to 
the right and above the designated points: 
Point A: 2NSll0,2NSlll,2NS288,2NS289 
Point B: 2NS108,2NS109,2NS290,2NS291 
Point C: 2JiJSl OS,2NSl 07,2NS292,2NS293 
Point D: 2N6475,2N6473 
Point E: 2N647S,2N6474 

Fig. 28 - Oscilloscope de/ey lor measurement 01 
sustaining voltage (test circuit shown in 
Fig. 27). 
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2N6121-2N6123,2N6124-2N6126 

Epitaxial-Base, Silicon 
N-P-N and P-N-P 
VERSAWATT Transistors 
General-Purpose Medium-Power Types for 
Switching and Amplifier Applications 

Features: 

• Low saturation voltages 
• Complementary n-p-n and p-n-p types 
• Maximum safe-area-of-operation curves 

specified for dc operation' 

The 2N6121. 2N6122. and 2N6123 are epitaxial-base 
n-p-n transistors. The 2N6124. 2N6125. and 2N6126 are 
epitaxial-base p-n-p transistors. They are complements to 
2N6121. 2N6122. and 2N6123. respectively. 

All types utilize the JEDEC TO-220AB (VERSAWATT) plas
tic package. 

All these transistors are intended for a wide variety of 
medium-power switching and amplifier applications. such 
as series and shunt regulators and driver and output stages 
of high-fidelity amplifiers. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

·VCBO ••••••••••••••••••••••••••••••••••••••••••••••••• 

'VeEQ(sus) ............................................ . 
'VE80 ••••••••••••••••••••••••••••••••••••••••••••••••• 

'Ie·· ........ ·.·· ..... ·· ............... ·· ............. . 
'18 ................................................... . 
PT 

'T e 2: 25°C ........................................... . 
Te> 25°C:'S 100°C .................................. . 
Te>25°C ........................................... . 
T A:'S25°C ........................................... . 
TA>25°C ........................................... . 

1rTstg. TJ ••••••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distances 2: 1/8 in. (3.17 mm) from 

case for 10 s max. . ............................... . 

File Number 1149 

TERMINAL DESIGNATIONS 

'R';"10 11 )s .. ~ 
TOP VIEW 8 

N-P-N 
P-N-P 

2N6121 
2N6124 

45 
45 

JEDEC TO-220AB 

2N6122 
2N6125 

60 
60 

92CS-39969 

2N6123 
2N6126 

80 
80 

______ 5 _____ _ 
_______ 4 ______ _ 
_______ 1 ______ _ 

______ 40 _____ _ 
_______ 16 ______ _ 

Derate linearly 0.32 
______ 1.8 _____ _ 

Derate linearly 0.0144 
_____ -65 to 150 ____ _ 

______ 235 _____ _ 

V 
V 
V 
A 
A 

'In accordance with JEDEC registration data. For p-n-p devices. voltage and current values are negative. 
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2N6121-2N6123, 2N6124-2N6126 
ELECTRICAL CHARACTERISTICS At Case Temperature (T C) = 25°C 

Unless Otherwise Specified 

TEST CONDITIONS. 

VOLTAGE CURRENT 
CHARAC- Vdc Adc 
TERISTIC 

VCE VBE IC IB 

458 

ICBO 6()11 
808 

ICEX 45 -1.5 
60 -1.5 
80 -1.5 

45 -1.5 
Tc= 125°C 60 -1.5 

80 -1.5 

ICEO 45 0 
60 0 
80 0 

'Eeo -5 0 

VCEO (sus)b O.lc 0 

hFE 2 1.5c 
2 4c 

VeE 2 1.5c 

VCE(sat) 1.5c 0.15 
4C 1 

Ihfel (f=l MHz) 4 1 

hfe (f=l kHz) 2 p.l 

R6JC 

• In accordance with JEDEC registration data. 
bCAUTION: The sustaining voltage VCEO(sus) 
MUST NOT be measured on a curve tracer. 

25 !50 75 100 1215 150 17!5 200 
CASE TEMPERATURE 1TC1--C 

.ze .. I ..... 

LIMITS 

2N6121 2N6122 2N6123 
2N6124· 2N6125· 2N6126· UNITS 

MIN 

-
-
-
-
-
-
-
-
-

-
-
-
-

45 

25 
10 

-

-
-

tl.5 

25 

-

MAX. MIN MAX. MIN. MAX. 

0.1 - - - -
- - 0.1 - -
- - - - 0.1 

0.1 - - - -
- - 0.1 - -
- - - - 0.1 rnA 

2 - - - -
- - 2 - -
- - - - 2 

1 -, - - -
- - 1 - -
- - - - 1 

1 - 1 - 1 

- 60 - 80 - V 

100 25 100 20 80 
- 10 - 7 -

1.2 - 1.2 - 1.2 
V 

0.6 - 0.6 - 0.6 
1.4 - 1.4 - 1.4 

- 2.5 - 2.5 -
- 25 - 25 -

3.125 - 3.125 - 13·125 °C/W 

aVCB value. 

C Pulsed: Pulse duratio'n = 300 ,,"S, duty factor =0.018 . 
• For p-n-p devices. voltage and current val ues are 

negative. 

t 400 
COLLECTOR-TO-EMITTER VOLTAGE (VeE'· 4V 

J:! JE TlERlTUE(TC1!12S.C 
~ 200 

~ - 'T;;':ct--
~ 100 
~ 80 -40-C :-.. ... 6O~ r-- .... ,~ ~ 

~ 
40 

"'" ~'\ ~ j 20 

"~~ ~ 
10 g 8 

2 4 •• 2 . •• 2 4 • • 001 01 10 

COLLECTOR CURRENT Ue'-A 92CS-19668RI 

Fig_ 1 - Current derating curves for all types. Fig. 2 - Typical dc beta characteristics for all types. 
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2N6121-2N6123, 2N6124-2N6126 

92CM-31100 

Fig. 3 - Maximum operating areas for all types. 
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BASE-TO~EMITTER VOLTAGE tYSE'-V 
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Fig. 4 - Typical input characteristics for all types. 
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Fig. 6 - Typical gain·bandwidth product. 
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COl.LECTOR~TO-EMITTER VOLTAGE (YCEJ-4Y 

0.2 O!4 0.6 0.8 I 1-2 '.4 I.S 
BASE-lO-EMITTER VOLTAGECYSE' - v 

Fig. 5 - Typical transfer characteristics for all types. 

120n 
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CHOPPER TYPE 
MERCURY RELAY 
P 8 B JML 81308, 
CLARE 1028, OR 

EQUIVALENT 

OSCILLOSCOPE 
GND INPUT 

HORIZ. 

HEWLETT-PACKARD 
MODEL No 1308. 
OR EaUIVALENT 

NOTE: FOR p-n-p TYPES, REVERSE POLARITY OF Vee' . 
-Vee 

92CS-31102 

Fig. 7 - Circuit used to measure sustaining voltage 
V CEOlsus) for all types. 



File Number 507 2N6211, 2N6212, 2N6213, 2N6214 

High-Voltage Medium-Power 
Silicon P-N-P Transistors 
For Switching and Amplifier Applications in Military, 
Industrial, and Commerical Equipment 

Features: 
• High voltage ratings: 

VCEO(SUS) = -400 V max. (2N6~14) 
= -350 V max. (2N6213) 
= -300 V max. (2N6212) 
= -225 V max. (2N6211) 

Applications: 
• Power-Switching circuits 
• Switching regulators 
• Converters 
• Inverters 
• High-Fidelity amplifiers 

TERMINAL DESIGNATIONS 

The types 2N6211, 2N6212. 2N6213, and 2N6214" are 
epitaxial silicon p-n-p transistors with high breakdown 
voltage ratings and fast switching speeds. They are supplied 
in the popular JEDEC TO-213AA package; they differ in 
breakdown-voltage ratings and leakage current values. 

"Formerly RCA Dev. Nos. TA7719. TA7410, TA8330, and TA8331, 
respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• COLLECTOR-TO-BASE VOLTAGE, Vcoo ..•..•......•• 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open, VCEO(SUS) ......................... . 
With external base-ta-emitter reSistance 

(RB.) = 50 Q, VCER(SUS) .......................... . 
With base-emitter junction reverse-biased 

(VB. = 1.5 V), VCEX(SUS) .......................... . 
• EMITTER-TO-BASE VOLTAGE, VEOO ...••..•...•..... 
• COLLECTOR CURRENT (Continuous), Ic ...... , ..•..• 
• BASE CURRENT (Continuous), IB .................. .. 

TRANSISTOR DISSIPATION, P.: 
At case temperatures up to 100·C and 

VcEupt050V .................................. . 
At case temperatures up to 25· C and 

VcEupt040V ................................. .. 
At case temperatures up to 25· C and 

2N8211 

-275 

-225 

-250 

-275 
-6 
-2 
-1 

20 

35 

92CS-27516 

JEDEC TO-213AA 

2N8212 2N8213 2N8214 

-350 -400 -450 

-300 -350 -400 

-325 -375 -425 

-350 -400 -450 
-6 -6 -6 
-2 -2 -2 
-1 -1 -1 

20 20 20 

35 35 35 

VCE above 40 V .................................. _______ _ See Fig. 1 
At case temperatures above 25· C and 

VCE above 40 V ................................ .. See Figs. 1 & 3. 
• TEMPERATURE RANGE: 

Storage & Operating (Junction) ..••...•.•.......... -65 to +200 
• LEAD TEMPERATURE (During Soldering): 

At distance 2: 1/32 in. (0.8 mm) from 
case for 10 s max. .. ............................ . 230 
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2N6211, 2N6212, 2N6213, 2N6214 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TCI = 25°C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
Voltage Currant 

UNITS 
Vdc Adc 2N6211 2N6212 2N6213 2N6214 

VCE V8E IC IE 18 Min. Max. Min. Max. Min. Max. Min. Max. 

Collector· Cutoff Current: 
ICED With base open -150 0 -5 -5 -5 -5 

With base-emitter june- 250 1.5 O.b 
-315 1.5 -0.5 

lion reverse-biased -360 1.5 ·-0.5 
ICEV -410 1.5 -1 mA 

With base-emitter june- -250 1.5 
tion reverse biased and -315 1.5 -5 

-5-
TC 'l00oC 

-360 1.5 -10 -410 1.5 
Emitter·Cutoff Current lEBO 6 0 -1 0.5 0.5 0.5 mA 

-2.S -18 10 100 
DC Forward-Current 

hFE 
-3.2 _la 10 100 

Transfer Ratio -4 _1 8 10 100 
-5 _l a 10 100 

Collector-la-Emitter 
Sustaining Voltage: VCEOlsusl _0.2a 0 -225 -300 -350 -400 
With base open 
With external base-to-
emitter resistance VCER(sus -0.2 -250 -325 -375 -425 

(RBEI' 50 n V 

With base-emitter junc-
tion reverse· biased and VCEX(sus 1.5 -0.2 -275 -350 -400 -450 
external base-la-emitter 
resistance (RBEI = 50 n 

Emitter-la-Base Voltage VEBO 
0.5mA 6 6 -0 

V 
1 mA -6 

Emitter-la-Base Satura- VSE(sall _I· -0.125 ··1.4 -1.4 -1.4 -1.4 V 
tion Voltage 

* Collector-la-Emitter VCE(sat) _I· -0.125 -1.4 -1.6 -2 -2.5 V 
Saturation Voltage 

Output capacitance 
Cobo 

-10 0 220 220 220 220 pF 
(f· 1 MHzl (VCBI 

Second-Breakdown 
Collector Current ISlb -40 -0.S75 -0.S75 -0.S75 -0.S75 A 
(Base forward-biased) 

* Magnitude of Common-
Emitter, Small-Signal, 
Short-Circuit, Forward- Ihfel -10 -0.2 4 4 4 
Current Transfer Ratio 
If· 5 MHzl 

Saturated Switching Times: 
I, VCC' IB1&IS2 

0.6 0.6 0.6 0.6 -1 
Rise time -200 V 0.125 

Storage time ts 
VCC -

-1 
181&182 

2.5 2.5 2.5 2.5 p.s 
200 V 0.125 

Fall time If 
VCC -

-1 
IB1&IS2 

0.6 0.6 0.6 0.6 
-200 V -0.125 

Thermal Resistance 
ROJC -10 -1 5 °CIW 

(Junction-to-case) 

"In accordance with JEOEC registration data format .15-6 ROF-l. 

apulsed: Pulse duration = 300 fJS; duty factor EO;, 2%. 
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2N6211, 2N6212,2N6213, 2N6214 

6 8_10 6 I!.IOO 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 
~2CS-ln20R2 

Fig. 1 - Maximum operating areas for all typas. 
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-10 -100 
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-1000 

COlLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CS-1921SRI 

100 

70 

50 

.5 

a 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
AND IS/b-L1MITED PORTION OF MAXIMUM-OPERATING
AREA CURVES. DO NOT DERATE THE SPECIFIED 
VALUE FOR Ie MAX. 

25 !SO 7S 100 12:5 150 175 200 

CASE TEMPERATURE crc)-'t 

Fig. 2 - Maximum operating areas for a/l types. Fig. 3 - Derating curvas for a/l types. 
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2N6211,2N6212,2N6213,2N6214 
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COlLECTOR-TD-EMITTER VOLTAGE (VcEt"-IOV 

• CASE TEMPERATURE (TCI-25·C 
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I. ./V 1 
10 ./ 1 
• j 

, 4 •• , • .. -0.01 -0.1 .-1 
COLLECTOR CURRENT IXC l--A 

, . • • -10 

9ZCS·.,972 

Fig. 4 - Typical gain-bandwidth product for all tYPflS. 
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Fig. 6 - Typical dc bflta charactflrlstic for all typas. 

BASE-TO- EMITTER YOLTAGE eYSE1-V 
92C5-/5974 

Fig. 8 - Typical trflnsfflr charactflrlstlcs for all tYPfls. 
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Fig. 5 - Collflctor-to-flmlttflr sustalnlng-voltagfl characteristics for 
all types. 
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COLLECTOR CURRENT (IC1-A 
UtS-IIZS. 

Fig. 7 - Typical saturation-voltage characteristics for all types. 

COLUCTOR CURRENT (ICI - A 
'2C5-lttBTRI 

Fig. 9 - Typical storaga-tlme characteristics for all typas. 



2N6211, 2N6212, 2N6213, 2N6214 

PULSE DURATION ~ 20"". 
REPETITION RATE - 200 PULSES/. 
COLLECTOR SUPPLY VOLTAGE (VCC)--200 V 
ISI- I B2·rC/ o"O.l25IC 

CASE TEMPERATURE (TC) -25-C 

COLLECTOR COORENT (ICI-A 

92CS-1!5980R2 

CLARE 
MERCURY RELAY 

MODEL No. HGP-I004. 
OR EQUIVALENT 

~ 5111 
0.5W 

60 
Hz 

VCEO(SUS) 

-II-
39,n 6V 
2W 

CHANNEL A 

TO 

~~ H~~~~~~O:;:tAO 
MODEL No ~03 

OR EQUIVALE NT 

III 
0.5W 

CHANNEL B 

:;"'OT050V 
... (500 mAl 

COMMON 

92CS-I9234RI 

Fig. 10 - Typical turn-on time and fall-time characteristics for all 
types. 

Fig. 11 - Circuit used to measure sustaining voltages VCEO(SUS). 

INPUT: 
HEWLETT-PACKARD 
MODEL No.214A,OR 

EOUIVALENT 

INPUT fROM 
PULSE GENERATOR 

(PULSE DURATION ~ 
201'-', REP. RATE: 

200Hz) 

VBS=+6V 

!z 
~ -400 
0: .. 

al. 
a:: (.) -200 
0,.. 
.... -<J 

'" 

VCER(SUS) and VCEX(SUS) for all types. 

VCER(SUS) VCEX (sus) 

i J\ 

~ 0 

NOTE: COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

SUSTAINING VOLTAGES VCEO(sus),VCER(sus).AND VCEX(sus) ARE 
ACCEPTABLE WHEN TRACES FALL TO THE RIGHT AND ABOVE 
POINTS "A" FOR TYPE 2N6211, POINTs"au FOR TYPE 2N6212. 
POINTS ''e'' FOR TYPE 2N6213.AND POINTS·O" FOR 
TYPE 2N6214 nCS-I9235RI 

Fig. 12 - Oscilloscope display for measurement of sustaining 
voltages. 

Vec=-200V 

OUTPUT TO 
OSCILLOSCOPE 

(TEKTRONIX MODEL 
No.S43A,OR 
EOUIVALENT I 

TYPE 
2N6211 
2N6212 
2N6213 

OR 
2N6214 

*ADJUST RS FOR 182 AND Re FOR Ie 

.. lSI AND IS2 MEASURED WITH TEKTRONIX CURRENT PROBE 
P6019 AND TYPE 134 AMPLIFtEP.,OR EQUIVALENT 

92CS-15976 

Fig. 13 - Circuit used to measure saturated switching times for all 
types. 

Fig. 14 - Phase relationship between input current and output 
voltage showing reference points for speCification of 
switching times. 
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2N6246,2N6247,2N6248,2N6469 

Silicon P-N-P Epitaxial-Base, 
High-Power Transistors 
General-Purpose Types of Switching and 
Linear-Amplifier Applications 

Features: 

• High dissipation capability: 125 W at 25°C 
• Low saturation voltages 
• Maximum safe-area-of-operation curves 
• High gain at high current 

The 2N6246,\ 2N6247, j2N6248, and 2N6469 are epitaxial
Dase silicon p-n-p transistors featuring high gain at high 
current. All of these devices have a dissipation capability of 
125 watts at case tAmoeratures up to 25°C. They differ in 
voltage ratings and in the currents at which the parameters 
are controlled. All are supplied in the JEDEC TO-204AA 
package. 

"'Formerly RCA Dev. Nos. TA7281, TA7280, TA7279, and TA8724, 
respectively. 

Maximum Ratings, Absolute·Maximum Values: 

"COLLECTOR·TO·BASE VOLTAGE VCBO 

COLLECTOR·TO·EMITTER VOLTAGE: .. With external base·to·emitter 
resistance (RBE) = 100 n. VCER 

With base open . VCEO 

"EMITTER·TO·BASE VOLTAGE. VEBO 

"CONTINUOUS COLLECTOR CURRENT. IC 

"CONTINUOUS BASE CURRENT 18 

"'TRANSISTOR DISSIPATION: PT 

At case temperatures up to 250 C . 
At case temperatures above 250 C . 

"TEMPERATURE RANGE: 

Storage & Operating (Junction). 

"PIN TEMPERATURE (During Soldering): 

At distances;;' 1/32" (0.8 mm) from 
seating plane for lOs max. 

* In accordance with JEDEC registration data format IJS-6 RDF-2L 

2-98 

File Number 677 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

2N6469 2N6246 2N6247 2N6248 

-50 -70 -90 -110 V 

-50 -70 -90 -110 V 

-40 -60 -80 -100 V 
-5 -5 -5 -5 V 

-15 -15 -15 -10 A 

-5 -5 -5 -5 A 

125 125 125 125 W 

• See Fig. 2 ~ 

• -65 to +200 ~ °c 

• +235 • °c 



2N6246, 2N6247, 2N6248,2N6469 
ELECTRICAL CHARACTER ISTICS FOR P-N-P TYPES. At case temperature (T C) = 25°C unless otherwise specified 

TEST CONDITIONS 

CHARACTER ISTIC SYMBOL VOLTAGE 
Vdc 

VCE 

Coliector·Cutoff Current: 
With external base-emitter 

ICER 
-35 

resistance (RBE) = 100 n -55 

With base-emitter -45 
junction reverse-biased -65 

With reverse bias 
ICEX 

-45 
and TC = 1500 C -55 

ICED 
-20 

With base open 
-30 

Em itter-Cutoff Current lEBO 
DC Forward-Current -4 

Transfer Ratio hFE -4 
-4 

Collector-to-Emitter 
Sustaining Voltage: 
With base open VCEO(sus) 

With external base-em itter 
VCER(sus) resistance (RBE) = 100 n 

Base-to-Emitter Voltage VBE -4 
-4 

Collector'to-Emitter 
VCE(sat) Saturation Voltage 

Magnitude of Common-Emitter 
Small-Signal Short-Circuit 

Ihfel -4 
Forward-Current Transfer Ratio: 
f = 2 MHz 

Common-Emitter, Small-Signal 
Short-Circuit, Forward-Current hfe -4 
Transfer Ratio: 
f = 1 kHz 

Thermal Resistance: 
Junction-to-case ROJC 

* In accordance with JEDEC registration data format (JS-6 RDF-2). 

a Pulsed; pulse duration = 300 p.s, duty factor = 1.8%. 

b CAUTION: Sustaining voltages VCEO(SUS' and VCER(SUS' 

MUST NO T be measured on a curve tracer. 

VBE 

1.5 
1.5 

1.5 
1.5 

5 

2-99 

CURRENT 
Adc 

IC IB 

0 
0 

0 

_5a 

-7a 
-15a 

-0.2 0 

-0.2 

-15a 

-7a 

-5a -0.5 
_7a -0.7 

-15a -5 
-15a -3 

-1 

-1 

LIMITS 

2N6469 2N6246 

Min. Max. Min. Max. 

- -200 - -
- - - -200 

- -200 - -
- - - -200 

- -5 - -
- - - -5 

- -1 - -
- - - -1 

- -5 - -5 

20 150 - -
- - 20 100 
5 - 5 -

-40b - -60b -

-45b - -65b -

- -3.5 - -
- - - -2 

- -1.3 - -

- - - -1.3 
- -3.5 - -
- - - -2.5 

5 - 5 -

25 - 25 -

- 1.4 - 1.4 

UNITS 

/J.A 

/J.A 

mA 

mA 

mA 

V 

V 

V 

°C/W 



2N6246, 2N6247, 2N6248, 2N6469 
ElECTR ICAl CHARACTER ISTIeS FO::! P-N-P TYPES, At case temperature (T C) = 2fiOC unless otherwise specified 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL VOLTAGE 
Vdc 

VCE 

CoJlcctor-Cutoff Current: 
With external base-emittcr 

ICER 
-75 

resistance (RBE) = 100 n -95 

With base-emitter -85 
junction reverse-biased -100 

With reverse bias, 
ICEX 

-70 
at TC = 1500 C -90 

With base open ICEO 
-40 
-50 

Emitter·Cutoff Current lEBO 

-4 
DC Forward-Current -4 

Transfer Ratio hFE -4 
--4 

Collector-to-Emitter 
Sustaining Voltage: 
With base open VCEO(sus) 

With external base·cmitter 
VCER(sus) 

resistance (RBE) = 100 n 
--4 

Base-to-Emitter Voltage VSE --4 

Collector-to-Emitter 
Saturation Voltage 

VCE(sat) 

Magnitude of Common-Emitter 
Small-Signal Short-Circuit 

Ihfel -4 
Forward-Current Transfer Ratio: 
f = 2 MHz 

Common-Emitter, Small-Signal, 
Short-Circuit, Forward-Current hfe -4 
Transfer Ratio: 
f = 1 kHz 

Thermal Resistance: 
Junction-to-case R(JJC 

• In accordance with JEDEC registration data format (JS-6 RDF-2l. 

a Pulsed; pulse duration = 300/Js, duty factor = 1.8%. 

b CAUTION: Sustaining voltages VCEO(sus) and VCER(sus) 
MUST NOT be measured on a curve tracer. 

VBE 

1.5 
1.5 

1.5 
1.5 

5 

2·100 

CURRENT 
Adc 

IC IB 

0 
0 

0 
_5a 

-6a 
-lOa 
-15a 

-0.2 0 

-0.2 

_6a 
_5a 

_5a -0.5 
_6a -0.6 
-15a --4 
-lOa -2 

-1 

-1 

LIMITS 

2N6247 2N6248 

Min_ Max_ Min_ Max_ 

- -200 - -
- - - -200 

- -200 - -
- - - -200 

- -5 - -
- - - -5 

- -1 - -
- - - -1 

- -1 - -1 

- - 20 100 
20 100 - -
- - 5 -
5 - - -

-80b - -100b -

-85b - -105b -

- -1.8 - -
- - - -1.8 

- - - -1.3 
- -1.3 - -
- -3.5 - -
- - - -3.5 

5 - 5 -

25 - 25 -

- 1.4 - 1.4 

UNITS 

/lA 

/lA 

mA 

mA 

mA 

V 

V 

V 

°C/W 
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2N6246, 2N6247,2N6248, 2N6469 
CASE TEMPERATURE (TC) = 25°C 
(CURVES MUST BE DERATED LINEARLY 
WITH INCREASE IN TEMPERATURE) 

PULSE 

VCEO MAX." -80V (2N6247) 

VCEO MAX.=-IOOV (2N6248) 

4 8 10 40 60 80 100 
COLLECTOR -TO-EMITTER VOLTAGE (VCE)-V 

~2CS-22319RI 

Fig.1 - Maximum operating areas for all types. 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE tTC)--C 

92CS-22434 

Fig. 2 - Current derating for al/ types. 

COLLECTOR CURRENT IIC)-A 

Fig. 3 - Typical collector-to-emitter saturation-voltage 
characteristics for 2N6246, 2N6247, 2N6248, and 2N6469. 
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2N6246,2N6247,2N6248,2N6469 

-0.01 

<t 
I 
u 
H 

I
Z 
W 
0: 
0: 
:::;J 
U 

0: 
o 
I
U 
W 
...J 
...J 
o 
U 

2 

15 

10 

6 

4 

2 

B 

6 

4 

2 

0.1 

2 4 69 

VCEO MAX.=-40V (2N6469) 

VCEO MAX.~-60V (2N6246) 

VCEO MAX.=-80V (2N6247) 

VCEO MAX.=-IOOV (2N6248) 

2 4 6 B 10 40 60 80 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-223BORI 

Fig. 4 - Maximum operating Meas for all types. 

~ 10 :;~C_O,L_LE_C,T_ORr-rTO,._E,M_'T_TErR_Vr0--;LrTAG---rE _( V_C,El...,·...,-...,.rV-t-r---_t-itl-ji 

I 4r-r--rTTr-r-~r-r_r_T-HHr-r_~HH 

~ 2'r-t--L~~~~J.e .1 1 
2./ N!~> 

~ 10 8 "'~~<9.:'f~E!$!=$=i$~ 
~ . ..~~ 
~ 4 co 1 ~ r,.. '-tt---j---j-t----t 

.ffi 2 i-"'" ~~~/.{>_:_t-T->__i 
~ 10 ! ..... 1' ~'b 

a 

u 
o 1 

" 68 i 4 6 8 2 4 68 2 "6 e 
-0.1 -I -10 

COLLECTOR CURRENT (XC )-A 

4.a 
-100 -0.01 -0.1 -I -10 -100 

COLLECTOR CURRENT IIc)-A 
921:5-21847 

92CS-19576RI 

Fig. 5 - Typical de beta characteristics for 2N6246. 2N6247. 
and2N6469. 

Fig. 6 - Typical de beta characteristics for 2N6248. 
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COLLECTOR-TO-EMITTER VOLTAGE (VCE )·-4V 

-2 

o -0.5 -I -1.5 -2 

8ASE-TO-EMITTER 'VOLTAGE tVBE)- V 
92CS-19579 

Fig. 7 - Typical transfer characteristics for 2N6246. 2N6247. 
2N6248, and 2N6469. . 

BASE-TG-EMITTER VOLTAGEIVaE)-V 
92CS-I9578 

Fig. 9 - Typical inP'!t characteristics for 2N6248. 

COLL.ECTOR-TO-EMITTER VOLTAGE IVcE)-V 

92CS-2184SRI 

Fig. 11 - Typical output characteristics for 2N6248. 

2N6246,2N6247,2N6248,2N6469 

BASE-TO-EMITTER VOLTAGEIVeE)-V 
92CS-195S2 

Fig. 8 - Typical input characteristics for 2N6246. 2N6247. 
and2N6469. 

CASE TEMPERATURE ITC )·2S·C 

-I' 
1-12.5 
" H j -10 

BASE CURRENT 

-5 

\'Ie1· ... eoo mA 

12' 

-400 

-200 

-10 

-50 

-20 

-10 -I' 
COLL.ECTOR -TO-EMITTER VOLTAGE (VCE l-v 

92CS-19577RI 

Fig. 10 - Typical output characteristics for 2N6246. 2N6247. 
and2N6469. 

2S g~i€ETCET~:i:2T-UER~11~;~ =~05loT~GE IVCE)--4 v 

" " I 20 

t- -
./ ........ 

to 15 
/' "-is 

~ 1\ " 10 ... 
0 

~ 
;,l • * ~ 

0 
4 6 • 2 4 . • 2 4 . . 

-0.01 -0.1 -I -10 
COLLECTOR CURRENT IIC)-A 

92CS-1958S 

Fig. 12 - Typical gain-bandwidth product vs. col/ector current for 
2N6246. 2N6247. 2N6248. and 2N8469. 
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2N6246, 2N6247,2N6248, 2N6469 

COLLECTOR CURRENT(IC )-A 
92CS-19!l131 

Fig. 13 - Typical saturated switching characteristics for 2N6246. 
2N6247. 2N6248. and 2N6469. 

~ VCEO!,"'] ~CER!,",I 

~1 *~I: B ABC 0 
~~ -200 -200 
uH .,-
~ 0 -40-60-80-100 0 -45-65-85-105 

8 COLlECTOR-TQ-EMITTER VOLTAGE CVCE)-V 

*PULSE CURRENT (Ip) RANGE= 0.6-0.8 A 

~~EE~UTSJ:~~:gE~OFLJtLGi~ ~~~~~~U~~ ~~D VACBE8~~U=~~:i ~;.~~~~~~~ 
2N6469: POINT "B" FOR 2N6246; POINT "C" FOR 2N6247; AND POINT "D" FOR 
2N6248. 

92CS-24102RI 

Fig. 15 - Oscilloscope display for measurement of sustaining 
voltages (test circuit shown in Fig. 14). 

10 n 
IW 

[Dr---, 
6.3V I I 
60 Hz I 0 I 

1 I 
L ___ .J 

CHOPPER TYPE 
MERCURY RELAY 
P a B JML 81306, 

CLARE I02B,OR 
EQUIVALENT 

Vcc.o-I.n V 

3 mH 
SIGNAL TRANSFORMER 

Co. CH 50 OR EQU~:R! 
1.11,1%,25 W 
(NON-INDUCTIVE) OSCILLOSCOPE 

INPUT 
HEWLETT-PACKARD 

GNO MODEL No 1306 
OR EQUIVALENT 

HOR1Z 

+vcc 

Fig. 14 - Circuit used to measure sustaining voltages 
VCEO(SUS) and V CER(SUS) for all types. 

INPUT, 
PULSE GENERATOR 
TEKTRONIX TYPE 114, 
OR EQUIVALENT 
PULSE DURATION 

"VEE 
-5 TO -2DV 

=20",$ 
REPETITION ~o-----" 

RATE-1kHz 

• VeB~t2 TO +IOV 

,. RC IS CHOSEN FOR IC 

Yee a-20V 

.. VEE ANO Vee ARE MEASURED FOR I61 AND I62 

OUTPUT TO 
OSCILLOSCOPE 
TEKTRONIX 
MODEL 
No. 543A OR 
EQUIVALENT 

lSI AND IS2 ARE MEASURED WITH TEKTRONIX CURRENT PROBE P-6019 
AND TYPE 134 AMPLIFIER,OR EQUIVALENT nCS'195B6R3 

Fig. 16 - Circuit used to measure switching times for 2N6246. 
2N6247. 2N6248. and 2N6469. 

Fig. 17 - Oscilloscope display for measurement of switching times. 
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File Number 523 2N6249,2N6250,2N6251 

4S0-V, 30~A, 17S-W 
Silicon N-P-N Switching Transistors 
For Switching Applications in Industrial and 
Commercial Equipment 

Features: 
• High voltage ratings: 

VCBO = 450 V (2N6251) 
. 375 V (2N6250) 

300 V (2N6249) 

• High dissipation rating: 
PT= 175 W 

• Low saturation voltages 
• Maximum safe-area-of-operation curves 

The 2N6249, 2N6250 and 2N6251 are multiple epitaxial 
silicon n-p-n power transistors. Multiple-epitaxial con
struction maximizes the volt-ampere characteristic of the 
device and provides fast switching speeds. 

These devices use the popular JEDEC TO-204AA package; 
they differ mainly in voltage ratings, leakage-current limits, 
and Vce(sat) ratings. 

The exceptional second-breakdown capabilities and high 
voltage-breakdown ratings make these transistors especially 
suitable for offline inverters, switching regulators motor 
controls, and deflection circuit applications. 

The high gain and high ESib energy-handling capability of 
the 2N6249 make it an excellent choice for motor-control 
applications in which large winding inductances are 
encountered and high surge currents are required to start 
the motor. 

The high breakdown voltages, low saturation voltages, and 
fast-switching capability of the 2N6250 and 2N6251 make 
them especially suitable for inverter circuits operating 
directly off the rectified 115-V power line or a bridge 
configuration operating from the rectified 220-V line. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

* VCBO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• o. 

Vceo(sus) ......................................................... .. 
o VCEX(SUS) (V.E = 0 V) ............................................... . 

VCEA(SUS) (R.E) :S 50 n ............................................. . 
... Veao .•...•........•..•.•....•...•...•.•.••..................•....•. 
°lc ................................................. : ............... . 

IcM ................................................................ . 
01 .................................................................. . 
o PT 

At Tc up to 25·C and VCE up to 30 V .............................. . 

2N6249 

300 
200 
225 
225 

6 
10 
30 
10 

175 
At Tc up to 25·C and VCE above 30 V .............. : ................ ___ _ 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-213AA 

2N6250 2N6251 

375 ,450 
275 350 
300 375 
300 375 
6 6 
10 10 
30 30 
10 10 

175 175 
Derate Linearly at 1 

o TJ, Tot .............................................................. _____ _ -65 to +200 
o TL 

At distances:<: 1/32 in. (O.B mm) from case for lOs max. . . • . . • . ••• .• ______ _ 230 

o 2N-Series types In accordance with JEDEC registration data format (JS-6. RDF-l). 
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2N6249,2N6250,2N6251 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 25"C Unless Otherwise Specified 
TEST 

LIMITS 
CONDITIONS U 
DC DC N 

CHARAC- ~OLT CUR- I 
TERISTIC AGE RENT T 

(V) (A) 2N6249 2N6250 2N6251 S 

VCE IC 18 MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP MAX. 

150 0 - - 5 - - - - - -
ICEO 225 0 - - - - - 5 - - -

300 0 - - - - - - - - 5 

225 - - 5 - - - - - -
* ICEV 300 - - - - - 5 - - - mA 
VB~-1.5 375 - - - - - - - - 5 

* ICEV 225 - - 10 - - - - - -
VBE =-1.5 300 - - - - - 10 - - -
TC= 125°C 375 - - - - - - - - 10 

lEBO - - 1 - - 1 - - 1 mA 
VBE=-6 

* 

* VCEO(sus) 0.2 200b - - 275b - - 350b - - V 

VCER(sus) 0.2 225b - - 300b 
RBE=50n 

- - 375b - - V 

VEBO 6 - - 6 
IE= 1 mA 

* - - 6 - - V 

3 10a 10 - 50 - - - - - -
3 10a - - - 8 - 50 - - -

hFE 3 10a - - - - - - 6 - 50 * 
10a 1 - - 2.25 - - - - - -

VBE(sat) 
10a 1.25 - - - - - 2.25 - - -

V 
10a 1.67 - - - - - - - - 2.25 * 
10a 1 - - 1.5 - - - - - -

VCE(sat) 
10a 1.25 - - - - - 1.5 - - -

V 10a 1.67 - - - - - - - - 1.5 * 
Ihfe l 10 1 2.5 8 - 2.5 8 - 2.5 8 -f= 1 MHz 

* 

ISlb 30 5.8 - - 5.8 - - 5.8 - - A tp = 1s nonrep. 
* 

* ESlb VBE -4 
RB=50n, 10C 2.5 - - 2.5 - - 2.5 - - mJ 
L=50~ 

tr 10 1 - 0.8 2 - - - - - -* 
VCC=200V, 10 1.25 - - - - 0.8 2 - - -
IB1 =-IB2 10 1.67 - - - - - - - 0.8 2 

ts 10 1 - 1.8 3.5 - - - - - -* 
VCC=200V, 10 1.25 - - - - 1.8 3.5 - - - p.s 
IB1=-IB2 10 1.67 - - - - - - - 1.8 3.5 

tf 10 1 - 0.5 1 - - - - - -* 
VCC= 200 V, 10 1.25 - - - - 0.5 1 - - -
IB1=-IB2 10 1.67 - - - - - - - 0.5 1 

R8JC 10 5 - - 1 - - 1 - - 1 °CIW 
• 2N-5eroes types on accordance wIth JEDEC regIstratIon data format (JS-6 RDF-1). 
B Pulsed; pulse duration ';;;300 ,tS. duty factor = 2%. 
b CAUTION: The sustaining voltages VCEO(sus) and VCER(sus) MUST NOT be measured on a curve tracer. 
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100 
8 

2N6249, 2N6250, 2N6251 

CA~E TEMPERATURE ITCI'25"C 

PULSE OPERATION * I ! 

6BI0 681002 

COLLECTOR-TO-EMITTER VOLTAGE IVCEI- V 

Fig. 1 - Maximum operating areas for al/ types at Tc = 25" C. 

4 6 81000 

92C5-19468 

V 

4 ~ ~,-t---~t--j-t-++i VCEO'MAX"200 V 12N6249 H~,--_i-_-o+-+Jt-H-f+,H++l 

, ,! ., .. -, VCEO MAX.' 275 V 12N6250) ~::j:::t::l:tt+t,t-t:tttt1 
2r--,'~-4.t-- ~~~Itt'~ I . I VCEOMAX"350 V 12N62511f-

0.01 ' -: I ~ I'" r-rrrrrrnn --t- .. I' 
.8 10 2 .8'00 

COllECTOR-TO-EMITTER VOLTAGE IVCEI-V 

Fig. 2 - Maximum operating araas for al/ types at Tc = 100" C. 
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2N6249,2N6250,2N6251 

COLLECTOR-TO-EMITTER VOLTAGE 

I-
IVeE) • 3Y 

z 
12 --- I-... z 

::1 ... 
0: ,,- 0:_ 

U ... "", 
I ~ I 5Ou~ 

c~ 
I,zeoc 

It: .. cc .. C 0:-

~5 8 J -to-
2O e t( 

00: ~o: 

~~ E" 00: 

6 CASE TEMPERATUR 90~'" 
(TCI- 25-C u~ 

cz 
V~ ...... ~ c1:1 ..... -," H .. 60"" ::;1- 4 

" 
ul-.. ~ iL 

" >-.. 301-C 
"-z 

t--... 
0 0 

• 4 •• z • •• z 
0.1 I 10 

COLLECTOR CURRENT C1CI-A 
92C5-'9411 

Fig. 3 - Typical normalized dc beta characteristics for al/ types. 

o 

ICIIS =10 (2N62491,BI2N6250 
6 12N6251) 

10 I. 
COLLECTOR CURRENT (Ie)-A 

20 

92CS-1948tRI 

Fig. 5 - Typical collector-to-emitter saturation voltage 
characteristics for al/ types. 

COLLECTOR-lO-EMITTER VOLTAGE lVCE'-V 
92CS-l947'9R1 

Fig. 7 - Typical output characteristics for al/ types. 

o 

Ic/Ia -10 (2.62491, 8 12N62eOI 
612N62.11 

10 15 20 
COLLECTOR CURRENT IIC)-A 

92CS-19460RI 

Fig. 4 - Typical base-to-emiller saturation voltage characterisl/cs 
for al/ types. 
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BASE-lO-EMITTER VOLTAGE tVBE)-V 
92CS-19477 

Fig. 6 - Typical transfer characteristics for al/ types. 

... TRANSISTOR SHOULD 8E OPERATED WITHIN THE 
u LIMITS OF THE CURVE SHOWN IN FIG. I 
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Fig. 8 - Typical thermal response characteristics for al/ types. 



PULSE DURATION = 20 ~s 
REPETITION RATE~500 Hz 
COLLECTOR SUPPLY VOLTAGE (VCC)a200 V 

I CASE TEMPERATURE ITC 1 "25-C 
Iclla =10 (2N6249), 812N62501, 

6 

COLLECTOR CURRENT (IC)-A 9:!CS-19484RI 

Fig. 9 - Typical rlss-time characteristics for aI/ types. 

~. 

REPETITION RATE-SOO Hz 

~~~~E~:~:E!'::U';;'E ~OT~TI~~E5!~CC I- 200 v !!E!lliimm~ml 
:Ial: ~.:r' ~N6249).1.25 A (2N62S0) 

. 
~ 

1 

COLLECTOR CURRENT tIc'-A 
9:!CS-19483QI 

Fig. 11 - Typical storage-time characteristics for aI/ types (with 
constant base drive). 

~. 

REPETITION RATE-SDO Hz 
COLLECTOR SUPPLY VOLTAGE (VCC)-200 V 
CASE TEMPERATURE ITC)-25°C 
XC/IS·IO ,812N6250), 

9:!CS-19489RI 

Fig. 13 - Typical inductlve- and resistive-load fal/-tlme 
characteristics for all types. 

2N6249,2N6250,2N6251 

PULSE DURATION - 20".s 
REPETITION RATE-SaO Hz 
COLLECTOR SUPPLY VOLTAGE (VCC)-200 V 
CASE TEMPERATURE ITc)-25-C 
Ic/IS _IOI2N6249),8(2N62S01, 

COLLECTOR CURRENT (XC 1-A 
92CS-19482RI 

Fig. 10 - Typical storage-time characteristics for all types (with 
constant forced gain). 

~. 
REPETITION RATE-SOC Hz 
COLLECTOR SUPPLY VOLTAGE (Vccl"'200 v ................ , .....•..•.• 
CASE TEMPERATURE ITcl"25-C 
Ic/IS"IOI ,8 (2N62501. 

COLLECTOR CURRENT (IC)-A 92CS-19486RI 

Fig. 12 - Typical fail-time characteristic for all types. 

CLARE MERCURY RELAY 
MODEL No. HGP-1004. 
OR EQUIVALENT 

P.:l son 
112W 

60Hz 

VCEO'''''' \ I\:E"'· ... 

•• n 
2W 

6V 

..----"9---oCHANNEL 
A 

14 mH 42 mH 

.... ---l----OCHANNEL 
B 

.n 
1/2w 

;....---l----oCOMMDN 

o TO 50V 
(SOOmA) 

92CS-I')481 

Fig. 14 - Circuit used to measure sustaining voltage VCEO(SUS) and 
V~ER(SUS) for all types. 
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2N6249,2N6250,2N6251 

~ 
~~ 04r----i~~, 
ul I I I 
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041--+ ..... 4... 

0.2 

'" I I I g 0 '---;2;nOO';-;22!I;.-!''''!IOt-- 225 300 375 

COLLECTOR-TO-EMITTER VOLTAGE IYCE)-Y 

9ZCS-19467RI 

The sustaining voltages VCEO(SUS) and VCEA(sus) 
are acceptable when the traces fall to the right of 
point "A" for type 2N6249, point "S" for type 
2N6250, and point "C" for type 2N6251 (lC = 

0.2 A). 

Fig. 15 - Oscilloscope display for measurement of sustaining 
voltages. 

1:l~1· Ie;, 
.. 0: 1------' -.------L-t----s 
1D!5 

u 

.2tS-1,,"r.. 

TIME 
1'----

I-_--+--'T~r 
OIJ71'UT WAllE FORM 

Fig. 17 - Phase relationship between Input and output currents 
showing reference points for specifications of switching 
times. 

PULSE GENERATOR 
HEWLETT PACKARD IIQDEL 
.... 214A, OR EQUIVALENT 

PULSE. DURATION a 20 ... 
PULSE REPETITION RATE· 500 HE 

-6V 

HCS-IMl8ftl 

Fig. 16 - Circuit used to measure switching times for a/l types. 

I'BI AND 182 MEASURED WITH TEKTRONIX CURRENT PROBE P6019 OR EQUIVALENT 

Fig. 18 - Circuit used to measure Inductive-load switching times 
for a/l types. 
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File Number 1001 2N6282,2N6283,2N6284,2N6285,2N6286,2N6287 

20-Ampere Complementary 
N-P-N and P-N-P Monolithic 
Darlington Power Transistors 
60-80-100 Volts, 160 Watts 
Gain of 2400 (Typ.) at 10 A (2N6282, 2N6283, 2N6284) 
Gain of 3500 (Typ.) at 10 A (2N6285, 2N6286, 2N6287) 

Features: 

• Operates from IC without predriver 

• Monolithic construction 

The 2N6282, 2N6283, and 2N6284 and the 2N6285, 
2N6286, and 2N6287 are complementary n-p-n and p-n-p 
monolithic silicon Darlington transistors designed for 
general purpose amplifier and low-speed switching appli
cations. The high gain of these devices makes it possible 
for them to be driven directly from integrated circuits. 

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

MAXIMUM RATINGS, Absolute-Maximum Values: 

* VCBO ' 

* VCEO(sus) 

* V EBO ' 

* IC' 

* ICM 

* lB' 

* PT 
Tc E;;2SoC 

T C >25OC Derate linearly 

* Tstg, T J 

* TL 
At distances;;'1/16 in. (1.58 mm) from case for lOs max. 

* In accordance with JEDEC registration data. 

• For p-n-p devices, voltage and current values are negative. 
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TERMINAL DESIGNATIONS 

c 

'0' 
92CS- 27511 

JEDEC TO-2D4AA 

• High voltage ratings: 
VCEO(sus) = SO V Min. - 2NS282, 2NS285-

= 80 V Min. - 2NS283, 2NS28S
= 100 V Min. - 2NS284, 2NS287-

Applications: 
• Power switching 
• Hammer drivers 
• Series and shunt regulators 
• Audio amplifiers 

2N6282 2N6283 2N6284 
2N628S- 2NS28S- 2NS287-

60 80 100 V 
60 80 100 V 
5 5 5 V 

20 20 20 A 
40 40 40 A 
0.5 0.5 0.5 A 

160 160 160 W 
0.915 W/C 

-65 to 200 °c 

235 °c 



2N6282,2N628~2N6284,2N6285,2N6286,2N6287 

r------------, 
I I 
I I 
I I 
: I 
I I 
I ".,n "60n I L _________ --1 

92CS-29128 

Fig. 1 - Schematic diagram for 2N6282, 2N6283, 
and2N6284. 

r----------, 
I I 
I I 
I I 
I I 
I I 
I .... n "60n I 
L _________ ..J 

92CS-29129 

Fig. 2 - Schematic diagram for 2N6285, 2N6286, 
and2N6287. 

ELECTRICAL CHARACTERISTICS, at Case Temperature (T C) = 25"C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENl 2N6282 2N6283 2N6284 
CHARACTERISTIC Vdc Adc 2N6285- 2N6286- 2N6287- UNITS 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. 

30 0 - 1 - - - -
ICEO 40 0 - - - 1 - -* 

50 0 - - - - - 1 rnA 
60 -1.5 - 0.5 - - - -

ICEX 80 -1.5 - - - 0.5 - -* 
100 -1.5 - - - - - 0.5 

60 -1.5 - 5 - - - -
TC= 150°C 80 -1.5 - - - 5 - -

100 -1.5 - - - - - 5 

* lEBO -5 0 - 2 - 2 - 2 rnA 

VCEO(sus) O.la 0 60 - 80 - 100 - V * 
3 20a 100 - 100 - 100 -

hFE 3 loa 750 18,000 750 18,000 750 18,000 * 

VCE(sat) 
20a 0.2 -. 3 - 3 - 3 

V loa 0.04 - 2 - 2 - 2 * 
VBE 3 loa - 2.8 - 2.8 - 2.8 V * 
VBE(sat) 20a 0.2 - 4 - 4 - 4 V * 
hfe 3 10 300 - 300 - 300 -
f = 1 kHz 

* 

Ihfel 3 10 4 - 4 - 4 -
f = 1 MHz 

* 

* Cob 
VCB=10V,IEO, 

f=O.1 MHz 
2N6282·84 - 400 - 400 - 400 pF 
2N6285·87 - 600 - 600 - 600 

IS/b 30 5.3 - 5.3 - 5.3 - A t = 1 5, non rep. 

ROJC 1.09 - 1.09 - 1.09 °CIW 

• Pulsed: Pulse duration = 300 MS, duty factor = 1.8%. • For p·n·p devices, voltage and current values are negative. 
• In accordance with JEDEC registration data. 
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2N6282, 2N6283, 2N6284, 2N6285, 2N6286, 2N6287 

COLLECTOR-lO-EMITTER VOLTAGE CYCE)-V 

92CM~29130 

• FOR p-n-p DEVICES. VOLTAGE AND CURRENT VALUES ARE NEGATIVE 

CAS!: TEMPERATURE IT C I-·C 

Fig. 3 - Maximum operating areas for al/ types. 

o 
o 2. 50 75 100 125 150 175 200 

CASE TEMPERATURE (T C I--C 

Fig. 4 - Current derating curve for al/ types. Fig. 5 - Power derating curve for al/ types. 
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Fig. 6 - Typl!:al dc beta characteristics for 
2N6282. 2N6283, and 2N6284. 
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~1Cf'l6 COLLECTOR-To-.EMITTER VOLTAGE IVCE)--3V=t= 
; "r--r--~~I--+--+-rtt--r--r-rr 
i 2 

-0 I 2 4 8 8_ 1 2 4 6 8.'0 

COLLECTOR CURRENT(I C I-A 
4 6 !,oo 

92C$-29133 

Fig. 7 - Typical dc beta characteristics for 
2N6285. 2N6286. and 2N6287. 



2N6282, 2N6283, 2N6284, 2N6285, 2N6286, 2N6287 

IUS COLLECTOR SUPPLY VOLTAGE tVccl-30V 

1 30 
u 

" ~ " 
~ a 20 

~ 

E 15 

g 10 
4r--r--t-rf~~~t-rt~.t~~~~ 

2 r-+--+-t-t+'1=--+"--It--~ "I"l,..'j;tA_T --111-°_lo1+F_' 1+-01+1 

ill o 
o I 2 3 4 ~ 

COLl.ECTOIl- TO-EMITTER SATURATION VOLTAGE 
[VCE I.",]-V 

0.1 2 4 B 10 2 4 6 8100 

COLLECTOR CURRENT IIc )-A 

FOR P-fl-P DEVICES,VOLTAGE AND CURRENT VALUES ARE NEGATIVE 
9'CS-29135 

92CS-29136 
Fig. 9 - Typical switching times for 2N6282, 

Fig. 8 - Typical saturation characteristics for all types. 
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2 4 6. 2 4 .. 2 4 .. 
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COLLECTOR CURRENT {Ie )-A 

92CS-29137 

Fig. 10 - Typical switching times for 2N6285, 
2N6286, and 2N6287. 

V2 

APPOX-rr--+ 12V 
0- - - - 51 v, 

~:Pjlx- l-+-25~. 

t,.tf< 10ni 
DUTY CYCLE. I % FOR td AND Ir • D, IS 

DISCONNECTED AND V2-0 

Vee 
-30 V 

RB a Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
D, MUST BE FAST RECOVERY TYPE 

2N6283, and 2N6284. 

FOR n-p-n TEST CIRCUIT REVERSE DIODE AND VOLTAGE POLARITIES 92CS-29138 

Fig. 11 - Switching times test circuit. 
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File Number 582 

120-V, 10-A, 140-W 
'Silicon N-P-N Planar Transistor 
For Switching Applications in 
Military and Industrial Equipment 
Features: 
• High VCEO(SUS): 120 v 
• Maximum safe-area-of operation curves 
• Low saturation voltage: VCE(sat) :::; 0.5 V 
• Fast switching speed~ 
• High dissipation ratings: Pr = 80 W at 100" C 

= 140Wat25°C 

The type 2N6354- is an epitaxial silicon n-p-n planar 
transistor with a multiple-emitter-site structure. The device 
is supplied in the JEDEC TO-204AA package. 

Typical high-speed switching applications for the 2N6354 
Include sWitching-control amplifiers operated from a 48-V 
(nominal) powersupply, power gates, switching regulators, 
dc-dc converters, and power oscillators. 

- Formerly RCA Dev. No. TA7534. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N6354 

TERMINAL DESIGNATIONS 

c 

'0 
92CS-27516 

JEDEC TO-204AA 

• COLLECTOR-TO-BASE VOLTAGE, Vcao ................................................................................. 150 V 
COLLECTOR-TO-EMITTER VOLTAGE: 
With base open, sustaining, VCEO(SUS) .................................................................................... 120 V 
• With external base-to-emltter resistance (RaE) = 500 n, VCEX .................................... '" ....................... 130 V 

• EMITTER-TO-BASE VOLTAGE, VESO •••••.••••..•..•••••.•......•••.•.•.................••••...•.•.......••........•.••... 6.5 V 
• COLLECTOR CURRENT (Continuous), Ic ................................................................................. 10 A 

COLLECTOR CURRENT (Peak) ................................................................ " ......................... 12 A 
• BASE CURRENT (Continuous), la ....••••.•.•......••........•..••..•.•...•...••......••.••••••••...•....•••......••••.•••.• 5 A 
• TRANSISTOR DISSIPATION, PT 

At case temperatures up to 25·C and VCE up to 25 V ........................................................................ 140 W 
At case temperature of 100·C and Vca of 20 V ......•••.•..•.....•••••.•.......•........••••...•.•...••.•..••••••.....•.•.•. 80 W 
At case temperatures up to 25°C and VCE above 25 V ............................................................... See Figs. 1 & 3 
At case temperatures above 25· C and VCE above 25 V ............................................ " ............. See Figs. 1,2, & 3 

• TEMPERATURE RANGE: 
Storage & Operating (Junction) .................................................................................... -65 to 200·C 

• PIN TEMPERATURE (During Soldering): 
At distance ~ 1/32 in. (0.8 mm) from case for10 s max ............................................. , ........................ 230·C 

• In accordance with JEDEC registration data format JS-6 RDF-1. 
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2N6354 

ELECTRICAL CHARACTERISTICS. At Case Temoerature (TC) = 2fiOC unless otherwise specified. 

TEST CONDITIONS LIMITS 

DC VOLTAGE DC CURRENT 
CHARACTERISTIC SYMBOL 

VCE 

Collector· Cutoff Current. 
ICBO With emitter open 

With base open ICEO 100 

· With base·emitter junction 
reverse·biased ICEV 140 

· At TC = 1250 C ICEV 140 

· Emitter·Cutoff Current lEBO 

· Emitter·to·Base Voltage VEBO 

Coliector·to·Emitter Voltage: · At breakdown, with V(BR)CEO 
base open 

With external base·to 
emitter resistance VCER(SUS)' 
(RBE) S. 100 !2 

· Saturation Voltage: 
Collector· to· Emitter 

VCE(sat) 

Base·to·Emitter VBE(sat) 

· DC Forward Current 2 
Transfer Ratio hFE 2 

Forward·Bias Second· 
25 

Breakdown Collector IS/bc 
Currentd 

45 

Second·Breakdown Energy 
(With base reverse biased, ES/bg 
RBE=51 n, L = 25 IIH) 

· Magnitude of Common 
Emitter, Small,Signal, 
Short·Circuit Forward Ih'el 10 
Current Transfer 
Ratio (f = 10 MHz) 

· Saturated Switching Time: 
(See Figs. 11 & 12) tr 
Rise Time 

Storage Time tSl VCC = 
30 

Storage Time (No Load) tS2 

Fall Time 
tf 

Output Capacitance 
Cabo (f = 1 MHz) 

Thermal Resistance: 
ROJC Ju nction· to· Case 20 

'In accordance with JEDEC registration data format JS-6 RDF-1. 

apulsed: pulse duration ~ 350 liS, duty factor = 2%. 

bCAUTlON: The collector-to-emitter voltages, V(BR)CEO and 
VCER(sus), MUST NOT be measured on a curve tracer. These 

(VI (AI 

VCB VEB VBE IC IB 

150 

0 

0 

0 

.6.5 0 

10 

0.005 

0.2 0 

0.2 0 

sa 0.5 
loa 1.0 
sa 0.5 

loa 1.0 

sa 
loa 

1 5 

1 

5 0.5e 
10 Ie 

5 0.5e 
10 Ie 

0.5 0.5e 

5 0.5e 
10 Ie 

1 

dPulsed; 1-s non-repetitive pulse. 

OIBl = IB2 = value shown. 

fL = 15 mH 

2N6354 UNITS 

MIN. MAX. 

- 5 

- 20 
mA 

- 10 

- 20 

- 5 mA 

6.5 - V 

120b -
V 

130b -

- 0.5 
- 1 

1.3 
V 

-

- 2 

20 150 
10 100 

5.5 -
A 

0.5 -

0.3 - mJ 

B -

- 0.3 
- 1 

- 1 
- 0.6 "S 
- 2 

- 0.2 
- 0.2 

- 300 pF 

- 1.25 °C/W 

voltages should be measured by means of the test circuit shown in Fig.5. 9ESib is defined as tho energy at which second breakdown 
CIS/b is defined as the current at which second breakdown occurs 

at a specified collector voltage with the emitter-base junction 
forward-biased for transistor operation in the active region. 
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occurs under specified reverse bias conditions. ES/b = Y.zU 2 where L is 

a series load or leakage inductance and I is the peak collector current. 
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Fig. 1 - Maximum operating areas. 
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Fig. 2 - Maximum operating areas. 
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2N6354 

NOT[:CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DlSSIPATlDN·LIMITm PORTION 
AND 'SIb-LIMITED PORTION OF MAXIMUM-OPERAnNG 
AREA CURVES.DO NOT DERATE THE SPECIFIED 
VALUE FOR Ie MAX. 

:II!! 
~~'O 
!!I'" 

U·' 
o 25 so 15 100 125 150 175 200 

CASE TEMPERATURE (TC )_·C 
92CS-2012' 

Fig. 3 - Derating curves. 

I~ ffiBRICEO tEERI"'1 
U I ' . 
~U'OO - -+ - .00 - -I- -_. 
~~ AI A' 

u a 120 0 130 

COLLECTOR-TO-EMITTER VOLTAGE (VCEJ-V 

9ZCS-20128 

NOTE: Tho voll.go. V(BRICEO and VCER(,",I 
aro acceptable when the trace falls to the 
right of and above point "A", 

Fig. 5 - Oscil/oscope display for V(BR)CEO and VCER(SUS) 
measurement (test circuit shown In Fig. 5). 

Fig. 7 - Typical output characteristics. 

CHANNEL A 

TO 
TEKTRONIX L :H ~~~tL~.~oci:. 
OR EQUIVALENT 

CHANNELS 

COMMON 

92CS-20119 

Fig. 4 - Circuit used to measure voltages V(BR)CEO and 
VCER(SUS). 
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92CS-20I25 

Fig. 6 - Typical transfer characteristics. 

COLLECTOR-lO-EMITTER VOLTAGE CVCE)-2V _ t-- 96~ hF[ NORMALIZED ABOUT hFE AT 5A AND 25-C 
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0 

~ 
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~ 
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4* 

56 ! r\. 0-
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Fig. 8 - Typical normalized dc beta characteristics. 
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I 
VOLTAGE (VCElsan]-V 

PULSE GENERATOR 
H·P No.ZI4A,OR EQUIY. 

-I 1-220". 

Jl. 
REP. RATE :s 1kHz 

If+··; 
0111 

= 

+25V 

L...-___ ~ 

2N6354 

."". 

DEVICE 
UNDER 
TEST 

92C5-20131 

Fig. 9 - Typical saturation voltage characteristics. Fig. 10 - Circuit used to measure switching times. 

TIME 
INPUT WAVEFORM 

~ 0.5 
;: 
:J 0.4 
if 

~~ 
.. 0.2 

'" ;:: 
... 0.1 en 
0; 

PULSE DURATION = 20,. 
REPETITION RATE:: 1 kHz 
COLLECTOR SUPPLY VOLTAGE (Vee) " 30 V 
CASE TEMPERATURE (Tc)'" HOC 
181 :: 182 " Icl1D 

o 2 • • 
COLLECTOR CURRENT IIc1-A 

I, 

Fig. 11 - Phase relationship betwun input end output currents 
showing reference paints for specification of switching 
times (test circuit shown in Fig. 11). Fig. 12 - Typical rise-and fal/-time characteristics. 

I PULSE DURATION' 20 .. 

1~~~~~'b~~~~L~:~TAG.(VCC)·30V 
I ~.~~~·'li2· :iiO.· .. ' 25'C 

~OLLECTOR 'CURRENT i;)-A 

Fig. 13 - Typical storage-time characteristics. 
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2N6383, 2N6384, 2N6385 

10-Ampere N-P-N Darlington 
Power Transistors 
40-60-80 Volts, 100 Watts 
Gain of 1000 at 5 A 

Features: 
• Operates from Ie without predriver 
• Low leakage at high temperature 

Applications: 
• Power switching • Audio amplifiers 
• Hammer drivers 
• Series and shunt regulators 

The 2N6383. 2N6384. and 2N6385- are monolithic n-p-n 
silicon Darlington transistors designed for low- and 
medium-frequency power applications. The construction 
of these devices provides good forward-bias second-break
down capability; their high gain makes it possible for 
them to be driven directly from integrated circuits. 

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

-Formerly RCA Dev. Nos. TAB349, TAB4B6, and TAB34B. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

"VCBO 
VCER(sus) 

RBE = 100n 

* VCEO(sus) . 

*VCEX 

VBE = -1.5 V, RBB = 100 n 

*VEBO 

"IC. 

ICM 

*IB. 
*PT 

TC";250C 

TC> 25°C 

*Tstg, TJ. 
*TL 

At distances;;;o 1/32 in. (0.8mm) 
from seating plane for las max. 

File Number 609 

TERMINAL DESIGNATIONS 

c 

'0' 
92CS- 27518 

JEDEC TO-204AA 

B :---------, 

I I 
I I 
I I 
I I 
I I L _________ ...J 

E 
92CS-2089IRI 

rig. 1 - Schematic diagram for all types. 

2N6385 2N6384 2N6383 

80 60 40 V 

80 60 40 V 

80 60 40 V 

80 60 40 V 

5 5 5 V 

10 10 10 A 

15 15 15 A 

0.25 0.25 0.25 A 

100 100 100 W 

See Fig.2 

--- -65 to +200 °C 

235 °c 
* In accordance with JEDEC registration data format JS-6 RDF-2. 
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2N6383, 2N6384, 2N6385 

ELECTRICAL CHARACTERISTICS, A t Case Temperature (T C) = 25°C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
CHARAC· 

VOLTAGE CURRENT 
TERISTIC 

Vdc Adc 2N6385 2N6384 2N6383 UNITS 
SYMBOL 

VCE VEB VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. 

80 0 - 1 - - - -
* ICEO 60 0 - - - 1 - -

40 0 - - - - - 1 

SO -1.5 - 0.3 - - - -

60 -1.5 - - - 0.3 - -
*ICEV 40 -1.5 - - - - - 0.3 

mA 
TC = SO -1.5 - 3 - - - -
1500c 60 -1.5 - - - 3 - -

40 -1.5 - - - - - 3 

* IESO 5 0 - 5 - 5 - 5 mA 
* VCEO(sus) 0.2a 0 SO - 60 - 40 -
* VCER(sus) 

0.2a SO - 60 - 40 - V 
RSE=l00n 

VCEV(sus) -1.5 0.2a SO - 60 - 40 -

* hFE 3 5a 1000 20,000 1000 20,000 1000 20,000 
3 lOa 100 - 100 - 100 -

* VBE 
3 5a - 2.S - 2.S - 2.S V 
3 lOa - 4.5 - 4.5 - 4.5 

5a O.Ol a - 2 - 2 - 2 * VCE(sat) lOa O.la - 3 - 3 - 3 V 

VF -10 - 4 - 4 - 4 

* hfe 
f = 1 kHz 5 1 1000 - 1000 - 1000 -

* Ihfel 
f = 1 MHz 5 1 20 - 20 - 20 -

* Cobo VCB IE=O - 200 - 200 - 200 pF 
f = 1 MHz =10 

'Slb 75 0.22 - - - - -
t=l s, 55 - - 0.55 - - - A 

non rep. 30 '3.33 - 3.33 - 3.33 -

ROJC - 1.75 - 1.75 - 1.75 oCIW 

a Pulsed: Pulse duration = 300 MS, duty factor = 1.S%. 

* In accordance with JEDEC registration data format JS·6 RDF·2. 

0: 6 COLLECTOR·TQ·EMITTER VOLTAGE (VeE)· 3 v-... 
~ • 
'" := 2 

i5 10' 
~_ 8 

r-----r- .c a~~ : 
Q- ~~~ l\. 0:0 ~~I ;~ 2 V~q~4C. \\ rl~ ~-<.~~, ... 
Q c;'<>r-'-<' 
-' . 
'" " ii: 2 

1: 10' 
2 • •• 2 • •• 2 • •• CASE TEMPERATURE 1Tcl--C 0.1 100 

92CS·20693 

I 10 
COLLECTOR CURRENTCIC)-A 

Fig.2 - Derating curves for all types. Fig. 3 - Typical dc·beta characteristics for all types. 
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2N6383,2N6384,2N6385 

10 100 
COLLECTOR-lO-EMITTER VOLTAGE (VCE)-V 92.CS-20692R2 

Fig.4 - Maximum operating area for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (VeE)-Y 

IICI-201Se1R2 

Fig.5 - Maximum operating area for all types. 
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"! '-
COLLECTOfl CURRENT (IC)- I A 
COLlECTOR-TO-EMITTER VOLTAGE: IVCE).!5 
CASE TEMPERATURE (TCI-t!5·C 

" 
~ 10' " ~ : 
a 1\ 
~ 
if 

i \. 
\ 

10 \ 
001 

, 6 8 01 , 6. I , . 6 8 10 

FREQUENCY IfI-MHz 

Fig. 6 - Typical small-signal gain for all types. 

I 
~ 

COLLECTOR SUPPLY 'w'CLTAGE (Vccl.20 V 

.5 Io • -IB2 ·ICI500, TC·25·C 

• --- I""-- t.!!... .. , 
z , 

15 

! i--'" P 
I -1""--' 0.' , . 

COlLECTOR CURRENT (Icl-A 
92CS-19920RI 

Fig. 8 - Typical saturated switching-time 
characteristics for all types. 

BASE-lO-EMITTER VOLTAGE IVBE)-V 
92CS-19924RI 

Fig. 10 - Typical transfer characteristics 
for all types. 
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2N6383, 2N6384, 2N6385 

COLL[CTOR-TO-EMITTER SATURATION VOLTAGE 

Fig. 7 - Typical saturation characteristics 
for all types. 

BASE-TO-EMITTER VOLTAGE (VBEI-V 
92CS-19923RI 

Fig. 9 - Typical input characteristics 
for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 
92CS-19923 

Fig. 11 - Typical output characteristics 
for all types. 



2N6383,2N6384,2N6385 

PULSE DURATION 
201'" POSITIVE VOLTAGE 
20 III NEGATIVE VOLTAGE 

REP, RATE-20C H • 

• ::tal AND IDZ ARE MEASURED WITH TEKTRONIX CURRENT 
PROBI: P6019 AND TYPE 154 AMPLIFIER,OR EQUIVALENT 

ttCS-199ZIAI 

Fig. 12 - Circuit used to measure saturated· 
switching-times. 
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~iH;_l .... ;J __ ---t-+--, 

- I ==== 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J 
I 

Fig. 13 - Phase relationship between input current 
and output current showing reference 
points for specification of switching
times (test circuit shown in Fig. 14). 



File Number 610 

10-Ampere N-P-N Darlington 
Power Transistors 

2N6386, 2N6387, 2N6388 

TERMINAL DESIGNATIONS 

40-60-80 Volts, 65 Watts 
Gain of 1000 at 5 A (2N6387,2N6388) 
Gain of 1000 at 3 A (2N6386) 
Features: 

<R';'"lO II J± f' ;: 
TOP VIEW B • Operates from Ie without predriver 

Applications: 

• Power switching • Audio amplifiers 

• Hammer drivers 
• Series and shunt regulators 

The 2N6386, 2N6387, and 2N63888 are monolithic silicon 
n-p-n Darlington transistors designed for low- and medium
frequency power applications. The high gain of these 
devices make it possible for them to be driven directly 
from integrated circuits. The 2N6386 is complementary to 
the 2N6666, the 2N6387 is complementary to the 2N6667, 
and the 2N6388 is complementary to the 2N6668. These 
devices are supplied in the JEDEC TO-220AB (VERSA
WATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
2N6386 

* VCBO 40 
VCER(sus) 

RBE=100n 40 
VCEO(sus) . 40 

* VCEV(sus) 
VBE = -1.5 V 40 

* VEBO 5 

* IC· 8 

ICM 15 

* lB· 0.25 

* PT 
TC ';;;250 C 65 

TC> 25°C 

* Tstg, TJ. . 
* TL At distances ;;'1/8 in. (3.17 mm) 

from case for lOs max. 

* In accordance with JEDEC registration data format JS·6 RDF-2. 
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92CS-39969 

JEDEC TO-220AB 

r-----------., 
I I 
I I 
I I 
i I 
I I 
I .3kn ~l5on I 
L _________ ...l 

92C5- 20691R2 

Fig. 1 - Schematic diagram for al/ types. 

2N6387 2N6388 
60 80 V 

60 80 V 

60 80 V 

60 80 V 

5 5 V 

10 10 A 

15 15 A 

0.25 0.25 A 

65 65 W 
See Fig.2 

-65 to +150 °C 

235 °c 

en 
II: 

II:~ 
Wen 
3:oen 
o.Z 

ct 
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2N6386,2N6387,2N6388 

* 

* 

* 

* 

* 

* 

* 

* 

ELECTRICAL CHARACTERISTICS,At Case Temperature (TC) =2SOC Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT 
2N6386 2N6387 2N6388 UNITS 

SYMBOL Vdc Adc 
VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. 

80 0 - - - - - 1 
ICED 60 0 - - - 1 - -

40 0 - 1 - - - -
80 -1.5 - - - - - 0.3 

ICEV 60 -1.5 - - - 0.3 - - rnA 
40 -1.5 - 0.3 - - - -
80 -1.5 - - - - - 3 

TC=125aC 60 -1.5 - - - 3 - -
40 -1.5 - 3 - - - -

lEBO 5 0 - 5 - 5 - 5 rnA 

VCEO(sus) 0.2a 0 40 - 60 - BO -
VCER(sus) 

0.2a 40 60 BO V 
RBE=100n - - -

VCEV(sus) -1.5 0.2a 40 - 60 - BO -
3 3a 1000 20,000 - - - -

hFE 
3 5a - - 1000 20,000 1000 20,000 
3 Ba 100 - - - - -
3 loa - - 100 - 100 -
3 38 - 2.B - - - -

VeE 
3 5a - - - 2.B - 2.B 

V 3 Ba - 4.5 - - - -
3 loa - - - 4.5 - 4.5 

3a 0.006a - 2 - - - -
VCE(sat) 

5a O.01a - - - 2 - 2 V Ba O.OBa - 3 - - - -
loa O.la - - - 3 - 3 

VF 
-Ba - 4 - - - - V 
-loa - - - 4 - 4 

hfe 
f = 1 kHz 5 1 1000 - 1000 - 1000 -

Ihfel 
f = 1 MHz 5 1 20 - 20 - 20 -

Cab 
VCB = 10V, - 200 - 200 - 200 pF 
f = 1 MHz 

ISlb 
t = 1 s, nan rep. 25 2.6 - 2.6 - 2.6 - A 

R9JC - 1.92 - 1.92 - 1.92 oCIW 

a Pulsed: Pulse duration = 300 IlS, duty factor = 1.8%. 
* In accordance with JEDEC registration data format JS·6 R·DF·2. 

CASE TEMPERATURE tTcl,--C 

Fig.2 - Derating curve for all types. 
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I 
6 COLlECTOR-TO~EMITTER VOLTAGE (VCE)=3V 

4 

... , 
~ ~<~~~, ~ 10e 

!'ij. ~'l-"" 
u_ ." 12f.L~~ 00 

i!i , ... ",~ 
'\ ",,,, " .. <;~.7 

~ 10'-
u ~ 0 
.J 4 

1l 
iL , 
>- lcl ... 

4 0-1 2. 4 6 8 I '2 "6 8 10 2 6 8100 
COLLECTOR CURRENT (ICI.-A 

92.CS-Z0697R2 

Fig. 3 - Typical dc·beta characteristics far al/ types. 
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2N6386, 2N6387, 2N6388 

10R~_. 

0.1 

10 100 
COLLECTOR-TO-EMITTER VOLTAGE (VCEJ-V 

92C5-26901 

Fig. 4 - Maximum operating areas for all types. 

COl.LECTOR CURRENT Ilel: I A 
COLLECTOR-IO-EMITTER VOLTAGE (VeE]= 5 v 
CASE TEMPERATURE (TC)=25e C 

'" 1\ 

\ 

6 0 .1 
j\ , 6 • 10 

FREQUENCY If)-MHz 

15 

'" 12.5 e 
I 
~ 10 

~ 
z 

2.5 

COLL.ECTOR-fO-EMITTER VOLTAGE IVCE}a 3 VJ±E 

BASE-lO-EMITTER VOLTAGE (VSE)-V 

Fig. 5 - Typical small-signal gain for all types. Fig. 6 - Typical input characteristics for all types. 

COLLECTOR-IO-EMITTER VOLTAGE IVCE1-V 
92(5-19925 

Fig. 7 - Typical output characteristics for all types. 
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2.5 

COLLECTOR-IO-EMITTER VOLTAGE (VeE) = 3 V 

BASE-fO-EMITTER VOLTAGE (VSE)-V 

Fig. 8 - Typical transfer characteristics 
for all types. 

en 
II: 

II:~ 
Wen 
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o..Z 
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II: 
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2N6386,2N6387,2N6388 

10 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-2&900 

Fig. 9 - Maximum operating areas for all types at Tc = 1000 C. 

i 
~ .. 
" 

~ 10 

100.2$fIC 

IOO,125"C 

lelia (FORCED hFE)-IOOO 
Tc·IZ'·C 

7 B 
COlLECTOR-TO-EMITTER SATURATION VOLTAGE [VeE (.01 l]-V 

92CS-20894RI 

Fig. 10 - Typical saturation characteristics 
for all types. 
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PULSE DURATION 
20 p.' POSITIVE VOLTAGE 
201&1 NEGATIVE VOL TAG£ 

REP. RATE = 200 Hz 

Re-ZOO Re 

* Ial AND IS! ARE MEASURED WITH TEKTRONIX CURRENT 
PROBE P6019 AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

92.es- 20699RI 

Fig. 11 - Circuit used to measure saturated 
switching-times. 



COLLECTOR SUPPLY VOLTACE NcC)-20V 

3.5 
IO • -182 -IC/500, TC-ZSoC 

3 ---r- r--- t.!l .. s 

t 2 
~ 
2 
~ 

I~ j? 

I 
....... 1---

0.' 
t- !.!L 

I , 3 . 5 6 7 8 • 10 

COLLECTOR CURRENT (IC)-A 
92CS-19920RI 

Fig. 12 - Typical saturated switching-time charac
teristics for al/ types. 
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2N6386, 2N6387, 2N6388i 

~~H:-.--------'-lI;1 
IDa : 

- I 
I 
I 
I 
I 
I 
I 
I 
I 

~ I 
g!; I 
~w. I 

a~ '-___ 11-'1 TIME 

Fig. 13· Pllase relationship between input current 
lind output current showing reference 
points for specification of switching-times. 



2N6420,2N6421,2N6422,2N6423 

High-Voltage Medium-Power Silicon 
P-N-P Transistors 
For High-Speed Switching and Linear-Amplifier Applications 

Features: 
• High voltage ratings: 

VCEO(SUS) = -175 V max. (2N6420.l 
= -250 V max. (2N6421) 
= -300 V max. (2N6422) 
= -300 V max. (2N6423) 

• Large safe-operating area 

File Number 1100 

TERMINAL DESIGNATIONS 

The 2N6420, 2N6421, 2N6422, and 2N6423 are epitaxial 
silicon p-n-p power transistors with high-voltage ratings 
and fast switching speeds. Typical applications for these 
transistors include high-voltage operational amplifiers, 
switching regulators, converters, inverters, deflection stages 
and high-fidelity amplifiers. 

These types are supplied in steel JEDEC TO-213AA hermetic 
packages. 

JEDEC TO-213AA 

MAXIMUM RATINGS, Absolute-Maximum Values: 

·VeBO ............................................ . 
'VCEO(SUS) •..•••••••••••••.••••••••••••••••••••••• 

2N6420 

-250 
-175 

2N6421 

-375 
-250 

'VEeo ••••••••••••••••••••••.••••••••••••.••••••••. ___________ -6 

·Ic ...................•............................ 
-1 ________ _ 

ICM ••••••••••••••••••••••••••••••••••••••••••••••• ___________ -5 

·Ie ...•...........••••••••••..•..•...•••...•....... -1 
PT 

Tc:Sl00oC, Vat550V ........................... ___________ 20 
T c:S 25°C, Vc6AOV ........................... 35 

T c:S 25°C, Vai>40V ........................... See Fi g.1 
T c< 25°C, Vai>40V ........................... See Figs. 1 &3 

·T ..... T J -65 to + 200 
"TL 

At distances ~ 1/32 in. (0.8 mm) 
from case for 10 s max ........................ ___________ 235 

"In accordance with JEDEC registration date 
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2N6422 

-550 
-300 

-2 

2N6423 

-550 
-300 

v 
V 
V 
A 
A 
A 

w 
w 

°C 



2N6420,2N6421,2N6422,2N6423 
ELECTRICAL CHARACTERISTICS,At Case Temperature (TC) = 2~C 

Unless Otherwise Specified 

• 
* 

* 

• 

• 
* 
* 

* 

* 

* 
* 

* 

* 

• 

CHARAC· 
TERISTIC 

ICEO 

ICEX 
2N6421 
2N6422 

ICEX 
Tc=150°C 

lEBO 

hFE 

VBE 

VBE(sat) 

VCE(sat) 

VCEO(sus)b 
2N6421 
2N6422 

ISlb 

Ihfel 
f = 5MHz 
f = 1 kHz 

Cobo 
VCB=10V 
f= 1 MHz 

trC 

tsC 

tf 

TEST CONDITIONS 

VOLTAGE CURRENT 
Vdc Adc 

VCE VSE IC IB 

-150 

-225 1.5 
-340 1.5 
-450 1.5 
-450 1.5 

-225 1.5 
-300 1.5 

6 0 

-10 -0.1a 
-10 -O.sa 
-2 -0.75a 

-10 -0.75a 
-2 -l a 

-10 -1a 

-10 -1a 

-0.75a -0.075 
-18 -0.1 

-0.75a -0.075 
-18 -0.125 

-0.058 0 
-0.058 0 
-0.058 0 

-100 

-10 -0.2 
-30 -0.1 

0 

-0.75 -0.075d 
-1 -0.1d 

-0.75 -0.075d 
-1 -0.1d 

-0.75 -0.075d 
-1 -0.1d 

1 I 
*In accordance with JEDEC registration data. 
apulsed: pulse duration ~ 300 jlS, duty factor oe;;;2%. 
bCAUTION: The sustaining voltage V CEO (sus) 

MUST NOT be measured on a curve tracer. 

2N6420 

Min. Max. 

- -10 

- -1 
- -
- -
- -

- -3 
- -

- -5 

40 -
40 200 

- -
- -
- -
10 -

- -1.4 

- -
- -1.4 
- -
- -5 

-175 -
- -
- -

-0.15 -

2 -
25 350 

- 180 

- -
- -

- -
- -
- -
- -

5 

2·131 

LIMITS 

2N6421 2N6423 Units 2N6422 

Min. Max. Min. Max. 

- -5 - -5 

- - - -
- -1 - -
- -1 - - rnA 
- - - -2 

- - - -
- -3 - -5 

- -0.5 - -0.5 

40 - 40 -
- - - -
- - 10 100 
- - 30 150 

8 80 - -
25 100 - -

- -1.4 - -1.4 

- - -1.8 -
- -1.4 - -
- - - -1 

V - -0.75 - -
- - -300 -

-250 - - -
-300 - - -

1-0.15 - -0.15 - A 

2 - 3 -
- - - -

- 180 - 180 pF 

- - - 0.5 
- 3 - -
- - - 6 
- 4 - /ls -

- - - 3 
- 3 - -

5 [CIW I 
CVCC = -200 V, tp = 20 jlS 

d-IB, = IB2 



2N6420,2N6421, 2N6422, 2N6423 

6 8 I 2 4 6 
-10 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)- V 

92CM-30343 

Fig. 1 - Maximum operating areas for all types. 

"Ua CASE TEMPERATURE (TC)-IOO·C • (CURVE MUST BE DERATED LINEARLY 
4 WITH INCREASE IN TEMPERATURE) 

.. 2 1 1 1 bc- 1 ~ 

.LI I.e MAX·~I.1 ~'b.s" 
(CONTINUOUS) - ~,~ 

" a 'O~ !:! • ... 4 
i!i ~ II' 2 

l~: " U_o.1 <.-. 
II: • "" ... 0 • ~<'(, t; 4 .. I -' I~ -' 

21--VCEO MAX .• -I75 v (2N6420) 0 n " I 
o.o~ I-- VCEO MAX.·-2.0V (2N6421) 

• ~ VCEO MAX. -- 300 V(2N6422.2N6423) 
4 

2 4 • a 2 4 •• 2 • •• -I ·10 -100 -1000 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS- 30342 

Fig. 2 - Maximum operating areas for all types. 
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o 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE OISSIPATION~L'M1TEO PORTION 
AND IS/b-LIMITED PORTlON OF MAXIMUM-OPERATING
AREA CURVES 00 NOT DERATE THE SPECIFIED 
VALUE FOR Ie MAX. 

--. 

25 50 7S 100 125 ISO 175 200 

CASE TEMPERATURE tTC1--c 
92CS-l!5968 

Fig. 3 - Derating curves for all types. 



· COlrCTOYTrii'TTERIVOLTTE IVCEI--5V 
~ 
0 2 

~ CASE TEMPERATURE tTC)= 150"C 

., 1 I'" 

i 100 
TC· 2S o C • 

I-
6 

~ · 1\\ I 2 ., \ ! 10 e · " c 6 

-ODI 2 . 6 • 2 • 6 8 2 . • • -0.1 -I -10 
COLLECTOR CURRENT (I.Cl-A 

92CS-19219 

Fig. 4 - Typical dc beta characteristics for al/ types. 

Fig. 6 - Typical saturation-voltage characteristics 
for aI/ types. 

~ 

I 

... 
" ;: 
~ I f"'-+.';;f.-;4 

~ 

-0.5 -I -1.5 -2 

COLLECTOR CURRENT C1CI-A 
92CS-19U7RI 

Fig. 8 - Typical storage time characteristic for 
all types. 
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2N6420,2N6421,2N6422,2N6423 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)o-IOV 

~ • CASE TEMPERATURE ITc)-2S-C 

" I 
~ 35 

I W I- 30 

I ./ 
:....-

25 

~ 1\ 20 

~ LV \ z 15 

! 10 / \ 
~ , 

5 

2 . . . 2 . •• -0.01 -01 -I 
COLLECTOR CURRENT tIe 1- A 

2 

.~ 
I 

1 
! 
! 

. . . 
-10 

92CS'I~972 

Fig. 5 - Typical gain-bandwidth product for all types. 
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I-z 
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~ 
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BASE-YO-EMITTER VOLTAGE IVBEJ-V 92C5-15974 

Fig. 7 - Typicaitransfercharacteristics for aI/ types. 

COLLECTOR CURRENT (IC1-A 

92CS-159BOR2 

Fig. 9 - Typical turn-on time and fal/-time 
characteristics for aI/ types. 
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2N6420, 2N6421, 2N6422, 2N6423 

CLARE 
MERCURY RELAY 

MODEL No. HGP-1004, 
OR EQUIVALENT CHANNEL A 

TO 
10 HEWLETT- PACKARD 

mH OSCILLOSCOPE 

~ 
MODEL No 503 

~ OR EQUIVALENT 

6 ~ 6 _111"=--____ .... -'VV'v~-C-H-AONNEL B 

~ OT050V 
+ (500 mAl 

COMMON 

3911 6V III 
2W 05W 

92.CS-30340 

Fig. 10 - Circuit used to measure sustaining 
voltage V CEO (sus) for a/l types. 

INPUT: 
HEWLETT· PACKARD 
MODEL No, ?14A,OR 

EQUIVflU '~T 

: ~-;j. 

INPUT FROM 
PULSE GENERATOR 

«PULSE DURATION. 
20IlI.REP. RATEe 

200Hz) 
.. ADJUST Rs FOR 182 AND AC FOR Ie 

OUTPUT TO 
OSCilLOSCOPE 

I TEKTRONIX MODEL 
No.543A,OR 
EQUIVALENT I 

DEVICE 
UNDER 
TEST 

... lBI AND 182 MEASURED WITH TEKTRONIX CURRENT PROBE 
P6019 AND TYPE 134 AMPLiFIEP..OR EQUIVALENT 

92CS-I5977R3 

Fig. 12 - Circuit used to measure saturated switching 
times for a/l types. 
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NOTE: 

I-
Z 
UJ 

-100 I I I 0: I 

ai 
0:'0 -50 
I'!!:! 
0 
UJ 

:l 0 
0 
0 

COLLECTOR- TO-EMITTER 
VOLTAGE (VCE)- V 

~~~~AI~~~~E~OF~LGi~ TVH<'f~I~~ ::~ :ig~T~~~ 
'A' FOR TYPE 2N6420 POINTS '8' FOR TYPE 2N6421 
AND POINTS 'c' FOR TYPES 2N6422 AND 2N6423. 

92CS- 30341 

Fig. 11 - Oscilloscope display for measurement 
of sustaining voltages. 

92CS-1597B 

Fig. 13 - Phase relationship between input current 
and output voltage showing reference 
points for specification of switching 
times. 



File Number 888 

Silicon P-N-P 
Medium-Power Transistors 
General-Purpose Types for Switching Application 

Features: 

• Low saturation voltages 
• Maximum-safe-area-of-operation curves 

The RCA-2N6467 and 2N6468Aare multiple-epitaxial p-n-p 
transistors. These devices differ in voltage ratings and in the 
currents at which the parameters are controlled. All are 
supplied in the JEDEC TO-213AA package. 

AFormerly RCA Dev Nos. TA8710, and TA8709, respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

"'VCBO ••••••••••••••••.•••••••••••••••••••••••••••...•.•••.•••. 

*VCEX(sus) 
VBE =1.5V,RBE =100n ..................................... . 

VCER(SUS) . 
RBE =100n ................................................ . 

VCEo(sus) .................................................... . 
*V EBO •• : •.••..•••••••.••••••••••••••••••••.•••••••••.•••••••••• 

'Ic ........................................................... . 
*IB ............................................................ . 
oPT 

Up to 25°C ................................................ . 
Above 25°C ............................................... . 

*TJ' Tstg •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

*TL 
At distances ~ 1/32 in. (0.8 mm) trom seating 
plane for 10 s max .....•.............•....................... 

'In accordance with JEDEC registration data format JS-6-RDF-2. 
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2N6467, 2N6468 

TERMINAL DESIGNATIONS 

C 
E (FLANGE) 
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92CS·27~16 

JEDEC TO-213AA 

2N6467 2N646.8 
-110 .-130 

-110 -130 

-105 -125 
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-5 -5 
-4 -4 
-2 -2 

40 40 
See Figs. 1, 2 and 3 
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2N6467,2N6468 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TcJ = 25°C unless otherwise specified. 

TEST CONDITIONS 

VOLTAGE CURRENT 
CHARACTERISTIC Vdc Adc 

Vce Vse Ic Is 

IceR -95 
Rae = 1000 -100 

*ICEX -100 1.5 
Rae = 100 0 -120 1.5 

Rae = 1000 -100 1.5 
Tc = 150°C -120 1.5 

-ICEO 
-50 
-60 

'IEao 5 

*hFE 
-4 -1.5a 
-4 -4a 

*VCEO(sus) -0.1a 

VCER(SUS) 
RaE = 1000 -o.1a 

*Vcex(sus) 
RaE = 1000 1.5 -0.1a 

*VaE 
-4 -1.5a 
-4 -4a 

Vce/sat) 
-1.5a -0.15 

-4a -0.8 

*lh,.1 
f = 1 MHz -4 1 

*hfe 

f = 1 kHz -4 0.5 

R0JC 

'In accordance with JEDEC registration data format JS-6 RDF-2. 
apulsed, pulse duration = 300/1s, duty factor = 1.8% 

LIMITS 

2N6467 2N6468 UNITS 

Min. Max. Min. Max. 

- -100 - - pA - - - -100 

- -100 - - pA - - - -100 

- -2 - - rnA - - - -2 

- -1 - - rnA - - - -1 

- -0.1 - -.01 rnA 
15 150 15 150 
5 - 5 -

-100b - -120b -

-105b -125b - -
V 

-110b - -130b -
- -2 - -2 

V - -3.5 - -3.5 

- -1.2 - -1.2 
V - -4* - -4-

5 - 5 -

25 - 25 -
- 4.3 - 4.3 °C/W 

beAUT/ON: Sustaining voltages V CEO(SUS), V CER(SUS), and V CEX(SUS) MUST NOT be measured on a curve tracer. 

~ 1$0 

1125 
Ii 
tz 
1 100 

~~ 
i~ 
~> 

::: 50 

~ 
~ 25 

o 25 50 75 tOO 125 150 175 200 
EFFECTIVE CASE TEMP. OR CASE TEMP. (lEFF OR TCI--C 

92CS-;?1992 

Fig. 1 - Current derating curve for all types. 
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Fig. 2 - Dissipation derating curve for ali types. 



2N6467, 2N6468 
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-I -10 -30 -100 

COLLECTOR-TO-EMITTER WLTAGE (VCEI-V 

Fig. 3 - Maximum operating areas for 2N6467 and 2N6468. 
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Fig. 4 - TYPical transfer charactertSfiCs for 
2N6467 and 2N6468. 
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Fig. 6 - Typical gain-bandwidth product by 
2N6467 and 2N6468. 
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! : ~CTOR:TO;E~~TER IOLTAif IYCEla-4V 

• -CASE TEMPERATURE~. .!. J 0 

5 2 ~J.~~. 

::il 
~~ ........ c 

~ • -4O-c 

~ :~ "' 
§ · "'" ~ ,~ 
i · • 
I · • 
g 

I . . . . . . . . • . .. -0.01 -0.1 -I -10 
COLLECTOR CURRENT 'lei-A 

III 

92C5-265SI 

Fig. 5 - Typical dc beta characteristics for 
2N6467 and 2N6468. 
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Fig. 7 - Typical input characteristics for 2N6467 
and2N6468. 



2N6467,2N6468 

COLLECTOR-TO-EMITTER VOLTAGE IVCEI-V 
92CS-26~65 

Fig. 8 - Typical output characteristics for 2N6467 
and2N6468. 
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I 0.0 
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i 0.' 
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-I 

COLLECTOR SUPPLY VOLTAGE 1Yccl--3QV 
CASE TEMPERATURE (Te)*25-C 

lSI*182 -·e /lO 

-2 -3 -4 

COLLECTOR CURRENT 11CI- A 
92LS-353fiR2 

Fig. 10 _. Typical saturated switching characteristics 
for 2N6467 and 2N6468. 
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92CS-15619AI 

Fig. 9 - Oscilloscope display for measurement 
of switching times for 2N6467 and 
2N6468. 

INPUT: 
HEWLETT-PACKARD 
MOOEL No. 214A OR 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

(PULSE DURATION-
20 ..... ; REP. RATE-

'IIHzI 

-ADJUST Ra FOR ISZ AND Re FOR Ie 

OUTPUT TO 
OSCILLOSCOPE 

TEI(TRONIX MODEL. 

DEVICE 
UNDER 
TEST 

No.S43A OR 
EOUNALENT 

~Bl AND IB2 =:~~~g ~~ 1::!:~~:~,~~rE~~A~ENT 

82tS-24n4 

Fig. 11 - Circuit used to measure saturated 
switching times for 2N6467 and 
2N6468. 



File Number 680 

Medium-Power 
Silicon N-P-N Transistors 
For Intermediate Power Applications 
in Industrial and Commercial Equipment 

Features: 

• Maximum safe-area-of-operation curves for dc 
and pulse operation 

• High voltage ratings 
• Low saturation voltages 

Applications: 

• Series and shunt regulators 
• High-fidelity amplifiers 
• Power switching circuits 
• Solenoid drivers 

RCA 2N6477 and 2N6478~ are silicon n-p-n transistors 
intended for a wide yariety of medium-to-high power, high
voltage applications. These devices, which are voltage 
extensions of the 2N5298 family, are especially useful in ver
tical output stages in color and black-and-white TV. The 
units differ in voltage ratings and in the currents at which 
parameters are controlled. 
The 2N6477 and 2N6478 are supplied in tne JEDEC TO-
220AB plastic package. 

ll.Formerly RCA Dev. Nos. TA8405 and TA8343. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

"COLLECTOR-TO-BASE VOLTAGE .. , _ ................ _ .......... . 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With base open ..... _ ... _ .......... __ . _ ......... _ .... _ ....... . 
With external base-to-emitter resistance (RBE) = 100 n. _ .. _ .......... . 

.. With base reverse-biased (VBE = -1.5 V) .............. _ .......... . 
"EMITTER-TO-BASE VOLTAGE ........•.•...............•........ 
*CONTINUOUS COLLECTOR CURRENT ...•........................ 

PEAK COLLECTOR CURRENT ........•.................•... '.' .. 
*CONTINUOUS BASE CURRENT .•......................•........ 
TRANSISTOR DISSIPATION: • 

.. At case temperature up to 25°C ........................•........ 

.. At case temperatures above 25° C ............................•.... 
At ambient temperatures up to 25°C ............................ . 
At ambient temperatures above 25°C .....•....................... 

*TEMPERATURE RANGE: 
Storage and Operating (Junction) .....................•........... 

*PIN TEMPERATURE (During Soldering): 
At distances;;;' 1/32 in. (0.8 mm) from seating plane for 10 s max. 

*In accordance with JEDEC registration data format JS·6 RDF-2. 
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2N6477,2N6478 

TERMINAL DESIGNATIONS 

92CS-39969 

JEDEC TO-22DAB 

2N6477 2N6478 

VCBO 140 160 V 

VCEO(sus) 120 140 V 
VCER(sus) 130 150 V 
VCEV(sus) 140 160 V 

VEBO 5 5 V 

IC 2.5 2.5 A 
4 4 A 

IB 1 A 

PT 
50 50 W 

See Fig. 2 
1.8 1.8 W 

Derate linearly at 0.0144 W/oC 

-65 to 150 °c 

235 °c 



2N6477,2N6478 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 2~C unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT 
2N6477 2N6478 

UNITS 
Vdc Adc 

VCE VEB VBE IC IB MIN. MAX. MIN. MAX. 

* Collector-Cutoff Current: 
ICEO 

80 0 - 2 - -
With base open 100 0 - - - 2 

With base-emitter 
ICEV 

130 -1.5 - 2 - - mA 
junction reverse·biased 150 -1.5 - - - 2 

AtTC=150oC ICEV 
120 -1.5 - 10 - -
140 -1.5 - - - 10 

* Emitter-Cutoff Current IEaO 5 0 - 2 - 2 mA 

Collector·to·Emitter Sustaining 
Voltage: VCEO(sus) O.l a 0 120 - 140 -

With base open * 
With external base·to·emitter 

VCER(sus) O.la 130 150 V 
resistance (RaE) = 100 n. - -
With base·emitter junction 

VCEV(sus) -1.5 0.1· 140 - 160 -rcversc·biased 

DC Forward·Current Transfer 
hFE 

4 l a 25 150 25 150 
Ratio 4 2.5a 5 - 5 -

Collector·to·Emitter 
VCE(sat) 

1a 0.1 - 1 - 1 
V Saturation Voltage 2.58 0.5 - 2 - 2 

* 

Base·to·Emitter Voltage VaE 
4 1a - 1.8 - 1.8 

V 
4 2.58 - 3 - 3 * 

* Magnitude of Common· Emitter, 
Small-5ignal, Short·Circuit 
Forward·Current Transfer Ratio I hIe I 4 0.5 5 - 5 -
(f = 40 kHz) 

Gain·Bandwidth Product fT 4 0.5 200 - 200 - kHz 

* Common·Emitter, Small·Signal, 
Short-Circuit Forward-Current 

hfe 4 0.1 25 25 
Transfer Ratio - -
(f = 1 kHz) 

Thermal Resistance: 
Junction·to·Case R8JC - 2.5 - 2.5 

°C/W 
Junction·to·Ambient R8JC fU fU 

* In accordance with JEDEC registration data format (JS-6 RDF·2). a Pulsed: Pulse duration = 300 !,S, duty factor = 1.8%. 

CAUTION: The sustaining voltage VCEO(sus), VCER(sus), and VCEV(sus) MUST NOT be measured on a curve tracer. 
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Fig. 1 - Mall/mum operating areas for both types. 

NOTE: CURRENT DERATING 4-T CONSTANT VOLTAGE 
APPLIES ONLY TO THE OISSIPATION-UMITED PORTION 
OF MAXIMUM-OPERATiNG-AREA CURVES (FIG.Il. DO 
NOT DERATE THE SPECIFIED VALUE AlR Ie MAX. 

25 so 75 100 125 leo 170 200 
CASE TEMPERATLAE (TCI- "C 

92CS-19663 

Fig. 2 - Current derating curve for both types. 
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2N6477,2N6478 

4 6 8 1000 

92CS-22440 



2N6477,2N6478 
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Fig. 4 - Typical dc beta characteristics for 2N6477. Fig. 5 - Typical dc beta characteristics for 2N6478. 
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BASE -TO - EMITTER VOLTAGE (VSE1-V 
92CS-19!S1I 

Fig. 6 - Typical input characteristics for 2N6477. 
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Fig. 8 - Typical output characteristics for 2N6477. 
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Fig. 10 - Typical transfer characteristiC$ for 2N6477. 
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2N6477, 2N6478 

BASE-TO-EMITTER VOLTAGE (VBE)-V 

92CS-12645 

Fig. 7 - Typical input charactoristics for 2N6478. 
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Fig. 9 - Typical output charactoristics for 2N647B. 
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Fig. 11 - Typical transfer characteristics for 2N6478. 



2N6486,2N6487, 2N6488, 2N6489, 2N6490,2N6491 File Number 678 

15-A, 75-W, Silicon N-P-N and P-N-P 
Epitaxial-Base 
VERSAWATT Transistors 
Complementary Pairs for General-Purpose Switching 
and Amplifier Applications 

Features: 
• Maximum safe-area-of-operation curves 

TERMINAL DESIGNATIONS 
RCA-2N6486-2N6491 ., inclusive, are epitaxial-base 
silicon transistors. The 2N6486, 2N6487, and 2N6488 are 
n-p-n complements of p-n-p types 2N6489, 2N6490, and 
2N6491, respectively. All these devices are intended for a 
wide variety of medium-power switching and amplifier 
applications, and are particularly useful in high-fidelity am
plifiers utilizing complementary~symmetry circuits. '~'~"1011 Jr' z' 

TOP VIEW B 
These devices are supplied in the TO-220AB (VERSA
WATT) plastic package . 

• Formerly RCA Dev. Nos. TA8325, TA8324, TA8323, TA8328, 
TA8327, and TA8326, respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

"COLLECTOR-TO-BASE VOLTAGE. .• . ... ... . .. VeBo 
COLLECTOR-TO-EMITTER VOLT AGE: 

With 1.5 volts (VBE) of reverse bias, and extemal 
base-to-emitter resistance (RBE) = 100 n ...... VeEx 
With external base-to-emitter 
resistance (RBE) = 100 n .................... VeER 
With base open ................ : ...... '" . .. . VeEo 

"EMITTER-TO-BASE VOLTAGE................ VEBO 
"CONTINUOUS COLLECTOR CURRENT. .. .. .•. Ie 
"CONTINUOUS BASE CURRENT......... .. .. . . IB 
"TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C 
At ambient temperatures up to 25°C 
At case temperatures above 25°C 
At ambient temperatures above 25°C 

"TEMPERATURE RANGE: 
Storage and operating (Junction) ............ . 

"LEAD TEMPERATURE (During soldering): 
At distance ~ 118 in. (3.17 mm) from 
seating plane for 10 s max .................. .. 

