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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 products 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 Intersil. The new Harris 
Semiconductor unites the strengths of four broad-based semiconductor suppliers 
and markets products under the Harris, RCA, GE and Intersil brands. 

The products formerly supplied separately by Harris Semiconductor, GE Semi
conductor, RCA Solid State, and Intersil have been integrated into eight major 
product lines within two major operating units as follows: 

Commercial Products Group 

• Digital Products 
• Signal Processing Products 
• ASIC Products 
• Discrete Power Products 
• Smart Power Products 

Military and Aerospace Division 

• Standard Products 
• Custom Products 
• Microwave Products 

Because of the vast experience and expertise in innovation, design, production, and 
application of semiconductors realized by the merger, Harris offers one of the 
industry's most comprehensive and reliable product lines in a wide variety of 
formats. options, and packages. Continuing research and development maintains 
our position as the sixth largest U.S. merchant producer of semiconductors with one 
of the broadest and most varied product lines. 

m HARRIS \&I SEMICONOUCTOR 

HARRIS RCA GE INTERSll 

What your vision of the future demands. Today .. 

Information furnished by Harris is believed to be accurate and reliable. However, no responsibility 
is assumed by Harris or its affiliates for its use; norforany infringements of patents or other rights 
of third parties which may result from its use. No license is granted by implication or otherwise 
under any patent or patent rights of Harris. GE, RCA or Intersil. 

Copyright 1989 Harris Corporation 
(All rights reserved under Pan-American Copyright Convention) 

Trademark(s)®Registered 
Marca(s) Registrada(s) Print! 



Bipolar Power Devices 

Harris Semiconductor offers an extensive line of 
bipolar power devices 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, power hybrid circuits, and 
silicon rectifiers, including ultra-fast-recovery and 
fast-recovery types. A complete index of these 
types is included on the following pages. 

Three separate data sections provide definitive 
rati ngs and characteristics for each major device 
category. Data sheets in all sections are arranged 
in numeric-alphanumeric 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 the Index to Devices. 

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

Table of Contents 

Index to Devices 

Power Transistors 

Power Hybrid Circuits 

Silicon Rectifiers 

Power Transistor Chips 

High-Reliability Power Devices 

Package Information 

Application Notes 



", : .. ::'. 

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 products that represent the state~of-' 
the-art in complexity and performance. .. . 

In December 1988, the Harris Semiconductor Sector merged .wlttl.GE Solid State, a 
consolidation of GE Semiconductor, RCA Solid State,and Intersil. The new Harris 
Semiconductor unites the strengths of four broad-based semiconductor suppliers 
and markets products under the Harris, RCA,GE and.lntersil brands. 

The products formerly supplied separately by Harris Semiconductor,. GE Semi
conductor, RCA Solid State, and Intersil have been integrated into eight' mator 
produc~lines within two major operating units as follows: 

Commercial Products Group 

• Digital Products 
• Signal Processing Products 
• ASIC Products 
• Discrete Power Products 
• Smart Power Products 

Military and Aerospace Division 

• Standard Products 
• Custom Products 
• Microwave Products 

Because of the vast experience and expertise in innovation, design, production, and 
application of semiconductors realized by the merger, Harris offers one of the 
Industry's most comprehensive and reliable product lines in a wide variety of 
formats. options, and packages. Continuing research and development maintains 
our position as the sixth largest U.S. merchant producer of semiconductors with one 
of the broadest and most varied product lines. 

m HARRIS 
SEMICONDUCTOR 

HARRIS RCA . BE • INTERSIL 

What -your'vision of the future demands. Today. 

Information furnished by Harris Is believed to be accurete and reliable. However, no responsibility 
Is assumed by Harris or Its affiliates for its use; nor for any Infringements of patents or other rights 
of third parties which may result from Its use. No license Is granted by implication or otherwise 
under any patent or petent rights of Harris, GE, RCA or Intersll. 

Copyright 1989 Harris Corporetlon 
(All rights reserved under Pan-American Copyright Convention) 

Trede;nark(S).R~gl~enid 
Marca(s) Reglstreda(s) Printed in USAl3-89 



-
Index to Devices 

_____________ 1-1 



Index to Devlces __________________________ ----

POWER TRANSISTORS 

Type Page Bulletin Type Page Bulletin 
No. No. File No. No. No. File No. 