N-P-N 2N6486 
P-N-P 2N6489t 

50 

50 

45 
40 
5 
15 
5 

57 
1.8 

92CS·39969 

JEDEC TO-220AB 

2N6487 2N6488 
2N6490t 2N6491t 

70 90 

70 90 

65 85 
60 80 
5 5 
15 15 
5 5 

75 75 
1.8 1.8 

Derate linearly 0.6 
Derate linearly 0.0144 

-65 to +150 

235 

V 

V 

V 
V 
V 
A 
A 

W 
W 

W/OC 
W/oC 

°C 

°C 

" In accordance with JEDEC registration data format JS-6 RDF-2. t For p-n-p devices, voltage and current values are negative. 
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2N6486, 2N6487, 2N6488, 2N6489,2N6490, 2N6491 
ELECTRICAL CHARACTERISTICS, At case temperature (TC) = 2fiOC unleS8 otherwise specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRo 2N6486 2N6487 2N6488 
UNITS CHARACTERISTIC SYMBOL Vdc Adc 2N6489. 2N6490. 2N6491. 

VeE VBE IC Min. Max. Min. Max. Min. Max. 

Collector·Cutoff Current: 35 - 500 - - - -
With external base-emitter ICER 55 - - - 500 - - /lA 
resistance (RBE) = lOOn 75 - - - - - 500 

With base-emitter junction reverse 45 -1.5 - 500 - - - -.. 
biased and external base-to-emitter 65 -1.5 .. - - 500 - - /lA 

.. 
resistance (RBE) = lOOn ICEX 

85 -1.5 - - - - 500 

40 -1.5 - 5 - - - -
AtTC= 150°C 60 -1.5 -- - - 5 - - mA 

80 -1.5 - - - - - 5 

20 - I - - - -
With base open ICEO 30 - - - 1 - - mA .. 

40 - - - - - 1 

Emitter·Cutoff Current lEBO -5 0 - 1 - 1 - 1 mA .. 
DC Forward·Current 4 58 20 150 20 150 20 150 

Transfer Ratio hFE 4 158 5 .- 5 - 5 -

.. 
Collector-ta-Emitter 

Sustaining Voltage VCEO(susl 0.2 40b - 60b - 80b -
With base open .. 
With external base-emitter 

VCER(susl 0.2 45b 65b 85b V resistance IRBEI = lOOn - - -

With base-emitter junction reverse-
biased and external base-ta-emitter VCEX(susl -1.5 0.2 50b - 70b - gOb -
resistance (RaEI = lOOn 

Base-to-Emitter Voltage V BE 
4 58 - 1.3 - 1.3 - 1.3 

V 4 158 - 3.5 - 3.5 - 3.5 
.. 

Collector-to-Emitter -[ I B - 0.5 A 
VCE,sat) 

sa - 1.3 - 1.3 - 1.3 
V Saturation Voltage 18 = 5 A 158 - 3.5 - 3.5 - 3.5 

" 
" Magnitude of Common-Emitter 

Small-Signal Short·Circuit I hfe I 4 1 5 - 5 - 5 -Forward-Current Transfer Ratio: 
f = 1 MHz .. Common-Emitter, Small-Signal, 

Short-Circuit. Forward-Current hIe 4 1 25 - 25 - 25 -
Transfer Ratio (f = 1 kHzl 

Thermal Resistance: 
R6JC Junction-to<ase - 1.67 - 1.67 - 1.67 

°C/W 
Junction-ta-ambient ROJA - - 70 - 70 

.. In accordance with JEDEC registration data format (JS.6 RDF-21. b CAUTION: Sustaining voltages V CEO(sus), V CER(sus). and V CEX(sus) 

a Pulsed; pulse duration = 300 /lS. duty factor = 1.8%. MUST NOT be measured on a curve tracer. 

• For p-n·p devices, voltage and current values are negative. 
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2N6486,2N6487, 2N6488, 2N6489,2N6490, 2N6491 
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Fig. 1 - Maximum operating areas for all typest. 
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Fig. 2 - Derating chart for all types 
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t For p-n-p devices. voltage and current values are negative. 
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2N6486,2N6487,2N6488, 2N6489,2N6490, 2N6491 
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Fig. 3 - Maximum operating areas for all typest. 
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Fig. 5 - Typical de beta characteristics for 2N6486, 2N6487, 
and2N6488. 
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Fig. 7 - Minimum reverse-bias second-breakdown characteristics 
for all typest. 
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Fig. 4 - Typical collector-to-emitter saturation-voltage 
characteristics for all types. 
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Fig. 6 - Typical dc beta characteristics for 2N6489, 2N6490, 
and 2N6491. 

I COl.LECTOR-TO-EMITTER VOl.TAGE (VCE)'"4V 

II CASE TEMPERATURE ITCJ-25° C 

'" 10 

" l-
I • '\. -,:. ./' 

i • 7 

\ 6 

~ • \ 
~ 4 
~ ~ ." 3 

~ 2 \ 
I 

0.01 . • P 01 2 4 , . 2 . , 
COLLECTOR CURRENT (IC)-A !l2.CS-2:2.449 

Fig. 8 - Typical gain-bandwidth product vs. col/ector current for 
all typest. 

t For p-n-p devices, voltage and current values are negative. 
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2N6486, 2N6487,2N6488, 2N6489, 2N6490, 2N6491 
COUECTOR-TO-EMfTTER VOLTAGE _4. 

I~QO .. 
I 
8 
~ 
~ 

I 
I 750 

i .00 

8 .. 
BASE-TO-EMITTER VOLTAGE (VBE'-V 

I'm CASE TEMPERATURE TC -25-C 

.. 
12.' 

.0 

7.5 

... 
0 

w 

IDO 

CU NTIB~mA 

a. 7.5 10 12,5 15 17.5 20 

COLLECTOR-lO-EMITTER VOLTAGE (VCE)-V 

92CS-22801 

Fig. 9 - Typical input characteristics for all typest. Fig. 10 - Typical output characteristics for all typest. 

COLLECTOR-TO-EMITTER VOLTAGE IVCE}-4Y 

.. .. 
I 
~12.5 

o 
0.' ... 

BASE-TO-EMITTER VOLTAGE IVBE)-V 
2.' 

92CS-223SI 

Fig. 11 - Typical transfer characteristics for all typest. 

COLLECTOR CURRENTtlc'-A COLLECTOR CURRENTI1c1-A 
9ZC5-224.50 92CS-19S81 

Fig. 12 - Typical saturated switching characteristics for 
2N6486, 2N6487, and 2N6488. 

Fig. 13 - Typical saturated switching characteristics for 
2N6489, 2N6490, and 2N6491. 

t For p-n-p devices, voltage and current values are negative. 
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2N6486,2N6487,2N6488, 2N6489,2N6490, 2N6491 

RL (NON-INDUCTIVE)· 

:SIl,12W FOR Ie -lOA 
3.75D, 8W FOR Ie· 8A 

5.0., 8W FOR Ie -6A 

7.5 A. 8W FOR Ie· 4A 

0-1'2~V 

-4 TO 
-6V 

=a: +30 V 

92C8-24801 

Fig. 14 - Circuit used to measure switching times for 2N6486, 
2N6487. and 2N6488. 

INPUT. 
PULSE GENERATOR 
TEKTRONIX TYPE 114, 
OR EQUIVALENT 
PULSE DLRATION 

·20~s 

REPETITION >-.------+ 
RATE-IIIHt 

& Ves=+2 TO +10 V 

* RC IS CHOSEN FOR ~c 
.. VEE AM> Yee ARE MEASURED FOR .I.e I ANO .IB2 

OUTPUT TO 
OSCILLOSCOPE 
TEKTRONIX 
MODEL 
No. 5434 OR 
EQUiVALENT 

Is, AOO I.B2 ARE MEASURED WITH TEKTRONIX CURRENT PROBE P-6019 
AND TYPE 134 AMPLiFIER,OR EQUIVALENT 92.CS-19!186R3 

Fig. 16 - Circuit used to measure switching times for 2N6489, 
2N6490, and 2N6491. 

'00 
IW 

:~~z iTo-1 
I I L. ___ ...J 

CHOPPER TYPE 
MERCURY RELAY 
P a B JML 81308, 

CLARE 102e.OR 
EQUIVALENT 

1000 
1/2W 

28 mH 
SIGNAL TRANSFORMER 
Co. CH50 OR EQUIY. 

-FOR N-r-N TYPES 2N6486, 2N6487,AND 2N6488, 
REVERSE POLARITY OF BATTERY AND Vee. 

"CC.O-1.75 V 

OSCILLOSCOPE 
INPUT 
HEWLETT-PACKARD 
MODEL No.130B 
OR EQUIVALENT 

+Vcc 

92CS-2281D 

Fig. 18 - Circuit used to measure sustaining voltages VCEO(SUS), 
VCER(SUS). and VCEX(sus) for al/ types. 
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IS, 

~ w::------T -90% E~ I, I I 
~~ I .1.-----=61-,004 
ou -----l ~---- lif..rt--OUTPU;~'.:VEFORM 

1-.,..-1, ',"""I ~ 
J II Id I, I 
~ '0111;: toft ' 92.(;S-2.4800 

Fig. 15 - Phase relationship between Input and output currents 
showing reference points for specification of switching 
times (test circuit shown In Fig. 14). 

Fig. 17 - Oscilloscope display for measurement for switching times 
(test circuit shown in Fig. 16). 

*PULSE CURRENT Up) RANGE. 0.6-0.8 A 

TH£SUSTAININGVOL TAGUVc£ol_l, VCERI_I.AHD VCExlsul1 ARE ACCEPTASLE WHEN 
THE TRACES FALL TO THE RIGHT AND ABOVE POINT "A" FDR TVPES 2N .... AND 2N&&89: 
POINT "S" FOR ZHIIM87 AND 2N8490: AND POINT "C" FOR 2N1488 AND 2N641J1. 

92CS-22811 

Fig. 19 - Oscilloscope display for measurement of sustaining 
voltages (test circuit shown in Fig. 18). 



2N6530,2N6531,2N6532,2N6533 

8-Ampere N-P-N Darlington 
Power Transistors 
80,100, 120 Volts, 60Watts 
Gain of 1000 at 5 A (2N6530, 2N6532) 
Gain of 1000 at 3 A (2N6533) 
Gain of 500 at 3 A (2N6531) 

Features: Applications: 
• Operate from Ie with- • Power switching 

out predriver - Hammer drivers 
• Low leakage at high - Series and shunt regulators 

temperature - Audio amplifiers 

The 2N6530, 2N6531, 2N6532, and 2N6533- are 
monolithic n-p-n silicon Darlington transistors designed 
for power applications at low and medium frequencies. 
The construction of these devices provides good forward
bias second-breakdown characteristics. Their high gain 
allows them to be driven directly from integrated circuits. 

These devices are supplied in the JEDEC TO-220AB 
(VERSAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N6530 

*VCBO . 80 
VCER(sus) 

RBE = 100 n 80 

VCEO(sus) 80 

*VCEV(sus) 

VBE =-1.5 V 80 

*VEBO 5 

"Ic 8 

ICM ' 15 

"IB 0.25 

oPT 

Up to 25°C. 65 
Above 25°C. 

*TJ , Tstg 

*TL 

At distances;;;' 1/8 in. (3.17 mm) 
from case for lOs max. 

File Number 873 

TERMINAL DESIGNATIONS 

'~'~'"lOIl }e { t 
TOP VIEW B 

92CS-39969 

JEDEC TO-22OAB 

· :---------1 
I I 
I I 
I I 
I .12110 .. loon I L _______ .:.._-1 

Fig. 1-Schematic diagram for a/l types. 

2N6531 , 2N6532 2N6533 

100 100 120 V 

100 100 120 V 

100 100 120 V 

100 100 120 V 

5 5 5 V 

8 8 8 A 

15 15 15 A 

0.25 0.25 0.25 A 

65 65 65 W 
See Fig. 3 

-65 to +150 °c 

235 °c 

* In accordance with JEDEC registration data format JS·6, RDF4. 
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* 

2N6530,2N6531,2N653~2N6533 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T C) ;, 2!PC unless 
otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT 
2N6530 2N6531 

SYMBOL Vdc Adc 
VCE VBE IC IB Min. 

ICEO 
80 0 -

100 0 -

ICEV 
80 -1.5 -

100 -1.5 -

TC = 125°C 
80 -1.5 -

100 -1.5 -
lEBO -5 0 -

3 5a 1,000 

hFE 3 3a -
3 8a 100 

VCEO(sus) 0.2 0 80b 

VCER(sus) 
0.2 80b 

RBE = 100.n 

VCEV(sus) -1.5 0.2 80b 

3 5a -

VBE 3 3a -
3 8a -

3a 0.006 -
VCE(sat) 5a 0.01 -

8a 0.08 -

VF 
sa -

sa -

hfe 5 1 1,000 
f = 1 kHz 

Ihfel 5 1 20 f = 1 MHz 

Cobo 

VCB = 10 V -
f = 1 MHz 

IS/b 24 2.7 
t = 0.5 5, 

nonrep. 

ROJC -
* In accordance with JEDEC registration data format JS·6, RDF4. 

a Pulsed, pulse duration ~ 300 ,"S, duty factor .;;; 2%. 

Max. Min. Max. 

1 - -
- - 1 

0.5 - -
- - 0.5 

5 - -
- - 5 

5 - 5 

10,000 - -
- 500 10,000 

5,000 100 5,000 

- 100b -
- 100b -

- 100b -

2.8 - -
- - 2.8 

4.5* - 4.5* 

- - 3 
2 - -
3* - 3* 

- - 4 
5 - -

- 1,000 -

- 20 -

200 - 200 

- 2.7 -

1.92 - 1.92 

UNITS 

mA 

mA 

V 

V 

V 

V 

pF 

A 

oCIW 

b CAUTION: Sustaining voltages VCEO(susl. VCER(susl, and VCEV(susl MUST NOTbe measured on 
a curve tracer. 
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2N6530,2N6531,2N6532,2N6533 

* 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2!jOC unless 
otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT 
2N6532 2N6533 

SYMBOL Vdc Adc 

VCE VBE IC IB Min. 

ICEO 
120 0 -
100 0 -

ICEV 
120 -1.5 -
100 -1.5 -

TC= 125°C 
120 -1.5 -
100 -1.5 -

lEBO -5 0 -

3 3a -
hFE 3 5a 1,000 

3 Sa 100 

VCEO(sus) 0.2 0 100b 

VCER(sus) 
0.2 100b 

RBE = lOOn 

VCEV(sUS) -1.5 0.2 100b 

3 3a -

VBE 3 5a -
3 Sa -

3a 0.006 -
VCE(sat) 5a 0.01 -

Sa O.OS -
sa -

VF sa -

hfe 5 1 1,000 
f = 1 kHz 

Ihtel 5 1 20 
f = 1 MHz 

Cobo 

VCB = 10V -
f = 1 MHz 

ISIb 
24 2.7 

t = 0.5 s, 
nonrep. 

ReJC -

* In accordance with JEDEC registration data format JS·6, RDF-4. 

a Pulsed, pulse duration = 300 "s, duty factor ..;; 2%. 

Max. Min. Max. 

- - 1 
1 - -

- - 0.5 
0.5 - -

- - 5 
5 - -
5 - 5 

- 1,000 10,000 
10,000 - -
5,000 100 5,000 

- 120b -

- 120b -

- 120b -

- - 2.S 
2.S - -
4.5* - 4.5* 

- - 2 
2 - -
3* - 3* 

- - 4 
5 - -

- 1,000 -

- 20 -

200 - 200 

- 2.7 -

1.92 - 1.92 

UNITS 

mA 

mA 

V 

V 

V 

V 

pF 

A 

°C/W 

b CAUTION: Sustaining voltages VCEO(sus), VCER(sus), and VCEV(sus) MUST NOT be measured 

on a curve tracer. 
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c( 

I 
-u 
t! 
.... z 
UJ 
a: a: 
:::> 
u 
a: 
0 .... 
u 
UJ 
-J 
-J 
0 
U 

2N6530,2N6531,2N6532,2N6533 

CASE TEMPERATURE (TC )=25°C 
(CURVES MUST BE DERATED LINEARLY 
WITH INCREASE IN TEMPERATURE) 

, 

Ii, 

6 8oldd20 2 4 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-24603RI 

Fig. 2-Maximum operating areas for all types at case temperature of 2fjDC. 

: 

6 8 1000 

104 : COLLECTOR CURRENT tIel =\ A 

1\ 

\ 
10 

25 !SO 75 100 125 150 175 200 , ., 
01 

2 04 68 

FREQUENCY (f)-MHZ 
10 CASE TEMPERATURE ITCI_oc 001 

92CS.24609 

Fig. 3-Dissipation derating curve for all types. Fig. 4 - Typical small-signal current gain for all types. 
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2N6530, 2N6531, 2N6532, 2N6533 2N6530, 2N651, 2N6532, 2N6533 

2 4 e, 
01 1 10 

COLLECTOR CURRENT (Iel _A 
12($-""'5111 

Fig. 5 - Typical dc beta characteristics for all types. Fig. 6 - Typical input characteristics for a/l types. 

4 6 8 I 
10 

2 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-24604RI 

Fig. 7-Maximum operating areas for all types at case temperature of 1000C. 
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• 
COLLECTOR-lO-EMITTER VOL:rAGE (VCE)-V 

9ZCS-U614 

Fig. 8 - Typical output characteristics for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (VeE J -3 V 

15O 

4 

1 12.~ 

;; 
-" 

! 10.0 .~ 
~iJ 

TO 
:#" .. ~ 19+1 

e .~ t1.:~ 
~ ,.0 :? ,If] 
8 4-

<I 
2.' 

, 2 3 
BASE-TO-EMITTERVOLTAGEIYSE)-V 

92CS.Z461ZRI 

Fig. 10 - Typical transfer characteristics for all types. 

. 
~ 

~ 

• COLLECTOR SUPPLY YOLTAGE (Vee'- 20 y' 
Is. ~-lB2 -lC /5OO 

---- r--.. • /' r-:: 
/ 

3 

2/ 
, ~ 

"..,.... I 

" --- ". 
" 

I' 
0 

2 345678910 
COLLECTOR CURRENT I leI-A 

9zts_zull 

Fig. 12 - Typical saturated switching-time 
characterictics for all types. 
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2N6530,2N6531,2N6532,2N6533 

4 6 a 0 ~ K ~ e 
COLLECTOR CURRENT (leI - A 

Fig. 9 - Typical saturation characteristics for all types. 

PULSE DURATION 
20,.. POSITIVE YOLTAGE 
20~. NEGATIVE VOL. TAGE 

REP. RATE = 200 Hz 

RS"200 RC 

.... Is. AND Ia2 ARE MEASURED WITH TEKTRONIX CUARENT 
PROBE P6019 AND TYPE 134 AMPLIFIER,OR EQUIVAL.ENT 

Fig. 11 - Circuit used to measure saturated 
switching-times. 

~!z 
fi)~ 

~~'----+-1 t<-=_:.:'O.;.: ... _.....;TIME 

1-_-I~TU'!/tM~FF 

OUTPUT WAVE FORM 

92CS-I39geRI 

Fig. 13 - Phase relationship between input current and 
output current, showing reference points for 
speCification of switching-times. 



2N6542,2N6544,2N6545,2N6546 File Number 1096 

3-, 5-, and 10-A Power-Switching Transistors 
High-Voltage N-P-N Type for Off-Line Power Supplies and Other 
High-Voltage Switching Applications 

Features: 

• 100% High Temperature Tested for 
100°C Parameters 

• Fast Switching Speed 
• High voltage rating 

VCEJ(=350 V 
= 450 V [2N6545) 

• Low Vce[sat) at IC = 3-, 5-, and 10-A 

Applications: 

• Off-Line Power Supplies 
• High Voltage Inverters 
• Switching Regulators 

The 2N6542, 2N6544, 2N6545, and 2N6546 series of silicon 
n-p-n power transistors feature high-voltage capability, fast 
switching speeds, and low saturation voltages, together 
with high safe-operating-area (SOA) ratings. They are 
specially designed for off-line power supplies, converter 
circuits and pulse-width-moduiated reguiators. These 
high-voltage, high-speed transistors are 10o-per-centtested 
for parameters that are essential to the deSign of high
power switching circuits. Switching times, including 
inductive turn-off time, and saturation voltages are charac
terized at 1000 C; as well as at 25° C, to provide information 
necessary for worst-case design. 

TERMINAL DESIGNATIONS 

The 2N6542, 2N6544, 2N6545, and 2N6546 transistors are 
supplied in steel JEDEC TO-204AA hermetic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N6542 
·VCEV 

VBE=-1.5V.................................. 650 
'VeEx (Clamped) 

VBE = -1.5 V .................................. 350 
·VeEo............................................ 300 

2N6544 

650 

350 
300 

c 

'~ 
92C5-27516 

JEDEC TO-204AA 

2N6545 

850 

450 
400 

·VEBO •••••••••••••••••••••••••••••••••••••••••••• ------------ 8 
Ic(sal)........................................ 3 5 5 

'Ie .............................................. 5 8 8 
'leM .......... ,.................................. 10 16 16 
'IB .............................................. 5 8 8 
'PT 

Tc up 10 25DC................................. 100 125 125 
Tc above 25 DC, derale linearly. . ... .. .... .. ... . 0.57 0.714 0.714 

·T .... TJ .......................................... _____ _ -6510200 
*TL 

AI dislance ~ 1/8 in. (3.17 mm) 
from sealing plane for 5 s max ................ , . _____ _ 275 

• In accordance wilh JEDEC regislralion dala. 
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2N6546 

650 V 

350 V 
300 V 

V 
10 A 
15 A 
30 A 
10 A 

175 W 
1 WIDC 

DC 

DC 



2N6542, 2N6544,2N6545, 2N6546 
ELECTRICAL CHARACTERISTICS Te = 2So C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
, 

VOLTAGE CURRENT UNITS I 
Vdc Adc 2N6542 2N6S44 2N6S4S 2N6S46 

VeE VaE Ie la Min. Max. Min. Max. Min. Max. Min. Max. 

ICEV 650 -1.5 - - - 0.5 - 0.5 - - - 1 
! 850 -1.5 - - - - - - - 0.5 - - rnA 

lEBO 
1 

-8 0 1 1 1 1 - - - - - -
VCEo(sus)b - - O.1 a - 300 - 300 - 400 - 300 - V 

hFE 
, 

2 3a 7 35 -- - - - - - -, 

I 

2 - 1.Sa - 12 60 - - - - - -
3 - 5a - - - 7 35 7 35 - -

3 - 2.5a - - - 12 60 12 60 - -
I 

! 
2 - 108 - - - - - - - 6 30 

i 2 - 5a - - - - - - - 12 60 

VBE(sat) I - - 3a 0.6 - 1.4 - - - - - -
I - - 5a 1 - - - 1.6 - 1.6 - -
I 
I - - 108 2 - - - - - - - 1.6 

VCE(sat) - - 3a 0.6 - 1 - - - - - - V 
- - 5a 1 - 5 - 1.5 - 1.5 - -
- - 8a 2 - - - 5 - 5 - -
- - 108 2 - - - - - - - 1.5 

- - 15a 3 - - - - - - - 5 

ISlb t = 1 5 100 - - - 0.2 - 0.2 - 0.2 - 0.2 - A 

fTf = 1 MHz I 10 - 0.2 - 6 28 - - - - - -
10 - 0.3 - - - 6 28 6 28 - - MHz 

10 - 0.5 - - - - - - - 6 28 

Cobof = 1 MHz 10d - - - 50 200 75 300 75 300 125 500 pF 

tde,g - - 3 0.6 - 0.05 - - - - - -
I - - 5 1 - - - 0.05 - 0.05 - -

- - 10 2 - - - - - - - 0.05 
• tre,g - - 3 0.6 - 0.7 - - - - - -

- - 5 1 - - - 1 - 1 - -
- - 10 2 - - - - - - - 1 

pS 
tse,g - - 3 0.6 - 4 - - - - - -

- - 5 1 - - - 4 - 4 - -
I - - 10 2 - - - - - - - 4 

tfe,g - - 3 0.6 - 0.8 - - - - - -

I 
- - 5 1 - - - 1 - 1 - -

I - - 10 2 - - - - - - - -

• In accordance with JEDEC registration data. 
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2N6542, 2N6544, 2N6545, 2N6546 
ELECTRICAL CHARACTERISTICS Tc = 100· C 

TEST CONDITIONS 

CHARACTERISTIC VOLTAGE CURRENT 

LIMITS 

Vdc Adc 2N6542 2N6544 2N6545 2N6546 

VCE VaE Ie la Min. Max. Min. Max. Min. M8X. Min. 

ICEV 650 -1.5 - - - 2.5 - 2.5 - - -
850 -1.5 - - - - - - - 2.5 -

ICER RBE = 50 n 650 - - - - 3 - 3 - - -
850 - - - - - - - - 3 -

VCEX{sus)b,C 

Vcc = 20 V - - 2.68 - 350 - - - - - -
L = 180pH, 

Rc= 0.05 n - - 4.58 - - - 350 - 450 - -
Vclamp = Rated 

VCEX - - 88 - - - - - - - 350 

Vclamp = Rated 

VCEo-100V - - 58 - 200 - - - - - -
- - 88 - - - 200 - 300 - -
- - 158 - - - - - - - 200 

VBE{sat) - - 38 0.6 - 1.4 - - - - -
- - 58 1 - - - 1.6 - 1.6 -
- - 108 2 - - - - - - -

VCE{sat) - - 38 0.6 - 2 - - - - -
- - 58 1 - - - 2.5 - 2.5 -
- - 108 2 - - - - - - -

tal,g - -5 3 0.6 - 4 - - - - -
- -5 5 1 - - - 4 - 4 -
- -5 10 2 - - - - - - -

tlf,g - -5 3 0.6 - 0.8 - - - - -
- -5 5 1 - - - 0.9 - 0.9 -
- -5 10 2 - - - - - - -

RDJC - - - - - 1.75 - 1.4 - 1.4 -

* In accordance with JEDEC registration data. 
8 Pulsed: pulse duration = 300 ps, duty factory:5 2%. 
bCAUTION: The sustaining voltage VCEO{SUS) and VCEX{SUS) MUST NOT be measured on a curve tracer. 
c Vcc = 20 V, L = 180 pH, Rc = 0.05 n 
d VCB value 
e Resistive load, Vcc = 250 V, tp = 100 ps, IB1 = -IB2 
I Inductive load, Vclamp = Rated VCEX{SUS), IB1 = -lc/5, L = 180 pH, Rc = 0.05 n, Vcc = 20·V 
9 For switching speed test methods, see Application Note AN-6820. 
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Max. 

4 

-
5 

-

-

-

-

-
-
-
-
-
1.6 

-
-
2.5 

-
-
5 

-
-
1.5 

1 

UNITS 

mA 

V 

V 

pS 

·CIW 



2N6542, 2N6544, 2N6545,2N6546 

4 e 8110 

COLLECTOR-TO-EMITTER VOLTAGEIVCEI- V 
92CM-30~32 

Fig. 1 - Maximum operating areas for type 
2N6542 (Te = 25°). 

COLLECTOR-TO-EMITTER VOLTAGEIVCEJ- V 

92CM-36202 

Fig. 2 - Maximum operating areas for type 
2N6544 and 2N6545 (Te = 25° C). 
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2N6542,2N6544,2N6545,2N6546 

COLLECTOR-TO-EMITTER VOLTAGEIVCE'- V 
9ZCM-30533 

CASE TEMPERATLItE (TC)--C 

Fig. 3 - Maximum operating areas for type 
2N6546 (TC = 25" ) 
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I-

!ElLIS 

I~ 
~~ .. 
iiJ" V "'l 

i 'j 
0.. . 

0.001 

V 

. . 
0.01 

_ ..... 

./ 

I .... .. •• 
0.. • 

PULSE WDTH Ctp)-' 

I: .... 
.0 

92C8-29981 

Fig. 4 - Dissipation and ISlb derating curves for 
aI/types. 

Fig. 5 - Typical thermal-response characteristics 
for types 2N6542, 2N6544 and 2N6545. 
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10, 
tl • 
I • 2 

I I • • a • ."......-
i . 
I!' 0.1 

8 

~ 8 

• 
I • 

QOI 
2 4 e 8 

0.001 QOI 
24680.124681241810 

PULSE Wiant Up) -. 'les-IOM' 

Fig. 6 - Typical thermal-response characteristics 
for type 2N6546. 

200 COLLECTOR-TO-EMITTER 

~ 
VOLTAGE (VCE)-3V 

il!,00 

~ · l:! · ..... 
c 

~c It .. 
~iit4 Z ... 

~ ~:5 

~ !!i 
'i , 
D 

CASE ITEMPER·/ .... rCI' i ~ , It 

~ ; 
~ 10 
g · " · J J I . . . . 

0.1 I 10 
COLLECTOR CURRENT CICJ-A ttCl-2 •• 82 

Fig. 8 - Typical dc beta characteristics for type 
2N6544. 

~WI COLLECTOR - TO - EMITTER VOLTAGE eVeE) • 3 V 

~ 6 
I 

~ "-<Se J. It • ~~ .... 

I ~ ~~( .. .., K~J 
... • "00. 

I l"- e 

~ 010 
-40.., 

~ 8 
r--. 

f • ~ 
g 

2 4 • • 2 4 . . 
10 100 

COLLECTOR CURRENT (Ie) -A 92CS-303.' 

Fig. 10 - Typical dc bata characteristics for type 
2N6546. 
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2N6542,2N6544,2N6545,2N6546 
gNUe COLLECTOR-TOJMI~r~1 VOLTAGE eVCE)-2V I-f--I--
;; . 
i - I ..,.... 
It • 

IOClf'of ~" CASE '~J- ~ i 
C .~ - ~~ It 

~ 
... 
!;; 
t! 

ot. 

V No.., e ~ !!i L 't 10 
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Fig. 7 - Typical dc beta characteristics for type 
2N6542. 
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Fig. 9 - Typical dc beta characteristics for type 
2N6545. 
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Fig. 11 - Typical collector-ta-emitter saturation 
voltage as a function of collector current 
for types 2N6542 and 2N6544. 



2N6542,2N6544, 2N6545, 2N6546 
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COlLECTOR CURRENTCIC)-A 92CS~:SZ04i5 

Fig. 12 - Typical collector-to-emitter saturation 
voltage as a function of collector current 
for type 2N6545. 
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Fig. 14 - Typical base-to-emitter saturation voltage 
as a function of collector current for types 
2N6542 and 2N6544. 
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Fig. 16 - Typical base-to-emitter saturation voltage 
as a function of collector current for type 
2N6545. 
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COLLECTOR CURRENT (Ie' -Ai 'ZCS.JCB" 

Fig. 13 - Typical collector-to-emitter saturation 
voltage characteristics for typa 2N6546. 
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Fig. 15 - Typical base-to-emitter voltage as a 
function of collector current for types 
2N6542 and 2N6544. 
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Fig. 17 - Typical base-to-emitter voltage as a 
function of collector current for type 
2N6545. 
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Fig. 18 - Typical base-to-emitter saturation voltage 
characteristics tor type 2N6546. 
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COLLECTOR-lO-EMITTER VOLTAGEIVCE'- II 92CS-32048RI 

Fig. 20 - Typical output characteristics for type 
2N6545. 
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COLLECTOR CURRENT (Ie I-A 

Fig. 22 - Typical saturated switching time 
characteristics for type 2N6545. 
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2N6542, 2N6544,2N6545, 2N6546 

COLLECTOR-TO-EMITTER VOLTAGE (VCEl-V 

Fig. 19 - Typical output characteristics for types 
2N6542 and 2N6544. 

I CASE TEMPERATURE ITe '·2s·e 
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92C$-30374 

Fig. 21 - Typical output characteristics tor type 
2N6546. 
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Fig. 23 - Typical saturated switching time 
characteristics tor type 2N6545. 
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2N6542,~N6544, 2N6545, 2N6546 
CASE TEMPERATURE fTC )-25-C 
ISI-14,182-2A 
VCC· 250V 
Ip -20,.. 

If 

I, 

If 

2 3 4 5 6 
COLLECTOR CURRENT (Ie )-A 

Fig. 24 - Typical saturated switching time 
characteristics for type 2N6545. 
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CASE TEMPERATURE 1Tc)-·C 92CS-320.53RI 

Fig. 26 - Typical saturated switching time 
characteristics as a function of case 
temperature for type 2N6545. 
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Fig. 25 - Typical saturated switching time 
characteristics for type 2N6545. 
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capacitance characteristics as a function 
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File Number 2332 

15-Ampere Power-Switching 
Transistor 

Features: 

• 100% High temperature tested for 1000C parameters 
• Fast switching speed 
• High voltage rating VCE)( = 450V 
• Low VCE(sat) at IC = 2- and 3- A 

Applications: 

• Off-line power supplies 
• High-voltage inverters 
• Switching regulators 

The 2N6547 silicon n-p-n power transistor features high
voltage capability, fast switching speeds, and low satu
ration voltages, together with high safe-operating-area 
(SOA) ratings. They are particularly suited for off-line 
power supplies, converter circuits, and pulse-width-modu
lated regulators. These transistors are tested for parame
ters that are essential to the design of high-power switching 
circuits. 

These devices are supplied in the JEOEC TO-204AA 
hermetic packages. 

MAXIMUM RATINGS (TA = 25·C) (unless otherwise specified) 

RATING 
Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter Base Voltage 

Collector Current - Continuous 
Peak 

Base Current - Continuous 
Peak 

Total Power Dissipation ~ TO = 100°C 
TO= 25°C 

Derate above 25° C 
Operating and Storage 
Junction Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case 
Maximum Lead Temperature for Soldering 
Pu oses: W' from Case for 5 Seconds 

SYMBOL 

VCEO 

VCEl< 

VEBO 

IC 
ICM 

IB 
IBM 
Po 

TJ, TSTG 
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2N6547 

TERMINAL DESIGNATION 

JEDEC TO-204AA 

-2N6547 UNITS 
400 Volts 

450 Volts 

9 Volts 

15 A 
30 

10 A 
20 
100 Watts 
175 

1 W/oC 

-65 to +200 ·C 

°CIW 

·C 



2N6547 
ELECTRICAL CHARACTERISTICS (Tc = 25°C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

OFF CHARACTERISTICS(1) 

Collector-Emitter Sustaining Voltage 
(Ic = 100mA) 

Collector-Emitter Sustaining Voltage 
(Ic = B.OmA, Vclamp = Rated VCEX, TC = 100°C) 
(Ic = 15A, Vclamp = Rated VCEO -100V, Tc = 100°C) 

Collector Cutoff Current 
(VCEV = Rated Value, VBE(off) = -1.5V) 
(VeEV = Rated Value, VBE(off) = -1.5V, TC = 100°C) 

Collector Cutoff Current 
(VeE = Rated VeEv, RBE = 50n, Te = 100·C) 

Emitter Cutoff Current 
(VEB = 9.0V) 

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased 
Clamped Inductive SOA with Base Reversed Bias 

ON CHARACTERISTICS(I) 

DC Current Gain 
(Ie = 5A. VCE = 2V) 
(Ie = 10A. VCE = 2V) 

Collector-Emitter Saturation Voltage 
(Ie = 10A, IB = 2A) 
(Ie = 15A, IB = 3A) 
(Ie = 10A,IB = 2A, Te = 100°C) 

Base-Emitter Saturation Voltage 
(Ie = 10A, IB = 2.0A) 
(Ie = 10A, IB = 2.0A, Te = 100°C) 

SWITCHING CHARACTERISTICS 

Resistive Load 
Delay Time Vee = 250V, Ie = 10A 

Rise Time IB1 = -IB2 = 2A, tp = 100p,s 

Storage Time Duty Cycle < 2.0% 

Fall Time 

100 

70 TJ = 150°C 

z 50 
;;: 
'" .... 3D ::'l 
II: 
II: 

20 ::J .... .... 
c 

~ 
10 

-...,......, ....... 

2~OC "'- I' 

I ..:..:::: ~ ~ t--. 
I ...... ~ 

-55°C 1\\ - -
7.0 VCE = 2.oV 

'1 IIII 
VCE = 10V 

I -.- I ....... 5.0 
0.2 0.3 0.5 1.0 2.0 3.0 5.0. 7.0 10 

IC. COLLECTOR CURRENT lAMP) 

FIGURE 1 - DC CURRENT GAIN 

20 

VCEO(sus) 400 - - Volts 
.-

VCEX 450 - - Volts 
300 - - Volts 

ICEV - - 1 mA 
- - 4 

leER - - 5 mA 

lEBO - - 1 mA 

SEE FIGURE7 
SEE FIGURE8 

hFE 
12 - 60 -
6 - 30 

VCE(Sat) 
- - 1.5 V 
- - 5 
- - 2.5 

VBE(sat) I 
- - 1.6 V 

I - - 1.6 

Id - - 0.05 p,s 

tr - - 1 

ts - - 4 

tf - - 0.7 

iJ'~50L ~ 2.0 

o 
~ 
~ 1.6 

~ 
c 
;;; 1.2 IC = 2.oA r-- 5.oA 10A-r- 15A -
i: 
~ ti: 0.8 
o .... .... 
j 0.4 
o .... 
W .... 
> 0 

\.. 

0.07 0.1 

\ 
\ \ -r-... 

0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 

IC. COLLECTOR CURRENT lAMP) 

FIGURE 2 - COLLECTOR SATURATION REGION 
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2N6547 
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2N6547 
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File Number 1152 

15-Ampere N-P-N Darlington 
Power Transistors 
60, 90, 120 Volts, 120 Watts 
Gain of 2000 at 4 A 

Features: 

• Operates from Ie without predriver 
• Low leakage at high temperature 

Applications: 

• Power switching III Audio amplifiers 

• Hammer drivers 
• Series and shunt regulators 

The 2N6576, 2N6577, and 2N6578 are monolithic n-p-n 
silicon Darlington transistors designed for low- and 
medium-frequency power applications. The construction 
of these devices provides good forward-bias second-break
down capability; their high gain makes it possible for 
them to be driven directly from integrated circuits. 

All types utilize the steel JEDEC TO-204AAI TO-3 her
metic package. 

MAXIMUM RATI NGS, Absolute-Maximum Values: 

.. VCBO · . 

* VCEO(susl 

* V EBO · 
* IC· 

ICM . 
* lB· . 
* PT 

TC "25°C 
TC >250C 

* Tstg• TJ . . 

* TL 
At distances ;;'1/32' in.·(0.8 mml from seating 
plane for 10 s max.. . . . . . . 

* In accordance with JEDEC registration data. 
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2N6576,2N6577,2N6578 

TERMINAL DESIGNATIONS 

JEDEC TO-204AA 

-----------, 
I 
I 
I 
I 
I 
I 

Fig. 1 - Schematic diagram for ali types. 

2N6576 2N6577 2N6578 

60 90 120 V 

60 90 120 V 
7 V 

15 A 
30 A 

0.25 A 

120 W 

See Fig. 2 
-65 to 200 ___ °c 

235 °c 



2N6576, 2N6577, "2N&578 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T C) = 2!PC Unless Otherwise Specified 

CHARAC-
TEST CONDITIONS LIMITS U 

TERISTIC VOLTAGE CURRENT N 

SYMBOL Vdc Adc 2N6576 2N6577 2N8578 I 
T 

* 

* 

* 

* 
* 
* 

* 

* 

* 

* 
* • 
* 

ICBO 

ICEO 

ICER 
RBE = 10K 
TC=150oC 

ICEX 

TC=1750 C 

lEBO 

VCEO(sus) 

hFE 

VBE(sat) 

VCE(sat) 

VF 

hfe 
f=1 MHz 

tdC 

trc 
tsC 
tfC 

ISlb 
t=l s, 
non rep. 

ROJC 

VCE VEB VBE IC 

soa 
90a 

120a 

60 
90 

120 

60 
90 

120 

60 -1.5 

90 -1.5 
120 -1.5 

7 0 

0.2b 

3 O.4b 
3 4b 
3 lOb 
4 15b 

10 O.1 b 
15 0.15b 

lOb 
15b 

-15 

3 3 

10 
10 
10 
10 

20 

• In accordance with JEDEC registration data. 
a VCB value. 

IB MIN. 

-
-
-

0 -
0 -
0 -

-
-
-
-

-
-
-

0 60 

200 
2000 
500 
100 

-
-

0.1 -
0.15 -

-

4 

0.1 -
0.1 -
O.ld -
O.ld -

6 

-

b Pulsed: Pulse duration = 300 ,.. •• duty factor = 1.8%. 
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"MAX. MIN. MAX. MIN. MAX. S 

0.5 - - - -
- - 0.5 - -
- - - - 0.5 

1 - - - -
- - 1 - -
- - - - 1 

'rnA 
5 - - - - --

- - 5 - -
- - - - 5 _. 

5 - - - -
- - 5 - -
- - - - 5 

7.5 - 7.5 - 7.5 rnA 

- 90 - 120 - V 

- 200 - 200 -
20000 2000 20000 2000 20000 
5000 500 5000 500 5000 
- 100 - 100 -
3.5 - 3.5 - 3.5 

V 
4.5 - 4.5 - 4.5 

2.8 - 2.8 - 2.8 
4 - 4 - 4 V 

4.5 - 4.5 - 4.5 

40 4 40 4 40 

0.15 - 0.15 - 0.15 
1 - 1 - 1 
2 2 2 

p.s - -
7 - 7 - 7 

- 6 - 6 - A 

1.46 - 1.46 - 1.46 °C/W 

c V CC = 30 V. tp = 300,.. •• duty cycle = 2%. 

d 181 =-IB2. 
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NOTE· CURRENT DfRATING AT CONSTANT 
VOLTAGE APPLIES QIILY 10 THE DISSIPATION
LIMITED PORTION AND THE IS/b -LIMITED 
PORT'ON QF MAX'MI1MOi'ERAliNG AREA E 
~I!:cr.~~~~.'t~~ ~~~.TJ c T~~X 

'''' CASE TEMPERATURE tTC1-·C 

Fig. 2 - Derating curves for all types. 

2N6576, 2N6577, 2N6578 
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COCCECTOR CURRENTlICI-A 

2 

Fig. 3 - Typical dc-beta characteristics for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI- V 

Fig. 4 - Maximum operating areas for all types. 

92CM-31128 

COlLECTOR SUPPLY VOL.TAGE IVcC)-20 V .. I. • -182 -Ie/SOO, TC-Z'·C I 

• 

---""" I'- r!!... 2.' 

2 

! ~II I.' I!S" ! V , ..... -I'-~ 0.' , 
, , . , 

8 9 10 

COLLECTOR CURRENT IIc)-A 
92CS-19920RI 

Fig. 5 - Typical saturated switching time 
characteristics for all types. 
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i 
~125 

2.' 

I 2 • 
BASE-TO-EMITTER VOLTAGE (VSE)-V 

92CS-19924RI 

Fig. 6 - Typical transfer characteristics for all types. 



2N6576, 2N6577, 2N6578 

COL.I.ECTOR-TO-EMITTER VOl.TAGE !VCEI-V 

Fig. 7 - Typical output characteristics for al/ types. 

FREQUENCY \f)-MHl 

Fig. 9 - Typical small-signal gain for all types. 

PULSE DURATION 
20 ... POSITIVE VOLTAGE 
20,,* NEGATIVE VOLTAGE 

REP. RATE. 200 Hz 

... IB, AND Ia2 ARE MEASURED WITH TEKTRONIX CURRENT 
PROBE P6019 AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

92CS-31129 

Fig. 77 - Circuit used to measure saturated-switching 
times. 

COLLECTOR-lQ-EMITTER SATURATION VOLTAGE 

92CS-208!16 

Fig. 8 - Typical saturation characteristics for al/ types. 

BASE-TO-EMITTER VOLTAGE IYSEI-Y 
92CS- t992'3RI 

Fig. 70 - Typical input characteristics for al/ types. 

92C5-13996IU 
OUTPUT WAVE FORM 
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2N6609, MJ15004, RCA9116C, RCA9116D, RCA9116E File Number 1061 

Silicon P-N-P Epitaxial-Base 
High-Power Transistors 
Rugged Devices, Broadly Applicable For Industrial and 
Commerical Use 

Features: 
• High-dissipation capability 
• Low saturation voltages 
• Maximum safe-area-of-operation curves 
• fT = 2 MHz 
• High gain at high current 

Applications: 
• Series and shunt regulators 
" High-fidelity amplifiers 
" Power-switching circuits 
• Solenoid drivers 

The 2N6609, MJ15004, RCA9116C, RCA9116D, and 
RCA9116E are ballasted epitaxial-base silicon p-n-p 
transistors featuring high gain at high current. They may be 
used as com plements to the n-p-n types RCA3773, MJ 15003. 
RCA8638C. RCA8638D, and RCA8638E. respectively. 

They differ in voltage ratings and in the currents at which 
the parameters are controlled. All are supplied in the steel 
JEDEC TO-204AA packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N8809 MJ15004 

·VCBO ••••••• ~ ••••• ~ ••••••••••••••••••• 

VeEX(SUS) 
VOE = -1.5 v; ROE = 100 0 ••.•••••••••. 

VeER(SUS) 
ROE = 1000 ••.••••.•••••..•••••.••• 

* VeEo(SUS) •••••••••••••••••••••••••••• 
* Veao •.••.•••••••••••.••.•••..••••.•.• 
* Ie .••.•••.••.•••••.••.••..••.•••.•.••• 
* 10 •••••••••••••••••••••••••••••••••••• 

• PT 
AtTeS25°C ...•.••.••.••••••.••••• 
At Tc > 25°C Derate Linearly ••.••••• 

* T .... TJ ............•.................• 
* TL 

At distance 2: 1/32 In. (0.8 mm) from 
seating plane for 10 S max .••••.••••• 

-160 

-160 

-150 
-140 
-7 
-16 
-4 

150 
0.857 

265 

-140 

-150 
-140 

250 
1.43 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

RCA9118C RCA9118D RCA8116E 

-140 -120 -100 

-150 -130 -110 
-140 -120 -100 

-5 
-200 
-5 

200 200 200 
1.14 

-65 to +200 

230 

* 2N-type in accordance with JEDEC registration data format JS25RDF1. Issue 1. 
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2N6609, MJ15004, RCA9116C, RCA9116D, RCA9116E 
ELECTRICAL CHARACTERISTICS, at Case Temperature (T cJ = 25°C Unless Otherwise Specified 

* 
* 

* 

* 

'" 
'" 

* 

* 
* 

* 

TEST CONDITIONS 

VOLTAGE CUR· 
CHARAC· Vdc RENT 
TERISTIC Adc 

VCE VBE IC 

ICBO -16Q11 
-14Q11 

ICEX -140 1.5 

ICEX -140 1.5 
TC = 150°C 

ICEV -140 1.5 

ICEV -140 1.5 
TC= 150°C 

ICED -140 
IB= 0 

-120 

lEBO 
-7 
--5 

hFE -4 -Bc 
-4 -16c 
-2 -5c 
-2 -10c 

VCEX(sus)b 1.5 -0.2 
RBE = lOOn 

VCER(sus)b 
-0.2 

RBE";; loon 

VCEO(sus)b -0.2 

VEBO 0 
IE=-l mA 

-4 -8c 

VBE 
-2 -5C 

VCE(sat) 
IB="-3.2A -16c 

=-0.8A -sc 
=-0.5A -5c 

ISlb -100 
tp= 1 s -50 
nonrep. 

Ihfel 
f= 0.05 -4 -1 

=0.5 MHz -10 -0.5 

fT 

hfe -4 -1 
f= 1 kHz 

Cob -1oa 
f=O.l MHz 

R8JC -10 -10 

See page 3 for footnotes. 

LIMITS 

UNITS 
2N6609 MJ15004 

Min. Max. Min. Max. 

- -4 - -
- -2 - -1 

- - - -0.1 

- - - -2 

- -2 - - mA 
- -10 - -

- - - -0.25 

- -10 - -

- -5 - -
- - - -0.1 

15 60 - -
5 - - -

- - 25 150 
- - 10 -

-160 - - -

-150 - -150 -

-140 - -140 -

-7 - -5d -

- -2.2 -, - V 

- - - -2 

- -4 - -
- -1.4 - -
- - - -1 

-1.5 - -1 -
- - -5 - A 

4 - - -
4 - 4 -
2 - 2 - MHz 

40 - - -

- 1000 - 1000 pF 

- 1.17 - 0.7 °C/W 
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2N6609, MJ15004, RCA9116C, RCA9116D, RCA9116E 
ELECTRICAL CHARACTERISTICS, at Case Temperature (T cJ = 25"C 
Unless Otherwise Specified (Cant' d) 

TEST CONDITIONS 
LIMITS 

VOLTAGE CUR-
CHARAC- Vdc RENT RCA9116C RCA9116D RCA9116E 
TERISTIC Adc 

VCE VSE IC Min. Max. Min. Max. Min. Max. 

-14Oa - -1 - - - -

ICBO -120a - - - -1 - -
-100a - - - - - -1 

ICEX 
-140 1.5 - -1 - - - -
-120 1.5 - - - -1 - -

ICEX -140 1.5 - -5 - - - -
TC=150°C -120 1.5 - - - -5 - -

ICEO -70 - -1 - - - -
IB=O -60 - - - -1 - -

lEBO --5 - -1 - -1 - -1 

hFE -2 -5c 25 150 25 150 - -
-2 -7.5c - - - - 10 100 
-2 -10c 10 - 10 - - -

VCER(suslb 
-0.2 -150 - -130 - -110 -

RSE';;100n 

VCEO(susl b -0.2 -140 - -120 - -100 -

VEBO 0 -5 - -5 - -5 -
IE=-l mA 

VSE -2 -7.5c - - - - - -3 
-2 -5c - -2 - -2 - -

VCE(satl 
IS=-0.75A -7.5c - - - - - -1.5 

=-0.5A -5c - -1 - -1 - -
ISlb 
tp = 1 s -35 -5.71 - -5.71 - - -
nonrep. -25 - - - - -8 -

Ihfel -10 -0.5 4 - 4 - 4 -
f = 0.5 MHz 

fT 2 - 2 - 2 -
Cob -loa - 1000 - 1000 - 1000 

f = 0.1 MHz 

ROJC -10 -10 - 0.875 - 0.875 - 0.875 

• 2N·types in accordance with JEDEC registration data format JS25 RDF1, Issue 1. 

UNITS 

mA 

V 

A 

MHz 

pF 

°C/W 

a VCB b CAUTION: Sustaining voltages VCEX{susl. VCER{sus). and C Pulsed; pulse duration = 300,,5, 
V CEO (sus) MUST NOT be measured on a curve tracer. See duty factor = 1.8%. 
Figs. 8 and 9. d Measured at IE = -0.1 mAo 
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2N6609, MJ15004, RCA9116C, RCA9116D, RCA9116E 

2 
'40 

COLLECTOR-TO-EMITTER VOLTAGEIVCEI-V 
92CS-30076RI 

Fig. 1 - Maximum operating areas for all types. 

25 50 75 100 125 ISO 175 200 
ClSE TEMPERATURE n'c)--C 

Fig. 2 - Current derating curve for a/l types. 

COLLECTOR CURRENT (Icl-A 92CS-~7e 

Fig. 4 - Typical saturation voltage characterlstll;ls for all types. 

g, 
_0.012 46.Bo .• 2 4 Ii 8_ 1 2 46!, 2 4 6!IOO 

COLLECTOR CURRENT (I.C)-A 92CS-30077 

Fig. 3 - Typical dc beta characteristics as a function of collector 
current for all types. 

Fig. 5 - Typical input characteristics for al/ types. 

2-176 



2N6609, MJ15004, RCA9116C, RCA9116D, RCA9116E 

Fig. 6 - Typical transfer characteristics for all types. Fig. 7 - Typical saturated-switching times for all types. 

27a.2W 

6 SERIES-CONNECTED 
J. W. MILLER NO. 2881. 
OR EQUIVALENT 

OSCILLOSCOPE INPUT 
HEWLETT-PACKARD 
MODEL NO. 1308. 

CLARE MERCURY RELAY 
MODEL NO. HGP-I045 
OR ECUIVALENT 

~ 
120V 
SOH, 

1.5 

VCEO(SUs) 0 

OR EQUIVALENT 

+-----0 HORIZ. 
In 
NON. IND. 

t--t----<l)GND 

""'----0 VERT. 

VCEX(SUS) 

l-2lmH FOR VCEO(sUS) 
AND VeER (sus) 

Lo: 7mH FOR VCEX (sus, 

R-Ioon 

o TO 50V 
(500 mAl 

Fig. 8 - Circuit used to measure sustaining voltages VCEO(SUS). 
VCE.(SUS). and VCEX(SUS) for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

VeE 

VeER( .... ) 
OR 

VCEX (sus) 
Xe 

o ... <7..,...---- ~ 

VCEO{SUS) 

0: 

~i 
~o 
lilt! 
..J 
..J 

XeS 

NOTE: The surbllnl~ VOlaoglll Vceo(sl.lll. VCER(MlII or, VCEXC",sj are 
aa.eptab ........ thetr_till .. tot ... lefland .. lawpc .. n1 N AN .(Forvalu .. 
of tumnt Ind vallage, _ Eltd:r,caI Char_,SIIIs. 92CS -30144 

92.CS-15619RI 

Fig. 9 - Oscilloscope display for measurement of sustaining 
voltages. (Test circuit shown In Fig. 8). 

Fig. 10 - Oscilloscope display for measurement of switching times 
for all types. 
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File Number 1013 

10-Ampere P-N-P Darlington 
Power Transistors 
40-60-80 Volts, 70 Watts 
Gain of 1000 at 5 A 

Features: 
• Operates from Ie without predriver 

Applications: 
• Power switching • Audio amplifiers 

• Hammer drivers 
• Series and shunt regulators 

The 2N6648, 2N6649 and 2N6650· are monolithic silicon 
p-n-p Darlington transistors designed for low- and medium
frequency power applications. The high gain of these devi
ces makes it possible for them to be driven directly from 
integrated circuits. They are complementary to the 2N6383, 
2N6384, and 2N6385A . 

The 2N6648, 2N6649, and 2N6650 are supplied in hermetic 
steel JEDEC TO-204AA packages. 

• Formerly RCA Dev. Nos. TA8351. TA8488, and 
TA8350, respectively. 

A Technical data for 2N6383. 2N6384. and 2N6385 
are given in RCA bulletin File No. 609. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

* VCBO ..•.•.••••..••..••.....•. - •••• 

VCER(sus) 
RBE =100n .................... . 

* VCEO(sus) •••••.•••...•...•... - •••• 

VCEV(sus) 
VBE=-1.5V .••...••••.••••.•.••• 

* VEBO ••..•.•••..••.••••..••.•••.••. 

* IC ..••..•.•..•.•.••.••••.•••••••••• 

ICM ••.•••••••••••••...••.........•. 

* IB •••.••.••••••.•••...•.••..•.••••• 

* PT 

2N6648 
-40 

-40 
-40 

-40 

-5 
-10 

-15 

-0.25 

2N6648, 2N6649, 2N6650 

TERMINAL DESIGNATIONS 

c 

'0' 
9KS- 275'1 

JEDEC TO-204AA 

r----------, 
I I 
I I 
I I 
I I 
I I L _________ ..J 

E 
92CS-20863RI 

Fig. 1 - Schematic diagram for all types. 

2N6649 
-60 

-60 

-60 

-60 

-5 
-10 

-15 

-0.25 

2N6650 
-80 V 

-80 V 

-80 V 

-80 V 

-5 V 
-10 A 
-15 A 
-0.25 A 

TC";;; 25°C ••.••...•.••.••.•.••••• 
T C > 25°C •.•••.•.•.• Derate linearlv 

70 70 
_____ 0.56 

70 W 
WPC 

* Tstg• TJ .••.••••••••••••••••••••••• 

• TL 
At distances ;;;. 1/32 in. (0.8 mm) from 

°c -65 to +150 -----

seating plane for 10 s max. • •••••.••• 
_____ 235 ____ _ 

°c 

* In accordance with JEDEC registration data format (JS-6 RDF-4) 
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2N6648, 2N6649, 2N6650 

'" 
'" 

* 

ELECTR ICAL CHARACTE R ISTICS, A t Case Temperature (Tcl = 2t;OC Unless Otherwise Specified 

TEST CONDITIONS 

CHARACTERISTIC VOLTAGE CURRENT 
2N6648 Vdc Adc 

VCE VaE Ie la MIN. MAX. 
ICEO -40 0 - -1 

":60 0 - -
-80 0 - -
-40 1.5 - -0.3 

ICEV -60 1.5 - -
-80 1.5 - -
-40 1.5 - -3 

TC = 150°C -60 1.5 - -
-80 1.5 - -

IE80 5 0 - -10 

VCEO(sus) -0.28 0 -40 -
VCER(SUS) 

-0.28 -40 -R8E = lOOn 

VCEV(sus) 1.5 -0.28 -40 -
hFE -3 -58 1000 20,000 

-3 -108 100 -

VSE -3 -58 - -2.8 
-3 -108 - -4.5* 

-58 -0.01 8 - -2 
VCE(sat) -108 -0.18 - -3* 

VF 108 - 4 

hfe 
f = 1 kHz -5 -1 1000 -

Ihfel 
f = 1 MHz -5 -1 20 -

ISlb -35 -1 -
t = 1 s, -25 -2.8 -
nonrep. 

ROJC - 1.75 

* In accordance with JEDEC registration data format (JS·6 RDF-4J. 

a Pulsed: Pulse duration = 300/ls, duty factor = 1.8%. 

LIMITS 

2N6649 2N6650 UNITS 

MIN. MAX. MIN. MAX. 
- - - -
- -1 - - rnA 
- - - -1 

- - - -
- -0.3 - -
- - - -0.3 

- - - -
- -3 - -
- - - -3 
- -10 - -10 rnA 

-60 - -80 -
-60 - -80 - V 

-60 - -80 -
1000 20,000 1000 20.000 
100 - 100 -
- -2.8 - -2.8 
- -4.5* - -4.5* V 

- -2 - -2 
- -3* - -3* V 

- 4 - 4 V 

1000 - 1000 -

20 - 20 -
-1 - -1 -

-2.8 - -2.8 - A 

- 1.75 - '1.75 °cm 

I • COLLECTOR-TO- EMITTER VOLTAGE I VCE): 3V 

4 
II: I .l ... 2 ... 

2 ~c.,.~' ffi 
~_I08 

a~ ~ ,..'i;'l' 

Co ~~~~ ~!;i 2 ,..~~ 11 
11:11: (, ... o;,~/ 1,\ fZ I~ 
0 8 
C 6 

.J 4 .. 
0 
iL 2 
>- .!.!! ... 

2 4 6 8 2 4 • 8 2 4 • 8 
CASE TEMPERATURE 1TCI-·C 0·1 I 10 100' 

9ZCS-20696RI COLLECTOR CURRENT (I:C)-A 
92CS- 20697R2 

Fig.2 - Derating curve for all types. Fig. 3 - Typical dc beta characteristics for all types. 
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2N6648, 2N6649, 2N6650 

-o .. :'~ ~1111. 
:~IMAXI~-40V 

-10 I 
COLLECTOR-lO-EMITTER VOI..TAGE (YCEI-V 

92CS-29323 

Fig. 4 - Maximum operating areas for all types. 

2 "'I 1 .. 6. I .. 68 2: .. 61 2" 18 2 
0,001 0.01 0.1 I 10 10 

FREQUENCYlfI-MH, BASE-lO-EMITTER VOL.TAGE lVatl-V 

Fig. 5 - Typical small-signal gain for aI/ types. Fig. 6 - Typical input characteristics for all types. 

-I -3 
BASE-TO-"M'TT£R VOL.TAGE IVeEI-Y 

COLLECTOR-lO-EMITTER VOLTAGE IVCE1-V 92CS-20872RI 

Fig. 7 - Typical output characteristics for all types. Fig. 8 - Typical transfer characteristics for aI/ types. 
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2N6648,2N6649,2N6650 

-O~.I ...... 

-10 
CQLLECTQR-TO-EMITTER 

Fig. 9 - Maximum operating areas for all types at Tc = 100·C. 

·12 

., -2 -3 -4 

COLLECTOR-TO-EMITTER SATURATION YOI..TAGE [VCEIHt~~ 

92CS-20814 

Fig. 10 - Typical saturation characteristics for all types. 

COLLECTOR SUPPLY VOLTAGE (Vccl--20V 
'.4 .la1-ra-lc/t5OD ,Tc·ZS-C ,-

1.2 --K I --- --~ ...... 1' 
;. 0.8 

! ...... 1"- i" ! 0,6 

" K 0." 
0 ""'- .!to-

_ ... 
0-2 

0.1 

-I ' • f • 9"_10 
COLLECTOR CURRENT (lei-A 

UtS- 2086aRi 

Fig. 12 - Typical saturated switching-time charac
teristics for all types. 
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Izes- 2':521 

Fig. 11 - Circuit used to measure saturated 
switching times. 

nCI-leU7 

Fig. 13 - Phase relationship between input current 
and output current showing reference 
pOints for specification of switching times. 



File Number 1069 

10-Ampere P-N-P Darlington 
Power Transistors 
40-60-80 Volts, 65 Watts 
Gain of 1000 at 3 A (2N6666) 
Gain of 1000 at 5 A (2N6667, 2N6668) 

Features: 
• Operates from Ie without predriver 

Applications: 
- Power switching - Audio amplifiers 
- Hammer drivers 
- Series and shunt regulators 

The 2N6666, 2N6667 and 2N6668- are monolithic silicon 
p-n-p Darlington transistors designed for low- and medium
frequency power applications. The high gain of these devi
ces makes it possible for them to be driven directly from 
integrated circuits. They are complementary to the 2N6386, 
2N6387 and 2N6388A 

These devices are supplied in the JEDEC TO-220AB (VER
SAWATT) plastic package. 

-Formerly RCA Dev. Nos. TA8204. TA8487 and 
T A8203. respectively. 

ATechnical data for 2N6386·2N6388 are given in 
RCA Bulletin File No. 610. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N6666 
• VCBO ••••••••••••••••••••••••••••••.• -40 

VCER(sus) 
RBE = 100 n ...................... . -40 

VCEO(sus) •••••••••••••••••••••••••••• -40 
VCEV(sus) 

VBEa-l.5V •••••••••••.•••••••••••• -40 
• VEBO ••••••••••••••••••••••••••••••• 
• IC .••.••.....•.....•••••••.•...••.•. 

ICM ••..•••...••••••••...•.•...•••... : ~ .................................. . 
T TC oe;;;;250C ••••••••••••••••••.••••• 

T C > 25°C ••••••••••• derate linearly 

-5 
--8 
-16 

-0.25 

65 

~ Tstg• TJ ••••••••••••••••••••••••••••• 

TL 
At distances ;;;. 1/8 in. (3.17 mm) 

2N6666,2N6667,2N6668 

TERMINAL DESIGNATIONS 

92CS-39969 

JEDEC TO-22OAB 

r----------, 
I I 
I I 
I I 
I I 
I I 
I I L _________ ..J 

E 
92CS-20863RI' 

Fig. 1 - Schemtltic diagram for all types. 

2N6667 2N6668 
-60 -80 V 

-60 --80 V 
-60 -80 V 

-60 -80 V 
-5 -5 V 
-10 -10 A 
-16 -16 A 

-0.25 -0.25 A 

65 65 W 
0.52 wflc 

-65 to +150 --- °c 

from case for 10 s max. • •••••••••••••• ____ 235 -----

"n accordance with JEDEC registration data format (J5-6 RDF-4). 
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2N6666,2N6667,2N6668 
E lECTR ICAl CHARACTERISTICS, A t Case Temperature (TC) = 2fiOC Unless Otherwise Specified 

TEST CONDITIONS 
CHARACTERISTIC VOLTAGE CURRENT 

2N6888 
SYMBOL Vdc Adc 

VCE VBE Ic IB MIN. MAX. 

ICEO -80 0 - -
-flO 0 - -
-40 0 - -1 
-80 1.6 - -

* ICEV -60 1.5 - -
-40 1.5 - -0.3 

TC=1250 C -80 1.5 - -
-60 1.5 - -
-40 1.5 - -3 

IE80 5 0 - -10 

VCEO(sus) -0.2a 0 -40 -• 
VCER(sUS) 

-0.2a -40 RBE = lOOn -

VCEV(sus) 1.5 -0.2a -40 -
-3 -3a 1000 20,000 

hFE -3 -5a - -
-3 -8a 100 -
-3 -loa - -
-3 -3a - -2.8 

VBE 
-3 -5a - -
-3 -8a - -4.5 
-3 -108 - -

-38 -0.0068 - -2 

VCE(sat) 
_58 -O.Ola - -
-8a -0.08a - -3 * 
-loa -O.la - -

VF 
8a - 4 
loa - -

hfe 
f = 1 kHz -5 -1 1000 -

* Ihfel 
f = 1 MHz -5 -1 20 -

ISlb 
-20 -3.2 t = 1 s, nomep. -

ROJC - 1.92 

aPulsed: Pulse duration = 300 /015. dutY factor = 2%. 
*In accordance with JEDEC registration data format IJ5-6 RDF-4). 

-0.1 
CASE TEMPERATURE 1TC)_ec 

92CS-Z0696RI 

Fig. 2 - Derating curve for all types. 
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LIMITS 

2N6667 2N6668 UNITS 

MIN. MAX. MIN. MAX, 

- - - -1 
- -1 - -
- - - -

-0.3 
mA - - -

- -0.3 - -
- - - -
- - - -3 
- -3 - -
- - - -
- -10 - -10 mA 

-60 - -80 -

-60 - -80 - V 

-60 - -80 -
- - - -

1000 20,000 1000 20,000 
- - - -

100 - 100 -
- - - -
- -2.8 - -2.8 

V - - - -
- -4.5 - -4.5 
- - - -
- -2 - -2 

V - - - -
- -3 - -3 
- - - -

V 
.- 4 - 4 

1000 - 1000 -

20 - 20 -

-3.2 - -3.2 - A 

- 1.92 - 1.92 °C/W 

468 468 2 4 6 e 
-I -10 -100 

COLLECTOR CURRENT (:t.c1- A 
92CS-20B8!1R2 

Fig. 3 - Typical dc beta characteristics 
for all types. 



2N6666, 2N6667, 2N6668 

92CS-50192 

Fig. 4 - Maximum operating areas for all types at T c = 250 C. 

o . COLLECTOR CURRENT CIe' --IA 

"~~4+~-++H-+-++H-+-++H-+-++H , 
2 468241824882411, 24682 

0.001 0.01 0.1 I 10 10 
FREQUENCYUI-MH, 

IICS- 20817' 

Fig. 5 - Typical small-signal gain 
for all types. 

-< -e 
COLLECTOA-TO~EMITTER VOLTAGE (Yr.E1-V 

Fig. 7 - Typical output characteristics 
for all types. 
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I 

BASE-TO-EMITTER VOLTAGE IVBE1-V 
IICS-loelIRI 

Fig. 6 - Typical input characteristics 
for all types. 

17~ COLLECTOR-lO-EMITTER VOLTAGE IVeE) --3 v 

,. 

7.' 

2.' 

BASE-lO-EMITTER VOLTAGE (YBEJ-V 
ftCS-14907RI 

Fig. 8 - Typical transfer characteristics for all types. 



2N6666, 2N6667, 2N6668 

-10 -60 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 92CS-30193 

Fig. 9 - Maximum operating areas for all types T c = 100° C. 

-12 

-I -2 -, -0 

CDLLECTOR-TO-EMITTER SATURATION VOLTAGE [VCEba'~-v 

92CS-20874 

Fig. 10 - Typical saturation characteristics 
for all types. 

COLLECTOR SUPPLY VOLTAGE IVccl--20V 
1.4 181-182-1c/500,TC-25-C ,--

1.2 .......... 
I 

K 

;,. 0,8 ~ ~ ...... '" 
I t--~ 

~ 0.6 

f"'" 
._. 

0.0 

............. !.to- I--~ 
0.2 

0.1 

f-

r-. 
>< 

-I . 6 7 B 9 -10 

COLLECTOR CURRENT lIe I-A 
92eS-lOGGeRI 

Fig. 12 - Typical saturated switching-time 
characteristics for all types. 
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Fig. 11- Phase relationship between input 
current and output current showing 
reference points for specification 
of switching times. 

h':i.~1ETICS PULSE tBt 
GENERATOR MODEL 
No. PG-3I, OR 
EQUIVALENT 

PULSE DURATION 
20,.._ POSITIVE VOLTAGE 
20", NEGATIVE VOLTAGE 

REP. RATE '200 Hz 

... 'I81 AND IB2 ARE MEASURED WITH TEKTRONIX CURRENT 
PROBE P6019 AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

92C5- 20944RI 

Fig. 13 - Circuit used to measure saturated 
switching times. 



2N6671,2N6672,2N6673 

5-A SWitchMd 
Power Transistors 
High-Voltage N-P-N Types for Off-Line 
Power Supplies and Other High-Voltage 
Switching Applications 

Features: 

• High-temperature parameters guaranteed 
• Fast switching speed 
• High voltage ratings: Applications: 

File Number 1090 

TERMINAL DESIGNATIONS 

c 

'0' 
92CS- 27515 

VCEX = 350 V to 450 V • Off-line power supplies JEDEC TO-204AA 
• Low VCE (sat) at Ic = 5 A • High-voltage inverters 
• Steel hermetic TO-204AA package • Switching regulators 

The 2N6671, 2N6672, and 2N6673" SwitchMax series of 
silicon n-p-n power transistors feature high-voltage capability, 
fast switching speeds, and low saturation voltages, together 
with high safe-operating-area (SOA) ratings. Theyarespecially 
designed for use In off-line power supplies and are also well 
suited for use In a wide range of inverter or converter circuits 
and pulse-width-modulated regulators. These high-voltage, 
high-speed transistors are 1 OO-per-cent tested for parameters 
that are essential to the design of Industrial high-power 

"Formerly RCA8767, RCA8767A, and RCA8767B, respectively. 

switching circuits. Switching times, including inductive turn
off time, and saturation voltages are guaranteed at 125°C to 
provide information necessary for worst-case design. 

The 2N6671, 2N6672, and 2N6673 series transistors are 
supplied In steel JEDEC TO-204AA hermetic packages. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

* vCEV 
VeE =-1.5V ..•.....•........•••..... 

* VCEX (Clamped I 
V eE = -1.5 V .......•.•.•.•.••........ 

: ~~~~ ::::::::::::::::::::::::::::::::::: 
'" :~(~t.I.:::: ::::::::::::::::::::::::::::::: 
'" :~M ... ::::::::::::::::::::::: ::::: ::: ::::: 
'" PT 

TC up to 25°C ..••••..•••.•.•.••..•.•.• 
T C above 25°C. derate linearly ••.•.•...•.• 

'" Tstg, TJ ...•..•.•.•..............•.....• 

'" TL 
At distance ;;;. 1116 in. (1.58 mml from 
seating plane for lOs max. 

'" In acccrdance with JEDEC registration data. 

2N6671 

450 

350 
300 

2-186 

2N6672 2N6673 

550 650 V 

400 450 V 
350 400 V 
8 V 
5 A 
8 A 
10 A 
4 A 

150 W 
0.86 WPC 

--65 to 200 °c 

235 °c 



ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 
CHARAC· VOLTAGE CURRENT 
TERISTIC Vdc Adc 

VeE I V BE Ie I IR 

450 -1.5 
* 'CEV 550 -1.5 

650 -1.5 

'EBO -8 0 

* VCEO(sus)D 0.2a 0 

* hFE 3 5a 

* VBE(sat) 5a 1 

5a 1 
VCE(sat) 

8a 4 

* VCEX b 
(Clamped ES/b) -5 5 le 
L=170 pH, -5 8 3e 
RBB=5 n 

'Slb 25 6 

* Ihfel f 5 MHz 10 0.2 

fT 10 0.2 

* Cobo f=O.l MHz 10c 
.. tdd 5 1 

t rd 5 1 

tsd 5 le 

tfd 5 l e 

tc 
VCC=125 V, 
L=170 pH, 5 l e 
RC=25 n 
Collector clamped 
to VCEX 

450 -1.5 
* 'CEV 550 -1.5 

650 -1.5 

* V CE(satl 5a 1 

* t rd 5 1 

* tsd 5 le 

* tfd 5 le 

* tc 
VCC=125 V, 
L=170 pH, 5 l e 
RC=25 n 
Collector clamped 
to VCEX 

* I ROJC 

* In accordance with JEDEC registration data. 
a Pulsed: pulse duration = 300 /.IS, duty factor':;;; 2%. 
b CAUTION: The sustaining voltage VCEO(sus) 

2N6671 

Min.1 Max. 

- 0.1 
- -
- -
- 2 

300 -

10 40 

- 1.6 

- 1 

- 2 

350 -

200 -

1 -
3 12 
15 60 

50 300 

- 0.1 

- 0.5 

- 2.5 

- 0.4 

- 0.4 

- 1 
- -
- -
- 2 

- 0.8 

- 4 

- 0.8 

- 0.8 

and VCEX MUST NOT be measured on a curve tracer. 

2-187 

2N6671, 2N6672, 2N6673 

LIMITS 

2N6672 2N6673 UNITS 

Min.1 Max. Min.1 Max. 

- - - -
- 0.1 - - mA 
- - - 0.1 
- 2 - 2 

350 - 400 - V 

10 40 10 40 

- 1.6 - 1.6 

- 1 - 1 

- 2 - 2 
V 

400 - 450 -
250 - 300 -

1 - 1 5 

3 12 3 12 
15 60 15 60 MHz 

50 300 50 300 pF 

- 0.1 - 0.1 

- 0.5 - 0.5 

- 2.5 - 2.5 

- 0.4 - 0.4 
ps 

- 0.4 - 0.4 

- - -
-. 1 - - mA 
- - - 1 
.. 2 - 2 V 

- 0.8 - 0.8 

- 4 - 4 

- 0.8 - 0.8 
ps 

- 0.8 - 0.8 



2N6671, 2N6672, 2N6673 

... 
z ... 
II! 
:::> 
u 

~ 
iii 
~ 0.1 
8 8 

0.01 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI- V 92CM-29979RI 

Fig. 1 - Maximum operating areas for all types (Tc: 25°C). 

COLLECTOR-TO-EMITTER VOLTAGE(VCEI-V 
92CM-29980RI 

Fig. 2 - Maximum operating areas fora/ltypes (Tc:100'C). 
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2. 

~ ~ ~ ~ ~ ~ ~ ~ m ~ 
CASE TEMPERATURE (TC)-'"C 

92CS·Z883!1 

Fig. 3 - Dissipation and ISlb derating curves for 
all types. 

200 COLLECTOR-TO-EMITTER 
0 VOLTAGE (VCE'· 3 V 

~ 
'" ;'00 · 
;l · ~c 

f-i-
... 
I-~. 
~~ 2~ 

~ ~-

~ · CASE TEMPERATURE (Tel --~ 1\ i ~ ~ 10 
1 I 1-11 

g ~ " · · 1 I 1 . . . . . . . 
D.' '0 

COLL.ECTOR CURRENT (ICI-A 

Fig. 5 - Typical dc beta characteristics for all types. 

'0 
COLLECTOR CURRENT IIc)-A 

12CS-29ga. 

Fig. 7 - Typical base-to-emitter saturation voltage as 
a function of collector current for all types. 
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2N6671, 2N6672, 2N6673 

2 

oj 
:a I 

I- r-; · ... 1/ 1;;" • 
V ~r 

~~ 4 

fl'" V !:! 

1 

oj 
il! 'v ~ 

0,' 
2. "&8 , ... , • 11 . ... 

0.001 0.01 0.1 • I '0 
PULSE WIDTH (tpl-s 

Fig. 4 - Typical thermal-response char~'~;e7i;;ic 
for all types. 

I 
I Isale /S 

z TC --40·C 0 · TC -125-C ;:: 

.J ;l Tc -2SOC 

~~4 

V ~: 

L2 
.. s ... -..... 
~~ 2. 

~.~ , .. 
~~ \~ , .... f.,<~'.-. '''' ~gol ... ~9f."· r.l • <f.~ 
:J ~pf. 
8 · · , . . . 

'0 
COLLECTOR CURRENT IICI-A 

92eS-UI,SIU 

Fig. 6 - Typical collector-to-emitter saturation voltage 
as a function of collector current for all types. 

4 COLLECTOR -TO-EMITTER J VOLTAGE (VCE)*3V 

.. 
'" ~ , 
g 
"'> 
~.!. 
~~I _40·C 

....... r--~- . ~ r-.. o'c 0 6 'AE fTC )sl'a 
;l 

I-:::';;;"1ENPE• Or co" . . . . . 
'0 

COLLECTOR CURRENT (ICI -A 

Fig. 8 - Typical base-to-emitter voltage as a function 
of collector current for all types. 



2N6671,2N6672,2N6673 

COLlECTOR-10-[M1TTER VOLTAGE IVCE)-V 

Fig. 9 - Typical output characteristics for all types. 

COLLECTOR CURRENT (J:CI-A 

Fig. 11 - Typical saturated switching time 
characteristics for all types. 

COLLECTOR CURRENT (ICI-A 

Fig. 13 - Typical saturated switching time 
characteristics for all types. 

2·190 

COLLECTOR CURRENT IICI-A 

Fig. 10 - Typical saturated switching time 
characteristics for all types. 

Fig. 12 - Typical saturated switching time 
characteristics for all types. 

CASE TEMPERAT\JRE CTC)--C 
'ZCl-ntlIRl 

Fig. 14 - Typical saturated switching time 
characteristics as a function of 



hi": 
H' 
~!E 2 
2tl 

~r: ~ . 
;:I 

i~ , 
ilK>' 

3" • ,~ . n, 
10 

CASE TEMPERATURE (Tel· 2S·C 
FREQUENCY (f) -, MHz 

~~;~ 

......... 

c ... -J 
I , • 6. , • 6 • 

10 10' 
, 

COLLECTOR-lO-BASE VOLTAGE (Vcal-V OR 
EMITTER-fO-BASE VOLTAGE (VEB)-V 

• 6 • 

Fig. 15 - Typical common-base input or output 
capacitance characteristics as a func
tion of collector-to-base voltage or 
emitter-to-base voltage for all types. 

VCE 

10% VeEX 1----- I, ---

VCE. 
RATING 

10% Ie (PEAK) 

92eS-3O]S9 

Fig. 17 - Oscilloscope display for measurement of 
clamped induction switching time (te). 

O.OOlIlF 

241> 

+r 50 J£F 

2g.TI...~ 
1..1.- 20 ,,8 son _ 

MIN 
FREQ- 500Hz 

2N6671, 2N6672, 2N6673 

" 7 I 
~6 
t:! 
~~-----

'" a 4· 

'" 3 e TC:s12!5-C 

~2 
oJ 
8 I· 

VCEORATING 

V 'OOV 

I 
I 
I CLAMPED A 
I VCEX RATING ~ 

I 
I 
I 

COLLECTOR-TO-EMITTER VOLTAGE 

92C5-304~5 

Fig. 16 - MaxillllJm operating conditions for switching 
botwoo" satlJration and cutoft 

191-.-----.;;).90 % 

A 10% 

92C5-304'8. 

'd zA- B 
I.-B--C 
Is·X-V 
If-Y-Z 
ITRANSITION .. x-w 
NOTE- TRANSITION TIME 
FROM 90'110 181 TO 9O'¥.IBa 
MUST BE LESS THAN 0 31's 

Fig. 18 - Phase relationship between input and output 
currents showing reference points for 
specification of switching times. 

Ie R1 R2 V CLAMP 
6 A 15 n 15 n CLAMPED v RATING 
8A 50 50 

RL- 25 n/30W 

VCEO -100V 

NON IND 

QI, Q2 • 2N6354 
03 • 2N3762 

Q4,05, 
06,Q7 = CA3725 QUAD 

TRANSISTOR 
ARRAY 

* THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

** KELVIN (SENSINGI 
CONNECTIONS 

NOTE: BATTERY SYMBOLS VCC • Val' VS2' 
VB(CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST tr AND tf TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT 

NOTE: Swt CLOSED FOR Ir. t, . tf. SWI OPEN FOR tc· 

Fig. 19 - Circuit for measuring switching times. 
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2N6674, 2N6675; 

10-A Bwib:IIMid 
Power Transistors 
High-Voltage N-P-N Types for Off-Line 
Power Supplies and Other High-Voltage 
Switching Applications 

Features: Applications: 

• Fast switching speed • Off-line power supplies 
• High voltage ratings: • High-voltage inverters 

VcEx=350 V to 450 V • Switching regulators 
• Low VCE(sat) at Ic=10 A 

The 2N6674 and 2N6675 Switch Max series of silicon n-pon 
power transistors feature high-voltage capability, fast switch
ing speeds, and low saturation voltages, together with high
safe-operating-area (SOA) ratings. They are specially 
designed for off-line power supplies, converter circuits, and 
pulse-width-modulated regulators. These high-voltage, high
speed transistors are tested for parameters that are essen
tial to the design of high-power switching circuits. Switching 

MAXIMUM RATINGS, Absolute-Milximum Values: 

*VCEV 

VDE=-1.5 V .............••.....•.•... 

'VcEx(Clamped) 
V.E=-1.5'V ....•........•...•.....•.. 

*VCEO •••••••••••••••••••••••••••••••••••• 

*VEBO •••••••••••••••••••••••••••••••••••• 

Ic(sat) ................................. . 
*Ie ..•.•.•.••••••••.•••.•••••.••••••••••• 

IcM ..... : .............................•. 
'I. ............... . ................... . 
oPT 

Tcupto25°C ..................... . 
To above 25°C, derate linearly ...... . 

*Tela. TJ 

'TL 

TL 

At distance ~ 1/16 in. (1.58 mm) from 
seating plane for 10 s max .•......... 

At distance ~ 1/8" in. (3.17 mm) from 
seating plane for 10 s max ...... , .. " 

'In accordance with JEDEC registration data (2N6674, 2N6675 only). 

File Number 1164.1 

TERMINAL DESIGNATIONS 

c 

'0' 
92es- 27~16 

JEDEC TO-204AA 

2N6674 
2N6675 

times, including inductive turn-off time, and saturation volt
ages are specified at 100DC to provide information neces
sary for worst-case design. 

The 2N6674 and 2N6675 transistors are supplied in steei 
JEDEC TO-204M hermetic packages. 

7 
10 

15 
20 

5 

175 

2N6674 

450 

350 
300 

2N6675 

650 

450 
400 

__ -65 to 200 

235 

v 

v 
v 
V 
A 
A 
A 
A 

W 
W/oC 

°C 

°C 

°C 
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ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 

CHARACTERISTIC 
VOLTAGE CURRENT 

Vdc Adc 
VCE I VOE Ic I 10 

Tc=25°C 

450 -1.5 
IcEV 

650 -1.5 

IEoo -7 0 
VCEo(sus)b 0.2B 0 

hFE 2 108 

VOE(sat) 10B 2 

Vce(sat) 
108 2 

158 5 
VCF)(b 

(Clamped ES/b) -4 10 2 
L=50 pH, Roo=2 n 

ISlb 
30 5.9 
100 0.25 

I h,.1 1=5 MHz 10 1 

fr 10 1 

CObO 1=0.1 MHz 10c 

tdd -6 10 2 
t,d -6 10 2 
tad -6 10 2e 

t,cl -6 10 2& 

te 
Vcc=135 V, 

L=50 pH, Rc:5 -6 10 2e 

13.5 n, Collector 

clampe.d to VCF)( 

Tc=100°C 

IcEV 
450 -1.5 

650 -1.5 
VCE(sat) 10B 2 
t,d -6 10 2 

t.d -6 10 2e 
t,d -6 10 2& 

te 
Vcc=135 V, 

L=50 pH, Rc :5 -6 10 2& 

13.5 n, Collector 

clamped to VCF)( 

" I ROJe 2N6674, 2N6675 10 5 

8Pulsed: pulse duration=300 /lS, duty factor::; 2%. 

bCAUTION: The sustaining voltage VCEO(SUS) and VCEX MUST NOT be measured on a curve tracer. 
"In accordance with JEDEC registration data (2N6674, 2N6675 only). 
eVc. value. 

dVcc=135 V, t.=20 /ls. 

&1.,=-1 ••. 

2-193 

2N6674,2N6675, 

LIMITS 

2N6674 ! 2N6675 . 
UNITS 

Mln·IMax. Mln·IMax. 

- 0.1 - -
- - - 0.1 mA 

- 2 - 2 

300 - 400 - V 
8 20 8 20 

- 1.5 - 1.5 

- 1 - 1 

- 5 - 5 
V 

350 - 450 -

1 - 1 -
1 1 

s - -
3 10 3 10 

15 50 15 50 MHz 
150 500 150 500 pF 

- 0.1 - 0.1 

- 0.6 - 0.6 

- 2.5 - 2.5 

- 0.5 - 0.5 ps 

- 0.5 - 0.5 

- 1 - -
mA - - - 1 

- 2 - 2 V 

- 1 - 1 

- 4 - 4 

- 1 - 1 
ps 

- 0.8 - 0.8 

·C/W 



2N6674,2N6675 

10. 
l:l • z e · 
~ 2 

~ I • 
j!: • 

4 

~ V' 
......-

~ 
2 

f!:0.1 • 

I : / 2 

0.01 
2 ••• 2 4 •• 2 

0001 0.01 0.1 

6 8 10 6 8 100 

COLLECTOR-to-EMITTER VOLTAGE (VcEI-V 

4 6 8 
1000 

Fig. 1 - Maximum operating areas for all types (T c = +2!f>C) 

2. 

m ~ ~ ~ ~ ~ ~ ~ ~ ~ 

CASE TEMPERATURE (TC)-"C 

FIg. 2 - Dissipation and 1SA> derating curves for 2N6674 and 2N6675. 

i~' COLLECTOR -TO"EMITTER VOLTAGE (VeE) -IV 

. •• I 

e • i 
I 

• 

I- 2 l-

I r: 
!! 

• 

~, I 
~,.J 

",!'PE"( 

_ 2$." "''I ·'00. 

'~ ~ -40." 

...... 
f'.... 

2 . 
• • 10 

PULSE WIDTH Up) -. COLLECTOR CURRENT (Ic)-A • • 100 

Fig. 3 - Typical thermal-response characteristic for all types. Fig. 4 - Typical de beta characteristics for all types. 
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COLLECTOR CURRENT (Ie' - A 

Fig. 5 - TYpical collector-to-emitter saturation voltage characteristics 
for all types. 

0.4 0.8 1.2 1.6 
COLLECTOR CURRENT CICI-A 

Fig. 7 - Typical small-signal forward current transfer ratio character
Istic for all types (f = 5MHz). 

JUNCTION TEMPERATURE 

! 700 ~T~!: ~:;~;, A 
II. vcc-ZOO V 
~ tp -20,... 
~ 600L a So"H 

~I !SOO 

al 
!ri'"!400 
«= 
d~300 
ljl-
« 
~ 200 

: 

. . 
~ 

I 52' 
Ie 

!II 
.... 
'" I, II .. 

~ ~ 

:;r 100 COLlECTOR CLAMPED TO I 
&: VCEX FOR te ONL.Y 

o 
B 12 16 

COL.LECTOR CURRENT (ICJ-A 
92tS-30373 

2N6674, 2N6675 

4 IS. IC/S 

i'l 
;:> 

~~ 2 
« S 

~? ~ ~~I 
~~ -40·C -~~.\OO.O 
",> • £\.1C·

1 ~ 1"2"0·c ~'""-I 
• ~,~"." -._--

0.' 

0"1 
4 . 

• 10 
2 4 . 

100 
COLL.ECTOR eURRENTUe)-A 

Fig. 6 - Typical base-to-emltter saturation voltage characteristics for 
all types. 

COL.L.ECTOR-TO-EMITTER VOLTAGE 1VeEI-V 

Fig. 8 - Typical output characteristics for all types. 

800 JUNCTION TEMPERATURE ITJ' -IOO-C 
IS,-ISZ-D 

700 I 

t, 

.. 

t 
I 

5~ 

4~ 

3 i 
I! 

2 .. 

Vec-ZOO v 
~::g~ I 
COLLEttTllft C~ED 
TO VCEX FOR te ONL.Y 0 

4 6 ~ IZ ~ ~ 

COLLECTOR CURRENT (ICI - A 
92cS-30379 

Fig. 9 - Typical saturated-switching-time characteristics at TJ = 2S'C 
as a function of col/ector current for aI/ types. 

Fig. 10 - Typical saturated-switching·time characteristics at 
TJ= 100"C as a function of collector current for all types. 
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2N6674,2N6675 
JUNCTION 
TEMPERATURE (TJ) -IOO·C 
IS I -3A VBE·-~V 
ta2 $15 A MAX.,L-150 p.H 
Vcc.2OO II 
t -20 • ,to 

'. 
COLLECTOR CLAMPED TO VCE Ie 

4 6 8 10 12 
COLLECTOR CLRRENT (IC)-A 

14 I. 

Fig. 11 ~ Typical saturated-switching-time characteristics at 
TJ= 10(1'C as a function of collector current for all types. 

2i 'aI048 ........ I:::--C/bo CASE TEMPERATURE ITel· 25·C 
'to I G 
1- 4 

a l 
~~ 2 

~~J03 
~;! 8 

~i : ...... 
il!c 
3~ z 
>-Ii! h.,. ..... 
::I~ • 'I 4 il 2 8 101 

2 

FREQUENCY It) • 1 MHz 

...... 
I-- CObo 

4 , , , 4 , , 2 • 10 10' 
COLLECTOR-TO-DASE VOLTAGE (Vca)-VOR 

EMITTER-TO-BASE VOLTAGE (VEB)-V 

• 10' 

Fig. 13 - Typical common-base Input (CII,.) or output (CcmoJ 
capacitance characteristics for all types. 

0.001 JLF 

2411 

-r 50 JLF 

2g~~ 
1..L20 ,.s 5011 = 

MIN 

FREQ- 500 Hz 

200 

100 

20 

" 

'. 

COLLECTOR CLAMPED TO VCEX FOR Ie ONL~ ~ 

30 40 !SO 60 10 80 90 100 
JUNCTION TEMPERATURE tTJ) _·C 

;. 
.J. 
~ 

4~ 
;:: 

'I 2 .. 

Fig. 12 - Typical saturated-switching-time characteristics as a 
function of Junction tempera lure for all types. 

c 
I 
U 
t! 
i 101-------r---. 
"'
II! 1 __ 1-2N6674 

a 
...- 1*"2N667e 

TCSIOO'C 

~ u 0 100 200 300 400 !500 
350 450 

CLAMPED COLLECTOR -TO- EMITTER 

VOLTAGE [VCEX(CLAMPEDI]-V 

Fig. 14 - Maximum operating conditions for switching between 
saturation and cutoff for all types. 

RL= 13.511/30W 
NON IND 

D2540M 

VCC AS_+ 
SPECIFIED--

QI, Q2 ' 2N6354 
Q3 = 2N3762 

Q4.Q5. 
Q6,Q7 = CA·3725 QUAD 

TRANSISTOR 
ARRAY. 

* THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

.... KELVIN SENSING 
CONNECTION 

BATTERY SYMBOLS VCC' VBI' VB2' 
VB(CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST I, AND If TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

NOTE: SWI CLOSED FOR tr. tl • 1f. SWI OPEN FOR te· 

Fig. 15 - Circuit for measuring switching times. 
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10% VCEX ~------t,------~ 

VCEX 
RATING 

10% Ie (PEAK) 

Fig. 16 - Oscilloscope display for normalized measurement of 
clamped inductive switching time (t.,). 

WAVEFORMS 

A 10% 

Itl_lIlllon. x-w 
NOTE: TRANSITION TIME 
FROM90"'la, TO IIO'KI~MUST 

DE LESS THAN O.&pt. 

2N6674,2N6675 

Fig. 17 - Phase relationship between input and output currents show
ing reference points for specification of switching times. 
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2N6676, 2N6677, 2N6678 

1S-A lJiwitchMd Power Transistors 
High-Voltage N-P-N Types for Off-Line Power Supplies and 
Other High-Voltage Switching Applications 

Features: Applications: 
• Fast switching speed • Off-line power supplies 
• High voltage ratings: • High-voltage inverters 

VCE>< = 350 V to 450 V • Switching regulators 
• Low VCE(sat) at Ic = 15 A 

The 2N6676 and 2N6677 and 2N6678 Switch Max series of 
silicon n-p-n power transistors feature high-voltage capabil
ity, fast switching speeds, and low saturation voltages, 
together with high-safe-operating-area (SOA) ratings. They 
are specially designed for off-line power supplies, converter 
circuits, and pulse-width-modulated regulators. These high
voltage, high-speed transistors are tested for parameters 
that are essential to the design of high-power switching cir
cuits. Switching times, including inductive turn-off time, and 
saturation voltages are specified at 1000 C to provide infor
mation necessary for worst-case design. 

The 2N6676, 2N6677 and 2N6678 transistors are supplied 
in steel JEDEC TO-204M hermetic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N6676 2N6677 
* VCEV 

v.E = -1.5 V.............................. 450 550 
• VCEX (Clamped) 

V.E = -1.5 V.............................. 350 400 
• VCEO ....................................... 300 350 
• VE.O ....................................... ____ _ 8 

Ic(sat) ..................................... ___ _ 15 
·Ic .......................................... ___ _ 15 

ICM ......................................... ---- 20 
·1 ........................................... ____ _ 5 

• PT 

Tc upt025"C ............................ ---- 175 
T C above 25" C, derate linearly •..•.....•.. ____ _ 

* Tatg , TJ ............................•........ ___ _ -65 to 200 
• TL 

At distance 2: 1/16 in. (1.58 mm) from 
seating plane for 10 s max ................ ____ _ 235 

TL 
At distance 2: 1/8" in. (3.17 mm) from 
seating plane for 10 smax ............... . 

File Number 1165.1 

TERMINAL DESIGNATIONS 

c 

'0' 
92CS- 27511 

JEDEC TO-204AA 

2N6678 

650 V 

450 V 
400 V 

V 
A 
A 
A 
A 

W 
W/"C 

"C 

"C 

"C 

2N6676 
2N6677 
2N6678 

• In accordance with JEDEC registration data (2N6676, 2N6677, 2N6678 only). 

2-198 



2N6676,2N6677,2N6678 
ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT 

Vdc Adc 2N6676 2N6677 

VCE I VaE Ic I la Mln·IMax. Mln·IMax. 

450 -1.5 - 0.1 - -
IcEY 550 -1.5 - - - 0.1 

650 -1.5 - - - -
IEao -8 0 - 2 - 2 
VCEo(SUS)b 0.28 0 300 - 350 -
hFE 3 158 8 - 8 -
V.E(sat) 158 3 - 1.5 - 1.5 

VCE(sat) 
15" 3 - 1 - 1 
15- 3 - 1.5 - 1.5 

VCEJ(b 

(Clamped Es/.) -6 15 3 350 - 400 -
L=50 pH, Raa=2 n 

15/. 
30 5.9 1 - 1 -
100 0.25 1 1 - -

I h,.1 1=5 MHz 10 1 3 10 3 10 

fr 10 1 15 50 15 50 
C ••• 1=0.1 MHz lOC 150 500 150 500 

t.d -6 15 3 - 0.1 - 0.1 
t,d -6 15 3 - 0.6 - 0.6 
t,d -6 15 3- - 2.5 - 2.5 
t,d -6 15 3- - 0.5 - 0.5 

tef 

Vcc=200 V, 
L=50 pH. -6 15 3e - 0.5 - 0.5 
Rc:S 13.5 n 

450 -1.5 - 1 - -
IcEY 550 -1.5 - - - 1 

650 -1.5 - - - -
Vce(sat) 15- 3 - 2 - 2 
t,d -6 15 3 - 1 - 1 

t.d -6 15 3e - 4 - 4 
t,d -6 15 3e - 1 - 1 

tef 

Vcc=200 V, 
L=50 pH. -6 15 3e - 0.8 - 0.8 

Rc:S 13.5 n 

. I R8Jc 2N6676, 2N6677. 2N6678 10 5 

·Pulsed: pulse duration=300 ps, duty factor:S 2%. 

bCAUTION: The sustaining voltage VCEO(SUS) and VCEX MUST NOT be measured on a c\lrve tracer. 
·'n accordance with JEDEC registration data (2N6676. 2N6677. 2N6678 only). 
eVe. value. 

dVee=200 V. t.=20 ps. 
e,.,=_, ••. 

fColiector clamped to VCEX. 
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2N6678 
UNITS 

Mln·IMax. 

- -
- -

0.1 
mA -

- 2 

400 - V 
8 -
- 1.5 

- 1 

- 1.5 
V 

450 -

1 -
1 

s 
-

3 10 

15 50 MHz 
150 500 pF 

- 0.1 

- 0.6 
- 2.5 

- 0.5 ps 

- 0.5 

- -
- - mA 

- 1 

- 2 V 

- 1 

- 4 
- 1 

ps 

- 0.8 

·c/w 



2N6676, 2N6677, 2N6678 

0.0.1 
2 ... 6 fI 

0001 0.01 

~ 
u 

'" ..J 
..J 
o 
U 

VCEO 
VCEO(MAX.)- 350V(2N6677, RJH6677) 

~~vC~E~0~(EMRAmxm·)m·~40EO~V~(2aNE66Em78iffi'RMJ~Hrn6m6m7~8~)II~~~III 
0.1 t:: 

68 10 68 100 

4 •• 
0..1 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)- V 

Fig. 1 - Maximum operating areas for all types (Tc = +25"C) 

~ ~ ~ ~ ~ ~ ~ ~ = = 
CASE TEMPERATURE (Tcl--C 

Fig. 2 - Dissipation and ISib derating CUNes for 2N6676 and 2N6677 
and2N6678. 

i1O

• 

COLLECTOR -TO-EMITTER VOLTAGE (VCE' * 3V 

0 • 
S c:.s~ 

'" · "~4t,oe 
~ 

~V-9~ i:; 
z .. ~ r'~J.1 i!' 

2 ... 00. 

~ ,..." c 
g; ~ a -40·C 
010 -1-
~ • 
~ • """ g 

• 
468 2468 

1 10 
6 8 10 

PULSE WIDTH (tD) - • 
COLLECTOR CURRENT (Icl-A 

6 • 100 

Fig. 3 - Typical thermal-response characteristic for all types. Fig. 4 - Typical de beta characteristics for all types. 
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COLLECTOR CURRENTCIc:'-A 

UCI-""" 

Fig. 5 - Typical coHector-to-emitter saturation voltage characteristics 
for all types. 

o 0.4 0.8 1.2 1.8 
COLLECTOR CURRENT CJCI-A 92CS-:50377 

Fig. 7 - Typical smaH-signal forward current transfer ratio character
istic for aH types (f = 5MHz). 

COLLECTOR CURRENT (IcJ-A 

... 
;!! ... ... : 
I? .. 

92CS- 30313 

Fig. 9 - Typical saturated-switching-tirne charecteristlcs at TJ = 2!fC 
as a function of coHector current for aH types. 
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2N6676,2N6677,2N6678 
4 la. lela 

z 
!! ... > 
~.b 2 
... -
~.! 
15:;: 
t:~ 

~ ~~I 
~~ -40-C -~~.\OO'c. 
... > • \'1t' 
i r-rr-"C k:;;:;;i.'''''~ I 

• ~,~ ... ~ 
.Ja 

C'l 
2 . • • 10 2 • • 100 

COL.LECTOR CURRENT(lc1 - A 
92CS-30376 

Fig. 6 - Typical base-to-emitter saturation voltage characteristics for 
aHtypes. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) - v 
92tS-son. 

Fig. 8 - Typical output characteristics for aI/ types. 

• 
COLLECTOR CURRENT IXcl- A 

Fig. 10 - Typical saturated-switching-time characteristics at 
TJ = 10(1'C as a function of col/ector current for aI/ types. 



2N6676,2N6677,2N6678 

14 16 

Fig. 11 - Typical saturated-switchlng-time characteristics at 
TJ = 100"C as a function of coUeetor current for aU types. 

468 10 46~02 46 108 

COlLECTOR-TO-BASE VOLTAGE (VCB)-V OR 
EMITTER-TO-BASE VOLTAGE (VEB)-V 

Fig. 13 - Typical common-base input (CiW or output (Co",,) 
capacitance characteristics for all types. 

O.OOIJLF 

150 JLF 

2g::rL~ 
I I 50n = 
1-I-- 20 l'S 

47n 
2n 

MIN 

FREO- 500Hz 

CI 
~ 700 

IC· USA 
181-X02"'3A 
Vee. 200 V 
fp.20P.1 

600 RL -13.54 
l·SOp.H 

Ie. 

20 30 40 50 60 7C 80 90 10 
.JUNCTION TEMPERATURE (TJ)_·C 

Fig. 12 - Typical saturated-switching-time characteristics as a 
function of Junction temperature for al/ types. 

II: 
o 

E 
~ 
~ 
o 

5 

TCSIOO"C 

l-I-I-
~2 N .. n, RJH6676 

2N6677, RJH6677 
2N6678 RJH6678 ~ 

u 0 100 200 300 400 
3!1O 4!10 

CLAMPED COLLECTOR -TO- EMITTER 
VOLTAGE [VCEX (CLAMPEDI]-V 

Fig. 14 - Maximum operating conditions for switching between 
saturation and cutoff for all typas. 

RL"13.5 n/30W 
NONIND 

01, 02 • 2N6354 
03 • 2N3762 

Q4IQ~, 

06,07 = CA3725 ~UAD 
TRANSISTOR 
ARRAY. 

* THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

• * KELVIN SENSING 
CONNECTION 

BATTERY SYMBOLS VCC ' VBI 'VB2' 
VB(CLAMPI INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST', AND 'f TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

NOTE: SWI CLOSED FOR '" 's "f. SWI OPEN FOR 'c· 

FI(J. 15 - Circuit for measuring switching times. 
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Ie 

10% VCEX ~------ t,------~ 

VCEX 
RATING 

10% Ie (PEAK) 

92CS-30389Rr 

Fig. 16 - Oscilloscope display for normalized measurement of 
clamped Inductive switching time (t.,). 

2N6676.2N6677,2N6678 
WAVEFORMS 

X 90% 

A 10% 

\t-A-B .. -X-V 
t,- B-C tt-Y-Z 

tlfllliition • X-W 
NOTE: TRANSITION TIME 
FAOMIO"-I.1 TO .... I~MUST 

BE LESS THAN 0.6 J,lL 92CS- 30381AI 

Fig. 17 - Phase relationship between Input and output currents show
ing reference points for specification of switching times. 
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2N6686,2N6687,2N6688 File Number 1171.1 

TERMINAL DESIGNATIONS 

2S-A swiichMax Power Transistors o N-P-N Types for Power Supplies and Other High Voltage 
Switching Applications 

B 

Features: 
• High-temperature parameters guaranteed 
• Fast switching speed 
• Low Vee/Sat) 

The 2N66B6 and 2N66B7 and 2N66BB' Switch Max series of 
silicon n-p-n power transistors feature high-voltage capabil
ity. fast switching speeds. and low saturation voltages. 
together with high-safe-operating-area (SOA) ratings. They 
are specially designed for off-line power supplies. converter 
circuits. and pulse-widlh-modulated regulators. These high
current. high-speed transistors are 100% tested for parame
ters that are essential to the design of high-power switching 
circuits. Switching times. Including inductive turn-off time. 
and saturation voltages are guaranteed at 125°C as well as 

MAXIMUM RATINGS, Absolute-Maximum Values: 

JEDEC TO-204M 

at 2SoC. to provide information necessary for worst-case 
design. 

The 2N6686. 2N66B7 and 2N66BB transistors are supplied 
in steel JEDEC TO-204M hermetic packages. 

'Formerly RCA Dev. Type Nos. TA9119A. TA9119B. 
TA9119C. respectively. 

2N6686 2N6687 2N6688 

... vcev 
v •• = -1.5 V .. . . . . .. .. .. . .. . ..•• .•. .. .. 260 

• VeEX (Clamped) 
V.E=-1.5V .•...•...................•. 210 

• VCEO .........•...••..•.•.•......•....... 160 
... Veao •.••••.•.•• 0 ••••• 0.0 ••••••• 0 •••••••• 

Ic(sat) . ..... ............................ 25 
• Ie ....................................... 25 

Ie ........................................ . 
... Is .............•..•.......••.•..•.•••••.. 
• PT 

Tc up to 25°C 
Tc above 25°C, derate linearly .•.....•. 

·T ... , TJ ................................. , 
• TL 

At distance 2: 1116 in. (1.58 mm) from 
seating plane for 10 s max. , .......... . 

280 300 

230 250 
180 200 

8 
25 20 
25 20 

_ 50 

8 

200 
1.14 

-65 to 200 

235 

• In accordance with JEDEC registration data (2N6686. 2N6687, 2N6688 only). 
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2N6686,2N6687,2N6688 

ELECTRICAL CHARACTERISTICS Tc = 25°C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT 

2N6686 2N6687 2N6688 UNITS 
Vdc Adc 

Vce VBe Ic IB Min. Max. Min. Max. Min. Max. 

IcEV 260 -1.5 - - - 50 - - - -
280 -1.5 - - - - - 50 - -
300 -1.5 50 

pA - - - - - - -

leBo - -8 0 - - 100 - 100 - 100 

Vceo(sus)b - - 0.2a 0 160 - 180 - 200 - V 

hFe 2 - 1a - 30 - 30 - 25 -
2 - 10a - 25 100 25 100 20 80 -
2 - 20a - - - - - 15 -

2 - 25a - 15 - 15 - - -
VBe(sat) - - 20a 2 - - - - - 1.8 

- - 25a 2.5 - 1.8 - 1.8 - -

Vce(sat) - - 20a 2 - - - - - 1.5 

- - 25a 2.5 - 1.5 - 1.5 - -
Vcexb 

V 

(Clamped ESlb) 
-4 25 3 210 230 250 -- - -

L = 25 pH, 

RBB = 10n 

I Sib 

2N6686,2N6687, 
18 11.1 1 1 1 - - - - -

2N6688 s 

RJH6686, RJH6687, 
18 11.1 0.5 0.5 0.5 - - - - -

RJH6688 

Ih,.1 
10 1 4 20 4 20 4 20 - - -

f = 5 MHz 

fr 10 - 1 - 20 100 20 100 20 100 MHz 

Cobo 
10C 300 650 300 650 300 650 pF - - -

f=0.1MHz 

tdd - -4 20 2 - - - - - 0.1 

- -4 25 2.5 - 0.1 - 0.1 - -
t,d - -4 20 2 - - - - - 0.60 

- -4 25 2.5 - 0.60 - 0.60 - -
t.d - -4 20 2e - - - - - 1.50 

- -4 25 2.5e - 1.50 - 1.50 - -
t,d - -4 20 2e - 0.25 

ps 
- - - -

- -4 25 2.5e - 0.25 - 0.25 - -
to Vcc = 80 V, 

L = 25 pH, Rc:5 4 n, - -4 20 3e - - - - - 0.5 

Collector clamped - -4 25 3e - 0.5 - 0.5 - -

to Vcex 
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2N6686, 2N6687, 2N6688 

ELECTRICAL CHARACTERISTICS Tc =.25° C 

TEST CONDITIONS 

CHARACTERISTIC 
VOLTAGE CURRENT 

2N6686 
Vdc Adc 

VCE VSE Ic la Min. Max. 

IcEY 260 -1.5 - - - 0.5 

280 -1.5 - - - -
300 -1.5 - - - -

VCE(sat) - - 20a 2 - -
- - 25a 2.5 - 1.5 

t,d - -4 20 2 - -
- -4 25 2.5 - 0.8 

t.d - -4 20 2 - -
- -4 25 2.5e - 2.5 

t,d - -4 20 2 - -
- -4 25 2.5e - 0.8 

t., Vcc=80V, 

L = 25 pH, Rc :5 4 Q, - -4 20 3e - -
Collector Clamped - -4 25 3e - 0.8 

to VCr;)( 

RBJC 2N6686, 
10 5 0.875 - - -

2N6687,2N6688 

• In accordance with JEDEC registration data. 
a Pulsed: pulse duration = 300 fJS, duty factor:5 2%. 
b CAUTION: The sustaining voltage VCEO(SUS) and VCr;)( MUST NOT be 

measured on a curve tracer . 

.. 
I 
'0 
!:! 
I
Z 

'" !I! 
::> 
o 
a: 
o 

~ 
-' gl:Ha 

4 6 8 10 4 6 8 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig. 1 - Maximum operation areas of aI/ types. 
(Tc = 25°). 
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LIMITS 

2N6687 

Min. Max. 

- -
- 0.5 

- -
- -
- 1.5 

- -
- 0.8 

- -
- 2.5 

- -
- 0.8 

- -
- 0.8 

- 0.875 

92CM-31451RI 

2N6688 UNITS 

Min. Max. 

- -
- - mA 

- 0.5 

- 1.5 
V - -

- 0.8 

- -
- 2.5 

- -
- 0.8 

ps - -

- 0.8 

- -

- 0.875 °C/W 

C Vca value. 
d Vce = 80 V, tp = 20 fJS. 
e la, = -la2' 
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2N6686,2N6687,2N6688 

; 
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o 

iloa 

2. 

~ ~ ~ ~ ~ ~ ~ ~ W ~ 
CASE TEMPERATURE (Tel-OC 

Fig. 2 - Dissipation and ISib derating curves for 2N6686 and 2N6687 
and2N6688. 

400 COLLECTOR-YO-EMITTER VOLTAGE 
(VCE)o2V 

0 

II ~ 2 

'" tiE. TEMPElrURE JC)OIJ5 oc ~ 100 
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0.001 0.01 0.1 I 10 

92CS-30887 

0.' 10 40 

PULSE WIDTH Up) - I 
COLLECTOR CURRENT IIcJ - A 92CS-314112 

Fig. 3 - Typical thermal-response characteristic for all types. Fig. 4 - Typical dc beta characteristics for all types. 

I~ 18"'IC /IO I I I 
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> I I I I i!l 2 

~ CASE TEMPERATURE 1Tc)o-40·C 

~I I.. 
~~ 
1-0 

1.2 t:"i:J 
:Ii " ~2:.. 

7 0.8 
/2'-C 

'" / ~ 
0.4 ./ 

~ ~I-' 125°C 

1.2~~ 

~ ~ 
~ I 

40~j.- I?: v 
i!!> ,u.E \1C;::";'- $:- '/ ~J. 0.8 I--c.SE 1 \AE.R" 'l,: 

~~ r- 1--"""/ ,-tl 
ffi~ f..--- - /? ~~O.6 

~ V 
0 

0.4t:::: -...-
1-

~ 
8 0.2 

4 8 • 2 • 8 8 2 4 • 8 2 • •• 2 4 
10 100 o I 10 60 

COLLECTOR CURRENT IIC)-JI, 92CS-3I4!54 COLLECTOR CURRENTl1cl- A '92CS-114!U1 

(/) 
a: 

a:f2 
w(/) 

~ii) 
a. Z 

~ 

Fig. 5 - Typical collector-to-emitter saturation voltage characteristics 
for all types. 

Fig. 6 - Typical bese-to-emitter saturation voltage characteristics for 
all types. 
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2N6686, 2N6687, 2N6688 

1.6 2 
COLLECTOR CURRENT (lei - A 

92CS-314~S 

Fig. 7 - Typical small-signal forward current transfer ratio character
Istic for all types (f = 5MHz). 

COLLECTOR CURRENT lIe' - A ," 92CS-314~7 

Fig. 9 - Typical clamped tum-off time characteristics fOr all types. 

i"ioa CASE TEMPERATURE (Te) -125-C 

I -" Is"Ie /IO 

lal"te2 Vee· aov · 
'" "-. 
~ • ....... 
'" r--;:: 

~, ... I ... 
~ 8 

fi! • -4 r-... I, t • V I, 

0 /' :;; • .r '- ~ 

" '" 01 
10 15 20 25 

COLLECTOR CURRENT (lei - A 

Fig. 11 - Typical saturated-switching-time characteristics at 
Tc= 125"C as a function of collector current for aI/ types. 

40 
CASE TEMPERATURE (TCI ·25"C ., 

4 .. 
'30 \.' 
u 

!j 25 

ffi 
~20 0.' 

g 15 
0.' 

:il 
j 10 02 
8 

BASE CURRENT (I ).0 I 

2 4 to 12 14 16 18 20 
COLLECTOR-TO-EMITTER VOLTAGE IVCEI- V 92C5-31456 

Fig. 8 - Typical output characteristics for all types. 

!!. 10. CASE TEMPERATURE (Te'" 25"C 

I Is-le llO 
6 18,"182 Vee. SOY 

J 4 

."'" ~ 
'" .............. ;:: K ... ... -~ 

" -:i 

~ 
0 .-- --:;; I, 

iii - I, -iE 0.1 
0 10 I. 20 2' .0 

COLLECTOR CURRENT (Ie 1-A 
92CS-51458 

Fig. 10 - Typical saturated-switching-time characteristics as a 
function of col/ector current for atl types. 

CASE TEMPERATURE (Tel- 25"C 
FREQUENCY (f )-0.1 MHI 

It"-
'" 6 8 10 " 6 8'00 400 

COLLECTOR -TO-BASE VOLTAGE IVcel-Y OR 
EMITTER-TO-BASE VOLTAGE (YEol-V 92CS-3t49 

Fig. 12 - Typical common-base input (Cioo) or output (Cobol 
capacitance characteristics for all types. 
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8 

o 
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6686 
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2N6688 1--: 

TC~ 125°C 

100 210230250 
CLAMPED COLLECTOR - TO - E~ITTER 

VOLTAGE [VCEX (CLAMPED)J - V 
92CS-31461RI 

~ig. 13 - Maximum operating conditions for switching between 
saturation and cutoff for all types. 
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14 

10"1. YCEX .. 

2N6686,2N6687,2N6688 

- .-.~ 

VCEX 
RATING 

10% Ie (PEAK) 

92C3-30389RI 

Fig. 14 - Oscilloscopo display for normalized measurement of 
clamped inductive switching time (t,,). 



2N6702,2N6703,2N6704 

High-Current, Silicon N-P-N 
VERSAWATT Transistors 
Switching Applications 
Features: 
• Fast switching speed at temperatures up to 125° C 
• Low Vee!Sat) 
• VERSAWATT plastic package 

The 2N6702, 2N6703 and 2N6704· epitaxial-base silicon 
n-p-n power transistors which feature fast switching speeds, 
low saturation voltages, and high sale-operating-area (SOA) 
ratings. They are specially designed for converters, in
verters, pulse-width-modulated regulators and a variety of 
power switching circuits. 

The 2N6702, 2N6703, and 2N6704 transistors are supplied 
in the JEDEC TO-220AB (RCA VERSAWATT) plastic 
packages. 

-Formerly RCA Dev. Type Nos. TA9164A, TA9164B, TA(l164C, 
respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• VeEY 

V8E=-1.5V ••••••••••••••••••••••••••••••••••••••••••••••••••.• 
* VCIO ••••.•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* Voo ••••••••••••••••••.••••••••••.••.•••••.••.•.••..••••••••••••• 

IC(sat) ..•.....•..•••.•..•.•..••..•.•.•......•.....•.....•...... 
• Ie ••••••. 0 •••••••••••••••••• 0 ••••••••• 0 ••••••••••••••••• 0 •••••••• 

Ic ............ , .••..•..••.•••••••••.••.••••••••.••.•••.••••••••••• 
* I •............................................................... 
*P,-

Tc up to 25·C •••.••.••••••••.••••••••••••••••••.••••.•••••••••. 
Tc above 25°C .•..•.•••••••••••••••.••••.••••••• Derate Linearly 

* T ... , TJ ..•••...••..........•...•••..•.••..•••....•.•..••..•.••...• 
* TL 

At distance ~ 1/8 In. (3.18 mm) from seating plane for 10 s max .••• 

*In accordance with JEDEC registration data. 
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TERMINAL DESIGNATIONS 

'R~"1011 ] -~ ;; 
TOP VIEW e 
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5 
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110 130 
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2N6702,2N6703,2N6704 
ELECTRICAL CHARACTERISTICS, at Case Temperature TC = 25°C Unless Otherwise 
Specified 

TEST CONDITIONS 

CHARAC· VOLTAGE CURRENT 
TERISTIC Vdc Adc 2N6702 

VCE VBE IC IB Min. 

140 -1.5 -
ICEV 160 .-1.5 -

180 -1.5 -
140 -1.5 -

TC= 125°C 160 -1.5 -
180 -1.5 -

lEBO -7 0 -
VCEO(sus)b P.D1a 0 90 

2 0.2a 30 

hFE 2 48 -
2 5a 20 

VBE(satl 
4a 0.4 -
sa 0.5 -

4a 0.4 -
VCE(sat) 5a 0.5 -

7a 0.7 -

ISlb 20 2.5 1 

Ihfel 10 0.5 10 
f= 5 MHz 

fT 10 0.5 50 

Cabo 10C 50 
f= 0.1 MHz 

tdd -4 
4 0.4 -
5 0.5 -

t rd -4 
4 0.4 -
5 0.5 -

tsd -4 
4 0.48 -
5 0.5e -

tfd -4 
4 0.4e -
5 0.5e -

ROJC 4 5 -

• In accordance with JEDEC registration data 
a Pulsed: pulse duration = 300 ,.s, duty factor ";2%. 

b CAUTION: The sustaining voltage VCEO(sus) MUST NOT 
be measured on:a curve tracer. 
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Max. 

100 
-
-

1 
-
-

'100 

-

-
-
-

-
1.5 

-
0.8 
1.5 

-

40 

200 

150 

-
0.1 

-
0.25 

-
1 

-
0.5 

2.5 

LIMITS 

2N6703 2N6704 UNITS 

Min. Max. Min. Max. 

- - - -
- 100 - - /lA 
- - - 100 

- - - -
- 1 - -
- - - 1 rnA 

- 100 - 100 /lA 

110 - 130 - V 

30 - 30 -
- - 20 -
20 - - -
- - - 1.4 
- 1.5 - -
- - - 0.7 V 

- 0.8 - -
- 1.5 - 1.5 

1 - 1 - s 

10 40 10 40 

50 200 50 200 MHz 

50 150 50 150 pF 

- - - 0.1 
- 0.1 - -
- - - 0.25 
- 0.25 - - /lS 
- - - 1 
- 1 - -
- - - 0.5 
- 0.5 - -
- 2.5 - 2.5 °CIW 

eVCB value. 
dVCC =70V,tp =20,.s 

e lB1 = - IB2' 

U) 
a: 

a:~ 
WU) 

~Ci) 
a. Z 

~ 



2N6702, 2N6703, 2N6704 

COLLECTOR-TO-EMITTER VOLTAGEIVCEI- v I 
92CS-31848 

Fig. t - Maximum operating areas for all types 
fTC = 25°C). 

Fig. 2 - Maximum operating areas for all types 
fTC = tOOoC). 
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... 
k 
0 

o 2. 
92CS-31B37 

Fig. 3 - Dissipation and I Sib derating curves for 
all types. 

4 COLLECTOR-TO-EMITTER VOLTAGE (VCE) .2V 

2 ~ ~r 
CASE TEMPERATURE 

~~~ (lC)02S0 C 

~IOO _40·C ........ 1"-a: 
a: 
OJ 
IL 
U) 
z .. 
a: 
I-

" a: 
il 
a: 

" IL 

() 

" 

8 

I'.l\ 6 

~e-.. 4 

f' 
2 

10 

.. 
1 
() 

H -
I-
Z 
OJ 
0: 
0: 
::> 
() 

0: 
0 
I-

frl 
-' 
-' 
0 
() 

8 
6 

0.1 
2 4 6 0 

I 
2 4 6 0 

10 
COLLECTOR CURRENT (:tC)-A 

Fig. 5 - Typical dc beta characteristics for all 
types. 

I.B-l:C/IO 

10 
0 

~ 

"""'"' 6 

~ 4 

;~ 
2 ~ 

/(/1 
I 
• Ii 

~ I 0 

_~II 4 

S ~ () 
2 c---'" <V/ ~ ., I 

0.1 J 
o 0.4 0.0 1.2 1.6 2 2.4 
BASE-TO-EMITTER SATURATION VOLTAGE [v~"'n-v 

'2CS-SI141 

Fig. 7 - Typical base·to-emitter saturation 
voltage characteristic for all types. 
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2N6702, 2N6703, 2N6704 

0.001 2 4 60 .01 2 4 680 . 1 2 4 6 4 68 10 
PULSE WIDTH (tp)-s 92CS-SIB3S 

Fig. 4 - Typical thermal-response characteristic 
for all types. 

a: 6 

~ 
~ 4 

8 

COLLECTOR-TO-EMITTER SATURATION VOLTAGE v 
92CS-31840 

Fig. 6 - Typical collector-to-emitter saturation 
voltaYe characteristics for all types. 

CASE TEMPERATURE CTc) "25·C 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-IOV 
FREQUENCY (U-S MHz 

,. 

(IC)-A 92CS-31842 

Fig. 8 - Typical small-signal forward-current transfer ratio 
characteristic for all types (f = 5 MHz). 



2N6702,2N6703,2N6704 

6 1 
COLLECTOR· TO-EMITTER VOLTAGE (VCE)-V 

92CS-31843 

Fig. 9 - Typical output characteristics for aI/ types. 

A 92CS-31B4S 

Fig. I I - Typical saturated-switching-time charac
teristics as a function of collector current 
for all types (T C = 125°C). 

O.OOIp.F 

+j50P.F 

2g::n.~ 
I I 50 n -= 
1-I-20,.S 

MIN 

FREO= 500Hz 

VB2 
ADJ. FOR IB2 

o 3 4 5 6 7 92CS-:!184-4 
COLLECTOR CURRENT CIC)-A 

Fig. 10 - Typical saturated·switching-tlmecharac· 
teristic$ as a function of co/lectorcurrent 
for el/ types (T C = 25°C). 

a; 10"8 

~~ 6 

1 I • -,.., 
.8~ 
B!:t 2 

"'~I~ 
!;!:1i 8 
:!!::: 6 
-u 
~if 4 
0.8 
~~ 2 

i~ 102 
~o 8 

~~ 6 
,~ 4 
ZZ 
00 
",:0 2 

~8 rol 

~ ~o 

r---.. 
CObg 

2 4 •• 2 4 • 8 2 4 •• 10 10' 10' 
COLLECTOR-TO-BASE VOLTAGE (VcBI-V OR 
EMITTER-TO-BASE VOLTAGE (VEB)-V 92CS-31946 

Fig. 12 - Typical common-base input (Cibol or 
output (Cabo) capacitance characteristic 
for aI/types. 

RC·15-20n,IOW 
NONIND 

01, 02 • 2N6354 
03 = 2N3762 

04,05, 

DEVICE 
UNDER 
TEST 

VCC' =.+ 
70V 

06,07 = CA3725 ~UAD 
TRANSISTOR 
ARRAY. 

* THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

** • * KELVIN SENSING 
CONNECTION 

NOTE: BATTERY SYMBOLS VCC ,VBI ,VB2' 
VB(CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST Ir AND If TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

92CM-31847 

Fig. 13 - Circuit for measuring switching times. 
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o I 
I 

\0% 

X 90% 

I W 90% 

Ie2--l----------1 
IC---I-- I 

I C 90% I 
\ 
I 

'd. A-B 's. x-v 
.,.a-C tt·Y-Z 
...... lid.n· X- W 
NOTE: TRANSITION TIME 
FROM _III, TO -Iliz MUST 

BE LESS THAN 0.6 ~I. 

92CS- 303BIRI 

Fig. '4 - Phase relationship between input and 
output currents showing reference 

points for specification of switching 
times. 
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2N6738, 2N6739, 2N6740 File Number 1291 

5-A liiwib:hM. 
TERMINAL DESIGNATIONS 

Power Transistors 
High-Voltage N-P-N Types for Off-Line 
Power Supplies and Other High-Voltage 
Switching Applications 

Features: 

• High-temperature parameters guaranteed 
• Fast switching speed 

'~'~"lO II J={ ~' 
TOP VIEW B 

• High voltage ratings: Applications: 92:CS-39969 

VCEX = 350 V to 450 V 
• Low VCE (sat) at Ic = 5 A 

• Off-line power supplies 
• High-voltage inverters 

JEDEC TO-220AB 

• VERSAWA TT package • Switching regulators 

The 2N6738, 2N6739, and 2N6740· Switch Max series of 
silicon n-p-n power transistors feature high-voltage capability, 
fast switching speeds, and low saturation voltages, together 
with high safe-operating-area (SOA) ratings. They are specially 
designed for off-line power supplies and are also well suited 
for use in a wide range of inverter or converter circuits and 
pulse-width-modulated regulators. These high-voltage, high
speed transistors are 1 OO-per-cent tested for parameters that 

are essential to the design of industrial high-power switching 
circuits. Switching times, including inductive turn-off time, 
and saturation voltages are guaranteed at 125°C to provide 
information necessary for worst-case design. 

The 2N6738, 2N6739, and 2N6740 series transistors are 
supplied in the JEDEC TO-220AB package. 

"Formerly Dev. Type Nos:TA9141A. TA9141S. and TA9141C, 
respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

, VCEV 

2N6738 

VSE=-1.5 V ................................... 450 
VCEX(Clamped) 

VSE=-1.5 V ................................... 350 
VCEO .......... .................... ............. 300 

I1ESO············································ 
Ic(sat) .......................................... . 
IC ..••..•.•.••••....••....•.•••..........•.••...• 
ICM ............................................ . 
IS .............................................. . 
PT 

TC up to 25°C ................................ . 
TC above 25° C, derate linearly ....•.•••.•. , •.... 

Tstg, TJ ........... : ............................ . 
, TL 

At distance;:o:: 1/8" in. (3.17 mm) from 
seating plane for 10 s max. .. ................ . 

'In accordance with JEDEC registration data. 
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2N6739 2N6740 

550 650 V 

400 450 V 
350 400 V 

8 V 
5 A 
8 A 
10 A 
4 A 

100 W 
0.8 WI"C 

-65 to 150 °c 

235 °c 



ELECTRICAL CHARACTERISTICS 2N6738, 2N6739, 2N6740 

TEST CONDITIONS LIMITS 

CHARAC- VOLTAGE FURRENT 
2N6738 2N6739 2N6740 UNITS 

TERISTIC V de A de 

vCElvBE IC liB Min.1 Max. Min·IMax. Min·IMax. 

TC=2S0C 

450 -1.5 - 0.1 - - - -
• ICEV 550 -1.5 - - - 0.1 - -

mA 
650 -1.5 - - - - - 0.1 

• lEBO -8 0 - 2 - 2 - 2 

• VCEO(sus)D 0.2a 0 300 - 350 - 400 - V 

• hFE 3 5a 10 40 10 40 10 40 

• VBE(sat) 5a 1 - '1.6 - 1.6 - 1.6 

5a 1 - 1 - 1 - 1 
• VCE(sat) 

8a 4 - 2 - 2 - 2 

• VCEXb V 

(Clamped ES/b) -5 5 1e 350 - 400 - 450 -
L=170 I1H, 

-5 8 3e 200 - 250 - 300 -
RBB=5 n 

• IS/b 25 4 0.5 - 0.5 - 0.5 - 5 

• Ihlel 1-5 MHz 10 0.2 3 12 3 12 3 12 

IT 10 0.2 15 60 15 60 15 60 MHz 

• Cobo 1=0.1 MHz 10e 50 300 50 300 50 300 pF 

· tda 5 1 - 0.1 - 0.1 - 0.1 

• trd 5 1 - 0.5 - 0.5 - 0.5 

· tsd 5 1e - 2.5 - 2.5 - 2.5 

· ttd 5 1e - 0.4 - 0.4 - 0.4 

· 115 
tc 

VCC=125 V 

L=170 p'H 
5 1e - 0.4 - 0.4 - 0.4 

RC=25 n 
Collector clamped 

to VCEX 
TC=125°C 

450 -1.5 - 1 - - - -

· ICEV 550 -1.5 - - - 1 - - mA 

650 -1.5 - - - - - 1 

• VCE(sat) 5a 1 - 2 - 2 - 2 V 

• tra 5 1 - 0.8 - 0.8 - 0.8 

• t5d 5 1e - 4 - 4 - 4 

• ttd 5 1e - 0.8 - 0.8 - 0.8 

· tc 

VCC=125 V, I1S 

L=170 I1H, 
5 1e - 0.8 - 0.8 - 0.8 

RC=25 n 
Collector clamped 

to VCEX 

· ROJC 10 5 - 1.25 - 1.25 - 1.25 °C/W J 
ROJA - 70 - 70 - 70 °C/W J 

In accordance with JEDEC registratIOn data. eVCB value. elB1 - -IB2' 
apulsed: pulse duration = 300 jJS, duty factor:5 2%. dVCC = 125 V, tp = 20 jJS. 

bCAUTION: The sustaining voltage VCEO(susj 
and VCEX MUST NOT be measured on a curve tracer. 
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2N6738, 2N6739, 2N6740 

u 
H' 

I
Z 
OJ 
a: 
a: 

" u· 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI- V 

92CM-33694 

Fig. 1 - Maximum operating areas for all types (Tc= 25°C) . 

100 125 leo 175 200 
CASE TEMPERATURE \TC1--c 

92CS~1966J 

Fig. 2 - Dissipation and derating curve for all 
types. 

200 COLLECTOR-TO-EMITTER 
0 VOLTAGE (YCE)-3 V 

!i 
ffi'oo · ~ · -.. 
'" ~c .... -t-W4 
ffi:- ~ ~ "'-.. 
" " I I 

:i1 CASE TEMPERATURE (T c) -~ 
~ 
, 

~ 
f,o I I I -I I 
g · I I I ...., 

· I I . . . 
0.1 I 

COLLECTOR CURRENT (Ie)-A 

Fig. 4 - Typical dc beta characteristics for all 
types. 

10 
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I :0 
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./ 

i~ . V ~1! 

~~ ~ 
Ill'" V ~ 
I 'V 

0.1 
I .. • 2 ... 8 4 8. ! 4., 

0.001 0.01 0.1 I 10 
PULSE WlDTH (tpJ-a 

Fig. 3 - Typical thermal-response character
istic for all types. 

I 
• 18·IC~ 

z 
TC·- 4O•C 51 · ~ .J 
TC· 1215-C 

'" TC -2,-C 
~>4 
",I 

~ ~r; 
"': A .... -
!::~ 
:0> I 
"'~ @.~ ,,,, 
~! 
I ... \~ ~f.'~o\·-
~i§~o.l "" .... ~tf.~~ :.l • ~~fjl g · " . 

COLLECTOR CURRENT (I.e)-A 
10 

stCl-utn.1I 

Fig. 5 - Typical collector-ta-emitter saturation 
voltage as a function of collector 
current for all types. 



~ 
z 
0 
;:: 
~II 
5i 
"'''' ~iII _40·C 
~~I '.'C_~ .... 
~S· ~ !:£iiEAATURE \Tel- \ze,-C 
'Ig r-- cASE' III • .. .. . . 

COLLECTOR CURRENT C1CJ-A 

Fig. 6 - Typical bass-to-emitter saturation 
voltage as a function of col/ector 
current for aI/ types. 

COLLECTOR-TO-EMITTER VOLTAGE (VC[I-V 

Fig. 8 - Typical output characteristics for al/ 
types. 

4 
COLLECTOR CURRENT (I:C)-A 

'2CS-29988RI 

Fig. 10 - Typical saturated switching time 
characteristics for al/ types. 
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2N6738, 2N6739, 2N6740 

4 COLLECTOR "'TO-DIITTER I VOLTAGE eVeE). 3Y 

tl .. 
!:; . 
g 
"'> 
~I 
.... -
~~ I 
,> _40·C 
0-

e 2!1-C 
f-

'I .. 
" :l 

, ~ 
• c;;sEtE"PER"rRE I C 

. . . . 
COLLECTOR CURRENT tICl -A 

Fig. 7 - Typical base-to-emitter voltage as a 
function of col/ector current for aI/ 
types. 

COLLECTOR CURRENT (Icl-A 

Fig. 9 - Typical saturated switching time 
characteristics for al/ types. 

COLLECTOR CURRENT (:Icl-A 

Fig. 11 - Typical saturated switching time 
characteristics for aI/ types. 

10 



2N6738, 2N6739, 2N6740 

COLLECTOR CURRENT (IC)-A 

Fig. 12 - Typical saturated switching time 
characteristics for all types. 

o Q. 6 FREQUENCY (f): I MHz 
a: ll.. 104 CASE TEMPERATURE (TC)'25°C 11- -tt··-
U' I Ii [1-·_· I 

~~ ,r--t---St>O I [ I 
~w 1 I- I 

~ ~ IO~~ -- --I- : . I -rtl=:t=l=rn 
5~ 6 ' : i- --r-
~~ 4 

U~ r--.. ' 
5 ~ 2 ~ i :; -I-++-r--r-j--H 
~S i'~ I I 

:r~r_ji _l'-.jii I ~1·:t1-.:::1C~Obo_=l=$tl1 
~~ 2~--- - I -+l-HI---+-+-.J-j...j 
U u 10 

2 4 f, 11 10 2 4 6 8102 2 4 6 8103 

COLLECTOR-TO~BASE VOLTAGE (VCB)-V OR 
EMITTER-lO-SASE VOLTAGE (VES)-V 

Fig. 14 - Typical common-base input or output 
capacitance characteristics as a 
function of collector-to-base voltage or 
emitter-to-base voltage for all types. 

14 

~:~ VCEXf 
RATING t 

.j 

10% VCEX t,---~ 10% Ie (PEAK) 

92CS-303B9RI 

Fig. 16 - Oscilloscope display for measurement 
of clamped induction switching-time 
(te!. 
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I 
CASE TEMPERATURE (Tel-OC 

Fig. 13 - Typical saturated switching time 
characteristics as a function of case 
temperature for all types. 

SI------~ 

<t 7 
1 

~6 
!j 

lz51-----

"' 0: 
0:4 
::> 
u 
0: 3 
~ TC~ 125°C 

~ 2 
..J 
..J 
01 
u 

VCEO RATING 

V 'OOV 

I CLAMPED ..., 

I VCEX RATING ..... · 

I 

OL-________ ~ ________ L_ 

COLLECTOR-TO-EMITTER VOLTAGE 

Fig. 15 - Maximum operating conditions for 
switching between saturation and 
cutoff. 

lSI -.-------...,X.,., 90 % 

A 10 % 

92CS-30458 

\1= A-B 
tr= B-C 
t5" x-v 
tf= v-z 
tTRANSITION " X-W 

NOTE: TRANSITION TIME 
FROM 90% IBl TO 90% IS2 

MUST BE LESS THAN 0 31-'s. 

Fig. 17 - Phase relationship between input and 
output currents showing reference 
points for specification of switching 
times. 



VB2 
ADJ FOR IB2 

2N6738, 2N6739, 2N6740 

Ie R1 R2 V X CLAMP 
5 A 15 n 15 n CLAMPED v RATING 
SA sn sn VCEO-100V 

RL" 25 n/30W 
NON IND 

QI, Q2 • 2N6354 
Q3 • 2N3762 

Q4,Q5, 
Q6,Q7 " CA3725 QUAD 

TRANSISTOR 
ARRAY. 

* THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

** KELVIN (SENSING) 
CONNECTIONS 

BATTERY SYMBOLS VCC, VBI' VB2 ' 
VB(CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMI~ALS 
TO ACCOMODATE THE FAST 'r AND 'f TIME~ 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

NOTE, SWI CLOSED FOR 'r, 's, 'f. SWI OPEN FOR 'c. 

92CM-30458 

Fig. 18 - Circuit for measuring switching times. 
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2N6751, 2N6752, 2N6753, 2N6754 

5-ASwitchMd 
Power Transistors 
High-Voltage N-P-N Types for 240 V Off-Line 
Power Supplies and Other High-Voltage 
Switching Applications 

Features: 

• High-temperature parameters guaranteed 
• Fast switching speed 
• High voltage ratings: Applications: 

VCEX=450V-550 V • Off-line power supplies 
• Low VCE (sat) at Ic = 5 A • High-voltage inverters 
./ Steel hermetic TO-2D4AA package • Switching regulators 

File Number 1244 

TERMINAL DESIGNATIONS 

c 

'0' 
92CS- 27516 

JEDEC TO-204M 

(200 mil diameter pin Isolation) 

The 2N6751. 2N6752. 2N6753. and 2N6754 SwltchMax series· 
of silicon n-p-n power transistors feature high-voltage 
capability. fast switching speeds. and low saturation voltages. 
together with high safe-operating-area (SOA) ratings. They 
are specially designed for off-line power supplies and are also 
well suited for use in a wide range of Inverter or converter 
circuits and pulse-width-modulated regulators. These high
voltage. high-speed transistors are tested for parameters that 
are essential to the design of high-power switching circuits. 

Switching times. including inductive turn-off time. and 
saturation voltages are guaranteed at 1oo·C to provide 
information necessary for worst-case design. 

The 2N6751. 2N6752. 2N6753. and 2N6754 transistors are 
supplied in steel JEDEC TO-204AA hermetic packages. 

·Formerly TA9153. TA9153A. TA9153e. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
2N6751 2N6752 2N6753 2N6754 

* VCEV 
* veE = -1.5V ............................ .. 

V CEX(Clamped) 
* VeE = -1.5V ............................ .. 

* ~~~~::::::::::::::::::::::::::::::::::::::: 
* :g(~~~).:::::::::::::::::::::::::::::::::::::: 
* :~~.:::::::::::::::::::::::::::::::::::::::: 
* Pr 

TC< 250(: ................................. . 
* T C ~ 25'C. derate linearly. . . . . . . . . .. . . . . . . . . .. _ 

: ~ft~':::::::::::::::::::::::::::::::::::::::: 
At distance ~ 1116 In. (1.56 mm) from 

seating plane for 10s max .................. . 

* In accordance with JEDEC registration data. 
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ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 

CHARACTERISTIC 
VOLTAGE CURRENT 

Vdc Adc 
VCE I VaE IC I la 

TC = 25·C 

* ICEV 
800 -1.5 
B50 -1.5 

* lEBO -8 0 

* VCEO(susjD 0.28 0 

* hFE 3 

* VBE(sat) 

• VCE(sat) 

VCEXb 
(Clamped ESlb) -6 
L=170",H 

ISib 30 

• Ihfel f=5 MHz 10 

fT 10 

* Cobo f =0.1 MHz 10d 

• tde -6 

• tre -6 

• tse -6 

• t,e -6 

* tc 
VCC = 250V, 
L= 170",H, RC = -6 
50 Q, Collector 
clamped to VCEX 

TC = 1oo·C 

ICEV 
800 -1.5 
B50 -1.5 

VCE(sat) 

tre -6 

tse -6 

t,e -6 

tc 
VCC = 250 V, 
L = 170",H, RC = -6 
50 Q, Collector 
clamped to VCEX 

*IReJC 
• In accordance with JEDEC registration data. 

a Pulsed duration", 3OO,..s, duty factor .. 2%. 

511 
511 1 

511 1 
108 3 

5 1C 

5 

0.2 

0.2 

5 1 

5 1 

5 1c 
5 1c 

5 1C 

511 1 

5 1 

5 1c 
5 1C 

5 1C 

5 

2N6751, 2N6752, 2N6753, 2N6754 

LIMITS 

2N6751 2N6752 UNITS 

Mln.J Max. Mlnol Max. 

- 0.1 - -
- - - 0.1 mA - 2 - 2 

400 - 450 - V 

6 40 6 40 

- 1.3 - 1.3 

- 1 - 1 
- 3 - 3 V 

450 - 500 -

1 - 1 - s 

3 12 3 12 

15 60 15 60 MHz 

50 250 50 250 pF 

- 0.1 - 0.1 

- 0.4 - 0.4 

- 3 - 3 

- 0.4 - 0.4 
j.IS 

- 0.4 - 0.4 

- 1 - - mA - - - 1 

- 1.5 - 1.5 V 

- 0.6 - 0.6 

- 5 - 5 

- 0.7 - 0.7 
j.IS 

- 0.7 - 0.7 

°CIW I 

b CAUTION: The sustaining voltage VCEO(sus) and VCEX MUST NOTbe measured on a curve tracer. 

c IB1 '" - IB2 d VCB value e VCC '" 250 V, tp '" 20 "s 
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2N6751,2N6752,2N6753,2N6754 

ELECTRICAL CHARACTERISTICS 

TEST CONOmONS 

CHARACTERISTIC 
VOLTAGE CURRENT 

Vdc Adc 

VCE I VBE IC I IB 

TC = 25·C 

* ICEV 
900 -1.5 
1000 -1.5 

lEBO -8 0 

VCEo(SUS'/J 0.211 

* hFE 3 68 

* VaSsat) 68 

* Vcssatl 
68 

108 

Vecxb 
(Clamped ESIb) -6 5 
L = l70IlH 

ISib 30 5 

* Ihfel f=5 MHz 10 0;2 

fT 10 0.2 

Cobo f =0.1 MHz 1()d 

td8 -6 5 

tre -6 5 

ts8 -6 5 

* t~ -6 5 

tc 
Vee = 250V, 
L=170 IlH, Re = -6 5 
50 g, Q)lIector 
clamped to VeEX 

TC = 100·C 

leEV 
900 -1.5 
1000 -1.5 

Vessat) 68' 

tr8 -6 5 

ts8 -6 5 
tf8 -6 5 

tc 
Vee = 2sOV, 
L = 170IlH, Re = -6 5 
50 g, Q)lIector 
clamped to VeEX 

*1 ReJe 110 5 
* In accordance with JEDEC registration data. 

a Pulsed duration '" 300 jtS. duty factor .. 2%. 

0 

1 

1 
3 

1c 

1 

1 

1c 

1C 

1c 

1 

1 

1c 

1C 

1c 

LIMITS 

2N6753 2N6754 UNITS 

Mln.1 Max. Min. I Max. 

- 0.1 - -
- - - 0.1 mA 
- 2 - 2 

500 - 500 - V 

8 40 8 40 

- 1.3 - 1.3 

- 1 - 1 
- 3 - 3 V 

550 - 550 -

1 - 1 - s 

3 12 3 12 

15 60 15 60 MHz 

50 250 50 250 pF 

- 0.1 - 0.1 

- 0.4 - 0.4 

- 3 :3 

- 0.4 - 0.4 
1018 

- 0.4 - 0.4 

- 1 - - mA - - - 1 

- 1.5 - 1.5 V 

- 0.6 - 0.6 

- 5 - 5 

- 0.7 - 0.7 
1018 

- 0.7 - 0.7 

DC/W 

b CAUTION: The sustaining voltage VCEO(sus) and VCEX MUST NOTbe measured on a curve tracer. 

c IS1 '" -IS2 d VCS value • VCC '" 250 V. tp '" 20 lAs 
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2N6751, 2N6752, 2N6753, 2N6754 

10 100 
COLLECTOR-TO- EMITTER VOLTAGE (VCE)-V 

92CS- 32041RI 

Fig. 1 - Maximum operating areas for all type (TeG). 
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CASE TEMPERATURE (TC)--C 92CS-32042 

Fig. 2 - Dissipation derating curves 
for all types. 

COLLECTOR-TO- EMITTER 
VOLTAGE rVCE)"';' v 
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COLLECTOR CURRENT tIc 1-. I2CS-32044 

Fig. 4'- Typical de beta characteristics 
for all types. 
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PULSE WIDTH CTp I-S 
92CS-32043 

Fig. 3 - Typical thermal-response 
characteristic for all types. 

'" 2 :Ia-:I.c /5 t ~~ ~ 
~ 
g 
z • ~ ~-
0 ' :.! 
~ • ~'1t ~II 
0::2 /-~v 
~.; 4 

~.,l I- '" 
i~ "'w 
~ 

2 L L~" g 
v~ 

-:?" ,,~ 

~ I 3 0.' ..-:;:::. 
0.. 2 4 . , 

COLLECTOR CURRENT(I:C)-A 92CS-3204S 
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Fig. 5 - Typical collector-to-emitter saturation 
voltage as a function of collector 
current for all types. 



2N6751, 2N6752, 2N6753, 2N6754 

01 
Z 4 6 10 

COLLECTOR CURRENT (I C )-A 92CS-32046 

Fig. 6 - Typical base-to-emitter saturation 
voltage as a function of collector 
c~rrent for all types. 

B CASE TEMPERATURE ITe). 2~·C 

"1.'6~ \Qdl ~t>. 

o 
o 10 

COLLECTOR-TO-EMITTER VOLTAGE (lIc£'- II 92CS-32048RI 

Fig. 8 - Typical output characteristics 
for all types. 
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" 

S2CS-320~ORI 

COLLECTOR CURRENT {Ie I-A 

Fig. 10 - Typical saturated switching time 
characteristics for all types. 
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COLLECTOR - TO -EMITTER 
VOLTAGE (IICE)-3V 

I I I 
-40·C 

er- ~)s\2~lC 
6 P==- CPoSE iEt.\PtRI\1' 

4 

2 

QI , 4 
COLLECTOR CURRENT (lc)-A 

• • 10 

tZCS-32047 

Fig. 7 - Typical base-to-emitter voltage as a 
function of collector current for all 
types. 

CASE TEMPERATURE ITC)-2S-C 

I.BJ = I.82~ I A 
VCc s 250V 
tp ·20p' 

" 

" 

~ 

COLLECTOR CURRENT I I.e l-A 
92CS-32049RL 

Fig. 9 - Typical saturated switching time 
characteristics for all types. 

CASE TEMPERATURE ITc ),,25·C 
IBI"IA,IB2~2A 

IICC· 250V 
tp =201"$ 

" 

'. 
I, I, 

2 3 4 5 6 
COLLECTOR CURRENT (Ie I-A 92CS-3205IRL 

Fig. 11 - Typical saturated switching time 
characteristics for all types. 



CASE TEMPERATURE (TC'-IOO-C 
181 "lA, I~· 2A 
VCC"2~OV 
t ~ 20,... 

If 

Ie 

I, 

~ 

4 ! 
t-

~ 

~ 
o 

2 :;; 

4 • 

COLLECTOR CURRENT (:ICI-A 
92CS-32052RI 

Fig. 12 - Typical saturated switching time 
characteristics for aI/ types. 

I.':;."': CASE TEMPERATURE CTC'-25-
FREQUENCY {f)-IMHz 

l~~ 4 F:f:::C 
~~ 2 

~bo 

UZlo! 

~~ : 
~: 4 
1111 .......... 
I-~ 2 " .. r-..... c ... 
~a102 
~&!J • 1111 • .... 

4 

~~ 
"'" 

2 

88 ,n 

10 4 68 10 2 4 6 8 102 2 4 68 10, 

92CS-32054 
COLLECTOR-lO-BASE VOLTAGE CVcal-Y 
OR EMITTER-TO-SASE 'vtILTAGE(VEB)-Y 

Fig. 14 - Typical common-base input or output 
capacitance characteristics as a 
function of col/ector-to-base 

10% YCEX 

voltage or emitter-to-base voltage 
for aI/ types. 

~-----Ie------~ 

VCEX 
RATING 

10% Ic (PEAK) 

92CS-30389RI 

Fig. 16 - Oscilloscope display for measure
ment of clamped induction 
switching time (tcJ. 
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2N6751, 2N6752, 2N6753, 2N6754 

~-

.of ... 
~ 

" t-
~ 
~ 

"'1000 
~ 
:!eoo 
~2 
..:' 
~600 

~400 

:IC-SA 
l:a-Is2- IA 

Vec· 250V 
tp.20,... 

~200 -

" d 

I, 

If 

20 40 60 eo 100 120 140 
CASE TEMPERATURE (TC'-·C 92CS-'20:i3RI 

Fig. 13 - Typical saturated switching time 
characteristics as a function of 
case temperature for aI/ types. 

IOr------, 

8-
VCEORATING 

V IOOV 

!Z 51- - - ---

~4 I a I 
0: 3 I CLAMPED A' 
:= TCS 12S'C I VCEX RATING / 

~2 I 
~ I I 
U I 
OL----~~---~~ 

COLLECTOR-TO' EMITTER VOLTAGE 92C$-32800 

Fig. 15 - Maximum operating conditions for 
switching between saturation 
and cutoff. 

IBI-r------::X:":l. 90 % 

o 
A 10% 

Id -A 0 
'," u C 
'I"X ·v 
tl" y. Z 
'TRANSITION;o X·W 
NOTl!l TRANSITION TIME 
FAOMla"I., TO 10% 182 
MUIT BI LIM THAN 0.3,'1. 

92CS·S04eB 

Fig. 17 - Phase relationship between input 
and output currents showing 
reference points for specification 
of switching times. 



2N6751, 2N6752, 2N6753, 2N6754 

O.OOlI"F 

VB2 
ADJ FOR IS2 

** 

Ie R, R2 VCEX CLAMP 
15 A 1,5 H 1,5 H ICLAMPED VCEX RATING I 

RL" 50n 
NON INO 

01, Q2 "2N6354 
03 • 2N3762 

Q4,Q5, 
OS,07 = CA3725 QUAD 

TRANSISTOR 
ARRAY 

* THIS CONNECTION 
SHOULD BE MADt AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

** KELVIN (SENSING) 
CONNECTIONS 

NOTE: BATTERY SYMBOLS Vee. VBI • VS2' 
VS(CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMOOATE THE FAST fr AND t, TIMES 
AND HIGH CURRENTS PRESENT IN 1 HE CIRCUIT 

NOTE SW, CLOSED FOR I, • ts. tf SWI OPEN FOR Ie 

92CM-32103 

Fig. 18 - Circuit for measuring switching times. 
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File Number 1292 

1-A Swib:IIMiIf 
VERSAWATT Transistors 
High-Voltage N-P-N Types for Off-Line 
Power Supplies and Other High-Voltage 
Switching Applications 

Features: 

.. High-temperature parameters guaranteed 
• Fast switching speed 
• High voltage ratings: Applications: 

2N6771, 2N6772, 2N6773 

TERMINAL DESIGNATIONS 

'R'~"'1011] {t 
TOP VIEW 

VCEX = 350 V to 450 V • Off-line power supplies 92CS-39969 

• Low VCE (sat) at Ic = 1 A • High-voltage inverters JEDEC TO-22DAB • VERSA WA TT package • Switching regulators 

The 2N6771, 2N6772, and 2N6773" SwitchMax series of 
silicon n-p-n power transistors feature high-voltage capability, 
fast switching speeds, and low saturation voltages, together 
with high safe-operating-area (SOA) ratings. They are specially 
designed for off-line power supplies and are also well suited 
for use In a wide range of inverter or converter circuits, and 
pulse-width-modulated regulators. These high-voltage, high
speed transistors are tested for parameters that are essential 
to the design of high-power switching circuits. Switching 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• VCEV 

times, including inductive turn-off time, and saturation voltages 
are guaranteed at 125° C to provide information necessary for 
worst-case design. 

The 2N6771 , 2N6772, and 2N6773 series transistors are 
supplied in the JEDEC TO-220AB VERSAWATT plastic 
packages. 

"Formerly RCA8863A, RCA8863B, and RCA8863C, respectively. 

2N6771 2N6772 2N6773 

VeE=-1.5V ............•.......... .................. 450 550 \ 650 V 
• V CEl< (Clamped) 

VeE = -1.5 V ........•............................. ,.. 350 400 450 V 
• VCEO .. ;.............................................. 300 350 400 V 
'* VEBO ••••••••••••••••••••••••••••••••••••••••••••••••• 8 V 

Idsat) .........•...................................... 1 A 
• Ic ................................................... . 1 A 

ICM •••••••••••••••••••••••••••••••• : •••••••••••••••••• 2 A 
• Ie ................................................... . 0.6 A 
• PT ' 

Tc upt025°C ..........•.........•...............•.. 40 W 
T C above 25°C, derate linearly ....................... . 0.32 W/oC 

'T.tgoTJ ••••••••••••••••••••••••••••••••••••••••••••••• -65 to 150 °C 
, TL 

At distance 2: 1/8 in. (3.17 mm) from 
seating plane for 10 s max ........................... . 235 °C 

'In accordance with JEDEC registration data. 
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2N6771, 2N6772, 2N6773 
ELECTRICAL CHARACTERISTICS .. 

TEST CONDITIONS 
CHARAC- VOLTAGE CURRENT 
TERISTIC V de Ade 

vCElvaE IC I la 
TC=25°C 

450 1.5 
, ICEV 550 -1.5 

650 -1.5 

, lEBO -8 0 

* VCEO(sus)b 0.2a 0 
, VCE(sat) 1a 0.2 

* VBE(sat) 1a 0.2 

* hFE 
3 0.3a 

3 1a 

* VCEXb 

(Clamped ES/b) -5 1 0.1 8 

L=450pH, 

RBB=50 Q 

• IS/b 100 0.4 

* Ihfel f=1 MHz 10 0.2 

.fT 10 0.2 

* Cobo f=0.1 MHz 10e 
• tdd 1 0.2 

• trU 1 0.2 

• tsd 1 0.28 
* t,d 1 0.28 

• tc 
VCC=200 V, 
L=450 pH, 

1 0.28 
RC=200 Q 

Collector clamped 

to VCEX 
TC=125°C 

450 -1.5 

• ICEV 550 -1.5 

650 -1.5 

* VCE(sat) 18 0.2 
* trd 1 0.2 
* tsd 1 0.28 

• t,d 1 0.28 

• tc 
VCC=200 V, 
L=450pH, 

1 0.28 
RC=200 Q 

Collector clamped. 

to VCEX 

'!ROJC 
ROJA 

'In accordance with JEDEC registration data. 
apulsed: pulse duration = 300 ps, duty factor::; 2%. 
bCAUTION: The sustaining voltage VCEO(SUS) 

LIMITS 

2N6771 2N6772 2N6773 UNITS 

Mln-LMax. Mln.1 Max. Mln.1 Max. 

0.1 

- - - 0.1 - -
mA - - - - - 0.1 

- 2 - 2 - 2 
300 - 350 - 400 -
- 1.0 - 1.0 - 1.0 V 

- 1.2 - 1.2 - 1.2 

20 100 20 100 20 100 
10 50 10 50 10 50 

350 - 400 - 450 - V 

0.5 - 0.5 - 0.5 - s 
10 50 10 50 10 50 

10 50 10 50 10 50 MHz 
20 60 20 60 20 60 ..2f 
- 0.05 - 0.05 - 0.05 

- 0.4 - 0.4 - 0.4 

- 2.5 - 2.5 - 2.5 

- 0.6 - 0.6 - 0.6 
loIS 

- 0.6 - 0.6 - 0.6 

- 1 - - - -
- - - 1 - - mA 

- - - - - 1 

- 2 - 2 - 2 V 

- 0.8 - 0.8 - 0.8 

- 4.5 - 4.5 - 4.5 

- 1.5 - 1.5 - 1.5 

loIS 

- 1.5 - 1.5 - 1.5 

eVCB value. elB1 = -IB2' 
dvcc = 200 V, tp = 20 ps. 

and VCEX MUST NOT be measured on a curve tracer. 
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2N6771, 2N6772, 2N6773 

92CM~ 33681 

Fig. 1 - Maximum operating areas for all types. 

NOTE: CURRENT OERATING AT CONSTANT VOL.TAGE 
APPLIES ONLV TO THE DlSSIPATIQNo-UMITED PORTION 
OF MAXIMUM-OPERATiNG-AREA CURVES DO 
NOT DERATE THE SPECIFIED VAWE FDR Ie MAX. 

25 50 75 100 125 1150 175 zoo 
CASE TEMP£RATURE (TCI-ec 

Fig. 2 - Derating curve for all types. 

0.01 ... 6 SO. I 2 ... 6 8 I 2 4 6 8 10 
COLLECTOR CURRENT {Ie )-A 

92C8-33683 

Fig. 4 - Typical de beta characteristics for all 
types. 
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0.0. 4 S 801 4 6 e r 
PULSE WIDTH Ctp)-S 

4 6 e ,O 
92CS-33682 

Fig. 3 - Typical thermal-response character
istics for all types . 

• 
COLLECTOR CURRENT CIcrA 92eS-SS684 

Fig. 5 - Typical collector-to-emitter saturation 
voltage as a function of collector 
current for all types. 



2N6771,2N6772,2N6773 

I 
COLLECTOR CURRENT IIC1-A 

Fig. 6 - Typical base-to-emitter saturation 
voltago as a function of collDctor 
curront for all types. 

10 

92CS-33687 

Fig. 8 - Typical output characteristics for aI/ 
types. 

COLLECTOR CURRENT I Zc)-A 
92.CS-~3689 

Fig. 10 - Typical saturated-switching-time 
characteristics as a function of collector 
current for all types. 
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0.1 I 
COLLECTOR CURRENT II c'-A 

Fig. 7 - Typical base-to-emittor voltage as a 
function of col/ector current for aI/ 
types. 

Fig. 9 - Typical saturated-switching-time charac
teristics for aI/types. 

CASE TEMPERATURE lTc )_·C t2C8-Al80 

Fig. 11 - Typical saturated-switching-time 
characteristics as a function of case 
temperature for aI/ types. 



2 4 6 8 ,0 2 4 8 8.00 2 4 6 8.000 

COLLECTOR-TO-BASE VOLTAGE (Vce)-V OR 
EMITTER-TO-BASF. VOLTAGE (VEB}-V 

92C5-'33691 

Fig. 12 - Typical common-base input or output 
capacitance characteristics as a 
function of collector-to-base voltage or 
emitter-to-base voltage for all types. 

10% VeEX- -' 10% Ie CPE~K) 

92CS-!0389RI 

Fig. 14 - Oscilloscope display for measurement 
of clamped induction switching time 
(tel· 

O.OOIp.F 

2411 

-r50 /,F 

2g.TL~ 
'-I-20~S 5011 = 

MIN 

FREQ= 500 Hz 

VS2 
ADJ. FOR IB2 

.. 
I 
:0 
!:! 
I
ffiO.8 
II: 

2N6771, 2N6772, 2N6773 

§O.6 
" TCSl25'C 

CLAMPEO 

VCEX RATING-
~O.4 
I-

" ~0.2 
8 0 L-___________ ...l..._ 

COLLECTOR-TO-EMITTER VOLTAGE 

92CS-33692 

Fig. 13 - Maximum operating conditions for 
switching between satLiration and 
cutoff. 

** 
NOTE: 

A 10% 
ItJ=A-B 
Ir" B-C 
Is "X-Y 
I,"'Y-Z 
tTRANSITION = X-W 
NOTE: TRANSITION TIME 
FADM 90% IS, TO 90% 182 

MUST BE LESS THAN 0.3 ~I. 

92CS-30458 

Fig. 15 - Phase relationship between input and 
output currents showing reference points 
for specification of switching 
times. 

Ie R, R2 VCEX CLAMP 

IrA I'~ 1':0 I CLAMPED VeE)( RATINGI 

RLa 200n/'OW 
NON .NO 

SWI 

D2540M 

01.02 .. 2N6354 
Q3 • 2N3762 

Q4,05, 
06,07 = CA3725 QUAD 

TRANSISTOR 
ARRAY 

*THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

** KELVIN (SENSING) 
CONNECTIONS 

BATTERY SYMBOLS Vee I VBII VB21 
VB(CLAMP) INDICATE RIGOROUSLV FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST tr AND tf TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

NOTE: SWI CLOSED FOR tr I ta I tf. SWI OPEN FOR te· 

92CM-33693 

Fig. 16 - Circuit for measuring switching times. 
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BD239,BD239A, BD239B,BD239C 

Epitaxial-Base Silicon N-P-N 
VERSAWAn Transistors 
For Power-Amplifier and 
H igh-Speed-Switching Applications 

Features: 
• 30 W at 250 C case temperature 

• 4-A rated collector current 

• Min_ fT of 3 MHz at 10 V, 200 mA 

File Number 669 

• Complements of p-n-p types 80240, B0240A, B024OB, and B0240C 

Types BD239, BD239A, BD239B, and BD239C are epitaxial
base silicon n-p-n transistors; they differ only in their voltage 
ratings. These devices are intended for a wide variety of 
switching and amplifier applications such as series and shunt 
regulators, and driver and output stages of high·fidelity 
amplifiers. The BD239-series power transistors are complements 
of the devices in the BD240 series. (The BD240-series devices 
are described in File No. 670.) 

All types utilize the JEDEC TO-220AB (VERSAWATI) plas
tic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

B0239 

COLLECTOR-TO-EMITIER VOLTAGE: 
With external base-to-emitter 
resistance (RBE) ~ 100 n .......... VCER 55 
With base open .................. VCEO 45 

EMITIER-TO-BASE VOLTAGE ....... VEBO 5 
CONTINUOUS COLLECTOR CURRENT IC 4 
CONTINUOUS BASE CURREI'H ...... IB 
TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C .... 30 
At ambient temperatures up to 250 C . 2 
At case temperatures above 25°C .... • 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ...... • 

LEAD TEMPERATURE (During Soldering): 
At distance 1/8 in. (3.17 mm) from 
case for 10 s max. ...... ... ...... • 
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TERMINAL DESIGNATIONS 

'~'~"1° II J#' 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

B0239A B0239B B0239C 

70 90 115 V 
60 80 100 V 
5 5 5 V 
4 4 4 A 

A 

30 30 30 W 
2 2 2 W 

See Fig. 2 • 
-65 to 150 .. °c 

235 • °c 



BD239, BD239A,BD239B, BD239C 
ELECTRICAL CHARACTERISTICS at Case Temperature (T CJ = 2dJC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

BD239 BD239A BD239B BD239C UNITS 
Vdc Adc 

VCE VBE IC IB MIN. 

Collector Cutoff Current: 
ICEO 

30 0 -
With base open 60 0 -
With bas&-to-emitter 46 0 -
junction short~circuited 

ICES 
60 0 -
80 0 -

100 0 -
Emitter Cutoff Current lEBO -5 0 -
Collector-to·Emitter 

Breakdown Voltage: VBRICEO) 0.03" 0 45 
With base open 

DC Forward-Current 
hFE 

4 0.2a 40 
Transfer Ratio 4 l a 15 

Base-to-Emitter Voltage VBE 4 l a -
Collector-to·E mitter 

VCE(sad l a 0.2 
Saturation Voltage -

Common-Emitter 
Small-5ignal Short-

hfe 10 0.2 20 
Circuit Forward-
Current TranSfer Ratio 
(f = 1 kHz) 

Magnitude of Common 
Emitter Small-5ignal 

Ihfel 10 0.2 3 
Short-Circuit Forward-
Current Transfer Ratio 
(f = 1 MHz) 

Thermal Resistance: 
Junction-to-Case ROJC -
Junction-ta-Ambient ROJA -

apulsed: Pulse duration = 300 pS, duty factor = 2%. 

COLLECTQR-TO-EMITTER VOLTAGE lVCE'-V 

Fig. 7- Maximum safe operating areas for alJ tvpes. 

2-235 

MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

0.3 - 0.3 - - - -
- - - - 0.3 - 0.3 

mA 
0.2 - - - - - -
- - 0.2 - - - -
- - - - 0.2 - -
- - - - - - 0.2 

1 - 1 - 1 - 1 mA 

- 60 - 80 - 100 - V 

- 40 - 40 - 40 -
- 15 - 15 - 15 -
1.3 - 1.3 - 1.3 - 1.3 V 

0.7 - 0.7 - 0.7 - 0.7 V 

- 20 - 20 - 20 -

- 3 - 3 - 3 -

- -- -4.17 4.17 4.17 4.17 
°CIW 

62.5 - 62.5 - 62.5 - 62.5 

~400 
COLLECTOR-TO-EMITTER VOLTAGE WeE)- 4V 

~ CASIE TEJPE.kUE IT) ,"·C ill 200 .... 1;:0 ... ~ 
~ 100 

....... -a: 80 .. -40"<: ..... 
~ 

60 V ..... 'l'\ 
~ 

40 

" 20 

I 
10 g a 

0.01 

'"'" 

468 468 
0.1 I 

COLLECTOR CURRENT lie )-A 

"-
"-

• •• 10 

92CS-2OI57 

Fig. 2- Typical dc beta characteristics for al/ types. 



B0240, B0240A, B0240B, B0240C 

Epitaxial-Base Silicon P-N-P 
VERSAWATI Transistors 
For Power-Amplifier and 
High-Speed-Switching Applications 

Features: 
• 30 W at 250 C case temperature 

• 4-A rated collector current 

• Min. fT of 3 MHz at 10 V, 200 rnA 

File Number 670 

• Complements of n·p-n types B0239, B0239A, B0239B, and B0239C 

Types 80240, 80240A, 80240B, and B0240C are epitaxial
base silicon p-n-p transistors; they differ only in their voltage 
ratings. These devices are intended for a wide variety of 
switching and amplifier applications such as series and shunt 
regulators, and driver and output stages of high~fideiity 

amplifiers. The BD240-series power transistors are complements 
of the devices in the BD239 series. (The BD239-series devices 
are described in File No. 669.) 

All types utilize the JEDEC TO-220AB (VERSAWATT) plas
tic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

B0240 

COLLECTOR-TO-EMITTER VOLTAGE: 
With external base-to-emitter 
resistance (RBE) = 100 n .......... VCER -55 
With base open .................. VCEO -45 

EMITTER-TO-BASE VOLTAGE ....... VEBO -5 
CONTINUOUS COLLECTOR CURRENT IC -4 
CONTINUOUS BASE CURRENT ...... IB -1 
TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C .... 30 
At ambient temperatures up to 25°C . 2 
At case temperatures above 250 C .... • 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ...... • 

LEAD TEMPERATURE (During Soldering): 
At distance 1/8 in. (3.17 mm) from 
case for lOs max. .............. . • 

2-236 

TERMINAL DESIGNATIONS 

'M~"1011 }e~' :' 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

B0240A B0240B B0240C 

-70 -90 -115 V 
-60 -80 -100 V 
-5 -5 -5 V 
-4 -4 -4 A 
-1 -1 -1 A 

30 30 30 W 
2 2 2 W 

See Fig. 2 .. 
-65 to 150 • °c 

235 • °C 



B0240,B0240A, B0240B, B0240C 
ELECTRICAL CHARACTERISTICS at Case Temperature (Tcl = 2fiOC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

BD240 BD240A BD240B BD240C UNITS 
Vdc Adc 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

Collector Cutoff Current: 
ICEO 

-30 0 - -0.3 - 0.3 - - - -
With base open -60 0 - - - - - -0.3 - -0.3 

rnA 
With base·to·emitter -45 0 - -0.2 - - - - - -
junction short-circuited 

ICES 
··60 0 - - - -0.2 - - - -
-80 0 - - - - - -0.2 - -

-100 0 - - - - - - - -0.2 

Emitter Cutoff Current lEBO 5 0 - -1 - -1 - -1 - -1 rnA 

Collector·to·Emitter 
Breakdown Voltage: VBRICEO) -O.03a 0 -45 - -60 - -80 - HOO - V 
With base open 

DC Forward·Current 
hFE 

-4 -O.2a 40 - 40 - 40 - 40 -
Transfer Ratio -4 _l a 15 - 15 - 15 - 15 -

BasE>-to·Emitter Voltage VBE -4 _l a - -1.3 - -1.3 - -1.3 - -1.3 V 

Collector·to-Emitter 
VCElsatl _l a -0.2 -0.7 -0.7 -0.7 -0.7 V 

Saturation Voltage - - - -
Common-Emitter 

Small-5ignal Short· 
hfe -10 ~.2 20 - 20 - 20 - 20 -

Circuit Forward· 
Current Transfer Ratio 
If = 1 kHz) 

Magnitude of Common 
Emitter Small·Signal 

ihfei -10 .0.2 3 - 3 - 3 - 3 -Short-Circuit Forward-
Current Transfer Ratio 
If = 1 MHz) 

Thermal Resistance: 
Junction-to-Case RIIJC - 4.17 - 4.17 - 4.17 - 4.17 

°CIW 
Junction-ta-Ambient RIIJA - 62.5 - 62.5 - 62.5 - 62.5 

apulsed: Pulse duration = 300 IlS, duty factor = 2%. 
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B0240, B0240A, B0240B, B0240C 
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Fig. 1- Maximum safe operating areas for all tvpes. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE D!S5IPATION-UMITED PORTION 
OF' MAXIMUM-OPERATING-ARCA CURVES (FIG.II. DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 
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Fig. 2- Derating curves for al/ tvpes. 
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Fig. 3 - Typical dc beta characteristics (or al/ types. 
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File Number 671 

Epitaxial-Base Silicon N-P-N 
VERSAWATT Transistors 
For Power-Amplifier and 
High-Speed-Switching Applications 

Features: 
• 40 W at 250 C case temperature 

• 5-A rated collector current 

• Min. fr of 3 MHz at 10 V, 500 mA 

B0241, B0241 A, B0241 B, B0241 C 

• Complements of p-n-p types BD242, BD242A, BD242B, and BD242C 

Types BD241, BIJ241A, BD241B, and BD241C are epitaxial· 
base silicon n·p·n transistors; they differ only in their voltage 
ratings. These devices are intended for a wide variety of 
switching and amplifier applications such as series and shunt 
regulators, and driver and output stages of high·fidelity 
amplifiers. The BD241·series power transistors are complements 
of the devices in the BD242 series. (The BD242·series devices 
are described in File No. 672.) 

All types utilize the JEDEC TO-220AB (VERSAWATT) plas
tic package. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

BD241 

COLLECTOR-TO-EMITTER VOLTAGE: 
With external base-to-emitter 
resistance (RBE) = 100 n .......... VCER 55 
With base open .................. VCEO 45 

EMITTER-TO-BASE VOLTAGE ....... VEBO 5 
CONTINUOUS COLLECTOR CURRENT IC 5 
CONTINUOUS BASE CURRENT ...... IB 
TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C .... 40 
At ambient temperatures up to 25°C . 2 
At case temperatures above 25°C .... • 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ...... • 

LEAD TEMPERATURE (During Soldering): 
At distance 1/8 in. (3.17 mm) from 
case for lOs max. ••••••••••••• • 0 • 

2-239 

TERMINAL DESIGNATIONS 

'M~'"lO II ] {~' 
TOP VIEW B 

92C5-39969 

JEDEC TO-220AB 

BD241 A BD241B BD241C 

70 90 115 V 
60 80 100 V 
5 5 5 V 
5 5 5 A 

A 

40 40 40 W 
2 2 2 W 

See Fig. 2 .. 
-65 to 150 ... °c 

235 .. °C 



B0241, B0241A,B0241B, B0241C 

ELECTRICAL CHARACTERISTICS at Case Temperature (TC) ~ 2fiOC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT BD241 BD241A BD241B BD241C UNITS 

Vd. Ad. 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

Collector Cutoff Current: 
ICED 

30 a - 0.3 - 0.3 - - - -
With bnsc open 60 0 - - - - - 0.3 - 0.3 

mA 
With base-to-emitter 45 a - 0.2 - - - - - -
junction short-circuited 

ICES 
60 a - - - 0.2 - - - -
80 a - - - - - 0.2 - --

lOa a - - - - - - - 0.2 

Emitter Cutoff Current lEBO -5 a - 1 - 1 - 1 - 1 mA 

Collector-to-E m itter 
Breakdown Voltage: VBR(CEO) 0.03" 0 45 - 60 - 80 - 100 - V 
With base open 

DC Forward·Current 
hFE 

4 ,. 25 - 25 - 25 .- 25 -
Transfer Ratio 4 3" 10 - 10 - 10 - 10 -

Base-to-Emittcr Voltage VBE 4 3" - 1.8 - 1.8 - 1.8 - 1.8 V 

Collector-to-Emitter 
VCE(sat) 3" 0.6 1.2 1.2 1.2 '.2 V 

Saturation Voltage - - - -

Common-Emitter 
Small-5ignal Short-

hfp. 10 0.5 20 - 20 - 20 20 -
Circuit Forward- -
Current Transfer Ratio 
(I = 1 kHz) 

Magnitude of Common 
Emitter Small-Signal Ihll·1 10 0.5 3 - 3 - 3 - 3 -
Short-Circuit Forward-
Current Transfer Ratio 
(I = 1 MHz) 

Thermal Resistance: 
Junction-to-Case flOJC - 3.125 - 3.125 - 3.125 - 3.125 

°C/W 
Junction-ta-Ambient ROJA - 62.5 - 62.5 - 62.5 - 62.5 

8Pulsed: Pulse duration = 300 ,",S. duty factor = 2%. 
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Fig. I - Maximum safe operating areas far a/l tvpes. 
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Fig. 3 - Typical dc beta characteristics for al/ types. 
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BD242,BD242A,BD242B, BD242C 

Epitaxial-Base Silicon P-N-P 
VERSAWATT Transistors 
For Power-Amplifier and 
High-Speed-Switching Applications 

Features: 
• 40 W at 25°C case temperature 

• 5-A rated collector current 

• Min. fT of 3 MHz at 10 V, 500 mA 

File Number 672 

• Complements of n-p-n types B0241, B0241A, B0241B, and B0241C 

Types B0242, BD242A, B0242B, and BD242C are epitaxial
base silicon p-n-p transistors; they differ only in their voltage 
ratings. These devices are intended for a wide variety of 
switching and amplifier applications such as series and shunt 
regulators. and driver and output stages of high~fideUty 

amplifiers_ The BD242-series power transistors are complements 
of the devices in the BD241 series. (The BD241-series devices 
are described in File No. 671.) 

All types utilize the JEDEC TO-220AB (VERSAWATT) plas
tic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

B0242 

COLLECTOR-TO-EMITTER VOLTAGE: 
With external base-to-emitter 
resistance (RBE) = 100 n .......... VCER -55 
With base open .................. VCEO -45 

EMITTER-TO-BASE VOLTAGE ....... VEBO -5 
CONTINUOUS COLLECTOR CURRENT IC -5 
CONTINUOUS BASE CURRENT ...... IB -1 
TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C .... 40 
At ambient temperatures up to 25°C . 2 
At case temperatures above 250 C .... .. 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ...... .. 

LEAD TEMPERATURE (During Soldering): 
At distance 1/8 in. (3.17 mm) from 
case for lOs max. •••••••••• 0 ••• 0 .. 
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TERMINAL DESIGNATIONS 

.C (~A~GEI~O II l~~f-C 
I II dt:~::r;;l~ 

TOP VIEW B 

92CS-39989 

JEDEC TO-220AB 

B0242A B0242B B0242C 

-70 -90 -115 
-60 -80 -100 
-5 -5 -5 
-5 -5 -5 
-1 -1 -1 

40 40 40 
2 2 2 

See Fig. 2 • 
-65 to 150 .. 
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B0242, B0242A, B0242B, B0242C 
ELECTRICAL CHARACTERISTICS at Case Temperature (T C) = 2!PC 

TEST CONOITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

B0242 B0242A B0242B B0242C UNITS 
Vdc Ado 

VCE VBE 'C 'B MIN. MAX. MIN. MAX. MIN. MAX. MIN: MAX. 

Collector Cutoff Current: 
ICEO 

-30 0 - 0.3 - 0.3 - - - -
With base open -60 0 - - - - - -0.3 - -·0.3 

mA 
With base-to-emitter -45 0 - -0.2 - - - - - -
junction short-circuited 

'CES 
-60 0 - - - -0.2 - - - -
-SO 0 - - - - - --0.2 - -
-100 0 - - - - - - - -0.2 

Emitter Cutoff Current IESO 5 0 - -1 - -1 - -1 - -1 mA 

Coliector-to-Emitter 
Breakdown Voltage: VBR(CEOI -o.03a 0 -45 - -60 - -SO - -100 - V 
With base open 

DC Forward-Current 
hFE 

-4 _la 25 - 25 - 25 - 25 -
Transfer Ratio -4 -3" 10 - 10 - 10 - 10 -

Base-to-Emitter Voltage VBE -4 _3a - -1.8 - -1.S - -1.S - -1.S V 

Collector-to-Emitter 
VCE(satl -3" -0.6 - -1.2 - -1.2 - -1.2 - -1.2 V 

Saturation Voltage 

Common-Emitter 
Small-Signal Short-

hfe -10 -0.5 20 - 20 - 20 - 20 -
Circuit Forward-
Current Transfer Ratio 
(f = 1 kHzl 

Magnitude of Common 
Emitter Small.signal 

Ihfel -10 -0.5 3 - 3 - 3 - 3 -
Short-Circuit Forward-
Current Transfer Ratio 
(f = 1 MHzl 

Thermal Resistance: 
Junction-ta-Case ROJC - 3_125 - 3.125 - 3.125 - 3.125 

°C/W 
Junction-ta-Ambient ROJA - 62.5 - 62.5 - 62.5 - 62.5 

apulsed: Pulse duration = 300 Ils, duty factor = 2%. 
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B0242, B0242A, B0242B, BD242C 

COLLECTOR-TO-EIiITTER VOLTAGE ('lcEl- V 

Fig. 1- Maximum safe operating areas for a/l types. 

Ow NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE OISSIPATION-L.IMITED PORTION 
OF MAXIMUM-OPERATiNG-AREA CURVES IFIG.Il. DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 
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Fig. 2- Derating curves for a/l types. 
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Fig. 3 - Typical dc beta characteristics for aI/ types. 
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File Number 673 

Epitaxial-Base Silicon N-P-N 
VERSAWATT Transistors 
For Power-Amplifier and 
High-Speed-Switching Applications 

Features: 
• 65 W at 25°C case temperature 

• 7-A rated collector current 

• Min. fTof 3 MHz at 10 V. 500 mA 

B0243, B0243A, B0243B, B0243C 

• Complements of p-n-p types B0244. B0244A. B0244B. and B0244C 

Types BD243, BD243A, BD243B, and BD243C are epitaxial
base silicon n-p-n transistors; they differ only in their voltage 
ratings. These devices are intended for a wide variety of 
switching and amplifier applications such as series and shunt 
regulators, and driver and output stages of high-fidelity 
amplifiers. The BD243-series power transistors are complements 
of the devices in the BD244 series. (The BD244-series devices 
are described in File No. 674.) 

All types utilize the JEDEC TO-220AB (VERSAWATT) plas
tic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

B0243 

COLLECTOR-TO-EMITTER VOLTAGE: 
With external base-to-emitter 
resistance (RBE) = 100 n . _ ... __ . __ VCER 55 
With base open ... _ .. __ . __ .. ___ . _ VCEO 45 

EMITTER-TO-BASE VOLTAGE_ .. - - .. VEBO 5 
CONTINUOUS COLLECTOR CURRENT IC 7 

PEAK COLLECTOR CURRENT - - .. , -. _IC (PEAK) 10 
CONTINUOUS BASE CURRENT .... _ . lB· 3 
TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C .... 65 
At ambient temperatures up to 25°C . 2 
At case temperatures above 25°C .... .. 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ...... .. 

LEAD TEMPERATURE (During Soldering): 
At distance 1/8 in. (3.17 mm) from 
case for lOs max. •••• 0 •••••• 0.0. .. 
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TERMINAL DESIGNATIONS 

'~'~"lOII ] {~' 
TOP VIEW B 

92CS~39969 

JEDEC TO-220AB 

B0243A B0243B B0243C 

70 90 115 V 

60 80 100 V 
5 5 5 V 

7 7 7 A 

10 10 10 A 

3 3 3 A 

65 65 65 W 

2 2 2 W 
See Fig. 2 • 

-65 to 150 .. °c 

235 .- °c 



B0243, B0243A, . B0243B, B0243C 

ELECTRICAL CHARACTERISTICS at Case Temperature (T C) "" 2!PC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

BD243 BD243A BD243B BD243C UNITS 
Vd. Ad. 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

Collector Cutoff Current: 
ICEO 

30 0 - 0.7 - 0.7 - - - -
With b.se open 60 0 - - - - - 0.7 - 0.7 

mA 
With base-ta-emitter 45 0 - 0.4 - - - - - -
junction short-circuited 

ICES 
60 0 - - - 0.4 - - - -
80 0 - - - - - 0.4 - -

100 0 - - - - - - - 0.4 

Emitter Cutoff Current lEBO -5 0 - 1 - 1 - 1 - 1 mA 

Coliector·to·Emitter 
Breakdown Voltage: V~R(CEOl 0.03a 0 45 - 60 - 80 - 100 - V 
With base open 

DC Forward·Current 
hFE 

4 0.3" 30 - 30 - 30 - 30 -
Transfer Ratio 4 :Ii 15 - 15 - 15 - 15 -

Base-ta-Emitter Voltage V BE 4 6" - 2 - 2 - 2 - 2 V 

Collector-ta-Emitter 
VCE(satl 6" 1 1.5 1.5 1.5 1.5 V 

Saturation Voltage 
- - - -

Common-Emitter 
Small-5ignaIShort· 

hIe 10 0.5 20 - 20 - 20 - 20 -
Circuit Forward-
Current Transfer Ratio 
(I = 1 kHzl 

!\."agnitude of Common 
Emitter Small-5ignal 

Ihlel 10 0.5 3 - 3 - 3 - 3 -
Short-Circuit Forward-
Current Transfer Ratio 
(1= 1 MHzl 

Thermal Resistance: 
Junction-ta-Case ROJC - 1.92 - 1.92 - 1.92 - 1.92 

°C/W 
Junction-ta-Ambient ROJA - 62.5 - 62.5 - 62.5 - 62.5 

apulsed: Pulse duration = 300 "S, duty factor = 2%. 
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NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES {FIG.n. 00 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 
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Fig. 2- Derating curves for all types . 
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Fig. 3 - Typical dc beta characteristics for al/ types. 
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B0244,B0244A, B0244B, B0244C 

Epitaxial-Base Silicon P-N-P 
VERSAWA TT Transistors 
For Power-Amplifier and 
High-Soeed-Switching Applications 

Features: 
• 65 W at 25°C case temperature 

• 7-A rated collector current 

• Min. fT of 3 MHz at 10 V, 500 mA 

File Number 674 

• Complements of n·p·n types B0243, BD243A, BD243B, and BD243C 

Types B0244, BD244A, B0244B, and B0244C are epitaxial· 
base silicon p·n·p transistors; they differ only in their voltage 
ratings. These devices are intended for a wide variety of 
switching and amplifier applications such as series and shunt ' 
regulators, and driver and output stages of high-fidelity 
amplifiers. The BD244·series power transistors are complements 
of the devices in the B0243 series. (The B0243·series devices 
are described in File No. 673.) 

All types utilize the JEOEC TO-220AB (VERSAWATT) plas
tic package. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

B0244 

COLLECTOR-TO·EMITTER VOLTAGE: 
With external base·to·emitter 
resistance (RBE) = 100 n .......... VCER -55 
With base open .................. VCEO -45 

EMITTER·TO·BASE VOLTAGE ....... VEBO -5 
CONTINUOUS COLLECTOR CURRENT IC -7 
PEAK COLLECTOR CURRENT ........ IC (PEAK) -10 

CONTINUOUS BASE CURRENT ..... .' IB -3 
TRANSISTOR DISSIPATION: PT 

At case temperatures up to 250 C .... ,65 
At ambient temperatures up to 250 C : 2 
At case temperatures above 250 C .... .. 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ...... .. 

LEAD TEMPERATURE (Ouring Soldering): 
At distance 1/8 in. (3.17 mm) from 
case for lOs max. .............. . .. 

2-248 

TERMINAL DESIGNATIONS 

92CS-39969 

JEDEC TO-220AB 

B0244A B0244B B0244C 

-70 -90 -115 V 
-60 -80 -100 V 
-5 -5 -5 V 
-7 -7 -7 A 

-10 -10 -10 A 

-3 -3 -3 A 

65 65 65 W 
2 2 2 W 

See Fig. 2 .. 
-65 to 150 ... °C 

235 • °C 



BD244,BD244A, BD244B, BD244C 
ELECTRICAL CHARACTERISTICS at Case Temperature (T C) = 2!jOC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

BD244 BD244A BD244B BD244C UNITS 
Vdc Adc 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

Collector Cutoff Current: 
ICEO 

-30 0 - -0.7 - -0.7 - - - -
With base open -60 0 - - - - - -0.7 - -0.7 

rnA 
With base·to-emitter -45 0 - -0.4 - - - - - -
junction short-circuited 

ICES 
-60 0 - - - -0.4 - - - -
-80 0 - - - - - -0.4 - -
--100 0 - - - - - - - -0.4 

Emitter Cutoff Current lEBO 5 0 - -1 - -1 - -1 - -1 rnA 

Collector-to-Emitter 
Breakdown Voltage: VBR(CEO) 0.03" 0 -45 - -60 - -80 - -100 - V 
With base open 

DC Forward-Current 
hFE 

-4 -0.3a 30 - 30 - 30 - 30 -
Transfer Ratio -4 -3" 15 - 15 - 15 - 15 -

Base·to·Emitter Voltage VBE -4 -6" - -2 - -2 - -2 - -2 V 

Collector-ta-Emitter 
VCE(satl _6a _1 -1.5 -1.5 - -1.5 - -1.5 V 

Saturation Voltage 
- -

Common-Emitter 
Small.signal Short· 

hie -10 -0.5 20 - 20 - 20 - 20 -
Circuit Forward-
Current Transfer Ratio 
(I = 1 kHz) 

Magnitude of Common 
Emitter Small.signal 

Ihlel -10 -0.5 3 - 3 - 3 - 3 -
Short-Circuit Forward-
Current Transfer Ratio 
(f = 1 MHz) 

Thermal Resistance: 
Junction-ta-Case ROJC - 1.92 - 1.92 - 1.92 - 1.92 

°CIW 
Junction-ta-Ambient ROJA - 62.5 - 62.5 - 62.5 - 62.5 

apulsed: Pulse duration = 300 ,",S, duty lactor = 2%. 
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B0244, B0244A,B0244B, B0244C 
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Fig. 1- Maximum safe operating areas for all tvpes. 

NOTE: CURRENT DERATING AT CONSTANT VOL.TAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
OF MAXIMUM·OPERATING~AREA CURVES (FIG.n. DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 
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Fig. 3 - Typical dc beta characteristics for al/ types. 
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80500, 805008, 805018 

Silicon Transistors for 
Full-Complementary
Symmetry Audio Amplifiers 

The BOSOo-Series and BOS01 B types are p-n-p and n-p-n 
epitaxial-base silicon transistors, respectively, especially suit
able for aUdio-output applications. 

The BOSOo-Series and BOS01B types are supplied in a 
JEOEC TO-220AB (RCA VERSAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

V CEO •••••• ••••••••••••••••••••••••••••••••••••••••••••• 

VcER(RBE =100Cl) .••..•...........•••.••........•.•..•........ 
V EBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic ..•............••...........•.............................. 
18 ••••••••••••••••••••••••••••••••••••••••••••••••••••.•••••• 
PT 

At T cS; 2SoC ............................................. . 
AtTc>2SoC ............................................. . 

T.tg, TJ ..................................................... . 
TL 

At distances:::: 1/32 in. (0.8 mm) from 
case for 10 s max. . ••••...••...•.••..•..••.••.••.•..••.•.. 

·For p-n-p devices, voltage and current values are negative. 
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File Number 1108 

TERMINAL DESIGNATIONS 

'~'~'"lOII ] .. ~~ 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

805018 N-P-N 
80500· 805008- P-N-P 

60 90 V 
SO 80 V 
5S 85 V 

V 
S A 
10 A 
4 
75 W 

See Figs. 1 and 2 
-65 to 150 °C 

230 °C 
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B0500, B0500B, B0501 B 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) =25°C 

LIMITS· 

CHARAC- 80500-
B05008- UNITS TERISTIC TEST CONOITIONS B05001B 

Min. Max. Min. Max. 

leER VeE =45V - 1 - -
rnA 

RSE = 1000 VeE = 75 V - - - 1 

IESO VES = 5 V - 1 - 1 rnA 

VeEo Ie = 0.1 A 50 - 80 - V 

VeER Ie = 0.1 A; RSE = 100 0 55 - 85 - V 

fT Ie = 1 A; VeE = 4 V 5 - 5 - MHz 

hFE 
Ie = 5 A; VeE = 4 V 15 90 - -

-
le=3.5A;VeE =4V - - 20 120 

Vee<sat) 
Ie = 5 A; I" = 0.5 A - 1.2 - -

V 
Ie = 3.5 A; 10 = 0.35 A - - - 1 

VDI. 
Ie = 5 A; VeE = 4 V - 1.8 - -

V 
Ie = 3.5 A; VeE = 4 V - - - 1.5 

1:;/11 
VCI = 20 V; t = 0.5 s 3.75 - - -

A 
VCI = 30 V; t = 0.5 s - - 2.5 -

AFor eharaetcric.ties eurves and test conditions, refer to published data for prototypes 2N6488 (B0501 B); 
2N6490 (B0500): 2N6491 (BOSOOB). 

-For p-n-p dcvicos, voltage and eurrent values are negative. 

'00 

" 
'0 .. 

NOTE· ClJm[NT DERATING AT CONSTANT 
VOLTAGE ""PUES ONLY TO THE DISSIPATION
LIMITED ,'OrHlON AND THE IS/b -LIMITED 
PORTION or MJ\IWofUM OPERATING AREA 
CURVE. 00 NOT DERATE THE 
SP£'CIFIE(I VIIlU( FOR Ie MAX 

'" >0 '" 
100 125 150 

CASE TEMPERATURE (TC1--C 

Fig. 1 - Derating curve for all types. 

a n LOAD 

",lwAT~S 

'70 200 

24682468 
10 100 

... 
1000 

COLLECTOR-TO-EMITTER VOLTAGE eVCE)-Y 
92C8-:50885R1 

Fig. 2 - Maximum operating areas for all types. 
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!2 ~'40W 
I:l 2 I- an. LOAD 
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~ o. 

~o 
• 

2 1\ 
\ 

-3 
to 20 50 100 200 500 IK 2K 5K 10K 20K SDK lOOK 

FREQUENCY-Hz 
92(:S-2'910 

Fig. 3 - Typical frequency response. 
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0.05.0 ,20 50 100 200 500 IK 2K 5K 10K 20K $OK lOOK 

FREQUENCY-Hz 

Fig. 4 - Typical total harmonic distortion as a 
function of frequency. 



B0533, B0534, B0535,B0536, B0537,B0538 File Number 1236 

Epitaxial-Base, Silicon 
N-P-N and P-N-P 
VERSAWATT Transistors 

General-Purpose Medium-Power Types for 
Switching and Amplifier Applications 

Features:· 

• Low saturation voltages 
• Complementary n-p-n and.p-n-p types 
• Maximum sate-area-ot-operation curves 

The RCA-B0533-B0538 are epitaxial-base silicon transis
tors intended for a wide variety of medium-power switching 
and amplifier applications, such as series and shunt regula
tors and driver and output stages of high-fidelity amplifiers. 

The B0533, B0535, and B0537 are n-p-n complements of 
p-n-p types B0534, B0536, and B0538, respectively. 
All types are supplied in the JEOEC TO-220AB (VERSA
WATT) 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCES(sus) 
V CEO(SUS) •••••••••••••• ; ••••••••••••••••••••••••••••••• 

V EBO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic •......................................•....••...•••. 
IB ••••••••••••••••••••••••••••••••••••••••••••••••••••• 
PT 

Tc:5 25°C .......................................... . 
T C > 25° C derate linearly ............................. . 

T,.!!, T J ••••••••••••••••••••••••••••••••••••••••••••••••• 

~ 
L At distances;;:: 1/8 in. (3.17 mm) from 

case for 10 s max ................................... . 

.For p-n-p devices, voltage and current values are negative. 
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TERMINAL DESIGNATIONS 

'R'~'"l 0 II J~' :' 
TOP VIEW B 

N-P-N 
P-N-P 

80533 
80534. 

45 
45 
45 

JEDEC TO-220AB 

80535 
80536_ 

60 
60 
60 

92CS-39969 

80537 
80538. 

80 
80 
80 ______ 5 _____ _ 

_______ 8 _____ _ 
_______ 1 ______ _ 

_______ 50 ______ _ 

0.4 
---''--___ -65 to 150 ____ _ 

______ 235 _____ _ 

V 
V 
V 
V 
A 
A 

W 
W/oC 

°C 

°C 



80533, 80534" 80535, 80536, 80537, 80538 
ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C 

Unless Otherwise Specified 

TEST CONDmONsA LIMITS 

CHARACo VOLTAGE CURRENT BD533 BD535 BD537 
TERISTIC Vdc Adc BD534A BDsaeA BDsaeA UNITS 

VCE VBE IC IB MIN. MAX. MIN MAX MIN. MAX. 

458 - 100 - - - -
ICBO 6()ID - - - 100 - -

6()ID - - - - - 100 
JAA 45 - 100 - - - -

ICES 60 - - - 100 - -
80 - - - - - 100 

lEBO 5 - 1 - 1 - 1 rnA 

VCEO(SUS). 0.1* 0 45 - 60 - 80 - V 
5 0.01 20 - 20 - 15 -

hFE 2 0.5* 40 - 40 - 40 -
2 2* 25 - 25 - 15 -

hFE Groups 

J 2 2* 30 75 30 75 30 75 
2 3* 15 - 15 - 15 -

K 
2 2* 40 100 40 100 40 100 
2 3* 20 - go - 20 -

L 2 2* 80 150 - - - -
(For B0533, 

2 3* 30 - - - - -B0534 only) 

VBE 2 2" - 1.5 - 1.5 - 1.5 

VCE(sat) 2* 0.2 - 0.8 - 0.8 - 0.8 V 
6* 0.6 O.S- - 0.8- - 0.8- -

tr 1 0.5 3 12- 3 12- 3 12- MHz 

ReJC - 2.5 - 2.5 - 2.5 °CIW 

... For p-n.p devices, voltage and current values are negative. 
OIl VCB value 
• CAUTION: The sustaining voltage VCEO(SUS) MUST NOT be measured on a curve tracer. 
• Pulsed: Pulse duration = 300 /lS, duty factor = 1.5%. 
• Typical values. 

Fig. 1-Derating curve for aI/ types. 
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]0" • COLLECTOR-TO-EMITTER VOLTAGE ( VeE)- 2 v _ r-tt 
1- • 
0 • !:i 
IE 
IE 

l:! • i V 
...-- --

~ 102 .. • z .. • IE .'\ IE 

j: ~ 

It 10 

• 2 • • '10-1 • • •• I • • • '10 I 
COLLECTOR CURRENT (l'C)-A Itc .... ".e:s 

Fig. 2-Typical dc beta characteristic for 
80533. 80535. and 80537 types. 



B0533, B0534, B0535, B0536, B0537, B0538 

10 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI- V 

92CM-32'98 

Fig. 3-Maxlmum safe-operating areas for al/ rypes. 

10. COLLECTOR·TO-EM'TTER VOLTAGElIlcE"2V -

~ • 
0 • 
iii .. 
15 • 
t; 

V 
.....- -I"' Z 

~I02 
I- • 

r-.... i5 • .. .. 
" • '( '\ 0 

I • 
l!!,o 

_I -2 • • IS !Io-I • • • 2 • • • -, -'0 
COLLECTOR CURRENT (XC»-A S2CS-32!'. 

Fig. 4-Typlcal dc beta characteristic for 
BD534. BD536. and BD538 types. 
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COLLECTOR CURRENT lI.e I-A 
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92CS-32!S9$ 

Fig. 5-Typical cOllector to-emitter saturation 
voltage characteristic for BD533. 
BD535. and BD537 types. 
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Fig. 6-Typlcal collector·to-emitter saturation 
voltage characteristic for BD534. 
BD536. and BD538 types. 
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COLLECTOR CURRENT (;[.c)-A 9..2C.S-SU97 

Fig. 7-Typical base·to-emitter saturation 
voltage characteristic for BD533 
BD535. and BD537 types. 
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80533,80534,80535,80536,80537,80538 
• "n- 1O 

.. .. 
~ 1.5 

§! 
V ! V ;:,. 

CI I 
~:: I--

,.... 
;:Ii: 1-1-
i5i11 f=-~ t::=. 
i 0,5 
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" " il: 
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I-

" i 
" ~ .. 
Z 
g 

~ 

COLLECTOR CURRENT etc )-A IICS-'UI' 

Fig. 8-Typlcal base-toof/mltter saturation 
voltage characteristic for 80534. 
80536. and 80538 types. 

,0 CASE TEMPERATUREfTC}- 2S-C 

Vee· -I v 

"'-10 

10 
r---:--" 
~ 

5 

0 
-0 • 4 • • 2 4 • • -10 -I -10 

COLLECTOR CURRENT CI.e} -A .:cs· 32100 

Fig. 10-Typlcal gain-bandwidth product 
characteristic for 80534. 80536. 
and 80538 types. 

OUt CASE TEMPERATURE CTe • 25-C 

• -.1.81-.1.82 
hFE -10 

4 Vee·30V 

z -l' 
8 -... • ,. 

-............ ....... 
N.. ;: 4 

I'-....... 
....... t--

t--" ~ ~ 
Z 

10" 
'ON 

-10 I •• '-1 2 ...... 0 
COLLECTOR CURRENT (.IC)-A Ilea-II'OI 

Fig. 12-Typical saturated switching time 
characteristics for 80534. 80536. and 
80538 types. 
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CASE TEMPERATURE eTc }-2S·C 

Ii 
VeE-' v 

I 15 
!-
l; r---. 

1'--1'--" " " 10 il: "-i!' 

~ " i 
" ~ 5 

z 
3 

0 

• 4 • • I 00 
COLLECTOR CURRENT' Ie )-A NCJ-325" 

Fig. 9-Typlcal gain-bandwidth product 
characteristic for 80533. 80535. and 
80537 types. 

10 , CASE TEMPERATURE (Ie I- 2.~-C 
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COLLECTOR CURRENT (I.e )-A 92CS-32&OI 

Fig. 11-Typlcal saturated-switching time 
characteristics for 80533. 80535. and 
80537 types. 
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Fig. 13-Typlcal common-bese output capaci
tance characteristic for 80533. 
80535. and 80537 types. 



80533, 80534, 80535, 80536, 80537, 80538 
10. CASE TEMPERATURE (Te)· 23-C 

~ • 
! · -... -u z • ~ i"-- ....... ~ 
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Fig. 14-Typica/ common·base output capaci
tance characterIstic for 80534, 
80536, and 80538 types. 
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File Number 1109 

Silicon Transistors for 
Quasi-Complementary
Symmetry Audio Amplifiers 

The RCA-B0550 and B0550B are silicon n-p-n transistors 
especially suitable for applications in aUdio-amplifier circuits, 
in which they may be used as either driver or output unit. 

The devices, together with a variety of other transistors that 
serve as input devices, VOE amplifiers for biasing, current 
sources, load-line limiters (for overload protection), and pre
dnvers, may be used to develOp several hundred watts of audio 
output power in quasi-complementary-symmetry audio ampli
fier configurations that employ parallel output transistors. 

The BO-55O-series is supplied in the JEOEC TO-204AA her
metic steel case. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCEO •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCER(RBE= 1ooQ) ....•.•••.••••••.•••....•••••..••••..••..•••• 
VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic ......•....•.••......................••............•..•.... 
IB ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
PT 

AtTc 525°C ••..................•...•.....•••...•.•..•.... 
AtTc>25°C ...•................••..•....•.•.....••..•.•.. 

Totg, TJ ..................................................... . 
TL 

At distances;::: 1/32 in. (0.8 mm) from seating plane 
for 10s max .•....•.•...••....••........•..............••. 
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B0550, B0550B 

TERMINAL DESIGNATIONS 

c 

'v 
92C5--27516 

JEDEC TO-204AA 

BD550 BD550B 
130 275 V 
110 250 V 
130 275 V 

5 V 
7 A 
2 A 

150 W 
See Fig. 1 W/oC 

-65 to 200 °C 

230 °C 



BD550, BD550B 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) =25°C 

LIMITS 
CHARAC· TEST CONDITIONS BOSSO BD550B- UNITS 
TERISTIC 

Min. Max. Min. Max. 

ICER VcE =110V - 1 - -
rnA 

RBE = lOOn VcE =250V - - - 1 

ICEO 
VCE=95V - 5 - -

rnA 
VCE = 200 V - - - 5 

lEBO VEB =5 V - 1 - 1 rnA 

VCEO Ic :0.2 A 110 - 250 - V 

VCER Ic '= 0.2 A; RBE = 100 n 130 - 275 - V 

fT Ic = 0.2 A; VCE = 10 V 5typ. 5 typo MHz 

hFE 
Ic = 4.A; VCE = 4 V 15 75 - -

Ic = 2A; VCE = 4 V - - 10 50 

VCE(sat) 
Ic = 4 A; IB = 0.5 A - 2 - -

V 
Ic = 2A; 18 = 0.25 A - - - 2 

VBE 
Ic = 4 A; VCE = 4 V 0.75 1.75 - -

V 
Ic = 2 A; VCE = 4 V - - 1 2 

ISib 
VCE = 80 V; t = 1 S 1.87 - - -
VCE = 140 V; t = 1 S - - 1.07 - A 

AFor characteristics curves and test conditions, refer to published data for prototype RCA8638D (File 1060). 
-For characteristics curves and test conditions, refer to published data for prototype 2N5240 (File 321). 