2N697 2-2 16 2N5320 2-97 325 
2N1479 2-4 135 2N5321 2-97 325 
2N1480 2-4 135 2N5322 2-97 325 
2N1481 2-4 135 2N5323 2-97 325 
2N1482 2-4 135 2N5415* 2-102 336 

2N1613 2-7 106 2N5416* 2-102 336 
2N1700 2-12 141 2N5490 2-106 353 
2N1893 2-15 34 2N5491 2-106 353 
2N2102 2-7 106 2N5492 2-106 353 
2N2270 2-20 24 2N5493 2-106 353 

2N2405 2-15 34 2N5494 2-106 353 
2N3053 2-24 960 2N5495 2-106 353 
2N3053A 2-24 960 2N5496 2-106 353 
2N3055 2-28 1699 2N5497 2-106 353 
2N3439* 2-31 64 2N5629 2-111 1141 

2N3440* 2-31 64 2N5630 2-111 1141 
2N3441 2-35 529 2N5631 2-111 1141 
2N3442 2-41 528 2N5671* 2-114 383 
2N3583 2-46 138 2N5672* 2-114 383 
2N3584* 2-46 138 2N5781 2-118 413 

2N3585* 2-46 138 2N5782 2-118 413 
2N3771 2-52 974 2N5783 2-118 413 
2N3772 2-52 974 2N5784 2-118 413 
2N377.3 2-56 526 2N5785 2-118 413 
2N3791 2-59 1059 2N5786 2-118 413 

2N3792 2-59 1059 2N5838 2-129 410 
2N3878 2-63 766 2N5839 2-129 410 
2N3879* 2-63 766 2N5840 2-129 410 
2N4036 2-70 216 2N5885 2-135 1041 
2N4037 2-70 216 2N5886 2-135 1041 

2N4063 2-31 64 2N5954 2-139 675 
2N4064 2-31 64 2N5955 2-139 675 
2N4240 2-46 138 2N5956 2-139 675 
2N4314 2-70 216 2N6032* 2-143 462 
2N4347 2-41 528 2N6033* 2-143 462 

2N4348 2-56 526 2N6043 2-148 1151 
2N4898 2-75 1150 2N6044 2-148 1151 
2N4899 2-75 1150 2N6045 2-148 1151 
2N4900 2-75 1150 2N6050 2-152 1185 
2N5038* 2-78 698 2N6051 2-152 1185 

2N5039* 2-78 698 2N6052 2-152 1185 
2N5202 2-63 766 2N6055 2-156 563 
2N5239 2-85 321 2N6056 2-156 563 
2N5240 2-85 321 2N6057 2-152 1185 
2N5294 2-89 322 2N6058 2-152 1185 

2N5296 2-89 322 2N6059 2-152 1185 
2N5298 2-89 322 2N6077 2-161 492 
2N5301 2-93 1029 2N6078 2-161 492 
2N5302* 2-93 1029 2N6079 2-161 492 
2N5303* 2-93 1029 2N6106 2-167 676 

* JAN-type versions available 
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______________________________ Index to Devices 

POWER TRANSISTORS 

Type Page Bulletin Type Page Bulletin 
No. No. File No. No. No. FileNo. 

2N6107 2-167 676 2N6423 2-222 1100 
2N6108 2-167 676 
2N6109 2-167 676 
2N6110 2-167 676 

2N6467 2-227 888 
2N6468 2-227 888 
2N6469 2-184 677 D 

2N6111 2-167 676 2N6473 2-167 676 

2N6121 2-176 1149 2N6474 2-167 676 
2N6122 2-176 1149 2N6475 2-167 676 
2N6123 2-176 1149 2N6476 2-167 676 
2N6124 2-176 1149 2N6477 2-231 680 
2N6125 2-176 1149 2N6478 2-231 680 

2N6126 2-176 1149 2N6486 2-236 678 
2N6211* 2-179 507 2N6487 2-236 678 
2N6212* 2-179 507 2N6488 2-236 678 
2N6213* 2-179 507 2N6489 2-236 678 
2N6214 2-179 507 2N6490 2-236 678 

2N6246 2-184 677 2N6491 2-236 678 
2N6247 2-184 677 2N6496 2-78 698 
2N6248 2-184 677 2N6500 2-63 766 
2N6249 2-191 523 2N6530 2-242 873 
2N6250 2-191 523 2N6531 2-242 873 

2N6251 2-191 523 2N6532 2-242 873 
2N6253 2-197 1077 2N6533 2-242 873 
2N6254 2-197 1077 2N6542 2-248 1096 
2N6259 2-56 526 2N6544 2-248 1096 
2N6262 2-41 528 2N6545 2-248 1096 

2N6263 2-35 529 2N6546* 2-248 1096 
2N6264 2-35 529 2N6547* 2-257 15.109 
2N6282 2-203 1001 2N6576 2-261 1152 
2N6283* 2-203 1001 2N6577 2-261 1152 
2N6284* 2-203 1001 2N6578 2-261 1152 

2N6285 2-203 1001 2N6609 2-266 1061 
2N6286* 2-203 1001 2N6648* 2-271 1013 
2N6287* 2-203 1001 2N6649* 2-271 1013 
2N6288 2-167 676 2N6650* 2-271 1013 
2N6289 2-167 676 2N6666 2-275 1069 