100 

70 

~o 

25 

o 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY 10 THE DISSIPATlON·LIMITED PORTION 
AND IS/b-LIMITED PORTION OF MAXIMUM~OPERATINO
AREA CURVES. DO NOT DERATE THE SPECIFIED 
VALUE FOR Ie MAX. 

25 50 75 100 I~ ISO 115 

CASE TEMPERATURE (TC)-"c 

Fig. 1 - Derating CUNe for all types. 

200 
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CASE TEMPERATURE (Tc) = 25°C 
(CURVES MUST BE DERATED LINEARLY 

" 41--+-+++j'TH reREtE IN TEMPERATURE) 

~ 2 I L 
!:! 10. Ie (MAX) CONTINU~US=-O,oI'oI' oc.~:j::jI:t=+==I=J::I::::j 
~ 6 i'.o4),: OAo~ .. .,-t+---t--+-++-l 
~ 4 .......: '0", 'l'of)o'--+--+-++-I 
II: "'< 1'0 ,~ 2 ~~4,I'~ 
~ <OJ 
~ 18 I:t-=++:j::j 
~ 6 .~ "f.--
a 4 \~--
U VCEO MAX)' 110 V (BD~~O) 1\ ;:. 

O. 

2 0-
VeEO. (MAX)' 250 V (BD~~OB) r--n 

2 4 6 8 
10 

6 • 
IOD 

2 4 6 8 
1000 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-30886RI 

Fig. 2 - Maximum operating areas for all types. 



File Number 1241 

8-Ampere N-P-N Darlington 
Power Transistors 

45-60-80 Volts, 70 Watts 
Gain of 750 at 3A 

Features: 

• Operates from Ie without predrlver 
• Low leakage at high temperature 

Applications: 

• Power switching 
• Hammer drivers 
• Series and shunt 

regulators 
• Audio amplifiers 

The 8D643, 8D645, BD647, and BD649 are monolithic 
silicon n-p-n Darlington transistors designed for low and 
medium-frequency power applications. The high gain of 
these devices makes it possibie lor them to be driven 
directly from integrated circuits. 

These devices are suppliod In the JEDEC TO 220AB 
(VERSAWATT) plastic packago. 

80643,80645,80647,80649 

TERMINAL DESIGNATIONS 

'R';'"10 11 ]§:~' t 
TOP VIEW B 

JEDEC TO-22OAB 

RESISTANCE VALUES 
ARE TYPICAL 

92CS-39969 

92CS·20691R3 

Fig. 1 -Schematic diagram for all types. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
B0643 B0645 B0647 B0649 

VCBO ........................................ . 45 60 80 100 V 
VCEO(sus) .................................... . 45 60 80 100 V 
VEBO···· ..................................... . 5 V 

IC············································· 8 A 
ICM .......................................... . 12 A 
lB·········· .................................. . 0.15 A 
PT 
TC~ 25·C ................................... . 62.5 W 
TC>25·C ................................... . -Derate linearly 0.5 __ W/'C 

Tst9 ' TJ ....................................... . 
TL 

-55 to 150 ·C 

At distances .. '1/8 In. (3.17 mm) from case 
for 10smax ................................. . 235 ·C 
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80643,80645,80647,80649 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 25°C 
Unless Otherwise Specified 

TEST CONDITIONS UMITS 

CUR· 
CHARACTERISTIC VOLTAGE RENT BD643 BD64S 

Vdc Adc 

VCB VCE VBE IC Min. 

ICEO 
20 -
30 -

ICBO 
45 -
60 -

TC = 100"C 
45 -
60 -

lEBO -5 0 -
V(BR)CEO 0.1a 45 

V(BR)CBO 0.005 45 

V(BR)EBO 
IE = 2mA 

5 

3 0.58 1500b 

hFE 3 38 750 
3 sa 7srP 

VBE 3 38 -
VCE(sat) 

IB = 12mA 
38 -

fT f= 1 MHz 
3 3 1 
3 3 1()b 

RSJC -
• Pulsed; pulse duration = 200 /IS, duty factor = 1 %. 

NOTE· CURR£NT DERATING AT CONSTANT 
VOlTAGE APPLIES ONLY 10 THE D1SSlPATI0N
LIMITED PORTION AND THf IS/b -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVE,' DO NOT DERATE THE 
SPECIFIED VALUE' FOR .Ie MAX 

,Z 
CASE TEMPERATURE (TC)--C 

Fig. 2-Derating curve for al/ types. 

2·261 

Max. Min. Max. 

0.5 - -
- - 0.5 

0.2 - -- - 0.2 

2 - -
- - 2 

2 - 2 

- 60 -
- 60 -
- 5 -
- 1500b -
- 750 -- 7srP -
2.5 - 2.5 

2 - 2 

- 1 -
- 1()b -
2 - 2 

b Typical value. 

UNITS 

rnA 

V 

V 

MHz 

0c/w 



80643, 80645, 80647, 80649 
ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 2SoC 

Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CUR· 
CHARACTERISTIC VOLTAGE RENT BD647 BD649 

Vdc Adc 

VCB VCE VBE IC Min. M8X. Min. M8x. 

ICEO 
40 - 0.5 - -
50 - - - 0.5 

ICBO 
80 - 0.2 - -
100 - - - 0.2 

TC = 100·C 
80 - 2 - -
100 - - - 2 

lEBO -5 0 - 2 - 2 

~BR)CEO 0.18 80 - 100 -
V(BR)CBO 0.005. 80 - 100 

V(BR)EBO 
5 - 5 -IE = 2 rnA 

3 0.58 1500b - 1500b -
hFE 3 38 750 - 750 -

3 68 750b - 750b -
VBE 3 38 - 2.5 - 2.5 

VCE(sat) 
IB = 12rnA 

38 - 2 - 2 

IT f = 1 MHz 
3 3 1 - 1 -
3 3 1Qb - 1Qb -

ROJC - 2 - 2 

a Pulsed; pulse duration = 200 "s, duty factor = 1%. b Typical value. 

10 100 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI- v 

Fig. 3-Maximum operating area for all types. 

2-262 

UNITS 

rnA 

V 

V 

MHz 

·CIW 



B0895, B0895A, B0897, B0897A, B0899, B0899A, B0901 File Number 1240 

8-Ampere N-P-N Darlington 
Power Transistors 
45-60-80-10o-Volts, 70 Watts 

Gain of 750 at 4 A 
TERMINAL DESIGNATIONS 

(B0895A, B0897A, B0899A) 
Gain of 750 at 3 A 
(B0895, B0897, B0899, B0901) 

Features: Applications: '~'~'"lOII ] {~ 
TOP VIEW B 

_ Operated from Ie without predriver _ Power Switching 
_ Low Leakage at high temperature _ Hammer drivers 

92CS-39969 

_ Series and shunt 
regulators 

_ Audio amplifiers 

The B0895, 80645, B0895A, B0897, B0897A, B0899, 
B0899A, and B0901 are monolithic silicon n-p-n Darling
ton transistors designed for low and medium-frequency 
power applications. The high gain of these devices makes it 
possible for them to be driven directly from integrated 
circuits. 

These devices are supplied in the JEOEC TO 220AB 
(VERSAWATT) plastic package. 

JEDEC TO-22OAB 

. :---------, 
I I 
I I 
I I 
I I 
I I L _________ -1 

E 
92CS-2069IR2 

Fig. 1-Schematic diagram for aI/ types. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO······························· 
VCEO(sus) .......................... . 
VEBO······························· 
IC·································· 
lB·································· 
PT 

TC<25'C ......................... . 
TC>25·C ......................... . 

Tstg ' TJ ............................ . 
TL 

At distances .. 118 in. (3.17 mm) from 
case for 10 s max ......•........... 

B0895 B0897 B0899 
B0895A B0897A B0899A 

45 
45 

60 80 
60 80 

B0901 

100 
100 

------ 5 ------8 _____ _ 
______ 0.1 _____ _ 

----__ 70 ------
____ Derate linearly 0.56 __ _ 

-65to 150 

------ 235 ------
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B0895, B0895A, B0897, B0897A, B0899, B0899A, B0901 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T C = 25°C Unless 
Otherwise Specified 

TEST CONOITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT B0895 B0897 

UNITS 
Vdc Adc B0895A B0897A 

VCB VCE VBE IC IB Min. Max. Min. Max. 

ICEO 
20 0 - 500 - p.A· 
30 0 - - - 500 

leBO 
45 - 0.2 - -
60 - - - 0.2 

Te = 100·C 
45 - 2 - - mA 
60 - - - 2 

'EBO -5 0 - 2 - 2 

VCEO(SUS) 0.1a 0 45 - 60 - V 

hFE B0895,B0897 3 3a 750 - 750 -
B0895A,B0897 A 3 4a 750 - 750 -

VBE B0895,B0897 3 3a - 2.5 - 2.5 

B0895A,B0897 A 3 4a - 2.5 - 2.5 

VCE(sat) B0895 3a 0.012 2.5 2.5 
V - -

B0897 

B0895A,B0897A 4a 0.016 - 2.8 - 2.8 

hfe 3 3 1 - 1 -
f = 1 MHz 

R9JC - 1.78 - 1.78 ·C/W 

92CS-32690 

Fig. 2-Maximum operating areas for al/ types. 
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80895, B0895A, B0897, B0897A, B0899, B0899A, B0901 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC = 25°C Unless 
Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT BD899 BD901 UNITS 

Vde ,. de SOHIA. 

VCB VCE VBE IC IB Min. Max. Min. Max. 

ICEO 
40 0 - 500 - -

iJA 
50 0 - - - 500 

ICBO 
80 - 0.2 - -

100 - - - 0.2 rnA 

TC = 100·C 
80 - 2 - -

100 - - - 2 

lEBO -5 0 - 2 - 2 

VCEO(sus) 0.1 a 0 80 - 100 - V 

hFE B0899,B0901 3 38 750 - 750 -
B0899A only 3 48 750 - - -

VBE B0899,B0901 3 38 - 2.5 - 2.5 

B0899Aonly 3 48 - 2.5 - - V 
VCE(sat) B0899 38 0.012 - 2.5 - 2.5 

B0901 

B0899A only 48 0.016 - 2.8 - -
hfe 3 38 1 - 1 -

f = 1 MHz 

RlJJC - 1.78 - 1.78 ·CIW 

a Pulsed: Pulse duration = 3001'8, duty factor = 1.8%. 

NOTE CURRENT DERATING AT CONSTANT 

~ 
VOLTAGE APPLIES ONLY 10 THE DISSIPATION-

,., 
LIMITED PORTION ANO THE IS/b -LIMITED :1: 
PORTION OF MAXIMUM OPERATING AREA 

inti CURVE. DO NOT CERATE THE 
SPECIFIED VALUE FOR Ie MAX 

r 

mfttt ;IH~ -; t.!' .,. 
'00 

,. 
1+~J".$'I'.o 

, 
7> 

l~+fj.t'o .. 0.,1' 
!tt· , 

~ [*ft It i 
50 J: 

4-~t~:.· -
\''''''''' Til ., <'c 

tt it!: tre 
·1i·'rtH 'm , 25 ~ 75 100 25 150 175 200, 

CASE TEMPERATURE 1Tcl--C 

Fig. 3-Derating curve for all types. 
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File Number 994 BDX18, MJ2955 

Silicon P-N-P Epitaxial-Base 
High-Power Transistors TERMINAL DESIGNATIONS 

Rugged, Broadly Applicable Devices 
For Industrial and Commercial Use 

Features: 

• High dissipation capability 
• Low saturation voltages 
• Maximum safe-area-of-operation 

curves 
92C8-27516 

• High gain at high current 
JEDEC T0-204AA 

Applications: 

• Series and shunt regulators 
• High-fidelity amplifiers 
• Power-switching circuits 
• Solenoid drivers 

The RCA-BDX18 and MJ2955 are opitaxlal-base silicon p-n-p 
transistors featuring high gain at high current. These 
devices have a dissipation capability of 115 watts (BDX18), 
and 150 watts (MJ2955) at case tomperatures up to 25° C. 

They differ in voltage ratings and In the currents at which 
the parameters are controlled. All are supplied in the steel 
JEDEC TO-204AA hermetic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO .....•...............•••.••..•....•........••.......••...•......•..•.......... 
VCER(SUS) 

RBE = 100 Q •••.•••.••.•••.•••..•.••••••...••••••.••...•..•••...••••.••••....•••. 
VCEO(sus) •..........•...•...............................•....•....••.....•........ 
VEBO .•...•........•..•..•..•.••..•......................•.........•••.••.......... 
Ic .....•.•..........••..•...•..•......................•.•....•...•.•..•..•........ 
Ie ......•.............•........•.•.••..•........•.....•...••..•................... 
PT 

At Tc S25°C .•........•.•.•..•.•.•.......•...••.....•...•.••.......•...•.....••. 

At T c> 25°C •...•...•........•.•...•••. Derate linearly •.•.......•••............. 

T.tg• TJ ........................................................................... . 
TL 

At distance;::: 1/32 in. (0.8 mm) from seating plane for 10 s max ......•.........•••...• 
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BDX18, MJ2955 

ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C Unless Otherwise Specified. 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE 
Vdc 

VCE V.E 

iCEX BDX18 -100 1.5 

MJ2955 -100 1.5 

ICEX' MJ2955 -100 1.5 

Tc = 150°C 

BDX18 -60 1.5 

I CEO -30 -

lEBO - 7 

VCEO(SUS) - -

VCER(SUS) - -
RBE = 100 Cl 

hFE BDX18. MJ2955 -4 -

Except BDX18 -4 -

V BE -4 

VCE(sat) BDX18. MJ2955 - -

MJ2955 only - -

fh,. f = 10 kHz MJ2955 -4 -

I h,.1 f = 1 MHz BDX18 -4 -

MJ2955 -4 -

h'e -4 -
f = 1 kHz 

ISIB 
r 

-40 -
tp = 1 S non rep. 

BDX18 - -
R8JC 

MJ2955 - -

apulsed; pulse duration = 300ps. duty factor = 1.8%. 
bCAUTION: Sustaining voltages VCEO(sus) and VCER(SUS) 
MUST NOT be measured on a curve tracer. 

~ 40 
~ 

~ 20 

~ 

CURRENT BDX18 
Adc MJ2955 UNITS 

Ic I. Min. Max. 

- - - -5 
mA 

- - - -1 

- - - -5 
mA 

- - - -10 

- - - -0.7 mA 

- - - -5 mA 

-0.2 - -60b - V 

-0.2 - -70b - V 

-4a - 20 70 

-10a - 5 -

-4a - - -1.8 V 

-4a -0.4 - -1.1 
V 

-10a -3.3 - -3 

-1 - 10 - kHz 

-1 - 2.5 -

-0.5 - 4 -

-1 - 15 120 

- - 2.B7 - A 

- - - 1.5 
°C/W 

- - - 1.17 

~36C COLLECTOR - TO M [tr,UTTER VOLTAGE (VCE). 4 V 
CASE TEMPEltATUR[ (Tel· 25"C 

;;, 
~ 
* 240 

l-t-- - - '-
~ / 

....- 1"--, 
... ISO 
~ V I I z 1 ~ 

~ 120 l-I-- .'-". 
~ ~ ~ 601--1--'-' 
E i" g 

0 

, 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE (Tc)-"C . " 01 . " 0.01 

! 

10 

COLLECTOR CURRENT II cl - A nCS-2900l 

Fig. 1 - Derating curve. Fig. 2 - Typical dc beta characteristics. 

2-267 



BDX18, MJ2955 

COLLECTOR- TO-EMITTER VOLTAGE(VCE1-V 
92CM-30558RI 

Fig. 3 - Maximum operating areas for BDX18 and MJ2955. 

BASE-TO-EMITTER VOLTAGE (VBEI- V 
HCS-29005 

Fig. 4 - Typical input characteristics. 

IASE-TO-EMITTER VOLTAGE (VBEI-V 
92eS-290m 

Fig. 6 - Typical transfer characteristics. 
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80 10 1011 
COLLECTOR-TO-EMITTER VOLTAGE (VcEI-V 

!2es -2!JOO6 

Fig. 5 - Typical output characteristics. 

8 COLLECTOR-TO-EMITTER VOLTAGE (VCEI" 4 V 
7 CASE TEMPERATURE (Tel" 25"C 

....-
~ 6 

/ ~ 
\ E 4 

/ 
:z: 
I:i 3 

Ii 
i , 
z :c I co 

• • • • • • • •• 0.01 • • 0.1 I 10 
COLLECTOR CURRENT IIe)-A 92CS-2t004 

Fig. 7 - Typical gain-bandwidth product. 



BDX33, BDX33A, BDX33B, BDX33C, BDX33D File Number 693 

1 a-Ampere N-P-N Darlington 
Power Transistors 
45-60-80-100-120 Volts, 70 Watts 

Gain of 750 at 4 A (BDX33, BDX33A) 
Gain of 750 at 3 A (BDX33B, BDX33C, BDX33D) 

Features: Applications: 

_ Operates from Ie without predriver - Power switching 

- Low leakage at high temperature - Hammer drivers 
- Series and shunt 

regulators 
- Audio amplifiers 

The BDX33. BDX33A. BDX33B. BDX33C. and BDX33D 
are monolithic silico-n Darlington transistors designed for 
low- and medium-frequency power applications. The high 
gain of these devices makes it possible for them to be 
driven directly from integrated circuits. 

The BDX33. BDX33A. BDX33B. and BDX33C are comple
mentary to the BDX34. BDX34B. and BDX34C. described in 
File 694. 

These devices are supplied in the JEDEC TO-220AB (VER
SAWATTj plastic package. 

MAXIMUM RATI NGS, Absolute-Maximum Values: 

BDX33 

VCBO ' 45 

VCER(sus) 
(RBE) = lOOn 45 

VCEO(sus) 45 

VCEX(sus) 

V BE =-1.5V 45 

V EBO ' 5 

IC' 10 

lB" . 0.25 

PT 
TC~25°C 70 

TC>25°C 

Tstg• TJ 

TL 
At distances ;;'1/8 in. (3.17 mm) from case 
for 105 max. 
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TERMINAL DESIGNATIONS 

'R'~'"1oll j; .~ f 
TOP VIEW B 

92CS-39969 

JEDEC TO-22OAB 

Fig. I - Schematic diagram fa, all types. 

BDX33A BDX33B BDX33C BDX33D 

60 80 100 120 V 

60 80 100 120 V 

60 80 100 120 V 

60 80 100 120 V 

5 5 5 5 V 

10 10 10 10 A 

0.25 0.25 0.25 0.25 A 

70 70 70 70 W 

Derate linearly 0.56 wtOc 
-65 to +150 °c 

235 °c 



BDX33, BDX33A, BDX33B, BDX33C, BDX33D 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25°C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

VOLTAGE 
CUR· 

CHARACTERISTIC 
Vde 

RENT BDX33 BDX33A BDX33B UNITS 
A de 

VCB VCE VBE IC Min. Max. Min. Max. Min. Max. 

40 - - - - - 0.5 

ICEO 30 - - - 0.5 - -
20 - 0.5 - - - -

40 - - - - - 10 
TC = 100°C 30 - - - 10 - -

20 - 10 - - - - rnA 
80 - - - - - 1 

ICBO 60 - - - 1 - -
45 - 1 - - - -

80 - - - - - 5 
TC = 100°C 60 - - - 5 - -

45 - 5 - - - -

lEBO -5 0 - 10 - 10 _. 10 rnA 

VCEO(sus) 0.1a 45 - 60 - 80 -

VCER(sus) 
0.1a 45 - 60 - 80 - V 

(RBE)=100n 

VCEV(sus) -1.5 0.1a 45 - 60 - 80 -

hFE 
3 3a - - - - 750 -
3 4a 750 - 750 - - -

VBE 
3 3a - - - - - 2.5 

V 
3 4a - 2.5 - 2.5 -. -

VCE(sat) 
IB = 0.006 38 - - - - - 2.5 V 
IS =0.008 48 - 2.5 - 2.5 - -

VF 8 - 4 - 4 - 4 V 

hfe 5 1 1000 - 1000 - 1000 -f = 1 kHz 

Ihfel 
5 1 20 - 20 - 20 -f = 1.0MHz 

IS/b 25 2.8 - 2.8 - 2.8 -
A tp = 0.5 S non·rep. 36 1 - 1 - 1 -

ROJC - 1.78 - 1.78 - 1.78 °CIW 

a Pulsed: Pulse duratIon = 300 I's. duty factor = 1 .8%. 
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BDX33, BDX33A, BDX33B, BDX33C, BDX33D 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TCJ=25°C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT 

BDX33C BDX33D UNITS Vdc Adc 

VCB VCE VBE IC IB Min. Max. Min. Max. 

ICEO 
60 0 - - - 0.5 
50 0 - 0.5 - -

TC = 100°C 
60 0 - - - 10 
50 0 - 10 - - rnA 

ICBO 
120 - - - 1 
100 - 1 - -

TC= 100°C 
120 - - - 5 
100 - 5 - -

lEBO -5 0 - 10 - 10 rnA 

VCEO(sus) O.la 0 100 - 120 -
VCER(sus) 

O.la 100 - 120 - V (RBE) = lOOn 

VCEV(sUS) -1.5 O.la 100 - 120 -
hFE 3 3a 750 - 750 -

VBE 3 3a - 2.5 - 2.5 V 

VCE(sat) 3a 0.006 - 2.5 - 2.5 V 

VF 8 - 4 - 4 V 

hfe 5 1 1000 - 1000 -f = 1 kHz 

Ihfel 
5 1 20 - 20 -f= 1.0MHz 

ISlb 25 2.8 - 2.8 -
A tp = 0.5 5 non·rep. 36 1 - 1 -

ROJC - .78 - 1.78 °CIW 

a Pulsed: Pulse duration = 300 !,S. duty factor = 1.8%. 
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0.1 

6 

4 

BDX33, BDX33A, B[)X33B, BDX33C, BDX33D 

10 60 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-29309RI 

Fig. 2. - Maximum operating areas for BDX33-series types. 

iii 6 COLLECTOR-TO- EMITTER VOLTAGE 'V~~)' 3V 

"' Z 4 

~ l·l .!-... 2 

liii ;9i ",.~c r" 
~_108 
"'1- ~ ",~'l' 60 4 tz ",p 
i~ 2 ~~ 
0:0: .,'<- r\ ~ I" c.,'" 

" ~ 0 
..J 4 ... 
" 0: 

1& 
>-... 

0·1 
4 _ 8 I 2 4 _ 8

10 
4 _ 8100 

COLLECTOR CURRENT (Icl-A 
CASE TEMPERATURE ITC1_oC 92CS- 20697R2 

Fig. 3 - Derating curve for all typas. Fig. 4 - Typical dc-beta characteristics for all types. 
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BDX33, BDX33A, BDX33B, BDX33C, BDX33D 

10 1\ 
0.01 4 6 8 I 4 "8 10 

FREQUENCY (11- MHz 92($-19919 

Fig. 5 ..::... Typical sma/l-signal gain for a/l types. 

COLLECTOR-lO-EMITTER VOLTAGE lVCEl-Y 
92CS·199i!~ 

Fig. 7 - Typical output characteristics for a/l types. 

I~ 
BASE-lO-EMITTER VOLTAGE IVSE)-V 

Fig. 9 - Typical saturation characteristics for a/l 
types. 
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I! · 
2.' 

BASE-lO-EMITTER VOLTAGE 1VOE)-V 

Fig. 6 - Typical Input characteristics for a/l types. 

11 

I~ 
It 

BASE-TO-EMITTER VOLTAGE (YBE1-V 
92CS-Z070IRI 

Fig. 8 - Typical transfer characteristics for a/l types. 

PULSE DURATION 
20 ~s POSITIVE VOLTAGE 
20,.s NEGATIvE VOLTAGE 

REP. RATE = 200 Hz 

RS-ZOO Re 

... Ia, AND lS2 ARE MEASURED WITH TEKTRONIX CURRENT 

PROBE P6DI9 AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

92CS-2Z742 

Fig. 10 - Circuit used to measure saturated 
switching times. 
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2 
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BDX33, BDX33A, BDX33B, BDX33C, BDX33D 

COLLECTOR SUPPLY VOLTAGE IVcel- 20 V .. IB • -Ial -Ie/5OO, TC-Z'·C 

, ---- -i"-- .!.!... z .• 

z -.--
,;!II 

> ,. 
, I ...... V -l-f!.!.. o. t. 

, 
IS 9 10 

COLLECTOR CURRENT (lcl-A 
92CS-lg9l0RI 

Fig. 11 - Typical saturated switching-time 
characteristics for all types. 
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Ib--182 INPfJT WAI'E" FORM 

Ti 
1 
1 
1 
1 

~~KlN±=l 
-------1-- - ,90% 

1 
1 
1 
1 

1--_-+...-:TUR.r,ii~FF 

OiITPIIT WAVE FORM 

Fig. 12 - Phase relationship between Input current 
and output current showing reference 
points for specifications of switching 
times (test circuit shown In Fig. 13). 



BDX34, BDX34A, BDX34B, BDX34C, BDX34D 

10-Ampere P-N-P Darlington 
Power Transistors 
45-60-80-100-120 Volts, 70 Watts 
Gain of 750 at 4 A (BDX34, BDX34A) 
Gain of 750 at 3 A (BDX34B, BDX34C, BDX34D) 

Features: Applications: 
_ Operafes from Ie without predriver _ Power switching 
_ Low leakage at high temperature - Hammer drivers 

- Series and shunt regulators 
- Audio amplifiers 

The BDX34, BDX34A, BDX34B, BDX43C, and BDX34D are 
monolithic p-n-p silicon Darlington transistors designed for 
low and medium-frequency power applications. The high 
gain ofthese devices makes it possible forthem to be driven 
directly from integrated circuits. They are complimentary to 
the BDX33, BDX33A, BDX33B, BDX33C, and BDX33D 
described in Data Sheet File No. 693. 

These devices are supplied in the JEDEC TO-220AB 
(VERSAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

File Number 694 

TERMINAL DESIGNATIONS 

'~'~"1011 ] { 
TOP VIEW . B 

92CS-39969 

JEDEC T0-22OAB 

c 

r---------....., 
I I 
I I 
I I 
i I 

B 

I I 
I "'2.5kn ,"Izon I L _________ ~ 

E 

92CS-22750 

Fig. 1 - Schematic diagram for all types. 

BDX34 BDX34A BDX34B BDX34C BDX34D 

VCBO···································· 
VCER(sus) 

(RBE)=100 n .......................... . 
VCEO(SUS) ...........•..................• 
VCEX(SUS) 

VBE=-1.5 V ............................ . 
VEBO ............•.•..................... 

IC········································ 
lB········································ 
PT 

TC:5 25·C '" .' ....................•.... 
TC>25·C ............................ . 

Tstg. TJ ................................. . 
TL 

At distances ~ 1/8 in. (3.17 mm) 
from case for 10 s max. 

-45 

-45 
-45 

-45 
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-60 -80 -100 -120 V 

-60 -80 -100 -120 V 
-60 -80 -100 -120 V 

-60 -80 -100 -120 V 
-5 V 

-10 A 
-0.25 A 

70 W 
Derate linearly 0.56 wrc 

-65 to +150 ·C 

235 ·C 



BDX34, BDX34A, BDX34B, BDX34C, BDX34D 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC)==25·C Unless Otherwise 
Specified 

TEST CONDITIONS LIMITS 

CHARAC-
CUR-

TERISTIC 
VOLTAGE RENT BDX34 BDX34A BDX34B UNITS 

V de A de 

VCB VCE VBE IC Min. M8X. Min. M8X. Min. M8X. 
-40 - - - - - -0.5 

ICED -30 - - - -0.5 - -
-20 - -0.5 - - - -
-40 - - - - - -10 

TC=100·C -30 - -. - -10 - -
-20 - -10 - - - -

-80 - - - - - -1 mA 

ICBO -60 - - - -1 - -
-45 - -1 - - - -
-80 - - - - - -5 

TC=100·C -60 - - - -5 - -
-45 - -5 - - - -

lEBO 5 0 - -10 - -10 - -10 

VCEO(SUS) -0.18 -45 - -60 - -80 -
VCER(SUS) 

-0.18 -45 - -60 - -80 - V 
(RBE)=100 n 

VCEV(SUS) 1.5 -1.08 -45 - -60 - -80 -
hFE 

-3 -38 - - - - 750 -
-3 -48 750 - 750 - - -

VBE 
-3 -38 - - - - - -2.5 

-3 -48 - -2.5 - -2.5 - -
VCE(sat) 

V 
IB=-0.006 A -3P - - - - - -2.5 

=-0.008 A -48 - -2.5 - -2.5 - -
VF -8 - -4 - -4 - -4 

hIe -5 -1 1000 - 1000 - 1000 .-
(1=1.0 kHz) 

Ihle I -5 -1 20 - 20 - 20 -
(1=1.0 MHz), 

IS/b -20 -3.5 - -3.5 - -3.5 -
A 

tp=O.Ss non-rep. -33 -1 - -1 - -1 -
ROJC - 1.78 - 1.78 - 1.78 ·C/W 

.Pulsed: Pulse duration=300 "s, duty factor~1.8%. 
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BDX34, BDX34A, BDX34B, BDX34C, BDX34D 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC)=25° C Unless Otherwise 
Specified 

TEST CONDITIONS LIMITS 
CHARACTERISTIC VOLTAGE CURRENT BDX34C BDX34D UNITS 

Vdc Adc 

VCB VCE VBE IC Min. Max. Min. Max. 

ICEO 
-60 - - - -O.S 
-SO - -O.S - -

TC=1 00° C 
-60 - - - -10 
-SO - -10 - -

rnA 

ICBO 
-120 - - - -1 
-100 - -1 - -

TC=100°C 
-120 - - - -S 
-100 - -S - -

lEBO S 0 - -10 - -10 
VCEO(SUS) -0.1a -100 -120 

VCER(SUS) 
-0.1a -100 - -120 - V 

(RBE)=100 !l 

VCEV(SUS) 1.S -1.0a -100 - -120 -
hFE -3 -38 7S0 7S0 -
VSE -3 -3a - -2.S - -2.S 
VCE(sat) 

V 
IB=-0.006 A -38 - -2.S - -2.S 
VF -8 - -4 - -4 
hfe -S -1 1000 - 1000 -

(f=1.0 kHz) 

Ihfe 1 -S -1 20 - 20 -
(f=1.0 MHz) 

IS/b -20 -3.S - -3.S -
A 

~=O.S 5 non-rep. -33 -1 - -1 -
ROJC 1.78 1.78 °C/W 

apulsed: Pulse duratlon=300 jiS, duty factor=1.8%. 
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IBDX34, BDX34A, BDX34B, BDX34C, BDX34D 

92CS-2931ORI 

Fig. 2 - Maximum operating areas for BDX34-series types. 
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2 4 •• • 4 • 8 2 4 • 8 
CASE TEMPERATURE 1Tcl--C - 0.1 -\00 

92CS-20696RI 
-\ -\0 

COLLECTOR CURRENT (ICcl- A 
92CS-20881SR2 

Fig. 3 - Current derating curve for al/ types. Fig. 4 - Typical dc beta characteristics for al/ types. 
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BDX34. BOX34A, BDX34B, BDX34C, BDX34D 

COLLECTOR CURRENT (tc' ·-IA 

2~~~H-+-+44+~~++~~~~4-4-~ 
I 

2468246824'8246.24'82 
0.001 0.01 0.1 I 10 10 

FREQUENCY"1-MHz 

Fig. 5 - Typical small-signal gain for all types. 

COLLECTOR-YO-EMITTER VOLTAGE IVCE)-V 
9xs-zoa73 

Fig. 7 - Typical output characteristics for all types. 

·12 

1-1 
o!i 
~ -s 

i u _6 

~ 
~ -4 

-2 

o -I -2 -. -4 

COLLECTOR-TO-EMITTER SATURATION VOLTAGE [VCEIHt~-V 

92CS-20874 

Fig. 9 - Typical saturation characteristics for a/l 
types. 

2-279 

• QSE-YO-EMITTER VOLTAGE IYBEI-V 
9ZCS-20871R1 

Fig. 6 - Typical input characteristics for a/l types. 

BASE-lO-EMITTER VOLTAGE IVSE'-V 
'leS-tOI72RL 

Fig. 8 - Typical transfer characteristics for a/l types. 

PUloS E DURATION 
20,..1 POSITIVE VOLTAGE 
20,..s NEGATIVE VOLTAGt:. 

REP. RATE~200 Hz 

... IS. AND IS2 ARE MEASURED WITH TEKTRONIX CURRENT 
PROBE P6DI9 AND TYPE 134 AMPLIFIER. OR EQUIVALENT 

92CS-22742 

Fig. 10 - Circuit used to measure saturated 
switching times. 



COL.L.ECTOR SUPPL.Y VOLTAGE (VCCI--20V 

I.' 
101-[02 -IC/SOO, TC- 25·C 

1.21-'" - ........... 
I r-.!!... 

---- -... r.t:... 
...... ...... 

;" 0,8 

~ ...... r-.. 
~ 0,6 

"- ~ 
OA 

"- .,.!!-I--0.' 
0.1 

-I 5 6 T 8 '-10 

COLLECTOR CURRENT (IC l-A 
'2C5-20868RI 

Fig. 11 - Typical saturated switching-time 
characteristics forall types. 

BDX34, BDX34A, BDX34B, BDX34C, BDX34D 
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Fig. 12 - Phase relationship between input 
current and output current showing reference 
points for specifications, of switching 



File Number 1215 BDY55, BDY56 

High-Current, High-Power, High-Speed 
Silicon N-P-N Planar Transistors 
Devices for Switching and Amplifier Circuits in Industrial and' 
Commercial Applications 

Features: 
• Maximum operating area curves for dc and pulse operation 
• Large-signal power amplification 
• High-current fast switching 

TERMINAL DESIGNATIONS 
c 

The RCA-BDY55 and BDY56 are epitaxial silicon n-p-n 
planar transistors. They differ in voltage ratings and 
leakage-current. 

The high current-handling capability of these transistors in 
conjunction with fast switching speeds make them 
especially suited for sWitching-control amplifiers. power 
gates. switching regulators. converters. and inverters. Other 
recommended applications include dc-rf amplifiers and 
power oscillators. These transistors are supplied in the steel 
JEDEC TO-204AA hermetic package. 

'~ 
92CS-27516 

JEDEC TO-204AA 

MAXIMUM RATINGS, Absolute-Maximum Values: 
BDY55 

ve.o ........................................................................................... . 100 
Ve.o .......................................................................................... .. 60 
V •• o ........................................................................................... . 

Ie ••••••••••••••••••••• '" •••••••••••••.•••••• '" ••••••••.•.••••••••••••••••••.•••••••.•••••••• 
I ............................................................................................. . 

p,. 

BDY5S 

150 
120 

7 
15 ___ 

7 

Te=25·C ..................................................................................... . 
___ 117 ___ 

T .... TJ .••••••.•.•...••.•.•.........•..•......••.•.•...•.••...•.•.......•...•..•.•.•.......•.••.. __ -65 to +200 __ 
TL 

At distances;:: 1/32 in. (O.B mm) from seating plane for10 s max ................................. . ___ 230 ___ 

NOTE: CURRENT DERAT JNG AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
AND I SIb-LIMITED PORTION OF MAXIMUM-OPERATING 
AREA CURVES·DO NOT DERATE THE SPECIFIED 
VALUE FOR Ie MAX. 

2~ 50 75 100 125 150 175 200 
CASE TEMPERATURE ITe )_·c 

92CS-201l!:9 

Fig. 1 - DIssipation darating curves for both types. 
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COLLECTOR-TO-EMITTER VOL.TAGE (VeE) -4V 

90 
CASE TEMPERATURE (TC)-Z'-C 
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92CS-32248 

Fig. 2 - Typical gaIn-bandwidth product for both types. 
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BDY55, BDY56 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C Unless 
Otherwise Specified. 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT 
BDY55 BDY56 

Vdc Adc 

VCE VEB VBE Ic IB Min. Max. Min. Max. 

ICEO 30 0 - 0.7 - -
60 0 - - - 0.5 

ICEV 
100 -1.5 - 5 - -
150 -1.5 - - - 3 

At Tc = 150 °C 100 -1.5 - 30 - -
150 -1.5 - - - 30 

IESO 7 0 - 5 - 3 

hFE 4 4a 20 70 20 70 
4 10a 10 - 10 -

fT 4 1 10 - 10 -

VCEP(sus)b 0.2 0 60 - 120 -

VSE 4 4 - 1.8 - 1.8 

VCE(sat) 
4 4 - 1.1 - 1.1 
." 3.3 - 2.5 - 2.5 IV 

tON 5 1.0 - 0.5 - 0.5 
VCC = 50 V 

tOFF 
IS1 = 

5 1 A 2 - 2 
VCC':" 50 V 182 = -

-O.SA 

RaJC 10 10 - 1.5 - 1.5 

a Pulsed; pulse duratron.::; 350 ps, duty factor = 2%. 
b CAUTION: The sustaining voltages VCEO(SUS), MUST NOT be measured on a curve tracer. These 
sustaining voltages should be measured by means of the test circuit. 

2 4 • 2 
0.01 0.1 I 

COLLECTOR CURRENT (%Cl-A 

92CS-32247 

UNITS 

rnA 

rnA 

MHz 

V 

fJS 

°C/W 

10 40 

Fig. 3 - Typical transfer characteristics for both types. Fig. 4 - Typical dc beta characteristics for both types. 

2-282 



o 

CASE TEMPERATURE (TC) = 25- C 

I.SA 
I.IA 
900 

•• 0 
.00 

.00 
2.0 

180 

10 100 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

92CM- 32249RI 

Fig. 5 - Maximum operating areas for both types. 

120 
80 

10 15 20 25 30 35 40 45 I 

BDY55, BDY56 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V BASE -TO-EMITTER VOLTAGE (vaE)-V 
92LS-1464 92LS-14~R? 

Fig. 6 - Typical output characterstics for both types. Fig. 7 - Typical input characters tics for both types. 

or---- t-'J-- COLLECTOR SUPPLY VOLTAGE IVccl"ov 

• r--,' J:C/:tB"'O 

I 4r----~<>V 
f-' 

2 

't -I 

1 10 = If 

.. ° .. • ;:: 

• 
2 

10-2 

a 4 8 12 16 20 
COLLECTOR CURRENT (:tc I-A I2CS-3224& 

Fig. B - SWitching-time characterstjcs as a functjon of col/ector 
current for both types. 
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BDY58R 

Silicon N-P-N 
Switching Transistors 
For Switching Applications in 
Industrial and Commercial Equipment 

Features: 
• VcEo -160V 
.,c -25A 
• PT -175 W 

The RCA-BDY58R is a silicon n-p-n power transistor featur
ing fast switching speeds, le';.-J saturation voltage, and high 
safe-operating (SOA) ratings. It is specially designed for 
converters, inverters, pulse-width-modulated regulators, and 
a variety ot power switching circuits. 

The RCA-BDY58R transistor is supplied in a steel JEDEC 
TO-2D4AA hermetic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

File Number 1206 

TERMINAL DESIGNATIONS 

c 

'([) 
92C5-27516 

JEDEC TO-204AA 

BDY58R 
Vceo ...................................................................................................... 250V 
VCEO ...................................................................................................... 160V 
VCEX 

VeE = -1.5 V ............................................................................................. 250 V 
VEeo ........................................................................................................ 8V 
Ic .....................•.......•............................................................•............... 25A 
ICM ......................................................................................................... 50A 
Ie ........................................................................................................... 8A 
PT: 

AtTcup25° .......•..........................................•......................................... 175W 
T J • T stg •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• -65 to + 200°C 
TL: 

At distances 2:: 1/16 in. (1.58 mm) from case for 10 s max .................................................... 235°C 
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ELECTRICAL CHARACTERISTICS, at Case Temperature (TcJ=25°C 
unless otherwise specified 

TEST CONDITIONS LIMITS 
CHARACTERISTIC VOLTAGE CURRENT 

BDY58R 
Vdc Adc 

VCE VBE IC IB Min. Typ. Max. 

VCB 
ICBO = - - 0 - 0.1 1 

200 
ICER RBE = 10 Q, 180 - - - - - 10 

TC= 100°C 
lEBO - -5 0 - - 0.1 0.5 

VCEO(sus)D - - 0.2a - 160a - -
~LBR)EBO IE = 0.05 A - - 0 - 8 - -
VBE(sat) - - 10a 1 - 0.9 2 
VCE(sat) - - 10a 1 - 0.2 1.4 

hFE 
4 - 10a - 20 - 60 
4 - 20a - - 20 -

TC= -30 oe 4 - 10a - 10 - -
fT 15 - 1 - 10 48 -
ton Vee - 15 1.5 - 0.3 1 

toft = - 15 1.5 - 1.2 2 
(lB1 = IB2) 75V 

R8JC - - - - - - 1 

aPulsed, pulse duration = 300 ,..S, duty factor .. 2%. 

bCAUTION: Sustaining Voltage VCEO(sus) MUST NOT be measured on a curve tracer. 

100 

75 

50. 

25 

NOTE: QJRRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
AND IS/b-LlMITED PORTION OF MAXIMUM-OPERATING 
AREA-CURVES. DO NOT DERATE THE SPECIFIED WIoLUE 
FOR Ie MAX. 

10.. .. 
!i! • 
!! 4 
!!! 
f3 2 
0: 

~ I 

Ili • • F 4 

Iii v V 
~ 

2 

V i!'o.l • 
S • 4 

~ 
0 2 z 

0.01 

BDY58R 

UNITS 

rnA 

V 

MHz 

lAs 

°e/w 

0. 25 50 75 100 125 150 175 200 2468246824682:468 
0.001 0.01 0,1 I 10 

CASE TEMPERATURE (TC)-OC 
9ZCS-29798 PULSE WIDTH (tpl -. 

92CS-50~87 

Fig. 1 - Dissipation and I Sib derating curve. Fig. 2 - Typical thermal-response 
characteristic. 
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BDY58R 

COLLECTOR-TO-EMITTER VOLTAGE (VCE I-V 
92CM-32'52 

Fig. 3 - Maximum safe-operating areas (Tc = 25°C). 

--COLLECTOR - TO - E M.TTER VOLTAGE 
400 

IVCEI'4V 
0 

!i 
0: 2 

t!E TEMPEtTURE JCI •• d5 0 C 

0: .. ... 
"' .00 z ...... .. • 0: 
l-
I--

~~ 
• 25-C i"-.. .,...... 

0:-
4 

-Loc ~~ " '" I 
0 
0: 

~ 
~ 

'" 0 

2 

.0 

• 
6 . .. 

0.5 

r- r---.. 
• • 

'0 
COLLECTOR CURRENT (Ici - A 

~ 

92CS-32151 

Fig. 4 - Typicaf dc beta characteristics . 
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1 ! • > ~I 
~> 40~'" 

i* 0 .• r---c sE ~ 
! ... R ~'f\)RE\~C?'l-9 / 

d vV(i' V 
",,,, 
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'l' I--0 
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I 
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40 

o 468 1 2468 10 60 

COLLECTOR CURRENT (IC)-A 
92CS-314i54 

Fig. 6 - Typical base-to-emitter saluration 
voltage as a function of collector current. 
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Fig. 5 - Typical collector-ta-emitter saturation 
voltage characteristics. 
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Fig. 7 - Typical gain-bandwidth product. 
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0.2 
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Fig. 8 - Typical output characteristics. 
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Fig. 10 - Typical switching-time characteristics 
at T c = 1250 C as a function of 
col/ector current. 
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BDY58R 
10. CASE TEMPERATURE (TC)' 25'C 

Is-Ie /IO 
"ISI-Is2 VCC'75V 

4"", 

I 

0.1 

2 

............... 
~ 

"""-. • --" 
4 

2'- " ---
° 

'f 

5 '0 15 20 
';OLLECTOR CURRENT (Ic) - A 

-
25 30 

92CS-32154 

Fig. 9 - Typical saturated-switching-time 
characteristics as a function of 
col/ector current. 

CASE TEMPERATURE (Te)· 25-C 
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COLLECTOR -TO-BASE VOLTAGE (VCB)-V OR 
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92CS-31459 

Fig. 11 - Typical common-base input (Cioo1 of 
output (C 0001 capacitance 
characteristics. 



BDY90,BDY91, BDY92 

High-Speed Silicon N-P-N 
Planar Transistors 
Devices for Switching and Amplifier 
Circuits in Industrial and Commercial 
Applications 

Feature.: 

• Maximum operating area curves 
for dc and pulse operation 

The RCA-BDY90, BDY91, and BDY92 are epitaxial silicon 
n-p-n planar transistors. They differ in breakdown-voltage 
ratings, leakage-current, and dc-beta values. 

The high current-handling capability of these transistors in 
conjunction with fast switching speeds make them especially 
suited for switching-control amplifiers, power gates, 
switching regulators, converters, and inverters. Other 
recommended applications include dc-rf amplifiers and 
power oscillators. These transistors are supplied In the steel 
JEDEC TO-204AA hermetic plackage. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Vceo .•••.•••...•.••.••.••••.•..•.••...•.•.•••..••.•••...•...••••••••••••• 
VCEX(SUS) 

V.E=-1.5V ....••..•.••.•...•••••...•....••.••..•••...•...•••..•••.•••• 
VCEO(SUS) ..•.•.•••...••....•.••.•...••.••••.•••.•.•.•.•••••••.•••....•... 
VEeo •.•....•••••••...•...•.••••.•...•••.••..•••...•.•..••.•.•.•.••.•.•... 
Ic .••..••..•••.••.••.•...•.•••...•...•.•••..•.....•...•.••••.••••........ 
ICM •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

I •....................................................................... 
PT 

Tc:5 75·C ••••••••••....•.•••..•..••..••..•••...•..•.••.......•......•. 
Tc:5 25·C, VCE > 28 V ....••......•.•.....•...••••.••........••...••.... 
Tc>25·C, VCE>28V ..•.••......•.•••.•..••...••.•••••••.•..•.•.•..•.. 

TJ,T ..................................................................... . 
TL 

At distsnce ~ 1/32 In. (0.8 mm) from seating plane for 10 S max. • .••••.•• 
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File Number 1289 

160 

o 
o 

TERMINAL DESIGNATIONS 

c 

'CQ5 
92CS-27S16 

JEDEC TO-204AA 

40 BO 120 160 200 
CASE TEMPERATURE(TCI-·C 

92CS-3!GOO 

Fig. 1 - Dissipation d9ratlng curv9S for all tYP9S. 
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BDY90,BDY91,BDY92 
ELECTRICAL CHARACTERISTICS, at Case Temperature (T c) =250 C 
Unless Otherwise Specified 

Test Conditions Limits 

Characiteristic 
Voltage Current BDY90 BDY91 

Vdc Adc 

VCE VBE IC IB Min. Max. Min. Max. 

ICEX 120 -1.5 - 3 - -
TC= 150°C 100 -1.5 - - - 3 

80 -1.5 - - - -
2 1a 35 - 35 -

hFE 5 5a 30 120 30 120 
5 10a 20 - 20 -

Ihfel 5 0.5 14 - 14 -
f= 5 MHz Typ. Typ. 

VCEO(sus)b 0.2 0 100 - 80 -
VCEX(sus)b -1.5 0.2 0 120 - 100 -
VEBO 0 6 - 6 -IE= 0.05 A 

VCE(sat) 5a 0.5 - 0.5 - 0.5 
10a 1 - 1.5 - 1.5 

VBE(sat) 5a 0.5 - 1.2 - 1.2 
10a 1 - 1.5 - 1.5 

tON 5 0.5c - 0.35 - 0.35 VCC= 30 V 

ts 
0.5c 1.3 VCC= 30 V 5 - 1.3 -

tf 5 0.5c - 0.2 - 0.2 
VCC= 30 V 

ROJC 10 10 - 2.5 - 2.5 

a Pulsed: pulse duration = 300 IJs. duty factor ~ 2 %. c 181 = -182 

BDY92 Units 

Min. Max. 

- -
- - rnA 
- 3 

35 -
30 120 
20 -
14 -

Typ. 

60 -
80 - V 

6 -
- 0.5 V - 1.0 

- 1.2 
- 1.5 V 

- 0.35 

- 1.3 IJs 

- 0.2 

- 2.5 °C/W 

b CAUTION: The sustaining voltage VCEO(sus) and VVEX MUST NOT be measured on a curve tracer. 

150 vce-sv 1110 VcE-5V 

~ 
:. 125 

9 
t; 
ffi 100 .. 
OJ 
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I ., 

a: i 25 
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OJ 

T..-25·C 

--............... 

f'.t'o-

68, '1'0 
CO,LLECTOR CURRENT (Ie) - A 

92CS-33601 

Flg.2 - Typical dc beta characteristics 
for all typas. 
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Fig.3 - Typical gain-bandwidth product 
for all types. 



BDY90, BDY91, BDY92 
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Fig.4 - Maximum operating areas lor aI/ tvoes. 
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Fig.6 - Typical col/ectur-IO-emitter saru
ration voltage characteristics as a 
function of col/ector current 
for aI/ types. 
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Flg.8 - Typical base-to-emltter "atu
ration voltage characteristics as a 
function of col/ector current 
for aI/ types. 
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Flg.5 - Typical col/actor leakage current 
vs. lunctlon romperature for aI/ types. 
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Fig.7 - Typical col/ector-to-emitter satu
ration voltage characteristics as a 
function of junction temperature 
for aI/ types. 
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Fig.9 - Typical base-to-emitter satu
ration voltage characteristics as a 
function of junction temperature. 



BUW41,BUW41A, BUW41B 

5-A SWitchMid 
Power Transistors 

File Number 1275 

TERMINAL DESIGNATIONS High-Voltage N-P-N Types for Off-Line 
Power Supplies and Other High-Voltage 
Switching Applications 

Features: 

• High-temperature parameters guaranteed 
• Fast switching speed 

'M~""lOII Jr' f 
TOP VIEW B 

• High voltage ratings: Applications: 92CS-39969 

VCEX = 350 V to 450 V • Off-line power supplies 
• Low Vee (sat) at Ic = 5 A • High-voltage inverters JEDEC To-22OAB 

• VERSAWA TT package • Switching regulators 

The BUW41, BUW41A, and BUW41B SwitchMax series of 
silicon n-p-n power transistors feature high-voltage capability, 
fast switching speeds, and low saturation voltages, together 
with high safe-operating-area (SOA) ratings. They are specially 
designed for off-line power supplies and are also well suited 
for use in a wide range of inverter or converter circuits, and 
pulse-width-modulated regulators. These high-voltage, hlgh
speed transistors are 1 Oo-per-.cent tested for parameters that 

are essential to the design of high-power switching circuits. 
Switching times, including inductive turn-off time, and 
saturation voltages are guaranteed at 12S"C to provide 
information necessary for worst-case design. 

The BUW41, BUW41A and BUW41B series transistors are 
supplied in JEDEC TO-220ft.B (VERSAWATT) plastiC 
packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
BUW41 

V CER, RBE = 1000 ................................... 350 
VCEV 

VBE = -1.5 V ...................................... 450 
VCEX (clamped) 

VBE .= ":1.5 V ..................................... 350 
VCEO ................................................ 300 
VEBO .............................................. .. 
Idsat) .............................................. . 

IC .. ····· .. ·· .. ·· .. • .... · ...... ·• .. ············ .. ······ 
ICM ·· .. ·····•·· .. ·········· .. ···· .. ···· .. ······ ...... 
lB·········· .. ·· .... ······ .. ············ .... ···· .. ·· .. 
PT 
TC up to 25·C ...................................... . 
T C above 25·C, derate lil1"Arly ...................... . 

Tstg ' TJ ............................................ .. 
TL 
At distance ~ 1/8 in. (3.17 mm) from 

seating plane for 10 s max ......................... .. 
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BUW41A BUW41B 
400 450 V 

550 650 V 

400 450 V 
350 400 V 

8 V 
5 A 
8 A 
10 A 
4 A 

100 W 
0.8 wrc 

-65 to 150 ·C 

235 ·C 



ELECTRICAL CHARACTERISTICS 
Test Conditions 

Characteristic Voltage 
V dc 

vCElvaE 

TC = 25°C 

450 -1.5 

ICEV 550 -1.5 
650 -.5 

IIEBO -8 

VCEo(suslb 

hFE 3 

VBE(satl 

VCE(satl 

VCEXb 
(Clamped ES/bl -5 
L = 170 pH 

RBB = 5 Q -5 

ISlb 25 

I hf.J 1=5 MHz 10 

fT 10 

Cobo 1=0.1 MHz 10c 

tdd 

trd 

tsd 

tfd 

tc 

VCC=125 V, 
L=170 pH, 
RC = 25 Q 

Collector clamped 

to VCEX 

2. 100 I 
CASE TEMPERATURE fTCl-oC 9ZCI-32218 

Fig. 1 - Dissipation and ISlb derating curves 
for all types. 

Current 
Adc 

IC Iia 

0 

0.2a 0 

5a 

5a 1 

5a 1 
8a 4 

5 l e 

8 3e 

4 

0.2 

0.2 

5 1 

5 1 

5 le 

5 l e 

5 l e 
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BUW41, BUW41A, BUW41B 

Limits 

BUW41 BUW41A BUW41B Units 

Min. I Max. Min. I Max. Min. I Max. 

-
-
-
-

300 

10 

-
-
-

350 

200 
0.5 

3 

15 

50 

-

-

-

-

0.1 - - - -
- - 0.1 - - mA 
- - - - 0.1 

2 - 2 - 2 

- 350 - 400 - V 

40 10 40 10 40 

1.6 - 1.6 - 1.6 

1 - 1 - 1 
2 - 2 - 2 V 

- 400 - 450 -

- 250 - 300 -
- 0.5 - 0.5 s 

12 3 12 3 12 

60 15 60 15 60 ~."Hz 

300 50 300 50 300 pF 

0.1 - 0.1 - 0.1 

0.5 - 0.5 - 0.5 

2.5 - 2.5 - 2.5 

0.4 - 0.4 - 0.4 

ps 

0.4 - 0.4 - 0.4 

• 

i I 
II: '--!I! . ... /' !Z'" • 
~~ V .. '" . I!'u; 
jilil! / ~ 

! 'j 
0.1 

z "68 2".1 Z ".1 2 .. 8' 
0.001 0.01 0.1 I 10 

PULSE WIDTH (tpJ-1 92CS-29981 

Fig. 2 - Typical thermal-response character
istics for all types. 



BUW41, BUW41A, BUW41B 
ELECTRICAL CHARACTERISTICS Continued 

Test Conditions Limits 
Characteristic Voltage Current BUW41 BUW41A BUW41B 

V de Adc 

VCE!VBE IC ! IB Min.! Max. Min.! Max. Min.! Max. 

TC = 125°C 

450 -1.5 

ICEV 550 -1.5 
650 -1.5 

VCE(sat) 58 1 

trd 5 1 

tsd 5 1e 

t,d 5 l e 

tc 

VCC=125 V, 
L=170 pH, 5 l e 
RC = 25 n 
Collector clamped 

to VCEX 

IRBJC I I I I 
apulsed: pulse duration = 300/IS. duty factor :52%. 

bCAUTION: The sustaining voltage VCEO(sus) and 
VCEX MUST NOT be measured on a curve tracer. 

- 1 
- -
- -
- 2 

- 0.8 

- 4 

- 0.8 

- 0.8 

- - -
- 1 -
- - -
- 2 -
- 0.8 -
- 4 -
- 0.8 -

- 0.8 -

CVCsvalue. 

dVCC=125 V, tp=20 J1S. 

e1S1= -IS2· 

COLLECTOR-TO- EMITTER VOLTAGE (VCE)-V ,2CM-3221' 

Fig. 3 - Maximum operating areas for al/ types [T c = 25° Cj. 
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-
-
1 

2 

0.8 

4 

0.8 

0.8 

Units 

mA 

V 

ps 



200 COL.LECTOR-TO-EMITTER 
!! 
!;; :100 

VOLTAGE (YCE'-:S V 

~ · !:! - -.. · '" ~C >-
)-""kl4 
Z~ 

~ ~~ ~ 'I , 
Q 

CASE TEMPERATURE (Tel .-~ ~ '" '-..... I! 
~ 10 

I I I-U 
g · L " · I I , . . . , . . . 

0.1 I 10 
COI..LECTOR CURRENT (IC)-A tzes-zttl2 

Fig. 4 - Typical dc beta characteristics for all 
typos. 

COLLECTOR CURRENT (ICl-A 

Fig. 6 - Typical baso-to-emitter saturation 
voltage as a function of col/ector 
current for all types. 

10 

COLLECTOR-TO-EMITTER VOLTAGE (VcE)-V tZCS-'l99" 

Fig. 8 - Typical output characteristics for al/ 
types. 
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BUW41, BUW41A, BUW41B 

I la- I e/!5 . 
z 

TC·- 4O•C 5 . 
~ 

TC -12e·e 

'" Te· 215-e 
~>4 
;\,.!, 

~ ",: 
"': 

~ >--
t:~ 
:II> , 
"'~ 

~.~ '''' ~~ , .... ~ ~\~i).' 
~~O.l ~"''I' >- ~.~~~ :oJ • 
::l oP~ 8 • . . . . 

10 
COLLECTOR CURRENT C1c)-A 92CS-U'83IU 

'" :.l 
~ 
g 

Fig. 5 - Typical collector-to-emltter saturation 
voltage as a function of collector 
current for all types. 

4 COLLECTOR -TO-EM ITTER J VOLTAGE (VCE)-3V 

, 

"'> 
~, 
>--

~~I ... 4C·C 
r-o-

a ~ __ ';" 

'" g & ~"C ,.\'l.!)-C 

~'''ER'rRE 
• I 

, . . , 
COLLECTOR CURRENT CIel -A 92CS-Z998S 10 

Fig. 7 - Typical base-to-emitter voltage as a 
function of collector current for all 
types. 

COLLECTOR CURRENT (Ic)-A 

Fig. 9 - Typical saturated-switching-time 
characteristics for all types. 



BUW41, BUW41A, BUW41B 

COLLECTOR CURRENT (,IC)-A 92CS-29988R 

Fig. 10 - Typical saturated-switching-time 
characteristics as a function of col/ector 
current for 131/ types. 

COLLECTOR CURRENT (I C)-A 

Fig. 12 - Typical saturated-switching-time 
characteristics for aI/ types. 

i!i ... 10" CASE TEMPERATURE CTC)-25-C 

'II. i • FREQUENCY (f) -, MHz 

11 4 

"'-~!~ • 0 
:2~ 2 

~~<>' :it 8 

~ 4 
~~ . 
111- b--
~~ 2 ...... 
"ilK>" 
~~ : Cabo .... -t--u: I 

/0 I 
2 4 • 8 2 4 • 8 2 4 • 8 10 102: 103 

COLLECTOR-lO-BASE VOLTAGE l"ce)-V OR 
EMITTER-TO-BASE \tOLTAGE (VEB)-V .,tes ··29"2 

Fig. 14 - Typical common-base input or output 
capacitance characteristics as a 
function of col/ector-to-base voltage or 
emitter-to-base voltage for aI/ types. 
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COLLECTOR CURRENT (%C)-A 9zeS-29&89RI 

Fig. 11 - Typica/saturated-switching-time 
characteristics for 131/ types. 

CASE TEMPERATURE (Tc}_OC 

Fig. 13 - Typica/saturated-switching-time 
characteristics as a function of case 
temperature for aI/ types. 

8 

j7 
VCEORATING 
MINUS IOOV 

';,6 
!:! 
!Z5 ----
OJ I ~4 
~ I to 

I CLAMPED II: 
0 Tcsl2SoC I VCEX RATING l-
/;!2 I ...J 
...J 
01 I 
u I 

0 

COLLECTOR-TO-EMITTER VOLTAGE 

92CS-30455 

Fig. 15 - Maximum operating conditions for 
switching between saturation and 
cutoff. 



14 

10% VCEX ~------t,------~ 

VCEX 
RATING 

10% Ie (PEAl() 

92Ca-303B9RI 

Fig. 16 - Oscilloscope display for measuroment 
of clamped induction switching 
time (tc;). 

240 

,50/LF 

Z~::rL~ 
W-ZO,.s 500 = 

4711 

MIN 

FREQ-500Hz 

A 10% 

BUW41, BUW41A, BUW41B 

92CS-304!5B 

tct 2A_B 
Ir .. e-C· 
ts" X- y 
tf"V-Z 
tTRANSITION .. X-W 
NOTE: TRANSITION TIME 
FROM 90% 181 TO 9o" 182 

MUST BE LESS THAN 0.3 ~s. 

Fig. 17 - Phase relationship between input and 
output currents showing reference 
points for specification of switching 
times. 

IC R, R2 V CLAMP 
6A ,611 ,511 CLAMPED V RATING 
BA 511 511 VCEO-'DOV 

QI, QZ - ZN63e4 
Q3 - ZN376Z 

04,Oe, 
QS, Q7 - CA37Z5 QUAD 

TRANSISTOR 
ARRAY. 

*THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

** KELVIN (SENSING) 
CONNECT IONS 

BATTERY SYMBOLS VCC ,VBI 'VB2' 
VB(CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST', AND " TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

NOTE, SWI CLOSEO FOR I" '. , l,. SWI OPEN FOR 'c. 

92CM-3045B 

Fig. 18 - Circuit for measuring switching times. 
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BUW64A, BUW64B, BUW64C 

High-Current, Silicon N-P-N 
VERSAWATT Transistors 
Switching Applications 
Features: 
• Fast switching speed at temperatures up to 125° C 
• Low Vce(sat) 
• VERSAWATT plastic package 

RCA-BUW64A, BUW64B, and BUW64C are epitaxial-base 
silicon n-p-n power transistors which feature fastswitchlng 
speeds, low saturation voltages, and high safe-operating
area (SOA) ratings. They are· specially designed for 
converters, Inverters, pulse-width-modulated regulators and 
a variety of power switching circuits. 

The BUW64A, BUW64B, and BUW64C transistors are 
supplied In the JEDEC TO-220AB (RCA VERSAWATT) 
plastic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VeEY 
VaE=-1.5V .•....•..........•.•....•.•...•......••.......•..... 

VeEo ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
VEBO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

le(sat) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Ie ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
leM •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
la ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Pr 

Te up to 25°C ••••••.•••••.••••••.•.••••••••••••.•.••••...•••••• 
T e above 25· C ...•.••.••.......•.•.••...•...•... Derate Linearly 

T"" T •......•...•..•.....•..•..•..•••.•.....•...•.....••..•...••. 
TL 

At distance;:: 1/8 In. (3.16 mm) from seating plane for 10 s max ..•• 
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File Number 1199 

TERMINAL DESIGNATIONS 

'~'~'"lOII J:~' : 
TOP VIEW B 

92CS-39969 

JEDEC TO·220AB 

BUWMA BUWMB BUW84C 

140 160 180 
90 110 130 

7 
5 5 4 

7 
10 
5 

50 
0.4 

-65 to 150 

235 

v 
v 
V 
A 
A 
A 
A 

w 
W/OC 

·c 
·C 



BUW64A, BUW64B, BUW64C 

ELECTRICAL CHARACTERISTICS, at Case Temperature TC = 25°C Unless Otherwise 
Specified 

TEST CONDITIONS 

CHARAC- VOLTAGE CURRENT 
TERISTIC Vdc Adc BUW64A 

VCE VBE Ie IB Min. 

140 -1.5 -
ICEV 160 -1.5 -

180 -1.5 -
140 -1.5 -

TC = 125°C 160 -1.5 -
180 -1.5 -

lEBO -7 0 -
VCEO(sus)b p.01a 0 90 

2 0.28 30 
hFE 2 4a -

2 sa 20 

VB E (sat) 
4a 0.4 -
5a 0.5 -
4a 0.4 -

VCE(sat) 58 0.5 -
78 0.7 -

IS/b 
nn 2.5 i ""u 

Ihfel 10 0.5 10 
f= 5 MHz 

fy 10 0.5 50 

Cobo 10c 50 
f= 0.1 MHz 

tdd -4 
4 0.4 -
5 0.5 -

trd -4 
4 0.4 -
5 0.5 -

tsd -4 
4 0.4e -
5 0.5e -

tfd -4 
4 0.4e -
5 0.5e -

ROJC 4 5 -

a Pulsed: pulse duration = 3001.15. duty factor 00;2%. 

b CAUTION: The sustaining voltage VCEO(sus) MUST NOT 
be measurad on a curve tracer. 

2-298 

Max. 

100 
-
-

1 
-
-

100 

-
-
-
-

-
1.5 

-
0.8 
1.5 

-

40 

200 

150 

-
0.1 

-
0.25 

-
1 

-
0.5 

2.5 

LIMITS 

BUW64B BUW64C UNITS 

Min. Max. Min. Max. 

- - - -
- 100 - - /lA 
- - - 100 

- - - -
- 1 - -
- - - 1 rnA 

- 100 - 100 /lA 

110 - 130 - V 

30 - 30 -
- - 20 -
20 - - -
- - - 1.4 
- 1.5 - -
- - - 0.7 V 

- 0.8 - -
- 1.5 - 1.5 

i - i - s 

10 40 10 40 

50 200 50 200 MHz 

50 150 50 150 pF 

- - - 0.1 
- 0.1 - -
- - - 0.25 
- 0.25 - - /lS 
- - - 1 
- 1 - -
- - - 0.5 
- 0.5 - -
- 2.5 - 2.5 °CIW 

eVC8 value. 
d VCC = 70 V.tp - 201.15 

e 18, = -182' 



BUW64A, BUW64B, BUW64C 

COLLECTOR-TO-EMITTER VOLTAGE [VCE)- V 
92CS-31945 

Fig. 1 - Maximum operating areas for all types 
fTC = 2SoC). 

10 
COLLECTOR-TO-EMITTER VOLTAGE [VCE)-V 

92CS-3.1946 

Fig. 2 - Maximum operating areas for all types 
fTC = 100°C). 
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-no 
k 
0 

9ZC:S-31837 

Fig. 3 - Dissipation and I Sib derating curves for 
all types. 

• COLLECTOR-TO-EMITTER VOLTAGE IVCElo2V 

• ~ -r 
CASE TEMPERATURE 

'~~o liCI.2S0C 

~ ~ 100 r-
0: 8 _4o.oC ............. I,\: 
0: ~-.: ~ ... 6 IL 

~ II) 
z 

4 ... 
0: ~ .... 
0 
0: 
; • 
0: 
0 
IL 

u 10. 
0 

" 1 
" H -t-z 
'" 0: 
0: 
:> 

" 0: 
0 
t-; 
0 

" 

8 
6 

0,) 

10. 
a 
• 
• 
2 

I 
a 
o 

• 

• 4 6 8 • • 0 8 
10. 

Co.LLECTo.R CURRENT (J:cl-A 
Fig. 5 - TYPical dc beta cnaracteflStlcs for aI/ 

types. 

IB O Ic/IO 

--,",!jP 

~ 

o~ $ 
~~(f/ 

oi 

~I I . 
II 

I-- If ~I $ on ,. <v l' ~ 2 I---tr 0 

r 
0.1 

(f , 

a 0.4 0.8 1·2 1.6 2 2.4 
BASE-TO-EMITT£R SATURATlo.N VOLTAGE [Y8ECsat~-Y 

82CS-SI141 

Fig. 7 - Typical base-to-emitter saturation 
voltage characteristic for all types_ 
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BUW64A, BUW64B, BUW64C 

f: 
I •• 

~ • .. 
u 
zl 
j! • 
!!! • 

...... 

f3 
II: • 

I ...... -' 
i • 
15 
~O.18 
l- • Z .. ·v iii z ... 
I!' • 
O'()I 

0: 
:> 

" 

0.001 2 • • • • .0 • • 6 • • • 0 0.01 0.1 10 
PULSE WIDTH (tp)-s 92CS-S1838 

Fig. 4 - Typical thermal-response characteristic 
for all types_ 

0: 6 
g 
u 
~ 4 

8 

14 16 
COLLECTOR-TO-EMITTER SATURATION VOLTAGE [VCEhatD-v 

92CS-31840 

Fig. 6 - Typical collecto,.to-emitter saturation 
voltage characteristics for all types. 

CASE TEMPERATURE (TC) 025 G C 
COLLECTOR-T<?-EMITTER VOLTAGE (VCE)1:1 
FREQUENCY (1)05 MHz 

I 
CURRENT (Ic)-A 92CS-31842 

Fig_ 8 - Typical small-signal forward-current transfer ratio 
characteristic for all types (f = 5 MHz). 



BUW64A, BUW64B, BUW64C 

6 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92C5-31843 

Fig. 9 - Typical output characteristics for all types. 

COLLECTOR CURRENT A 92CS- 31845 

Fig. 11 - Typical saturated·switching-time charac
teristics as a function of collector current 
for all types (TC= 125°C). 

O.OOII-'F 

24 n 

, 50 I-'F 

2g::TL~ 
LL 50n = 

20I'S 
MIN 

VB2 
AD.!. FOR IB2 

3 4 5 6 7 9ica-'11.4 
COLLECTOR CURRENT C'IC)-A 

Fig. 10 - Typical saturated-switching-time charac
teristicsasa function of collector current 
for all type. (T C = 25° C)_ 

~ 108 
'a';. 6 

" 
4 

~J 2 

~~I~ f:::::: 
:i~ : 
t:u 
~~ 4 

.35 2 .... ...... 
~§ 102 

~"" 8 "'u> 6 .... 
,~ 4 
ZZ 
00 
",,,, 2 

~8 101 

~o 

r--... 
Cabo 

2 4 6 • 2 4 6 • 10 '02 4 6 .,0' 
COLLECTOR-TO-BASE VOLTAGE (Vce)-V OR 
EMITTER-TO-BASE VOLTA.GE (VEB)-V 92C5-31846 

Fig. 12 - Typical common-base input (Cibo) or 
output (Cabo) capacitance characteristic 
for all types. 

RC'15-20n,IOW 
NON IND 

QI, Q2 • 2N6354 
Q3 = 2N3762 

Q4,Q5, 

DEVICE 
UNDER 
TEST 

Vee· .=..+ 

70V 

Q6, Q7 = CA3725 QUAD 
TRANSISTOR 
ARRAY 

*THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 

** 

COLLECTOR OF . 
TRANSISTOR UNDER TEST 

* * KELVIN SENSING 
CONNECTION 

NOTE, BATTERY SYMBOLS VCC, VBI' VB2' 
VB(CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST I, AND If TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

92CM- 31847 

FREQ: 500Hz 
Fig. 13 - Circuit for measuing switching times. 
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IBI-· ..... -----X- 90% 

A 10% 
o I 

I 
I W 90% 

1Bz--t---------1 
IC--'- I 

: C 90% I 
I 
I 

",.A-B 's.X-V 
.... B-C It. V-Z 

ttr .. ,.ltlon • X-W 
NOTE: TRANSITION TIME 
FROM 9Ol\ IB, TO _III:! MUST 

BE LESS THAN 0.& Ill. 

BUW64A, BUW64B, BUW64C 

92CS- 30381RI 

Fig. 14 - Phs.e reletionship between input and 
output currents showing reference 

points for specificetion of .wi.tching 
times. 
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BUX11A 

High-Current, High-Power, 
High-Speed Silicon N-P-N 
Power Transistor 

Features: 
• VCEO - 190 V 
• Ic - 20 A 
.PT-200W 

The RCA-BUX11 A epitaxial-base silicon n-p-n transistor 
features high-voltage and high-current capabilities to
gether with fast switching speed at low saturation voltage. It 
is especially suitable for control amplifiers and power
switching circuits, such as converters, inverters, switching 
regulators, and switching-control amplifiers. 

The RCA-BUX11A is supplied in a steel JEDEC TO-204AA 
hermetic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

File Number 1353 

TERMINAL DESIGNATIONS 

c 

'CQ5 
92CS-21516 

JEDEC TO-204AA 

BUX11A 
vcso ............................................................................................................... 250 V 
VCal 

R.E= 1000 ...................................................................................................... 240 V 
VCEO ............................................................................................................... 190 V 
Vcex 

V.E = -1.5 V ...................................................................................................... 250 V 
VESO ................................................................................................................. 7 V 
Ic ................................................................................................................... 20 A 
ICM .................................................................................................................. 25 A 
I •.••••.•.••.•.......•.••..•.•••.••..•.••..••.......•...••..•.•.•..••..••...•.•..•....•...•.•.•••..•••••.••..•........ 4 A 
PT 

Tc:::;25°C ......... · ............................................................................................. 200 W 
Tc > 25°C derate linearly .................................................................................... 1.14 wrc 

T .... TJ ................................................................................................... -65to+200 °C 
TL 

At distances ;e; 1/32 in. (0.8 mm) from seating plan!! 
for 10 s max ..................................................................................................... 235°C 
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ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified 

TEST CONDITIONS 
VOLTAGE CURRENT 

CHARACTERISTIC V de Ade 
VCE VOE Ic 10 Min. 

ICEO 160 0 -
ICEX 250 -1.5 
ICEX 

250 -1.5 -
Tc = 125"C 

lEBO -5 
VCEO(SUS)" 0.2" 190 

VCBRIEBO 
IE = 50 rnA 

0 7 

hFE 
2 8D 20 
4 15" 10 

VOE(sat) 15" 1.88 -
Vcdsat) 

8" 0.8 -
15" 1.88 -

lSI" 140 0.15 
tp = 1 s nonrep. 18 11.1 

fT 15 1 - 8 

toN 
150· 

15 1.88 -
to 150· 

101 = I •• 15 1.88 -
t. 150· 

1., = 10. 15 1.88 -
R8JC -

"CAUTION: The sustaining voltage VCEO(sus) MUST NOT be measured on a curve tracer. 
·Pulsed; pulse duration = 300 /1S, duty factor S 2%. 
cVcc. 

10 100 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

92CM-34803 

Fig. 1 - Maximum safe-operating areas for BUX11A (T. = 2S0C). 
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LIMITS 

BUX11A 
Max. 

1.5 
1.5 

6 

1 
-
-
60 
-
1.8 
0.6 
1.5 
-
-
-
1 

1.5 
0.4 

0.875 

BUX11A 

UNITS 

rnA 

V 

V 

A 

MHz 

ps 

°CIW 



BUX11A 

CASE' TEMPERATURE (TC}-·C 

Fig. 2 - Derating cUlYes for I SIb and dissipation. 
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• 
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~ 
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10 

COLLECTOR CURRENT (Icl- A 

" 

Fig. 4 - Typical dc beta characteristics. 

Is-lellO I I I 2.4 
I I I I 

I I I 2 
CASE TEMPERATURE (TC).-~O·C' 

I I .• 

I 
1.2 II 

0 .• I 
i/25'C 

/ " 0.4 
L. 12,"0 

6 a B B 
10 100 

COLLECTOR CURRENT (IC)-A 
92C$-51453 

Fig. 6 - Typical collector-to-emitter saturation 
voltage ch.aracteristics. 
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~ 
~ 

COLLECTOR-TO-EMITTER VOLTAGE (YCEI- Y 
92C9·31456 

Fig. 3 - Typical output characteristics. 

COLLECTOR CURRENT (ICI - A 92C8-52271 

Fig. 5 - Typical gain-bandwidth product. 

1.2~~ 

'1 
1 

~V 40·C ~> 
~.b a .• -C sET "'I~~ 

I\ElTc~~.C / 
~~ V/,i< -.... f--~l: 0.6 - ../ 

V ;;; 
'l' 
~ 
I g ---

,.., 
0.4b----" 

0.2 

a • • • • 2 • • 8 • • 1 10 60 
COLLECTOR CURRENT (Ic)-A 

92C~-:S1454 

Fig. 7 - Typical base-to-emitter saturation 
vo/lago characteristics. 



CASE tEMPERATURE (TC I 
:le-Xc,a 

e%CI-SU72 

Fig, 8 - Typical saturated-switching times as a 
function of coffec/or current. 

2-306 

BUX11A 

I!i 'It 104. =~~~I~~~~~). 2,·e 
0:.' • ,'0 -"':'b. 
~~ • 
~~ . 
~~ it). 
;:'IU • 
~I • 

• tfl ........... ~. :I .. 

;1 · i'-
~'02 

4 8 B 10 4 6 8100 400 

COLI.EClllR-TO-BASE VOLTAGE (Veal-YOR 
EIIITTER-TO-BASE VOLTAGE ('4:al-Y 
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Fig. 9 - Typical common-base input (Cibol or output 

(Cobol capacitance characteristic. 



BUX14 

Silicon N-P-N 
Switching Transistor 
For High-Voltage Switching and 
Amplifier Applications in Industrial 
and Commercial Equipment 

Features: 

• VeEO - 400V 
./e -10A 
• Pr -150 W 

The RCA-BUX14 is a silicon n-p-n power transistor featur
ing fast switching speeds, low saturation voltage, and high 
safe-operating-area (SOA) ratings. It is especially designed 
for use in off-line power supplies and is also well suited for 
use in a wide range of inverter or converter circuits and 
pulse-width-modulated regulators. 

The RCA-BUX14 transistor is supplied in a steel JEDEC 
TO-204AA hermetic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

File Number 1203 

TERMINAL DESIGNATIONS 

c 

'0 
92CS-27516 

JEDEC TO-204AA 

BUX14 
VCBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 450V 
VCEO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 400V 
VCEX 

VBE =-1.5V ............................................................................................... 450V 
VCER 

RBE = 1000 ............................................................................................... 440V 
VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 7V 
Ic .....................................•...................................•.....•.•...•..••....••....•..... 10A 
ICM ......................................................................................................... 15A 
I,. ............................................................................................................ 2A 
Pr 

AtTc upt025·C ...•...........••....•....•.......................•....•...........•.................... 150W 
TJ, T, ••............................................................................................ -65 to +2oo·C 
TL 

At distances ~ 1/16 in. (1.58 mm) from case for 10 s max ..................................................... 235·C 
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100 

n. 

2. 

ELECTRICAL CHARACTERISTICS, at Case Temperature (TcJ=25°C 
unless otherwise specified 

TEST CONDITIONS LIMITS 
CHARACTERISTIC VOLTAGE CURRENT BUX14 

Vdc Adc 

VCE VBE IC IB Min. Typ. Max. 

ICEO 320 - - 0 - - 1.5 
IICEX 450 -1.5 1.5 

TC= 125°C 450 -1.5 - - - - 6 
lEBO - -5 0 - - - 1 
VCEO(SUS)D - - 0.2a 0 4008 - -
V(BRlEBO IE - 0.05 A - 0 7 

I VBE(sat) - - 6a 1.2 - 1 1.5 

VCE(sat) - - 3a 0.6 - 0.2 0.6 
- - 6a 1.2 - 0.5 1.5 

hFE 4 - 3a - 15 - 60 
4 - 68 - 8 - -

ISlb 140 - - - 0.15 - -
t=1s nonrepetitive 30 - - - 5 - -

fT 15 - 1 - 8 - -
ton VCC - 6 1.2 - 0.5 1.4 
ts = - 6 1.2C - 1 3 
tf 30V - 6 1.2C - 0.3 1.2 

ROJC - - - - - - 1.17 

aPulsed, pulse durntlon = 300 P.s, duty factor :s 2%. 

bCAUTION: Sustnlnlng Voltage VCEO(sus) MUST N.OT be measured on a curve tracer. 

CIB1 =IB2' 

200 COLLECTOR-TO-EMITTER 

5! VOLTAGE (VCE)· 4 V 

!« 
:100 

~ · ~ r- ........ r-, · 

UNITS 

rnA 

V 

V 

A 

MHz 

JLS 

°C/W 

: ~c I-

ffi~4 

~ w n ~.~ ~ ~ ~ ru ~ 
CASE TEMPERATURE (TC)-OC 

~-
y 
&1 
ill 
~ 10 
g 

~ 
~ 

't-" ::::::::-

~ 
CASE TEMPERATURE (Tel - -40·C 

I J Jll 

· _1 .1 .1 

· I II , 4 . . . 
0.1 I 

COLLECTQR CURRENT (IC)- A 

1\ 
~ . 

Fig. 1 - Dissipation and 'slbderating curves. Fig. 2 - Typical dc beta characteristics. 
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BUX14 

Fig. 3 - Maximum safe-operating areas (Tc = 25°C). 

4 COLLECTOR -TO-EMITTER I VOLTAGE (VCE,-4V 

.. .. 
~ , 
g 
"'> 
~I 
>--
~ ~ I _40-C ,> _r-~~ 

a ~ r-.. ),,\2,!t-C 
'" .. 6~ ER","(OftE l'Tc ., 

• C .... 1E'" "r 
, . . . 

COlLECTOR CURRENTC!CI-A 

Fig. 4 - Typical base-la-emitter voltage as a 
function of col/ector current. 

10 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

Fig. 5 - Typical output characteristics. 
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COLLECTOR CURRENT IIC1-A 

Fig. 6 - Typical base-la-emitter saturation 
voltage as a function of collector 
current. 

8f-------, 

i 7 

-,,6 
t::! 
!zsi-----
w 
~4 
=> 

" a: 3 
~ TC:S 125°C 

[;l 2 
...J 
...J 
01 

" 

VCEO RATING 

V 'OOV 

:~ 
I {.;LAMl"'tU /f' 
1 VCEX RATING/" 

I 

OL-_______ ~ ________ -L_ 

10 

COLLECTOR-TO-EMITTER VOLTAGE 

92.C5-30455 

Fig. 8 - Maximum operating conditions for 
switching between saturation and 
cutoff. 
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10 

COLLECTOR CURRENT (IC1-A 
92CS-29983/t1 

Fig. 7 - Typical collector-to-emitter saturation 
voltage as a function of collector 
current. 
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Fig. 9 - Typical common-base input or output 
capacitance characteristics as a func
tion 01 collector-to-base voltage or 
emitter-to-base voltage. 



BUX21 File Number 11.72 

Silicon N-P-N 
Switching Transistor 

TERMINAL DESIGNATIONS 

For Switching Applications in 
Industrial and Commercial Equipment 

Features: 
• VcEo -200V 
·/c -40A 92CS-27516 

• PT -250W 
JEDEC TO-2D4AA 

The RCA-BUX21 is a silicon n-p-n power transistor featur
ing fast switching speeds, low saturation voltage, and high 
safe-ope rating-area (SOA) ratings. It is specially designed 
for converters, inverters, pulse-width-modulated regulators, 
and a variety of power switching circuits. 

The RCA-BUX21 transistor is supplied in a steel JEDEC 
TO-204AA hermetic package. 

MAXIMUM RATINGS, Absolute-Maximum Values; 

Vcao ...........•...•.........•.........................•...•••...................... 
VCEO(sus) ........•...................•.......................................•........ 
VCEX(sus) 

VaE = -1.5V ....•......................................................•.......•..... 
VCER(SUS) 

RaE = 100 n ....................................................................... . 
VEao ......................•...•....••....•...••.•........••.......................... 
Ic ....•..............•......•.........•..•...•..•••......••.......................•.. 
ICM ..............••....••...••.•.•.••.•.....••.••..•.•...••.. , •.......•............•. 
la ....................•..•...••......•..••.....•.•........•...•..................•... 
PT 

AtTc upto25°CandVcE upt020V .....•.................•..•....................... 
T .. T" •............................................................................... 
TL 

At distances ~ 1116 in. (1.58 mm) from case for 10 s max. . .............•....•.......... 

2-311 

BUX21 
250 
200 

250 

240 
7 

40 
50 
8 

250 
-65 to +200 

200 

V 
V 

V 

V 
V 
A 
A 
A 

W 
°C 

°C 



BUX21 

ELECTRICAL CHA RACTERISTICS, at Case Temperature (T C) = 2tt>C unless otherwise specified 

25 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT BUX21 UNITS 
Vdc Adc 

VCE VBE IC IB Min. Typ. Max. 

ICEO 160 - - 0 - - 3 

ICEV 250 -1.5 - - - - 3 
mA 

TC=125°C 250 -1.5 - - - - 12 

lEBO - -5 0 - - - 1 

VCEO(sus)b - - 0.2a - 2008 - - V 

V(BR)EBO IE = 0.05 A - - 0 - 7 - -
VBE(S8t1 - - 258 3 - 1.2 1.5 V 

VCE(S8t) 
- - 128 1.2 - 0.2 0.6 

- - 258 3 - 0.7 1.5 

hFE 
2 - 128 - 20 - 60 
4 - 258 - 10 - -

ISlb 140 - - - 0.15 - -
t = 1 II, nOr!r!'p!'t!t!ve 20 1') " 

A - - - IL.oJ - -
fT 

f=10Mt-lz 15 - 2 - 8 - - MHz 

ton 
VCC= - 25 3 - 0.3 1.2 
100V 

ts VCC= 25 3 1.0 1.8 
(lBl = IB2) - -

100V 
/lS 

tf VCC= 
(lB1 = IB2) 100 V 

- 25 3 - 0.2 0.4 

R8JC - - - - - - 0.7 °CIW 

a Pulsed. pulse duration = 300 I's. duty factor <:2%. 
b CAUTION: Sustaining Voltages V CEO (sus) MUST NOT be measured on a curver tracer. 

e ~ n ~ ~ ~ ~ _ ~ ~ 

CASE TEMPERATURE CTc)_·C 

• .tel-ze.55 

Fig. 1 - Dissipation and IS/b derating curve. 
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Fig. 2 - Typical thermal-response characteristic. 
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Fig. 3 - Maximum operating areas (T c = 25° C). 
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Fig. 4 - Typical dc beta characteristics. 
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Fig. 6 - Typical base-ro-emitter saturation voltage 
characteristics. 
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~ Ie=Ic /IO L II I I ~ 2.4 
I I I 0 

> 
I I I z 

0 2 
CASE TEMPERATURE (Tc)--400 Cl !i: 

'" I ~I 1.6 
"'~ I 
~~ 

1.2 J t:w 
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'" 0 / ./ I-
0.4 u 

~ ~ /12S'C 
..J 

8 
4 6 4 • • 10 100 

COLLECTOR CURRENT (Ie )-A 92CS-314S3 

Fig. 5 - Typical collector-to-emitter saturation 
voltage characteristics. 

COLLECTOR-TO -EMITTER VOLTAGE (VeE) - v 
92CS-31456 

. Fig. 7 - Typical output characteristics. 



COLLECTOR CURRENT (IC1-A 92CS-314!5!5 

Fig. 8 - Typical small-signal forward-curranttrans
fer ratio characteristics. 
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Fig. 10 - Typical saturated-switching-time 
characteristics as a function of 
collector current. 
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Fig. 12 - Typical common-base input (Gil"') or 
output (Gob.) capacitance characteristics. 
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COLLECTOR CURRENT (Ie) - A 92C8-314!57 

Fig. 9 - Typical clamped turn-off time 
characteristics. 

t 108 CASE TEMPERATURE (Te) "'12S·C 
IS.Ic/lO 1 • - ."- IS I .IS2 VCC"'BOV 

- I'----
:3 • ........ .. .......--.. ;:: 

-.............1'. ...I 
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~ • /" I, 0: 

./ ~ · \ .. 
~ "- - ............ 
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COLLECTOR CURRENT (Ic) - A 92C8-31460 

Fig. 11 - Typical-switching-time characteristics at 
T c = 125· G as a function of collector 
current. 

'0% "".~_ -' '0% Ie (PEAK) 

92CS-30389RI 

Fig. 13 - Oscilloscope display for normalized 
measurement of clamped inductive 
switching time (tel. 
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ttranlition • X-W 
NOTE: TRANSITION TIME 
FROM 90% IBI TO 90% III:! MUST 

BE LESS THAN 0.5 IlL 

Fig. 14 - Phase relationship between input and 
output currents showing reference 
pOints for specification of switching 
times. 
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** 

QI, Q2 • 2N6354 
Q3 " 2N3762 

Q4,Q5, 
06,07 = CA3725 QUAD 

TRANSISTOR 
ARRAY 

* THIS CONNECTION 
SHOULD 8E MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

* * KELVIN SENSING 
CONNECTION 

NOTE.. BAT (ERY SYMBOLS Vee. VBI • V02' -r 50 I'F 

2g::JL~ 
1-L-20~S 50n = 

VS(CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST I, AND I, TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

MIN 

FREQ-500Hz 

VB2 
AOJ FORIS2 

NOTE: SWI CLOSED FOR It. ts I If. SWI OPEN FOIJ: te_ 
92CM-31462 

Fig. 15 - Circuit for measuring switching times. 
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File Number 1285 

6-A SWilt:hMid 
Power Transistors 

High-Voltage N-P-N Types for 240 V Off-Line 
Power Supplies and Other High-Voltage 
Switching Applications 

Features: 

• High-temperature parameters guaranteed 
• Fast switching speed 
• High voltage ratings: Applications: 

VCEl< = 450 V - 550 V • Off-line power supplies 
• Low Vcr- (sat) at Ie = 6 A • High-voltage inverters 
• :steel hermotlc TO-204AA package • Switching regulators 

BUX32, BUX32A, BUX32B 

TERMINAL DESIGNATIONS 

JEDEC TO-2D4AA 

(200 mil diameter pin 1801allon) 

The BUX32 SwitchMax series of silicon n-p-n power tran
sistors feature high-voltage capability, fast switching 
speeds, and low saturation voltages, together with high 
safe-operating-area (SOA) ratings. They are specially 
designed for use in off-line power supplies and are also 
well suited for use in a wide range of inverter or converter 
circuits and pulse-width-modulated regulators. These 
high-voltage, high speed transistors are 100-per-cent 

tested for parameters that are essential to the design of 
industrial high-power switching circuits. Switching times, 
including inductive turn-off time, and saturation voltages 
are guaranteed at 100°C to provide information necessary 
for worst-case design. 

The BUX32-series transistors are supplied in steel JEDEC 
TO-204AA hermetic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

BUX32 BUX32A BUX32B 

VCEV 
VBE=-1.5 V ......................................... 800 900 1000 V 

VCER RBE::; 10 n.. .. ... .. .... .. .. .. .. .. .. .. .. .. .. .. 800 900 1000 V 
VCEX (Clamped) 

VBE=-1.5 V......................................... 450 SOO 550 V 
VCEO ................................................ 400 450 500 V 
VEBO .............................................. .. 8 V 
Ic(sat) .............................................. . 6 A 

IC·············· ...... ········ .. · ............ · .. · ... ·. 8 A 

ICM .. ········ ....................... · .. · ........... .. 10 A 

lB············ ....................... · .............. .. 4 A 
PT 

TC up to 25°C .................................... .. 150 W 
TC above 25°C, derate linearly ..................... . 1.0 W/oC 

TJ .................................................. . -65 to 175 °c 
Tstg·············.· .................................. . -65 to 200 °c 
TL 

At distance", 1/16 in. (1.58 mm) from 
seating plane for 10 5 max. . ...................... . 235 °c 

2-316 



BUX32, BUX32A, BUX32B 
ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 

CHARAC- VOLTAGE CURRENT 
BUX32 BUX32A BUX32B UNITS 

TERISTIC V de Ade 

VCE IVBE IC I IB Min. I Max. Min.1 Max. Min. I Max. 
TC=25·C 

800 -1.5 - 0.1 - - - -
iCEV 900 -1.5 - - - 0.1 - -

1000 -1.5 - - - - - 0.1 
mA 

ICER 
800 - 0.2 - - - -

RBE:S100 
900 - - - 0.2 - -
1000 - - - - - 0.2 

lEBO -8 0 - 2 - 2 - 2 

VCEO(sus)b 0.2a 0 400 - 450 - 500 - V 

hFE 3 6 8 40 8 40 8 40 

VBE(sat) 6 1.2 - 1.3 - 1.3 - 1.3 

VCE(sat) 
6 1.2 - 1 - 1 - 1 

8 2 - 2 - 2 - 2 

VCEXb 
V 

(Clamped ES/b) -5 6 1.2e 450 - 500 - 550 -
L=170 ,..H 

ISlb 30 5 1 - 1 - 1 - s 

Ihfe I f=5 MHz 10 0.2 3 12 3 12 3 12 

fT 10 0.2 15 60 15 60 15 60 MHz 

Cobo f=0.1 MHz 10e 50 250 50 250 50 250 pF 

tdCl 6 1.2 - 0.1 - 0.1 - 0.1 

t rd 6 1.2 - 0.45 - 0.45 - 0.45 

t sd 6 1.2e - 3.0 - 3.0 - 3.0 
tfd 6 1.2e - 0.4 - 0.4 - 0.4 

tc ,..s 
VCC=250 V. 
L=170 ,..H. 

6 1.2e - 0.4 - 0.4 - 0.4 
RC=50 0 

Collector clamped 

to VCEX 
TC-100·C 

800 -1.5 - 1 - - - -
ICEV 900 -1.5 - - - 1 - -

1000 -1.5 - - - - - 1 
mA 

ICER 
800 - 3 - - - -

RBE:S 10 0 
SOO - - - 3 - -
1000 - - - - - 3 

VCE(sat) 6 1.2 - 1.5 - 1.5 - 1.5 V 

tid 6 1.2 - 0.6 - 0.6 - 0.6 

tsd 6 1.2e - 4 - 4 - 4 

tfd 6 1.2e - 0.7 - 0.7 - 0.7 

tc ,..s 
VCC=250 V. 
L=170 ,..H. 

6 1.2e - 0.8 - 0.8 - 0.8 
RC=50 0 

Collector clamped 

to VCEX 
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BUX32, BUX32A, BUX32B 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 
CHARAC- VOLTAGE CURRENT 

BUX32 BUX32A BUX32B UNITS 
TERISTIC Vdc A de 

VCE IVBE IC I IB Min. I Max. Mln.1 Max. Min. I Max. 

IR//JC 10 5 1.0 I - I 1.0 I - I 1.0 I 0 C/W I 
apulsed; pulse duration=300 I'S, duty factor:'> 2%. 
bCAUTION: The sustaining voltage VCEO(SUS) 

and VCEX MUST NOT be measured on a curve tracer. 

eVC8 value. 
dVCC=250 V, tp=20 I's. 

8181=-182. 

92s.. .. -33404 

Fig. 1 - Maximum operating areas for all types (T d. 

2S !SO 75 100 125 I~ 175 200 
CASE TEMPERATURE (TC)--C 92CS-3'1042 

0.0012 4680 .0 ,2 4 61b.1 2 4 68, 2 468,0 

PULSE WIDTH ITpl-S 
92CS- 32043 

Fig. 2 - Dissipation derating curve for all types. Fig. 3 - Typical thermal-response characteristic 
for all types. 
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BUX32, BUX32A, BUX32B 

~ 
COLLECTOR-TO- EMITTER 

~ "~=+~~~~--+--r
~IO ~ 
~ : 25°C --.... 

" 
.. -
,- - -++++--t--++++--t--++H 

468 2468 
0.1 I 10 100 

COLLECTOR CURRENT Ctc I-A 9ZCS-SZ044 

Fig. 4 - Typical dc beta characteristics for all 
types. 

~ 
XsoIc / 5 

I t------:. 4O.c 
z 
S! 8 

2S-C ~~1*'2'50.C : 
i2 > 6 

,NlPER,!!..'TuttE lTC 

::\.; ~CAsE1E 
",: 

~ ~4 
as 
* 2 

! 
01 

2 4 • 10 
COLLECTOR CURRENT II c1- A 92CS-52046 

Fig. 6 - Typical base-to-emitter saturation 
voltage as a function of collactor current 
for all types. 

CASE TEMPERATURE (Te'025·C 

1.o0 '<P" .. ' 

o 
o 

,00 

COLLECTOR-YO-EMITTER VOLTAGE{VCEI- V 

92CS-32048RI 

Fig. 8 - Typical output characteristics for all 
types. 

10 
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W 
2 """Xc" 

-M~~ " .. 
~ 
0 
> 
z I 
0 

~ 8 //jh.;" ~ at 6 

//4/ ",: 
~.! 4 

i>1j ~'f~ Wu 

~ 2 
,,-

g 
-"'" ~ v" 

~ 0.1 .--;::::. 
~ J 

0.1 2 4 10 
COLLECTOR CURRENT(!C)-A 92CS-3204i5 

Fig. 5 - Typical collector-to-emitter saturation 
voltage as a function of collector current 
for all types. 

~ 

! 
~ g 
'" W ... ... 
~ 

* ! 

COLLECTOR- TO-EMITTER 

I 

VOLTAGE (VeEr' V 

I t--_40·C 
8 r-- ~).\2'50·C 
6 p-c~SE totPER",.UR 

4 

2 

OJ ,-2 4. 10 
Ilcs-n047 COLLECTOR CURRENT (1C'-A 

Fig. 7 - Typical base-to-emitter voltage as a 
function of collector current for all types. 

CASE TEMPERATURE tTC.-25·C 
1.8,o1.82·1.2A 
Vcc-2!50 v t,· 20,.. 

If 

I. 

I. 

, .. 

I, 

I. 

COLLECTOR CURRENT (I.e I-A 
92CS-31405 

Fig. 9 - Typical saturated switching time 
characteristics for all types. 



w ,. 
~ 
~KlOO 
c 
z 
~.oo 

::I 
~ 
~600 
Z 
~<tOO 
c 
::'200 ,. 
d 0 

0 

CASE TEMPERATURE (Te )" 100·C 
I.e I " 1Bz"I.2A 
VCC"z~OV 
t ·20/0&' 

I, 

I, 

2 

I, 

I, 

I, 

COLLECTOR CURRENT (IC )-A 

2 

92CS· "406 

Fig. 10 - Typical saturated switching time 
characteristics for all types. 

-: 
.:r 
-" 
~ 
0-

'" ~rooo 

CASE TEMPERATURE ITc) "IOO·C 
IBI"··2A,IB2"2.4A 
VCC" 250V 
t It 20/0&' 

~ omFFRffiRHHll 
j---

;f 

~soo 

. , 
-
w 
~ 

w 
0 
~ 
or 
0 
0-
~ 

'" ~ 
o 

!!5400 ., 2 :;; 

~200 

~ 
4 , 

COLLECTOR CURRENT (Ic)-A 
92CS-33408 

Fig. 12 - Typical saturated switching time 
characteristics for all types. 

Bf-------. 

I 

I 
I 

VCEORATING MIL 100V 

I CLAMPED .A 

I VCEX RATING ...... 

I 
I 
I 

O~-·------~--____ ~~ 

COLLECTOR-TO-EMITTER VOLTAGE 

92C5-33409 

Fig. 14 - Maximum operating conditions for 
switching between saturation and cutoff. 
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BUX32, BUX32A, BUX32B 

CASE TEMPERATURE (TC )'2!t"C 
IBI"I.2A,IB2" 2.4A 
VCC"2!50V 
tp 020,.5 

I, 

I, to 

2 :3 4 5 6 

I, 
I, 

COLLECTOR CURRENT IIc l-A 
92CS-33407 

Fig. 11 - Typical saturated switching time 
characteristics for all types. 

Il.lOe CASE TEMPERATURE lTel. 2~· . 

10 4 6 8 10 2 4 6 8 102 2 

'" " 
'" 

I 

COLLECTOR-TO-BASE Vct.TAGE (VCB)-V 
OR EMITTER-TO-BASE VOLTAGE(VEB1-V 

92CS-320!54 

Fig. 13 - Typical common-base input or output 
capacitance characteristics as a function of 
collector-to-base voltage or emitter-to-base 
voltage for all types. 

A 10% 
o , , 

, W 90% 

IB2--\---------_, 
IC--'_ , 

i C 90% I , 
I 

NOTE: TRANSITION TIME 
FROM 90% IB1 TO 90% 182 

MUST BE LESS THAN 0.3111. 

92C5-30458 

Fig. 15 - Phase relationship between input and 
output current showing reference pOints for 
specification of switching times. 



BUX32, BUX32A, BUX32B 

1.4 

10% VCEX ~------ IC------~ 

VCEX 
RATING 

IO"!. Ie (PEAK) 

92C:l~30389RI 

Fig. 16 - Oscilloscope display for measuremenl 
of clamped induction swilching lime (I cJ. 

Ie R1"2 VCEX CLAMP 
15 A 115 U 115 n ICLAMPED VCEX RATING I 

QI, Q2 ·2N6354 
Q3 • 2N3762 

Q4.05, 
Q6, Q7 • CA3725 QUAD 

TRANSISTOR 
ARRAY 

*THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

** KELVIN (SENSING) 
CONNECTIONS 

BATTERY SYMBOLS VCC , VB I ' VB2' 
VB (CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMDOATE THE FAST I, AND If TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

NOTE: SWI CLOSED FOR tr, ta Iff. SWI OPEN FOR te. 

92CM-32103 

Fig. 17 - Circuil for measuring swilching limes. 
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File Number 1354 

8-A SWitcbMd 
Power Transistors 

High-Voltage N-P-N Types for 240 V Off-Line 
Power Supplies and Other High-Voltage 
Switching Applications 

Features: 

• High-temperature parameters guaranteed 
• Fast switching speed 
• High voltage ratings: Applications: 

BUX33, BUX33A, BUX33B 

TERMINAL DESIGNATIONS 

c 

'0' 
92CS- 27518 

VCEX = 450 V - 550 V • Off-line power flupplies JEDEC TO-204AA 
• Low VCE (sat) at Ic '= 8 A • High-voltage inverters 

(200 mil dIameter ptn Isolation) • Steel hermetic TO-204AA package • Switching regulators 

The BUX33 Switch Max series of silicon n-p-n power tran
sistors feature high-voltage capability, fast switching 
speeds, and low saturation voltages, together with high 
safe-upeniiing-area iSOAj ratings. roey are specially 
designed for use in off-line power supplies and are also 
well suited for use in a side range of inverter or converter 
circuits and pulse-width-modulated regulators. These 
high-voltage, high-speed transistors are 100-per-cent 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCEV 

tested for parameters that are essential to the design of in
dustrial high-power switching circuits. Switching times, 
including inductive turn-off time, and saturation voltages 
are guaranteed at 100°C to provide information neces
sary for worst-case design. 

The BUX33-series transistors are supplied in steel JEDEC 
TO-204AA hermetic packages. 

BUX33 BUX33A BUX33B 

VeE=1.5V ............•.......•.......•.............. 800 900 1000 V 
VcERReES10n......................................... 800 
VCEX (Clamped) 

VeE = -1.5 V .................••...............•..•.... 450 
VCEO.................................................... 400 
VEeo .•.•.......•...........•.....•..•......••.•......... 
Ic(sat) .•••.....•..•......••..•••.•.•.••.......•.•••.•... 
Ic .....•..•..•..•••..•....•.••.•.........•...•.•.......• 
ICM ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ie ....•....••...•••.•.•....•••..•••.••.....•••.•....•..• 
PT 

Tc up to 25°C •••...•........•..•••......•..•....•...• 
Tc above 25°C, derate linearly ........................ . 

TJ •••••••••••••••••••••••••••••••••••••••••••••••••••••• 

T"g ...............••.....................•.............. 
TL 

At distance $; 1/16 In. (1.58 mm) from 
seating plane for 10 s max ........................... .. 
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BUX33. BUX33A. BUX33B 
ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 
CHARAC- VOLTAGE CURRENT 
TERISTIC V de Ade 

VCE I VaE Ic I 

Tc = 25°C 

800 -1.5 
IcEY 900 -1.5 

1000 -1.5 
800 

ICER 
900 

RaE :510 Q 
1000 

lEBO -8 0 
VCEO(SUS}· 0.2· 
hFE 3 8 
VBe(sat) 8 

VCE(sat} 
8 
12 

VCEX • 
(Clamped Esib) -5 8 

L = 170#H '" 
ISib 30 5 
Ih,.1 f - 5 MHz 10 0.2 
h 10 0.2 
Co .. f -'0.1 MHz 10· 
let' 8 
t,' 8 
ta' 8 
t,' 8 
t. 

Vee: = 240 V, 
L = 170#H, 8 
Rc=30Q 

Col/ector clamped 
to VCEX 

Tc-100°C 
800 -1.5 

ICEV 900 -1.5 
1000 -1.5 
800 

ICER 
900 

RaE :510 Q 
1000 

VCE(sat} 8 
toO 8 
taO 8 
t,' . 8 
t. 

Vcc = 240 V. 
L = 170#H, 
Rc=30Q 8 

Col/ector clamped 
to VCEX 

I 10 I 5 

·Pulsed; pulse duration = 300 ps, duty factor :s 2%. 
·CAUTION; The sustaining voltage VCEO(SUS) and VeEx 
MUST NOT be measured on a curve tracer. 

la 

0 

2 
2 
3 

2 

2 
2 
2" 
2° 

2° 

2 
2 
2" 
2" 

2" 

LIMITS 

BUX33 BUX33A 
Min. I Max. Min. I Max. 

- 0.1 - -
- - - 0.1 
- - - -
- 0.2 - -
- - - 0.2 
- - - -
- 2 - 2 

400 - 450 -
6 40 6 40 
- 1.3 - 1.3 
- 1 - 1 
- 4 - 4 

450 - 500 -

1 - 1 -
3 12 3 12 
15 60 15 60 
50 250 50 250 
- 0.1 - 0.1 
- 0.45 - 0.45 
- 3.0 - 3.0 
- 0.4 - 0.4 

- 0.4 - 0.4 

- 1 - -
- - - 1 
- - - -
- 3 - -
- - - 3 

- - - -
- 1.5 - 1.5 

- 0.6 - 0.6 

- 4 - 4 

- 0.7 - 0.7 

- 0.8 - 0.8 

- I 1.0 I - I 1.0 
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·VeB value. 
·Vee '" 240 V, t. = 20 pB. 
'IBI = -I ... 

I 

! 
BUX33B I UNITe 

Min. I M~x. I 

- -
- -
- 0.1 

mA 
- -
- -
- 0.2 
- 2 

500 - V 
6 40 
- 1.3 
- 1 
- 4 

V 

550 -

1 s 
3 12 
15 60 MHz 
50 250 pF 
- 0.1 
- 0.45 
- 3.0 
- 0.4 

#s 

- 0.4 

- -
- -
- 1 

mA - -
- -
- 3 
- 1.5 V 

- 0.6 
- 4 

- 0.7 
#s 

- 0.8 

1.0 IOC/W 



BUX33, BUX33A, BUX33B 

Fig. 1 - Maximum operating areas for alf types (Tc) . 

i 
8 125 
o 

iloa 

2. 
Z5~~'OO~1S017' 

CASE TEMPERATURE tTc1-·C I2CS-32042 

Fig. 2 - Dissipation derating curve for alf types. 

J ~ ~ot~~~~OI~TE~:g~ITTER 

~. I Lr_-+--_f__f_!+--_f_----i----iH--l iii '---,,;;,T,;--- -', 
~ ~ cn lO ,--------,--I ._w~ 
... -
I · 'CAeE TE"r~"J:'c" 't IO.~ t'Tc • --

Ii! • II -1-+-++1+ 
f .r-+-~~--I--~HH--+_~HH 

0.1 4 •• I 2 4" 10 4 • "00 
COLLECTOR CURRENT 11c I-A 

ttCS-14I'O 

Fig. 4 - Typical dc beta characteristics for alf types. 
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. '.1 
~ I 
z • is 
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I 
I 

• ~~ • 
Ii V 
~ • 
101 , .-

I : -- -

0,001 I -. • -. "0.01 ~.I • -PULSE WI DTH ITp 1-8 
II • - • I 10 

IIc,-non 

Fig. 3 - Typical thermal-response characteristic for all types. 

~ &~--~----+-~-+~----~---t--r-~ 
g •. ~---t----+--t-+-r----r----t--r-~ 
is 

i 2r_---t----+--+ ,1-+----+----+_-+-+~ 
~=j ~I .. ,//.,"1 ~" 
mil ~--+",··~·v-=t=~=ttl 
1= .. 8 // /.~"-
~ ~6 • ~. g.~ +----+----+_-+-+~ 

~ 4 ~~~~+-r----+----+--+-+~ 
~ 2 ~._f .. <;-#-'_f_I_f_+_--___+----+____+___+~ 
~ cu~~~~ 

- • 8 
2 4 6 8 

COL.LECTOR ~URRENT (Xc)-A 92eS-MaO? 

Fig. 5 - Typical colfector-to-emitter saturation voltage for 
alf types. 



BUX33, BUX33A, BUX33B 

QI 

2 ".. 10 
COLLECTOR CURRENTCIC)-A 9leS-;'4812. 

Fig. 6 - Typical base-to-emitter saturation voltage as a function of 
collector current for all types. 

1 
tr 10 
I
Z 
~ . 

o 

CASE TEMPERATURE ITe). 25-

500 

100 

2 4 6 B 10 
COLLECTOR- TO-EMITTER VOLTAGE (VCE}-Y 

92CS-34805 

Fig. 8 - Typical output characteristics for all types. 

::l 
CASE TEMPERATURE (TC.a1OO·C 
:Ie1· 1 S2 - 2A .. 
Vee· 240 Y 

l:l Ip "20~. 

'" 6 

" 'l. z II 

" 1000 S .!. 
-'! 

~ 
-', -~-.. 800 

4 '" t:-. !I 
0- l-
1-' I, I, 3 '" ~=600 .. 

" I, IZ 

" 
400 2 ~ 

'" .. .. 200 
;j I, 

3 4 5 6 7 
COLLECTOR CURRENT(XCI-A 9lCS-34808 

Fig. 10 - Typical saturated switching time characterics for 
all types. 
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COLLECTOR- TO-EMITTER 
VOLTAGE (VCEI-3V 

I I I 
_40·C ] 

i It-- ~.\25;.C 
• p::::--' C,,"SE 'TEtAPER,.,.UfI,E C a 

> 

'" • ~ 
~ 
~ z 

! 
OJ 

z . 
COLLECTOR CURRENT I I.e }-A 

• • '0 
92.CS-34814 

Fig. 7 - Typical base-to-emitter voltage as a function of collector 
current for al/ types. 

i!l 
CASE TEMPERATURECTC)" 2S.C 

" 
I.SI- La2- 2A 

I-

'" ~ .. co ;; 

" ~ 
~~ 

lCO 

li!1 
~~800 
Z -: 600 

~= 
" 400 

'" .. ,. 
~ 200 

" 

VCC· 24OV 
tp"20,... 

I, 

Ie 

'l. 
I 

5 :'" 

4'" 

" ;: 

3~ 
2 ~ 

I, 
I; 

2 3 4 5 6 7 
COLLECTOR CURRENT (Ie )-A 

92CS-34110e 

Fig. 9 - Typical saturated switching time characteristics for 
aI/types. 

~"! CASE TEMPERATURE (Tel-2S-

i'!'.~ • FREQUENCY (f)-IMHz 
11 4 

~t==: C'b, ~g 2 

~~Io' 

~5 : 
~: 4 

s~ 2 

.... r--
~alo2 ........ c. .. .. . 
~~ . .- -I I • 

;; 
~!I • 
8.n 

10 • • 48'10 2 41'102 2 1101 
CDU.ECTOR-TO-BASE va..TAGE 1Vca1-Y 

DR EMITTER-TO-IASE I,Q"TAGE(VES)-V ttCS-120S4 

Fig. 11 - Typical common-base input or output capacitance 
characteristics as a function of collector-to-base voltage 
or emitter-to-base voltage for all types. 
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BUX33, BUX33A, BUX33B 

.. 

.!.12~----., 
u 

H 
-10 .. 
z 
~ 8 
It as 
It 
~4 

~ 2 

-- - - - -·~I ----, 

I 
I 
I CLAMPED 

TCSIOO·C IVCEX RATING 

I 

u 0 ..."CO"'L'"'L .. E"'C:::T"'OR""-""'TO=--... E:::M"'IT::T"'E"'R""V"'O"'LT"'A"'G,,!E,....

I2CS-54815 

14 

CE 

10% VCEX ~------ I.------~ 

VCEX 
RATING 

10% Ie (PEAKI 

SiCS-SOSnR! 

Fig. 12 - Maximum operating conditions for switching 
between saturation and cutoff. 

Fig. 13 - Oscilloscope display for measurement of clamped 
induction switching time (tc). 

IBI --·r-----------;;"lX 90 % 

A 10% 
o 1 

: W 90% 

IB2--~---------1 
IC I I -r790 % i 

JIO% 

lcI- A- B 
t,-a-c 
t.-x-v 
t,-y-Z 
tTRANSITION • x-w 
NOTE: TRANSITION TIME 
FFlOMImIoIB,1090'4'82 
MUST BE LESS THAN 0 31'1. 

Fig. 14 - Phase relationship between input and output 
current showing reference points for specification 
of switching times. 

ve2 
AD~ FOR IB2 

ISA I 5 H)5 SZICLAMPED VCEX RATING I 

RL' 30n 
NON IND 

01, 02 ·2N6354 
03 • 2N3762 

04,05, 
06,07 • CA3725 OUAD 

TRANSISTOR 
ARRAY 

* THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

** KELVIN ISENSING) 
. CONNECT IONS 

BATTERY SYMBOLS Vec·, VBI ,VB2' 
VBICLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE· THE FAST I, AND tt TIMES 

,AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

NOTE, SWI CLOSED FOR t" t" tt. SWI\lPEN FOR te' 

nCM-54BII 

Fig. 15 - Circuit for measuring switching times. 
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File Number 1211 

High-Current, High-Speed, High-Power 
Silicon N-P-N Planar Transistors 
For Switching and Amplifier Applications in Industrial 
and Commercial Service 
Features: 
• Maximum area-of-operation curves for dc and pulse operation - ISib limit 

begins at 25 V 
• Fast turn-on time - 1 p.s at Ie = 15 A 
• High-current capability -

hFE. VeE(sat), VaE(sat) measured at Ie = 10 A 

The RCA BUX39 is an epitaxial silicon n-p-n planar transistor 
that has high current and high power handling capability 
and fast switching speed. 

This device is especially suitable for switching-control 
amplifiers, power gates. switching regulators. power
switching circuits converters. inverters. control circuits. 
Other recommended applications include dc-rf amplifiers. 
and power oscillators. 

The BUX39 is supplied in a steel JEDEC TO-204AA hermetic 
package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

BUX39 

TERMINAL DESIGNATIONS 

JEDEC TO-204AA 

VCIO •••.••••••••••••.••••••••••.••••••••••••••.•••••••••••••••••••••••••.•••.•.••••••••••.•••.•••.••••••••••.•••.•••••••• 120V 
VCEX 

V.E=-1.5V ••••••••••••••••••••••••••••••••••••••.••••••.••••••••••••••.•.•.•••••.•••••••••••••••••••.•.•.••••••••••.•.• 120V 
VCER 

RaE= 1oon ••••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••.•••...••••••.•••••••••••.••.••••.••••••••••••• 110V 
Vc.o(sus) • • • • • • • • • • • • • • • • • . • • • • • • • . • . • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • . • . • • • • • • • • • • . • • • • • . • • • . • • • . • . • • • • • • • • • . . • • • • • •• 90 V 
V.ao ••••••••••••.•••.••.•.•••••...•....•..•••.••••••••••••••••••••••••••••.•.•••••••.•.•.••••••••••••••••.•••.•.•••••.•••••• 7V 
Ic ••••••••.•..••••••••••.••••••••••••.•••••••••••••••••••••••••••••.•••••••••••••••••.••••••••••.•••••••••••.•.••••••••.••• 30A 
ICM •••••••••••••••••••••• : ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 40 A 
I •.. · ......................................................................................................... ; .............. SA 
~ . 

TcS25°C .............................................................................................................. 120W 
Tc 2: 25°C. derate linearly ........................................................................................... 0.S8 W/oC 

T .... TJ ............................................................................................................. -65 to 100°C 
TL 

At distance 2: 1/32 in. (0.8 mm) from seating plane for 10 s max ............................................................. 230° C 
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BUX39 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) 25°C unless 
otherwise specified 

--

TEST CONDITIONS 

VOLTAGE CURRENT 
Vdc Adc LIMITS 

CHARACTERISTIC VCE VSE Ic IS Min. Typ. Max. 

ICEO 70 - - 1 

leEX 120 -1.5 - - 1 
Te-125°C 120 -1.5 - - 5 

lEBO -5 0 - - 1 

VCEO(sus}a L = 25 rnH 0.2b 0 90 - -
V(BR)EBO 

0 7 - -
IE = 50 rnA 

4 12b 15 - 45 
hFE 4 20b 8 - -

VBE(Sat) 20b 2.5 - 2.1 2.5 

VCE(sat) 
12b 1.2 - 0.7 1.2 
20b 2.5 - 1.25 1.6 

ISlb t = 1 s 45 1 - -
"'n . 
,",v .. - -

fT 15 1 8 - -
tON td + tr Vce= 20 2.5 - 0.8 1.5 

ts 30V 20 2.5c - 0.55 1 

tf 20 2.5c 0.15 0.3 

ReJC - - 1.46 

A CAUTION: The sustaining voltage VCEdsus) MUST NOT be measured on a curve tracer. 

b Pulsed; pulse duration ~ 300 fJs, duty factor ~ 2%. 

c 181 = -182. 

II! NOTE: CURRENT DERATING AT CONSTANT VOLTAGE APPLIES 
ONLY TO THE DISSIPATION-LIMITED PORTION AND IS/b 
LIMIT[D PORl'lON OF MAXU"'~-OPERATING-AREA CURVES. • a: DO NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

IJ~I 

1=1 

l~' 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)·4V 

240 
--.L 

200 '!j I 

1;; .. ~ 

~ll60 ~<).\~c. 10-
~Q 
"I- ~ .. :5.';:'~ fj!'" 120 

~~ ~'#: 

~~ 80 ~~ -t" 
gl!' ~~ ,.,., 

40V 
V -

'-::::d-::: I"""" 1 

UNITS 

rnA 

V 

V 

A 

MHz 

,...S 

°C/W 

....... 
D 

--.... 

~ 
~ 
"1 

-..... 
o 25 50 75 100 125 150 

CASE TEMPERATURE (T c' _·c 
115 200 • 0,01 2 4 6 80.1 2 8 I 4 6 810 2 

IlLS-'''.R2 

Fig. 1 - Derating CUNes. 
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COLLECTOR CURRENT C1C)-A 

92CS-32215 

Fig. 2 - Typical DC beta characteristics. 



BUX39 

Fig. 3 - Maximum operating areas. 

92CS-3Z214 

Fig. 4 - Typical input characteristics. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-15652RI 

Fig. 6 - .Typical output characteristics. 
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92CS-32Z" 

Fig. 5 - Typical trans for characteristics. 



BUX66, BUX66A, BUX66B, BUX66C 

High Voltage Silicon 
P-N-P Transistors 
For High-Speed Switching and 
Linear-Amplifier Applications 

Features: 
• High vOltage ratings: 

VCEO(sus) = -150 V max. (BUX66) 
= -250 V max. (BUX66A) 
= -300 V max. (BUX66B) 
= -350 V max. (BUX66C) 

• Large safe-operating area. 

The RCA-BUX66, BUX66A, BUX66B, and BUX66C are sil
icon p-n-p transistors with high breakdown voltages and 
fast switching speeds. These transistors are intended for a 
wide variety of applications in ac/dc commercia! equipment. 

Tvoical applications include high-voltage operational and 
linear amplifiers. high-voltage switches, switching regula
tors, converters, and inverters. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO ..............•..........•....•.....••......•••. 
VCEV(sus) 

VBE=-1.5V ..•....••..•.....•....•................. 
VCER(SUS) 

RBE = 1000 ....•..•..........................•..... 
VCEO(sus) .....•....••.....••.......•................. 
VEBO .•..•..•.•....•...•..........•..•••............. 
Ic .................................... .' •......•...... 
ICM •••••••••••••••••••••••••••••••••••••••••••••••••• 

IB .....•..........•........•...........•....•...•.... 
PT 

Up to 25°C •..•....•.................•.....•....... 
Above 25°C, Derate linearly ........................ . 

TJ, T"g ............................................. . 
T LAt distance 1/16 in. (1.58 mm) from 

seating plane for 10 s max .......................... . 

BUX66 
-200 

-200 

-175 
-150 
-6 
-2 
-5 
-1 

35 
0.2 

235 
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File Number 870 

TERMINAL DESIGNATIONS 

c 

'([) 
92CS-27516 

JEDEC TO-213AA 

BUX66A BUX66B BUX66C 
-300 -350 -400 V 

-300 -350 -400 V 

-'-215 -325 -375 V 
-250 -300 -350 V 
-6 -6 -6 V 
-2 -2 -2 A 
-5 -5 -5 A 
-1 -1 -1 A 

35 35 35 W 
0.2 0.2 0.2 W/oC 

-65 to 200 ·C 

235 235 235 ·C 
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BUX66, BUX66A, BUX66B, BUX66C 
ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 25DC 

Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT 

BUX66 BUX66A 
Vdc Adc 

SYMBOL 
VCE VBE IC IB Min. Max. Min. Max. 

ICED -150 0 - -10 - -10 

ICEX -200 1.5 - -8 - -
-300 1.5 - - - -8 

TC; 1000C -200 1.5 - -10 - -
-300 1.5 .. - - -10 

lEBO 6 0 - -1 - -1 

hFE -5 -l a 10 150 10 150 

VCEO(sus) -0.2a 0 -150c - -250c -

VCER(SUS) 

RBE; 50 n -0.2 -175c ... -275c -

VBE(sat) -l a -0.15 - -1.5 - -1.5 

VCE(sat) -l a -0.15 - -2.5 - -2.5 

Cabo 
VCB; 10 V 
f; 1 MHz - 220 - 220 

ISlb 

t ; 1 s, nonrep. -40 -875 - -875 -

Ihfel 
f; 5 MHz -10 -0.2 4 - 4 -

tr 
VCC; -200 V -1 -0.10b - 0.6 - 0.6 

ts 
VCC; -200 V -1 -0.10b - 2.5 - 2.5 

tf 
Vee; -200 V -1 -0.10b - 0.6 - 0.6 

ReJC - 5 - 5 

a Pulsed: Pulse duration; 300 IlS; duty factor';;; 2%. biB 1 ; I B2 

UNITS 

mA 

mA 

V 

V 

V 

pF 

mA 

IlS 

oCIW 

c Sustaining voltages. VCEO(sus) and VCER(sus) MUST NOT be measured on a curve tracer. 

COLLECTOR-fO-EMITTER VOLTAGE (VCE)"-IOV 
CASE TEMPERATURE (Tcl-Z5°C 

,.. 

/' 

LV \ 
/' \ 

\ 

2 4 .. , 4 .. 2 4 .. 
-0.01 -0.1 -I -10 

92CS-1:5972 
COLLECTOR CURRENT' Ie l- A 

Fig. 1 - Typical gain.iJandwidth product 
for all types. 
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BAS[·ro- EMITTER VOLTAGE lYSE I-V 
92CS-15974 

Fig.2 - Typical transfer characteristics 
for all types. 



BUX66, BUX66A,BUX66B,BUX66C 
ELECTRICAL CHARACTERISTICS. At Case Temperature (T cJ = 2SOC 

Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 
CHARACTE R ISTIC Vdc Adc BUX66B BUX66C 
SYMBOL VCE VBE Ie IB - Min. Max. Min. Max. 

ICEO ;-150 0 - -5 - -5 

ICEX -350 1.5 - -8 - -
-400 1.5 - - - -8 

TC = 1000 C -350 1.5 - -10 - -
-400 1.5 - - - -10 

lEBO 6 0 - -1 - -1 

hFE -5 -Ja 10 159 10 150 

VCEO(sus} -:-0.2a 0 -30OC - -350c -
VCER(sus} 

RBE = 50n -0.2 -325c - -375c -

VBE(sat} -l a -0.15 - -1.5 - -1.5 

VCE(sat} -l a -0.15 - -2.5 - -2.5 

Cobo 

VCB -- 10 V 

t = 1 MH7 - 220 - 220 

IS/h 
I -" 1 s, nonrep. -40 -875 - -875 -

Ihtel 
t = 5 MHz -10 -0.2 4 - 4 -

tr 
VCC ~ -200 V -1 -0.10b - 0.6 - 0.6 

Is 

VCC = -200 V -1 -0.10b - 2.5 - 2.5 

tt 
VCC =-200V -1 -0.10b - 0.6 - 0.6 

ROJC - 5 - 5 

a Pulsed: Pulse duration = 300 Jls; duty factor';; 2%. biB 1 = 182 

UNITS 

mA: 

mA 

V 

V 

V 

pF 

mA 

JlS 

OC/W ' 

C Sustaining voltages, VCEO(sus} and VCER(sus} MUST NOT be measured on a curve tracer. 

COLLECTOR CURRENT (Ic)-A 

~C::S-26008 

Fig.3 - Typical saturation-voltage characteristic 
for a/l types. 
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CASE TEMPERATURE (TC)--C ..,. ...... 
Fig. 4 - Derating curve for all types. 
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BUX66, BUX66A, BUX66B, BUX66C 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)- V 

Fig.5 - Maximum operating areas for a/l types. 

-300 
92CS-26006 

w 
~ 

~ CASE TEMPERATURE (Tcl~I!50-C 
~ II r--
~ 'OO'i;~~~~~~~::~~~::~::t=~~ - 81 TC· Z5 • C I :,t--t--t--t-t-t--t--t-HId--t--t-t-H 
~ 41~-+-~~~-~-+-~~~+--i-i-H 

S "t----t---I-H-t-+-t-+++i\-Ht-"'-+-t-H 
i \ 
~ 1~.t:~::=t=t~::=t::4=+=~::~::~~ 
g • 

-oar .. 6 Ill_OJ 2 .. 68_1 

COLLECTOR CURRENT (I:C)-A 

4 6 8_10 

'2CS~1t21' 

Fig. 6 - Typical dc beta characteristics 
for all types. 
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-lOa · CASE TEMPERATURE (TC)-IOO·C 

· Ie (MAX.) CONTINUOUS ! .. 

* 
• ~c. 

-18 ~Ol"/. 
~ · ~~ 

! · ~ • ""ii, 

~ -0\ (~ 

~ ~ · 41--
8 .1--

-0.01 · · F= I--
-I 

~YCEO IMAX.)--1!50Y{BUX66) 

hVCEO (MAXJ--250 V (BUX66A) 

~~o (MAX.)·-300 v (BUX66B) 

VcEO (MAX,). -alia v (BUX66C) . .. 
-10 

. 4 .. 
-100 

I,... 
• 4 .. 

-1000 

COLLECTOR-TO-EMITTER VOLTAGE (Vc£)-V 
92CS-26007 

Fig. 7 - Maximum operating areas for all types 
at Tc = 100·e. 



BUX66, BUX66A, BUX66B,BUX66C . 

COLLECTOR ClfIRENT C1C)-A 
92C5-2C.0I0 

Fig. 8 - Typical turn-on time and fal/-tlme 
characteristics for aI/ types. 

INPUT: 
HEWLETT·PACt<ARD 
MODEL No. 214A, OR 

EQUIVALENT 

VBo o .6V vec·-20DY 

OSCILLOSCOPE 
(TEKTRONIX MODEL vi O~~Tro 

i:'~ ,i2? .. R_C_' _-f"'~'r~_~_!'"_L_~_' 

::==::Q :lIy" 21n ~~~I:'El9 ~ 
-~ 50n 100'_ .. ~~~~~E 

INPUT FROM TEST 
PULSE GENERATOR 

(PULSE DURATION- -::;- ---
20,.. •• REP. RATE· 

200Hz) 
• ADJUST Ra FOR laO! AND Re fOR Ie 
.. Is, AND 182 MEASURED wm, TEKTRONIX CURRENT PROBE 

P6019 AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

92CS-~17A3 

Fig. uj - Circuit used to measure saturated 
switching times for aI/ types. 

CLARE 
MERCURY RELAY 

MODEL No. HGP-I004, 
OR EQUIVALENT 

10 
mH 

CHANNEL A 

TO 
HEWLETT-PACKARD 

OSCILLOSCOPE 
MODEL N0503 

OR EQUIVALENT 

CHANNEL B 

~ OT050V 

III 
O.5W 

• (500 mA) 

COMMON 

Fig. 12 - Cirouit used to measure sustaining 
voltages VOEO(sus), VCER(SUS), 
and V CEV( sus) for al/ types. 
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o -I -2 

COLLECTOR CURRENT (lcl - A 
92C5-26011 

Fig. 9 - Typioal storage-time characteristic 
for aI/ types. 

92CS-'~978 

Fig. 11 - Phase relationship between input current 
and output voltage showing reference 
points for specification of switching times. 

!z 
VCERtIU') VCEY(SUS' 

~ -400 

ill 
a:: u ~200 
0,.. 
13-

~ 
COLLECTOR~TO~EMITTER VOLTAGE (VCE)-V 

NOTE: Sustaining voltages are acceptable when 
traces fall to the right and above points "A" for 
BUX66, paints "B" for BUX66A, points "C" for 
BUX66B, and points "D" for BUX66C. 

Fig. 13 - Oscilloscope display for measurement 
of sustaining voltages. 



File Number 1237 

High Voltage Silicon N-P-N 
Power Transistors 
For Horizontal-Deflection Circuits and 
Other High-Voltage Switching Applications 

Features: 
• Fast Switching Speed 
• High Voltage Ratings: VCEX = 500-1000V 

Applications: 

• Off-Line Power Supplies 
• High-Voltage Inverters 
• Switching Regulators 

The RCA-BUY69 series of silicon n-p-n power transistors 
feature high-voltage capability, fast switching speeds, 
together with high safe-ope rating-area (SOA) ratings. 

They are intended for horizontal-deflection circuit applica
tion in black and white television, CRT's, off-line power 
supplies and a Wide range of inverter or converter circuits 
and pulse-width-modulated regulators. 

The RCA-BUY69 series transistors are supplied in steel 
JEDEC TO-204AA hermetic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VeBO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCEO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

VeEx 

VBE = -2 V ..•.••..•....•••••..•..••.•...•.•...•.•.•••. 
VEBO ••••••••••••••••••••••••••••••••••••••••••••• , ••••• 

Ie ••••.•.•.....•.•.••...•..•.•........•.••..•••••••.••. 
'eM(tp = 500 ps) ......•.•.•...................•..•.....•. 
IB •••••••••••••••••••••••••••••••••.•••••••••••••••••••• 
PT 

Te= 25·C ...•......................................•. 
TJ ......•.•.•..••....•............•..........•.......•. 
Tstg •••••••••••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distance;:: 1116 in. (1.58 mm) from 

seating plane for 105 max ..............•...........• 
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BUY69A 
1000 
400 

1000 

BUY69A, BUY69B, BUY69C 

TERMINAL DESIGNAlluNS 

92CS-27516 

JEDEC TO-204AA 

BUY69B BUY69C 
800 500 V 
325 200 V 

800 500 V 
8 V 

10 A 
15 A 
3 A 

100 W 
200 ·C 

-65 to 200 ·C 

235 ·C 



BUY69A,BUY69B,BUY69C 
ELECTRICAL CHARACTERISTICS, at Case Temperature (TC) = 25°C 
Unless Otherwise Soec/f/ed 

TEST CONDmONS LIMITS 
CHARACo VOLTAGE CURRENT 
TERISTIC Vdc Adc BUY88A BUY89B BUY88C UNITS 

VCE VaE IC IB Min. Mu. Min. Mu. Min. Mu. 
1000 -2 - 0.1 - - - -

ICEX 800 -2 - - - 0.1 - - rnA 
500 -2- - - - - - 0.1 

lEBO -5 0 - 1 - 1 - 1 

VCEO(sus)b 0.28 0 400 - 325 - 200 - V 
hFE 10 2.58 15 15 15 
VBE(sat) sa 2.5 - 2.2 - 2.2 - 2.2 
VCE(sat) sa 2.5 - 3.3 - 3.3 - 3.3 

V 
V(BR)CBO 0.1 1000 - 800 - 500 -
V(BR)EBO 8 -
IE=10rnA 

8 - 8 -

ISib 
25 4 - 4 - 4 - A 

t = 15 
fy 10 0.5 
f=10 MHz 

6 (typ.) 6 (typ.) 6 (typ.) MHz 

tf VCC= 
8 2.SC - 1 - 1 - 1 !AS 40 

RaJC -! ... " - I !.is - i.75 G(j/W I.'''' 
a Pulsed: pulse duration = 300,.s, duty factor .. 2%. c 161 = -162 

b CAUTION: The sustaining voltage VCEO(SUS) and VeEX MUST HOT be measured on a curve tracer. 

125 ISO 175 200 
CASE TEMPERATURE (TC1--C 

92C$-22434 

Fig. 1 - Dissipation derating curve for a/l 
types. 
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0.1 
468, 468 10 2468 100 

COLLECTOR CURRENT fIe l-A 92CS.!2044 

Fig. 2 - Typical dc beta characteristics for ali 
types. 



BUY69A, BUY69B, BUY69C 

COLLECTOR-TO-EMITTER VOLTAGEeVCEI- v 
92CM-32S~ 

Fig. 3 - Maximum operating areas for all types (Tc =2S'C). 

... Is-Xc" t -~ ~ 
!:l 
0 
> 
z I .t' ~-1-1-
0 ~ 'j 

~ • 1/11/:.,;'" 1-1-

5)' • /,~<:' ",: 
e!! 4 "'~ 
iJ' ~~~ r ~.:-
~ 'v~ ~ i lil 

~ OJ ......-:;::. 

0., 2 • '0 COLLECTOR CURRENTCIC)-A 92CS.52045 

Fig. 5 - Typical base-to-emitter saturation volt
age as a function of collector current 
for all types. 

COLLECTOR" TO"'!MIT1EA 
VOLTAGE (VCE,-av 

I :r -I , 
~ 

_4O-C 

81-- ~).'2.ffC 

~ 
> 
ffi 
;: 
:IE ... 

* II! c .. 

'~c"sE lEY.PE~1U"E C 

• 

2 

OJ 
2 •• 

COLL.ECTOR CURRENT ('I,e )-A '0 
92CS-S2047 

Fig. 6 - Typical base-to-emitter voltage as a 
function of collector current for all 
types. 
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0' 
2 .. 8 • 10 

COLLECTOR CURRENT eI C)-A IleS-l2D •• 

Fig. 4 - Typical collector-to-emitter saturation 
voltage as a function of collector cur
rent for all types. 

I'i<f": CASE TEMPERATURE CTC)-25-
FREQUENCY IU-IMHr 

II 4 f::::~ C'Oo 
~~ 2 

tlli1,o' 
~~ : 
!f 4 
llll r---.. 5 • 
~§I02 r-. c .... 

w~ 8 
- -

~li • 
~~ 

• 
"'" 

2 

88,0 
10 .. 6 8 10 2 4. '102 2 4. 8 103 

COLLEC'TO'-TO-BASE YCLTAGE (Vca1-Y 
CIA EMITTER-TO-BASE VOLTAGE(VEBJ-V 92CS-320!l4 

Fig. 7 - Typical common~base input or output 
capacitance characteristics as a func
tion of collector-to-base voltage or 
emitter-to-base voltage for all types. 



BUY69A,BUY69B, BUY69C 

f 
~ 

" 

100f-- g~~~E~~~~~~~ 'JoCL~;::,·~CC· 40 II - r---Or---;:- :tC / I.B-5 - I--

• 

""" "'- ~ 
[--

• , 
~/ 

I ,~ I~ 
of-- L:: / 
.~ 

• , .-
/ , /. 

1/ 
0.1 

3 4 5 6 
COLLECTOR CURRENT (XC)-A 

821:5-32587 

Fig. 8 - Typical switching-time 
characteristics as a function 
of col/ector current. 
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File Number 2333 

D.S-Ampere N-P-N Darlington 
Power Transistors 
hFE Min. -10,000 
1.33 Watt power dissipation at TA = 25° 

Features: 

• Operates (rom Ie without predriver 

Application: 

• Solenoid Driver 
• Lamp Driver 
• Relay Substitute 
• Switching Regulator 

The D40C-series silicon n-p-n Darlington power transistors 
are designed for use in general-purpose. amplifier and 
medium-speed switching circuits. The high gain of these 
devices makes it possible forthem to be driven directly from 
integr!;lted circuits. The 'monolithic base-to-emitter resis
tors have been deleted from the structure to enhance the 
gain characteristics. These devices feature minimum gains 
of 10,000. 

These devices are supplied in the JEDEC TO-202AB plastic 
package. 

MAXIMUM RATINGS (T A = 25° C) (unless otherwise specified, 
-

RATING SYMBOL 
Collector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCES 
Emitter Base Voltage VEBO 
Collector Current - Continuous' Ie 

Peak(1) ICM 
Base Current - Continuous Ie 
Total Power DissiPationl,@TA = 25°C Po 

,@TC=25°C 
Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient R/IJA 
Thermal ReSistance, Junction to Case R/lJC 
Maximum Lead Temperature for Soldering 
Purposes: W' from Case for 5 Seconds TL 

(1) Pulse Test: Pulse Width = 3OOms. Duty Cycle:s 2%. 
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D40C Series 

TERMINAL DESIGNATIONS 

c 

[0 D 
\ 

:/B 
c 

(TAB) 

\ 
TOP VIEW 

E 

92CS-43222 

JEDEC TO-202AB 

U) 
a:: c a::g 

WU) 

-I ~Ui 
Q.Z I c( 

I a:: 
I I l-

I I 
I 

I I 
I I L ________ _J 

92CS-431!10 

Schematic diagram lor all types. 

D4OC1 D40C4 D40C7 UNITS 
30 40 50 Volts 
30 40 50 Volts 

13 13 13 Volts 
'0:5 . :0'.5 u.5 A 
1:0 1.0 1.0 

0.1 0.1 0.1 A 
1.33 1.33 1.33 Watts 
6.25 6.25 6.25 

-55 to +150 -55 to +150 -55 to +150 °C 

75 75 75 °C/W 
20 20 20 °C/W 

260 260 260 °C 



D40C Series 
ELECTRICAL CHARACTERlSTICS (TC = 25"C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL I MIN TYP UNIT 

OFF CHARACTERISTICS(1) 

Collector-Emitter Vol. D4OC1 VCEO 
(IC= 1OmA) D40C4 

D40C7 

Collector Cut-off Current (TC = 25" C) Ices 
(VCE = Rated V_ (Tc= 150"C) ICBO 

Emitter Cutoff Current 
lEBO (VEB = 13V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA 

ON CHARACTERISTICS(') 

DC Current Gain hFE 
(Ic = 200mA, VCE = 5V) 

Collector-Emitter Saturation Voltage 
(IC = 500mA, IB = 0.5mA) VCE(sat) 

Base-Emitter Saturation Voltage 
VBE(Sat) (Ic = 500mA, 18 = 0.5mA) 

nvtdault" "'UAI:IA"'''I'Cn.~.,..'''~ _ .... ..,. .•.. __ • __ •• _ ........ n.~ I .""'" 

Collector Capacitance 
CCBO (VCS = 10V, f = 1MHz) 

Current Gain - Bandwidth Product for (Ic = 20m A, VCE = 5V) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + Rise Time IC = 1A, 181 '" IB2 = 1mA tc!+t,. 

Storage Time VCC = SOV, tp = 25".sec is 
Fall Time tf .-

(1) Pulse Test: PW S 300ms Duty Cycle S 2%. 

lOOK 
eOK 
60K 

40K 

20K 

10K 

- TJ ·150·C ........... 

V -+- "" -Vi-" 
,.... TJ" 25" C r-. 

I I 
8K 
6K ./ 

4K .. .. 
.c 2K 

..I-f t-.. 

V T • -5'·C 
J I I 

./" PULSEO MEASUREMENT ' 
PULSE WIDTH. 2 MIWSEC 

IK 
eoo 

DUTY CYCLE "2 '110 
VeE -5 VOLTS 

600 D40CI,4, AND 7 

400 

200 

4 6 810 20 40 6°edoo 200 4~0C!000 
IC-COLLECTOR CURRENT -MILLIAMPERES 

FIG 1. TYPICAL hFE va. Ic 
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SO - - Volta 
40 - -
50 - -
- - 0.5 /loA - - 20 

- - 0.1 pA 

SEE FIGURE 2 

10K - 60K 

- - 1.5 V 

- - 2.0 Volts 

- - 220 pF 

- 75 - MHz 

- 100 - ns 

- 350 -
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0400 Series 

1-Ampere Sillcon,N-P-N 
Power Transistors 
Complementary to the D41D Series 

Features: 
• High free-air power dissipation 
• Low collector saturation voltage (0.5V typo @ 1.0A IC) 
• Excellent linearity 
• Fast switching 

'The D40D-serles of silicon n-p-n power transistors are 
designed for various specific and general purpose applica
tions, such as: output and driver stages of amplifiers 
operating at frequencies from DC to greater than 1 MHz; 
series, shunt and switching regulators; and low and high 
frequency I nvarters/converters. 

These devicas are supplied In the JEDECTO-202AB plastic 
package. 

MAXIMUM RATINGS (TA = 25· C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCES 
Emitter Base Voltage VEBO 
Collector Current - Continuous IC 

Peak(1) ICM 
Base Current - Continuous IB 
Total Power DiSSipation @ T A = 25· C 

@TC=25C 
Po 

Operating and Storage Junction 
TJ,Tstg Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient R8JA 
Thermal Resistance, Junction to Case R8JC 
Maximum Lead Temperature for Soldering 
Purposes: 'Ie" from Case for 5 Seconds TL 
(1) Pulse Test Pulse Width; 300ms Duty Cycle :s; 2%. 
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TERMINAL DESIGNATIONS 

0 
\ [0 :/B 

c 
(TAB) , 

TOP VIEW E 

92CS-43222 

JEDEC TO-202AB 

D40D1,2 D40D4,5 D40D7,8 UNITS 
30 45 60 Volts 
45 60 75 Volts 

5 5 5 Volts 
1 1 1 A 

1.5 1.5 1.5 

0.5 0.5 0.5 A 
1.67 1.67 1.67 Watts 
6.25 6.25 6.25 

-55 to +150 -55 to +150 -55 to +150 ·C 

75 75 75 ·C/w 
20 20 20 ·C/W 

+260 +260 +260 ·C 



ELECTRICAL CHARACTERISTICS (TC = 2S"C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL 

OFF CHARACTERISTICS(l) 

Collector-Emitter Sustaining Voltage 
04001,2 VeEO(sUS) 

(Ie = 10mA) 04004,5 
04007,8 

Collector Cutoff Current 
(VeE = Rated VCEO) Tc = 25"C ICES 
(VeE = Rated VCES) Tc = 150"C 

Emitter Cutoff Current 
lEBO (VEB =5V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA 

ON CHARACTERISTICS(l) 

DC Current Gain 04001,4,7 hFE 
(Ie = 100mA, VeE = 2V) 04002,5,8 

04001,4,7 hFE 
(Ie = 1A, VCE = 2V) 04002 

04005,8 

Collector-Emitter Saturation Voltage 
(Ic = 5OOmA, IB = SOmA) 04001, 2, 4, 5 VCE(sat) 

04007,8 

Base-Emitter Saturation Voltage 
(Ie = 5OOmA, IB = SOmA) VBE(sat) 

DYNAMIC CHARACTERISTICS 

-("-ci _foVJ .1M"~z) CeBO 

Cu~rent:C3ai~ . Band~i~t" Product 
(Ie = 20mA, VCE = 10V) for 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay-Time + ,~ 
IRiseTime 

Ie = 1A, 161 = IB2 = 0.1A id + tr 

Storage Ti~e i Vee = OOV, tp = 25 pSec ts 
Fall Time tf 

-(1) Pulse Test PW - 300ms Duty Cycle:O; 2%. 
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0400 Series 
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SEE FIGURE 4 
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0400 Series 
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File Number 2335 

2-Ampere Silicon N-P-N 
Power Transistors 
Complementary to the D41E Series 

Features: 
• High free-air power dissipation 
• Low collector saturation voltage (0.5V typo @ 1.0A IC) 
• Excellent linearity 
• Fast switching 

The D40E-series of silicon n-p-n power transistors -are 
designed for various specific and general purpose applica
tions, such as: output and driver stages of amplifiers 
operating at frequencies from DC to greater than 1 MHz; 
series, shunt and switching regulators; and low and high 
frequency inverters/converters. 

These devices are supplied in the JEDEC TO-202AB plastic 
package. 

MAXIMUM RATINGS (T A = 25· C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCES 
Emitter Base Voltage VESO 
Collector Current - Continuous IC 

Peak(1} ICM 
Base Current - Continuous IS 
Total Power Dissipation @TA = 25·C PD 

@TC=25·C 
Operating and Storage Junction 

TJ.Tstg Temperature Range 

THERMAL CHARACTERISTICS 
--

Thermal Resistance, Junction to Ambient R9JA 
Thermal Resistance, Junction to Case R9JC 
Maximum Lead Temperature for Soldering 
Purposes: W' from Case for 5 Seconds TL 

(1) Pulse Test Pulse WIdth = 300ms Duty Cycle:5 2%. 
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TERMINAL DESIGNATIONS 
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:/B 
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(TAB) 
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E (/) 

TOP VIEW a:: a::g 
92CS·43222 w(/) 

~(j) 
a. Z 

c( 
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JEDEC TO-202AB I-

D40E1 D40E5 D40E7 UNITS 

30 60 80 Volts 
45 70 90 Volts 

5 5 5 Volts 

2 2 2 A 
~ 3 3 
1 1 1 A 

1.33 1.33 1.33 Watts 
8 8 8 

-55 to +150 -55 to +150 -55 to +150 ·C 

75 75 75 ·C/w 
15.6 15.6 15.6 ·C/W 

+260 +260 +260 ·C 
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D40E Series 
ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

I CHARACTERISTIC . I SYMBOL 

OFF CHARACTERISTICS(l) 

Collector-Emitter Sustaining Voltage 

(IC = 10mA) 

Collector Cutoff Current 
(VCE = Rated VCES) 

Emitter Cutoff Current 
(VEB =5V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased 

ON CHARACTERISTICS(l) 

DC Current Gain 
(Ic = 100mA, VCE = 2V) 
(Ic = 1A, VCE = 2V) 

Collector-Emitter Saturation Voltage 
(lc = 1.OA, IB = 0.1A) 

Base-Emitter Saturation Voltage 
(lc = 1.OmA, IB'= 0.1A) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VCR = 10V. f = 1MHz) 

Current-Gain - Bandwidth Product 
(lc = 1OOmA, VCE = 10V) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + Ie = 1A, 181 = 182 = O.1A 
Rise Time 

Storage Time VCC = 30V, tp = 25 pSec 
Fall Time 
(1) Pulse Test PW = 300ms Duty CycleS 2%. 

f-~ PE~K MAX. POWER DISSIPATION 

CURRENT TCASE S TO·C ~ 

MAXDC~ PULSED OPERATION 
DUTY CYCLE :s 50'110 r--

CURREr' ~ ~\( I I I ~O.lm. PULSE 

I I") ~1.Om. PULSE 

10m, PULSE ro...~ 
o.c. ~ ~t\ 

,~ 
~. ~ 
1 .~.'I MAX. VcEO D40EI 

\ ~ I I rr > .. 1 I 
I I 1 I I 
MAX. VCEO D40E~-j-I-~ 
MAX. VcE~ D40E~ I 1 

I I 1:1 I 

... ... .. 
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Id + tr 
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TJ-150·C -- ~--'-r 
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I-- -~ 
T~--/l~OC 

100 

VCE-2V 

30 

IV 10V 
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100V 

MIN TYP MAX UNIT 

30 - - Volts 
60 - -
80 - -
- - 0.1 JJA 

- - 0.1 JJA 

SEE FIGURE 1 

50 - - -
10 - - -

- - 1.0 Volts 

- - 1.3 Volts 

- 9 - pF 

- 230 - MHz 

- 130 - nS 

- 400 -
- 170 -

I---..... -, 
-- , -.... .'-

" :\ 
-\.\ 
\~ 
~ r, 
'~ 

0.10 1.0 
IC-AMPERES 

FIG. 1 SAFE REGION OF OPERATION FIG.2 TYPICAL HFE VS IC 
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D40K Series 

2-Ampere N-P-N Darlington 
Power Transistors 
Complementary to the D41K Series 

Features: 

• Operates from IC without predriver 

Applications: 

• Switching regulator 
• Lamp driver 
• Touch switch 
• Solenoid driver 

The D40K-series of silicon n-p-n Darlington power tran
sistors are designed for use In general purpose amplifier 
and medium-speed switching circuits. The high gain of 
these devices makes it possible for them to be driven 
directly from integrated circuits. The monolithic base-to
emitter resistors have been deleted from the structure to 
enhance the gain characteristics. These devices feature 
minimum gains of 10,000. 

These devices are supplied in the JEDEC TO-202AB plastic 
package. 

MAXIMUM RATINGS (T A = 25° C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCES 
Emitter Base Voltage VEeO 
Collector Current - Continuous IC 

Peak(1! ICM 
Base Current - Continuous Ie 
Total Power DiSSipation @TA= 25°C PD 

@Tc=25°C 
Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient RIIJA 
Thermal Resistance, Junction to Case RIIJC 
Maximum Lead Temperature for Soldering 
Purposes: %" from Case for 5 Seconds TL 

(1) Pulse Test: Pulse Width = 3OOms. Duty Cycle:S; 2%. 
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TERMINAL DESIGNATIONS 

C 

(TAB) 

\ [0 D~\ :/. 
TOP VIEW 

JEDEC TO-202AB 
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I 
I 
I 

I 
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I 
! L _______ _ _1 

92C5-43150 

Schematic diagram for all types. 
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D40K Series 

ELECTRICAL CHARACTERISTICS (Tc = 25°C) (unless otherwise specified) 

I CHARACTERISTIC 1 SYMBOL 1 MIN TYP MAX UNIT 

OFF CHARACTERISTICS(l) 

Collector-Emitter Sustaining Voltage 
(Ic= 10mA) 

Collector Cut-off Current 
(VCE = Rated VCES) 

Emitter Cutoff Current 
(VEB = 13V) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(IC = 200mA, VCE = SV) 

(Ic = 1.SA, VCE = SV) 
(Ic = 1A, VCE = SV) 

Collector-Emitter Saturation Voltage 
(IC = 1.5A,IB = 3mA) 
(Ic = 1A, 1B = 2mA) 

Base-Emitter Saturation Voltage 
(Ic = 1.5A, IB = 3mA) 
(IC = 1A, IB = 2mA) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VeB = 10V, f = 1MHz) 

Current-Gain - Bandwidth Product 
(Ic = 20mA, VCE = 5V) 

(ll Pulse Test: PW S 300ms Duty Cycle S 2%. 
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D40V Series 

Silicon N-P-N Power Transistors 
General-Purpose Types for Medium-Power 
Switching and Amplifier Applications 

Features: 

• Low CCB (2 pF typical at VCB =20V) 
• Excellent linearity 

The 040V-serles of silicon n-p-n power transistors are 
designed forgeneral-purposo high-voltage usage. Applica
tions Include: TV horizontal dilv6i and output stage; audio 
output stage of portable TV sots; high-voltage regulators; 
and video display drivers. 

These devices are supplied In tho JEOEC TO-202AB plastic 
package. 

MAXIMUM RATINGS (T A = 25° C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCES 
Emitter Base Voltage VE80 
Collector Current - Continuous Ic 
Base Current - Continuous 18 
Total Power Dissipation @ T A = 25°C 

@Tc=25°C 
Po 

Operating and Storage 

C 

(TAB) 

D4OV12 
250 
300 

5 
0.1 

0.1 
1.7 
9 

File Number 2337 

TERMINAL DESIGNATIONS 

[0 D~\~' 
TOPYIEW 

E 

92.CS-43222 

JEDEC TO-202AB 

D40V3.4 D40V58 UNITS 
300 350 Volts 
350 400 Volts 

5 5 Volts 

0.1 0.1 A 

0.1 0.1 A 
1.7 1.7 Watts 
9 9 

Junction Temperature Range TJ, TSTG -55 to +150 -55 to +150 -55 to +150 ·C 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient R8JA 73.5 73.5 73.5 ·CIW 

Thermal Resistance, Junction to Case RBJc 13.9 13.9 13.9 ·CIW 

Maximum Lead Temperature for Soldering 
Purpose: W' from Case for 5 Seconds TL 260 260 260 ·C 
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D40V Series 
ELECTRICAL CHARACTERISTICS (T C = 25° C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT J _~ ____________ ~~~~~~~~ ______________ ~ __ ~ __ ~ ______ ~ ____ ~ ______ ~ ______ ..J 

OFF CHARACTERISTICS(l) 

Collector-Emitter Voltage 
(lc= 5mA) 

Collector Cutoff Current 
(VCE = 300V) 
(VCE= 350V) 
(VCE= 400V) 

Emitter Cutoff Current 
(VEB = 5V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased 

ON CHARACTERISTICS(1) 

DC Current Gain 
(Ic = 5mA, Ve,E = 10V) 
(lc = 20mA, CE = 10V) 
(IC = 4OmA, VCE = 10V) 
(lc = 5mA, Ve,E = 10V) 
(Ic = 20mA, CE = 10V) 
(Ic = 4OmA, VCE = 10V) 

Collector-Emitter Saturation Voltage 
(Ic = 20mA, IB = 2mA) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VCB = 10V, f = 1 MHz) 

Current Gain Bandwidth Product 
(lc = 100mA, VCE = 10V, ftest = 1.0 MHz) 

(1) Pulse Test: Pulse Width - 300p.s Duty Cycle:5 2%. 
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D40V Series 
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File Number 2338 

1-Ampere Silicon P-N-P 
Power Transistors 
Complementary to the D40D Series 

Features: 
o High free-air power dissipation 
o Low collector saturation voltage (-O.5V typo @-1A Ic). 
o Excellent linearity 
o Fast switching 

The D41D-serles of silicon p-n-p power transistors are 
designed for various specific and general purpose applica
tions, such as: output and driver stages of amplifiers 
operating at frequencies from DC to greater than 1 MHz; 
series, shunt and switching regulators; and low and high 
frequency inverters/converters. 

These devices are supplied In the JEDEC TO-202AB plastic 
package. 

MAXIMUM RATINGS (T A = 25· C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCES 
Emitter Base Voltage VEBO 
Collector Current - Continuous IC 

Peak(l) ICM 
Base Current - Continuous 19 
Total Power Dissipation @ T A = 25· C Po 

@TC=25C 
Operating and Storage Junction 

TJ,Tstg Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient ROJA 
Thermal Resistance, Junction to Case ROJC 
Maximum Lead Temperature for Soldering 
Purposes: W' from Case for 5 Seconds TL 
(1) Pulse Test Pulse Width = 300ms Duty Cycle:5 2%. 
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0410 Series 

TERMINAL DESIGNATIONS 

C 

(TAB) 

04101,2 
-30 
-45 
-5 
-1 

-1.5 
-0.5 
1.67 
6.25 

-55 to +150 

75 
20 

+260 

JEDEC TO-202AB 

04104,5 
-45 
-60 
-5 
-1 

-1.5 
-0.5 

1.67 
6.25 

-55 to +150 

75 
20 

+260 

92CS-43222 

04107,8 UNITS 
-60 Volts 

-75 Volts 
-5 Volts 
-1 A 

-1.5 
-0.5 A 
1.67 Watts 
6.25 

-55 to +150 ·C 

75 ·C/W 
20 ·C/w 

+260 ·C 



0410 Series 
ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL 

OFF CHARACTERISTICS(') 

Collector-Emitter Sustaining Voltage 
04101,2 

(IC = -10ma) 04104,5 
04107,8 

Collector Cutoff Current 
(VCE = Rated VCEO) Tc = 25'C 
(VCE = Rated VCES) Tc = 150°C 

Emitter Cutoff Current 
(VEB =-5V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased 

ON CHARACTERISTICS(1) 

DC Current Gain 04101,4,7 
(IC = -1OOmA, VCE ::2V) 04102,5,8 

04101,4,7 
(lc = -1A, VCE =-2V) 04102 

04105,8 
Collector-Emitter Saturation Voltage 

(IC = -500mA, 19 = -50mA) 04101,2,4,5 
04107,8 

Base-Emitter Saturation Voltage 
, (Ie = -500rnA. !8 = -SOmA) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VCB = -10V, 11= 1MHz) 

Current-Gain - Bandwidth Product 
(IC = -20mA, VCE = -10V) 

SWITCHING CHARACTERISTICS 

Resistive Load 

OelayTime+ Ie = -1A, IB1 = IS2 = -0.1A 
Rise Time 

100 

100 .. 
.FlO .. 

10 

0 

Storage Time 
Vee = -30V, tp = 25 psec 

Fall Time 
('1 Pulse Test PW = 300ms Duty Cycle:5 2%. 
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MIN TYP MAX UNIT 

-30 - - Volts 
-45 - -
-60 - -

- - -0.1 
- -1 - IlA 

- - -0.1 IlA 

SEE FIGURE 7 

50 - 150 -
120 - 360 
10 - - -
20 - -
10 - -

- - -0.5 Volts 
- - -1.0 

- - -1.5 Volts 
I I I I I 

- 10 - pF 

- 150 - MHz 

- 50 - nS 

- 75 -
- 40 -
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D41E Series 

2-Ampere Silicon P-N-P 
Power Transistors 
Complementary to the D40E Series 

Features: 
• High free-air power dissipation 
• Low collector saturation voltage (-0.5V typo @-1A 'C) 
• Excellent linearity 
• Fast switching 

The 041 E-series of silicon p-n-p power transistors are 
designed for various specific and general purpose applica
tions, such as: output and driver stages of amplifiers 
operating at frequencies from DC to greater than 1 MHz; 
series, shunt and switching regulators; and low and high 
frequency inverters/converters. 

These devices are supplied in the JEDEC TO-202AB plastic 
package. 

MAXIMUM RATINGS (TA = 25· C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCES 
Emitter Base Voltage VE80 
Collector Current - Continuous IC 

Peak(1) ICM 
Base Current - Continuous 18 
Total Power Dissipation@TA = 25·C 

@TC=25·C 
PD 

Operating and Storage Junction 
TJ,Tstg Temperature Range 

THERMAL CHARACTERISTICS 

Thermal ReSistance, Junction to Amhient ROJA 
Thermal ReSistance, Junction to Case ROJC 
Maximum Lead Temperature for Soldering 
Purposes: 'AI" from Case for 5 Seconds Tt 
(1) Pulse Test Pulse Width ~ 300ms Duly Cycle S; 2%. 
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File Number 2339 

TERMINAL DESIGNATIONS 

c 

[0 0 
\ 

:/B 
c 

ITAB) , 
TOP VIEW 

E 

92CS~43222 

JEDEC TO-202AB 

D41E1 D41E5 D41E7 UNITS 
-30 -60 -80 Volts 
-45 -70 -90 Volts 
-5 -5 -5 Volts 
-2 -2 -2 A 
-3 -3 -3 
-1 -1 -1 A 

1.33 1.33 1.33 Watts 
8 8 8 

-55 to +150 -55 to +150 -55 to +150 ·C 

75 75 75 ·CIW 

15.6 15.6 15.6 ·C/W 

+260 +260 +260 ·C 



ELECTRICAL CHARACTERISTICS (T C = 25° C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL 

OFF CHARACTERISTICS(l) 

Collector-Emitter Sustaining Voltage 

(IC ~ -10ma) 

Collector Cutoff Current 
(VCE = Rated VCES) 

Emitter Cutoff Current 
(VEe =-5V) 

SECOND BREAKDOWN 

I Second Breakdown with Base. Forward Biased 

ON CHARACTERISTICS(l) 

DC Current Gain 
(Ie = -100mA, VeE = -2V) 
(Ic = -1A, VeE = -2V) 

Collector-Emitter Saturation Voltage 
(Ie = -1.0A, Ie = -0.1A) 

Base-Emitter Saturation Voltage 
(Ie = -1.0mA, IB = Q.1A) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(Vee =10V, f = 1MHz) 

Current-Gain Bandwidth Product 
(Ie = -100mA, VCE = -10V) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + tc = -1A, le1 = le2 = -o.1A 
Rise Time 

u ... 

Storage Time 
Vec = -30V, tp = 25 Ilsec 

Fall Time 
(1) Pulse Test PW = 300ms Duty Cycle:S 2%. 
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D41E Series 

MIN TYP MAX UNIT 

-30 - - Volts 
-60 - -
-80 - -
- - -0.1 J1.A 

- - -0.1 J1.A 

SEE FIGURE 1 

50 - - -
10 - - -

- - -1.0 Volts 

- - -1.3 Volts 

- 13 - pF 

- 175 - MHz 
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- 250 -
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D41E Series 
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File Number 2340 

2-Ampere Silicon P-N-P 
Power Transistors 
Complementary to the D40K Series 

Features: 
• Operates from IC without predriver 
Applications: 
• Switching regulator 
• Lamp driver 
• Touch switch 
• Solenoid driver 

The D41 K-series of silicon p-n-p Darlington power tran
sistors are designed for general-purpose amplifier and 
medium-speed switching circuits. The high gain of these 
devices makes it possible for them to be driven directly from 
integrated circuits. The monolithic base-to-emltter resis
tors have been deleted from the structure to enhance the 
gain characteristics. These devices feature minimum gains 
of 10,000. 

These devices are supplied in the JEDEC TO-202AB plastic 
package. 

MAXIMUM RATINGS (T A = 25° C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCES 
Emitter Base Voltage VEeO 
Collector Current - Continuous IC 

Peak(1) ICM 
Base Current - Continuous Ie 
Total Power Dissipation @ T A = 25° C 

@TC=25°C 
Po 

Operating and Storage 
Junction Temperature Range TJ,TSTG 

THERMAL CHARACTERISTICS 

Thermal ReSistance, Junction to Ambient R8JA 
Thermal ReSistance, Junction to Case R8JC 
Maximum Lead Temperature for. Soldering 
Purposes: W' from Case for 5 Seconds TL 

(1) Pulse Test: Pulse Width = 3OOms. Duty Cycle S 2%. 
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(TAB) 

D41K Series 

TERMINAL DESIGNATIONS 

[0 0 
TOP VIEW 

JEDEC TO-202AB 
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92CS--43222 

92CS-43261 

Schematic diagram for all type •. 

D41K13 D41K2.4 UNITS 
-30 -50 Volts 
-30 -50 Volts 
-13 -13 Volts 
-2 -2 A 
-3 -3 A 

-0.2 -0.2 A 
1.67 1.67 Watts 
10 10 

-55 to +150 -55 to +150 °C 

75 75 °CIW 
12.5 12.5 °CIW 

260 260 °C 



D41K Series 
ELECTRICAL CHARACTERISTICS (TC = 25· C) (unless otherwise specified) 

I - - CHARACTERISTIC I SYMBOL I MIN TVP MAX UNIT 

OFF CHARACTERISTICS(1) 

Ccllector-Emltter Voltage D41K1,3 VCEO -30 - - Volts 
IC'" - lOmal D41K2,4 -50 - -

Collectc.r Cut-off Current 
(VCE = Rated VCES) ICES - - -0.5 p.A 

Emitter Cutoff Current 
IESO - - -0.1 IlA (VES = -13V) 

ON CHARACTERISTICS(1) 

DC Current Gain 
hFE 10K - - -(Ic = -200mA, VCE '" -5V) 

flc = -1.SA, VCE = -5V) D41K1,2 hFE 1K - - -
Ic = -1A, VCE = -SV) D41K3,4 1K - - -

Collector-Emitter Saturation Voltage 
-1.5 (Ic = -1.5A, Is = -3mA) D41K1,2 VCE(sat) - - Volts 

(Ic = -1.0A, 1s = -2mA) D41K3,4 - - -1.5 

Base-Emitter Saturation Voltage 
-2.5 (Ic = -1.5A,IS = -3mA) D41K1,2 VSE(sat) - - Volts 

(IC = -1A, Ie = -2mA) D41K3,4 - - -2.5 

DYNAMIC CHARACTERISTICS 

~ct C It o e or apac ance 
CcSO - 9 15 pF i (VCB = -i av. f = 1MHz) 

I Current-Gain - Bandwidth Product 
for - 100 - MHz 

(IC = -20m A, VCE = -SV) 

(1) Pulse Test: PW:5 300ms Duty Cyclo:5 2%. 
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.File Number 2341 

3-Ampere Silicon N-P-N 
Power Transistors 
Complementary to the D43C Series 

Features: 
• High free-air power dissipation 
• Low collector saturation voltage (0.5V typo @ 3A IC) 
• Excellent linearity 
• Fast switching 

The D42C-series of silicon n-p-n power transistors are 
designed for various specific and general purpose applica
tions, such as: output and driver stages of amplifiers 
operating at frequencies from DC to greater than 1 MHz; 
series, shunt and switching regulators; and low and high 
frequency inverters/converters. 

These devices are supplied in the JEDEC TO-202AB plastic 
package. 

MAXIMUM RATINGS (T A = 25· C) (unless otherwise specified) 

C 

(TAB) 

RATING SYMBOL D42C1,2,3 
Collector-Emitter Voltage VCEO 30 

. Collector-Emitter Voltage VCES 40 
Emitter Base Voltage VESO 5 
Collector Current - Continuous IC 3 

Peak(l) ICM 5 
Base Current - Continuous IS 2 
Total Power Dissipationl@TA = 25·C Po 2.1 

'@TC=25·C 12.5 
Operating and Storage Junction 

Temperature Range TJ,Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient RBJA 60 
Thermal Resistance, Junction to Case RBJC 10 
Maximum Lead Temperature for Soldering 

Purposes:' W' from Case for 5 Seconds TL +260 

(1) Pulse Test Pulse Width = 300ms Duty Cycle"; 2%. 
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D42C Series 

TERMINAL DESIGNATIONS 

E 

[ ____ 0 _D=,::::=:J\ :-,,-' 
TOP VIEW B 

92CS-43473 

JEDEC TO-202AB 

D42C4,5,6 D42C7, 8, 9 D42C10, 11, 12 UNITS 
45 60 80 Volts 
55 70 90 Volts 
5 5 5 Volts 

3 3 3 A 
5 5 5 
2 2 2 A 

2.1 2.1 2.1 Watts 
12.5 12.5 12.5 

-55 to +150 -55 to +150 -55 to +150 ·C 

60 60 60 ·C/W 

10 10 10 ·C/W 

+260 +260 +260 ·C 



D42C Series 

ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL 'I MIN TYP MAX UNIT 

OFF CHARACTERISTICS(1) 

Collector-Emitter Sustaining Voltage 
042C1, 2, 3 VCEO(sus) 30 - - Volts 

(IC = 1OOmA) 042C4,5,6 45 - -
042C7, 8, 9 60 - -
042C10, 11, 12 80 - -

Collector Cutoff Current 
(VeE = Rated VCES) ICES - - 10 /lA 

Emitter Cutoff Current 
lEBO - - 100 /lA (VEB =5V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEE FIGURES 3 & 4 

ON CHARACTERISTICS(1) 

DC Current Gain 042C1, 4, 7, 10 hFE 25 - - -
(IC = 200mA;\'CE = 1V) D42C2, 5, 8, 11 100 - 220 

D42C3, 6, 9, 12 40 - 120 
. (IC = 1A, VeE = 1V) 042C1, 4, 7,10 hFE 10 - - -

(Ie = 2A, VCE = 1\1) 042C2, 5, 8, 1'1 20 - -
042C3, 6, 9, 12 20 - -

Collector-Emitter Saturation Voltage 
0.5 Voits (Ie = 1A, IB = 50mA) 042C2, 5, B, 11 VCE(sat) - -

042C3, 6, 9, 12 - - 0.5 
(Ic = 1A, IB = 100mA) 042C1, 4, 7,10 VCE(sat) - - 0.5 Volts 

Base-Emitter Saturation Voltage 
VBE(sat) - - 1.3 Volts (Ic = 1A, IB = 100mA) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
CCBO - - 100 pF (VCB = 10V, f = 1 MHz) 

Current-Gain - Bandwidth Product 
for - 50 - MHz (Ic = 20mA, VCE = 4V) 

SWITCHING CHARACTERISTICS 

Resistive Load 

'Delay Time + IC = 1A, IB1 = IB2 = 0.1A, lei + tr ,Rise Time 
- 100 - nS 

Storage Time 
Vee = 3OV,1p = 25 J.lS8C ts - 500 -

Fall Time tf - 75 -
(1) Pulse Test PW = 300ms Duty Cycle :5 2%. 
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D42C Series 
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File Number 2342 

3-Ampere Silicon P-N-P 
Power Transistors 
Complementary to the D42C Series 

Features: 
• High free-air power dissipation 
• Low collector saturation voltage (-O.SV typo @ -3A IC) 
• Excellent linearity 
• Fast switching 

The D43C-series of silicon p-n-p power transistors are 
designed for various specific and general purpose applica
tions, such as: output and driver stages of amplifiers 
operating at frequencies from DC to greater than 1 MHz; 
series, shunt and switching regulators; and low and high 
frequency inverters/converters. 

These devices are supplied in the JEDEC TO-202AB plastic 
package. 

MAXIMUM RATINGS (TA = 2S· C) (unless otherwise specified) 

C 

(TAB) 

RATING SYMBOL D43C1, 2, 3 
Collector-Emitter Voltage VCEO -30 
Collector-Emitter Voltage VCES -40 
Emitter Base Voltage VE80 -5 
Collector Current - Continuous IC -3 

Peak(1) ICM -5 
Base Current - Continuous 18 -2 
Total Power Dissipation @ T A = 25· C Po 2.1 

@TC=25·C 12.5 
Operating and Storage Junction 

TJ,Tstg -55 to +150 Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction 10 Ambient RUJA 60 
Thermal Resistance, Junction to Case R8JC 10 
Maximum Lead Temperature for Soldering 

Purposes: %" from Case for 5 Seconds h +260 

(1) Pulse Test Pulse WIdth = 300ms Duty Cycle ~ 2%. 
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D43C Series 

TERMINAL DESIGNATIONS 

92CS-43413 

JEDEC TO-202AB 

D43C4,S,6 D43C7, 8, 9 D43C10, 11, 12 UNITS 
-45 -60 -80 Volts 
-55 -70 -90 Volts 
-5 -5 -5 Volts 
-3 -3 -3 A 
-5 -5 -5 

-2 -2 -2 A 
2.1 2.1 2.1 Watts 
12.5 12.5 12.5 

-55 to +150 -55 to +150 -55 to +150 ·C 

60 60 60 ·C/w 

10 10 10 ,·C/w 

+260 +260 +260 ·C 



D43C Series 

ELECTRICAL CHARACTERISTICS (Tc = 25°C) (unl.ess otherwise specified) 

CHARACTERISTIC _. I SYMBOL MIN TYP MAX UNIT 

OFF CHARACTERISTICS(') 

Collector-Emitter Sustaining Voltage 
D43C1, 2, 3 VCEO(sus) -30 - - Volts 

(lc = -100ma) D43C4, 5, 6 -45 - -
D43C7, 8, 9 -60 - -
D43C10, 11, 12 -1lO - -

Collector Cutoff Current 
(VCE = Rated VCES) ICES - - -10 pA 

Emitter Cutoff Current 
IESO I -100 uA (VES = _·SV) - -

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEE FIGURE 3 

ON CHARACTERISTICS(') 

DC Current Gain D43C1, 4, 7, 10 hFE 2S - ~ -
(IC = -200mA, VCE = -1VI D43C2, S, 8, 11 40 - 120 

D43C3, 6, 9, 12 40 - 120 

(Ic = -1A, VCE = -1V) D43C1, 4,7,10 hFE 10 - - -
D43C2, S, 8, 11 20 - -

(Ic = -2A, VCE = -1V) D43C3, 6, 9, 12 20 - -
Collector-Emitter Saturation Voltage 

(Ic = -1A, Is = -50mA) D43C2, S, 8, 11 VCE(sat) - - -0.5 Vo'ts 
D43C3, 6, 9, 12 - - -O.S 

(lc = -1A. IR = -100mA) D43C1, 4,7,10 VeE/sat' - - -0.5 Volts 

Base-Emitter Saturation Voltage 
(IC = -1A, Is = -100mA) VSE(sat) - - -1.3 Volts 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
CCSO - - 12S pF 

(VCS = -10V, f = 1 MHz) 

Current-Gain - Bandwidth Product for - 40 - MHz 
(IC = -20mA, VCE = -4V) 

SWITCHING CHARACTERISTICS 

Resistive Load ! 

Delay Time + IC = -1A, IS1 = IS2 = -().1A Id + tr - SO - nS 
Rise Time 

Storage Time 
VCC = 3OV, Ip = 2S "sec 

ts - 500 -
Fall Time tf - 50 -
<') Pulse Tesl PW = 300ms Duly Cycle';; 2%. 
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D43C Series 
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D44C Series File Number 2343 

Silicon N-P-N Transistors 
Complementary to the D45C Series 

General-Purpose Types for Medium-Power Switching and 
Amplifier Applications 

Features: 

• Very low collector seturatlon voltage [D.5V typo @ 3.DA Icl 
• Excellent linearity 
• Fast switching 

D44C-series n-p-n power transistors are designed for 
various specific and general purpose applications, such as: 
output and driver stages of ampllf!ers operating at traqusn .. 
cles from DC to greater than 1.0 MHz, series, shunt and 
switching regulators, and low and high frequency inverters/ 
converters. 

MAXIMUM RATINGS (TA = 25° C) (unless otherwise specified) 

RATING SYMBOL D44C1, 2, 3 
Collector-Emitter Voltage VCEO 30 
Collector-Emitter Voltage VCES 40 
Emitter Base Voltage VEBO 5 
Collector Current - Continuous IC 4 

Peak(1) ICM 6 
Base Current - Continuous IB 2 
Total Power DiSSipation @TA= 2SoC Po 1.67 

@TC=25°C 30 
Operating and Storage Junction 

TJ,Tstg -55 to +150 , Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient R8JA 75 
Thermal Resistance, Junction to Case Rruc 4.2 

Maximum Lead Temperature for Soldering 
Purposes: 'k" from Case for 5 Seconds Tt +260 

(1) Pulse Test Pulse W,dth = 300ms Duty Cycle';; 2%. 
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TERMINAL DESIGNATIONS 

'~'~'"IO II ]st' ~ 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

D44C4, 5, 6 D44C7,8,9 1D44C10,11,12 UNITS 

45 60 80 Volts 

55 70 90 Volts 

5 5 5 Volts 

4 4 4 A 
6 6 6 

2 2 2 A 

1.67 1.67 1.67 Watts 
30 30 30 

-55 to +150 -55 to +150 -55 to +150 °C 

75 75 75 ·C/w 

4.2 4.2 4.2 ·C/w 

+260 +260 +260 °C 



D44C Series 

ELECTRICAL CHARACTERISTICS (T C = 25° C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL MIN TYP MAX UNIT 

OFF CHARACTERISTICS(1) 

Collector-Emitter Sustaining Voltage . 
D44Cl, 2, 3 VCEO(susj 30 - - Volts 

(lc = 100mA) D44C4, 5, 6 - 45 - -
D44C7, 8, 9 60 - -
D44Cl0, 11, 12 80 - -

Collector Cutoff Current 
(VCE = Rated VCES) ICES - - 10 p.A 

Emitter Cutoff Current 
lEBO 100 p.A (VEB = 5V) - -

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEEFIGURE3 

ON CHARACTERISTICS(1) 

DC Current Gain D44Cl, 4, 7, W hFE 25 - - - • (Ic = 0.2A, VCE = W) D44C2, 5, 8, 11 100 - 220 
D44C3, 6, 9, 12 40 - 120 

'(Ic - lA, VCE = W) D44Cl, 4, 7, 10 hFE 10 - - -
(Ic = 2A, VCE = W) D44C2, 5, 8, 11 20 - - fI) 

D44C3, 6, 9, 12 20 - - a:: 
Collector-Emitter Saturation Voltage a::~ 

wfI) 
(Ic = lA, IB = SOmA) D44C2, 5, 8, 11 VCE(sat) - - 0.5 Volts §0 D44C3, 6, 9, 12 - - 0.5 Q.Z (IC = lA, IB = 100mA) D44Cl, 4,7, 10 - - 0.5 0( 

Base-Emitter Saturation Voltage a:: 
VBE(satl - - 1.3 Volts I-

(IC = lAo IB = 100mA) 
'---

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
CCBO - - 100 pF (VCB = 10V, f = 1 MHz) 

Current-Gain - Bandwidth Product fT - 50 - MHz (Ic = 20mA, VCE = 4V) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + 

I 

Ic = lA,ISl = IB2 = O.IA, te! + tr - 100 - nS 
Rise Time 

Storage Time 
VCC = 30A, tp = 25 "sec 

ts - 500 -
Fall Time tf - 75 -

-(1) Pulse Test PW - 300ms Duty Cycle S 2%. 
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D44C Series . 
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File Number 2344 

6-Ampere N-P-N Darlington 
Power Transistors 
Complementary to the 0450 Series 

40, 60, and 80 Volts, 30 Watts 
Gain of 2000 at 1 A 

Features: 
• Operates from IC without predriver 

Applications: 

• Solenoid Driver 
• Lamp Driver 
• Relay Substitute 
• Switching Regulator 
• Inverter/Converter 

The D44D-series n-p-n Darlington power transitors are 
designed for general purpose switching of multi-ampere 
loads directly from low-level logic circuitry. The monolithic 
base-to-emitter resistors have been deleted from the struc
ture to enhance the gain characteristics. These devices 
feature minimum gains of 2000. 

MAXIMUM RATINGS (T A = 25° C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCES 
Emitter Base Voltage VEBO 
Collector Current - Continuous IC 
Base Current - Continuol.is IS 
Total Power Dissipation @ T A = 25° C 

@Tc=25°C 
Po 

Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient RBJA 
Thermal Resistance, Junction to Case RBJC 
Maximum Lead Temperature for Soldering 
Purposes: W' from Case for 5 Seconds TL 
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0440 Series 
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0440 Series 
ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN 

OFF CHARACTERISTICS!( 1) 

Collector-Emitter Breakdown Voltage 04401,2 
IC= 50mA) 04403,4 

04405,6 

Collector Cut-off Current 
(VCE = Rated VCES) Tc= 25°C 
(VCE = Rated VCES, VBE = 0.4V) Tc = 125°C 

Emitter Cutoff Current 
(VEB=5V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased 

ON CHARACTERISTICS(1) 

DC Current Gain 
(Ic = lA, VCE = 2V) 

Collector-Emitter Saturation Voltage 
(Ic = 3A, IB = 3mA) 
(Ic = 5A, lB = SmA) 

Base-Emitter Saturation Voltage 
(Ic = 5A, IB = 5mA) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VCB = 10V, f = lMHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + Rise Time 

Storage Time 

Fall Time 

04402,4,6 only 

IC = 3A, IB1 = IB2 = 3mA 

VCC = 40V, tp = 25 p.aec 

(1) Pulse Test: PW:$ 300ms Duty Cycle:$ 2%. 
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D44E Series 

1 D-Ampere N-P-N Darlington 
Power Transistors 
Complementary to the D45E Series 

40, 60, and 80 Volts, 50 Watts 
Gain of 2000 at 5 A 

Features: 
• Operates from Ie without predriver 

Applications: 

• Solenoid Driver 

• Lamp Driver 
• Relay Substitute 
• Switching Regulator 
ii InverieriConverror 

The D44E-series n-p-n Darlington power transitors are 
designed for general purpose switching of multi-ampere 
loads directly from low-level logic circuitry. The monolithic 
base-to-emitter resis tors have been deleted from the struc
ture to enhance the gain characteristics. These devices 
feature minimum gains of 1000. 

MAXIMUM RATINGS (T A = 25° C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCES 
Emitter Base Voltage VESO 
Collector Current - Continuous IC 

Peak(1) ICM 
Base Current - Continuous Is 
Total Power Dissipation @TA = 25°C Po 

@TC=25°C 
Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal ReSistance, Junction to Ambient R/1JA 
Thermal ReSistance, Junction to Case R/1JC 
Maximum Lead Temperature for Soldering 
Purposes: W' from Case for 5 Seconds TL 

(1) Pulse Test: Pulse Width = 300ms. Duty Cycle'S 2%. 
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TERMINAL DESIGNATIONS 
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TOP VIE'" B 
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JEDEC TO-22DAB 
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ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN 

OFF CHARACTERISTICS(1l 

I Coliector·Emltter Voltage 

I (IC = 100mA) 
I 

Collector Cut-off Current 
(VCE = Rated VCES) 

Emitter Cutoff Current 
(VES= 7V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased 

ON CHARACTERISTICS,(ll 

DC Current Gain 
(IC = 5A, VCE = 5V) 

Collector-Emitter Saturation Voltage 
(IC = 5.0A, IB = 10mA) 
(IC = 10.0A, 1s = 20mA) 

Base-Emitter Saturation Voltage 
(IC = 5.0A, IB = 10mA) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(Ves = -10V, f = 1MHz) I 

SWITCHING CHARACTERISTICS 

Resistive Load 

D44E1 
D44E2 
D44E3 

Delay Time + Rise Time Ie = 10A, IS1 = IS2 = 20mA i 
Storage Time VCC = 4OV, tp = 25 p.aec , 
Fall Time 

(1) Pulse Test: PW ::; 300ms Duty Cycle::; 2%. 
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SEE FIGURE 6 
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D44E Series 
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D44E Series 
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D44H Series 

Silicon N-P-N Transistors 
Complementary to the D45H Series 

For Switching and Linear Applications 

Features: 
• Very low col/ector saturation voltage 
• Excel/ent linearity 
• Fast switching 

D44H-series n-p-n power transistors are designed for 
various specific and general purpose applications, such as 
output and driver stages of amplifiers operating atfrequen
cies fron DC to greater than 1.0 MHz, series, shunt and 
switching reguiators, and iow and high frequency inverters; 
converters. 

MAXIMUM RATINGS (T A = 25· C) (unless otherwise specified) 

RATING SYMBOL D44H1,2 
Collector-Emitter Voltage VCEO 30 
Collector-Emitter Voltage VCES 30 
Emitter Base Voltage VESO 5 
Collector Current - Continuous Ic 10 

Peak(l) ICM 20 
Base Current - Continuous Is 5 
Total Power Dissipation @ ~ = 25·C Po 1.67 

@ C=25·C 50 
Operating and Storage Junction 

Temperature Range TJ,Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient RSJA 75 
Thermal Resistance, Junction to Case R8JC 2.5 
Maximum Lead Temperature for Soldering 

Purposes: W' from Case for 5 Seconds TL +260 

(1) Pulse Test Pulse WIdth = 300ms Duty Cycle :5 2%. 
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TERMINAL DESIGNATIONS 

'~'~"1 0 II ]± [' ~' 
TOP VIF.W B 

92CS-39969 

JEDEC TO-220AB 

D44H4,5 D44H7,8 D44H10,11 UNITS 
45 60 80 Volts 

45 60 80 Volts 

5 5 5 Volts 
10 10 10 A 
20 20 20 
5 5 5 A 

1.67 1.67 1.67 Watts 
50 50 50 

-55 to +150 -55 to +150 -55 to +150 ·C 

75 75 75 ·C/w 

2.5 2.5 2.5 ·C/w 

+260 +260 +260 ·C 



D44H Series 

ELECTRICAL CHARACTERISTICS (T C = 25° C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL MIN TYP MAX UNIT 

OFF CHARACTERISTICS(1) 

Collector-Emitter Sustaining Voltage 
D44H1,2 VCEO(sus) 30 - - Volts 

(Ic = 100mA) D44H4,5 45 - -
D44H7, B 60 - -
D44H10, 11 BO - -

Collector Cutoff Current 
(Vcs = Rated VCSO) ICBO - - 10 pA 

Emitter Cutoff Current 
lEBO 100 pA (VEB = 5V) - -

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEE FIGURE 4 

ON CHARACTERISTICS(1) 

DC Current Gain D44H1, 4, 7,10 hFE 35 - - -
(lc = 2A, VCE = 1V) D44H2, 5, 8, 11 60 - -
(Ic = 4A, VCE = 1V) D44H1, 4, 7, 10 hFE 20 - - -

D44H2, 5, 8, 11 40 - -
Collector-Emitter Saturation Voltage 

(Ic = BA, IB = 0.4A) VCE(sat) Volts 
D44H2, 5, B, 11 - - 1.0 

(lc = BA, IB = O.BA) D44H1, 4, 7, 10 - - 1.0 

Base-Emitter Saturation Voltage 
VBE(sat) - - 1.5 Volts (IC = BA, IB = 0.8A) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
CCBO -(VCB = 10V, f = 1MHz) - 130 pF 

Current-Gain - Bandwidth Product IT - 50 - MHz (IC = 500mA, VCE = 10V) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + IC = 5A, IB1 = IS2 = O.5A Id+tr 
Rise Time 

- 300 - nS 

Storage Time ts - 500 -
Fall Time 

Vce = 30V, tp = 25 ¢lee 
tf - 140 -

-(1) Pulse Test PW - 300ms Duty Cycle:5 2%. 
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D44H Series 
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File Number 2347 

Silicon N-P-N Transistors 
For Switching and Linear Applications 

Features: 
• Very low collector saturation voltage 

• Excellent linearity 

• Fast switching 

The D44Q-seriEis n-p-n power transistors featu re low collec
tor saturation voltage, excellent Iin~arity, and fast switching 
speed. They are useful for general purposes applications 
such as: 120 V ac line operated amplifiers, regulators 
(series, shunt, and switching), high-frequency inverters/ 
converters and tv deflection circuits. 

MAXIMUM RATINGS (T A = 25° C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCES 
Emitter Base Voltage VEBO 
Collector Current - Continuous IC 
Base Current - Continuous IB 
Total Power Dissipation@TA= 25°C Po 

@Tc=25°C 
Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient R8JA 

Thermal ReSistance, Junction to Case R8JC 

Maximum Lead Temperature for Soldering 
Purpose: %" from Case for 5 Seconds TL 
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TERMINAL DESIGNATIONS 

'~'~"1011 ]J .. #; 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

D44Q1 D4403 D4405 UNITS 
125 175 225 Volts 

200 250 300 Volts 

7 7 7 Volts 

4 4 4 A 

2 2 2 A 

1.67 1.67 1.67 Watts 
31.25 31.25 31.25 

-55 to +150 -55 to +150 -55 to +150 °C 

75 75 75 °CIW 

4 4 4 °CIW 

260 260 260 °C 

UJ a: 
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WUJ 

~ii) 
Q.Z 

~ 



D44Q Series 

ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL I MIN 

OFF CHARACTERISTICS(1) 

Collector-Emitter Sustaining Voltage D44Q1 VCEO(sus) 125 
(Ic= 10mA) D44Q3 175 

D44Q5 225 

Collector Cutoff Current 
(VeE = Rated VCEO) leso -

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA 

ON CHARACTERISTICS(1) 

DC Current Gain 
(Ie = 2A, V9,.E = 10V) hFE 20 
(Ie = 200m ,VCE = 10V) 30 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 2A, Is = 200mA) -

Base-Emitter Saturation Voltage VSE(sat) 
(Ie = 2A, Ie = 200mA) -

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
Ceeo -(Vce = iOV, f = 1 MHz) 

Current Gain - Bandwidth Product 
for -(Ie = l00mA, VeE = 10V) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + Rise Time Ie = 1.0A, le1 = IS2 = 100mA 1 ld + tr -
Storage Time Vee = 50V, tp = 25 p'sec 

Fall Time 

(1) Pulse Test: Pulse Width - 300l's Duty Cycle:::; 2%. 
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D44T Series 

Silicon N-P-N Transistors 
For Switching and Linear Applications 

Features: 

• Very low col/ector saturation voltage 
• Excellent linearity 
• Fast switching 

The D44T-series n-p-n power transistors feature low 
collector saturation voltage, excellent linearity, and fast 
switching speed. They are useful for general purpose 
applications such as: 120 V ac line operated amplifiers, 
regulators (series, shunt, and switching), high frequency 
inverters/converters, and tv deflection circuits. 

MAXIMUM RATINGS (T A = 25· C) (unless otherwise specified) 

RATING SYMBOL 
COllector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCES 
Emitter Base Voltage VESO 
Collector Current - Continuous IC 
Base Current - Continuous Is 
Total Power DisSipation @TA= 25·C 

@TC=25C 
Po 

Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient R8JA 

Thermal Resistance, Junction to Case R8JC 

Maximum Lead Temperature for Soldering 
Purpose: W' from Case for 5 Seconds TL 
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TERMINAL DESIGNATIONS 

92C$-39969 

JEDEC TO-220AB 

D44T1,2 D44T3,4 UNITS 
250 300 Volts 

300 400 Volts 

5 5 Volts 

2 2 A 

0.5 0.5 A 
2.1 2.1 Watts 
31.2 31.2 

-55 to +150 -55 to +150 ·C 

60 60 ·C/w 

.4 4 ·C/w 

260 260 ·C 



ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN 

OFF CHARACTERISTICS(') 

Collector-Emitter Breakdown Voltage D44T1,2 BVCES 300 
(IC = 10 J.lA) D44T3,4 400 

Collector Cutoff Current 
(VCE = Rated V CES) ICES -

Emitter Cutoff Current 
(VEB = 5V) lEBO -

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Bias&d FBSOA 

ON CHARACTERISTICS(') 

DC Current Gain 
30 (lc = 500mA, VCE = 10V) D44T1,3 hFE 

(Ic = 50mA, V8,E = 10V) 40 
(Ic = 500mA, CE = 10V) D44T2,4 75 
(Ic = 50mA, VCE = 10V) 40 

Collector-Emitter Saturation Voltage VCE(sat} 
(Ic = 500mA, IB = 50mA) -

Base Emitter Saturation Voltage VBE(sat} 
(lc = 500mA, IB = 50mA) -

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
Ccb -(VCB = 10V, f = 1 MHz) 

Current Gain - Bandwidth Product 
fT -

(IC = 100mA, VCE = 10V, ftest = 1.0 MHz» 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + Rise Time Ie = 500mA, IB1 = IB2 = 50mA td + tr -
Storage Time VCC = 50V, tp = 25J.1sec ts -
Fall Time tf -

(1) Pulse Test: Pulse Width - 3001'5 Duty Cycle:S 2%. 
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VBE (SATI '/ / -

~ 

/ " 
/ ,,- .' ..,,-

1\ \ VCECSATI Ie/le: 10 

10 
.01 .02 .04 .06 .08 .1 .2 .4 .6 .8 I 

Ie - COLLECTOR CURRENT - AMPS 

FIG. 1 TYPICAL hFE VS. Ie 

2 

.02 

.01 
.01 
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.02 .04 .06 .08 .1 .2 .4.6 .8 I 
Ie - COLLECTOR CURRENT - AMPS 

FIG. 2 TYPICAL SATURATION VOLTAGE 
CHARACTERISTICS 



D44T Series 
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File Number 2349 D44TD Series 

2-A Power-Switching Transis,tors 
High-Voltage N-P-N Types for Off-Line Power 
Supplies and Other Switching Applications 

Features: 
• Performance information tailored for switching 

applications 

• 1 DO· C maximum limits specified for: 
• Switching times 
• Saturation voltages 
• Leakage currents 

.300 to 400V VCEO(sus) 

• Very fast turn-off tf < 180 nsec (typ.)@1.SA 

The D44TD-series of n-p-n power transistors are designed 
for use in switching applications requiring high-voltage 
capability. fast switching speeds. and low-saturation vol
tages. They are partlculary suited for off-line switching 
power supplies. solid state lighting ballast. Inverters. 
solenoid/relay drivers. and deflection circuits. 

MAXIMUM RATINGS (T A = 2So C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCEX 
Collector-Emitter Voltage VCEV 
Emitter Base Voltage VEBO 
Collector Current - Continuous IC 

Peak(1) ICM 
Base Current - Continuous IB 

Peak(1) IBM 
Total Power Dissipation @Tc = 25·C Po 

@Tc= 100·C 
Derate above 2S·C 
Operating and Storage 
Junction Temperature Range TJ. TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance. Junction to Case R8JC 

Thermal Resistance. Junction to Ambient RBJA 

Maximum Lead Temperature for Soldering 
Purpose: W' from Case for 5 Seconds TL 

(1) Pulse condItion. tp :5 5msec. 

2-387 

TERMINAL DESIGNATIONS 

'~';"1 0 II J± t ~' 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

D44TD3 D44TD4 D44TDS UNITS 
300 350 400 Volts 

300 350 400 Volts 

400 500 600 Volts 
7 7 7 Volts 

2 2 2 A 
4 4 4 

0.5 0.5 0.5 A 
1 1 1 

50 50 50 Watts 
20 20 20 
0.4 0.4 0.4 W/·C 

-55 to +150 -55 to +150 -55 to +150 ·C 

2.5 2.5 2.5 ·CIW 

75 75 75 ·CIW 

260 260 260 ·C 



D44TD Series 
ELECTRICAL CHARACTERISTICS (Tc = 25· C) (unless otherwise specified) 

CHARACTERISTIC SYMBOL MIN MAX UNIT 

OFF CHARACTERISTICS(l) 

Collector-Emitter Sustaining Voltage 044T03 VCEO(sus) 300 - Volts 
(Ic = 25mA, Is = 0) 044T04 350 -

044T05 400 -
Collector-Emitter Voltage 044T03 VCEX 300 - Volts 

(Ie = 2.0mA, IS1 = IS2 = .4A) 044T04 350 -
(VSE = -5V, L = 200 "h) 044T05 400 -

Collector Cutoff Current leEV mA 
(VCEV = Rated Value, VSE(OFF) = -1.5V) - 0.1 
(VCEV = Rated Value, VSE(OFF) = -1.5V, Te = 100·C) - 1.0 

Emitter Cutoff Current 
IESO - 1.0 mA (VES = 7V, Ie = 0) 

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased SEE FIGURE 13 

Clamped Inductive SOA with Base Reversed Bias SEE FIGURE 14 

ON CHARACTERISTICS(l) 

OC Current Gain hFE -
(IC = 1A, VCE = 2Vl B -
(lc = 2A, VeE = 3V) 5 -

Collector-Emitter Saturation Voltage VeE(SAT) Volts 
11_-11t.1_-I')A\ - 0.6 \IV - 11"'\, I~ - .'"1 
(Ie = 2A, Is = .4A) - 1.0 
(lc = 1A, Is = .2A, Te = 100·C) - 1.0 

Base-Emitter Saturation Voltage VSE(SAT) Volts 
(Ie = 2A, Is = .4A) - 1.2 
(Ic = 2A, Is = .4A, Tc = 100·C) - 1.2 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
fT 15 50 MHz 

(Ic = .25A, VCE = 10V, ftest = 1.0 MHz) 

Output Capacitance 
Cos 10 25 pF (Ves = 10V, IE = 0, f = 0.1 MHz) 

SWITCHING CHARACTERISTICS MAXIMUM 

Resistive Load (See Figure 17 for Test Circuit) Te 25·C 100·C 

OelayTime Vee = 250V, Ic = 1.5A Id .OS .08 "s 
Rise Time IS1 = IS2 = 0.3A, tp = 25 "sec tr O.S 0.8 l'5ec 

Storage Time Is 2.5 3.0 "sec 
, Fall Time tf 0.5 0.8 , "sec 

Inductive Load, Clamped (See Figure 17 for Test Circuit) 

Storage Time VeLAMP = 250V, Ie = 1.5A, Isv 3,0 3.5 "s 
Fall Time IS1 = IS2 = 0.3A, tp = 25"sec tf 0.3 O.S "sec 

VSE(OFF) = -5V , TYPICAL 

Storage Time L = 200 "h Is 2.1 2.S "sec 
Fall Time tf 0.18 0.23 "sec 

(1) Pulse Duration = 300I'S, Duty Factor S 2%. Do not measure on a curve tracer. 
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D44TD Series 

TYPICAL DC CHARACTERISTICS 
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D44TD Series 

TYPICAL SWITCHING CHARACTERISTICS 
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D44VH Series 

Silicon N-P-N Transistors 
Complementary to the D45VH Series 

Features: 
• Fast Switching ts S; 700 ns resistive 

tfS; 200 ns 

• Low V CE(sat) S; 0.4V @ IC = 8A 

The D44VH series of silicon n-p-n power transistors are 
especially designed for use in switching circuits such as 
switching regulators, high-frequency inverters/converters, 
and other applications where very fast switching times and 
low-saturation voltages are necessary. These devices are 
tested for parameters that relate directly to the design of 
high-pow6i switching Ciicults. Switching times, satuiation 
voltages, and leakage currents are specified at 100·C to 
provide information necessary for worst-case design. 

MAXIMUM RATINGS (T A = 25· C) (unless otherWise specified) 

RATING SYMBOL 
Collector-Emitter Voltage VCEOlsusl 
Collector-Emitter Voltage VCEX 
Collector-Emitter Voltage VCEV 
Emitter Base Voltage VEBO 
Collector Current - Continuous Ic 

- Peak (1) ICM 
Base Current - Continuous IB 

- Peak (1) IBM 
Total Power Dissipation @Tc=25·C Po 

Derate above 25·C 
@Tc=100·C 

Operating and Storage Junction 
TJ. TSTG Temperature Range 

THERMAL CHARACTERISTICS 

CHARACTERISTICS 
Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 
Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 

(1) Pulse measurement condition PW';; 6,0 ms. See Figure 14, 
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File Number 2350 

'TERMINAL DESIGNATIONS 

'R';'"lO II J~' 
TOP VIEW B 

92C9-39969 

JEDEC TO-220AB 

D44VH1 D44VH4 D44VH7 D44VH10 UNIT 

30 45 60 80 V 
40 55 70 90 V 
50 65 80 100 V 

7 V 
15 A 
20 
5 A 

10 
83 Watts 
33 

0.67 W/·C 

-55 to +150 ·C 

SYMBOL MAX UNIT 

RSJC 1.5 ·C/W 

RSJA 74 ·C/W 

TL 235 ·C 



ELECTRICAL CHARACTERISTICS (TC = 25· C) (unless otherwise specified) 

I - CHARACTERISTICS I SYMBOL 

OFF CHARACTERISTICS(1) I 

Collector-Emitter Sustaining Voltage(l) (IC = 100mA, IB = 0) 
D44VH1 
D44VH4 
D44VH7 
D44VH10 

Collector-Emitter Voltage(2) 
(IC = 1A, VCLAMP = Rated VCEX, Tc = 100·C) 

D44VH1 
D44VH4 
D44VH7 
D44VH10 

Collector Cutoff Current -
(VCEV = Rated Value, VBE/off) = -4.0V) 
(VCEV = Rated Value, VBE(off) =-4.0V, Tc = 1 00· C) 

Collector Cutoff Current 
(VCE = Rated VCEV, RBE = 50 n, Tc = 100·C) 

Emitter Cutoff Current (VEB = 7V, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown wi~h Base Forward Biased 

Second Breakdown with Base Reverse Biased 

ON CHARACTERISTICS(1) 

DC Current Gain 
(IC = 2 A, VCE = 1V) 
(Ic = 4 A, VCE = W) 

Collector-Emitter Saturation Voltage 
(Ic = 8A, IB = O.4A) 
(Ic = 8A, IB = 0.4A, Tc = 100·C) 
(IC = 15A, IB = 3.0A, Tc = 100·C) 

Base-Emitter Saturation Voltage 
(Ic = 8A, IB = 0.4A) 
(Ic = 8A, IB = 0.4A, Tc = 100·C) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 0.1A, VCE = 10V, ftest = 1 MHz) 

Output Capacitance 
(VCB = 10V, IE = 0, ftest = 1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (See Figure 16 for Test Circuit) 

Delay Time 
VCC = 20V, IC = 8A 

Rise Time 
IB1 = IB2 = 0.8A 

Storage Time 
tp = 25 lLSec 

Fall Time 

Inductive Load, Clamped (See Figure 15 for Test Circuit) 

Storage Time VCC = 20V, IC = 8A 
Fall Time VCLAMP = Rated VCEX 

IB1 = o.8A, VBE(Off) = -5V 
Storage Time 

L = 200 Jlh 
Fall Time 

(1) Pulse Duration = 300 /Jsec. Duty Factor'; 2%. 
(2) See Figure 15 for Test Circuit. 