2N6290 2-167 676 2N6667 2-275 1069 
2N6291 2-167 676 2N6668 2-275 1069 
2N6292 2-167 676 2N6671* 2-280 1090 
2N6293 2-167 676 2N6672 2-280 1090 
2N6354 2-207 582 2N6673* 2-280 1090 

2N6371 2-197 1077 2N6674* 2-286 1164 
2N6383* 2-212 609 2N6675* 2-286 1164 
2N6384* 2-212 609 2N6676* 2-292 1165 
2N6385* 2-212 609 2N6677 2-292 1165 
2N6386 2-217 610 2N6678* 2-292 1165 

2N6387 2-217 610 2N6686 2-298 1171 
2N6388 2-217 610 2N6687 2-298 1171 
2N6420 2-222 1100 2N6688 2-298 1171 
2N6421 2-222 1100 2N6702 2-304 1187 
2N6422 2-222 1100 2N6703 2-304 1187 

*JAN-type versions available 
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POWER TRANSISTORS 

Type Page Bulletin Type Page Bulletin 
No. No. FileNo. No. No. File No. 

2N6704 2-304 1187 80501B 2-368 1108 
2N6738 2-310 1291 B0533 2-370 1236 
2N6739 2-310 1291 B0534 2-370 1236 
2N6740 2-310 1291 B0535 2-370 1236 
2N6751 2-316 1244 B0536 2-370 1236 

2N6752 2-316 1244 B0537 2-370 1236 
2N6753 2-316 1244 B0538 2-370 1236 
2N6754 2-316 1244 B0550 2-375 1109 
2N6771 2-323 1292 B0550B 2-375 1109 
2N6772 2-323 1292 B0643 2-377 1241 

2N6773 2-323 1292 B0645 2-377 1241 
40346 2-328 211 B0647 2-377 1241 
40347 2-331 88 B0649 2-377 1241 
40348 2-331 88 B0795 2-381 1242 
40406 2-335 219 B0796 2-381 1242 

40407 2-335 219 B0797 2-381 1242 
40408 2-335 219 B0798 2-381 1242 
40411 2-335 219 B0799 2-381 1242 
40412 2-328 211 B0800 2-381 1242 
BD142 2-340 701 B0801 2-381 1242 

I 
80181 2-344 700 
B0182 2-344 700 
B0183 2-344 700 

B0802 2-381 1242 
B0895 2-384 1240 
B0895A 2-384 1240 

B0239 2-348 669 B0897 2-384 1240 
B0239A 2-348 669 B0897A 2-384 1240 

B0239B 2-348 669 B0899 2-384 1240 
B0239C 2-348 669 B0899A 2-384 1240 
B0240 2-350 670 B0901 2-384 1240 
B0240A 2-350 670 BOX18 2-387 994 
B0240B 2-350 670 BOX33 2-390 693 

B0240C 2-350 670 BOX33A 2-390 693 
B0241 2-352 671 BOX33B 2-390 693 
B0241A 2-352 671 BOX33C 2-390 693 
B0241B 2-352 671 BDX330 2-390 693 
B0241C 2-352 671 BOX34 2-396 694 

B0242 2-356 672 BOX34A 2-396 694 
B0242A 2-356 672 BOX34B 2-396 694 
B0242B 2-356 672 BOX34C 2-396 694 
B0242C 2-356 672 BOX340 2-396 694 
B0243 2-359 673 BOX53 2-402 1213 

B0243A 2-359 673 BOX53A 2-402 1213 
B0243B 2-359 673 BOX53B 2-402 1213 
B0243C 2-359 673 BOX53C 2-402 1213 
B0244 2-362 674 BOX83 2-406 955 
B0244A 2-362 674 BDX83A 2-406 955 

B0244B 2-362 674 BOX83B 2-406 955 
B0244C 2-362 674 BOX83C 2-406 955 
B0277 2-365 667 BOY29 2-411 819 
B0500 2-368 1108 BOY55 2-415 1215 
B0500B 2-368 1108 BOY56 2-415 1215 
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POWER TRANSISTORS 

Type Page Bulletin Type Page Bulletin 
No. No. FileNo. No. No. FileNo. 

BOY58R 2-418 1206 04005 2-508 15.2 
BOY90 2-422 1289 
BOY91 2-422 1289 
BOY92 2-422 1289 

04007 2-508 15.2 
04008 2-508 15.2 
040E1 2-511 15.4 .. 