-. 
VCEO(sus) 

VCEX 

ICEV 

ICER 

lEBO 

FBSOA 

RBSOA 

hFE 

VCE(sat) 

VBE(sat) 

fT 

COB 

TC 

td 

tr 

ts 

tf 

ts 

tf 

ts 

tf 
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D44VH Series, 

MIN MAX UNIT 

V 
30 -
45 -
60 -
80 -

V 

40 -
55 -
65 -
90 -

JlA 
- 10 
- 100 

- 100 JlA 

- 10 JlA 

SEE FIGURE7 

SEE FIGURE 8 

-
35 -
20 -

V 
- 0.4 
- 0.5 
- 0.8 

V 
- 1.2 
- 1.1 

Typical 

50 MHz 

120 PF 

Maximum 
25·C 100·C 

50 - nsec 

250 - nsec 

700 - nsec 

200 - nsec 

800 - nsec 

180 400 nsec 

Typical 
280 370 nsec 

130 150 nsec 



D44VH Series 
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Ie. COLLECTOR CURRENT - AMPERES 

6. SATURATION VOLTAGE 
TEMPERATURE COEFFICIENTS 
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8. REVERSE BIAS SOA 
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1000 

" BOO 

"' 600 'g 

"' 400 ,. 
;:: 

'--Te '25°C 
15_ 

'-- Vee·2OV,VBE(OFF)·-5V 

" z 200 
% 
~ 
i 
'" 100 
t- 80 z 

,-- IBI"IBO'le"O ,,_ 
SEE FIGURE 16 FOR l.----" TEST CIRCUIT ,...----

'f= 
"' 60 0: 
0: 
~ 
u 40 
0: 
g 'd -
U 

"' 20 ...J 
...J 
0 
U 

2 4 6 8 10 15 
Ic,COLLECTOR CURRENT (AMPERES) 

9. RESISTIVE SWITCHING TIME 
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File Number 2351 

Silicon N-P-N Transistors 
Complementary to the D45VM Series 

Features: 
• Fast Switching ts S 500 ns resistive 

t,S 75 ns 

• Very Low V CE(sat) S 0.4V @ 'C = 4A 

• High Gain HFE? 40@IC= 4A 

The D44VM-series of silicon n-p-n power transistors are 
e!!pecially designed for use in switching circuits such as 
switching regulators, high-frequency inverters/converters, 
and other applications where very fast switching times and 
low-saturation voltages are necessary. These devices are 
tested for parameters that relate directly to the design of 
high-power switching circuits. Switching times, saturation 
voltages, and leakage currents are specified at 100'C to 
provide information necessary for worst-case design. 

MAXIMUM RATINGS (T A = 25' C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Emitter Voltage VCEO(sus) 
Collector-Emitter Voltage VCEX 
Collector-Emitter Voltage VCEV 
Emitter Base Voltage VEe 
Collector Current - Continuous Ie 

- Peak (1) ICM 
Base Current - Continuous Ie 

- Peak (1) leM 
Total Power Dissipation @ T C - 25' C Po 

Derate above 25° C 
@Tc= 100'C 

Operating and Storage Junction 
TJ, TSTG Temperature Range 

THERMAL CHARACTERISTICS 

CHARACTERISTICS 
Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 

.. 
(1) Pulse measurement condition pw .. 6.0 ms. 
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D44VM Series 

TERMINAL DESIGNATIONS 

'~'~"'I 0 II }= i~' ~' 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

D44VM1 D44VM4 D44VM7 D44VM10 UNIT 
30 45 60 80 V 

30 45 60 80 V 

50 70 80 100 V 

7 V 

8 A 
20 

2 A 
5 

50 Watts 
20 
0.4 W/'C 

-55 to +150 'C 

SYMBOL MAX UNIT 

R8JC 2.5 °C/W 

R8JA 74 °C/W 

TL 235 °C 



D44VM Series 

ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

CHARACTERISTICS SYMBOL 

OFF CHARACTERISTICS(l) 

Collector-Emitter Sustaining Voltage(1) (Ic = 100mA, IB = 0) 
D44VM1 
D44VM4 
D44VM7 
D44VM10 

Collector-Emitter Voltage(2) 
(IC = 3A, VCLAMP = Rated VCEX, Tc';;; 100·C) 

D44VM1 
D44VM4 
D44VM7 
D44VM10 

Collector Cutoff Current 
(VCEV = Rated Value, VBE(off) = -4.0V) 
(VCEV = Rated Value, VBE(off) = -4.0V Tc = 100·C) 

Collector Cutoff Current 
(VCE = Rated VCEV, RBE = 50 n, Tc = 100·C) 

Emitter Cutoff Current (VEB = 7V, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased 

Second Breakdown with Base Reverse Biased 

ON CHARACTERISTICS(l) 

DC Current Gain 
(Ic = 4A, VCE = 1V) 
(lc = SA, VCE = 1V) 

Collector-Emitter Saturation Voltage 
(lc = 4A, Ie = 0.2A) 
(Ic = SA, IB = 0.3A) 
(Ic = 8A, IB = 0.8A, Tc = 100·C) 

Base-Emitter Saturation Voltage 
(Ic = 4A, Ie = 0.2A) 
(Ic = 4A, Ie = 0.2A, Tc = 100·C) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = 0.1A, VCE = 10V, ftest =1 MHz) 

Output Capacitance 
(Vce = 10V, IE = 0, ftest = 1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (See Figure 1S for Test Circuit) 
Delay Time 

VCC = 30V, Ic = SA 
Rise Time 

IB1 = le2 = O.SA 
Storage Time 

tp = 251lsec 
Fall Time 

Inductive Load, Clamped (See Figure 15 for Test Circuit) 

Storage Time VCE(CLAMP) = 30V, Ic = SA 
Fall Time IB1 = IB2 = O.SA, VBE(OFF) = -5V 

Storage Tim'e 
L = 200 ph 

Fall Time 

(1) Pulse DuratIon = 300 )JS8C, Duty Factor.; 2%, 
(2) See Figure 15 for Test Circuit. 

VCEO(sus) 

VCEX 

ICEV 

ICER 

lEBO 

FBSOA 
RBSOA 

hFE 

VCE(snt) 

VBE(sat) 

fT 

COB 

TC 

td 

tr 

ts 

tf 

ts 

tf 

' ts 

tf 
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MIN MAX UNIT 

V 
30 -
45 -
SO -
80 -

V 

30 -
45 -
SO -
80 -

IlA 
- 10 
- 100 

- 100 IlA 

- 10 IlA 

SEE FIGURE 7 

SEE FIGURE 8 

-
40 -
20 -

V 
- 0.4 
- O.S 
- 1.0 

V 
- 1.2 
- 1.2 

Typical 

50 MHz 

70 PF 

Maximum, 

25·C 100·C 

30 40 nsec 

250 350 nsec 

500 SOO nsec 

75 250 nsec 

500 SOO nsec 

70 100 nsec 

Typical 

340 430 nsec 

40 57 nsec 
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D44VM Series 

TYPICAL DC CHARACTERISTICS 
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D45C Series File Number 2352 

Silicon P-N-P Transistors 
Complementary to the D44C Series 

General-Purpose Types for Medium-Power Switching and 
Amplifier Applications 

Features: 
" Very low col/ector saturation voltag~ [-D.5V typo @ -S.DA lel 
• Excellent linearity 
• Fast switching 

D45C-series p-n-p power transisitors are designed for 
various specific and general purpose applications, such as: 
output and driver stages of amplifiers opeiating at frequeii
cy from DC to greater than 1.0 MHz, series, shunt and 
switching regulators, and low and high frequency invertersl 
converters. 

MAXIMUM RATINGS (TA = 25° C) (unless otherwise specified) 

RATING SYMBOL D45C1, 2, 3 
Collector-Emitter Voltage VCEO -30 
Collector-Emitter Voltage VCES -40 
Emitter Base Voltage VESO -5 
Collector Current - Continuous IC -4 

Peak(1) ICM -6 
Base Current - Continuous Is -2 
Total Power Dissipation@ TA - 25°C Po 1.67 

@TC=25°C 30 
Operating and Storage Junction 

TJ.Tstg -55 to +150 Temperature Range 

THERMAL CHARACTERISTICS 

Thermal ReSistance, Junction to Ambient ROJA 75 
Thermal Resistance, Junction to Case ROJC 4.2 
Maximum Lead Temperature for Soldering 

Purposes: Va" from Case for 5 Seconds TL +260 

(1) Pulse Test Pulse Width = 300ms Duty Cycle'; 2%. 
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TERMINAL DESIGNATIONS 

JEDEC TO-220AB 

D45C4, 5, 6 D45C7, 8, 9 D45C10, 11, 12 
-45 -60 -80 

-55 -70 -90 

-5 -5 -5 

-4 -4 -4 
-6 -6 -6 

-2 -2 -2 

1.67 1.67 1.67 
30 30 30 

-55 to +150 -55 to +150 -55 to +150 

75 75 75 

4.2 4.2 4.2 

+260 +260 +260 

UNITS 

Volts 

Volts 

Volts 

A 

A 

Watts 

°c 

°C/W 

°C/W 

°C 



D45C Series 

ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL MIN TYP .MAX UNIT 

OFF CHARACTERISTICS(1) 

Collector-Emitter Sustaining Voltage 
D45C1, 2, 3 VCEO(sus) -30 - - Volts 

(Ic = -100mA) D45C4, 5, 6 -45 - -
D45C7, B, 9 -60 - -
D45C10, 11, 12 -BO - -

Collector Cutoff Current 
(VCE = Rated VCES) ICES - - -10 pA 

Emitter Cutoff Current 
lEBO -100 pA (VEB =-5V) - -

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEEFIGURE~ 

ON CHARACTERISTICS(1) 

DC Current Gain D45C1, 4, 7,10 hFE 25 - - -
(Ic = -0.2A, VCE = -1V) D45C2, 5, B, 11 40 - 120 • D45C3, 6, 9, 12 40 - 120 

(Ic = -1A, VCE = -1V) D45C1, 4,7,10 hFE 10 - - -
D45C2, 5, B, 11 20 - -

(Ic = -2A, VCE = -1V) D45C3, 6, 9, 12 hFE 20 - - en 
a: 

Collector-Emitter Saturation Voltage ffi~ (lc = -1A, IB = -50mA) D45C2, 5, B, 11 VCE(sat) - - -0.5 Volts 
D45C3, 6, 9, 12 - - -0.5 ~iii 

(lc = -1A, IB = -100mA) D43C1, 4, 7, 10 - - -0.5 o.Z 
<I( 

Base-Emitter Saturation Voltage 
VBE(sat) -1.3 Volts 

a: 
(Ic = -1A, IB = -100mA) - - I-

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
CCBO - - 125 pF (VCB = -10V, f = 1 MHz) 

Current-Gain - Bandwidth Product 
fT - 40 MHz (Ic = -20m A, VCE = -4V) -

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + 
Ie = -1A, IB1 = 182 = -O.1A, Id + tr - 50 - nS 

Rise Time 

Storage Time 
Vee = -1A, tp = 25 p'sec 

ts - 500 -
Fall Time tf - 50 -
(1) Pulse Test PW = 300ms Duty Cycle:5 2%. 
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File Number 2353 

6-Ampere P-N-P Darlington 
Power Transistors 
Complementary to the D44D Series 

0450 Series 

TERMINAL DESIGNATIONS 

-40, -60, and -80 Volts, 30 Watts 
Gain of 2000 at -1 A 

Features: 
<M:'"lO II J.~ 

TOP VIEW B 

• Operates from IC without predriver 

Applications: 

• Solenoid Driver 
• Lamp Driver 
• Relay Substitute 
• Switching Regulator 
• Inverter/Converter 

The D45D-series p-n-p Darlington power transitors are 
designed for general purpose switching of multi-ampere 
loads directly from low-level logic circuitry. The monolithic 
base-to-emitter resistors have been deleted from the struc
ture to enhance the gain characteristics. These devices 
feature minimum gains of 2000. 

MAXIMUM RATINGS (T A = 25° C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Emitter Voltage VeEO 
Collector-Emitter Voltage VeES 
Emitter Base Voltage VE80 
Collector Current - Continuous Ie 
Base Current - Continuous 18 
Total Power Dissipation @TA = 25°C 

@Te=25°C 
Po 

Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient R8JA 
Thermal Resistance, Junction to Case RoJe 
Maximum Lead Temperature for Soldering 
Purposes: 'Is" from Case for 5 Seconds TL 

D4SD12 
-40 
-50 
-5 
-6 

-0.5 
2.1 
30 

-55 to +150 

60 
4.2 

260 

2-405 

92CS-~99G9 

JEDEC TO-220AB 

-I 
I 
I 

I I 
I 

i I 
I I 
L ___ ___ __ _J 

92CS-43154 

Schematic diagram for all types. 

D4SD3,4 D4SD5,6 
-60 -80 
-70 -90 
-5 -5 
-6 -6 

-0.5 -0.5 

2.1 2.1 
30 30 

-55 to +150 -55 to +150 

60 60 
4.2 4.2 

260 260 

UNITS 
Volts 
Volts 
Volts 

A 
A 

Watts 

°C 

°C/W 
°C/W 

°C 



0450 Series 
ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

CHARACTERlme I SYMBOL I MIN 

OFF CHARACTERISTICS(1) 

Collector-Emitter Breakdown Voltage 04501,2 
Ic=-50mA) 04503,4 

04505,6 

Collector Cut-off Current 
(VCE = Rated VCES) TC = 25°C 
(VCE = Rated VCES, VBE = 0.4V) Tc = 125°C 

Emitter Cutoff Current 
(VEB = -5V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased 

ON CHARACTERISTICS(1) 

DC Current Gain 
(IC = -1A, VCE = -2V) 

Collector-Emitter Saturation Voltage 
(IC = -3A, IB = -3mA) 
(IC = -5A, 1B = -5mA) 

Base-Emitter Saturation Voltage 
(Ic = -5A. IB = -5mA) 

DYNAMiC CHAHACTERiSTiCS 

Collector Capacitance 
(Vcs = -10V. f = 1MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + Rise Time 

Storage Time 

Fall Time 

04502,4,6 only 

IC ="-3A, IB1 = IB2 = -3mA 

VCC = 4OV, tp = 25 p'sec 

(1) Pulse Test: PW::;; 300ms Duty Cycle::;; 2%. 
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0450 Series 
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D45E Series 

10-Ampere P-N-P Darlington 
Power Transistors 
Complementary to the D44E Series 

-40, -60, and -80 Volts, 50 Watts 
Gain of 1000 at -5 A 

Features: 
• Operates from IC without pre driver 

Applications: 

• Driver I 

• Regulator 
• Capacitor Multiplier 
• Solenoid Driver 
• Inverter Power Supply 

• Switch 
• Audio Output 
• Relay Substitute 

• Oscillator 
• Servo-Amplifier 

The D4SE-series p-n-p Darlington power transltors are 
designed for general purpose switching of multi-ampere 
loads directly from low-level logic circuitry. The monolithic 
base-to-emitter resistors have been deleted from the struc
ture to enhance the gain characteristics. These devices 
feature minimum gains of 1000. 

MAXIMUM RATINGS (T A = 25· C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCES 
Emitter Base Voltage VESO 
Collector Current - Continuous IC 

'Peak(1) ICM 
Base Current - Continuous IS 
Total Power Dissipation @TA = 2S·C 

@TC=25·C 
Po 

Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient R8JA 
Thermal Resistance, Junction to Case R8JC 
Maximum Lead Temperature for Soldering 
Purposes: 1;fs" from Case for 5 Seconds TL 

(1) Pulse Test: Pulse Width = 3OOms. Duty Cycle $ 2%. 

2-408 
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TERMINAL DESIGNATIONS 

'R'~~l 0 II J#:' 
TOP VIEW B 

D45E1 
-40 
-40 
-7 

-10 
-20 
-1 

1.67 
50 

-55 to +150 

75 
2.5 

260 

I 
I 
I 
I 

92CS-39969 

JEDEC TO-220AB 

c 

9 

L _______ _ 

92CS-43154 

Schematic diagram for all types. 

D45E2 D45E3 
-60 -80 
-60 -80 
-7 -7 

-10 -10 
-20 -20 
-1 -1 

1.67 1.67 
50 50 

-55 to +150 -55 to +150 

75 75 
2.5 2.5 

260 260 

UNITS 
Volts 
Volts 
Volts 

A 

A 
Watts 

·C 

·CIW 
·CIW 

·C 



ELECTRICAL CHARACTERISTICS (T C = 25° C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN 

OFF CHARACTERISTICS'( 1) 

Col/ector-Emitter Voltage 
(Ic = -100mA) 

Col/ector Cut-off Current 
(VCE = Rated VCES) 

Emitter Cutoff Current 
(VES = -7V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased 

ON CHARACTERISTICS(l) 

DC Current Gain 
(IC = -5A, VCE = -5V) 

Col/ector-Emitter Saturation Voltage 
(Ic = -5.0A, Is = -10mA) 
(Ic = -10.0A, 1s = -20mA) 

Base-Emitter Saturation Voltage 
(IC = -5.0A, Is = -10mA) 

DYNAMIC CHARACTERISTICS 

Col/ector Capacitance 
(VCB = -10V, f = 1MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

D45E1 
D45E2 
D45E3 

Delay Time + Rise Time IC = -10A, IS1 = IS2 = -20mA 

Storage Time Vec = -40V, tp = 25p.sec 

Fal/Time 

(1) Pulse Test: PW ::; 300ms Duty Cycle::; 2%. 
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D45E Series 

TYP MAX UNIT 

- - Volts 
- -
- -

- -10 p.A 

- -1.0 jJA 

SEE FIGURE 6 

- - -

- -1.5 V 
- -2.0 V 

- -2.5 Volts 

0.6 - p.S 

2.0 -
0.5 -

FIG.1 TYPICAL SATURATION VOLTAGE CHARACTERISTICS 
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D45E Series 
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D45H Series 

Silicon P-N-P Transistors 
Complementary to the D44H SerIes 

For Switching and Linear Applications 

Features: 
• Very low collector saturation voltage 
• Excellent linearity 
• Fast switching 

D45H-series p-n-p power transisitors are designed for 
various specific and general pu rpose applications, such as: 
output and driver stages of amplifiers operating at frequen
cy from DC to greater than 1.0 MHz, series, shunt and 
switching regulators, and low and high frequency inverters! 
converters. 

MAXIMUM RATINGS (T A = 25· C) (unless otherwise specified) 

RATING SYMBOL D45H1,2 
Collector-Emitter Voltage VCEO -30 
Collector-Emitter Voltage VCES -30 
Emitter Base Voltage VE80 -5 
Collector Current - Continuous IC -10 

Peak(1) ICM -20 
Base Current - Continuous 18 -5 
Total Power Dissipation @TA= 25·C Po 1.67 

@TC=25·C 50 
Operating and Storage Junction 

TJ,Tstg -55 to +150 Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient ROJA 75 
Thermal Resistance, Junction to Case R8JC 2.5 
Maximum Lead Temperature for Soldering 

Purposes: Va" from Case for 5 Seconds TL +260 

(1) Pulse Test Pulse WIdth = 300ms Duty Cycle';;; 2%. 

2-412 

File Number 2346 

TERMINAL DESIGNATIONS 

92CS-39969 

JEDEC TO-220AB 

D45H4,5 D45H7,8 D45H10, 11 UNITS 
-45 -60 -80 Volts 

-45 -60 -80 Volts 

-5 -5 -5 Volts 

-10 -10 -10 A 
-20 -20 -20 

-5 -5 -5 A 
1.67 1.67 1.67 Watts 
50 50 50 

-55 to +150 -55 to +150 -55 to +150 ·C 

75 75 75 ·C/w 

2.5 2.5 2.5 ·C/w 

+260 +260 +260 ·C 



D45H Series 

ELECTRICAL CHARACTERISTICS (TC = 2S·C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL MIN TYP MAX UNIT 

OFF CHARACTERISTICS(l) 

Collector-Emitter Sustaining Voltage 
D45H1,2 VCEO(sus) -30 - - Volts 

(IC = -100mA) D4SH4,5 -4S - -
D4SH7,8 -60 - -
D45H10, 11 -80 - -

Collector Cutoff Current 
(VCB = Rated VCBO) ICBO - - -10 p.A 

Emitter Cutoff Current 
lEBO -100 p.A (VEB = -SV) - -

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEE FIGURE 4 

ON CHARACTERISTiCS'll) 

DC Current Gain D45H1, 4, 7,10 hFE 35 - - -
(IC = -2A, VCE = -1V) D4SH2, 5, 8, 11 60 - ~ 

(Ic = -4A, VCE = -1V) D4SH1, 4, 7,10 20 - -
D4SH2, S, 8, 11 40 - -

Collector-Emitter Saturation Voltage 
(IC = -8A, IB = -O.4A) D4SH1, 4, 7, 10 VCE(sat) - - -1.0 Volts 
(IC = -8A, IB = -0.8A) D45H2, S, 8, 11 - - -1.0 

Base-Emitter Saturation Voltage 
(Ie = -8A, IB = -0.8A) VBE(Sat) - - -1.5 Volts 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VCB = -10V, f = 1 MHz) CCBO - 230 - pF 

Current-Gain - Bandwidth Product 
for - 40 - MHz (Ie = -500mA, VCE = -10V) 

SWITCHING CHARACTERISTICS 

Resistive load 

'Delay Time + 'Ie = -SA, IBl = -O.SA ld + tr - 13S - nS 
'Rise Time 

Storage Time 
Ic = -SA, IB1 = IB2 = -a.5A ts - 500 -

Fall Time tl - 100 -
(1) Pulse Test PW = 300ms Duty Cycle';; 2%. 
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D45H Series 
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File Number 2356 

Silicon P-N-P Transistors 
Complementary to the D44VH Series 

Features: 
• Fast Switching ts:5 500 ns resistive 

tf:5 100 ns 

• Low VCE(sat) :51.0V@IC= 8A 

D45VH Series 

TERMINAL DESIGNATIONS 

The D45VH-series of silicon p-n-p power transistors are 
especially designed for use in switching circuits such as 
switching regulators, high-frequency inverters/converters, 
and other applications where very fast switching times and 
low-saturation voltages are necessary. These devices are 
tested for parameters that relate directly to the deSign of 
high-power switching circuits. Switching times, saturation 
voltages, and leakage currents are specified at 100°C to 
provide information necessary for worst-case design. 

'~';"1011 Jf#' 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

MAXIMUM RATINGS (T A = 25° C) (unless otherwise specified) 

RATING SYMBOL D45VH1 D45VH4 D45VH7 D45VH10 UNITS 
Collector-Emitter Voltage VCEO(sus) -30 -45 -60 -80 Volts 
Collector-Emitter Voltage VCEX -40 -55 -70 -90 Volts 
Collector-Emitter Voltage VCEV -50 -70 -80 -100 Volts 
Emitter Base Voltage VESO -7 -7 -7 -7 Volts 
Collector Current - Continuous IC -15 -15 -15 -15 A 

Peak(1) ICM -20 -20 -20 -20 
Base Current - Continuous IS -5 -5 -5 -5 A 

Peak(1) ISM -10 -10 -10 -10 
Total Power Dissipation @ Tc = 25°C Po 83 83 83 83 Watts 

@Tc=100°C 33 33 33 33 
Derate above 25° C 0.67 0.67 0.67 0.67 W/oC 

Operating and Storage 
Junction Temperature Range TJ, TSTG -55 to +150 -55 to +150 -55 to +150 -55 to +150 °C 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case Rruc 1.5 1.5 1.5 1.5 °CIW 

Thermal ReSistance, Junction to Ambient R8JA 75 75 75 75 °CIW 

Maximum Lead Temperature for Soldering 
Purpose: w.o' from Case for 5 Seconds TL 235 235 235 235 °C 

(1) Pulse measurement condition PIN:S 6.0 ms, see Figure 14. 
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D45VH Series 

ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

I CHARACTERISTICS I SYMBOL 

OFF CHARACTERISTICS(1) . 

Collector-Emitter Sustaining Voltage(l) (lc =-100mA" Is = 0) 
D45VH1 
D45VH4 
D45VH7 
D45VH10 

Collector-Emitter Voltage(2) 
(IC =1-10A, VCLAMP = Rated VCEX, Tc = 100·C) 

D45VH1 
D45VH4 
D45VH7 
D45VH10 

Collector Cutoff Current 
(VCEV = Rated Value, VSE(Off) = 4.0V) 
(VCEV = Rated Value, VSE(offi = 4.0V, Tc = 100·C) 

Collector Cutoff Current 
(VCE = Rated VCEV, RSE = 50 61, Tc = 100·C) 

Emitter Cutoff Current (VES = ':'7V, Ic = 0) 

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased 

Second Breakdown with Base Reverse Biased 

ON CHARACTERISTICS(1) 

DC Current Gain 
(Ic = -2 A, VCE = -1V) 
(Ic = -4 A, VCE = -1V) 

Collector-Emitter Saturation Voltage 
(Ie = -SA, Is = -O.SA) 
(Ie = -SA, Is = -O.SA, Te = 100· C) 
(Ie = -15A, Is = -3.0A, Te = 100·C) 

Base-Emitter Saturation Voltage 
(Ie = -SA, Is = -O.SA) 
(Ie = -SA, Is = -O.SA, Tc = 1 00· C) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(Ie = -0.1A, VeE = -10V, flest = 1 MHz) 

Output Capacitance 
(Ves = -10V, IE = 0, ftest = 1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (See Figure 16 for Test Circuit) 

Delay Time 
Vee = -20V, IC = -SA 

Rise Time 
lSI = IS2 = ·O.SA 

Storage Time 
tp = 25 psec 

Fall Time 

Inductive Load, Clamped (See Figure 15 for Test Circuit) 
Storage Time Vce = -20V, I.c = -SA 
Fall Time VCLAMP = Rated VCEX 

IS1 = - O.SA, VSE(off) = 5V 
Storage Time 

L = 200 ph 
Fall Time 

(1) Pulse Duration = 300 IJSec, Duty Factor';; 2%. 
(2) See Figure 15 for Test Circuit. 

VCEO(sus) 

VCEX 

ICEV 

ICER 

IESO 

FSSOA 

RSSOA 

hFE 

VCE(sal) 

VSE(Sat) 

tr 

Cos 

Tc 

td 

tr 
ts 

tf 

ts 

tf 

ts 

tf 
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MIN MAX UNIT 

V 
-30 -
-45 -
-60 -
-SO -

V 

-40 -
-55 -
-70 -
-90 -

pA 
- -10 
- -100 

- -100 pA 

- -10 pA 

SEE FIGURE7 

SEE FIGURES 

-
35 -
20 -

V 
- -1.0 
- -1.1 
- -1.5 

V 
- -1.4 
- -1.4 

Typical 

50 MHz 

275 PF 

Maximum 

25°C 100·C 

50 - nsec 

250 - nsec 

500 - nsec 
100 - nsec 

500 600 nsec 

300 400 nsec 

Typical 
200 320 nsec 

160 1S0 nsec 
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Q45VH Series 

TYPICAL DC CHARACTERISTICS 
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D45VH Series 

SAFE OPERATING AREA 
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8. REVERSE BIAS SOA 

TYPICAL SWITCHING CHARACTERISTICS 
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+5V 

D45VH Series 

'\ 
1\ Tc "2SOC 

~ 
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COLLECTOR CURRENT 
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D45VM Series 

Silicon P-N-P Transistors 
Complementary to the D44VM Series 

Features: 
• Very Fast Switching ts::; 500 ns resistive 

t,::; 75 ns 

• Very low VeE (sat).::; 0.4 V @ Ie = 4A 

• High gain fiFE?:. 40 @ Ie = 4A 

File Number 2357 

TERMINAL DESIGNATIONS 

The D45VM-serles of silicon p-n-p power transistors are 
especially designed for use in switching circuits such as 
switching regulators, high-frequency Inverters/converters, 
and other applications where very fast switchino times and 
low-saturation voltages are necessary. These devices -are 
tested for parameters that relate directly to the deSign of 
high-power switching circuits. Switching times, saturation 
voltages, and leakage currents are specified at 1000 e to 
provide Information necessary for worst-case design .. 

'~'~'"loll 13 f ~' 
, TOP 'VIEW = La 

92CS-39969 

JEDI;C TO-22DAB 

MAXIMUM RATINGS (T A = 25° C) (unless otherwise specified) 

RATING SYMBOL D45VM1 D45VM4 D45VM7 D45VM10 UNIT 

Collector-Emitter Voltage VCEO(susl -30 -45 -60 -80 V 

Collector-Emitter Voltage VCEX -30 -45 -60 -80 V 

Collector-Emitter Voltage VCEV -50 -70 -80 -100 V 

Emitter Base Voltage VESO -7 V 

Collector Current - Continuous IC -8 A 
- Peak (1) ICM -20 

Base Current - Continuous Is -2 A 
- Peak (1) IBM -5 

Total Power Dissipation @Tc=25°C Po 50 Watts 
@Tc=100·C 20 

Derate above 25· C 0.4 w/oe 
Operating and Storage Junction 

TJ. TSTG -55 to +150 ·C Temperature Range 

THERMAL CHARACTERISTICS 

CHARACTERISTICS SYMBOL MAX UNIT 

Thermal Resistance, Junction to Case R8JC 2.5 °C/W 

Thermal Resistance, Junction to Ambient R8JA 74 °C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds TL 235 °C 

(1) Pulse measurement condition PW ~ 6.0 ms. 
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ELECTRICAL CHARACTERISTICS (TC = 25· C) (unless otherwise specified) 

I CHARACTERISTICS I SYMBOL 

OFF CHARACTERISTICS(l) 

Collector-Emitter Sustaining Voltage(') 
D45VM1 

(Ie = -100mA, Is = 0) 

D45VM4 
D45VM7 
D45VM10 

Collector-Emitter Voltage(2) 
(IC =-3A, VCLAMP = Rated VCEX, Tc';;; 100·C) 

D45VM1 
D45VM4 
D45VM7 
D45VM10 

Collector Cutoff Current 
(VCEV = Rated Value, VSE(off) = 4.0V) 
(VCEV = Rated Value, VSEioffi = 4.0V, TC = 100·C) 

Collector Cutoff Current 
(VCE = Rated VCEV, RBE = 50 n, Tc = 100·C) 

Emitter Cutoff Current (VEB =!-7V, 'ic = 0)' 

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased 

Second Breakdown with Base Reverse Biased 

ON CHARACTERISTICS(1) 

DC Current Gain 
(IC = -4A, VCE = -1V) 
(Ic = -6A, VCE = -1V) 

Collector-Emitter Saturation Voltage 
(IC = -4A, Is = -0.2A) 
(Ie = -6A, Is = -0.3A) 
(IC = -8A, Is = -O.SA, TC = 100·C) 

Base-Emitter Saturation Voltage 
(IC = -4A, IS = -o.2A) 
(IC = -4A, Is = -o.2A, TC = 100·C) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = -0.1A, VCE = -10V, ftest = 1 MHz) 

Output Capacitance 
(Vcs = -10V,IE = 0, ftest = 1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (See Figure 16 for Test Circuit) 

Delay Time 
VCC = 30V, IC =-6A 

Rise Time 
IBl = IB2 = 0.6A 

Storage Time 
tp = 25psec 

Fall Time 

Inductive Load, Clamped (See Figure 15 for Test Circuit) 

Storage Time VCE(CLAMP) = 30V, Ie = -6A 
Fall Time IBl = 'B2 = 0.6A, VBE(OFF) = 5V 

Storage Time 
L = 200 ph 

Fall Time 

(1) Pulse Duration = 300 /.Isec, Duty Factor';;; 2%. 
(2) See Figure 15 for Test Circuit. 
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D45VM Series 

MIN MAX UNIT 

V 
-30 -
-45 -
-60 -
-80 -

V 

-30 -
-45 -
-60 -
-80 -

pA 
- -10 
- -100 

- -100 pA 

- -10 pA 

SEE FIGURE 7 

SEE FIGURE 8 

-
40 -
20 -

V 
- -0.4 
- -0.6 
- -1.0 

V 
- -1.2 
- -1.2 

Typical 

50 MHz 

70 PF 

Maximum 

25·C 100·C 

30 40 nsec 

250 350 nsec 

500 600 nsec 

75 250 nsec 

500 600 nsec 

70 100 nsec 

Typical 

340 430 nsec 

40 57 nsec 



D45VM Series 
TYPICAL DC CHARACTERISTICS 
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D45VM Series 
SAFE OPERATING AREA 
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File Number 2361 

50-Ampere N-P-N Darlington 
Power Transistors 

Features: 
.. High speed ts < 5.0 psec., tr < 3.0 psec. 

• High voltage: 400-500 V CEO 

• High gain: hFE 50 minimum @ 50 amperes, IC 

• High current: 75 amperes, IC (Peak) 

The D64DV and D64EV series of silicon n-p-n power 
Darlington transistors are designed for use in high-speed 
switching applications. These applications include off-line 
switching power supplies, PWM ac and de motor controls, 
UPS systems, ultrasonic equipment, and other high-fre
quency power conversion equipment. 

These devices are supplied in the JEDEC TO-204AE her
metic steel package. 

MAXIMUM RATINGS (T A = 25· C) (unless otherwise specified) 

RATING SYMBOL D64DV5/EV5 
Collector-Emitter Voltage VCEO 400 
Collector-Base Voltage VCBO 500 
Emitter Base Voltage D64DV VEBO 8 

D64EV 5 
Collector Current - Continuous IC 50 

Peak (Repetitive) ICM 75 
Peak (Non-Repetitive) IC8M 125 

Base Current - Continuous IB 10 
Peak (Non-Repetitive) IBM 20 

Total Power Dissipation@TC=25·C Po 180 
Operating and Storage 
'Junction Temperature Range TJ, T8TG -65 to +150 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case ReJC 0.7 

Maximum Lead Temperature for Soldering 
Purposes: W' from Case for 5 Seconds TL 300 

2-425 

D64DV5,6,7 
D64EV5,6,7 

TERMINAL DESIGNATIONS 

JEDEC TO-2D4AE 

D64DV D64EV 

DEVICE CIRCUIT 

D64DV6IEV6 D64DV7/EV7 UNITS 
450 500 Volts 
600 700 Volts 
8 8 Volts 
5 5 
50 50 A 
75 75 
125 125 
10 10 A 
20 20 
180 180 Watts 

-65 to +150 -65 to +150 ·C 

0.7 0.7 ·C/w 

300 300 ·C 



D64DV5,6,7 
D64EV5,6,7 

ELECTRICAL CHARACTERISTICS (TC = 25· C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL I MIN 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage D64DVS/EVS VeEO(sus) 400 
(Ie =O.SA) D64DV6/EV6 4S0 
(Vclamp = VeEO Rated) D64DV6/EV7 500 

Collector Cutoff Current TJ = 2S·C ICEV -
(VCE = Rated Value, VBE = -1.SV) TJ = 1S0·C -

Emitter Cutoff Current lEBO 
(VEe = 4.SV, Ie = 0) D64DV -
(VEe = 1.SV, Ic = 0) D64EV -

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA 

ON CHARACTERISTICS 

DC Current Gain hFE 
(Ie = 7SA, VeE = SV) 2S 
(Ie = SOA, VeE = SV) SO 
(Ie = 20A, VeE = SV) 100 

Collector-Emitter Saturation Voltage VeE(Sat) 
(Ie = 7SA, Ie = SA) -
(Ie = SOA, Ie = 4A) -
11_ - "nA 1 __ IlA\ 
\'V - ":'V'"', Itj - "-"'/ -

Base-Emitter Saturation Voltage VeE(sat) 
(Ie = 7SA, Ie = SA) -
(Ie = SOA, Ie = 4A) -
(Ie = 20A, Ie = 2A) -

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time Vee = 2S0V td -
Rise Time Ie = SOA tr -
Storage Time lel = 2.SA, le2 = -SA ts -
Fall Time tp = SO p.sec tf -

EMITTER-COLLECTOR DIODE CHARACTERISTICS 

Power Dissipation PD -
Forward Voltage (IF = 25A) VF -

(Ip = 50A) VF -
(IF = SOA, TJ = 1S0·C) VF -

Reverse Recovery Time 
(IF = 50A, di/dt = 2SAIp.sec, RelE "0.250) Trr -

Forward Turn-On Time 
TON -(IF = 100A, di/dt = 100Alp.sec) 

Single Cycle Surge Current (60Hz) IFSM -
Thermal Resistance ROJe -

2-426 

TYP MAX UNIT 

- - Volts 
- -
- -
- 1.0 mA 
- 2.S 

- 3S0 mA 
- 3S0 

SEE FIGURE 23 

60 - -
13S -
2S0 -

2.2 3.0 V 
1.7 2.0 .. " . " I. hoi I.v 

2.8 3.S V 
2.4S 3.0 
1.9S 2.S 

TYP. MAX. 

DV EV DV EV 

0.09 0.09 0.5 0.5 p'S 

O.S 0.5 1 1 

2.55 2 S 3 

1.4 0.64 3 1 

- 125 Watts 
1.9S 3.20 Volts 
2.60 3.80 Volts 
2.30 3.S0 Volts 

3.8S 10.0 p'sec 

0.7S 1.S p'sec 

- 150 Amps 

- 1.0 ·ClWatt 



TYPICAL CHARACTERISTICS 

D64DV5,6,7 
D64EV5,6,7 
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D64DV5,6,7 
D64EV5,6,7 

TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 

D64DV5,6,7 
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D64EV5,6,7 

. TYPICAL CHARACTERISTICS 
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File Number 2363 

5-Ampere Silicon N-P-N 
Power Transistors 

Features: 
• Low Vee (sat) 
• Fast switching speed 
• Complementary to D73F5T1,2 

The D72F5T1 and D72F5T2 silicon n-p-n power transistors 
are designed for high current switching applications. They 
are intended for use in circuits such as converters, inverters, 
and pulse-width-modulated regulators. 

The D72F5T1 is supplied in the JEDEC TO-251 package 
and the D72F5T2 is supplied in the JEDEC TO-252 surface
mount package. 

MAXIMUM RATINGS (TA = 25°C) (unless otherwise specified) 

RATING 
Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter Base Voltage 

Collector Current - Continuous 

Base Current - Continuous 

Total Power Dissipation @TA= 25°C 
@TC=25°C 

Operating and Storage 
Junction Temperature Range 

THERMAL CHARACTERISTICS 11) 

Maximum Lead Temperature for Soldering 
Purposes: W' from Case for 5 Seconds 

(1) See page 7-16 for thermal considerations. 

SYMBOL 

VCEO 

VCBO 
VEBO 

IC 

IB 
Po 

TJ, TSTG 

2-432 

D72F5T1,D72F5T2 

TERMINAL DESIGNATION 

,~~ [:1~, 
La 

TOP VIEW 

TO-2S1AA 

TOP VIEW 

TO-2S2AA 
92CS-43478 

D72FST1,2 UNITS 
50 Volts 
60 Volts 
5 Volts 

5 A 

1 A 
1.0 Watts 
20 

-55 to +150 °C 

260 °C 



D72F5T1,D72F5T2 

ELECTRICAL CHARACTERISTICS (T A = 25° C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

OFF CHARACTEJ'lISTICS 

Collector-Emitter Breakdown Voltage 
V(BR)CEO (IC = 10mA, IB = 0) 

Collector Cut-off Current 
ICBO (VCB = 50V, IE = 0) 

Emitter Cutoff Current 
lEBO (VEB = 5V, Ie = 0) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lc = 1A, VCE = 1V) 

hFE (Ic = 3A, VCE = 1V) 

Collector-Emitter Saturation Voltage 
(Ic = 3A, IB = 0.15A) VCl;(san 

Base-Emitter Saturation Voltage 
(IC = 3A, IB = 0.15A) VBE(sat) 

SWITCHING CHARACTERISTICS 

Turn-on Time Vec= 30V ton 
Storage Time IB1 = -IB2 = 0.15A tstg 
Fall Time Duty Cycle;§; 1 % t, 

IB1 If120~. INPUCT ........ -:.yIBII', ~~ " ...... _ ..... 0-oUTPUT 

,on 
IB2 IB2 

FIG. 1 SWITCHING TIME TEST CIRCUIT 
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D72F5T1, D72F5T2 
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D72F5T1,D72F5T2 
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File Number 2364 

4-Ampere N-P-N Power 
Darlington Transistors 

Features: 
• Operates from IC without predriver 
• hFE Min. = 2000 
• Complementary to D73FY4D1,2 

The D72FY4Dl and D72FY4D2 silicon n-p-n power Darling
ton transistors are designed for use in general-purpose 
amplifier and medium-speed switching circuits. The high 
gain of these devices makes it possible for them to be 
driven directly from integrated circuits. 

The D72FY4Dl is supplied in the JEDEC TO-2S1 package 
and the D72FY4D2 is supplied in the JEDEC TO-2S2 
surface-mount package. 

D72FY4D1,D72FY4D2 

TERMINAL DESIGNATION 

,~~. e~, 
L. 

TOPYIEW 

TO-2S1AA 

TOPYIEW 

TO·252AA 
92CS-43478 

BASE o--.i-...... ---t----'I 

MAXIMUM RATINGS (TA = 25°C) (unless otherwise specified) 

RATING 
Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter Base Voltage 

Collector Current - Continuous 

Base Current - Continuous 
Total Power Dissipation @ TA = 25°C 

@Te=25°C 
Operating and Storage 
Junction Temperature Range 

THERMAL CHARACTERISTICS 111 

Maximum Lead Temperature for Soldering 
Purposes: 'AI" from Case for 5 Seconds 

(1) See page 7·16 for thermal considerations. 

SYMBOL 
VeEO 
VeBO 
VEBO 

Ie 

IB 
Po 

TJ, TSTG 

2·436 

Schematic diagram 

D72FY4D1,2 UNITS 
80 Volts 
100 Volts 
5 Volts 

4 A 

-1 A 
1.0 Watts 
15 

-55 to +150 °C 

235 °C 



D72FY4D1,D72FY4D2 

ELECTRICAL CHARACTERISTICS (TA = 25°C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(Ie = 10mA, IB = 0) 

Collector Cutoff Current 
(VCB = 100V, IE = 0) 

Emitter Cutoff Current 
(VEB = 5V, IC = 0) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased 

ON CHARACTERISTICS 

DC Current Gain 
(Ic = 1A, VCE = 2V) 
(Ie = 3A, VeE = 2V) 

Collector-Emitter Saturation Voltage 
(Ie = 3A, IB = 6mA) 

Base-Emitter Saturation Voltage 
(Ie = 3A, IB = 6mA) 

SWITCHING CHARACTERISTICS 

Turn-on Time Vee =30V 

Storage Time IB1 = -IB2 = 6mA 

Fall Time Duty Cycle:;§; 1 % 

201'5 

"'~ 
OUTPUT 

m 

FIG. 1 SWITCHING TIME TEST CIRCUIT 
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D72FY4D1,D72FY4D2 
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File Number 2367 

5-Ampere Silicon P-N-P 
Power Transistors 

Features: 
• Low VCE (sat) 
• Fast switching speed 
• Complementary to D72F5T1,2 

The D73F5T1 and D73F5T2 silicon p-n-p power transistors 
are designed for high current switching applications. They 
are intended for use in circuits such as converters, inverters, 
and pUlse-width-modulated regulators. 

The D73F5T1 is supplied in the JEDEC TO-251 package 
and the D73F5T2 is supplied in the JEDEC TO-252 surface
mount package. 

MAXIMUM RATINGS (TA = 25°C) (unless otherwise specified) 

RATING 
COllector-Emitter VOltage 

Collector-Base Voltage 

Emitter Base VOltage 

Collector Current - Continuous 

Base Current - Continuous 

Total Power Dissipation @Te = 25°C 
@Te=25°C 

Operating and Storage 
Junction Temperature Range 

THERMAL CHARACTERISTICS (11 

Maximum Lead Temperature for SOldering 
Purposes: W' from Case for 5 Seconds 

(1) See page 7-16 for thermal considerations. 

SYMBOL 

VeEO 

VeBO 

VEBO 

Ie 

IB 

Po 

TJ. TSTG 

2-440 

D73F5T1,D73F5T2 

TERMINAL DESIGNATION 

~~ g:F, 
L. 

TOP VIEW 

TO-2S1AA 

TOPYIEW 

TO-2S2AA 
92CS-43478 

D73F5T1,2 UNITS 
-50 Volts 

-60 Volts 
-5 Volts 

-5 A 

-1 A 
1.0 Watts 
20 

-55 to +150 °C 

235 °C 



D73F5T1,D73F5T2 

ELECTRICAL CHARACTERISTICS (TA = 25°C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
V(BR)CEO "SO - - Volts (Ic = 10mA, Is = 0) 

Collector Cutoff Current 
IcsO -1 /-IA (Vcs = SOV, IE = 0) 

- -

Emitter Cutoff Current 
IESO -1 /-IA (VES = SV, Ic = 0) 

- -

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEE FIGURE 11 

ON CHARACTERISTICS 

DC Current Gain hFE 70 - 240 -
I (Ic = -1A, VCE = -1V) 

(Ic = -3A, VCE = -1V) hFE 30 - -
Collector-Emitter Saturation Voltage 

VCE(sat) -0.2 -0.4 V (Ic = -3A, Is = -0.1SA) -
r-sas~-Emitter Saturation Voltage 

VSE(sat) - -0.9 -1.2 Volts (Ie ~ -3A, Is = -0.1SA) 

SWITCHING CHARACTERISTICS 

Turn-on Time VCC = -30V tan - 0.1 - /-IS 

Storage Time -IS1 = IS2 = 0.1SA tst9 - 1.0 -

Fall Time Duty Cycle;;;; 1 % tl - 0.1 -

I I I I I 
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D73F5T1, D73F5T2 
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D73F5T1, D73F5T2 
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File Number 2368 

4-Ampere P-N-P Power 
Darlington Transistors 

Features: 
• Operates from IC without predriver 
• hFE Min. = 2000 
• Complementary to D72FY4D1,2 

The D73FY4D1 and D73FY4D2 silicon p-n-p power 
Darlington transistors are designed for use in general
purpose amplifier and medium-speed switching circuits. 
The high gain of these devices makes it possible for them to 
be driven directly from integrated circuits. 

The D73FY4D1 is supplied in the JEDEC TO-251 package 
and the D73FY4D2 is supplied in the JEDEC TO-252 surface
mount package. 

D73FY4D1,D73FY4D2 

TERMINAL DESIGNATION 

,~~ g;g~, 
La 

TOP VIEW 

TO-2S1AA 

TOP VI[W 

TO-2S2AA 
92CS-43478 

BASE o--,-...,.----{ 

MAXIMUM RATINGS (TA = 25°C) (unless otherwise specified) 

RATING 
Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter Base Voltage 

Collector Current - Continuous 

Base Current - Continuous 
Total Power DisSipation @ TA = 25°C 

@TC=25°C 
Operating and Storage 
Junction Temperature Range 

THERMAL CHARACTERISTICS {1l 

Maximum Lead Temperature for Soldering 
Purposes: Va" from Case for 5 Seconds 

(1) See page 7-16 for thermal considerations. 

SYMBOL 

VCEO 
VCBO 

VEBO 

IC 

IB 

PD 

TJ, TSTG 
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L 

Schematic diagram for all types. 

D73FY4D1,2 UNITS 
-80 Volts 
-100 Volts 

-5 Volts 

-4 A 

-0.4 A 

1.0 Watts 
15 

-55 to +150 °C 

235 



D73FY4D1,D73FY4D2 

ELECTRICAL CHARACTERISTICS (TA = 25°C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(Ic = -10mA. IB = 0) 

Collector Cutoff Current 
(VCB = -100V. Ie = 0) 

Emitter Cutoff Current 
(VEB = -5V. Ic = 0) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased 

ON CHARACTERISTICS 

DC Current Gain 
(Ic = -1A. VCE = -2V) 
(Ic = -3A. VCE = -2V) 

Collector-Emitter Saturation Voltage 
(IC = -3A. IB = -6mA) 

Base-Emitter Saturation Voltage 
(Ic = -3A. IB = -6mA) 

SWITCHING CHARACTERISTICS 

Turn-on Time 

Storage Time 

Fall Time 

VCC = -30V 

-IB1 = IB2 = 6mA 

Duty Cycle;§; 1 % 

_I 
'Bl I 

I '-'V1I\r4~N\;""" L ____ _ 

m 

OUTPUT 

10n 

FIG. 1 SWITCHING TIME TEST CIRCUIT 
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V(BR)CeO 

ICBO 

leBO 

FBSOA 

hFE 

hFE 

VCE(sat) 

VBE(sat) 

ton 
tstg 

tf 

5 

2 

1 

r--

o 
o 

-80 - - Volts 

- - -20 p.A 

- - -2.5 mA 

SEE FIGURE9 

2000 - - -
1000 - -
- - -1.5 V 

- - -2.0 Volts 

- 0.15 - p's 

- 0.80 -
- 0.40 -

COMMON EMITTER 
Tc = 25°C 

I 

I-
-500 

~ 0450 

~ ~ l- I"'""" I-- -400 

~ ~ r-- - -350 
~ 

I~ :::::- ---- 0300 

~ 
.--

-250 

V-
--j 'a: -200'" 

0 

-\ -2 -3 -5 

COLLECTOR-EMITTER VOLTAGE VeE (V) 

FIG. 2 IC - VCE 
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-1 

10,000 
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500 

300 
-0.1 

D73FY4D1,D73FY4D2 
·5 

COMMON EMITTER COMMON EMITIEA 
Tc = 100D C Tc = -ssac 

-4 

J g I 
I 

1..0-I-- -300 

l-t--I--I--t-
-250 ..... -~ 10- r--" I--r- -200 

/. -r--" 

~ 1::== 
·175 

-150 Jv Ie =-12Sp.A 

J) 

!z -3 w 
a: 
a: 
::l 

" !5 
-2 

frl 
~ 

-1 

-BOO t--r--

~ 
-700 t-- t---

Y 
~ t-- t---

V 
-500 t-- t---

T.~-400,.A t-- t---

I 0 0 

-1 -2 -3 ~ 
o o -1 -2 -3 ~ 

COLLECTOR-EMITTER VOLTAGE VCE (V) COLLECTOR-EMITTER VOLTAGE VCE (VI 

FIG. 3 IC· VCE FIG_ 4 IC • VCE 

5 
COMMON EMITIER 
VeE =-2V 

1 
1 

-3 

2 L 
~h 

~ 

- t-- i? 
l!-

I 

1111 
L V ..... I o 

o -0.8 -1.6 -2.4 -3.2 -4.0 -4.8 

BASE EMITTER VOLTAGE VBE (V) 

FIG. 5 IC· VBE 

t~ 
,a:r'" -, 

.... 0" A V ~ 

COMMON EMITTER 
IcI'B = 500 

/ ~ 
V Y V I~ 
V "/ V 

II 
~ Tc = -55°C ~ 

1 
25 

100 
COMMON EMllTER 
VeE =-2V 

.5 

I I 
-0 

-0 .3 
-0.3 -0.5 -1 -3 -5 -10 -0.1 -0.3 -0.5 -1 -3 

COLLECTOR CURRENT 'C (A) COLLECTOR CURRENT 'c (A) 

FIG. 6 hFE· IC FIG. 7 VCE(lat)· IC 
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D73FY4D1,D73FY4D2 
-1 a 20 

COMMON EMITTER 

'el'B = 500 

16 (J) 

-I"'\. z 
0 

~ 
~ 12 
0 

Tc = -5S"C 

~ ~ 25 

1 100 

~~ 
!to? 
a: 

~ 
:l 
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" (J) 

I---
-0. 5 (J) 

-0.3 
-0.1 

o 
a -0.3 -0.5 -1 -3 -5 

COLLECTOR CURRENT 'c (A) 

FIG. 8 VBE(sat) - Ie 

-1 0 

'c MAX (PULSED) * 
5 

-3 Ie MAX ~ 1:> (CONTINUOUS) .. t\'? ~ "if;- '¥.-

~O,\ 
.. 

1 0° 
~\ 

5 " ~Q-' "" 'I--0. 

.3 
III '\ ,\.1\ 

I II ~I\ 
-0 

i< \. 
1\1\ 

SINGLE NONREPETITIVE PULSE 1 
Tc= 2S"C 

-0. 

CURVES MUST BE DERATED LINEARLY 

0.05 WITH INCREASE IN TEMPERATURE 

-0.03 
1 -3 -10 -30 -so 

COLLECTOR-EMITTER VOLTAGE VCE (V) 

(DTc=Ta 
INFINITE HEAT SINK 

(!) CERAMIC SUBSTRATE 
5Q1I50"O.8mmt 

(lj NO HEAT SINK 

I\. 
'I 

'\ 

'\ 
~ 

r-- r'\. 

40 

~ r- ..... 
60 120 160 

AMBIENT TEMPERATURE Ta ("C) 

FIG.9 Pe-Ta 

i = 0= 
~-

> -

II -

100 -200 

160 

FIG.10 SAFE OPERATING AREA 
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GE10015,16,20,21,22,23 

Silicon N-P-N Darlington 
Power Transistors 

The GE10015, GE10016 and GE10020 thru GE10023 series 
of silicon n-p-n power Darlington transistors are designed 
for use In power switching applications requiring high
voltage capability and fast switching speeds. They are 
Idea"y suited for off-line switching power supplies, ac and 
dc motor controls, UPS systems, ultrasonic equipment, and 
other high-frequency pOwer conversion equipment. 

These devices are supplied In the JEDEC TO-204AE her
metic steel package. 

MAXIMUM RATINGS (25· C) (unless otherwise specified) 

GE 
Voltages 51mbol 10015 
Collector Emitter VCEO(SUS) 400 
Collector Emitter VCEV 600 
Emitter Base VEeO B.O 
Currents 

Collector Current (continuous) IC 50 
Collector Current (peak) ICM 75 
Base Current (continuous) Ie 10 

. Base Current (peak) leM 15 
Power Dissipation 

Power Dissipation Po(Tc = 25·C) 250 
Power Dissipation Po(TC - 1OO·C) 143 

Derate above 25· C 1.43 
Temperatures 

Storage and Junction Tstg and TJ -65 to 
+200 

Soldering1 TL1 +275 

Thermal Resistance R8JC 0.7 

GE 
10016 

500 
700 

B.O 

50 

75 

10 

15 

250 

143 

1.43 

-65 to 
+200 

+275 

0.7 

1) Max. lead temperature for soldering purposes 1/8" from case for 5 seconds. 
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TERMINAL DESIGNATIONS 

E 

GE 
10020 

200 
300 

B.O 

60 

100 

20 

30 

250 

143 

1.43 

-65 to 
+200 

+275 

0.7 

c 
(FLANGE) 

'i~CS·27516 

JEDEC TO-204AE 

DEVICE CIRCUIT 

GE GE GE 
10021 10022 10023 
250 350 400 
350 450 600 
B.O B.O B.O 

60 40 40 
100 60 60 
20 20 20 
30 30 30 

250 250 250 

143 143 143 
1.43 1.43 1.43 

-65 to -65 "to -65 to 
+200 +200 +200 
+275 +275 +275 

0.7 0.7 0.7 

Units 

Volts 

Volts 

Volts 

1 Amps 

Amps 
Amps 

Amps 

Watts 
Watts 
W/·C 

·C 

·C 

·CIWatt 



GE1 0015,16,20,21,22,23 

DEVICE ELECTRICAL CHARACTERISTICS 
(Test conditions on next page ,T C = 25·C except as noted) 

GE GE GE GE GE GE 
STATIC 10015 10016 10020 10021 10022 10023 Units 

(1) VCEOISUS) Min. 400 500 200 250 350 400 Volts 

(2) ICEV Max. .25 .25 .25 .25 .25 .25 rnA 
ICEV (TC = 150·C) Max. 5.00 5.00 5.00 5.00 5.00 5.00 rnA 

(3) IESO Max. 350 350 175 175 175 175 rnA 

(4) Islb See Figure 13 13 14 14 15 15 

(5) hFE Min. 25 25 75 75 50 50 
Max. - - 1000 1000 600 600 

(6) hFE Min. 10 10 - - - -
Max. - - - - - -

(7) VCEISAT) Max. 2.2 2.2 2.2 2.2 2.2 2.2 Volts 

(8) VCEISAT) Max. 5 5 4 4 5 5 Volts 

(9) VCEISAT Max. 2.5 2.5 2.4 2.4 2.5 2.5 Volts 

(10) VSEISAT Max. 2.75 2.75 3.00 3.00 2.5 2.5 Volts 

(11) VSEISAT). (TC = 100D C) Max. 3.5 3.5 2.5 2.5 Volts 

(12) DIODE VF Typ. 1.9 1.9 2.1 2.1 1.9 1.9 Volts 
Max. 5.0 5.0 5.0 5.0 5.0 5.0 Volts 

DYNAMIC 
OUTPUT CAPACITANCE 
(VCS = 10V, IE = 0, frEST = 1MHz) 

SWITCHING 
(1) Resistive t(j Typ. .09 .09 .095 .095 .09 .09 I j.lS 

Max. .30 .30 .20 .20 .25 .25 j.lS 

tr Typ. .20 .20 .32 .32 .20 .20 j.lS 
Max. 1.00 1.00 1.00 1.00 1.00 1.00 j.IS 

ts Typ. 1.45 1.45 1.50 1.50 1.45 1.45 j.IS 
Max. 2.5 2.5 3.5 3.5 2.5 2.5 j.lS 

t1 Typ. .25 .25 .30 .30 .25 .25 j.lS 
Max. 1.0 1.0 .50 .50 .90 .90 j.ls 

(2) Inductive ts Typ. 2.8 2.8 2.7 2.7 2.8 2.8 j.lS 
(Tc = 1 00· C) Max. - - 4.5 4.5 5.0 5.0 j.lS 

t, Typ. .21 .21 .30 .30 .21 .21 j.lS 
Max. - - 1.0 1.0 1.0 1.0 j.lS 

tc Typ. .68 .68 .85 .85 .68 .68 j.IS 
Max. - - 2.0 2.0 2.0 2.0 j.IS 

(3) Inductive ts Typ. 1.6 1.6 1.8 1.8 1.6 1.6 j.lS 
(TC=25·C) Max. 3.0 3.0 - - - - j.lS 

t, Typ. .10 .10 .12 .12 .10 .10 j.IS 
Max. .50 .50 - - - - j.ls 

tc Typ. .30 .30 .40 .40 .30 .30 j.IS 
Max. 1.0 1.0 - - - - j.ls 
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GE10015,16,20,21,22,23 

TEST CONDITIONS 

STATIC 

(1) VCEO(SUS) 
IC= l00mA, 
VCLAMP = VCEO Rated 

(2) ICEV 
VCEV = Rated Valve, 
VSE= -l.SV 

(3) IESO 
IES = 2.0 Volts 

(4) Islb 

APPLIES TO 
All 

APPLIES TO 
All 

APPLIES TO 
All 

SEE APPROPRIATE FORWARD BIAS SECOND 
BREAKDOWN FIGURE 

(S) hFE 
(a) IC = lOA, VCE = SV 
(b) Ic = lSA, VCE = SV 
(c) Ic = 2OA, VCE = SV 

(6) nFE 
Ic = 40A, VCE = SV 

(7) VCE(SAT) 
a) Ie = 20A, Is = lA 
b) Ie = 30A, IS = 1.2A 

(8) VCE(SAT) 
(a) Ie = 4OA, VCE = SV 
(b) Ie = SOA, VCE = 10V 
(c) Ie = GOA, VCE = SV 

(9) VeE(SAT) 
(a) Ie = 20A, Is = lA 
(b) Ic = 30A, Is = 1.2A 

(10) VSE(SAT) 
·(a) Ie = 20A, Is = lA 
(b) Ic = 30A, Is = 1.2A 

(11) VSE(SAT) 
SAME AS (10) BUT Te = 100°C 

(12) DIODE VF 
a) IF = 20A 
b) IF= 30A 

APPLIES TO 
GE10022,23 
GE10020,21 
GE1001S,16 

APPLIES TO 
GE1001S,16 

APPLIES TO 
GE1001S, 16,22,23 

GE10020,21 

APPLIES TO 
GE10022,23 
GE1001S,16 
GE10020,21 

APPLIES TO 
GE1001S, 16, 22, 23 

GEl 0020, 21 

APPLIES TO 
GE10015, 16, 22, 23 

GE10020,21 

APPLIES TO 
GE1001S, 16, 22, 23 

GEl 0020, 21 

SWITCHING 

(1) RESISTIVE APPLIES TO 
tp = SOl'S, Duty Cycle :5 2% 
a) VCC = 250V, IC = 2OA, GE1001S, 16,22,23 

IS1 = lA, IS2 = 4A 
b) Vee = 17SV, IC = 3OA, GE10020, 21 

IS1 = lA, IS2 = 4A 

(2) INDUCTIVE APPLIES TO 
L = l00l'h, IS1 = lA, IS2 = 4A, Te = 100°C 
a) Ic = 20A, VeLAMP = 2S0V GE1001S, 16, 22, 23 
b) Ic = 3OA, VCLAMP = 17SV GE1OO20, 21 

(3) INDUCTIVE 
SAME AS (2), BUT T e = 25° C 

NOTE: See FIGURE 22 for Switching Time 
Test Circuit. 
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GE10015,16,20,21,22,23 

TYPICAL CHARACTERISTICS 
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GE1 0015,16,20,21,22,23 

TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
GE 1 0015,16,20,21,22,23 
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GE10015,16,20,21,22,23 
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File Number 1870 

1S-A SwitchMax II Power Transistors 
High-Voltage N-P-N Types for Off-Line Power Supplies 
and Other High-Voltage Switching Applications 
Fealures: Appllcallons: 
• Fast switching speed • Off-line power supplies 
• High-voltage ratings: • High-voltage inverters 

VCEV = 650 V to 750 V • Switching regulators 
• Low VCE(sat) at Ic = 15 A 

MJ13090, MJ13091 

TERMINAL DESIGNATIONS 

(FLAi.OE) 

o • 
JEDEC TO-204AA 

The RCA MJ13090 and MJ13091 SwitchMax II series of 
silicon n-p-n power transistors feature high-voltage capa
bility, fast switching speeds, and low saturation voltages, 
together with high safe-operating-area (BOA) ratings. They 
are specially designed for off-line power supplies, converter 
circuits, and pulse-width-modulated regulators. These 
high-voltage, high-speed transistors are tested for para-

meters that are essential to the design of high-power 
switching circuits. Switching times, including inductive 
turn-offtime, and saturation voltages are specified at 100· C 
to provide information necessary for worst-case design. 

The MJ13090 and MJ13091 transistors are supplied in steel 
JEDEC TO-204AA hermetic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VeE. 
VaE=-l.SV ............................................................. . 

VeEo •.••••••••••••••••••••••••••••••••••••••••••••••••••••••••.••••••.••••• 
VEao ...................................................................... . 
Ie ••••••.••••••••••••••••••••••••••••••••••••••••••.•••••••••.•••••••••••.• 
leM ...................................................................... .. 
la ........................................................................ . 
laM ...................................................................... .. 
Pr 

@Te=2S0C ............................................................ . 
@Te=loooC ........................................................... . 
T e above 2So C, derate linearly ........................................... . 

T.ta• TJo ....•......•...•••••••••.•..•..•......•.......••.••....•.....•.•..•• 
TL 

At distance ~ 'AI in. (3.17 mm) from seating plane for 10 s max. . .••••..•..• 
R9'e ..................................................................... .. 
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MJ13090, MJ13091 

ELECTRICAL CHARACTERISTICS at Te = 25°C unless otherwise noted 

CHARACTERISTIC I LIMITS 
UNITS 

Min. I Typ. Max. 
OFF CHARACTERISTICS' 
Collector-Emitter Sustaining Voltage MJ13090 VeEo(SUS) 400 - -

V de 
Ie = 100 mA, IB = 0 MJ13091 450 - -

Collector Cutoff Current leEv 
VeEV = Rated Value, VBE(off) = 1.5 V de - - 0.5 

mAde 
VeEv = Rated Value, VBE(off) = 1.5 V dc, Te = 100°C - - 2.5 

Collector Cutoff Current leER 
3 mAde 

VeE = Rated VeEV, RBE = 50 n, Te = 100°C 
- -

Emitter Cutoff Current lEBO 
1 mAde 

VEB = 6 V dc, Ie = 0 
- -

SECOND BREAKDOWN 
Second Breakdown Collector Current with Base Forward Biased ISlb See Fig. 1 
Clamped Inductive SOA with Base Reverse Biased RBSOA I See Fig. 2 
ON CHARACTERISTICS' 
Collector-Emitter Saturation Voltage VeE(Sat) 

le;= 10 A dc, IB = 2 A de - - 1 
Ie = 15 A dc, IB = 3 A de - - 3 V de 
Ie = 10 A dc, IB = 2 A dc, Te = 100° C - - 2 

Base-Emitter Saturation Voltage VBE(sat) 
Ie = 10 A dc, IB = 2 A de - - 1.5 

V de 
Ie = 10 A dc, IB = 2 A dc, Te = 100° C - - 1.5 

DC Current Gain hFE 
B 

Ie = 10 A dc, VeE = 3 V de 
- -

DYNAMIC CHARACTERISTICS 
Output Capacitance Cob 

350 pF 
VeB = 10 V dc, IE = 0, f, •• , = 1 kHz 

- -
SWITCHING CHARACTERISTICS 
Resistive Load 
Delay Time Vee = 250 V dc, Ie - 10 A dc, t. - 0.03 0.05 
Rise Time IBI = 1.25 A dc, tp = 30 f./S, t, - 0.13 0.5 f./S 
Storage Time Duty Cycle:52%, VBe(off) = 5 V de t. - 0.55 2.5 

Fall Time tf - 0.1 0.5 
Inductive Load, Clamped 
Storage Time t •• - 0.8 3 

Fall Time lelPk. = 10 A, TJ = 100°C til - 0.15 0.3 

Crossover Time IB' = 1.25 A dc, te - 0.175 0.4 

Storage Time VBe(off)= 5 V dc, t •• 0.5 - f./S -
Fall Time VeElpk. = 250 V TJ = 25°C til - 0.1 -
Crossover Time te - 0.15 -

1 Pulse Test: Pulse Width = 300 pS, Duty Cycle::; 2%. 
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MJ15001, MJ15002 

Complementary N-P-N/P-N-P Silicon 
Power Transistors 
Rugged Devices, Broadly Applicable For Industrial and 
Commerical Use 
Features: 
• High-dissipation capability 
• Low saturation voltages 
• Maximum safe-area-of-operation curves 
• fT = 2 MHz 
• High gain at high current 

Applications: 
• Series and shunt regulators 
• High-fidelity amplifiers 
• Power-switching circuits 
• Solenoid drivers 

The RCA-MJ15001 and MJ15002 are ballasted epitaxial
base silicon transistors featuring high gain at high current. 

The MJ15001 n-p-n transistor complements the MJ15002 
p-n-p transistor. These types are supplied in the JEDEC 
TO-204AA packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

File Number 1093 

TERMINAL DESIGNATIONS 

JEDEC TO-204AA 

MJ15001 MJ15002 

VeBO ....................................... ...............................•..•...... 140 -140 V 
VeEo ...................... ................. ... ........................... ........... 140 -140 V 
VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 5 -5 V 
Ie................................................................................... 15 -15 A 
I.................................................................................... 5 -5 A 
IE................................................................................... 20 -20 A 
PT 

AtTe :,;25·C............ .... ........... ........................................... 200 200 W 
At Te > 25·C ..................................................................... 1.14 W/·C 

T.t ., TJ .............................................................................. ___ -65 to +200 ___ ·C 
TL 

At distance:'; 1/32 in. (0.8 mm) from seating plane for 10 s max. ..•.. ...........•...•. 230 ·C 

2-458 



ELECTRICAL CHARACTERISTICS. at Case Temperature 
(T CI = 25°C Unless Otherwise Specified 

MJ15001, MJ15002 

TEST CONDITIONS LIMITS 

CHARACTERISTICS VOLTAGE CURRENT 
Vdc Adc 

MJ15001 MJ15002 UNITS 

VCE VBE IC IB Min. Max. Min. Max. 

ICEX 140 1.5 - 1 - -1 
rnA 

TC = 150°C 140 1.5 - 2 - -2 

ICEO 140 0 - 2.5 - -2.5 rnA 

lEBO 5 0 - 1 - -1 rnA 

VCEO(5U5)a 2 0 140 - -140 - V 

hFEa 2 4 25 150 25 150 

VBE 2 4 - 2 - -2 V 

VCE(5at) 4 0.4 - 1 - -1 V 

fT f = 0.5 MHz 10 0.5 2 - 2 - MHz 

ISlb tp· 15 40 5 - -5 -
A 100 0.5 - -0.5 -

Cob 
VCB = 10 V - 1000 

f = 1 MHz 
- 1000 pF 

R8JC - 0.875 - 0.875 °CIW 

a CAUTION: Sustaining voltage. V CEO(sus), MUST NOT be measured on a curve tracer. See Figs. 11 & 12. 

CASE TEMPERATURE ITCI'2~'C 
ICURVES MUST BE DERATED LINEARLY 

WITH INCREASE IN TEMPERATUREI 

COLLECTOR-TO-EMITTER VOLTAGEIVCEI- V 

Fig. 1 - Maximum operating area for both types. 
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MJ15001, MJ15002 
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Fig. 2 - Current derating curve for both types. 
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Fig. 6 - Typical input characteristics for MJ15002. 
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MJ15001, MJ15002 

-<>'6 
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Fig. 8 - Typical transfer characteristics for MJ15002. Fig. 9 - Typical saturation voltage characteristics for MJ15001. 
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MJ16010, MJ16012 

5-A Swilt:IIMd II Power Transistors 
High-Voltage N-P-N Types for Off-Line Power Supplies 
and Other High-Voltage Switching Applications 

Features: Applications: 

• Fast switching speed • Off-line power supplies 
• High-voltage ratings: • High-voltage inverters 

VCEV = 850 V • Switching regulators 
• Low VCE(sat) at Ie = 10A 

File Number 1839.1 

TERMINAL DESIGNATIONS 

JEDEC TO-204AA 

(200 mil diameter pin Isolation) 

MJI6010 
MJI6012 

The MJ16010 and MJ16012 Switch Max II series of silicon 
n-p-n power transistors feature high voltage capability, fast 
switching speeds, and low saturation voltages, together with 
high safe-ope rating-area (SOA) ratings. They are specially 
designed for off-line power supplies, converier circuiis, and 
pulse-width-modulated regulators. These high-voltage, high
speed transistors are tested for parameters that are essen
tial to the design of high-power switching circuits. Switching 

times, including inductive turn-off time, and saturation volt
ages are specified at 100°C to provide information neces
sary for worst-case design. 

The MJ16010 and MJ16012 transistors are supplied in steel 
JEDEe TO-204M hermetic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VeLV 

V",,=-1.5V .................................... . 
vr:ro ..••.••...•••••••••..••••••.•...•.•••••••••••• 

Villi) •••••••••••••••••••••••••••••••••••••••••••••• 

Ic(snt) ............. : ............................. . 
Ic ............................................... . 
ICM .............................................. . 
Is ............................................... . 

ISM·············································· . 
PT 

@Tc=25°e ................................... . 
@Tc =1000e .................................. . 
T C above 25° e, derate linearly ................... . 

Tstg. TJ •....•.•.....•.•.••....••.•••.•••••••••••••• 

TL 
At distance;::: 1/8" in. (3.17 mm) from 
seating plane for 10 s max ....................... . 

TL 
At distance;::: 1/16" in. (1.58 mm) from 
seating plane for 10 s max ....................... . 

R8JC .•••••••••••••.•••••••..••...••••••••••••••••• 
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MJ16010, MJ16012 

MJ16010 
ELECTRICAL CHARACTERISTICS (TC': 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage VCEO(sus) 450 - - Vdc 
(lC: l00mA,IB=O) 

Collector Cutoff Current ICEV mAdc 
(VCEV = 850 Vde, VBE(off) = 1.5 Vdc) - - 0.25 
(VCEV= 850 Vdc, VBE(off)= 1.5Vdc, TC= 100°C) - - 1.5 

Collector Cutoff Current ICER - - 2.5 mAde 
(VCE = 850 \Ide, RBE: 50 n, TC = 100°C) 

Emitter Cutoff Current lEBO - - 1.0 mAde 
(VEB = 6.0 Vde, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased See Figure 1 

Clamped Inductive SOA with Base Reverse Biased See Figure 2 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(lc = 5.0 Ade, IB = 0.7 Adc) - 0.5 2.5 
(IC = 10 Ade, IB = 1.3 Adc) - 1.0 3.0 
(lC= 10Ade,IB= 1.3 Adc, TC= 100°C) - - 3.0 

Sase-Emitter Saturation Voltage VSE(sat) Vdc 
(lc = 10 Adc, IS = 1.3 Adc) - 1.0 1.5 
(IC = 10 Ade, IB = 1.3 Ade, TC = 100°C) - - 1.5 

DC Current Gain hFE 5.0 - - -
(lC = 15 Ade, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

OUlpUI Capacilance 
(VCS = 10 Vdc, IE = 0, flesl = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time 
(lc = 10 Adc, 

Id - 40 - ns 
Rise Time (lS2 = 2.6 Adc, Ir 100 
Slorage Time 

VCC = 250 Vdc, 
RS = 1.6 H) Is - 1400 -

Fall Time 
ISl = 1.3 Ade, 

If - 140 -
Slorage Time 

PW= 30llS, 
ts - 600 -

Fall Time 
DUly Cycle ';;2.0%) (VBE(off) = 5.0 Vde) 

If 100 

Inductive Load 

Slorage Time Isv - 800 1800 ns 
Fall Time (lC = 10 Ade, (TC= 100°C) Ifi - 50 200 
Crossover Time ISl = 1.3 Ade,. Ie - 100 250 
Slorage Time VBE(off) = 5.0 Vde, Isv - 860 -
Fall Time VCE(pk) = 400 Vde) (TC = 150°C) Ifi 40 
Crossover Time Ie - 80 -
11) Pulse Test: Pulse Width = 300lls. Duty Cycle <; 2.0%. 
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MJ16010, MJ16012 

MJ16012 
ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage VCEO(sus) 450 - - Vdc 
(lc = 100 mA, 'B = 0) 

Collector Cutoff Current 'CEV mAdc 
(VCEV = B50 Vdc, VBE(off) = 1.!t.Vdc) - - 0.25 
(VCEV = B50 Vdc, VBE(off) = 1.5 'ldc, TC = 100°C) - - 1.5 

Collector Cutoff Current ICER - - 2.5 mAdc 
(VCE = 850 Vdc, RBE = 50 n, TC = 100°C) 

Emitter Cutoff Current 'EBO - - 1.0 mAdc 
(VEB = 6.0 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased See Figure 1 

Clamped Inductive SOA with Base Reverse Biased See Figure 2 

ON CHARACTERISTICS (1) 
-. 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = 5.0 Adc, 'B = 0.5 Adc) - - 2.5 
(lC = 10 Adc, 'B = 1.0 Adc) - - 3.0 
(lc = 10 Ade,lB = 1.0 Adc, TC = 100°C) - - 3.0 

--
Base-Emitter Saturation Voltage VBE(sat) Vdc 

(lc = 10 Ade,IB = 1.0 Ade) - - 1.5 I (lc = 10 Adc, 'B = 1.0 Ade, TC = 100°C) - - , c 

I J I 

' .~ 

I 
DC Current Gain hFE 7.0 - - -

(lC = 15 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 400 pF 
(VCB = 10 Vdc, IE = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Timo 
(lC = 10 Adc, 

td - 40 - ns 
Rise Time (lB2 = 2.0 Adc, tr - 100 -
Storage Time 

VCC = 250 Vdc, 
RB= 1.60) ts 1400 

Fall Time 
IB 1 = 1.0 Ade, 

tf - 140 -
Storage Time 

PW= 3O I'S, 
ts - 600 -

Fall Time 
Duty Cvcle <;;2.0%) (VBE(off) = 5.0 Vdc) 

tf 100 

Inductive Load 

Storage Time tsv - 800 1500 ns 
Fall Time (lC = 10 Adc, (TC= 100°C) tfi 50 150 
Crossover Time 'Bl = 1.0 Ade, te - 100 200 
Storage Time VBE(off) = 5.0 Vdc, tsv 860 
Fall Time VCE(pk) = 400 Vdc) (TC= 150°C) tfi 40 
Crossover Time tc - 80 -
(1) Pulse Test: Pulse Width:: 300 ",5. Duty Cycle ~ 2.0%. 
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MJ16010, MJ16012 
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MJE13004, MJE13005 

4-A SWitchMiff II Power Transistors 
High-Voltage N-P-N Types for Off-Line Power Supplies 
and Other High-Voltage Switching Applications 

Features: Applications: 

• Fast switching speed • Off-line power supplies 
• High-voltage ratings: • High-voltage inverters 

VCEV = 600 V to 700 V • Switching regulators 
• Low VCE(sat) at Ie = 4A 

File Number 1840 

TERMINAL DESIGNATIONS 

'R'~"l 0 II Ji' ~' 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

The MJE13004 and MJE13005 SwitchMax II series of 
silicon n-p-n power transistors feature high-voltage capaoil
ity, fast switching speeds, and low saturation voltages, 
together with high safe-operating-area (SOA) ratings. They 
are specially designed for off-line power supplies, converter 
circuits, and pulse-width-modulated regulators. These high
voltage, high-speed transistors are tested for parameters 

that are essential to the design of high-power switching cir
cuits. Switching times, including inductive turn-off time, 
saturation voltages are specified at 100°C to provide infor
mation necessary for worst-case design. 

These transistors are supplied in the JEDEC TO-220AB 
(VERSAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCEV 

V", --1.5V .................................................•... 
VCEO ••••.••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic(sat) ........................................................... . 
Ic ............................................................... . 
ICM •••••.••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

IB •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

IBM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PT 
@Tc=25°C ................................................... . 
@Tc=100°C .................................................. . 
Tc above 25°C, derate linearly ................................... . 

Tstg , TJ •••••••..•..•••••••••••••..•••••.••••••••••..••••••••••••••• 

TL 
At distance 2:: 1/8" in. (3.17 mm) from 
seating plane for 10 s max ....................................... . 

RBJe •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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MJE13004, MJE1300S 

ELECTRICAL CHARACTERISTICS ITC =250 C unless otherwise noted'! 

Characteristic Symbol Min Typ Max Unit 

-OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltage VCEOlsus) Vdc 
IIC= 10mA, IB =0) MJE13004 300 - -

MJE13005 400 - -
Collector Cutoff Current ICEV mAdc 

IVCEV = Rated Value, VBEloff) = 1.5 Vdc) - - 1 
IVCEV = Rated Value, VBEloff) = 1.5 Vdc, TC = 1000 C) - - 5 

Emitter Cutoff Current lEBO - - 1 mAde 
IVEB = 9 Vdc, Ie = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased See Figure 1 

Clamped Inductive SOA with Base Reverse Biased See Figure 2 

·ON CHARACTERISTICS 

DC Current Gain hFE -
(lC = 1 Adc, VCE = 5 Vdc) 10 - 60 
(lc = 2 Adc, VCE = 5 Vdc) 8 - 40 

Collector·Emitter Saturation Voltage VCElsat) Vdc 
lic = 1 Adc, IS = 0.2 Adc) - 0.2 0.5 
lic = 2 Adc, IB = 0.5 Adc) - 0.3 0.6 
(lc = 4 Adc, 'B = 1 Adc) - 0.7 1 
(lC = 2 Adc, IB = 0.5 Adc, TC = 1000 C) - - 1 

Base·Emitter Saturation Voltage VBElsat) Vdc 
(lc = 1 Adc, IB = 0.2 Adc) - 0.90 1.2 

(lc = 2 Adc, IB = 0.5 Adc) - 0.95 1.6 
(lC = 2 Adc, IB = 0.5 Adc, TC = 1000 C) - - 1.5 

DYNAMIC CHARACTERISTICS 

Current·Gain - Bandwidth Product fT 4 - - MHz 

IiC = 500 mAde, VCE = 10 Vdc, f = 1 MHz) 

Output Capacitance Cob - 200 - pF 
(VCB' 10 Vdc, IE = 0, f = 0.1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time IVCC = 125 Vdc, IC = 2 A, td - 0.02 0.1 IlS 

Rise Time IBl = IB2 = 0.4 A, tp = 251ls, tr - 0.08 0.7 IlS 

Storage T .me Duty Cycle" 1 %) ts - 1.90 4 IlS 

FaJi Time tf - 0.16 0.9 IlS 

Inductive Load, Clamped 

Voitage Storage Time IiC = 2 A, Vclamp = 300 Vdc, tsv - 1.60 4 IlS 

Crossover Time IBl = 0.4 A, VBEloff) = 5 Vdc, TC = 1000 C) tc - 0.15 0.9 IlS 

Fall Time tfi - 0.05 - IlS 

'Pulse Test: Pulse Width = 300 IlS, DutY Cycle = 2%. 
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MJE13004, MJE13005 
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File Number 1841 

5-A SWitt:IIMd II Power Transistors 
High-Voltage N-P-N Types for Off-Line Power Supplies 
and Other High-Voltage Switching Applications 

Features: Applications: 

• Fast switching speed • Off-line power supplies 
• High-voltage ratings: • High-voltage inverters 

VCfV = 650 V to 750 V • Switching regulators 
• Low VCf(sat) at Ie = 5A 

MJE13070, MJE13071 

TERMINAL DESIGNATIONS 

'R'~"lO II J± t' ~' 
TOP VIEW B 

92CS-39969 

JEDEC TO·220AB 

The MJE13070 and MJE13071 SwitchMax II series of 
silicon n-p-n power transistors feature high-voltage capabil
ity, fast switching speeds, and low saturation voltages, 
together with high safe-operating-area (SOA) ratings. They 
are specially designed for off-line power supplies, converter 
circuits, and pulse-width-modulated regulators. These high
voltage, high-speed transistors are tested for parameters 

that are essential to the design of high-power switching cir
cuits. Switching times, including inductive turn-off time, 
saturation voltages are specified at 100°C to provide infor
mation necessary for worst-case design. 

These transistors are supplied in the JEDEe TO-220AB 
(VERSAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCEV 

V"E=-1.5V .................................................... . 
VCEO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ielsat) ........................................................... . 
Ic ............................................................... . 
ICM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

IB •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

IBM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PT 

@Tc=25°e ................................................... . 
@Tc=1000e .................................................. . 
T C above 25° e, derate linearly .................................. . 

T"g. TJ •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distance:::: 1/8" in. (3.17 mm) from 
seating plane for lOs max ....................................... . 

R/lJc ............................................................. . 
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MJE13070 MJE13071 

650 750 V 
400 450 V 

6 V 
5 A 
5 A 
8 A 
2 A 
4 A 

80 W 
32 W 

0.64 WIDe 
-65 to +150 °e 

235 °e 
1.56 °e/W 



MJE13070, MJE13071 

ELECTRICAL CHARACTERISTICS (TC = 25°C 'unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage VCEO(sus) Vdc 
(lC = 100 rnA. IS = 0) MJE13070 400 - -

MJE13071 450 - -
Collector Cutolf Current 'CEV mAdc 

(VCEV = Rated Value, VSE(off) = 1.5 Vdc) - - 0.5 
(VCEV = Rated Value, VSE(off) = 1.5 Vdc, TC = 100°C) - - 2.5 

Collector Cutoff CurreRt ICER - - 3.0 mAdc 
(VCE = Rated VCEV, RSE = 50 n, T C = 100°C) 

Emitter Cutoff Current 'EBO - - 1.0 mAdc 
(VEB = 6.0 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased See Figure 1 

Clamped Inductive SOA with Base Reverse Biased See Figure 2 

ON CHARACTERISTICS (1) 

DC Current Gain hFE S.O - - -
(lC = 3.0 Adc, VCE = 5.0 Vdc 

Collector-Emitter SaturatIon Voltage VCE(sat) Vdc 
(lc = 3.0 Adc, IB = 0.6 Adc) - 0.6 1.0 
(lC = 5.0 Adc, 'B = 1.0 Adc) -- 2.0 3.0 
{Ie::: 3.0 Adc. :B ::: 0.6 Auc. Ie = i OO"C, _. - 2.0 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(IC = 3.0 Adc, IB = 0.6 Adc) _. 

1.0 1.5 
(Ie = 3.0 Adc, IB = 0.6 Adc, Te = 100°Cl - . - 1.5 

-
DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCS 10 Vdc, 'E = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Tlnw td - 0.03 0.05 ps 
Rise Time (VCC = 250 Vdc, IC = 3.0 Adc, 

tr - 0.08 0.40 
Storage TIme 

'B 1 = 0.4 Adc. tp = 30 pS. 
ts 0.33 1.50 

Fall Time 
Duty Cycle ';;2%. VSE(olf) = 5.0 Vdc) 

If - 0.10 0.50 

InductIve Load, Clamped 

Storage Time tsv - 0.70 2.0 pS 
Crossover Time (IC(pk) = 3.0 A. (TJ= 100°Cl tc - 0.08 0.50 
Fall Time 'Bl = 0.4 Adc. tfi - 0.05 0.30 
Storage TIme VBE(olf) = 5.0 Vdc. tsv - 0.40 -
Crossover Time VCE(pk) = 250 V) (TJ = 25°C) tc - 0.05 -
Fall Time tfl - 0.03 -
(t) Pulse Test PW - 300.5. Duty Cycle ",2% 
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MJE16002, MJE16004 

5-A lilwib:hlld II Power Transistors 
High-Voltage N-P-N Types for Off-Line Power Supplies 
and Other High-Voltage Switching Applications 
Features: Applications: 

• Fast switching speed • Off-line power supplies 
• High-voltage ratings: • High-voltage inverters 

VCEV = 850 V • Switching regulators 
• Low VCE(sat) at I. = 3A 

File Number 1842 

TERMINAL DESIGNATIONS 

'~'~"1o II ] {~' 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

The MJE16002 and MJE16004 SwitchMax II series of 
silicon n-p-n power transistors feature high-voltage capabil
ity, fast switching speeds, and low saturation voltages, 
together with high safe-operating-area (SOA) ratings. They 
are specially designed for off-line power supplies, converter 
circuits, and pulse-width-modulated regulators. These high
voltage, high-speed transistors are tested for parameters 

that are essential to the design of high-power switchinn cir
cuits. Switching times, including inductive turn-off time, 
saturation voltages are specified at 1000 e to provide infor
mation necessary for worst-case design. 

These transistors arc supplied in the JEDEe TO-220AB 
(VERSAWATT) plaslic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VClV 

V,", - -1.5 V ..............................•...................... 
VCEO •••.•••••••••••••••••••••••••••••••••••••• , ••••••••••••••••••• 

VEBO •••.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic(sat) ........................................................... . 
Ic ............................................................... . 
ICM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

IB •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

IBM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PT 

@Tc=25°e ................................................... . 
@Tc=1000 e .................................................. . 
T C above 25° e, derate linearly ................................... . 

Ts,g. TJ •••••••••••.•.•.••••••••••••••••••••••••••••••••••••••••.••• 

TL 
At distance 2: 1/8" in. (3.17 mm) from 
seating plane for 10 s max ....................................... . 

R..,c ............................................................. . 
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MJE16002 
MJE16004 

850 V 
450 V 

6 V 
3 A 
5 A 

10 A 
4 A 
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32 W 

0.64 w/oe 
-65 to +150 °e 

235 °e 
1.56 °elW 



MJE16002, MJE16004 

ELECTRICAL CHARACTERISTICS (TC = 25D C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage VCEO(sus) 450 - - Vdc 
flC= 100 mA.IB= 0) 

Collector Cutoff Current ICEV mAde 
(VCEV = 850 Vdc, VBE(off) = 1.5 Vdc) - - 0.25 
(VCEV= 850Vdc, VBE(off) = 1.5 Vdc, TC = 100°C) - - 1.5 

Collector Cutoff Current ICER - - 2.5 mAdc 
(VCE = 850 Vdc, RBE = 50 n, TC = 100°C) 

Emitter Cutoff Current lEBO - - 1.0 mAde 
(VEB = 6.0 Vdc: IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased See Figure 1 

Clamped Inductive SOA with Base Reverse Biased See Figure 2 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ie = 1.5 Adc, IB = 0.2 Adc) MJE16002 - 0.5 1.0 
(lc = 1.5 Adc, IB = 0.15 Adc) MJEI6004 - 0.5 1.0 
(Ie = 3.0 Adc, IB = 0.4 Adc) MJEI6002 - 1.2 2.5 
(lC = 3.0 Adc, IB = 0.3 Adc) MJE16004 - 1.2 2.5 
(lC = 3.0 Adc, IB = 0.4 Adc, 

TC=I000C) MJE16002 - - 2.5 
(lC = 3.0 Adc, IB = 0.3 Adc, 

Te= 100°C) MJEI6004 - - 2.5 
.. 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(lC = 3.0 Adc, IB = 0.4 Adc) MJE16002 - 1.0 1 I' .U 

(lC = 3.0 Adc, IB : 0.3 Adc) MJEI6004 - 1.0 1.i; 
(lC = 3.0 Adc, IB = 0.4 Adc, 

TC = tOODC) MJEI6002 - l.b 
(lC = 3.0 Adc, IB = 0.3 Adc, 

Te= 100°C) MJE16004 - l.b 
-- -- .. -

De Current Gain hFE -
(lC: 5.0 Adc, VeE = 5.0 Vdc) MJE16002 5.0 .. - -

MJEI6004 7.0 - -
--- .. --

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS ._.-
Resistive Load MJE16002 

Delay Time td - '10 100 ns 
Rise Time 

(Ie = 3.0 Adc, 
(lB2 = 0.8 Adc, tr - UO 300 

Storage Time 
VCC = 250 Vdc, 

RS2 = 8.0 0) ts - !lOO 3000 
Fall Time 

lSI = 0.4 Adc, 
tf - 20 300 

Storage Time 
PW= 3Ol'S, 

ts - 330 -
Fall Time 

Duty Cycle ";2.0%) (VBE(off): 5.0 Vdc) 
tf 100 

Resistive Load MJE16004 

Delay Time td - 40 100 ns 
Rise Time 

(lC: 3.0 Adc, 
(IS2 : 0.6 Adc, tr - 110 300 

Storage Time 
VCC: 250 Vdc, 

RS2: 8.0 0) Is - 750 2700 
Fall Time 

lSI = 0.3 Adc, 
If - 150 350 

Storage Time 
PW: 30 I'S, 

Is - 270 -
Fall Time 

Duly Cycle ";2.0%) (VSE(off): 5.0 Vdc) 
If 90 

(1) Pulse Test: pw. 300 I's. Duty Cycle <;2%. 
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MJE16002, MJE16004 

SWITCHING CHARACTERISTICS (conlinued) 

Characteristics 

Inductive Load MJE16002 

Slorage Time 
Fall Time (IC = 3.0 Adc, 
Crossover Time IBI = 0.4 Adc, 
Storage Time VBE(off) = 5.0 Vdc, 
Fall Time VCE(pk) = 400 Vdc) 
Crossover Time 

Inductive Load MJE16004 

Storage Time 
Fall Time (lC= 3.0 Adc, 
Crossover Time IBI = 0.3 Adc, 
Slorage Time VBE(oll) = 5.0 Vdc, 
Fall Time VCE(pk) = 400 Vdc) 
Crossover Time 

(11 Pulse Test: PW· 300 1'5, Duty Cycle <;2%. 

IX: 0.2 

~ ~ 0.1 

8 0.05 
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de 
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Fig. 2 - Maximum reverse-bias safe-ope rating-areas (or 
both types. 
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Fig. 3 - Dissipation and ISib derating curves for both types. 
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RCA3773, MJ15003, RCA8638C, RCA8638D, RCA8638E File Number 1060 

Silicon N-P-N Epitaxial-Base 
High Power Transistors 
Rugged Devices, Broadly Applicable For Industrial and 
Commerical Use 

Features: 
• High-dissipation capability 
• Low saturation voltage8 
• Maximum safe-area-of-operation curves 
• fT = 2 MHz 
• High gain at high current 

Applications: 
• Sories and 8hunt regulators 
• Hlgh-fidelityamplifier8 
• Power-switching circuit8 
• Solenoid driver8 

Tho RCA3773. MJ15003. RCA8638C. RCA8638D. and 
RCA8638E are ballasted epitaxial-base silicon n-p-n 
transistors featuring high gain at high current. They may be 
used as complements to the p-n-p types 2N6609. MJ15004. 
RCA9116C, RCA9116D. and RCA9116E, respectively. 

They differ in voltage ratings and in the currents at which 
the parameters are controlled. All are supplied in the steel 
JEDEC TO-204AA packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

RCA3773 MJ15003 

VCOD ................................... 160 140 
VeEX{SUS) 

VBE=-1.5V; R.E=loo0 .............. 160 
VeER{SUS) 

R.E= 1000 .......................... 150 150 
VeEo{SUS) .............................. 140 140 
VEOD •.••••••••••.••••••••••••.••••••••• 7 
Ie ..................................... 
I ...................................... 
PT 

AtTe$25De ........................ 150 250 
AtTc> 25DC Derate Linearly ......... 0.857 1.43 

T .... T, ................................ 
TL 

At distance;::: 1132 in. (O.B mm) from 
seating plane for lOs max. ........... 
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TERMINAL DESIGNATIONS 

92CS-27S16 

JEDEC TO-204AA 

RCA8638C RCA8638D RCAB63BE 

140 120 100 v 

v 

150 130 110 v 
140 120 100 V 

5 V 
20 A 
5 A 

200 200 200 W 
1.14 WIDe 

-65 to +200 De 

230 De 



RCA3773, MJ15003, RCA8638C, RCA8638D, RCA8638E 

ELECTRICAL CHARACTERISTICS. at Case Temperature (TCl = 25°C Unless Otherwise 
Specified 

TEST CONDITIONS LIMITS 

VOLTAGE CUR-
CHARAC- Vdc RENT UNITS 
TERISTIC Adc RCA3773 MJ15003 

VCE VBE IC Min. Max. Min. Max. 

'CBO 1608 - 4 - -
1408 - 2 - 1 

'CEX 140 -1.5 - 1 - 0.1 

ICEX 140 -1.5 - 5 - 2 
TC = 150°C 

mA 
'CEO 140 - - - 0.25 

'B= 0 
120 - 1 - -

lEBO 
- 7 - 1 - -
- 5 - - - 0.1 

hFE 4 BC 15 60 - -
4 16c 5 - - -
2 5c - - 25 150 
2 10c - - 10 -

VCEX(susiD -1.5 0.2 160 - - -
RBE = lOOn 

VCER(sus)b 
0.2 150 - 150 -

RBE";; lOon 

VCEO(sus)b 0.2 140 - 140 -

VEBO 0 7 - 5d -
'E= 1 mA 

4 BC 2.2 - - V 
VBE 

-
2 5c - - - 2 

VCE(sat) 
'8 = 3.2A 16c - 4 - -

= O.BA SC - 1.4 - -
= 0.5A 5c - - - 1 

'SIb 100 1.5 - 1 -
tp = 1 s 50 - - 5 - A 

nonrep. 

Ihfel 
f=0.5 MHz 10 0.5 4 - 4 -

fT 2 - 2 - MHz 

hfe 4 1 40 - - -
f= 1 kHz 

Cob 108 -
f=O.l MHz 

500 - 500 pF 

ROJC 10 10 - 1.17 - 0.7 °C/W 

See page 3 for footnotes. 
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RCA3773, MJ15003, RCA8638C, RCA8638D, RCA8638E 

ELECTRICAL CHARACTERISTICS, at Case Temperature (TC) = 25"C 
Unless Otherwise Specified (Cant'd) 

TEST CONDITIONS 
LIMITS 

VOLTAGE CUR-
CHARAC- Vdc RENT 

RCA8638C RCA8638D 
TERISTIC Adc 

VCE VBE IC Min. Max. Min. Max. 

140a - 1 - -
ICBO 120a - - - 1 

100a - - - -

ICEX 
140 1.5 - 1 - -
120 1.5 - - - 1 

ICEX 140 1.5 - 5 - -
TC= 150°C 120 1.5 - - - 5 

ICED 70 - 1 - -
IB=O 60 - - - 1 

lEBO - 5 - 1 - 1 

hFE 2 5C 25 150 25 150 
2 7.5c - - - -
2 JOc 10 - 10 -

VCER(suslb 
0.2 150 - 130 -

RBE~100n 

VCEO(susl b 0.2 140 - 120 -

VEBO 0 5 - 5 -
IE=l rnA 

VBE 2 7.5c - - - -
2 5c - 2 - 2 

VCE(satl 
18 = 0.75A 7.5c - - - -

= 0.5A 5c - 1 - 1 

ISlb 
tp = 1 s 35 5.71 - 5.71 -
nonrep. 25 - - - -

Ihfel 10 0.5 4 - 4 -
f = 0.5 MHz 

fT 2 - 2 -

Cob loa - 500 - 500 
f = 0.1 MHz 

ROJC 10 10 - 0.875 - 0.875 

RCA8638E 

Min. Max. 

- -
- -
- 1 

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

- 1 

-- -
10 100 

- -

110 -

100 -

5 -

- 3 
- -

- 1.5 
- -

- -
8 -

4 -

2 -

- 500 

- 0.875 

UNITS 

rnA 

V 

A 

MHz 

pF 

°C/W 

a VCB b CAUTION: Sustaining voltages VCEX(sus). VCER(susl. and 
VCEO(sus) MUST NOT be measured on a curve tracer. See 
Figs. 8 and 9. 

C Pulsed; pulse duration = 300 "s, 
duty factor = 1 .8%. 

d Measured at IE = -0.1 mAo 
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RCA3773, MJ15003, RCA8638C, RCA8638D, RCA8638E 

COLLECTOR-TO-EMITTER VOLTAGEIVCE'-V 
92CM-30145 

Fig. 1 - Maximum oparatlng areas for a/l types. 

~-: COLLECTOR- TO-EMITTER VOLTAGE (VeE'-2 v r---
~ . 

r-W.! !! 0 

~ - 2 1--+'r;1- ...... 
a: 100 
~ . r-~ o • r--- t~~1U~£. z .. . P"" c .. ~'E. ~tr.p'Z.').c· :: . I C 

~ • r------ , 

a: IO.~ G 
0 • a: • ;I 
~ • 

2' 50 100 12' 150 175 200 g I 

• 4 •• 2 4 •• 2 4 •• 2 4 •• CASE TEMPERATUR[ tTcl--C 
0.01 0.1 I 10 100 

COLLECTOR CURRENT CIC I-A 92CS-30146 

Fig. 2 - Current derating curve for a/l types. Fig. 3 - Typicel dc beta characteristics as a function of co/lector 
current for a/l types. 

BASE-TO-EMITTER VOLTAGE IVBE)-Y 
92CS-30148 

Fig. 4 - Typical saturation voltage characteristics for a/l types. Fig. 5 - Typical Input characteristics for a/l types. 
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RCA3773, MJ15003, RCA8638C, RCA8638D, RCA8638E 

BASE~TO·EMITTER VOLTAGE (YSE)-V 92CS~30149 COLLECTOR CURRENT IICI-A 92CS-30151 

Fig. 6 - Typical transfer characteristics for al/ types. Fig. 7 - Typical satursted-switching times for al/ types. 

27A.2W 

6 SERIES-CONNECTED 
J. W. MILLER NO. 2881. 
OR EQUIVALENT 

OSCILLOSCOPE INPUT 
HEWLETT-PACKARD 
MODEL NO. 130B. 

CLARE MERCURY RELAY 
MODEL NO. HGP-I045 
OR EQUIVALENT 

~ 
120V 
60Hz 

1.5 

OR EQUIVALENT 

+----<0 HORIZ. 
III 
NON. IND. 

+--..... -OGNO 

10011 +----0 VERT. 

L· 21 mH FOR VCEO(sus) 

AND VeER (sus) 

L· 7mH FOR VCEX (sus) 
R-IOOII 

92CS-30150 

a TO SOV 
(500mA) 

Fig. 8 - Circuit used to measure sustaining voltages VCEO(SUS). 

VCER(SUS). and VCEX(SUS) for al/ types . 

... I C Ic VCE~~'US) 
~ veEo (SLlS) VeE)( (sus) 

~ I I I 
=><t 
~I ---~ A 
0- I 
b~ I I 
w- I I 
:J I I 

80 VCE O VCE 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

HOTE: The ." ... i .. 11I1 Voltag.s VeEO(""), YCER<auSl or, VCEX(5U$) ore 
Keep'obI ...... the trllJ:"olls10 th.,ight cmd obo ... poin' "A". {For 'Iolue. 
oleu""" cmd.,.lt .. e, 1 •• Eleclricol Characteristics. 

92CS-15224RI 

INPUT 
WAVE FORM 

92CS-24797RI 

Fig. 9 - Oscilloscope display for measurement of sustaining 
voltages. (Test circuit shown In Fig. 8). 

Fig. 10 - Oscll/oscope display for measurament of switching times 
for al/ types. 
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File Number 1205 RCA6340, RCA6341 

2S-A Silicon N-P-N Power Transistors 
N-P-N Types for Power Supplies and Other High Voltage 
Switching Applications 

Features: 
• Fast switching speed 
• Low Vee(Sat) 
• Steel hermetic TO-204AA package 

RCA6340 and RCA6341 silicon n-p-n power transistors 
which feature fast switching speeds, low saturation voltage, 
and high safe-operating-area (SOA) ratings. They are 
specially designed for converters, inverters, pusle-width
modulated regulators and a variety of power switching 
circuits. 

TERMINAL DESIGNATIONS 

C 
E" (FlAN~EI 

V These high-current, high-speed transistors are 100-percent 
tested for parameters that are essential to the design of 
high-power switching circuits. 

The RCA6340 and RCA6341 transistors are supplied in steel 
JEDEC TO-204AA hermetic packages. 

These typos are similar to the 2N6340 and 2N6341 except 
for the Cobo, hFe measured at Ie of O.5A, and lSI, 102 

conditions for switching times. 

MAXIMUM RATINGS, Absolute Maximum Values: 

VeBO •••.•••••••••••.••.••••.••••••••.•••••••••••••••.••••••••••••.•••.•••••••••• 
VeEO ••••••••••••.•••.•••••.•••••••.••••••••••••••••••••••••••••••••••••••••••••• 
VEBO •••.•••••••••••••.••••.•••••••.••••.•••••••••••••••••••••••••••••••••••••••• 
Ie •••.....•..••....•...•••...•.••....•.•.•..•••••.•...•........•.•.•.••••.•••.... 
leM ........•••..••..••.................•.........•••..•••••••..••...••.......•••• 
IB •••••••••••••••••••••.•••••••••••••••••••••••••••••.•••••••.••••.•••••••••••••• 
PT 

Tc up to 25·e ................................................................ . 
Te above 25· e, derate II nearly ..........•.•.•....•...•.•••...•••••••...•.•...••. 

Tstg, TJ ..•......•...•••..•................•.....•••..••••••••••••••••.•.•••.•••. 
Tl 

At distance 2: 1116 In. (1.58 mm) from 
seating Diane for 10 s max ........•......•..•.•••••....•.•••••..•••••..••••.•••••• 
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JEDEC TO-2D4AA 

RCA6340 RCA6341 

160 180 
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RCA6340, RCA6341 
ELECTRICAL CHARACTERISTICS. at Ca.e Temperatura Te = 25· C Unle .. Olberw ... Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT 
RCA6340 RCA6341 

Vdc Adc 

VeE VaE Ie la Min. Mex. 

150 -1.5 - - - 10 
IcEV 

150 -1.5 - - - -
140 -1.5 - - - 1 

Tc=150·C 
150 -1.5 - - - -

16QC - - - - 10 
ICBO 

18QC - - - - -
lEBO - -6 0 - - 100 

VCEo(sus)b - - 0.05a 0 140 -
2 - 0.58 - 30 -

hFE 2 - 108 - 30 120 

2 - 258 - 12 -
VBE 2 - 108 - - 1.8 

- - 108 1 - 1.8 
VUE (sat) 

258 - - 2.5 - 2.5 

- - 108 1 - 1 
VCE(sat) 

258 2.5 1.8 - - -
Islb 18 - 11.1 - 1 -
hr. f = 5 MHz 10 - 1 - 8 -
fT 10 - 1 - 40 -
Cobo f = 0.1 MHz 10e - - - - 600 

t,d - -6 10 0.5 - 0.3 

t.d - -6 10 0.5e - 2.0 

trd - -6 10 0.5e - 0.25 

RBJC 10 - 5 - - 0.875 

a Pulsed; pulse duration = 300 ps, duty factory:5 2%. 

b CAUTION: The sustaining voltage VCEO(SUS) MUST NOT be measured on a curve tracer. 

eVCB value. 

dVcc=80V, tp = 10ps . 

• 'Bl = -IB2. 
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Min. Max. 

- -
- 10 

- -
- 1 

- -
- 10 

- 100 

150 -
30 -
30 120 

12 -
- 1.8 

- 1.8 

- 2.5 

- 1 

- 1.8 

1 -
8 -
40 -
- 600 

- 0.3 

- 2.0 

- 0.25 

- 0.875 

UNITS 

pA 

mA 

pA 

V 

V 

s 

MHz 

pF 

ps 

·C/W 
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Fig. 1 - Maximum operating areas for both types. 
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RCA6340, RCA6341 

-
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CASE TEMPERATURE ITel-DC 

Fig. 2 - Dissipation and 18/b derating curves for both types. 

400 COLLECTor~-TO-EMITTER VOLTAGE 
(YCE)oZV 

• 8 
0.' 10 

COLLECTOR CURRENT C1CI- A 
.0 

92CS-31452 

Fig. 4 - Typical dc beta characteristics for both types. 
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Fig. 3 - Typical thermal-response characteristic for both types. 
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Fig. 5 - Typical collector-to-emltter saturation voltage 
characteristics for both types. 



RCA6340, RCA6341 

0.2 

o 4 6 B I 4 6 8 10 
COLLECTOR CURRENT (IC)-A 

4 60 

92CS-31454 

Fig. 6 - Typical base-to-emltter saturation voltage characteristic 
for both types. 

COLLECTOR-TO-EMITTER VOLTAGE (VeE) - v 92CS~31456 

Fig. B - Typical output characteristics for both types. 

t 10. CASE TEMPERATURE (Tel -125°C 

I 6, Is'IC/lO 
IS, 'IS2 VCc'SOV 

~ • 
:: "'-13 2 ,. ........ 

............. ;: t--, ..J I ..J 

~ • 
Q • Z I -r--... .. 'r '" 4 
~ V If 
0: 

./ ~ 2 .. 
" ---'" .. 

iii!Q1 
o 5 10 15 20 25 30 35 

COLLEQTOR-CURRENT (IC)-A 92CS-!1410 

Fig. 10 - Typical saturated-switchlng-time characteristics at Tc = 
125· C as a function of collector current for both types. 

1.6 2.4 2.e 
COLLECTOR CURRENT (Icl- A 92CS-31455 

Fig. 7 - Typical small-signal forward-current transfer ratio 
characteristic for both types (f = 5 MHz). 

10. CASE TEMPERATURE lTe )a2S-C 
IS'IclIO 

'1 
!... 
": 
~ 

~ 
" ;:: 
:l I 
;f 
Q 
z .. 
'" ~ 
l 
'" '" iii! 

0.1 

6 IS,'IS2 'lcc'SOV 

4 

2~ 
~~~~. 

I----" :rS':r";- r-• C/~O - -6 

4 -,-

2 
........ 'r --- 'f -

o 5 10 15 20 2~ 30 
nc~~ 3~14' COLLECTOR CURRENT! Ic)- A 

Fig. 9 - Typical saturated-swltching-time charactorlstics as a 
function of collector current for both typos. 

4 6 8 10 2 4 6 BIOO 2 400 

COLLECTOR-TO-SASE VOLTAGE (VCs)-V OR 
EMITTER-TO-BASE VOLTAGE CVES)-V 92CS~31459 

Fig. 11 - Typical common-base input (C, •• ) or output (C.b.) 
capacitance characteristic for both types. 
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DEVICE 
UNDER 
TEST 

roD 1:91 ...... 

IN49~3 ....-1:82 
OR 
EQUIV. 

-5V 
-VB8 

Vec 
aov 

RL 
811 

. OUTPUT TO 
OSCILLOSCOPE 

92C5-28343 

Fig. 12 - Switching-time tflst circuit. 

II L.---+--r 

RCA6340, RCA6341 

j b- TlME 

IB2 /NPIIT WAlE' Fr»MI 

Ti 
1 
1 
1 
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t==CONDOfI.ION±=l 
-------1-- - ,90% 

1 
1 
I 

nME I ________ I_~~~ _10% 

TURN-OFF 
I---f.-' nME 

OUTPUT WAIoE' FrJRM 

S2CS-IUI,"1 

Fig. 13 - Phase relationship between input current and output 
current showing reference pOints for specification of 
switching times. 
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MJ15022, MJ15024 

Silicon N-P-N Epitaxial-Base 
High-Power Transistors 
Rugged Devices, Broadly Applicable 
For Industrial and Commercial Use 
Fealures: 
• High dissipation capabifity 
• Maximum safe-aree-of-operation curves 
• High voltage 
• High gain at high current 

Appllcallons: 
• High-fidelity amplifiers 
• Series and shunt regulators 
• Linear/power amplifiers 

The MJ15022 and MJ15024 are ballasted multiple-epitaxial 
silicon n-p-n transistors featuring high gain at high current 
and high voltage. They differ from each other in voltage rat
ings, safe-operating-area (SOA) ratings, and the currents at 
which the parameters are controlled. 

All these types are supplied in the JEDEC TO-204AA steel 
hermetic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

vcoo •.••.••••..••.•.•....•.....•••..•••.•.•••••••••••....•••....• 
VCER(SUS) RaE = 100 O .............. , ..........•.. , ..•....••....... 
Vcec(SUS) •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
VEOO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• '" 
Ic •..•.•••..•...••....•...•••••••••...•.•••••..•••••••.•.•.•.••.• 
ICM •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

la .......•...•..••....••..•.••••••.•.••.••••••.••..••••..•.....•. 
p,. 

AtTcS25·C .•...•......•.•••.•••.•..••..•..•••••.•...•...•.. 
At Tc> 25·C ••.•..•...••..•••.••....••••••••.•• Derate linearly 

T.tg, TJ .. .................. 0 •••••••••••••••••••••••••••••••••••••• 

TL 
At distance ~ 1/32 In. (0.8 mm) from 
seating plane for 10 s max. • .••....•.•.•..•..••.....•..••..•. 
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File Number 1293.1 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-2D4AA 

MJ1S024 
400 
275 
250 

5 
16 
30 
5 

MJ1S022 
350 
225 
200 

250 
1.43 

-65 to 200 

230 

v 
v 
v 
V 
A 
A 
A 

w 



ELECTRICAL CHARACTERISTICS. at Cas& Temperature (TC)=25° C 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CUR-

CHARAC- VOLTAGE RENT MJ15024 MJ15022 

TERISTIC Vdc Adc 

VCE VBE IC Min. Max. Min. Max. 

40()8 - 1 - -
ICBO 

35()8 1 - - -
200 - 0.5 - -

ICEO 
150 0.5 - - -
400 -1.5 - 0.5 - 0.5 

ICEX 250 -1.5 - 0.25 - -
200 -1.5 - - - 0.25 

ICER RBE=100 n. 200 - 4 - -
TC=150°C 150 - - - 4 

4 3c - - - -
4 5c - - - -

hFE 
4 BC 15 60 15 60 

4 16c 5 - 5 -
VCEO(sus)b 0.1 250 - 200 -
VCER(sus)b 

0.1 275 225 - -
RBE=100 n 
VEBO IE-1 mA - - - -

IE=0.5mA 5 - 5 -
4 3c - - - -

VBE 
4 BC - 2.2 - 2.2 

VCE(sat) IB=0.3 A 3c - - - -
IB=0.8A 8c - 1.4 - 1.4 

IB=3.2 A 16c - 4 - 4 

ISlb tp=0.5 s 80 2 - 2 -
nonrep. 50 5 - 5 -

Ihlel 1=1 MHz 10 1 4 20 4 20 

IT 10 1 4 20 4 20 

Cob 10a - 500 - 500 

R8JC 10 10 - 0.7 - 0.7 

aVCs· 

MJ15022, MJ15024 

UNITS 

rnA 

V 

A 

MHz 

pF 

°C/W 

beAUT/ON: Sustaining voltages VCER(sus) and VCEO(SUS) MUST NOTbe measured on a curve tracer. 

CPulsed; pulse duration=300 JIB. duty factor=1.8%. 
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MJ15022, MJ15024 

4 6 8 10 2 4· 6 8 100 2 4 6 8,000 

COLLECTOR-TO-EMITTER VOLTAGE (VcEI-V 

92CM-33704 

Fig. 1 - Maximum operating areas for aI/types. 

25 50 75 100 125 150 
CASE TEMPERATURE (Tel-OC 

175 200 

92LS-1469RI 

Fig. 2 - Current derating curve for aI/ types. 

Fig. 4 - Typical gain-bandwidth product for aI/ 
types. 
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IOCOo COLLECTOR TO EMITTER VOLTAGE(VCE)-4V 
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Fig. 3 - Typical dc beta characteristics as a 
function of col/ector currant lor aI/ 
types. 
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Fig. 5 - Typical saturation voltage character
istics for aI/ types. 



92CS-33706 

Fig. 6 - Typical input characteristics for all 
types. 

r 
eASE-TO-COLLECTOR VOLTAGE (Vee I-V OR 

BASE-TO-EMITTER VOLTAGE (VBEI-V 92CS-33708 

Fig. 8 Typical common-base input or output 
capacitance characteristics as a 
function of reverse voltages for all 
types. 

27n,2W 

6 SERIES-CONNECTED 
J. W. MILLER NO. 2881, 
OR EQUIVALENT 

CLARE MERCURY RELAY 
MODEL NO. HGP-1045 
OR EQUIVALENT 

~ 

R 

120 V 
60Hz 

loon 

1.5 ~ 

VCER(SUS) 

L 

42mH 

35 

MJ15022, MJ15024 

14 

r 

~ 6 

~ 4 

COLLECTOR-TO-EMITTER VOLTAGE 

(VCE) -4V 

I 2 3 4 
BASE-TO-EMITTER VOLTAGE (VBE ' - V 

92CS-33710 

Fig. 7 - Typical transfer characteristics. 
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OR 
VCEX (sus) 

80 VCE O VeE 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

NOTE: The .ustalnlng Valtag .. VCEOI.UI), VCER(luII ar, VCEX(susl ar. 
acc.ptabl. ""en I~. I'an 'ollila I~. Ilg"l and aba .. pain I "A". (Fal .alu .. 
a'current and .alto,., ltoEloclrical Cha,acl.rI.tic. 

92CS'I~22411t 

Fig. 9 - Oscilloscope display for measurement 
of sustaining voltages. (Test circuit 
shown in Fig. 10). 

OSCILLOSCOPE INPUT 
HEWLETT - PACKARD 
MODEL NO. 130B, 
OR EQUIVALENT 

+-----0 HORIZ. 

t--~-OGND 

t-----QVERT. 
(INVERT) 

o TO 50V 
(500 mAl 

VCEO(susl° 
L· 21 mH FOR VCEO(sus) 

AND VCER (sus) 
L- 7mH FOR VCEX (lUI) 
Roioon 

92CS-33703 

Fig. 10 - Circuit used to measure sustaining 
voltages VCEO(SUS), VCER(SUS), and 
VCEX(SUS) for all types. 
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RCA9202A, RCA9202B, RCA9202C 

4-Ampere N-P-N Darlington 
Power Transistors 
300,350 and 400 Volts, 65 Watts, Gain of 750 at 2A 

Features Applications 
• Direct Ie input without predriver • General purpose 
• Low leakage at high temperature • Small engine ignition 
• Hard glass passivation • Voltage regulator 
• Wire bonded construction 

The RCA9202A, RCA9202B, and RCA9202C· are mono
lithic n-p-n silicon Darlington transistors designed for low
and medium-frequency power applications. The construc
tion of these devices provides good forward-bias second
breakdown capability; their high gain makes it possible for 
them to be driven directly from integrated circuits. 

These devices are supplied in the JEDEC TO-220AB (VER
SAWATT) plastic package. 

-Formerly RCA Dev. No. TA9202A, TA9202B and TA9202C, 
respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCEO(SUS) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic ..................•••.••..•.....••..•.....•.........•...........•.. 
ICM •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

IB ••.•••••..•••.•••.•.•••••••••••.••..•.•••••••••..•••.••••••••••••.• 
PT: .....•......................••••..•••..•..•••..•.••.••.•••....•..• 

Tc up to 25·C ....•••••••.•••.•••••••••••••••.•.••.•••.••••••••••••• 
Tc above 25° C ..••..•.........•..••..•. : ....•....• Derate linearly at 

Tstg, TJ ••••.•••...•••••••••••.•••••••••.•••••.•••••.•••••••••••••••.• 
Tl 
At dislance;:: 1/8 in. (3.17 mm) from case for 10 s max .•........•.....•. 
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File Number 1414 

TERMINAL DESIGNATIONS 

'~'~'"lO II J±-~' ~' 
TOP VIEW B 

92CS-39969 

JEDEC TO-22OAB 

r-----------, 
I I 
I I 
I I 
I I 
I I 
I I L _________ -1 

UCS·28!Ht7 

Fig. 1 - Schematic diagram lor 111/ typos. 
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RCA9202A, RCA9202B, RCA9202C 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Te) = 25° C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC Voltage Current 
RCA9202A RCA9202B 

V de Ade 

VCE VBE Ic IB Min. Max. Min. Max. 

300a - - -
ICBO 

- 0.2 - -
IE = 0 

350a - - - - - - 0.2 

400a - - - - - - -
250 - - 0 - 0.5 - -

ICED 300 - - 0 - - - 0.5 

350 - - 0 - - - -

lEBO - -5 0 - - 10 - 10 

VCEO(SUS)e - - .03b 0 300 - 350 -
3.0 - 2b - 750 - 750 -

hFE 3.0 - 3b - - - - -
3.0 - 4b - 500 - 500 -

VBE 3.0 - 4b - - 2.5 - 2.5 

- - 2b .1 - 1.5 - 1.5 

VCE(sat) - - 3b .15 - 1.5 - 1.5 

- - 4b .2 - 1.5 - 1.5 

Cobo 

Vcs = 10 V - - - - 100 Typ. 100 Typ. 

f = 1 MHz 

Isib 

t = 0.5 s non- 50 - - - 1.3 - 1.3 -

reD. Dulse 

ROJC - - - - - 1.92 - 1.92 

aVCB value. 

bPulsed, pulse duration = 300 /is, duty factor:5 2%. 

eCaution: Sustaining voltage, VCEO(SUS). must not be measured on a curve tracer. 

~c 

~~W 
ft:~ 
~~~ '00 

iffi~ 
" ~. 

~25= 
~~i '0 
ffi~a 
u .. 

~~ " 

NOTE, CURRENT DERATING AT CONSTANT 
VOLTAGE APPLIES ONL.Y 10 THE OISSIPATION
LIMITED PORTION AND THE I:S/b -LIMITED 
PORTION OfMA)(IMUM OPERATING AREA 
CURVE. 00 NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX 

25 50 75 100 125 150 I~ 200 

CASE TEMPERATURE tTel _·C 

Fig. 2 - Derating curve for al/ types. 
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RCA9202C 
UNITS 

Min. Max. 

- -
- -
- 0.2 

mA 
- -

- -

- 0.5 

- 10 mA 

400 - V 

750 -

500 -

250 -
- 2.5 V 

- 1.5 

- 1.5 V 

- 1.5 

100 Typ. pF 

1.3 - A 

- 1.92 °C/W 



RCA9202A, RCA9202B, RCA9202C 

92CM-3D299 

Fig. 3 - Maximum operating areas for a/l types . 

0·' • 8 I 

COLLECTOR CURRENT CI.C}-A 

8 • 10 

92C .. 35318 

Fig. 4 - Typical dc beta characteristics for a/l 
types. 
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COLLECTOR CURRENT II C )-A 
!.IZC3-3~319 

Fig. 5 - Typical saturation characteristics for a/l 
types. 



RCA9202A, RCA9202B, RCA9202C 
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Fig. 6 - Typical saturation characteristics for al/ 

types. 
Fig. 7 - Typical transfer characteristics for al/ 

types. 
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Fig. 8 - Typical saturated switching character
istics for al/ types. 

Fig. 9 - Typical saturated switching character
istics for al/ types. 
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Fig. 10- Typical common-base input (ClbO) or 
output (CObo) capacitance character
istics (al/ types). 
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RCA9228A, RCA9228B, RCA9228C, RCA9228D 
RCA9229A, RCA9229B, RCA9229C, RCA9229D 

File Number 1448 

50-A Complementary High-Current, 
Medium-Voltage N-P-N and P-N-P Silicon 
Darlington Power Transistors 

Features: 
• 300 W at 25° C case temperature 
• 50-A rated col/ector current 
• Hard glass passivation 
• Wire-bonded construction 

Applications: 
• General purpose 
• Low-speed switching 
• DC motor control 

The RCA9228A, RCA9228B, RCA9228C, RCA92280 and 
the RCA9229A*, RCA9229B*, RCA9229C*, RCA92290* are 
complementary n-p-n and p-n-p silicon Oarlington tran
sistors designed for general-purpose amplifier and low
speed switching applications. The high gain of these 
devices makes it possible forthem to be driven directly from 
integrated circuits. 

These devices are supplied in the JEOEC TO-204AE 
hermetic steel package. 

"The RCA9228A, RCA9228B, RCA9228C, RCA9228D and 
RCA9229A. RCA9229B. RCA9229C. RCA9229D were formerly 
RCA developmental nos. TA9228 and TA9229, respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TERMINAL DESIGNATIONS 

c 

'0' 
92CS~ 27518 

JEDEC TO-204AE 
(141 mil d!amew, pin isolation) 

RCA9228A RCA9228B RCA9228C RCA9228D 
RCA9229A" RCA9229B" RCA9229C" RCA9229D" 

Veao ............................................ .. 60 80 100 120 V 
VeEo(SUS) ••••••••••••••••••••••••••••••••••••••••• 60 80 100 120 V 
VEao ............................................. . 

________ 5 V 

Ie ............................................... . _________ 50 A 

I ................................................ . A 

PT 
Te::025°C ................................... . 

________ 300 _______ _ w 
Te > 25° C ...................... Derate linearly 

________ 2.4 ______ _ wrc 
T.tg, TJ •••••••••••••••••••••••• , ••••••••••••••••••• 

______ -65 to +150 _____ _ °C 
TL 

At distances> 1/8 in. (3.17 mm) from case 
forl0s max. .. ............................. .. ________ 235 _______ _ °C 

• For p-n-p devices. voltage and current values are negative. 
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RCA9228A, RCA9228B, RCA9228C, RCA9228D 
RCA9229A, RCA9229B, RCA9229C, RCA9229D 

ELECTRICAL CHARACTERISTICS, Case Temperature (Te) = 25°C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT RCA9228A RCA9228B RCA9228C 

V de Ade RCA9229A· RCA9229B- RCA9229C-

VCE VaE Ie la MIN. MAX. MIN. MAX. MIN. MAX. 

50 - 0.5 - - - -

leEo 
70 - - - 0.5 - -
90 - - - - - 0.5 
110 - - - - - -

IEao -5 - 5 - 5 - 5 
VeEo(SUS) a 0.1b 60 - BO - 100 -

hFE 
3 25 2000 - 2000 - 2000 -
5 50 400 - 400 - 400 -

Ve.(sat) 25 0.2 - 3 - 3 - 3 
50 0.3 - 4.5 - 4.5 - 4.5 

VeE(sat) 
25 0.25 - 2.5 - 2.5 - 2.5 
50 0.5 - 3.5 - 3.5 - 3.5 

Is;. 
30 10 10 - 10 -

t = 0.5 sec. -
CObO 

Vca = 10 V 
RCA922BA,B,C,D Typ.300 Typ.300 Typ.300 
RCA9229A,B,C,D Typ.600 Typ.600 Typ.600 

h,. at f = 1 MHz Typ.5 Typ.5 Typ.5 
RUJe - 0.416 - 0.416 - 0.416 

- For p-n-p devices, voltage and current values are negative. 

a CAUTION: Sustaining voltage VeED(SUS) MUST NOT be measured on a curve tracer. 

b Pulsed: Pulse duration = 300 IlS, duty factor < 2%. 

1S;~ t:: 
RI R2 

92CS-36203 

Fig. 1 - Schematic diagram for RCMI228A, RCA9228B, 
RCA9228C, RCA9228D. 

'1£~ f :: 
RI R2 

VCEO (MA)t' l=60V (RCA9228A, RCA9229A 

vCEoIMAx,l=eovcRcA922BB,RCA9229 B *) 

2 VCEO (MAX1-IOOVIRCA922BC,RCA9229 C *) 

VCEO (MAX 1=120 VI RCA9228D,RCA9229D *) 

RCA9228D 
UNITS 

RCA9229D-

MIN. MAX. 

- -
- - mA - -
- 0.5 
- 5 mA 

120 - V 
2000 -
400 -
- 3 

V - 4.5 
- 2.5 V - 3.5 

10 - A 

Typ.300 
pF 

Typ.600 
Typ.5 

- 0.416 °C/W 

92C5-36204 4 6 8 10 4 6 8100 4 6 81000 

Fig. 2 - Schematic diagram for RCA9229A, RCA9229B, 
RCA9229C, RCA9229D. 

COLLECTOR-TO- EMITTER VOLTAGE (VCE)- V 92eM-362o' 

*FOR p-n-p DEVICES,VOLTAGE AND CURRENT VALUES ARE NEGATIVE 

Fig. 3 - Maximum operating areas for al/ types. 
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RCA9228A, RCA9228B, RCA9228C, RCA9228D 
RCA9229A, RCA9229B, RCA9229C, RCA9229D 

'1"' tHH+Ht 

: :r,-! iti:J: 
• • .~. ~ ,-+, + -+ 

•• ~. 1+ + •• t 
: "f-.... -J..t 

:~~"§ ~}:. 
.. ::17:# 
~ iTii 
fjP' .. 

~!rll il II Wi 
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CASE TEMPERATURE fTC}- '"C 

Fig. 4 - Current derating curve for a/l types. 
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Fig. 5 - Power derating curve for a/l types. 

6 8 10 6 8 100 

COLLECTOR CURRENT (Ie)-A 
UCS-42257 

Fig. 6 - Typical dc beta characteristics for al/ types. 

C::')LLECTOR-TO-EMITTER SATURATION VOLTAGE (VeE $01)- v 

Fig. 7 - Typical collector-to-emitter saturation voltage 
characteristics for RCA9228A, RCA9228B, RCA9228C 
and RCA9228D. 
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92CS-4225& 

Fig. 8 - Typical base-to-emitter saturation voltage characteristics 
for RCA9228A, RCA9228B, RCA9228C and RCA9228D. 
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RCA9228A, RCA9228B, RCA9228C, RCA9228D 
RCA9229A, RCA9229B, RCA9229C, RCA9229D 

it 
50 L 
40 

20 

to 

o 
COLLECTOR-TO-EMITTER SATURATION VOLTAGE (VCE sat)-V 

Fig. 9 - Typical col/ector-to-emitter saturation voltage 
characteristics for .QCA9229A, RCA9229B, RCA9229C 
and RCA9229D. 

BASE-TO-EMITTER SATURATION VOLTAGE P/SEsot)-V 
92C5-422:59 

Fig. 10 - Typical base-to-emitter saturation voltage characrorisrics 
for RCA9229A. RCA9229B, RCA9229C and RCA9;>;>9D. 
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TIP100, TIP101, TIP102 

a-Ampere N-P-N Darlington 
Power Transistors 

60,80, and 100 Volts, 80 Watts 
Gain of 1000 at 3 A 

Features: 

• Operates from I.e without predriver 
• Low leakage at high temperature 

Applications: 

• Power switching • Audio amplifiers 
• Hammer drivers • Series and shunt regulators 

The TIP100. TIP101 and TIP102 are monolithic n-p-n 
silicon Darlington transistors designed for low- and medium
frequency power applications. The construction of these 
devices provides good forward-bias second-breakdown 
capability; their high gain makes it possible for them to be 
driven directly from integrated circuits. 

These devices are supplied in the JEDEC TO-220AB (VER
SAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Vcso' . 
VCEO(sus) 

V ESO ' 

IC' 
ICM . 
IS 
PT: 

. Derate linearly at 
TC up to 25°C 
T C above 25°C 

Tstg• TJ • . . 
TL 

At distance >1/8 in. (3.17 mm) from case for 10 s max. 
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File Number 1153 

TERMINAL DESIGNATIONS 

'~'~'"lOII ] .{ f 
TOP VIEW B 

92eS-399S9 

JEDEC TO-22DAB 

,---------1 
• I I 

I I 
: I 
I I 
I I L __________ 1 

Fig. 7 - Schematic diagram for "I/Iy" ... ,. 
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0.64 W/oC 
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TIP100,TIP101,TIP102 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2SOC 

TEST CONDITIONS LIMITS 
CHARAC· Voltage Current 
TERISTIC Vdc Adc TIP100 TIP101 TIP102 UNITS 

VCE VBE IC IB Min. Max. Min. Max. Min. Max. 

ICBO 
60 - 50 - - - -
80 - - - 50 - -IE ~ 0 

100 - - - - - 50 
/lA 

30 0 - 50 - - - -
ICED 40 0 - - - 50 - -

50 0 - - - - - 50 

lEBO -5 0 - 8 - 8 - 8 mA 

VCEO(sus) 0.03b 0 60 - 80 - 100 - V 

hFE 
4 3b 1000 20,000 1000 20,000 1000 20,000 
4 ab 200 - 200 - 200 -

VBE 4 8b - 2.8 - 2.8 - 2.8 

VCE(sat) 
3b 0.006 - 2 - 2 - 2 V 
Sb O.OS - 2.5 - 2.5 - 2.5 

VF -10 - 2.8 - 2.8 - 2.8 

tdC 8 0.08 0.035typ. 0.035typ. 0.035 typo 
trC 8 0.08 0.35 typo 0.35typ. 0.35 typo 
tsC 8 O.oad 1.8 typo 1.8 typo 1.8 typo 

jJ.S 

tfC 8 O.oad 2.45 typo 2.45 typo 2.45 typo 

ISlb 
t~0.15 s non· 40 2 - 2 - 2 - A 
rep. pulse 

RIlJC - 1.56 - 1.56 - 1.56 oCIW 

• vee value. b Pulsed: Pulse duration - 300 ,..5, duty factor';;; 2%. 

~ ·0 zw 

~~~ 
CL ... ~ 
Vioo 
Jg~~ 

~~~ 
i~~ 
~~ 

~f5= 
~~i 
~~a 
r~ 

100 

" 
.0 

., 

NOTE- CLI'AENT DERATING AT CONSTANT 
VOLTAGE APPUES CWLY 10 THE OISSIPATION
LlMI'TED PORTION AND THE I.S/b-LIMITED 
PORTION OF'MAXIMUM OPERATING AREA 
CURVE. DO NOT DERATE THE 
SPECIFIED VALUE FOR .Ie MAX 

25 ~ 75 100 125 ISO 175 200 

CASE TEMPERATURE 1Tcl--C 

Fig. 2 - Derating curva for all typas. 
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COLLECTOR CURRENT ('I C)-A 

10 12 

92C5-31127 

Fig. 3 - Typical dc·beta charactaristics for all types. 



TIP100,TIP101,TIP102 

COLLECTOR-TD-EMITTER VOLTAGEeVCEI- v 

92CM-31125RI 

Fig. 4 - Maximum operating areas fora/l types (T C = 2!PCJ. 

PULSE DURATION 
20 JiS POSITIVE VOLTAGE 
20,..5 NEGATIVE VOLTAGE 

REP. RATE 22QO Hz 

.. tBI "NO 1B2 ARE MEASURED WITH TEkTRONIX CURRENT 
PROBE P6DI9 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

92CS~:S1l26 

Fig. 5 - Circuit used to measure saturated switching 
times. 

I-

~~t---~ ---,.-------'--+ 
m~ 182 

TIME 

2-499 

INPUT WAVE FOHM 

TIME 
1'----

TURN-OFf 
TIME 

OUTPUT WAVE FORM 

Fig. 6 - Phase relationship between input current 
and output current showing reference 
points for specification of switching 
times. 



File Number 1336 

2-Ampere N-P-N Darlington 
Power Transistors 

For Low and Medium Frequency Power 
Switching, Hammer Driver, Audio Amplifier, and 
Series and Shunt Regulator Applications 

Features: 
• Operates from Ie without predriver 
• Gain of 1000 at 1A 
• Low leakage at high temperatures 
• Designed for completementary use with TlP-115, 116, and 117 
• Hard glass passivation 
• Wire-bonded construction 

The TIPll0, TIPlll and TIPl12 series monolithic n-p
n silicon Darlington transistors are designed for low and 
medium frequency power applications. The construction of 
these devices provides good forward-bias second-break
down capability; their high gain makes it possible for them 
to be driven directly from integrated circuits. 

These devices are supplied in the JEDEC TO-220AB 
(VERSAWATT) plastiC package. 

MAXIMUM RATINGS, Absolute Maximum Values: 

VCBO··················· .. ······························ ......•... 
VCEO(sus) ...............................................•....... 
VEBO ........................................................... . 
IC···················································· ........... . 
ICM··················································· .......... . 
lB···················································· ....•...•..• 
PT: 

TC up to 25·C ................................................ .. 
TC above 25·C ................................ Derate linearly at 

Tstg. TJ ........................................................ .. 
TL 

At distance 118 in. (3:17 mm) from case for 10 s max ............. .. 
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TIP110, TIP111, TIP112 

TERMINAL DESIGNATIONS 

,R';"10 11 Jet': 
TOP VIEW 8 

92CS-39969 

JEDEC TO-220AB 

,-----------, 
• : I 

I 
I 
I 

I I L _________ ..J 

Fig. 1 - Schematic diagram for all types. 
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TIP110, TIP111, TIP112 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) =250 C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC Voltage Current 
Vdc Adc TIP110 TIP111 TIP112 

VCE VaE IC la MIN. MAX. MIN. MAX. MIN. MAX. 

ICBO 60a - - - - 1 - - - -
IE= 0 S08 - - - - - - 1 - -

100a - - - - - - - - 1 

30 - - 0 - 2 - - - -
ICEO 40 - - 0 - - - 2 - -

50 - - 0 - - - - - 2 

lEBO - -5 0 - - 2 - 2 - 2 

VCEO(SUS) - - 0.03b 0 60 - SO - 100 -

hFE 4 - lb - 1000 - 1000 - 1000 -
4 - 2b - 500 - 500 - 500 -

VBE 4 - 2b - - 2.S - 2.S - 2.S 

VCE(sal) - - 2b O.OOS - 2.5 - 2.5 - 2.5 

Cobo lOa - - - - 100 - 100 - 100 

Ihfel 10 -
f = 1.0 mHz 

0.75 - 25 TYP. 25 TYP. 25 TYP. 

ISlb 
I = O. 5 s non- 40 - - - 1.25 - 1.25 - 1.25 -
rep. pulse 

ROJC - - - - - 2.5 - 2.5 - 2.5 

ROJA - - - - - 62.5 - 62.5 - 62.5 

a VCB value. b Pulsed: Pulsed duration = 300 fJS, duty factor ::52%. 

_10" COLLECTOR-la-EMITTER VOLTAGE CVCE)-3V --
~ . 
2 • 
Ii • .. 
~ 10' t-- ",.0 _t-
O> • ~~ l'i • ~~~c ~ I!' • :E.. ,.rtJ 

~ ~ . 0~~«0 "o.~f- I"---.. 
~ 7/ ',\\ i3 103 

" • 
I • '\' • '1 
u 

" • 
'" • • • • • CASE TEMPERATURE 1Tcl--C 0.1 • • 

COLLECTOR CURRENT CIc I-A 
nCS-M524 

UNITS 

mA 

mA 

V 

-

V 

pf 

-

A 

°C/W 

• 10 

Fig. 2 - Derating curve for al/ types. Fig. 3 - Typical dc-beta characteristics for al/ types. 
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TIP110, TIP111, TIP112 

10 100 
COLLECTOR-TO-EMITTER VOLTAGE(VCEI-V 

92CM-54529 

Fig. 4 - Maximum operating areas for a/l types (T C = 25· C). 

__ 0 

r ·2 '5 4 
COLLECTOR CURRENT (LC)-A 

92eS-3452' 

Fig. 5 - Typical saturation characteristics for a/l types. 

15 .. '0'· 
'!.~ "I--
-ll 
€t; 

41---

",u 

!~ z 

11,0' 
... i • ~ .... 

-I-~i! COb. 
"'"' 4 Ii - ::1:_ -~& 2 Ii,. 
U,O 

• • • • 10 11 • 100 
COLLECTOR- TO- BASE VOLTAGE (Vca)- Y QR 
EMITTER-TO-BASE VOLTAGE (V EB'-V 

92cs-a4527 

Fig. 7 - Typical common-base input (Cibo) or 
output (Cobo) capaciatance 
characteristic (all types). 

2-502 

92C5-3",26 

Fig. 6 - Typical transfer characteristics for all types. 

" ;: 

4 COLLECTOR SUPPLY VOLTAGEeVcc)-30V 
IS,aXB aJ:C /2SO 

a 
Q • 

" 

'. 

• • 4 
COLLECTOR CURRENT(IC)-A 

92C8-541128 

Fig. 8 - Typica I sa tura ted switch ing 
characteristics (all types). 



TIP110, TIP111, TIP112 

0.005 }'F 

Z4 n 

-r 50 }'F 

zg::TL~ 
U-ZOI'S 50n = 

MIN 

FREQ· 500 Hz 

Vcc 
RC' -yc

NON INO 

DEVICE 
UNDER 
TEST 

** 

Vcc + = 

QI, QZ • ZN63~4 
Q3 • ZN376Z 

Q4,Q~, 

Q6,Q7 • CA372~ QUAD 
TRANSISTOR 
ARRAY 

*THIS CONNECTI.ON 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

* * KELVIN SENSING 
CONNECTION 

NOTE, BATTERY SYMBOLS VCC' VBI' VB2' 

47n Isn,zw 
NON IND 

VBZ 
ADJ FOR IBZ 

VB(CLAMPI INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST', AND 'f TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

92CM-34B48 

Fig. 9 - Circuit for measuring switching times. 

IBI-.------."X" 90% 

A 10% 
o 

o 
""A-O i,.x-y 
t,. B-C ".v-Z 
ttranlltion • x-w 
NOTE, TRANSITION TIME 
FROM 90%10, TO 90% 1Hz MUST 

BE LESS THAN 0.5 JJI. 

92CSw30381R2 

Fig. 10- Phase relationship between input and 
output currents showing reference points 
for specification of switching times. 
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File Number 1387 

2-Ampere P-N-P Darlington 
Power Transistors -
For Low and Medium Frequency Power 
Switching, Hammer Driver, AudioAmplifier, and 
Series and Shunt Regulator Applications 

Features: 
• Operates from Ie without predriver 
• Gain of 1000 at 1A 
• Low leakage at high temperatures 

TIP115, TIP116, TIP117 

TERMINAL DESIGNATIONS 

'~'~'"lO II ] t 
TOP VIEW B 

92CS-39969 

• Designed for completementary use with TIP110, TlP111 and TlP112 JEDEC TQ-22OAB 
• Hard glass passivation 
• Wire-bonded construction 

The TIP115, TIP116, and TIP11? series are monolithic 
p-n-p silicon Darlington transistors designed for low and 
medium frequency power applications. The construction of 
these devices provides good foward-bias second-breakdown 
capability; their high gain makes it possible for them to be 
driven directly from integrated circuits. 

These devices are supplied in the JEDEC TO-220AB (VER
SAWATT) plastic package. 

MAXIMUM RATINGS, Absolute Maximum Values: 

VCBO ............................................................ . 
VeEO(sus) ....................................................... . 
VEBO ........................................................... .. 
Ie ............................................................... . 
leM ............................................................. .. 
IB .............................................................. .. 
PT: 

Te up to 25·0 .................................................. . 
Te above 25·0 ................................. Oerate linearly at 

Tltg, TJ .......................................................... . 
TL 

At dlatance 1/B In. (3.17 mm) from caae for 10 a max .•••••••••.•••• 

2-504 
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Fig. 1 - Schematic diagram for a/l types. 
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TIP115, TIP116, TIP117 

ELECTRICAL CHARACTERISTICS, At Ca.e Temperature (Te) = 25°C 

TEST CONDITIONS 

CHARACTERISTIC 
Voltage Current 

Vde Ade 

VeE VBE Ie 

-60a - -
leBo -BOa - -

IE = 0 
-100a - -
-30 - -

ICEO -40 - -
-50 - -

IEOO - 5 0 

Vcw(sus) - - -0.03b 

hF~ 
-4 - -1 b 

-4 - -2b 

VUE -4 - -2b 

VCE(sat) - - -2b 

Cobo -108 - -

hr. -10 - -0.75 
f=1.0rnHz 

ISlb 
t = 0, 5 s non-rep. pulse -40 - -

RBJC - - -
RBJA - - -

a VCB value. 

b Pulsed: Pulsed duration = 300 ps, duty factor:5 2%. 

NOTE· CURRENT DERATING AT CONSTANT 
VOLTAGE APPUES C»ILY 10 THE OISSIPATION
LIMITED PORTION AND THE ISib -LIMITED 
PORTION OF MAlClhlUM OPERATING AREA 
CURVE, DO NOT DERATE THE 
SPECIFIED ¥AWE Faft Ie MAX 

~ ~ " 100 IZ5 ISO 175 200 

CASE TEMPERATtJRE I1cl--C 

Fig. 2 - Dereting curvs for al/ types. 

Ie 

-
-
-
0 

0 

0 

-
0 

-
-
-

-O.OOB 

-

-

-

-
-
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LIMITS 

TIP11S TIP116 TIP117 

MIN. MAX. MIN. MAX. MIN. MAX. 

- -1 - - - -
- - - -1 - -
- - - - - -1 

- -2 - - - -
~ - - -2 - -
- - - - - -2 

- -2 - -2 - -2 

-60 - -BO - -100 -
1000 - 1000 - 1000 -
500 - 500 - 500 -
- -2.B - -2.B - -2.B 

- -2.5 - -2.5 - -2.5 

- 100 - 100 - 100 

25 TYP. 25 TYP. 25 TYP. 

-1.25 

-
-

- -1.25 - -1.25 

2.5 - 2.5 -
62.5 - 62.5 -

I 0 ECTOR-lO-EMITTER VOLTAGEIVCE1;3 v 

~ • ~y- ~ 

~ 
4 

:4 ~ .;c.;"" 

~ • ." 
A 1- ........ ~ 

i1! ~ r-..... >-1000 

is • ~,,"~~If-~ . 
il ,,\f.r) +" 

Ii! • 
c"r:,~ 

~ e • 
~ 

10 
2 4 • • • 01 I 
COLLECTOR CURRENT l.I.e I-A 

-

2.5 

62.5 

• 6 

92tS-35180 

UNITS 

rnA 

rnA 

V 

-

V 

pF 

-

A 

°C/W 

• 10 

Fig. 3 - Typical dc-beta characteristics for al/ types. 
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TIP115, TIP116, TIP117 

4 6 8 10 2 4 6 8 100 4 6 8 
COLLECTOR - TO-EMITTER VOLTAGE ( VCE I-V 

92CM-3!SIBI 

Fig. 4 - Maximum operating areas for aI/ types (Tc = 25° C). 

0_ 

, 2 3 
COLLECTOR CURRENT II.C}-A 

4 

92CS-34525 

Fig. 5 - Typical saturation characteristics for aI/ types. 

• • 'A 6 8 100 

EMITTER-lO-BASE VOLTAGE IVES I-V 
COLLECTOR-lO-BASE VOLTAGE (I'cel-V 

92:CS-3SI83 

Fig. 7 - Typical common-base Input (Clba) or 
output (CObO) capaciatance characteristic 
(aI/types). 
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Fig. 6 - Typical transler characteristics for aI/ types. 

. 

4 COLLECTOR !;UI'PLY VOLTAGE IVccl--30V 

Ie, °I.s z -IC1250, TC·2SoC 

" -;- 2 

05 

" 

" 

" 4 

COLLECTOR CURRENT I I C I-AMPS 
92CS-35184 

Fig. 8- Typical saturated switching 
characteristics (aI/ types). 



TIP115, TIP116, TIP117 

O.OOI/LF 

+ 
-T 50 /LF 

2gVL.r~ 
'-'-- 20 I'S 50 n = 

MIN 

FREO' 500 Hz 

VCC 
RC""""yc 

NON IND 

DEVICE 
UNDER 
TEST 

** 

VCC = 

01, 02 • 2N63~4 
03 • 2N3762 

Q4,Q5, 
06,07 • CA3725 OUAD 

TRANSISTOR 
ARRAY 

*THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

* • KELVIN SENSING 
CONNECTION 

BATTERY SYMBOLS Vee I VBI .-VB2' 
VB (CLAMP) INDICATE RIGOROUSLY FILTEREp 
VOLTAGE SOURCES AT THE CIRCUIT TERMI~I\LS 
TO ACCOMODATE THE FAST I, AND If TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

Fig. 9 - Circuit for measuring switching times. 

:I82 ---------; 

o --------
A 10% 

X 90% 
:I81-1-1 -------I 

o I ~------L----
8 10% I Z 10% 

I 

.... A-B ... x-v 

.,.B-C ",v-z 
'trtnlltion - x-w· 

I 
I 

NOTE: TRANSITION TIME 
FROM 90% 'Bl TO -'Hz MUST 

BE LESS THAN 0.6 ... 

92CS-34848 

Fig. 10- Phase relationship between input and 
output currents showing reference points 
for specification of switching times. 
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File Number 998 

a-Ampere N-P-N Darlington 
Power Transistors 
60,80, and 100 Volts, 65 Watts 
Gain of 1000 at 0.5 A 
Gain of 1000 at 3 A 
Features: 
• Operates from Ie without predriver 
• Low leakage at high temperature 

Applications: 
• Power switching • Audio amplifiers 
• Hammer drivers 
• Series and shunt regulators 

The TlP120, TIP121 and TIP122 are monolithic n-p-n 
silicon Darlington transistors designed for low- and medium
frequency power applications. The construction of these 
devices provides good forward second-breakdown capabil
ity; their high gain makes it possible for them to be driven 
directly from integrated circuits. 

These devices are supplied in the JEDEC TO-220AB (VER
SAWATT) plastic package. 

The TIP120, TIP121 and TIP122 are n-p-n complements of 
the TIP125, TlP126 and TIP127 described in data bul'letin 
File 997, 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO ",.,,","""""", ••••••••••••••••••••••••••••• 

VCEA(SUS) 
RAE = 1000 ......................................... . 

VCEQ(sus) ..•..........•..•......•...•.•...•••...••..... 
VCEV(sus) 

VBE=-1.5V ......................................... . 
VEBO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic •...••....•.•.....•.•...•....••..••.•...•.•.•..••.••• 
ICM •••••••••••••••••••••••••••••••••••••••••••••••••••• 

IB •.••....•......••.•..••.....•.....•.....••.....••.••. 
PT 

Tcupt025°C ..•...............•.•....••......••....• 
T C above 25°C ...................................... . 

T,t9' TJ ................................................ . 
TL 

At distances:2= 1/8 in. (3.17 mm) from 
case for 10 s max ................................... . 

2·508 

TIP120, TIP121, TIP122 

TERMINAL DESIGNATIONS 

,u~mloii ] . _:t' ;: 
TOP VIEW B 

92CS-39969 

JEDEC TO-22OAB 

,.------------, 
I I 
I I 
I I 
I I 
I I 
I I L _________ -.J 

92C$-20691R2 

Fig. , - Schomatic diagram for all types. 

TIP120 TIP121 TIP122 
60 80 100 V 

60 80 100 V 
60 80 100 V 

60 80 100 V 
5 5 5 V 
8 8 8 A 

10 10 10 A 
0.25 0.25 0.25 A 

65 65 65 W 
Derate linearly at 0.52 W/oC 

-65 to 150 °C 

235 °C 



TIP120, TIP121, TIP122 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC' = 2fiOC 

TEST CONDITIONS· 

CHARAC· Voltage Current 
TlP120 

TERISTIC Vdc Adc 

VCE VBE IC IB Min. Max. 

ICBO 
60 - 0.2 
80 - -

IE=O 100 - -
30 0 - 0.5 

ICED 40 0 - -
50 0 - -

IESO -5 0 - 2 

VCEO(sus) 0.2a 0 60 -

hFE 
3 38 1000 -
3 0.5a 1000 -

VSE 3 3a -. 2.5 

VCE(sat) 
3a 0.012 - 2 
5a 0.02 - 3 

hfe 
5 1 1000 -

f=l kHz 

Ihfel 
5 1 20 -

f=l MHz 

Cobo 

VCS=10 V - 200 
f=l MHz 

ISlb 
t=0.5 s non· 25 2.6 -
rep. pulse 

R8JC - 1..92 

a Pulsed. pulse duration = 300 "s. duty factor ..;; 2%. 

CASE TEMP£RATURE 1Tc1--C 
!illeS-lOI16AI 

Fig. 2 - Derating curve for all types. 
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LIMITS 

TIP121 TIP122 UNITS 

Min. Max. Min. Max. 

- - - -
- 0.2 - -
- - - 0.2 

mA 
- - - -
- 0.5 - -
- - - 0.5 

- 2 - 2 mA 

80 - 100 - V 

1000 - 1000 -
1000 - 1000 -
- 2.5 - 2.5 V 

- 2 - 2 
V - 3 - 3 

1000 - 1000 -

20 - 20 -

- 200 - 200 pF 

2.6 - 2.6 - A 

- 1.92 - 1.92 °CIW 

-;. Kf: COLLECTOft-TO-EMITTER VOl.TAGE !VeE'- lV 

!' . 
9 S 12 

• 10' 
~ . 
~ : -~~ 
~ 

-;-
I-- 1\ t: V .,0 

,,' .~ , . 
Ii! • ~~~ J • 
~ " II u • 

Q ," I 
0.1 

, . . . . , . . 
I 10 

, . .. 
100 

COLLECTOR CURRENT IIe,-A 
11CS-14e02RI 

Fig. 3 - Typical dc beta characteristics 
for all types. 



I 
10 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

92(:S-21977 

Fig. 4 - Maximum operating areas for TIP 120 and TIP121. 

COLLECTOR-TO-ENITTER VOLTAGE IVeErV 

92eS-21978 

Fig. 5 - Maximum operating areas for TIP122. 
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TIP120, TIP121, TIP122 



TIP120, TIP121, TIP122 

,04: COLLECTOR CURRENT 'Ic:I-IA 

10 

001 
. .. 

01 
FREQUENCY {tI-MHZ 

Fig. 6 - Typical small-signal current gain 
for all types. 

10 

BASE-lO-EMITTER VOLTAGE (VeEI-V 
92CS-2490SRI 

Fig. 8 - Typical input characteristics 
for all types. 

BASE-lO-EMITTER VOLTAGE (V8El-Y 
12CS-24tQ7RI 

Fig. 10 - Typical transfer characteristics 
for all types; 
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~~ • liFE" 1000, Te • 2~·C I 
~" 

-liFE' 1000, Tc " 100 C _ -11' 111 I I , , I 1111 
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I hFE " 100. TC" 100":r • 

111[1111111111 

:I h ,1f ,"i~~·i~~ i :rIC" ' : 
8 I 

mmtll~1111T111 111 
10 12 14 

COLLECTOR CURRENT (lei - A 
92eS-24904 

Fig. 7 - Typical saturation characteristics 
for all types. 

"l. 
I 

COLLECTOR-lO-EMITTER VOL.TAGE (VCEI-A 
nCS-249D6 

Fig. 9 - Typical output characteristics 
for all types. 

COL.LECTOR SUPPLY VOlTAGE (Vce J • 20 II 
181'''-182" IC/SOO 

• 
4 

,....- ....... {;:: ..,/ 
I V 

\l!' 

~ ~ 

2 ./ 
....... 

I ---- I-- t'-.l 

"'~ , . 7 8 , 10 

COLLECTOR OJRRENT t1cl- A 
92C$-24908 

Fig. 11 - Typical saturated switching characteristics 
for all types. 



File Number 997 

a-Ampere P-N-P Darlington 
Power Transistors 
-60, -80, and -100 Volts, 65 Watts 
Gain of 1000 at -3 A 
Gain of 500 at -0.75 A 

Features: 
• Operates from Ie without predriver 
• Low leakage at high temperature 

Applications: 
• Power switching • Audio ilmplifiers 

• Hammer drivers 
• Series and shunt regulators 

The TIP125, TIP126 and TIP127 are monolithic' silicon 
p-n-p Darlington transistors designed for low:' ·imd medium
frequency power applications. The high gain of these devi
ces makes it possible for them to be driven directly from 
integrated circuits. 

These devices are supplied in the JEDEC TO-220AB (VER
SAWATT) package. 

The TIP125. TIP126 and TIP127 are p-n-p complel1:lents of 
the TIP120, TlP121 and TIP122 described, iri d,ata bOl·letil) 
File 998. 

MAXIMUM 'RATINGS, Absolute-Maximum Values: 

VCBO .......•....•..........•.•••.....•.•............... 
VCEO(sus) .••................••••........•....•...•..... 
VEeo .•..•.•..............•.••.•.....•..•....••........ 
Ic .•..•......•..• _ .........••..•.............•......... 
ICM •..•••••.•.•.•............•.........••....•..•...... 
Ie •..•........•....•.....••........•.•..••.•••..•.....• 
Pr 

Tc :525·C •.•..••....•.•.. ; .•.......•..••••..•...••.• 
Tc >25·C •..•..•....•.•...........••.....•.•••...••• 

T.t!!, TJ ...............................•................. 
TL 

At distances ~ 1/8 in. (3.17 mm) from 
case for 10 s max. . ...•.•......•...........••.••..... 
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TIP125, TIP126, TIP127 

TERMINAL DESIGNATIONS 

'M~··loll ]Jr' ;: 
TOP VIEW B 

B 

92CS-39969 

JEDEC TO-220AB 

r---------l 
I I 
I I 
I I 
I I 
I I L _________ ..J 

E 
92CS~20863RI 

Fig. 1 - Schematic diagram for all types. 
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-5 
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TIP126 
-80 
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-5 
-8 

-15 
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65 
0.52 

-65 to 150 

235 

T1P127 
-100 
-100 

-5 
-8 

-15 
-0.25 

65 

V 
V 
V 
A 
A 
A 

W 
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TIP125, TIP126, TIP127 

ELECTRICAL CHARACTERISTICS At Case Temperature (T C) = 2f11C 

TEST CONDITIONS LIMITS 

CHARAC- Voltage Current 
TIP125 TIP126 TIP127 

TERISTIC Vdc Adc 

VCE IC IB Min. Max. Min. Max. Min. 

-30 0 - -0.5 - - -
ICEO -40 0 - - - -0.5 -

-50 0 - - - - -
lEBO 0 - -10 - -10 -
VBE=5 V 

VCEO(SUS) -0.03a 0 -60 - -80 - -100 

-3 -0.75a 500 - 500 - 500 
hFE -3 -3a 1000 - 1000 - 1000 

VSE -3 -3a - -2.5 - -;?o5 -
VCE(sat) 

-3a -0.012 - -2 - -2 -
_Sa -0.02 - -4 - -4 -

hfe -5 -1 1000 - 1000 - 1000 
f=l kHz 

Ihfel -5 -1 20 - 20 - 20 
f=l MHz 

ISlb 
t=l·s nonrep. -20 -3.2 - -3.2 - -3.2 
pulse 

R8JC - 1.92 - 1.92 -

a Pulsed: Pulse duralion • 300 ,,5. duty faclor ..; 2%. 

~I~ASE TEMPt:RATURE (TCI.n·c : 1-t:H1 

YCEO IIIAXI'-60Y ITIP12!l1:": .. + .... , .. 
2r. I ,Iii" 11.1 i.J.! I . 

. . : V~E() IMAXI-·IOV ITIPIZII ... i 
-0.1 b I I I LJ.IJ.I.I . ,1--, "R VCE!lIMAXI'-IOOVIT~PIZ7!. 

_I 2 .. 6 '-10 2 .. 6 1-100 .. 6 !'OOO 

COLLECTOR-YO-EMITTER VOLTAGE "'cE1-V 

Fig. 2 - Maximum operating areas for a/l types. 
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UNITS 

mA 

mA 
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A 
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NOTE· ClRRENT DERATING AT CONSTANT 
YOt.TAGE APPLIES ONLY 10 THE DISSIPATION
LIMITED PORTION AND THE ISlb -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVE. DO NOT DERATE THE 
SPECIFIED YAWE FOR Ie MAX 

CASE TEMPERAT1.JRE 1TCI--C 
92eS-20696RI 

Fig. 3 - Dissipation derating curve for all types. 

Fig. 5 - Typical transfer characteristics for all types. 

TIP125, TIP126, TIP127 

· COLLECTOR-lO-EMITTER VOLTAGE (VCE'--3 V · · , 
10' 

0 
",' -~. I ~O I--

~' ~<~ IO:~~'1.fj ~ .. ~o,;;, 
'I---- .. ~ 

t~,,~ I 
1.17 I , . .. , . • 0 , . , . 
-0.1 -I "' -to -100 

COLLECTOR CURRENT IlCI-A 
92CS-2088SRI 

Fig. 4 - Typical dc beta characteristics for all types. 

COLLECTOR-lO-EMITTER VOLTAGE IVCEI-V 

Fig. 6 - Typical output characteristics for all types. 

COLLECTOR CURRENT Ite I-A 
.2e5-20868RI 

Fig. 7 - Typical saturated switching-time 
chimicteristlcs for all types. 
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TIP125, TIP126, TIP127 

~
I .L: 

~ ~ 1---1.. 182 TIME 

i! 181 -- INPuT 
U I WAvE FORM 

- I I I 
~. I ~ ON CONDITION --1 I 
2> VCE(IOII-+--- ._~__ 90% 

':'1 I I ~w 
I ~' 1_ 10% 

~ ~ j -1'1 J; OUTPUT 
U4 .Is ~ i WAvE FORM 
~~ -i WFN.t-
~~ TIME 
u 

92CS 19~H' 

Fig. 8 - Phase relationship between input current 
and output voltage showing reference 
pOints for specification of switching
times. 
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~~~1ETICS PULSE I a,* 
GENERATOR MODEL 
No. PG-31. OR 
EQUIVALENT 

PULSE DURATION RS-200 RC 
20,.. POSITIVE VOLTAGE 
20,.,s NEGATIVE VOLTAGE 

REP. RATE. 200 Hz 

.. Ia, AND la2 ARE MEASURED WITH TEKTRONIX CURRENT 
PROBE P6019 AND TYPE 134 AMPLIFIER. OR EQUIVALENT 

CUCS· Z0944RI 

Fig. 9 - Circuit used to measure saturated 
switching-times. 



TIP29, TIP29A, TIP29B, TIP29C File Number 990 

Epitaxial-Base, Silicon N-P-N 
VERSAWATT Transistors 
For Power-Amplifier and High-Speed-Switching Applications 

Features: 

• 30 W at 25°C case temperature 
• 3 A rated col/ector current 
• Min. fT of 3 MHz at 10 V, 200 mA 
• Designed for comp(ementary use with TlP30-series p-n-p types' 

TERMINAL DESIGNATIONS The RCA-TI P29, TIP29A, TI P29B, and TIP29C are epitaxial
base, silicon n-p-n transistors intended for a wide variety of . 
switching and amplifier applications, such as series and 
shunt regulators and driver and output stages of high-fideli
ty amplifiers. These power transistors are designed for 
complementary use with devices in the TIP30 series. They 
differ from eacn otner in voltage rati"ngs. -

They are supplied ilJ the JEDEC TO-220AB (VERSAWA TTl 
plastic package. 

'R'~"l 0 II ] ~~' r 
TOP VIEW B 

• Technicii(data for the TIP30-series devices are given in 
RCA data bulletin File No. 988 JEDEC TO-220AB 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TIP29 TIP29A TIP29B 
VeBo... .......................................... 40 60 80 
Ve.o ............................................. 40 60 80 
V.Bo ............................................. 5 5 5 
Ie................................................ 3 3 3 
lB ............................................... . 

At Te:5 25°C................................. 30 30 30 
AtT.:525°e ................................. 2 2 2 
At Te > 25°C .................. Derate linearly __________ _ 0.24 

T., •• TJ ••••••••••••••••••••••••••••• : •••••••••••••• ---------- -85 to 150 
T L (During soldering): 

At distance 1/8 In. (3.17 mm) 
from case for 10 s max ........................ __________ _ 235 
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TIP29, TIP29A, TIP29B, TIP29C 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) =2SOC unless otherwise specified 

TESTCOND. LIMITS 
VOLT· CUR. 

Units CHARAC· AGE RENT TIP29 TIP29A JIP29B TIP29C 
TERISTIC Vdc Adc 

VCE IC Min. Max. Min. Max. Min. Max. Min. Max. 

ICEO 30 - 0.3 - 0.3 - - - -
IB=O 60 - - - - - 0.3 - 0.3 rnA 

40 - 0.2 - - - - - -
ICES 60 - - - 0.2 - - - -

VEB=O 80 0.2 rnA - - - - - - -
100 - - - - - - - 0.2 

lEBO 
0 - 1 - 1 - 1 - 1 rnA 

VBE=-5V 

VCEO(sus) 
40b 60b 80b 100b V 

IB=O 
0.038 - - - -

hFE 
4 0.2a 40 - 40 - 40 - 40 -
4 l a 15 150 15 150 15 150 15 150 

VBE 4 l a - 1.3 - 1.3 - 1.3 - 1.3 V 

VCE(sat) 
IB= la - 0.7 - 0.7 - 0.7 - 0.7 V 

0.125A 

hfe' 
10 0.2 20 20 20 20 - - - -

f=1 kHz 

Ihfel 
f=1 MHz 10 0.2 3 - 3 - 3 - 3 -

tON 
(td+tr) 
VCC= 

30V 1 0.4 (typ.) 0.4 (typ.) 0.4 (typ.) 0.4 (typ.) 

RL=30n 

IB1=IB2 
=O.lA 

/lS 
tOFF 
Its+tf) 
VCC= 

30V 1 1.2 (typ.) 1.2 (typ.) 1.2 (typ.) 1.2 (typ.) 

RL=30n 
IB1=-IB2 

=O.IA 

R8JC - 4.17 - 4.17 - 4.17 - 4.17 
°C/W 

R8JA - 62.5 - 62.5 - 62.5 - 62.5 

a Pulsed. pulse duration = 300 JlS. duty factor EO; 2%. 
b CAUTION: Sustaining voltage. VCEOlsus). MUST NOT be measured on a curve tracer. 
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TIP29, TIP29A, TIP29B, TIP29C 

Des-illiG 

Fig. 7 - Maximum operating areas for all types. 

2 

:E- COLLECTOR-TO-EMITTER VOLTAGE WeE)- 4V 

i 200 
CAS~ TE..IPER~~! (TC)!I~.C 

15 ~ 1100 ........ r--. 
I!: so -40·C r-.. 00 

~ ...... ~ 40 

~ ......... ~ b 

I 
20 

10 g • . . . . . ... . . 
0.01 0.1 I 

COLLECTOR CURRENT' Ie 1-A 

Fig. 3 - Typical dc beta charactaristlcs 
for TIP29, TIP29A, and TlP29B. 

50 l' 100 12' 
CASE TEMPERATURE (TC1-ec 

Fig.2 - Derating curve for 
aI/types. 

~ 
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i 
'" ~ 
~ 
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! 
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92CS-19663 

: ,CTOR-TO- EMITTER VOLTAGE (Vc )_4 V 

· .U,."k.l.~~·ITci"2 •. l 
e05"...;.o- '2.·C r-.. 

· • -40-c 

.~ ""'" · r-..~ 
~ · · · · . . , . .. . 

0.01 0.1 I 
COLLECTOR CURRENT (tcl-A 

Fig. 4 - Typical dc beta characteristics 
for TIP29C. 
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INPUT: 
HEWLETT' PACKARD 
MODEL No.214A OR 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

(PULSE DURATION_ 
20p.s: REP. RATE-

I kHzl 

Vcc"-30V 

OUTPUT TO 
OSQLLOSCOPE 

TEKTRONIX MODEL 
No.!543A OR 
EQUIVALENT 

DEVICE 
UNDER 
TEST 

*ADJUST RB FOR IB2 AND RC FOR Ie 
"IB1 AND IB2 MEASURED WITH TEKTRONIX CURRENT PROBE 

P6019 AND TYPE 134 AlIPLIFIER. OR EQUIVALENT 

92CS-247'4 

Fig. 5 - Circuit used to measure saturated 
switching times for aI/ types. 
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TIP29, TIP29A, TIP29B, TIP29C 

Fig. 6 - Oscilloscope display for measurement 
of switching times. 



TIP30, TIP30A, TIP30B, TIP30C File Number 988 

EpitaXial-Base, Silicon P-N-P 
VERSAWATT Transistors 
For Power-Amplifier and High-Speed-Switching Applications 

Features: 

• 30 W at 25°C case temperature 
• 3 A rated col/ector current 
• Min. 'T of 3 MHz at -10 V. -200 mA 
• Designed for complementary use with TlP29-series n-p-n types· 

TERMINAL DESIGNATIONS The RCA-TI P30. TI P30A. TI P30B. and TI P30C are epitaxial
base. silicon p-n-ptransistors intended for a wide variety of 
switching and amplifier applications. such as series and 
shunt regulators and driver and output stages of high-fideli
ty amplifiers. These power transistors are designed for 
complementary use with devices in the TIP29 series. They 
differ from each other in voltage ratings. 

They are supplied in the JEDEC TO-220AB (VERSAWATT) 
plastic package. 

'~·~··1 0 II J:~' ~' 
TOP VIEW B 

• Technical data for the TIP29-series devices are given in 
RCA data bulletin File No. 990 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TIP30 
Vc.o ................. ............................ -40 
VCEO ............................................. -40 
VE.O ................. ............................ -5 
Ie................................................ -3 
I................................................. -1 
PT: 

AtTcS25°C................................. 30 
At T A S 25°C.. .. . .. . • .. .. .. .. .. .. .. .. . .. .. . .. 2 

TIP30A 
-60 
-60 
-5 
-3 
-1 

30 
2 

At Tc > 25°C .................. Derate linearly __________ _ 

JEDEC TO-220AB 

TIP30B 
-80 
-80 
-5 
-3 
-1 

30 
2 

0.24 
T .... TJ ...... ' ........•..•............•.•..•....•... _________ _ -65 to 150 
TL (During soldering): 

At distance'1/8 in. (3.17 mm) 
from case for 10 s max ........................ __________ _ 235 
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TIP30, TIP30A, TIP30B, TIP30C 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25°C unless otherwise specified 

TESTCOND. LIMITS 
VOLT· CUR. 

Units CHARAC· AGE RENT TIP30 TIP30A TIP30B TIP30C 
TERISTIC Vdc Adc 

VCE IC Min. Max. Min. Max. Min. Max. Min. Max. 

ICED -30 - -0.3 - -0.3 - - - -
IS=O -60 - - - - - -0.3 - -0.3 rnA 

-40 - -0.2 - - - - - -
ICES -60 - - - -0.2 - - - -

VEB=O -80 - - - -0.2 - - rnA - -
-100 - - - - - - - -0.2 

lEBO 
0 -1 -1 -1 - -1 rnA - - -

VSE=5V 

VCEO(sus) 
-40b -60b -80b -100b V 

IS=O 
-0.03a - - - -

-4 -0.2a 40 - 40 - 40 - 40 -
hFE -4 -la 15 150 15 150 15 150 15 150 

VSE -4 -18 - -1.3 - -1.3 - -1.3 - -1.3 V 

VCE(sat) 
IS= -l a - -0.7 - -0.7 - -0.7 - -0.7 V 
-0.125A 

hfe 
-10 -0.2 20 20 20 20 - - - -

f=l kHz 

Ihfel 
f=l MHz -10 -0.2 3 - 3 - 3 - 3 -

tON 
(td+tr) 
VCC= 
-30V -1 0.2 (typ.) 0.2 (typ.) 0.2 (typ.) 0.2 (typ.) 

RL=30n 
IS1=-IB2 

=-O.lA 
I.ls 

tOFF 
(ts+tf) 
VCC= 
-30V -1 1 (typ.) 1 (typ.) 1 (typ.) 1 (typ.) 

RL=30n 
IB1=IB2 
=-O.lA 

ROJC - 4.17 - 4.17 - 4.17 - 4.17 
°CIW 

ROJA - 62.5 ...:. 62.5 - 62.5 - 62.5 

a Pulsed, pulse duration = 300 IJ.S, duty factor';;; 2%. 
b CAUTION: Sustaining voltage, VCEO(SUS), MUST NOTbe measured on a curve tracer. 
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TIP30, TIP30A, TIP30B, TIP30C 

•• -I -100 -1000 
COLLECTOR-TO-EMITTER VOLTAGE (YCEJ-V 

92CS-28824 

Fig. 1 - Maximum operating areas for all types. 

CASE TEMPERA~ CTC1-OC 

Fig.2 - Derating curvl> for 
all types. 

2 4 6 8 2 4 6" 8 

-0.01 -0.1 -I -10 
COLLECTOR CURRENT (Ic)-A 

92CS-18009 

Fig. 3 - Typical dc beta characteristics 
for TlP30, TlP30A, and TIP30B. 
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-001 
4 & II q 6 B 

-0,1 -I 
COLLECTOR CURRENT I ICI-A 

Fig. 4 - Typical dc beta characteristics 
for TIP30C. 
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INPUT: 
HEWLETT-PACKARD 
MODEL No.214A OR 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

(PULSE DURATION-
20~1; REP. RATE~ 

I kHz) 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL 
No.543A OR 
EQUIVALENT 

DEVICE 
UNDER 
TEST 

Fig. 5 - Circuit used to measure saturated 
switching times for aI/ types. 

2-523 

TIP30, TIP30A, TIP30B, TIP30C 

92CS-15619RI 

Fig. 6 - Oscilloscope display for measurement 
of switching times. 



TIP31, TIP31A, TIP31B, TIP31C File Number 991 

Epitaxial-Base, Silicon N-P-N 
VERSAWATT Transistors 
For Power-Amplifier and High-Speed-Switching Applications 

Features: 
• 40 W at 25°C case temperature 
• 5 A rated col/ector current 
• Min. fT of 3 MHz at 10 V, 500 mA 
• Designed for complementary use with TlP32-series p-n-p types' 

The RCA-TIP31 , TIP31A, TIP31B, and TIP31 C are epitaxial
base, silicon n-p-n transistors intended for a wide variety of 
switching and amplifier applications, such as series and 
shunt regulators and driver and output stages of high-fideli
ty amplifiers. These power transistors are designed for 
complementary use with devices in the TIP32 series. They 
differ from each other in voltage ratings. 

TERMINAL DESIGNATIONS 

They are supplied in the JEDEC TO-22DAB (VERSAWATT) 
plastic package. 

'R';"l° II J.~ ~' 
TOP VIEW B 

• Technical data for the TIP32-series devices are given in 
RCA data bulletin File No. 987 JEDEC TO-220AB 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TIP31 TIP31A TIP31B 
Vcao ............................................. 40 60 80 
VCEO ••••••••••••••••••••••••••••••••••••••••••••• 40 60 80 
VESO ••••••••••••••••••••••••••••••••••••••••••••• 5 5 5 
Ic........................... .................. ... 5 5 5 
la ............................................... . 
PT: 

AtTc:s;25°e................................. 40 40 40 
AtT.:S;25°e ................................. 2 2 2 
At Tc > 25°C .................. Derate linearly __________ _ 0.32 

Ta,.,TJ •••••••••••••••••••••••••••••••••••••••••••• ---------- -65 to 150 
T L (During soldering): 

At distance 1/8 in. (3.17 mm) 
from case for 10 s max ........................ __________ _ 235 
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TIP31 , TIP31A, TIP31B, TIP31C 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 250C unless otherwise specified 

TESTCOND. LIMITS 
VOLT· CUR. 

Units CHARAC- AGE RENT TIP31 TIP31A TIP318 TIP31C 
TERISTIC Vdc Adc 

VCE IC Min. Max. Min. Max. Min. Max. Min. Max. 

ICEO 30 - 0.3 - 0.3 - - - -
18=0 60 - - - - - 0.3 - 0.3 rnA 

40 - 0.2 - - - - - -
ICES 60 - - - 0.2 - - - -
VE8=0 80 0.2 rnA - - - - - - -

100 - - - - - - - 0.2 

lEBO 
0 - 1 - 1 - 1 - 1 rnA 

VBE=-5V 

VCEO(sus) 
40b 60b 

18=0 0.038 - - SOb - 100b - V 

4 l a 25 - 25 - 25 ...:. 25 -
hFE 4 31 10 50 10 50 10 50 10 50 

VBE 4 3a - 1.8 - 1.8 - 1.8 - 1.8 V 

VCE(sat) 
IB= 31 - 1.2 - 1.2 - 1.2 - 1.2 V 
0.375A 

hfe 
10 0.5 20 20 20 20 - - - -

f=l kHz 

Ihfel 
f=l MHz 10 0.5 3 - 3 - 3 - 3 -

tON 
(td+tr) 
VCC= 

30V 1 0.4 (typ.) 0.4 (typ.) 0.4 (typ.) 0.4 (typ.) 

RL=30n 

IB1=IB2 
=O.lA 

JJS 
tOFF 

(ts+tf) 
VCC= 

30V 1 1.2 (typ.) 1.2 (typ.) 1.2 (typ.) 1.2 (typ.) 
RL=30n 

IB1=-IB2 
=O.lA 

R8JC - 3.125 - 3.125 - 3.125 - 3.125 
°C/W 

R8JA - 62.5 - 62.5 - 62.5 - 62.5 

a Pulsed, pulse duration = 300 fJS, duty factor OS;;; 2%. 
b CAUTION: Sustaining voltage, VCEO(susl, MUST NOT be measured on a curve tracer. 

2-525 



TIP31 , TIP31A, TIP31B, TIP31C 

~400 
COLLECTOR-TO-EMITTER VOLTAGE (VeE)-

~ 200 
CAS~ TEMlpERiT!~E 'TcllI25'"C 

ffi I.;:c ..... Ii; 
~ 100 
~ 80 

-40'"C 

~ 
60 V 

~ 
40 

I 
ZO 

g 10 • . 
2 4 .. 2 4 .. 

001 0.1 

CO~~ECTOR-TO- EMITTER VOLTAGE IVCE)-V 

ucs-tu. 

Fig. 1 - Maximum operating areas for all types. 

4V 

~ 
"-0~ 

r--
2 . 

101 
CASE TEMPERATURE (TC1--c 

,-;g.2 - Derating curve for 
all types. 

. . 
10 

92CS-19663 

~ 
: ICTO~-TO- EMITTER VOLTAGE (VCE) .. 4 V 

0 · i , -d-TE"!ER1T~R~ rTJ .. s.l 
« ~;..!;- 2.·C r-.. 
~ · -40·C 

~ · 4_ 

~ E , 

! · · ; · , 
g . .. , . .. 

0,01 0.1 I 

~ 

4 . . 
COLLECTOR CURRENT Ilcl-A COLLECTOR CURRENT IIC1-A . 

S2tS-22S38 

Fig. 3 - Typical dc beta characteristics 
for TIP31, TlP31A, and TlP31B. 
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Fig. 4 - Typical de beta characteristics 
for TIP31C. 
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INPUT: 
HEWL.ETT-PACI(ARD 
MODEL. No.214A DR 

EQUIVAL.ENT 

2Sfl.F 

INPUT FROM 
PUL.SE GENERATOR 

(PUL.SE DURATION a 

20".s: REP. RATE= 
I kHzl 

V66-- 45V VCC~+30V 

OUTPUT TO 
OSCIL.L.OSCOPE 

TEKTRONIX MODEL. 
No. 543A OR 
EQUIVALENT 

DEVICE 
UNDER 
TEST 

!IZCS-24985 

Fig. 5 - Circuit used to measure saturated 
switching times for al/ types. 
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TIP31, TIP31A, TIP31B, TIP31C 

Fig. 6 - Oscilloscope display for measurement 
of switching times. 



TIP32, TIP32A, TIP32B, TIP32C File Number 987 

Epitaxial-Base, Silicon P-N-P 
VERSAWATT Transistors 
For Power-Amplifier and High-Speed-Switching Applications 

Features: 

• 40 W at 25°C case temperature 
• 5 A rated col/ector current 
• Min. fT of 3 MHz at -10 V, -500 mA 
• Designed for complementary use with TIP31-series n-p-n types' 

The RCA-TI P32, TI P32A, TI P32B, and TI P32C are epitaxial
base, si I icon p-n-p transistors intended for a wide variety of 
switching and amplifier applications, such as series and 
shunt regulators and driver and output stages of high-fideli
ty amplifiers. These power transistors are designed for 
complementary use with devices in the TIP31 series. They 
differ from each other in voltage ratings. 

TERMINAL DESIGNATIONS 

They are supplied in the JEDEC TO-220AB (VERSAWA TTl 
plastic package. 

'~';"1 0 II ]±~' ~' 
TOP VIEW B 

• Technical data for the TIP31-series devices are given in 
RCA data bulletin File No. 991 JEDEC TO-220AB 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TIP32 TIP32A TIP32B 
Vc.o ............................................. -40 -60 -80 
VCEO ............................................. -40 -60 -80 
Vuo ............................................. -5 -5 -5 
Ic................................................ -5 -5 -5 
I................................................. -1 -1 -1 

AtTc$25°e................................. 40 40 40 
AtTA$25°e................................. 2 2 2 
At Tc > 25°C .................. Derate linearly _________ _ 0.32 

T .... TJ ..............•..........•............. , •... ________ _ -65 to 150 
T L (During soldering): 

At distance 1/8 in. (3.17 mm) 
from case for 10 s max ........................ _________ _ 235 
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TIP32, TIP32A, TIP32B, TIP32C 
ELECTRICAL CHARACTERISTICS, At Case Temperature fTCI = 250C unless otherwise specified 

TESTCOND. LIMITS 
VOLT- CUR. 

Units CHARAC- AGE RENT TIP32 TIP32A TIP32B TIP32C 
TERISTIC Vdc Adc 

VCE Ic Min. Max. Min. Max. Min. M8x. Min. Max. 

ICEO -30 - -0.3 - -0.3 - - - -
IS=O -60 - - - - - -0.3 - -0.3 rnA 

-40 - -0.2 - - - - - -
ICES -60 - - - -0.2 - - - -

VES=O -80 - - - -0.2 - - rnA - -
-100 - - - - - - - -0.2 

lEBO 
0 - -1 - -1 - -1 - -1 rnA 

VSE=5V 

VCEO(sus) 
-40b -60b -80b -100b 

IS=O 
-0.038 - - - - V 

-4 -18 25 - 25 - 25 - 25 -
hFE -4 -38 10 50 10 50 10 50 10 50 

VBE -4 -38 - -1.8 - -1.8 - -1.8 - -1.8 V 

VCE(sat) 
IB= -3a - -1.2 - -1.2 - -1.2 - -1.2 V 
-0. 375A 

hfe 
-10 -0.5 20 20 20 20 - - - --

f=l kHz 

Ihfel 
f=l MHz -10 -0.5 3 - 3 - 3 - 3 -

tON 
(td+tr) 
VCC= 
-30V -1 0.2 (typ.) 0.2 (typ.) 0.2 (typ.) 0.2 (typ.) 

RL=30n 

IS1=IB2 
=-O.lA 

IlS 
tOFF 

(ts+tf) 
VCC= 
-30V -1 1 (typ.) 1 (typ.) 1 (typ.) 1 (typ.) 

RL=30n 

IS1=-IS2 
=-O.lA 

ROJC - 3.125 - 3.125 - 3.125 - 3.125 
°CIW 

ROJA - 62.5 - 62.5 - 62.5 - 62.5 

8 Pulsed, pulse duration = 300 IJS, duty factor";; 2%. 
b CAUTION: Sustaining voltage, VCEO(sus), MUST NOT be measured on a curve tracer. 
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TIP32, TIP32A, TIP32B, TIP32C 

! COLLECTOR-TO-EMITTER 
VOLTAGE IVr.~) --4V 

Q 

CASJ TEMJER1TJR! (1: ~ 400 

ffi ~ ~ 200 

~r--~ 
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40 
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• . . . • . . . 

Fig. 1 - Maximum operating areas for a/l types. 
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"" I'.... 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-L.IMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES 00 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 
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CASE TEMPERA~ (Tel- "C 

Fig.2 - Derating curve for 
a/l types. 
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Fig. 3 - Typical dc beta characteristics 
for TIP32, TIP32A, and TlP32B. 

2-530 

COLLECTOR CURRENT (IC1-A 
92CS-22539RI 

Fig. 4 - Typical de beta characteristics 
for TlP32C. 



INPUT: 
KEWLETT·PACKARD 
MODEL No. 214A OR 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

{PULSE DURATION-
20 .. 11 REP. RATE~ 

1 kHzl 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL 
No.543A OR 
EQUIVALENT 

DEVICE 
UNDER 
TEST 

92tS-24798 

Fig. 5 - Circuit used to measure saturated 
switching times for al/ types. 
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TIP32, TIP32A, TIP32B, TIP32C 

Fig. 6 - Oscilloscope display for measurement 
of switching times. 



TIP41, TIP41A, TIP41 B, TIP41C File Number 992 

Epitaxial-Base, Silicon 
N-P-N VERSAWATT Transistors 
For Power-Amplifier and High-Speed-Switching Applications 

Features: 

• 65 W at 25°C case temperature 
• 7 A rated col/ector current 
• Min. fr of 3 MHz at 10V, 500 mA 
• Designed for complementary use with TlP42-series p-n-p types' 

TERMINAL DESIGNATIONS The RCA-TIP41, TIP41A, TIP41B, and TIP41 C are epitaxial
base silicon n-p-n transistors intended for a wide variety of 
switching and amplifier applications, such as series and 
shunt regulators and driver and output stages of high-fideli
ty amplifiers. These power transistors are designed for 
complementary use with devices in the TIP42-series. They 
differ from each other in voltage ratings. They are supplied 
in the JEDEC TO-22DAB (VERSAWATT) plastic package. 

'R'~'1011 J±:'~' 
TOP VIEW 8 

• Technical data for the TIP42-series devices are given in 
RCA data bulletin File No. 996 

JEDEC TO-220AB 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TIP41 TIP41A TIP41B 
VeBO ....•....•.•••...••••...•••.•.....••••.••..•• 40 60 80 
VeEo ...•.••••....•••.....•••.....•••••....•.•••.. 40 60 80 
VEBO ....••....•.•...•••.••••••.••.••..•••••.••••. 5 5 5 
Ie............. ......................... .......... 7 7 7 
leM............ ................................... 10 10 10 
lB............. ....................... ............ 3 3 3 
PT: 

At Te:S25°e •• • . •• • . . • •. .• • . ••. • .. .• . ••• . • •. . • 65 65 65 
AI T .:S25°e •..••••.....••.....•......•..•..•. 2 2 2 
At T C>25°e •••....•.••.•.••. Derate linearly at __________ _ 0.52 

T ... ,TJ ............................................ _________ _ -65 to 150 
TL (During soldering): 

At distances 1/8 in. (3.17 mm) 
from case for 10 s max ........................ __________ _ 235 
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TIP41 , TIP41 A, TIP41 B, TIP41 C 
ELECTRICAL CHARACTERISTICS A Ca r. t se emperature (T.) 2fiOC C) = 

TEST CONDITIONS LIMITS 

CHARAC- Voltage Current 
TIP41 TIP41A TIP41B TIP41C Units 

TERISTIC Vdc Adc 

VCE IC Min_ Max. Min. Max. Min. Max. Min. Max. 

ICEO 30 - 0.7 - 0.7 - - - -
mA 

IB=O 60 - - - - - 0.7 - 0.7 

ICES 40 - 0.4 - - - - - -
VBE=O 60 - - - 0.4 - - - -

mA 
80 - - - - - 0.4 - -
100 - - - - - - - 0.4 

lEBO 0 - 1 - 1 - 1 - 1 mA 
VBE=-5 V 

VCEO(SUS) 
0.03a 40b - 60b - 80b - 100b - V 

IB=O 

4 0.3a 30 - 30 - 30 - 30 -
hFE 

4 3a 15 150 15 150 15 150 15 150 

VBE 4 6a - 2.2 - 2.2 - 2.2 - 2.2 V 

VCE(sat) 
6a - 2 - 2 - 2 - 2 V 

IB=0.6 A 

hfe 10 0.5 20 - 20 - 20 - 20 -
f=l kHz 

Ihfel 10 0.5 3 - 3 - 3 - 3 -
f=l MHz 

tON (td + t r ) 

VCC=30 V, 
6 0.6 (typ.) 0.6 (typ.) 0.6 (typ.) 0.6 (typ.) 

RL=5 n, 
I I I I IB1=IB2=0.6 A 

f.ls 
tOFF (ts +tf) I I I I 

VCC=30 V, 
6 1.4 (typ.) 1.4 (typ.) 1.4 (typ.) 1.4 (typ.) 

RL=5 n, 
IB1=IB2=0.6 A 

ROJC - 1.92 - 1.92 - 1.92 - 1.92 
°CIW 

ROJA - 62.5 - 62.5 - 62.5 - 62.5 

a Pulsed, pulse duration = 300 /lS, duty factor .;;; 2%. 

b CAUTION: Sustaining voltage, VCEO(sus), MUST NOTbe measured on a curve tracer. 
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TIP41 , TIP41A, TIP41B, TIP41C 

I-
Z 4 ... 
m 
::> 
u 
0: 
o 
I-
U ... 
::l 
o 
u 

COLLECTOR-lO-EMITTER VOLTAGE (VCEI-V 

t2CS-HI?!5 

Fig. 1 - Maximum operating areas for all types . 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE OtSStPATlON--UMITED PORTION 
OF MAXIMUM·OPERATING-AREA CURVES DO 
NOT CERATE THE SPECIFIED VALUE FOR Ie MAX. 

25 ~ 78 100 125 ISO 175 200 
CASE TEMPERATURE (Tel-·C 

92CS-19663 

Fig. 2 - Derating curves for all types. 

PULSE GENERATOR 
HEWLETT-PACKARD 

:- ::'~VALENT 2N:S878 

~:~tt:F 
IkH, Lr 

= L-__ --' 

AL tNOH-INDUCTlVE)· 5 0 

-4 TO 
-6V 

- + 
000 
.F 

12es-un7 

Fig. 4 - Circuit used to measure saturated 
switching times for all types. 
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Fig. 3 - Typical dc beta characteristics 
for all types. . 
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ment of switching times. 



File Number 996 

Epitaxial-Base, Silicon P-N-P 
VERSAWATT Transistors 

TIP42, TIP42A, TIP42B, TIP42C 

For Power-Amplifier and High-Speed-Switching Applications 

Features: 

• 65 W at 25°C case temperature 
• 7 A rated collector current 
• Min. fT of 3 MHz at 10 V, 500 mA 
• Designed for complementary use with TlP41-series n-p-n types· 

Tho nCA-TI P42, TI P42A, TI P42B, and TIP42C are epitaxial
baso, !;ilicon p-n-p transistors intended for a wide variety of 
switching and amplifier applications, such as series and 
shunt rogulators and driver and output stages of high-fideli
ty amplifiers. These power transistors are designed for 
complomentary use with devices in the TIP41 series. They 
dillor from each other In voltage ratings. 

Thoy aro supplied in the JEDEC TO·220AB (VERSAWATT) 
plastic package. 

• Tochnical data for the TIP41-series devices are given in 
RCA data bulletin File No. 992 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TIP42 
VeBO ••••.••...••.••••••••••••.••••••••••••••.•.•• -40 
VeEo •••••••••••••••••..•••.•.•••••••••.•••.•••••• -40 
VEBO ••.••••••.••.•••••.•.•••••••••••••••••••••••. -5 
Ie.............. ............. ... ... ............... -7 
leM............................. .................. -10 
lB............. ................................ ... -3 
PT: 

AtTeS25°C................................. 65 
AtT.S25°C ................................. 2 
At Te > 25°C ................ Derate linearly at 

Tstg,TJ •••••••••••••••••••••••••••••••••••••••••••• 

T L (During soldering): 
At distance 1/8 in. (3.17 mm) 

TERMINAL DESIGNATIONS 

'~';'"lO II J± .. r;:: 
TOP VIEW B 

92CS·39969 

JEDEC TO-220AB 

TIP42A TIP42B TIP42C 
-60 -80 -100 V 
-60 -80 -100 V 
-5 -5 -5 V 
-7 -7 -7 A 

-10 -10 -10 A 
-3 -3 -3 A 

65 65 65 W 
2 2 2 W 

0.52 W/oC 

-65 to 150 °C 

from case for 10 s max ........................ __________ _ 235 °C 
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TIP42, TIP42A, TIP42B, TIP42C 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TcJ = 25°C 

TESTCOND. LIMITS 

VOLT· CUR· 
CHARACTER· AGE RENT 

ISTICS V de A de TIP42 TIP42A TIP428 TIP42C UNITS 

VCE IC Min. Max. Min. Max. Min. Max. Min. Max. 

ICEO - 30 - -0.7 - -0.7 - - - -
IB = 0 -60 - - - - - -0.7 - -0.7 mA 

ICES - 40 - -0.4 - - - - - -
VEB=O - 60 - - - -0.4 - - - -

- 80 - - - - - -0.4 - - mA 

-100 - - - - - - - -0.4 

lEBO 0 - -1 - -1 - -1 - -1 mA 
VBE = -5 V 

VCEO(sus) 
-0.038 -40b -60b _BOb ·100b V IB=O - - - -

hFE - -4 -0.38 30 - 30 - 30 - 30 -
-4 -38 15 150 15 150 15 150 15 150 

VBE -4 _68 - -2.2 - -2.2 - -2.2 - -2.2 V 

VCE(sat) 
-sa -2 -2 -2 V IB =-0.6A - -2 - - -

hfe , 
f = 1 kHz -10 -0.5 20 - 20 - 20 - 20 -

Ihfe l 
f = 1 MHz -10 -0.5 3 - 3 - 3 - 3 -

tON (td + t r) 
VCC=-30 V 

-6 0.3 (typ.) 0.3 (typ.) 0.3 (typ.) 0.3 (typ.) 
RL =5D 

IB1 = IB2 = -0.6 A 

tOFF (ts +tf) 
lAS 

VCC=-3O V 
-6 0.7 (typ.) 0.7 (typ.) 0.7 (typ.) 0.7 (typ.) 

RL =5D 

IB1 = IB2=-0.6A 
- .. -. ----- ----

ROJC - 1.92 - 1.92 - 1.92 - 1.92 
°CIW 

ROJA - 62.5 - 62.5 - 62.5 - 62.5 
a Pulsed. pulse duratIon = 300 ps, duty factor ';;;2%. 
b CAUTION: Sustaining voltage, VCEO(sus), MUST NOT be measured on a curve tracer. 

CASE TEMPERATURE (TCI--C 92CS-1966;' 

Fig. 1 - Derating curve for a/l types. 
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TIP42, TIP42A, TIP42B, TIP42C 

COLLECTOR-lQ-EMITTER VOLTAGE '''eErV 92CS-28976 

Fig. 2 - Maximum operating areas for all tvpes. 

I-~-'~'O~'~:~C=O~LL=E=C~TO~R--~TO--=E-M-IT-TE-R-V-O-L-~-G-E-IV-C-E-lo-_-4-V--~r-'-~ 

,t c.QSE 

. ~~'" I ~ ~ ~e 
" ~ ,eo iC f"~"b.J-'I'~-tIft---+-++H 
I:' I02~=!=;t$~~~~~~jr-...~"'~'~"~'~t==t=I:t~ UI 8 ~ 

,f~ 6 /,..00-'" -65DC C'''' 
r-~~~--t-~4+~~~~~.~-+~ 
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,. 
--,., 
.. 10 
" • " ". ., . 
" tf 
u 

" 468 468 468 468 
-0.01 -0.1 -I -10 -100 

COLLECTOR CURRENT tIc J-A 

Fig. 3 - Typical dc beta characteristics 92CS->951'" 

for T1P42, T1P42A, and T1P42B. 
INPUT, 
PUl.SE GENERATOR 
TEKTRONIX TYPE 114, 
OR EQUIVALENT 
PULSE DURATION 

-20p.1 
REPETITION 

RATE-1kHz 

"VEE 
-5 TO -20V 

• Vea' 2 TO 10 

• RC IS CHOSEN FOR ~C 
• VEE 11K) YeB ARE MEASURED FOR ~ I AND lB. 

IB, 11K) Ie. ARE MEASURED WITH TEKTRONIX 
CURRENT PROeE P-6OI9 

OUTPUT TO 
OSCILLOSCOPE 
TEKTRONIX 
MODEL 
No.543A OR 
EQUIVALENT 

AND TYPE 134 AMPLIFIER,OR EQUIVALENT 9'C$- • ."IRI 

Fig. 5 - Circuit used to measure saturated 
switching times for all types. 
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Fig. 4 - Typical dc beta characteristics 
for T1P42C. 
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Fig. 6 - Oscilloscope display for measurement 
of switching times. 



TIP47, TIP48, TIP49, TIP50 

High-Voltage Silicon 
N-P-N Transistors 

File Number 978 

For High-Speed Switching and Linear-Amplifier Applications 

Features: 

• VERSA WA TT package 
• Maximum safe-area-of-operation curves 

The TIP47, TIP48, TIP49, and TIP50 are silicon n-p-n 
transistors. Typical applications for these transistors Include 
high-voltage switches, switching regulators, TV horizontal
deflection circuits, power supplies, and TV audio-output 
circuits. They are supplied in the JEDEC TO-22DA8 
(VERSAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TIP47 
Ve.o..................................... 350 
VeEo(sus) . . . . . . . .. . .. .. . . . . . . . . . . .... . . . . 250 
VE.O..................................... 5 
Ie ....................................... 1 
leM ...................................... 2 
I. ....................................... 0.6 

Te up to 25°C........................ 40 
Te above 25°C ......... Derate linearly 
TA upt025°C ....................... . 

Tatg,TJ • ,., •••••••••••••••••••••••••••••••• 

TL : 

At distance ~ 1/8 in. (3.17 mm) 
from seating plane for 10 s max ...... . 
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TERMINAL DESIGNATIONS 

'~'~"1 0 II J±~' ~' 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

TIP48 TIP49 TIP50 
400 450 500 V 
300 350 400 V 
5 5 5 V 

1 A 
2 2 2 A 

0.6 0.6 0.6 A 

40 40 40 W 
0.32 W/oC 

1.8 W 
-65 to 150 °C 

235 °C 



TIP47, TIP48, TIP49, TIP50 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25°C unless otherwise specified 

TESTCOND. LIMITS 

VOLT- CUR-

CHARACTERISTIC AGE RENT TIP47 TIP48 TIP49· TIP50 

Vdc Adc 

VCE IC Min. Max. Min. Max. Min. Max. Min. Max. 

ICEO 150 - 1 - - - - - -
IS = 0 200 - - - 1 - - - -

250 - - - - - 1 - -
300 - - - - - - - 1 

350 - 1 - - - - - -
ICES 400 - - - 1 - - - -

VES = 0 450 - - - - - ·1 - -
500 - - - - - - - 1 

IESO 0 - 1 - 1 - 1 - 1 
VSE = -5 V 

hFE 
10 18 10 - 10 - 10 - 10 -
10 0.3a 30 150 30 150 30 150 30 150 

VCEO(sus) 
0.03a 250b - 300b - 350b - 400b -

IS = 0 

VBE 10 18 - 1.5 - 1.5 - 1.5 - 1.5 

VCE(sat) 
18 - 1 - 1 - 1 - 1 

IB = 0.2 A 

Ihfel 10 0.2 10 - 10 - 10 - 10 -
f = 1 MHz 

fT 
10 0.2 10 - 10 - 10 - 10 -f = 1 MHz 

hfe 
10 0.2 25 - 25 - 25 - 25 -

f = 1 kHz 

ISlb 100 - 0.4 - 0.4 - 0.4 - 0.4 -
t = 0.5 s 

tON (td + tr)c.d 
0.2 (ItyP.) 0.2 (typ.) 1 0.2 \tyP.) 0.2 (typ.) 

VCC = 200 V 1 
tsc•d I I 

2 (;YP.) VCC = 200 V 1 2 (typ.) 2 (~YP.) 2 (typ.) 

tfc.d I I I I 
Vec = 200 V 1 0.5 (tyP.) 0.5 (typ.) 0.5 (typ.) 0.5 (typ.) 

ROJC - 3.12 - 3.12 - 3.12 - 3.12 

ROJA - 70 - 70 - 70 - 70 

8 Pulsed, pulse duration = 300 IlS, duty factor';; 2% .. 

b CAUTION: Sustaining voltage, VCEO(SUS), MUST NOT be measured on a curve tracer. 

c See Fig. 8. 
d lSI = IB2=0.1 A. 
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TIP47, TIP48, TIP49, TIP50 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI- V 

92CS- 28656RI 

Fig. 1 - Maximum operating areas for all types. 
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Fig.2 - Derating curve for all types. 
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, Fig. 3 - Typical saturation-voltage characteristics 
for al/ types. 
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TIP47, TIP48, TIP49, TIP50 
I COLLECTOR-To-EMITTER VOLTAGE IVeE) -10 V 

CASE TEMPERATURE (TCl-2S·C 

> .... -l., 0.8 
V .. 
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92CSw28658 

Fig.6 - Typical base·ro-emirter voltage vs. 
collecror current. 
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Fig. 7 - Circuit used to measure saturated switching times. 
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Fig. 8 - Phase relationship between input and output currents, showing 
reference paints for specification of switching times. 
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File Number 1212 TIP562, TIP563 

Silicon N-P-N 
Switching Transistors 
For Switching Applications in Industrial and Commercial 
Equipment 

Features: 

• VCEO - 300 V and 400 V 
• Ie -10A 
• PT-100 W 

TERMINAL DESIGNATIONS 

c 
The TIP562 and TIP563 silicon n-p-n power transis
tors feature fast switching speeas, low saturation vOltage, 
and high safe-operating-area (SOA) ratings. They are 
specially designed for converters, inverters, pulse-width
modulated regulators, and a variety Of power-switching 
circuits. 

'0 
92cs-n516 

The TIP562 and TIP563 transistors are supplied in steel 
JEDEC TO-204AA hermetic packages. 

JEDEC TO-204AA 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO •• 0.0 ••• 0.0 '0, .0 ••• 0.0.0.0 ••••••••••••• 0 ••• 0. 

VCEOISUS' •••••••••••••••••••••••••••••••.•••••••••• 

TIP562 

300 
300 

V.ao ..............•....................•.....•.•. ____________ _ 8 
Ie ....•..•.•••••••••.••.•.••••••••••••••••••••.••. __________ _ 10 
leM •••••••••••••••••••••••••••••••••••. 15 
la ....•••..•..•..•••••••••.•.•.••...•...•••••••••. ____________ _ 2 
PT: 

At Te up to 100 D C •••..•..••..••••.•••••••••. ____________ _ 100 

TJ,T., •..........................•................ ----------- -65 to +200 
TL: 

At distances;:: 1116 in. (1.58 mm) 
from case for 10 s max .•.••••.•.... , •...•....... ____________ _ 200 

10. 
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FIg. 1 - DIssIpatIon deratIng curve. 
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FIg. 2 - TypIcal thermal-response 
characterIstIc. 
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TIP562, TIP563 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC)=25·C 
unless otherwise specified 

TEST CONDITIONS 
CHARAC· VOLTAGE CURRENT 
TERISTIC Vdc Adc 

VCE VBE IC IB Min. 

ICEO 
270 - - 0 -
360 - - 0 -

ICBO, 300b - - - -
IE=O 400b - - - -

lEBO - 8 0 - -
VCEO(sus)B - - 0.1 - 300 
VBE(sat)a - - 10 1.88 -
VCE(sat)2 - - 10 1.88 -

- 15 5 -
hFEa 4 - 1.0 - 20 

4 - 10 - 8 
ISlb, tp 
=1 s, non· 40 - - - 2.5 
repetitive 

td tyCC= 
-5.2 10 2 -180 V 

tr VCC= -5.2 10 2 -180V 
ts VCC= 

(lB1 = IB2) 180 V 
-5.2 10 2 -

tf VCC= -5.2 10 2 -
(lB1 = IB2) 180V 

te 
VCC=135V - -6 10 2 -L=50/AH 
RC=13.5Q 
RSJC - - - - -
apulsed, pulse duration = 300 "s, duty factor ~2%. 

400 
COLLECTOR - TO -EMITTER VOLTAGE 
(VCEI-2V 

1 
.c 

2 

lJE TEt,lPEtTURE (+C).)d5 0 C 
100 

:::-to • • ~( 1""-• 
2 Jaoc ~~ - r----.-I' 10 

• • 
•• 2 4 6 • 2 

0.5 10 40 
COLLECTOR CURRENT (Ic) - A 

92CS-31452 

Fig. 3 - Typical dc beta characteristics 
for both types. 
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LIMITS 

TIP562 TIP563 UNITS 

Typ. Max. Min. Typ. Max. 

- 1 - - - rnA - - - - 1 

- 100 - - -
/AA - - - - 100 

- 5 - - 5 rnA 

- - 400 - -
- 1.4 - - 1.4 

V - 1.2 - - 1.2 
- 2.0 - - 2.0 
- - 20 - -
- - 8 - -

- - 2.5 - - A 

.05 - - .05 -
0.5 - - 0.5 -

/As 
1.2 - - 1.2 -

0.3 - - 0.3 -

- 700 - - 700 ns 

- 1.0 - - 1.0 ·C/W 

bVes value. 

1.2 Ie-Ic/S 

'" '" ~ I g t/ z 40~ Q> ~u~E\TC~ ~ L til 
I---c TE .. pE~~;""'; '!; 

~-::;> 0.8 sE V c !a !a V \<P~ .,e 
'" '" f--~ /V ~~O.6 

.....-" 
~ 
0 ... 
~ 

V ~ 
0.4-

0.2 

o • 6 2 4 6 • 2 • 8 I 10 60 
COLLECTOR CURRENT (Icl-A 

'2CS-322~2 

Fig. 4 - Typical base-to-emitter saturation 
voltage characteristics for 
both types. 



(;OLLECTOR-TO-EMITTER VOLTAGE (VCEI- v 
92CM-32261 

Fig. 5 - Maximum operating areas (T C = 100·C). 
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o 
5 89101112131415 

COLLECTOR CURRENT (Ie) - A 

92CS-32251 

Fig. 6 - Typical col/ector-to-emitter saturation 
voltage characteristics for 
both types. 
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High-Reliability Power Devices 
Solid-state devices classified as high-reliability types have 
come to be primarily associated with military and aerospace 
applications. In many ways, this association is misleading 
because the commerical equipment market is probably the 
largest user of high-reliability products, but not necessarily 
by that label. Military and aerospace agencies, however, 
have been largely responsible for establishment of 
comprehensive published reliability spec:ifications and 
standards which have been accepted by the solid-state 
industry. MIL standards dominate the procedures used to 
specify high-reliability solid-state devices and represent a 
common reference point frequently used by commerical 
users to define their requirements. 

Military and aerospace requirements for high-reliability 
SOlid-state devices are extremely large and diverse, not only 
in terms of performance, operating conditions, and 
reliability, but also in terms of logistiCS and procurement. As 
a result of these requirements, the military services have 
jOintly developed specific~tions and s~andards under which 
most military end-use solid-state deVices are procured. To 
simplify procurement, logistics, and the development of 
reliability data, MIL specs are not issued for the full 
spectrum of devices manufactured: rather, they a~e 
restricted to those devices for which significant need IS 
demonstrated and are specified so that the device can have 
as wide applicability as possible. Although the limits for 
operating conditions may exceed those required for some 
applications, they simplify procurement and assure a supply 

Production Process 
Inspection Lots 1. Raw Material 
Formed at Final 2. Factory 

t---- Alsembly Processing 
Operation 

3. Internal Visual (S •• lIng) 
(for TXV only) 

Lots Proposed 
forJANTX 
orJANTXV 

Types 

of devices for the majority of military equipment. These 
standards also cover a wide range of requirements for the 
manufacturer on such things as: 

(a) The procedure and requirements for a manufacturer to 
become certified to manufacture MIL-spec parts. 

(b) The requirements for qualifying parts. 
(c) Product-assurance provisions in such areas as quality 

control, inspection procedures, personnel training, 
cleanliness, failure analysis, and documentation. 

(d) Test methods and procedures. 
(e) Marking and identification of product. 
(f) Preservation and packing. 

JANTX, and JANTXV 
Solid-State Power Devices 
The major military specifica.tion used for t~~ pro~urement 
of standard solid-state deVices by the military IS MIL-S-
19500, which covers the devices such as discrete transistors, 
thyristors, and diodes. 

MIL-S-19500 is the specification for the familiar "JAN" type 
solid state devices. Detailed electrical specifications are 
prepared as needed by the three military services and 
coordinated by the Defense Electronic Supply Center 
(DESC). 

100 Percent Power 
Condltlonlng4 
1. Measurement of 

100 Percent Process Specified Parameters 
Inspection Tests .Condltlonlng4 2. Burn·ln 
to Verify L TPD 1. High Temp Storage - 3. Measurement of 

f----- GroupA1 2. Thermal Shock Specified Paramelers 
Group 82 3. Acceleration to Determine Delta 
Group C3 4. Hermelic Seal and Other Rejects 

Tests 4. Lol Rejection 
5. Reverse Bias Criteria Based on 

J Rejects from Burn·ln 
Test 

Review of Group A, 
Band C Data 1. Group A Electrical Performance Test. Performed 
for Lot Accept On a Lot Sample Basis. 

or Reject 2. Group S Environmental, Mechanical and Life Tests 
(Storage and Operating) Performod on a Lot Sample Basis. 

3. Group C Environmental and Life Tests Performed on a 

~ 
Time Period Basis. 

4. Tests Shall be Performed In the Order as Shown. 

Preparation for 
Delivery JANTX 

orJANTXV 

Order of procedure diagram for JANTX and JANTXV solid-state devices. 
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JANTX and JANTXV Devices 
MIL-S-19500 is the specification for the familiar "JAN" 
type discrete solid state devices. JANTX types receive 
100 percent process conditioning, and power condition
ing, and are subjected to lot rejection based on delta 
parameter criteria in addition to Group A, Group B, and 
Group C lot sampling. JANTXV types are subjected to 
100 percent (JTXV) internal visual inspection in addition 

QPL Approved Types 

to all of the JANTX tests in accordance with MIL-STD-
750 test methods and MIL-S-19500. 

DESC publishes "QPL-19500", a Qualified Products List 
of all types and suppliers approved to produce and brand 
devices in accordance with MIL-S-19500. 

Harris is presently qualified on the following devices. Prices and delivery quotations may be obtained from your local 
sales office, representative or distributor listed in Section 6. . 

JANTX and JANTXV Bipolar Power Transistors 
hFE 

MIL-S- VCEO 
TYPES 195001 PACKAGE POLARITY PT(W) Ic(A) (V) MIN IdA) fT(MHz) 

2N3584. 2N3585 384 TO-213AA1T0-66 N-P-N 35 2 300 25 1 15 

2N3879 526 TO-213AA1TO-66 N-P-N 35 7 75 20 4 40 

2N5038. 2N5039 439 TO-204ANT0-3 N-P-N 140 20 90 20 12 60 

2N5302. 2N5303 456 TO-204ANT0-3 N-P-N 200 30 80 15 15 2 

2N5671. 2N5672 486 T0-204AA1T0-3 N-P-N 140 30 120 20 20 50 

2N6032, 2N6033 528 TO-204AE/T0-3 N-P-N 140 50 120 10 50 50 

2N6211 - 2N6213 461 TO-213ANT0-66 P-N-P 35 -2 -350 30 -1 20 

2N6286. 2N6287 505 TO-204AA1T0-3 P-N-P 175 -20 -100 1250 -10 8 

2N6306. 2N6308 498 TO-204ANT0-3 N-P-N 125 8 350 15 3 5 

2N6383 - 2N6385 523 TO-204AA1T0-3 N-P-N 100 10 80 1000 5 20 

2N6546. 2N6547 525 TO-204AA1T0-3 N-P-N 175 15 300 12 5 60 

2N6648 - 2N6650 527 TO-204AA1T0-3 P-N-P 85 -10 -80 1000 -5 20 

2N6671. 2N6673 536 TO-204AA1T0-3 N-P-N 150 10 400 10 5 15 

2N6674.2N6675 537 TO-204ANT0-3 N-P-N 175 20 400 8 10 15 

2N6676. 2N6678 538 TO-204ANTO-3 N-P-N 175 20 400 8 10 15 
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Radiation-Resistant Power Transistors 

The following Harris bipolar silicon power transistors are 
manufactured using special design and processing tech
niques to assure continued functional performance after 
exposure to specified dosages of neutron and gamma 
radiation. 

The following types are recommended for those applications 
where radiation tolerance is a critical factor. Radiation 
tolerance is not covered by present slash (I) specifications. 
Device. capabil ities and system requirements are generally 
limited to a custom specification basis. 

Harris Radiation-Hardened Bipolar Power Transistors 

Types Description 

2N3879 7SVI7A, N-P-N Hi-Speed 
2NS038 9OVl20A, N-P-N Hi-Speed 
2N5320 7SVl2A, N-P-N Small-Sig. 
2N5322 75V/2A, P-N-P Small-Sig. 
2N5S72 120Vl30A, N-P-N Hi-Speed 
2NS248 100V/10A, P-N-P EPI-Base 
2NSS73 400V/8A, N-P-N Hi-Speed 
2NSSBB 200V/20A, N-P-N Hi-Speed 
2N7142· SOV/12A, N-P-N Hi-Speed 
2N7143· BOVl12A, N-P-N Hi-Speed 
2N7144· SOV 112A, N-P-N Hi-Speed 
2N7145· BOV 112A, N-P-N Hi-Speed 
2N714S· SOV 112A, N-P-N Hi-Speed 
2N7147· BOVl12A, N-P-N Hi~Speed 

·Formerly RCA Dev. type TA9t07. 

Neutron-Radiation Compensation 

In Harris radiation-resistant bipolar power transistors, the 
base width is made as narrow as possible (consistent with 
other design objectives) to achieve a minimum base transit 
time so that a maximum number of minority carriers can 
complete the journey through the base. The narrower base 
width thus compensates for the major cause of failure in 
transistors exposed to neutron radiation, the reduction in 
minority-carrier lifetime and the corresponding decrease in 
transistor current gain. The vOltage-supporting region in 
the collector is also made as narrow as feasible and is· 
heavily doped. In this way, the series-resistance path is 
made as low as possible to compensate for the rise in col
lector series resistance and the resultant higher saturation 
voltage caused by exposure of the transistor to neutron 
radiation. 

The problem of increased leakage currents is solved by 
use of epitaxial-planar transistors. The initial leakage in 
these transistors is so small that even the higher levels 
caused by neutron bombardment are unlikely to cause 
failure. 

Because the narrower base width and reduced collector 
resistivity used to improve transistor radiation resistance 

See Application Note AN-6320 for Data 
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Gamma Intensity Neutron Fluence 
Package (RAD(SI)/s) (N/cm22) 

TO-213AA 1 x 101 S X 10'3 
TO-204AA 1 x 101 5 X 10'3 
TO-20SAD 1 x 101 5 X 10'3 
TO-205AD 1 x 101 S X 10'3 
TO-204AA 1 x 101 5 X 10'3 
TO-204AA 1 x 101 5 X 10'3 
TO-204AA 1 x 101 5 X 10'3 
TO-204AA 1 x 101 5x 10'3 
TO-204AA 1 x 10. 1 X 10'4 
TO-204AA 1 x 100 1 X 10'4 
Radial 1 x 100 1 X 10'4 
Radial 1 x 10. 1 X 10'4 
TO-257AA' 1 x 10. 1 X 10" 
TO-257AA 1 x 10. 1 X 10'4 

are contradictory to the design requirement for high-volt
age, high-energy transistors, designers should adjust cir
cuits to require the minimum possible emitter-to-collector 
voltage-breakdown capability. In addition, ratings for 
transistors should be specified in accordance with the way 
in which the devices are to be used. (I.e., VCE or VCEV, 
and neverVCEO). The circuit design should also provide 
high-energy protection for the transistor. 

Gamma-Radiation Compensation 

The gamma dose rate at which the onset of secondary 
photocurrent occurs depends strongly on the geometry of 
the transistor emitter. The secondary photocurrent is initi
ated when a portion of the emitter-base junction becomes 
forward-biased because of the voltage drop across the 
lateral base resistance under the emitter. In Harris radia
tion-resistant transistors, the distance from the base con
tact to the farthest point of the base under the emitter is 
reduced to the minimum possible value to achieve a sub
stantial increase in the gamma threshold level at which the 
secondary photocurrent starts. 
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Custom-Ordered Added Value Screening 
Added Value Screening for Power Bipolar 
Transistors and Chips 

Many solid-state devices not yet covered by military speci
fications, b!lcause they are too new, offer the most recent 
technological advances or have special performance char
acteristics which offer advantages to the designer of high
reliability equipment. Harris cooperates with the users of 
such devices in establishment of high-reliability specifica
tions patterned after MIL standards, which allow these 
designs to be approved for use in military and aerospace 
systems, as well as commercial equipment. • 

Most procurements of solid-state devices for military sys
tems are made by the equipment contractor from the MIL
STD parts list as awards are received for electronic equip
ment. Some military and aerospace programs, because of 
their size, duration, or special requirements (Minuteman 
and Peacekeeper are two examples), require that special 
specifications and process methods, or even special pro
duction lines, be established and tailored to the particular 
functional, reliability, and economic needs of the pro
gram. ,Harris has frequently used the resource of its 
laboratories, production facilities, and expert technical 
staff to contribute to the success of such programs. 

All Harris high-reliability solid-state power devices are 
processed in accordance with provisions of MIL-S-19500. 
The desired screening test sequence can be chosen from 
the models shown in the screening table. 

Class S devices provide wafer lot control traceability from 
wafer diffusion through screening. 

Class S chips also provide wafer lot control traceability 
from wafer diffusion through screening. A sam'ple of 22 
devices taken from this lot is assembled in a suitable 
package. The assembled sample devices are subjected to 
the Class S screening sequence in the table below. Class 
S chips are released for shipment when the assembled 
sample devices successfully pass the screen. 

Class V devices are screened for precap internal visual 
inspection plus burn-in and domestic assembly. Such 
devices are referred to as JANTXV. Class X devices are 
100% burned-in and are referred to as JANTX. 

Group 8 and Group C tests will be performed when 
requested in accordance with MIL-S-19500. 

Added Value High-Reliability Screening for Harris Bipolar Power Transistors 

SCREEN 
MIL-STD-7S0 

CONDITION 
CLASS S CLASS V CLASS X 

METHOD REQUIREMENTS REQUIREMENTS REQUIREMENTS 

1. Internal Visual 2072 For transistors. 100% 100% --
2. High Temp Life 1032 24 hrs min at max 100% 100% . 100% 

(LTPD) rated storage 

(stabiliz3tion bake) temp. 

3. Thermal shock 1051 No dwell is 100% 100% 100% 

(temp cycling) required at 25° C. 

Test condition C, 

20 cycles, t 

(extremes) > 10 

min. 

4. Constant 2006 Y, direction at 100% 100% 100% 

acceleration 11 20,000 G min 

except at 10,000 

G min fqr devices 

with power rating 

of> 10 watts at 

Tc = 25°C. The 1 

min hold time 

requirement shall 

not apply. 



Custom-Ordered Added Value Screening 

Added Value High-Reliability Screening for Harris Bipolar Power Transistors 

SCREEN 
MIL-STD-750 

CONDITION 
CLASS S CLASS V 

METHOD REQUIREMENTS REQUIREMENTS 

5. Hermetic Seal 1071 Test condition G Optional if done 100% 41 

Fine 11 or H, max leak in screen 14. 

rate = 5x10-8 atm 

ccls except 

5x10-7 atm ccls 

for devices with 

internal cavity> 

0.3 cc. 

Gross Test condition A, Optional 100% 41 

C, D, E, or F. 

6. Serialization See 3.7.9. 100% 

7. Interim Electrical As specified. 100% 

Parameters (Read and record) 

8. Hinh Temp Reverse 48 hrs min at TA = 

Ilia:; (HTRB) 1500 C (min) and 

minimum applied 

voltage as 

follows: 

Burn-in 1039 Transistors - 80% 100% 100% 

(for transistors) (min) of rated 

VCB (bipolar), 

VGSIFET), or 

VOSIFET• as 

applicable. Test 

condition A. 

9. Interim electrical As specified but 100% (Measure 100% (Measure 

and delta parameters including all delta all specified all specified 

parameters as a parameters JlVithin parameters within 

minimum. 16 hrs after 24 hrs after 

Leakage current removal of removal of 

shall be measured applied voltage applied voltage 

on each device in HTRB. Record in HTRB. Record 

before any other those parameters those parameters 

test is made. which have a which have a 

delta limit.) delta limit.) 

(See screen 11.) (See screen 11.) 
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CLASS X 
REQUIREMENTS 

100% 41 

100% 41 

100% 

100% (Measure 

all specified 

parameters within 

24 hrs after 

removal of 

applied voltage 

in HTRB. Record 

those parameters 

which have a 

delta limit.) 

(See screen 11.) 
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Custom-Ordered Added Value Screening 
Added Value High-Reliability Screening for Harris Bipolar Power Transistors 

SCREEN 
MIL-STD-7S0 

CONDITION 
CLASS S CLASS V CLASS X 

METHOD REQUIREMENTS REQUIREMENTS REQUIREMENTS 

10. Power Burn-In As specified. 100% 100% 100% 

Burn-In Transistors. Test 240 hrs (min) 160 hrs (min) 160 hrs (min) 

(Transistors) condition B. 

Burn-In 1040 Thyristors. 240 hrs (min) 96 hrs (min) 96 hrs (min) 

(Thyristors) 31 

11. Final Electrical Test As specified. toO% 100% 100% 

Interim Electrical All interim and Interim electrical Interim electrical Interim electrical 

delta parameter and delta and delta and delta 

measurements parameters as a parameters as a parameters f\l; n 

must be minimum. (Read minimum. (Read minimum. (Read 

completed within and record.) and record.) and record.) 

96 hrs after 

removal from 

burn-in 

conditions. 

Other Electrical Group A, sub- Group A, sub- Group A, sub-

Parameters groups 2 and 3. groups 2 and 3. roups 2 and 3. 

12. Hermetic Seal 1071 (Same as 5 on 100% Optional 41 Optional 41 

previous page) 21 

Fine II 

Gross 

13. Radiography 2076 21 100% - -
14. External Visual 2071 To be performed 100% - -

Examination after complete 

marking. 

*11 Omit fine leak seal test and constant acceleration test for double plug, non-internal cavity diode construction. 
*21 The radiographic and seal screens for JANS may be performed in any order following final electrical test. Glass diodes 

shall not be painted until after seal tests. When hermetic seal testing is performed in screen 5 it does not have to be 
performed again in screen 12 for double plug, non-internal cavity diode construction. 

*31 Reverse-blocking test shall replace power burn-in for power rectifiers at 2': 10 amp rating at T c2': toOO C and all thyristors. 
41 Fine and gross seal leak test for JANTX and JANTXV shall be performed in either block 5 or block 12. 
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Package Designations 

" 
@ @ 

(0.060 In.-Dis. Pins) 

TO-202AB TO-204AA TO-204AE TO-220AB 

• 
TO-251AA TO-252AA RADIAL PKG. TO-213AA 
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TO-202AB 
VERSATAB 

Notes: 
1: Package contour optional within dimensions specified. 
2: Lead dimensions uncontrolled In this zone. 
3: Controlling dimensions: Inch. 

TO-204AA 

R 

TO-204AA 
200-mll diameter pin Isolation 

Notes: 
1: ¢b applies between L, and L. Diameter is uncontrolled 

in L,. 
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Dimensional Outlines 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 
NOTES 

A - 0.05 '- 1.270 1 
b 0.023 0.029 0.584 0.736 
b, 0.045 0.055 1.143 1.397 1 
c 0.018 0.026 0.457 0.660 
D 0.305 0.325 7.747 8.255 
E 0.130 0.150 3.302 3.810 
e 0.095 0.105 2.413 2.667 
e, 0.190 0.210 4.826 5.334 
G 0.760 0.840 19.31 21.33 
G, 0.230 0.250 5.842 6.350 
H 0.330 0.370 8.382 9.398 
L 0.400 0.450 10.16 11.43 
L, 0.050 0.100 1.27 2.54 1,2 
¢p 0.123 0.127 3.124 3.225 
0 0.120 0.130 3.048 3.302 
0, 0.039 0.050 0.990 1.270 
a, - 50· - 50· 1 

92C8·24062R6 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 
NOTE 

A 0.250 0.450 6.4 11.4 

/flb 0.038 0.043 0.966 1.092 

/flO 0.875 22.22 

e 0.420 0.440 10.67 11.17 

e1 0.205 0.225 5.21 5.71 

F 0.135 3.42 

L 0.312 7.93 

/flP 0.151 0.161 3.84 4.08 

q 1.187 BSC 30.15 Bse 
R 0.525 13.33 

R1 0.188 4.77 

s 0.655 0.675 16.64 17.14 

92C8·37249R' 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN; MAX. MIN. MAX. 

A 0.250 0.450 6.35 11.35 
¢b 0.038 0.043 0.96 1.092 
¢b, 0.200 NOM. 5.08 NOM. 
¢D 0.875 22.22 
e 0.420 0.440 10.67 11.17 2 
e, 0.205 0.225 5.21 5.71 2 
F 0.060 0.135 1.53 3.42 
L 0.312 0.500 7.93 12.70 
L, 0.050 1.27 
¢p 0.151 0.161 3.836 4.089 
q 1.177 1.197 29.90 30.40 
R 0.495 0.525 12.58 13.33 
R, 0.131 0.188 3.33 4.77 
s 0.655 0.675 16.64 17.14 

92C8-32'02 

2: These dimensions should be measured at points 0.050 
in. (1.270 mm) to 0.055 In. (1.397 mm) below seating 
plane. When gage Is not used, measurement will be 
made at seating plane. 
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Dimensional Outlines 

TO-204AE 
141-mll diameter pin Isolation 

TO-220AA 
VERSAWATT 

NOTES: 

1. Tab contour optional within H, and E. 
2. Position of lead to be measured 0.050 - 0.055 in. 11.270 - 1.397 mml 

below seating plane. 

4·4 

SYMBOL 

A 
t/>b 
t/>b, 
t/>D 

e 
e, 
F 
L 

t/>P 
q 
R 
R, 
5 

SYMBOL 

A 

·b 

bl 
c 
0 
E 
82 
F 

Hl 
Jl 

L2 

L3 
4>P 

Q 

S 

INCHES 
MIN. MAX. 

0.250 J 0.450· 
0.057 0.063 

0.141 NOM. 
- 0.875 

0.420 0.440 
0.205 0.225 
0.060 0.135 
0.440 0.480 
0.151 0.161 
1.187 BSe 
0.495 0.525 
0.131 0.188 
0.655 0.675 

INCHES 

MIN. MAX. 

0.140 0.190 
0.020 0.045 

0.045 0.070 

0.015 0.025 

0.560 0.625 

0.380 0.420 
0.190 0.210 

0.045 0.055 
0.230 0.270 
0.080 0.115 

- 0.050 

0.360 0.422 

0.139 0.147 

0.100 0.120 

0.580 0.610 

MILLIMETERS 
NOTES 

MIN. MAX. 

6.41 11.4 
1.45 1.60 

3.58 NOM. 
- 22.22 

10.67 11.17 
5.21 5.71 
1.53 3.42 

11.18 12.19 
3.84 4.08 

30.15 BSe 
12.58 13.33 
3.33 4.77 

16.64 17.14 

92CS--37!i23 

MILLIMETERS 
---, 

NOTES 
MIN. MAX. 

3.56 4.82 -
0.51 1.14 -
1.15 1.77 -
0.38 0.63 -

14.23 15.87 -
9.66 10.66 1 
4.83 5.33 2 

1.14 1.39 -
5.85 6.85 1 
2.04 2.92 -
- 1.27 -

9.15 10.71 -
3.531 3.733 -
2.54 3.04 -

14.74 15.49 -
92CS-37524Rl 



TO-220AB 
VERSAWATT 

NOTES: 

1. POI ilion of lead to be measured 0.250-0.255 In. 
(6.350·0.477 mm) from case. 

TO-2S1AA 

b~ 
3PL 

92.CS~42979 

NOTES: 

1. W Is datum surface. (seating plane) 

2. J::::E] and m are datums. 

3. Lead dimension uncontrolled In L3' 
4. Tab contour optional within dimensions b2 and L2. 
5. Controlling dimension: Inch. 
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Dimensional Outlines 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.140 0.190 3.50 4.82 

A1 0.080 0.085 2.03 2.18 
b 0.020 0.045 0.51 1.14 

b1 0.045 0.070 1.14 1.77 
C - 0.125 - 3.18 
c 0.015 0.025 0.38 0.63 
D 0.560 0.625 14.23 15.87 

D, - 0.100 - 2.54 
E 0.380 0.420 9.66 10.66 
e 0.090 0.110 2.29 2.79 

e, 0.190 0.210 4.83 5.33 

e2 - 0.030 - 0.76 

F 0.045 0.055 1.14 1.39 
H 0.230 0.270 5.85 6.85 

H1 0.355 0.370 9.02 9AO 
H2 - 0.160 - 4.06 
J 1 0.080 0.115 2.04 2.92 

L 0.500 0.562 12.70 14.27 

L1 - 0.~50 - 6.35 

L2 0.400 0.410 10.16 10.41 

I/JP 0.138 0.161 3.531 4.089 
Q 0.100 0.120 2.54 3.04 

92CS-34697R 1 

~YMBOL 
INCHES MILLIMETER!! 

NOTES 
MIN. I MAX. MIN. MAX. 

A 0.086 I 0.094 2.19 2.38 
A, 0.035 0.045 0.89 1.14 
b 0.025 0.035 0.64 0.89 2 

b1 0.030 0.045 0.76 1.14 

b2 0.205 0.215 5.21 5 . .,6 4 
c 0.018 0.023 0.46 0.58 

c1 0.018 0.023 0.46 0.58 
D 0.235 0.245 5.97 6.22 
E 0.250 0.265 6.35 6.73 2 
e 0.090BSC 2.288SC 
L 0.350 0.380 8.89 9.65 
L, 0.075 0.090 1.91 2.28 

L2 0.035 0.050 0.89 1.27 4 

L3 0.045 0.060 1.15 1.52 3 
92CS-42862 



Dimensional Outlines 

TO-2S2AA 

A~ T 

3 PL 

~l 
L?JL aACKVIEW 

92CS-42996RI 

NOTES: 

1. [TI Is datum surface. (seating plane) 

2. c::o and [±] are datums. 

3. Lead dimension uncontrolled In L3. 
4. Tab contour opllonal within dimensions b2 and L2. 
S. D1 and El establishes a minimum mounting surface for 

Terminal 4. 
6. L Is the terminal length for soldering. 
7. Controlling dimension: Inch. 

RADIAL PACKAGE 

1 

.-/ 
TERMINAL 2 
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~YMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A 0.086 0.094 2.19 2.38 

Al 0.035 0.045 0.89 1.14 

b 0.025 0.035 0.64 0.88 2 

bl 0.030 0.045 0.76 1.14 

b2 0.205 0.215 5.21 5.46 4 

c· 0.018 0.023 0.46 0.58 

cl 0.018 0.023 0.46 0.58 
D 0.235 0.245 5.97 6.22 

Dl 0.170 - 4.32 - 1,5 

E 0.250 0.265 6.35 6.73 2 

El 0.170 - 4.32 - 1,5 

e 0.090BSC 2.28 BSC 

el 0.180 BSC 4.57BSC 
H 0.370 0.410 9.40 10.42 
L 0.020 - 0.51 - 6 

Ll 0.025 0.040 0.64 1.02 

L2 0.035 0.050 0.88 1.27 4 

L3 0.045 0.060 1.15 1.52 3 
92CS·42863 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A - 0.200 - 5.08 

Al - 0.125 - 3.17 1 

C 0.015 0.019 0.38 0.48 

Cl - 0.015 - 0.38 

4>D - 0.710 - 18.03 

cflDl 0.615 0.690 15.62 17.52 1 

d 0.042 0.046 1.06 1.16 

L 0.700 0.710 17.78 18.03 

Ll - I 0.510 - 12.95 

a1 900 ± 2° 90° ± 2° 

Note: 
92CSo20224R1 

1. Controlled area of the diameter does not Include 
the brazed area around the ceramic and terminal 2. 



Suggested Hardware and Mounting Arrangements 

TO-202AB 

HEX NUT 

LOCK WASHER. -, " B\ 
fLAT WASHER ~ ~ 

F::S:~~~;~l'·fJ.7':m~ ~ ~~~~TING BUSHING 
SCREW, 4-40 ~ \::1 
'~ ~O.375 

~ . ·ED~E OF HEAT SINK 
(HEAT SINK THICKNESS = 

, 0.050 In.(1.27mmJ MIN., 

NOTE: Mulmum torqul,\' applIed 10 92 CS-27777 R 1 
mounting Ilange Is Bln.-rb (0.09 kgl-m) 

TO-204AA 
200-mll diameter pin isolation 

i-- 2 SCREWS, 4·40 EJ·······DF435A 
C~ _~MICA INSULATOR 

e " 

o HEAT SINK 

~
;(CHASS1S) 

DF436A 
c> c> 2 NYLON INSULATING 

6 BUSHINGS 

. _ ~ SHOULDER DIA.=0.310 In 

S" (7.B7 mm) MAX .. )

I.D.=O 120 In (305 mm) 

2 METAL WASHERS SHOULDER THICKNESS ® =0064 In. (1.63 mm) MAX. 

2 LOCK WASHERSQ3 

2HEX.NUTS@ 

2S0LDER LUGS~ 
2HEX NUTS@ 

NOTE MAXIMUM TORQUE APPLIED TO MOUNTING 
FLANGEIS8,~;I" I009kglmi 
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TO-204AA 

i-- 2 SCI1(W~;. 6 32 

f!'-~r OFJ77A C~ MICAINSULAtofl 
e 0 

o HEAT SINK 

~
(CHAssrSI 

OF376F 
o c> 2 NYLON INSULATING 

e BUSHINGS 

~' D. "0.156 In, 14.00 mm) 
SHOULDER OrA. '" 0.250 In. 
(6.40 mmJ MAX., 

2 METAL WASHERS® ~~~~~?n~~l~~';~~~!X. 
2 LOCK WASHERSS 

2HEX.NUTS@ 

2S0LDER LUGS~ 
2 HEX. NUTS@ 

NOTE MAXIMUM TOAQUE APPLIED TO MOUNTING 
FLANGE IS 12m Ib' 10 14 'glmJ 

TO-204AE 

k 
~ 

'SCREWS,"" 
OF238A 

e a a 0 MICA INSULATOR 

0;0 <3 HEAT SINK 

'" , 6 C DF378F V 2 NYLON INSULATING 
BUSHINGS 

, ;::;~ ::::::: ~ } 
2HEX. NUTS @ 

1 SOLDER LUG ~ 
2HEX. NUTS @ 

I.D. ~ 0.156 (4.00) 
SHOULDER DIA. ~ 0.250 
1640) MAX .• 
SHOULDER THICKNESS 
- 0.050 11.27) MAX. 

92CS-22556R 1 



Suggested Hardware and Mounting Arrangements 

TO-220AA 

i-- SCREW, 6-32 

~ NR231A 
~ RECTANGULAR METAL 

~ ::~:~ MICA INSULATOR 

~
HOLEDlA"O'145'O'14Iin. e (3.68·3.58 mml 

E> DE> HEAT SINK e (CHASSISl 

DF378F 

INSULATING SHOULDER WASHER 

er-- ~·~O~~~~~ I~'I~:~O mm) 

METAL WASHER @) 0.250 in. 6.35 (mm) MAX. 

LOCK WASHER @ 

HEXNUT @ 
SOLDER LUG ~ 

HEXNUT @ 

NOTE MAXIMUM TORQUE APPLIED TO MOUNTING 

FLANGE IS 8 In Ib 1009 kg' ml 
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TO-220AB 

i-- SCREW, 6·32 

~ NR231A 
~ RECTANGULAR METAL 

~~ ~;~~m" ~~'HOLEDIA"O'145'O'141in. 6 13.68-3.58 mm) 

E> De HEATSINK e (CHASSISI 

DF378F 

INSULATING SHOULDER WASHEIl 

e--- ~'~o~~'6~~'~',~:~omml 
METAL WASHER @) 0250 in. 635 (mm) MAX. 

LOCK WASHER <3 
HEX NUT @> 

SOLDER LUG ~ 
HEXNUT @ 

NOTE MAXIMUM TORQUE APPLIED TO MOUNTING 

FLANGE 158m Ib I009kglmJ 

92CS-39S8S 



TO-220 
VERSAWATT 

6200 

6201 

6203 

Outline 

, ( I 1=001 

@D 

:9 ff 
i--"'595--j 92CS·37520 

g 
~ 
r·~·~ ~ ~ -+--kJ EQj 92CS-3751e 

16 11 ~ 
.... 0·600 

MAX. ., 

92CS- 37521 

Lead Fo rms for Plastic Po wer Packages 

TERM 

92CS-375~2 

f t 

~adFo:r:m~lI-------------------
Outline 

__ -1__ No. 

6226 

6255 

6258 

6261 

4-9 

t:0.70 MAX--j 

I ~.5~MAX1 I -1 
, L'-,,,i,,5 L,,~ 

loll ~ 
0.395-

- 0.640 - .~ 

~0'f5 
92CS-37510 

/0/1 ~ 
j r 0.112 

0.300 .. 

92CS- 37509 



Lead Forms for Plastic Power Packages 

TO-220 
VERSAWATT (Conl'd) 

Lead Form Outline Lead Form 
Outline 

No. No. 

lOll ~ lOll ~ I 6263 0.1871 t--..1. 6265 ~~40 ~O.ISO 
0.337 cr - 0.610 • 

-- - 0.735 -92CS-37505 

.10 11 ~ 
6264 0.187'1 :- ~ 

~0.125 
" 1 

0.337+ --.I 
92C$- 37507 

TO-202 ,to.030 

VERSATAB ~ o. 560-:r- :':0010 
0240-, 

TERM 4 ~ ;0125 OIA f.-- o~~o I 
1 ~ ~ .-' ,0010 1 

0315 + .-t 0200 L / , 0100---.1 

I 

TERM 3~// 
t' 

PLASTIC) 

Top View 

lead Form Outline Lead Form Outline 
No. No. 

~ Type 1 b 

il-Type 12 , 0 

0060 
0'0030 

92CS- 37506 

!I~ ~ II 
0 

LJ I: 

f b' 0 520 REF 

Type 3 EEl=: 

f i." 

R "'" 
~ 

- 0= 0.090 Type 32 0 

b' 0.340 REF 0060 
0300 0' 0,030 
0100 b' 0,520 REF 

Type 11 
C C: 0080 

..L T 
T b 

i 
o--l ~ 
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TO-220 
VERSAWATT 

DR 6204 

DR 6259 

DR 6260 

Outline 

-E±O.015 

"~J~ I REF'> 
92cs-43053 
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DR 6274 

DR 6280 

L ad Forms Surface-Mount e 

Outline 

LJj __ ±O.005 

0.070 -II-
0.060 92CS-43054 

~ 
d Lb-.l SEATING PLANE 

~ Ilo.015 I- 0.025 
0.060-0.070 92CS- 43056 



Surface-Mounted Devices Mounting and Handling Considerations 

General - Since the external epoxy portions of the TO-
251AA and TO-252AA surface-mounted devices are much 
smaller than on conventional transistor packages, these 
devices are often more susceptible .to 'high-temperature/ 
high-humidity conditions. Thus, these surface-mounted 
devices should be coated or encapsulated when used in 
high-temperature/high-humidityenvironment. . 

Preheating - Both TO-251AA and TO-252AA "D-Pak" 
transistors must be preheated prior to being mounted on 
circuit boards. There are several methods of preheating, 
including use of an infrared heat panel, parabolic infrared 
lamp, or hot air circulation. Preheat the devices at 100-
150°C for two minutes, raising the temperature as gradu
ally as possible, since the device pellets may be damaged 
by an abrupt thermal shock. 

Soldering - Both TO-251AA and TO-252AA transistors 
are specified for 250° C solder temperature for 20 seconds 
duration. It is important to use a solder with a melting 
temperature of 190°C or lower. In general, soldering con
ditions range from 22Q-240°C for 3-5 seconds. 

When using molten solder in the metal mask method, 

Preheating Soldering Gradual cooling 
(in the atmosphere) 

300 

250 

~ 200 

~ 
" 

150 .., 
co ... 100 '" c. e 
~ 50 

0 

2 min. or more 

20 !lee. or less 

Fig. 1 - Solder dip method. 

avoid uneven printing and deformation. Recommended 
uniform solder printing thickness is at least 200pm to 
ensure lead wire solderability. 

When using a soldering iron to mount a device to the cir
cuit board, care should be taken to avoid damage and/ 
or dislocation of the device. (For this reason, soldering 
irons are recommended only for experimental or repair 
work.) For proper bonding, the soldering iron tip should 
be 1mm or less in diameter, and 250°C for 3 seconds or 
less. Never touch the epoxy package with the soldering 
iron. 

Figures 1 and 2 show the relationship between soldering 
temperature and preheating time for various device mount
ing procedures. 
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Flux removal - After surface-mounted devices have been 
soldered to the circuit board/substrate, excess flux must 
be removed to prevent corrosion of the device and lead 
wires. Organic flux may be removed by rinsing; but inor
ganic flux must be cleaned with an olefin cleaner such as 
Freon TE or Di-Freon Solvent S3-E. 

Preheating Soldering Gradual cooling 
(in the atmosphere) 

300 

~ 

~ 

" f 
Q) 
c. e 
~ 

20 sec. 
2 min. or more or less 

Fig. 2 - Reflow solder method. 



Surface-Mounted Devices Power Dissipation Considerations 
Maximum power dissipation for the TO-251AA is 1W; 
however, when the TO-252AA is mounted directly to a 
ceramic substrate, the power dissipation is increased to 

2-3W. Figure 3 illustrates the maximum power dissipation 
for either the D72F5T1 or the D73F5T1 transistor mounted 
to a ceramic substrate. 

s: 
0 

~ 
.3-

~ .. .. 
~ 
0 
s:>. 

~ 
~ 

~ 

4 

3 

2 

o 
o 

I piece per board 
TA = 25°C Mounted 
on ceramic substrate 

5 x OXO.S ... I 

r-.. 
~ 

30xI30~J.S I ..... 

r--. 
I"'" 

Single unit I"-
of transistor r.., 

l"'- i' 
i--. 

1"'--., 
r..,['o. 

I"'-F'IIi 

20 40 60 so 100 120. 140 
Ambient temperature 

Fig. 3 - POlmaxJ VS. T. characteristics of either the D72F5T1 or D73F5T1 
transistor mounted on a ceramic substrate. 

160 

Certain circuit designs (such as motor drives and flash cir
cuits) require devices to be rated for transient conditions 
as well as for their overall power dissipation capability. 

The relationship between maximum power dissipation and 
pulse width under transient conditions for typical TO-
251AA devices is shown in figure 4. 

~ 
u 

Po. 
s: 
~ 
.~ .. 
~ .. 
; 
8. .. 
~ 
~ 

300 
Sin,l ... unit 

! or Single PUIH 
100 TAs 2'·C 

-- -
-----l---'-

30 

10 

, -T-' , 1 , 
~il:: ';'-+-r tl : ! I 

, Ceramic substrate 
- t--t- 50XSoxO.81 

-- -- -- b. mgle umt it r--- ,~. . _~uX30 
I:t II i; I! I ~ftransistor 

I § Pc(max) is a value within an area with restrict.pd _ 
-_ thermal resist~nce 

I 1111111 II ilill 11111111 I It 111111 

II111111 I j IlIli 1111111 111111 
10m 100m 10 100 1000 

Pulse width (sec) 

Fig. 4 - Po VS. T. characteristics of D72F5T1 and D73Fb T1 under transient 
conditions. 
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Application Note Abstracts 

Power Transistors 

AN-4509 ............................ 8 pages 
Compact 5-Volt Power Supplies Using Hlgh
Voltage Power Transistors 

The use of low-cost, industrial-type, high voltage 
power transistors and fast-recovery rectifiers to 
achieve size and weight reductions and efficiency 
improvements in 5-volt dc power supplies with 
output currenls of 50 amperes or more are discussed. 
The supplies described, like Ihose used in high
reliabilily aerospace applicalions, use swilching 
ralher lhan dissipaling regulalors 10 eliminale Ihe 
need for a 6O-Hz power Iransformer and heat sinks 
for Ihe transislors. A complete switching-regulalor 
power supply is described in detail. 

AN-4573 .......... : ................. 6 page: 
TesUng for Forward-Bias Second Breakdown In 
Power Transistors 

The design of a non-deslructive forward-bias 
second-breakdown tesl facilily thaI determines Ihe 
forward-bias second-breakdown safe-operating locus 
for power transislors is described. Detailed schemalic 
diagrams of lesl circuits lhal can be used to test 
devices with collector-currenl ralings up to 2.5 
amperes and sustaining colleclor-lo-emiUer voltage 
[V CEO(sus)) ratings up 10 300 volts, or wilh ratings 
10 5 amperes and 100 volls, are given. 

AN-4612 ............................ 4 pages 
Thermal-Cycling Rating System for Silicon 
Power Transistors 

The hasic ca lIses of Ihermal fatigue in silicon power 
lransistors arc analyzed, and a raling chart that 
makes il possible for a circuil designer to avoid such 
failures during Ihe operating life of his equipmenl is 
described. Examples are provided on Ihe use of this 
chart to delermine the transislor operating conditions 
required to assure a desired lhermal-cycling cap
abilily and 10 determine whelher Ihe thermal-cycling 
capability is adequate for the requiremenls of a given 
applicalion. 

AN-6145 ............................ 8 pages 
A Test Set lor Nondestructive Safe-Area 
Measurements Under High-Voltage, Hlgh
Current CondlUons 

The determination of Ihe safe-operaling area of 
power lransistors al high vall/ ampere products 
underpuJsedand repetitive-puJsedeonditions, nondestruc
lively, is made possible by Ihe tesl sel described in Ihis 
NOle. System philosophy, design, conslruction, and 
operalion are detailed. 

AN-6163 ........................... 12 pages 
QuantltaUve Measurement of Thermal-Cycling 
Capability of Silicon Power Transistors 

This Note discusses Ihe melhods used 10 lest Ihe 
Ihermal-cycling capabilily of power lransislors. A 
brief descriplion of thermal faligue, applicalion 
requiremenls, and rating charls is given. A detailed 
discussion of the praclical design and conslruclion of 
Ihermal-cycling racks is also included along with 
actual lesl condilions for various power Iransislor 
Iypes. Acceleralion factors, failure indicators, failure 
mechanisms, and real-time control of Ihermal
cycling capabilily of faclory products are discussed. 
Some informalion is also given on hermetic versus 
plaslic-package Ihermal-cycling reliabililY. 

AN-6249 ......•.........••.......... 6 pages 
Real-Time Controls of SIlicon Power-Transistor 
Reliability 

This Note compares the traditional, classical 
approach to the reliability-assurance testing of power 
transistors with a newer classification of testing: Real
Time Control, R TC. The classical approach is com
monly referred to as Group B, and involves a series of 
mechanical, environmental, and life stress tests. R TC 
involves a continuous, systematic evaluation and 
conlrol in "real time" of hasic, potenlial failure 
mechanisms. 11 is an importanl supplement to a total 
program of reliability assurance. 

AN-628 I ............................ 6 pages 
Accurate Measurement 01 Sustaining Voltage of 
Power Translstors- A Pulsed-Breakdown Test 
Set 

Several lechniques for Ihe measuremenl of the 
primary (sustaining) breakdown voltage of power 
transislors are in common use today. The charac
leristics and limitalions of Ihese lest melhods frequenl
ly make rapid and accurale sustaining-voltage 
readings on power transistors difficult or impossible. 
The test sel described in Ihis NOle fills the need for 
accurate, laboralory-Iype, sustaining-voltage measur
ing equipmenl, although circuilry used in the tesl sel 
design may be ada pled to high-speed tesling equip
menl as well. A complete parts lisl and calibration 
sequence are given. 

AN-6320 •...............•......•..•. 8 pages 
Radlatlon-Hardnen Capability of RCA Silicon 
Power Transistors . 

The types of radialion damage that might be 
experienced by a power device and the lests used to 
delermine Ihe design 'mosl effective in prevenling 
Ihese lypeS of damage are described. 

AN-6330 ........................... 12 pages 
A Sale-Area Rating System for Power Inverters 
Handling CapaclUve and Inductive Loads 

Although transistor power inverters have classic
ally been evaluated wilh resislive loads, the reliability 
of practical inverters of len depends on inductive and 
capacilive loads and associaled startinglransienl con
sideralions. This Note describes a safe-area rating 
system for transistors and relates this system to self
excited single-transformer, self-excited double lrans
former, and driven inverters operating into resistive, 
capacilive, and induclive loads under bolh steady
state and starting conditions. 

AN-6423 •••........•...............• 8 pages 
Thirty-Wail (RMS) True Complementary -
Symmetry Audio Amplifier Using BDX33 and 
BDX34 Darlington Translators 

Monolithic-silicon Darlington transistors de
signed for low-and mediwll-frequency power applica
tions are especially suitable for audio-output 
applications. This Note describes the design and 
performance of an audio amplifier that incorporates 
such devices. 

AN-6425 ............................ 8 pages 
Automatic Analyzer for Determining Safe 
Operating Area of Power Transistors 

The safe operating area is one of the most 
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important ratings of a power transistor, yet only a few 
methods exist 10 evaluate it. The method presented in 
this Note allows description of the safe operating area 
for both dc and pulse operation without subjecting 
the transistor 10 breakdown. Botn n-p-n and p-n-p 
transislors in hermelic or plastic packages can be 
evaluated, and the complete safe-area curve can be 
aUlomalically describL-d in a short time. 

AN-6605 ....•••.•.....••..•••.•••.. 16 pages 
Application of RCA Power Devices In Off-line, 
High-Frequency Inverler/Convertar Circuits 

The current trend in power inverter/converter 
design is 10 use high-frequency switching techniques 
and direct operation off the available utility lines (i.e., 
110 or 220 volts). The use of higher operating fre
quencies reduce the magnetic materials required and 
the size of the filter capacitors. This NOle discusses 
the use of RCA power transistors and SCR's in 
selected high.frequency inverter/ converter applications. 

AN-6624 ........•••..•..•••...••... 16 pages 
Voltage limitations of Power Transistors 

This Note summarizes the primary factors that 
determine the voltage limitations of power transistors 
used in common-emitter circuits with typical base-to
emitter circuit terminations. The material presented 
defines terms and the various operating regions of the 
transistor as shown in typical volt-ampere charac
teristics, develops the analytic relations defming 
operation in each of the regions, and relales each of 
the operating regions to Ihe physical actions taking 
place within the lransistor structure. 

AN-6679 ......•...••••.••••........ 32 pages 
Theoretical Relationships In Capacltlve
Discharge IgnlUon Systems 

There has been both confusion and exaggeration 
concerning the electrical performance of capacitive
discharge, or CD, ignition systems. The theoretical 
relationships developed in this Note aUow the analy
sis of the fundamentals of Ihis type of ignition system 
and an evalualion of the maximum performance 
levels attainable. Three types of systems, the diode
clamped system, the free-ringing system (no diode 
clamp) and the free-ringing single-cycle system are 
analyzed and compared. 

AN-6688 ........•.•.•....•••....... 20 pages 
A Practical Approach to an Audio-Amplifier 
Design 

This Note discusses general considerations, design 
requirements, and performance for a 2Oowatt, hi-fi 
amplifier. 

AN~741 ...•.....••...•••...•••..••• 8 pages 
RCA 15-Ampere SwltchMax Power Transistors 
In a 34D-WaIl20kHz Flyback Converter 

This Note describes the use of the RCA 2N6676, a 
15-ampere SwitchMax power transistor, as a driven 
pulse-width-modulated fly-back-converter stage, the 
final power-output stage, in a 200kHZ off-line power 
converter that provides 340 watts of output power. 
Adjunct circuitry, such as the driver stage, reverse
bias amplifier, and overvoltage and overcurrent 
protection circuits, are also discussed. 



Power Transistors 

AN-6743 ....••...•.....•........•.• 16 pages 
900-Walt, Oft-tha-Llne, HaIl-Bridge Converter 
Using Only Two 15-Ampere 'SwllchMax' High
Vol\ege Power Trenslstors 

To examine and demonstrate the capabilities of 
RCA's new series of 'SwitchMax' power transistors 
in a typical switching application, a 9OO-watt half
bridge converter was constructed and studied. The 

circuit switches at a 20-kilohertz rate and with 
minimal alterations can operate from either 120 or 
240 volts. It was built using conventional circuitry but 
ina non-compact modular format so that it would be 
easily accessible for instrumentation connections and 
component or design alteration. The power switches 
used arc the RCA-2N6678 'Switch Max' IS-ampere 
[ICE(sat)1450-volt (V cmu high-speed transistors. 

AN-6744 ............................ 6 pages 
Low-Cost High-Power Audio Amplifiers Using 
the RCA8638and RCA 9116 Transistor Famillea 

This Note discusses the basic considerations and 
requirements for design of the output stage for class 
AB audio amplifiers using devices selected from the 
RCA 8638 and RCA9116 families. depending on the 
output desired, Operation with load impedances 
other than eight ohms is also discussed for the various 
power categories. 

AN-6760 ........................... 12 pages 
A 230-Watl, 4O-kHz, Oft-LIne Forward Converter 
Using One SwltchMax Transistor 

The increased availability of reliable high-current, 
high-VOltage, fast switches, such as RCA's Switch
Max series devices, and the development of function
al pulse-width-modulating integrated circuits have 
greatly reduced the cost of the off-line medium
power, high-frequency forward converters used in the 
production of precisely conditioned low-voltage 
power. This Note describes the possibilities of the 
forward-converter circuit and demonstrates the per
formance ofthe RCA 2N6673 Switch Max transistor 
in a 230-watt IS-volt 15-ampere off-line converter 
operating at 40 kHz from a 120-volt 6O-cyc\e line. 

AN-68oo ............................ 6 pages 
A Teat Set lor Measuring h'e and IT as a 
Function 01 Collector Current 

This Application Note describes a technique and 
test circuit, the Swept-IC Test Set, that measures the 
hfe characteristic of a power transistor at ~ f~xed teS! 
frequeocy while the collector current, IC. IS swept, 
or varied, repetitively, at a linear rate, from zero to a 
predetermined maximum. 

AN-6819 ............................ 8 pages 
The SwltchMax Transistor 

The SwitchMax transistor families, designed for 
high-frequencyoff-Iine switching power sUPI?lies, con
verters, switching regulators and pulse-W1dthmod
ulated amplifiers, are rated for 5, 10, 15, and 25-
ampere operating currents. They have high sa~e
operating-area (SOA) ratings in both the forward-bIllS 
and inductive turn-off(clamped ESjb) modes. These 
capabilities are combined with V CEO ratings of up to 
500 volts, and V CEV ratings to 1000 volts. 

AN-6820 ·· .......................... 8 pages 
Typical Switching Speed Versus Temperature 
Data lor SwltchMax TranSistors Under Non
JEDEC CondlUons 

Since the introduction of the SwitchMax power
transistor line in 1978, a great amount of study of 
device behavior in special situations has resulted in 
the accumulation of a large volume of switching
speed data on hundreds of devices. This Note distills 
the data into a qualitative picture of SwitchMax
device performance at other than JEOEC-registered 
switching-test conditions. 

AN-6827 ............................ 4 pages 
4D-Watt AutornoUve Audio-Power Booster 

In recent years, there has been a growing dema.nd 
for higher power-output capability in auto.m~~ve 
tape and audio systems. One of the factors IllDltlng 
output capability is the 12-volt automotive-system 
voltage. This Note describes the combination of a 
dc-t<HIc regulated up-converter and a simple and 
economical output amplifier that will deliver 40 watts 
into a 4-oh", load. 

AN-6828 ............................ 4 pages 
In-Socket, High-Temperature, Dynamic TesUng 
of Power Transistors 

The measurement, at elevated temperatures, of 
dynamic parameters such as switching time, is a 
problem in in-chamber facilities because ~f the 
critical nature of lead length and dress. A solullon to 
this problem, the approach described in this Note, 
involves the location of a source of heat at the socket 
ofthedevice under test. This "hot-socket"method, in 
which controlled amounts of power are supplied to 
the socket heaters, is adaptable to curve-tracer 
measurements where IR drops are critical at high 
current. Kelvin connections are used at the collector 
and emitter terminals, mandating a five-terminal 
socket. 

AN-6857 ............................ 4 pages 
2D-Ampere Monollthlc-Darltngton Power Tran
sistors In a Sine-Wavs-inverter Output Stage 

This Note describes the use of the type 2N6284 
power transistor, a 2O-ampere, D-P""n, monolithic 
darlington, and its complement, the type 2N6287 
(p-n-p), as low-cost high-ol1tput-power single-end,ed 
power inverters. Either transistor can ~e used Wlt~ 
equivalent performance results; the chOIce of type IS 
dependent only upon the polarity of the de voltage 
supply available. 

An-6866 ............................. 6 pages 
PracUcal Aspects 01 Voltage-Breakdown Test
Ing of Power Tranaistors and Darllngtons 

In specifying voltage-breakdown requirements for 
power transistors and power darlingtons, a customer 
will choose a limit whIch he feels will protect his 
application. However, during the testing of the 
product to verify this limit, either the manufacturer or 
the customer may damage the device. This Note 
reviews the common methods of measurement of 
avalanche breakdown voltage. It points out why 
damage occurs to power transistors as a result of 
these measurements and suggests methods that may 
reduce the incidence of damage. The Note also points 
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out that avalanche breakdown testing is performed at 
voltages beyond the maximum ratings of the device 
and that such testing should only be undertaken after 
all necessary precautions have been taken, and with a 
complete understanding of the risks. 

AN-6896 ............................ 8 pages 
Safe Operating Area and the Design 01 Reliable 
Audio Power Ampllllers 

The reilability of an audio power amplifier can 
depend on the designer's understanding of the Safe 
Operating Area, SOA, of the transistors employed, 
and his freedom to implement safeguards against the 
failure of those devices. The designer can overcome 
the limits placed by economics and other factors on 
this freedom, while assuring optimum reliability and 
performance from his designs, by working within the 
constraints imposed by the SOA ratings, This Note 
discusses the usc of these ratings through example, 
and the protection circuits required in a proper 
design. 

AN-6904 ........•........•......... 12 pages 
One-Hundred-Walt True-Complementary
Symmetry AudIo Amplllier Using B0750 and 
BD751 Silicon Transistors 

The B0750 and BD751 serics "f power transistors 
are complementary p-n-p and n·p-n scries, respect
ively, selected from the balla>led epitaxial-base 
silicon transistor families, RCAN6JH and RCA9116. 
They feature high-dissipation c;lpability,low satura
tion voltage. maximum safe-opcmting area, a gain
bandwidth product (fT) higher than 4 M Hz, and high 
gain at high current levels, '1l1e transistors are 
especially suitable for use in the output stage ofirue
complementary high power audio amplifiers. 

Power Hybrid Circuits 

AN-4483 ................... , ........ 6 pages 
General AppllcaUon Consldemtlons lor the RCA
HC2000H Hybrid Linear Power Amplllier 

This Note briefly describes the RCA HC-2oooH 
hybrid linear amplifier and discusscs such operating 
considerations as de and ac power dissipation, effi
ciency as a function of frequency, protection against 
excessive load variations and reactive loads, and 
heat-sink requirements. 

AN4782 ............................ 6 pages 
GenerelAppllcatlon Consldemtlons lor Ihe RCA
HC2000H Power Hybrid Operational Ampllller 

The RCA-HC2oooH is a power hybrid operation
al amplifier that can deliver 100 watts rms to a 4-ohm 
load at a maximum peak current of 7 amperes. It 
operates from a maximum power-supply voltage of 
75 volts (single ended) or ±37.5 volts (split). The 
low-profile package is light in weight and can be used 
with either printed-circuit-board connections or com
merciallyavailable 0.11 O-inch quick-disconnect push
on terminals. This Note briefly describes the HC2000H 
and discusses some general application considera
tions for this amplifier. 
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North American Sales Offices and Representatives June 1992 

ALABAMA Harris Microwave Harris Semiconductor 
MARYLAND Herrls Semiconductor Semiconductor Products 300 6th Avenue, North 

New Era Sales. Inc. Suite 103 Harris Microwave Indian Rocks Beach, FL 34635 
678 Ritchie Highway Office Park South Semiconductor TEL: (813) 595-4030 
Severna Park, MD 21146 600 Boulevard South 1530 McCarthy Blvd. FAX: 813 595 5780 
TEL: (410) 544-4100 Huntsville, AL 35802 Milpitas, CA 95035 FAX: 410544-6092 TEL: (205)·883-2791 TEL: (408) 433-2222 GEORGIA 

FAX: 205 8632661 TWX: 910 336 2247 Glestlng 8. Associates 
MASSACHUSETTS Glestlng & Associates FAX: 408 432 3268 " Suite 108 

Harris Semiconductor Suite 15 Gray & Steward, Inc. 2434 Hwy.120 
" Suite 240 4835 University Square 1054 Whispering Pines Dr. Duluth, GA 30136 

3 Burlington Woods HuntsVille, AL 35816 Scotts Valley, CA 95066 TEL: (404) 476-2034 
Burlington, MA 01803 TEL: (205) 830-4554 TEL: (408) 439-8905 FAX: 404 476 2023 
TEL: (617) 221-1850 FAX: 205 830 4699 FAX: 408 439 9001 FAX: 617 221 1866 

ILLINOIS 
Advanced Tech Sales ARIZONA CANADA Harris Semiconductor 
Suite 102 Compass Marketing 8. Sales, Blakewood Electronic " SUite600 
348 Park Street Inc. Systems. Inc. 1101 Perimeter Dr. 
Park Place West 11801 N. Tatum Blvd. #101 1 A - 12880 Bathgate way Schaumburg, IL 60173 
N. Reading, MA 01864 Phoenix, AZ 85028 Richmond, BC Canada TEL: (708) 240-3480 
TEL: (508) 664-0888 TEL: (602) 996·0635 Canada V6V lZ4 FAX: 708 6191511 
FAX: 508 664 5503 FAX: 602 9960586 TEL: (604) 273-9910 Oasis Sales 

P.O. Box 65447 FAX: 604 273 1483 1101 Tonne Road MICHIGAN 
Tucson, p.;z 85728 Clark Hurman Associates Elk Grove Village, IL 60007 Harris Semiconductor 
TEL: (602) 557-0580 Unit 14 TEL: (708) 640-1850 

" Suite 460 
FAX: 602 557 0581 20 Regan Road FAX: 708 640 9432 27777 Franklin Rd. 

Brampton, Ontario Southfield, MI 48034 
CALIFORNIA Canada L7A 103 INDIANA TEL: (313) 746-0800 

Harris Semiconductor TEL: (416) 840-6066 Harris Semiconductor FAX: 313 746 0516 
" Suite 320 FAX: 416 640-6091 " Suite 100 Glestlng & Associates 

1503 So. Coast Drive 66 Colonnade Rd. 11590 N. Meridian SI. 
Suite 113 

Costa Mesa, CA 92626 SUite 205 Carmel, IN 46032 
34441 Eight Mile Rd. 

TEL: (714) 433-0600 Nepean, Ontario TEL: (317) 843-5180 
Livonia. MI 48152 

FAX: 714 433 0682 Canada K2E 7K7 FAX: 317 843 5191 
TEL: (313) 478-8106 

Harris Semiconductor TEL: (613) 727-5626 Glestlng 8. Associates FAX: 313 477 6908 
Suite 308 FAX: 6137271707 370 Ridgepolnt Dr. 

6898 Curtis Dr. 
5250 W. Century Blvd. 4 Chester Carmel. IN 46032 

Coloma, MI 49038 
Los Angeles, CA 90045 Pointe Claire, Quebec TEL: (317) 844-5222 

TEL: 616-468-4200 
TEL: (310) 649-4752 Canada H9R 4H7 FAX: 317 844 5861 

FAX: 616 468 6511 
FAX: 310 649 4804 TEL: (514) 426-0453 

1279 Skyhills N.E. 
Harris Semiconductor FAX: 514 426 0455 IOWA 

Comstock Park, MI 49321 
" Suite200 Advanced Technical Sales 

TEL: (616) 784-9437 
2460 N. First St. COLORADO Inc. 

FAX: 616 784 9438 
San Jose, CA 95131 Compass Marketing 375 Collins Road, NE 
TEL: (408) 922-0977 Suite 3500 Cedar Rapids, IA 52402 

MINNESOTA FAX: 408 435 0312 5600 So. Quebec SI. TEL: (319) 393-8280 
Oasis Sales 

Harris Semiconductor Greenwood Village, CO 80111 FAX: 319 393 7258 
Suite 210 

" Suite 350 TEL: (303) 721-9663 Oasis Sales 7805 Telegraph Road 
6400 Canoga Ave. FAX: 303 721 0195 Suite 203 Bloomington, MN 55438 
Woodland Hills, CA 91367 4905 Lakeside Dr., NE TEL: (612) 941-1917 
TEL: (818) 992-0686 CONNECTICUT Cedar Rapids, IA 52214 FAX: 612 941 5701 
FAX: 818 883 0136 Advanced Tech Sales, Inc. TEL: (319) 377-8738 

CK Associates Westview Office Park FAX: 319377 8803 MISSOURI 
8333 Clalremont Mesa Blvd. Bldg. 2, Suite lC Advanced Technical Sales 
Suite 102 850 N. Main Street Extension KANSAS 13755 St. Charles Rock Rd. 
San Diego, CA 92111 Wallingford, CT 06492 Advanced Technical Sales, Bridgeton, MO 63044 
TEL: (619) 279-0420 TEL: (203) 284-0838 Inc. TEL: (314) 291-5003 
FAX: 619 279 7650 FAX: 203 284 8232 Suite 8 FAX: 314 291 7958 

601 North Mur-Len 
Ewing Foley, Inc. 

FLORIDA Olathe, KS 66062 NEW JERSEY 185 Linden Avenue 
Harris Semiconductor TEL: (913) 782-8702 Harris Semiconductor Auburn, CA 95603 

" 1301 Woody Burke Rd. FAX: 9137828641 " Suite 210 North TEL: 916-885-6591 
Melbourne, FL 32902 6000 Midlantic Drive FAX: 916 885 6594 
TEL: (407) 724-3576 KENTUCKY MI. Laurel, NJ 08054 
FAX 407 724 3130 Giestlng & Associates TEL: (609) 727-1909 

212 Grayhawk Court FAX: 6097279099 
Versailles, KY 40383 
TEL: (606) 873-2330 

"Field Application Assistance Available FAX: 606 873 6233 
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Harris Semiconductor 
7696 Mountain Ash Suite 521 Nova Marketing 724 Route 202 

P.O. Box 591 MIS 13 Liverpool, NY 13090 28250 Euclid Avenue Suite 174 

Somerville, NJ 08876 TEL: (315) 457·7954 Cleveland, OH 44132 8350 Meadow Rd. 

TEL: (908) 685-6150 FAX: 315 457 7076 TEL: 216-261-9705 Dallas, TX 75231 

FAX: 908 685-6140 Trlonic Associates, Inc. FAX: 216 2615824 TEL: (214) 750-6082 

Tritek Sales, Inc. 320 Northern Blvd. 2159 Rlverhlll Rd. FAX: 214 750 6068 

Suite 410 Great Neck, NY 11021 Columbus, OH 43221 Suite 180 

One Cherry Hill TEL: (516) 466-2300 TEL: 614·459-4800 8310 Capitol of Texas Hwy. 

Cherry Hili, NJ 08002 FAX: 516 4662319 FAX: 614 459 4801 Austin, TX 78731 

TEL: (609) 667·0200 TEL: (512) 343·2321 

FAX: 609 667 8741 Ha"'s Microwave OKLAHOMA FAX: 512 343·2487 
Semiconductor Products Nova Marketing Suite 206 

KLMGarner 
NEW MEXICO 46 Clinton St. 

Suite 1339 9207 Country Creek Rd. 
Compass Mktg. & Sales, Inc. P.O.BoxC 

81250 East 51st Street Houston, TX 77036 
Suite 109 Clark Mills, NY 13321 

Tulsa, OK 74145 TEL: (713) 988-6082 
4100 Osuna Rd., NE TEL: (800) 826·8557 FAX: 713 774 1014 
Albuquerque, NM 87109 

TEL: (315) 853·6126 TEL: (918) 660·5105 
FAX: 315 8533011 FAX: 918 665 3815 TEL: (505) 344-9990 UTAH 

FAX: 505 345 4848 111 Marsh Rd. Compass Marketing & Sales 
Pittsford, NY 14534 OREGON 4001 South 700 East 

NEW YORK 
TEL: (716) 381·8350 Northwest Marketing Assoc. Suite 500 

Harris Semiconductor 
FAX: 716385 2103 Suite 330 Salt Lake City, UT 84107 

Hampton Business Center 6975 SW Sandburg Road TEl: (801) 264·6606 
1611 Rt. 9, Suite U3 NORTH CAROLINA Portland, OR 97223 FAX: 801 264 6601 
Wappingers Falls, NY 12590 Harris Semiconductor TEL: (503) 820-0441 

TEL: (914) 298-0413 4020 Stirrup Creek Dr. FAX: 503 6842541 WASHINGTON 
FAX: 914 2980425 Building 2A, MS/2T08 Northwest Marketing Assoc. 

Foster & Wager, Inc. 
Durham, NC 27703 PENNSYLVANIA Suite 330N. 
TEL: (919) 549-3600 Giesting & Associates 12835 Bel-Red Road 69 Govorneurs Lane FAX: 919 549 3660 471 Walnut Street Bellevue, WA 98005 Endlcotl, NY 13760 

TEL: (607) 748·5963 New Era Sales Pittsburgh, PA 15238 TEL: (206) 455-5846 

FAX: 607 7485965 Suite 203 TEL (412) 828-3553 FAX:2064511130 
1110 Navajo Dr. FAX: 412 828 6160 

42 Rodsplre Way Raleigh, NC 27609 WISCONSIN East Amherst, NY 14051 TEL: (919) 878-0400 TEXAS Oasis Sales TEL: (716) 688-7864 FAX: 919 878 8514 Harris Semiconductor 1305 N. Barker Rd. FAX: 716 688-7864 
Suite 115 Brookfield, WI 53005 

2511 Browncroft Blvd. OHIO 17000 Dallas Parkway TEL: (414) 782·6660 
Rochestor, NY 14825 Giesting & Associates Dallas, TX 75248 FAX: 414 782 7921 
TEL: (716) 385·7744 P.O. Box 39398 TEL: 214·733·0800 
FAX: 716 5861359 2854 Blue Rock Rd. FAX: 214 733 0819 

Cincinnati, OH 45239 
TEL: (513) 385-1105 
FAX: 513 385 5069 

'Field Application Assistance Available 

North American Authorized Distributors 
CORPORATE OFFICES EMC (Electronics Mktg Corp) Hall-Mark Electronics Newark Electronics, Inc. 

Arrow!Schweber 1150 West Third Avenue 11333 Pagemill Rd. 4801 N. Ravenswood 
25 Hub Dr. Columbus, OH 43212 P.O. Box 222035 Chicago, IL 60640 
Melville, NY 11747 TEL: (614) 299-4161 Dallas, TX 75243 TEL: (312) 784·5100 U) 

TEL: (516) 391·1300 FAX: 614 299 4121 TEL: (214) 343·5000 FAX: 312 784 5100 X3107 W 
0 

FAX: 516 391 1644 Falcon Electronics FAX: 214 343 5988 Wyle Laboratories u::: 
Almac Electronics Corp. 5 Higgins Dr. HamlltonlAvnet (Commercial & Military) LL 
14360 S.E. Eastgate Way 0 

Milford, CT 06460 10950 W. Washington Blvd. 3000 Bowers Avenue U) Bellevue, WA 98007 TEL: (203) 878-5272 Culver City, CA 90230 Santa Clara, CA 95051 W 
TEL: (206) 643-9992 FAX: 203 877 2010 TEL: (310) 558-2000 TEL: (408) 727·2500 ..J 
FAX: 206 643 9709 

Gerber Electronics, Inc. FAX: 310 558 2809 (Mil) FAX: 408 7275896 ~ 
Anthem 128 Carnegie Row FAX: 3105582076 (Com) 
1160 Rldderpark Dr. Norwood, MA 02062 ITT Multlcomponents Obsolete Products 
San Jose, CA 95131 TEL: (617) 769-6000 300 North Rivermede Rd. Rochester Electronic 
TEL: (408) 453-1200 FAX: 617 766 8931 Concord, OntariO 10 Malcom Hoyt Drive 
FAX: 408 441 4500 Canada L4K 2Z4 ~ewburyport, MA 01950 

TEL: (416) 798-4884 TEL: (508) 462·9332 

FAX: 416 798 4889 FAX: 508 462 9512 
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North American Authorized Distributors 

ALABAMA 
Hamllton/Avnet 
Costa Mesa 

ArrowlSchweber TEL: (714) 641-6111 
Huntsville 
TEL: (205) 837-6955 Costa Mesa 

Hell-Mark 
TEL: (714) 641-4100 

Huntsville Gardena 
TEL: (205) 837-8700 TEL: (310) 217-2046 

Hamllton/Avnet Culver City 

Huntsville TEL: (310) 558-2000 

TEL: (205) 837-7210 Roseville 
TEL: (916) 781-6614 

ARIZONA San Diego 
Anthem TEL: (619) 571-7525 
Tempe Sunnyvale 
TEL: (602) 966-6600 TEL: (408) 743-3300 
ArrowlSchweber 
Tempe 

Woodland Hills 

TEL: (602) 431-0030 
TEL: (818) 700-6545 

Hall-Merk 
Wyle Laboratories 

Phoenix 
Calabasas 

TEL (602) 437-1200 
TEL: (818) 880-9000 

Hamllton/AvOet 
Irvine 

Chandler 
TEL: (714) 863-9953 

TEL: (602) 961-6411 Rancho Cordova 
TEL: (916) 638-5282 

Wyle Laboratories 
San Diego Phoenix 

TEL: (602) 437-2088 TEL: (619) 565-9171 

Santa Clara 
CALIFORNIA TEL: (408) 727-2500 

Anthem 
Chatsworth CANADA 
TEL: (818) 700-1000 ArrowlSchwaber 
E.lrvine Burnaby, British Columbia 
TEL: (714) 768-4444 TEL: (604) 421-2333 

Rocklin Dorval, Quebec 

TEL: (916) 624-9744 TEL: (514) 421-7411 

San Diego Nepan, Ontario 

TEL: (619) 453-9005 TEL: (613) 226-6903 

San Jose Mississagua, Ontario 

TEL: (408) 452-2287 TEL: (416) 670-7769 

ArrowlSchwaber Hamllton/Avnet 

Calabasas Burnaby, B.C. 

TEL:(818) 880-9686 TEL: (604) 420-4101 

Irvine Mississaugua, Ontario 

TEL: (714) 454-4372 TEL: (416) 564-6060 

San Diego Nepean, Ontario 

TEL: (619) 565-4800 TEL: (613) 727-7501 

San Jose St. Laurent, Quebec 

TEL: (408) 441-9700 TEL: (514) 335-1000 

TEL: (408) 432-7171 ITT Multlcomponents 

Hall-Mark Vancouver 

Chatsworth TEL: (604) 291-8866 

TEL: (818) 773-4500 Calgary, Alberta 

Rocklin TEL: (403) 273-2780 

TEL: (916) 624-9781 Concord, Ontario 

San Diego TEL: (416) 798-4884 

TEL: (619) 268-1201 . Edmonton, Alberta 

San Jose TEL: (800) 332-8387 

TEL: (408) 432-4000 V. SI. Laurent, Quebec 
Irvine TEL: (514) 335-7697 

TEL: (714) 727-6000 Nepean, Ontario 
TEL: (613) 596-6980 

Winnipeg, Manitoba 
TEL: (204) 786-8401 

COLORADO 
Anthem 
Englewoo~ 
TEL: (303) 790;.4500 

ArrowlSchweber 
Englewood 
TEL: (303) 799-0258 

Hall-Mark 
Englewood 
TEL: (303) 790-1662 

Hamllton/Avnet 
Englewood 
TEL: (303) 799-7800 
Colorado Springs 
TEL: (719) 637-0055 

Wyle laboratories 
Thornton 
TEL: (303) 457-9953 

CONNECTICUT 
Anthem 
Waterbury 
TEL: (203) 575-1575 

ArrowlSchweber 
Wallingford 
TEL: (203) 265-n41 
Falcon 
Milford 
TEL: (203) 878-5272 

Hall-Mark 
Cheshire 
TEL: (203) 271-2844 

Hamllton/Avnet 
Danbury 
TEL: (203)743-9799 

FLORIDA 
ArrowlSchweber 
Deerfield Beach 
TEL: (305) 429-8200 
Lake Mary 
TEL: (407) 333-9300 
HallMark 
Casselberry 
TEL: (407) 830-5855 

Largo 
(813) 541-7440 

Pompano Beach 
TEL: (305) 971-9280 
Hamllton/Avnet· 
FI. Lauderdale 
TEL: (305) 733-6300 

St. Petersburg 
TEL: (813) 573-3930 
Winter Park 
TEL: (407) 657-9018 

GEORGIA 
ArrowlSchweber 
Duluth 
TEL: (404)497-1300 

Hall-Mark 
Duluth 
TEL: (404) 623-4400 

Hamilton/Avnet 
Duluth 
TEL: (404) 623-5475 
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ILLINOIS 
Anthem 
Schaumburg 

June 1992 

TEL: (708) 884-0200 
ArrowlSchweber 
Itasca 
TEL: (708) 250-0500 

Hall-Mark 
Wood Dale 
TEL: (312) 860-3800 

Hamllton/Avnet 
Bensenville 
TEL: (708) 860-8566 

Newark 
Chicago 
TEL: (312) 784-5100 

INDIANA 
ArrowlSchweber 
Indianapolis 
TEL: (317) 299-2071 

Hall-Mark 
Indianapolis 
TEL: (317) 872-8875 
Hamllton/Avnet 
Carmel 
TEL: (317) 844-9333 

IOWA 
ArrowlSchweber 
Cedar Rapids 
TEL: (319) 395-7230 

Hamllton/Avne! 
Cedar Rapids 
TEL: (319) 362-4757 

KANSAS 
ArrowlSchweber 
Lenexia 
TEL: (913)541-9542 

Hall-Mark 
Lenexa 
TEL: (913) 888-4747 

Hamllton/Avnet 
Lenexa 
TEL: (913) 541-7924 

KENTUCKY 
Hamilton/Avnet 
Lexington 
TEL: (606) 288-4911 

MARYLAND 
Anthem 
Columbia 
TEL: (410) 995-6640 

ArrowlSchweber 
Columbia 
TEL: (410) 596-7800 

Falcon 
Baltimore 
TEL: (410) 247-5800 

Hall-Mark 
Columbia 
TEL: (410) 988-9800 

Hamllton/Avnet 
Columbia 
TEL: (410) 995-3528 
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MASSACHUSETTS 
Pinebrook Highland Heights HamillonlAvnet 

Anthem 
TEL: (201) 227-7880 TEL: (216) 442-3441 Austin 

Wilmington Hall-Mark Hall-Mark TEL: (512) 832-4306 

TEL: (508) 657-5170 Parsippany Worthington Dallas 

Arrow/Schweber 
TEL: (201) 515-3000 TEL: (614) 888-3313 TEL: (214) 404-9906 

Wilmington Moorestown Solon Stafford 

TEL: (508) 658-0900 TEL: (609) 235-1900 TEL: (216) 349-4632 TEL: (713) 274-9336 

Gerber HamlitonlAvnet HamlitonlAvnet Wyle laboratories 

Norwood Cherry Hill Dayton Austin 

TEL: (617) 769-6000 TEL: (609) 424-0100 TEL: (513) 439-6700 TEL: (512) 345-8653 

Hall-Mark Parsippany TEL: (513) 439-6721 Houston 

Billerica TEL: (201) 515-5300 Columbus TEL: (713) 879-9953 

TEL: (508) 667-0902 
NEW MEXICO 

TEL: (614) 882-7389 Richardson 

HamlitonlAvnet Solon TEL: (214) 235-9953 

Peabody 
HamlitonlAvnet TEL: (216) 349-5100 

TEL: (508) 531-7430 
Albuquerque UTAH 
TEL: (505) 765-1500 OKLAHOMA Anthem 

MICHIGAN Arrow/schweber Salt Lake City 
NEW YORK 

Arrow/schweber Anthem 
Tulsa TEL: (801) 973-8555 

livonia Commack 
TEL: (918) 252-7537 Arrow/schweber 

TEL: (313) 462-2290 TEL: (516) 864-6600 Hall-Mark Salt Lake City 

Hall-Mark Falcon 
Tulsa TEL: (801) 973-6913 

Livonia Hauppauge 
TEL: (918) 254-6110 HamiltonlAvnet 

TEL: (313) 462-1205 TEL: (516) 724-0980 HamlitonlAvnet Salt Lake City 

Hamliton/Avnet Arrow/schweber 
Tulsa TEL: (801) 266-2022 

Novi Hauppauge 
TEL: (918) 252-7297 Wyle Laboratories 

TEL: (313) 347-4270 TEL: (516) 231-1000 
West Valley 

Grandviliu 
OREGON TEL: (801) 974-9953 

TEL: «(>I G) 531-0345 
Rochester AlmaclArrow 
TEL: (716) 427-0300 Beaverton WASHINGTON 

MINNESOTA Hall-Mark TEL: (503) 629-8090 AlmaclArrow 

Anthom Fairport Anthem Bellevue 

Eden Prairie 
TEL: (716) 425-3300 Beaverton TEL: (206) 643-9992 

TEL: (6 1 :~) 944-5454 Ronkonkoma TEL: (503) 643-1114 Spokane 

Arrow/schweber TEL: (516) 737-0600 Hamilton/Avnet TEL: (509) 924-9500 

Eden Prarie HamlitonlAvnet Beaverton Anthem 

TEL: (612) 941-5280 Syracuse (503) 627-0201 Bothell 

Hall-Mark TEL: (315) 434-2426 Wyle Laboratories 
TEL: (206) 483-1700 

Bloominuton Hauppauge Beaverton Hall-Mark 

TEL: (GI2) 941-2600 TEL: (516) 434-7490 TEL: (503) 643-7900 SeaWe 

Hamliton/Avnet Rochester 
TEL: (206) 547-0415 

Minnelonka TEL: (716) 475-9130 
PENNSYLVANIA TEL: 1-800-548-3976 

Anthem FAX: 206 632 4814 
TEL: (612) 932-0600 Westbury Horsham HamlitonlAvnet 

MISSOURI 
TEL: (516) 997-6868 TEL: (215) 443-5150 Redmond 

Arrow/schweber NORTH CAROLINA 
Arrow/schweber TEL: (206) 881-6697 

51. Louis Arrow/schweber 
pnlsburgh Wyle Laboratories 

TEL: (314) 567-6888 Raleigh 
TEL: (412) 963-6807 Redmond 

Hall-Mark TEL: (919) 876-3132 HamiitonlAvnet TEL: (206) 881-1150 

Earth City EMC 
Pitlsburgh 

WISCONSIN 
TEL: (314) 291-5350 Charlotte 

TEL: (412) n2-1861 
Arrow/schweber 

Hamliton/Avnet (704) 394-6195 
TEXAS Brookfield 

Chesterfield Hall-Mark Arrow/schweber TEL: (414) 792-0150 
TEL: (314) 537-1600 Raleigh 

U) 

Austin Hall-Mark 
W 

TEL: (919) 878-0712 
0 

NEW HAMPSHIRE 
TEL: (512) 835-4180 New Berlin ii: 

Hamiiton/Avnet 
Hamilton/Avnet Dallas TEL: (414) 797-7844 u.. 

Manchester 
Raleigh TEL: (214) 380-6464 HamiitonlAvnet 

0 

TEL: (919) 878-0819 
U) 

TEL: (603) 624-9400 Houston Waukesha W 

TEL: (713) 530-4700 TEL: (414) 784-4518 ...I 

OHIO -< 
NEW JERSEY Arrow/schweber Hall-Mark 

U) 

Anthem Solon Austin South American 
Pinebrook TEL: (216) 248-3990 TEL: (512) 258-8848 Authorized Distributor 
TEL: (201) 2n-7960 

Centerville Dallas Graftec Electronic Sales Inc. 

Arrow/schweber TEL: (513) 435·5563 TEL: (214) 343-5000 One Boca Place, Suite 305 East 

Marlton EMC TEL: (214) 553-4300 2255 Glades Road 

TEL: (609) 596-8000 Columbus Houston 
Boca Raton, Florida 33431 

TEL: (614) 299-4161 TEL: (713) 781-6100 
TEL: (407) 994-0933 
FAX: 407 994-5518 
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European Sales Offices and R t tives epresen a June 1992 

Erwin W. Hildebrandt European Sales Headquarters 
PORTUGAL GERMANY Nieresch32 Harris Semiconductor 

Crlstalonlca Componentes • Harris Semiconductor o . 4405 Notluln·Oarup Mercure Center 
De Radio E Televiseo Lda GmbH TEL: 49 2502 6065 100, Rue de la Fusee 
Rua Bernardim Ribeiro, 25 Putzbrunnerstrasse 69 FAX: 49 25021889 1130 Brussels, Belgium 
p. 1100 Lisbon 8000 Muenchen 83 TWX: 892565 TEL: 32 2 246 2111 
TEL: 351 13534631 TEL: 49 89 63813 0 

Fink Handelvertretung FAX: 32 2 246 22 05 
FAX: 351 1356 17 55 FAX: 49 89 6376201 

Margreider Platz FAX: 32 2 246 22 06 
TWX: 64119 TLX:529051 

Laurinweg 1 TLX:61566 
Harris Semiconductor 0·8012 Ottobrun Bei SPAIN GmbH Munchen AUSTRIA 

ElcosS.A. Kieler strasse 55 • 59 TEL: 49 89 6097 004 Transistor 
Loeches 1-3 2085 Quickborn FAX: 49896098170 Vertrlebsgesellschaft mbH 
SP - 28008 Madrid TEL: 49 4106 500204 TWX: 529298 &CoKG 
TEL: 34 1 541 6918 FAX: 49 4106 68850 Auhofstrasse 41A 
FAX: 34 1 541 75 11 TLX:211582 

YUGOSLAVIA 
A· 1130 Vienna 

Harris Semiconductor Avtotehna 
TEL: 43222 82 94 01 0 

SWEDEN 
GmbH P.O. Box 593 

FAX: 43 222 82 64 40 
Martlnsson Electronik AB 

Wegener Strasse, 5/1 Celovska 175 
TWX: 133738 

Inslrumentvagen 15 
7032 Sindelfingen YU - 61000 Ljubljana P.O. Box 9060 
TEL: 49 7031 873 469 TEL: 38 61552341 DENMARK 

S - 12609 Haegersten 
FAX: 49 7031 873849 FAX: 38 61 191 112 Dltz Schweitzer A!S 

TEL: 46 8 744 03 00 
TLX: 7265431 TWX: 31639 Vallensbaekvej 41 

FAX: 4687443403 
Ecker Mlchelstadt GmbH Postboks 5 

Koningsberger Strasse, 2 
OK • 2605 Brondby 

SWITZERLAND o -6120 Michelstadt TEL: 45 42 45 30 44 
BASiX fur Elektronik AG 

TEL: 496061 2233 FAX: 45 42 45 92 06 
Hardturmstrasse 181 

FAX: 49 6061 5039 TWX: 33257 
Postfach 

TWX: 4191630 CH - 8010 ZUrich FINLAND 
TEL: 41 1 27611 11 TeknoklyOY 
FAX: 41 12761234 Relnkkalan Kartano 
TWX: 822966 

'Field Application Assistance Available 
SF - 51200 Kangasniemi 
TEL: 358 59 432031 

TURKEY FAX: 358 59 432367 
EMPA 

European Authorized Distributors Elektronik Mamulleri FRANCE 
Pazarlama AS 

Hams Semiconducteurs SARL 
Besyol Londra Asfalti AUSTRIA 

FRANCE 
2-4, Avenue de l'Europe 

34630 Sefakoy/lstanbul 
Transistor 

• Almex 
78140 Velizy 

TEL: 90 1 599 3050 Vertriebsgesellschaft mbH 
48 rue de l'Aubepino 

TEL: 33 1 34 65 40 80 (Oist) 
FAX: 90 1 5985353 

&CoKG 
Zone Industrielle 

TEL: 33 1 34 65 40 27 (Sales) 
TWX: 21137 

Auhofstrasse 41 A 
O'Antony-BP 102 

FAX: 33 1 39 64 054 
A - 1130 Vienna 

F - 92160 Antony 
TLX:697060 

UNITED KINGDOM TEL: 43222 82 94 01 0 
TEL: 33 1 40 96 54 00 

Unlrep 
• Harris Semiconductor Ltd FAX: 43 222 82 64 40 

FAX: 33 1 46 66 60 2B Z. I. De La Bonde IBIS 
Riverside Way TWX: 133738 

TWX: 250067 Rue Marcel Paul 
Camberley 

• CCI Electronlque 
R - 91300 MASSY 

Surrey GU15 3YQ 
BELGIUM 

5 Rue Marcelin Berthelot 
TEL: 33 1 69 20 03 64 

TEL: 44276 6B6 BB6 
Diode Belgium 

Zone Industrielle D'Antony 
FAX: 33 1 69200061 

FAX: 44 276 682 323 
Keiberg II 

BP92 Laser Electronics Minervastraat, 14/B2 
F - 92164 Antony Cedex 

ISRAEL 
Ballynamoney B-I930 Zaventem 

TEL: 33 1 466621 82 
Aviv Electronics Ltd 

Greenore TEL: 32 2 725 4511 
FAX: 33 1 40 96 92 26 

5, Arad Street 
Co. Louth, Ireland FAX: 32 2 725 46 60 

TWX: 203881 
Ramal Hahayal 

TEL: 353 4273165 
• Inelco Components & 

• Avnet RTF 
IS - Tel Aviv 69710 

FAX: 353 4273518 
Networks Company SAINV 

81 Rue Pierre Semard 
TEL: 972 3 544 7262 

TWX: 43679 
Avenue des Croix de Guerre 94 

F - 92320 Chatillon Sous 
FAX: 972 3 544 7650 

S.M.D. B • 1120 Brussels 
Bagneux 

TWX: 33572 
182, Hall Lane TEL: 32 2 244 2811 

TEL: 33 1 49 65 27 00 Aspull, Wigan FAX: 32 2 216 46 06 
FAX: 33 1 49 65 27 38 

ITALY 
Lanes WN2 2SS TWX: 64475 

TWX: 632247 
• Harris SRL 

TEL: 44 942 525317 Viale Fulvio Testi, 126 

• Tekelec Airtronic FAX: 44 942 54867 
DENMARK 20092 Cinisello Balsamo 

Cite Des Bruyeres TEL: 3922620761 Stuart Electronics Ltd. Dltz Schweitzer A!S 
Rue Carle Vernel (Ois!i & OEM ROSE) Phoenix House Vallensbaekvej 41 
F - 92310 Sevres TEL: 392 240 95 01 Bothwell Road Postboks 5 
TEL: 33 1 46 23 24 25 (Oisti & OEM Italy) Castlehill, Carluke OK - 2605 Brondby 
FAX: 33 1 450721 91 FAX: 39 2 248 66 20 Lanarkshire ML8 5UF TEL: 45 42 45 30 44 
TWX: 634018 392 262 22 158 (ROSE) TEL: 44 555 51566 FAX: 45 42 45 92 06 

TWX: 324019 FAX: 44 555 51562 TWX: 33257 
TWX:7n404 
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European Authorized Distributors (Continued) June 1992 

Hams Semiconductor Sliverstar Ltd. 
SWITZERLAND 

Thame Components 
Chip Distributors Viale Fulvio Testi 280 

BASIX fur Elektronlk AG 
Thame Park Rd. 

Hybrltech CM (HCM) 1- 20126 Milano Thame, Oxfordshire OX9 3UO 
TEL: 39266 12 51 Hardturmstrasse 181 TEL: 44 844 261188 7, Avenue Juliot Curie 

Postfach 
F - 17~7 LA Rochelle Cedex FAX: 39 2 6610 13 59 

CH - 8010 Zurich 
FAX: 44 844 261681 

TEL: 33 46 4512 70 TWX: 332189 
TEL: 41 1 27611 11 

TWX: 837917 
FAX: 33 46 45 04 44 

FAX: 411 2761234 Hartis Semiconductor 
TWX: 793034 NETHERLANDS TWX: 822966 Chip Distributors 
Edgetek • Aurlema Nederland BV Die Technology Ltd. 
Zai De Courtaboeuf Doomakkersweg, 26 TURKEY Corbrook Rd. 
Avenue Des Andes NL - 5642 MP Eindhoven EMPA Chadderton 
91952 Les Ulis Cedex TEL: 31 4081 6565 Elektronik Mamullerl Lancashire OL9 9SD 
TEL: 33 1 64 46 06 50 FAX: 31 4081 18 15 Pazarlama AS TEL: 44 61 6263827 
FAX: 33 1 69 28 43 96 TWX: 51992 Basyol Londra Aslalti FAX: 44 61 627 4321 
TWX: 600333 Diode Components BV 34630 Sefakoy/lstanbul TLX:668570 

Eltek Semlconducteurs Collbaan 17 TEL: 90 1 5993050 Eltek Semiconductor Ltd. 
Z. A. De La Tuilerie NL - 3439 NG Nieuwegein FAX: 90 1 598 5353 Nelson Rd. Industrial Estate 
B. P.l077 TEL: 31 3402 3 59 24 TWX: 21137 Dartmouth 
78204 Mantes-La-Jolie FAX: 31 34029 1234 Devon T06 9NA 
TEl: 33 1 34771616 UNITED KINGDOM TEL: 44 803 83 4455 
FAX: 33 1 34 77 95 79 NORWAY Avnet Access Ltd FAX: 44 803 83 3011 
TWX: 699737 Hans H. Schlve A/S Jubilee House Rood Technology 

Undelstadlia 27 Jubilee Road Test House Mill Lane 
FINLAND Poslboks 185 Letchworth Alton 

Ylelselektronllkka OY N - 1371 Asker Hertfordshire SG6 10H Hampshire GU34 20G 
Telereas TEL: 472900900 TEL: 44 462 480888 TEL: 44 420 88022 
P.O. Box 63 FAX: 47 2 904 484 FAX: 44 462 682467 FAX: 44 420 87259 
Luomannotko, 6 TWX: 19124 TWX: 826505 TLX:858456 
SF - 0220 t Espoo ESD Distribution Ltd 
TEL: 358 0 452 16 22 PORTUGAL Edinburgh Way GERMANY 
FAX: 358 0 452 33 37 Crlstaloniea Harlow Altred Neye Enatechnik GmbH 

Componentes De Radio E Essex CM20 2DE Schillerstrasse 14 
GREECE Televlsao, Lda TEL: 44 279 626777 D - 2085 Ouickborn 

Semlcon Co. Rua Bemardim Ribeiro, 25 FAX: 44 279 441687 TEL: 49 4106 6120 
104 Aeolou Street P - 11 00 Lisbon TWX: 818801 FAX: 494106612268 
GR - 10564 Athens TEL: 351 135346 31 

Farnell Electronic TWX: 213590 
TEL: 30 1 32 53 626 FAX: 351 13561755 Components Ltd. Blt·Electronlc AG 
FAX: 30 1 321 60 63 TWX: 64119 Marketing & Purchasing Div. Dingolfinger Strasse 6 
TWX: 216684 Armley Road, Leeds Postfach 800245 

SPAIN West Yorkshire LS12 200 D • 8000 Muenchen 80 
ISRAEL Amltron S.A. TEL: 44532 790101 TEL: 49 89 4180070 

Aviv Electronics Ltd Avenida Valladolid 47D BAJO FAX: 44 532 633404 FAX: 49 89 41800720 
P.O. Box 24190 SP - 28008 Madrid TWX: 55147 TWX: 5212931 
5, Arad Street TEL: 34 1 542 09 06 Jermyn Distribution ECS Hilmar Frehsdort GmbH 
Ramat Hahayal TEL: 341 5479313 Vestry Industrial Estate Electronic Components 
IS - Tel-Aviv 69710 FAX: 34 1 248 79 58 Sevenoaks Service 
TEL: 972 3 544 7262 TWX: 45550 KentTN145EU Carl-Zeiss Strasse 3 
FAX: 972 3 544 7650 EBV Elekronlk S.A. TEL: 44 732 743743 D - 2085 Ouickbom 
TWX: 33572 Salvatierra 4 FAX: 44 732 451251 TEL: 49 4106 70050 

SP - 28034 Madrid TWX: 95142 FAX: 49 4106 700537 
ITALY TEL: 3413581835 Macro Marketing Ltd TWX: 213693 

Eurelettroniea SpA FAX: 34 1 729 37 52 Burnham Lane Indeg Industrie Elektronlk 
Via Enrico Fermi, 8 TWX: 23382 Slough, Berkshire SL 1 6LN GmbH 
1- 20090 Assago (MI) TEL: 44 628 604422 Postfach 1563 (/) TEL: 39 2 488 00 22 SWEDEN FAX: 44 628 666873 Emil Kommerling Str. 5 W 
FAX: 39 2 488 02 75 Martlnsson Elektronik AB TWX: 847945 D - 6780 Pirmasens 0 

u:: EBV Elektronlk SRL Instrumentvaegen 16 Micromark Electronics Ltd. TEL: 49 6331 94 065 Ll-
Via Frova, 34 Box 9060 Boyn Valley Road FAX: 49 6331 94 064 0 
F-20092 Cinisello Balsamo S - 126 09 Hagersten Maidenhead TWX: 452269 (/) 

(MI) TEL: 46 8 744 03 00 Berkshire SL6 4DT W 
Jermyn GmbH ...I 

TEL: 392660.17111 FAX: 46 8 774 34 03 TEL: 44 628 76176 1M Dachsstueck 9 CC 
FAX: 39 2 660.17020 TWX: 13077 FAX: 44 628 783799 D - 6250 Limburg 4 

(/) 

Lasi Elettronlca SpA TWX: 847397 TEL: 49 6431 508 0 
Viale Fulvia Testi 280 FAX: 49 6431 508289 
1- 20126 Milano TLX: 415257 0 
TEL: 39 2 66 10 13 70 
FAX: 39 2 66101385 

European Distributors TWX: 352040 
(Continued Next Page) 

• Field Application Assistance Available 
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Asian Pacific Offices and Representatives 

European Distributors 
(Continued) 

SascoGmbH 
Hermann-Oberth Strasse 16 
D - 8011 Putzbrunn
Bei-Muenchen 
TEL: 49 89 46110 
FAX: 49 89 46 11 270 
TWX: 529504 

Spoerle Electronic KG 
Max-Planck Slrasse 1-3 
D - 6072 Dreieich 
1- Bei-Frankfurt 
TEL: 49 6103 3048 
FAX: 49 610330 42 01 
TWX: 417972 

NORTH ASIA 
Sales Headquarters 
JAPAN 

Harris K_K_ 
Shinjuku NS Bldg. Box 6153 
2-4-1 Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163-08 
Japan 
TEL: 81-3-3345-8911 
FAX: 81-3-3345-8910 

SOUTH ASIA 
Sales Headquarters 
HONG KONG 

Harris Semiconductor H_K_ 
Ltd_ 
131F Fourseas Building 
208-212 Nathan Road 
Tsimshatsui, Kowloon 
TEL: 852-723-6339 
FAX: 852-739-8946 
TLX:78043645 

Asian Pacific Authorized Distributors 
AUSTRALIA 

VSI Promark Electronics 
Ply Ltd 
16 Dickson Avenue 
Artarmon, NSW 2064 
TEL: (61) 2-439-4655 
FAX: (61) 2-439-6435 

HONG KONG 
Dodwell Engineering 
7/F, Cavendish Centre 
23 Yip Hing Street 
Wong Chuk Hang 
TEL: (852) 555-4633 
FAX: (852) 873-0625 

Karin Electronic Supplies 
Co., Ltd. 
7F, Karin Bldg. 
166 Wai Yip Street 
Kwun Tong, Kowloon 
TEL: (852) 389-8252 
FAX: (852) 343-6479 

Means Come Ltd. 
Room 1007, Harbour Centre 
8 Hok Cheung Street 
Hung Hom, Kowloon 
TEL: (852) 334-8188 
FAX: (852) 334-8649 

Sunnice Electronics Coo, Ltd_ 
Flat F, 5/F, Everest Ind. Ctr. 
396 Kwun Tong Road 
Kowloon, 
TEL: (852) 790-8073 
FAX: (852) 763-5477 

Willas Coo, Ltd_ 

Electrocon Products, Ltd_ 
8F, BlockB 
Prosperity Centre 
77 Container Port Road 
Kwai Chung, N.T. 
TEL: (852) 481-6022 
FAX: (852) 481-5804 

JAPAN 
Hakuto Co., Ltd_ 
Toranomon Sangyo Bldg. 
1-2-29, Toranomon 
Minato-ku, Tokyo 105 
TEL: 03-3225-8910 
FAX: 03-3597-8975 

Macnlca Inc. 
Hakusan High Tech Park 
1-22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 
TEL: 045-939-6116 
FAX: 045-939-6117 

Jeplco Corp_ 
Shinjuku Daiichi Seimei Bldg. 
2-7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 
TEL: 03-3348-0611 
FAX: 03-3348-0623 

Micron, Inc, 
Misuzu Bldg. 
4-27-12, Sendagaya, 
Shibuya-Ku, Tokyo 151 
TEL: 03-3796-1860 
FAX: 03-3796-1866 

Okura Electronics Co., Ltd. 
2-3-6, Ginza Chuo-ku, 
Tokyo 104 
TEL: 03-3564-6871 
FAX: 03-3564-6870 

AUSTRALIA 
VSI Promark Electronics 
Ply Ltd 
16 Dickson Avenue 
Artarmon NSW 2064 
TEL: (61) 2-439-4655 
FAX: (61) 2-439-6435 

KOREA 
Harris Semiconductor YH 
RM 11419-1 4TH FL. 
Korea Air Terminal Bldg. 
159-1, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-0931/4 
FAX: 82-2-551-0930 

Inhwa Company, Ltd_ 
3 Fir., Suh Kang Bldg. 
11789-21, Yoksam-dong, 
Kangnam-ku, Seoul 
TEL: 822-554-7341 
FAX: 822-557-5043 

Takachiho Koheki Co., Ltd. 
1-2-8, Yotsuya 
Shinjuku-ku, Tokyo 160 
TEL: 03-3355-6696 
FAX: 03-3357-5034 

KOREA 
KumOh Electric Co., Ltd_ 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 
TEL: 822-279-3614 
FAX: 822-272-6496 

Inhwa Company, Ltd. 
3 Fir., Suh Kang Bldg. 
11789-21, Yoksam-dong, 
Kangnam-ku, Seoul 
TEL: 822-554-7341 
FAX: 822-557-5043 

NEW ZEALAND 
Components and Instru
mentation NZ, Ltd. 
Semple Street 
Porirua, Wellington 
P.O. Box 50-548 
TEL: (64) 4-237-5632 
FAX: (64) 4-237-8392 

PHILIPPINES 
Crystalsem, Inc. 
216 Ortega Street 
San Juan, Metro 
Manila 3134 
TEL: (632) 79-05-29 
TLX: 722-22031 (IMCPH) 

8F, Wing Tai Centre 
12 Hing Yip Street 
Kwun Tong, Kowloon 
TEL: (852) 3414281 
FAX: (852) 3431229 

~ HARRIS '-ILl SEMICONDUCTOR 
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SINGAPORE 
Harris Semiconductor 
Pte Ltd. 
105 Boon Keng Road 
1101-01 Singapore 1233 
At!: Sales Office 
TEL: 65-291-0203 
FAX: 65-293-4301 
TLX: RS36460 RCASIN 

TAIWAN 
Harris Semiconductor 
Room 1103 
600 Ming Chuan East Road 
Taipei 
TEL: 886-2-716-9310 
FAX: 886-2-715-3029 
TLX: 78525174 

SINGAPORE 
B.B.S Electronics PTE, Ltd. 
1 Genting Link 
1106-03 Perfectlndust. Bldg. 
Singapore 1334 
TEL: (65) 7488400 
FAX: (65) 7488466 

Device Electronics PTE, Ltd. 
605B MacPherson Road 
04-12 Citimac Ind. Complex 
Singapore 1336 
TEL: (65) 2886455 
FAX: (65) 2879197 

TAIWAN 
Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 
Fu Hsing South Road 
Taipei, Taiwan 
TEL: 886-2-705-7266 
FAX: 886-2-708-7901 

Acer Sertek Inc. 
3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 
TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 

TECO Enterprise Co., Ltd_ 
10FL., No. 292, Min-Sheng 
W. Road, Taipei 
Taiwan, ROC 
TEL: (886) 2-521-9676 
FAX: (886) 2-542-6006 

THAILAND 
Grawlnner Co., Ltd. 
2261227 Phahonyothin Rd. 
Phyathai, Bangkok 10400 
TEL: (662) 271-8742 
FAX: (662) 271-2494 
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