BFT19 2-426 683 040E5 2-511 15.4 

BFT19A 2-426 683 040E7 2-511 15.4 
BFT19B 2-426 683 040K1 2-514 15.6 
BFT28 2-431 815 040K2 2-514 15.6 
BFT28A 2-431 815 040K3 2-514 15.6 
BFT28B 2-431 815 040K4 2-514 15.6 

BFT28C 2-431 815 040V1 2-516 15.8 
BUW40 2-437 1308 040V2 2-516 15.8 
BUW40A 2-437 1308 040V3 2-516 15.8 
BUW40B 2-437 1308 040V4 2-516 15.8 
BUW41 2-442 1275 040V5 2-516 15.8 

BUW41 A 2-442 1275 040V6 2-516 15.8 
BUW41B 2-442 1275 04101 2-519 15.3 
BUW64A 2-448 1199 04102 2-519 15.3 
BUW64B 2-448 1199 04104 2-519 15.3 
BUW64C 2-448 1199 04105 2-519 15.3 

BUX10A 2-454 1216 04107 2-519 15.3 
BUX11A 2-458 1353 04108 2-519 15.3 
BUX14 2-462 1203 041E1 2-522 15.5 
BUX16 2-466 800 041E5 2-522 15.5 
BUX16A 2-466 800 041E7 2-522 15.5 

BUX16B 2-466 800 041K1 2-525 15.7 
BUX16C 2-466 800 041K2 2-525 15.7 
BUX21 2-470 1172 041K3 2-525 15.7 
BUX32 2-475 1285 041K4 2-525 15.7 
BUX32A 2-475 1285 042C1 2-527 15.9 

BUX32B 2-475 1285 042C2 2-527 15.9 
BUX33 2-481 1354 042C3 2-527 15.9 
BUX33A 2-481 1354 042C4 2-527 15.9 
BUX33B 2-481 1354 042C5 2-527 15.9 
BUX37 2-486 1243 042C6 2-527 15.9 

BUX39 2-489 1211 042C7 2-527 15.9 
BUX45 2-492 1231 042C8 2-527 15.9 
BUX66 2-496 870 042C9 2-527 15.9 
BUX66A 2-496 870 042C10 2-527 15.9 
BUX66B 2-496 870 042C11 2-527 15.9 

BUX66C 2-496 870 042C12 2-527 15.9 
BUY69A 2-501 1237 043C1 2-531 15.10 
BUY69B 2-501 1237 043C2 2-531 15.10 
BUY69C 2-501 1237 043C3 2-531 15.10 
040C1 2-505 15.1 043C4 2-531 15.10 

040C4 2-505 15.1 043C5 2-531 15.10 
040C7 2-505 15.1 043C6 2-531 15.10 
04001 2-508 15.2 043C7 2-531 15.10 
04002 2-508 15.2 043C8 2-531 15.10 
04004 2-508 15.2 043C9 2-531 15.10 
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POWER TRANSISTORS 

Type Page Bulletin Type Page Bulletin 
No. No. FileNo. No. No. File No. 

043C10 2-531 15.10 045C1 2-568 15.12 
043C11 2~531 15.10 045C2 2-568 15.12 
043C12 2-531 15.10 045C3 2-568 15.12 
044C1 2-534 15.11 045C4 2-568 15.12 
044C2 2-534 15.11 045C5 2-568 15.12 

D'44C3 2-534 15.11 045C6 2-568 15.12 
044C4 2-534 15.11 045C7 2-568 15.12 
044C5 2-534 15.11 045C8 2-568 15.12 
044C6 2-534 15.11 045C9 2-568 15.12 
044C7 2-534 15.11 D45C10 2-568 15.12 

044C8 2-534 15.11 045C11 2-568 15.12 
044C9 2-534 15.11 045C12 2-568 15.12 
044C10 2-534 15.11 04501 2-571 15.14 
044C11 2-534 15.11 04502 2-571 15.14 
044C12 2-534 15.11 04503 2-571 15.14 

04401 2-537 15.13 04504 2-571 15.14 
04402 2-537 15.13 04505 2-571 15.14 
04403 2-537 15.13 045.06 2-571 15.14 
04404 2-537 15.13 045E1 2-574 15.16 
04405 2-537 15.13 045E2 2-574 15.16 

04406 2-537 15.13 045E3 2-574 15.16 
044E1 2-540 15.15 045H1 2-578 15.18 
044E2 2-540 15.15 045H2 2-578 15.18 
044E3 2-540 15.15 045H4 2-578 15 .. 18 
044H1 2-544 15.17 045H5 2-578 15.18 

044H2 2-544 15.17 045H7 2-578 15 •. 18 I 

044H4 2-544 15 .. 17 045H8 2-578 15.18 
044.H5 2-544 15.17 045H10 2-578 15.18 
044H7 2-544 15.1(, 045H11 2-578 15.18 
044H8 2-544 15.17 045VH1 2-581 15.24 

044H10 2-544 15.17 045VH4 2-581 15.24 
044H11 2-544 15.17 045VH7 2-581 15.24 
04401 2-547 15.19 045VH10 2-581 15.24 
04403 2-547 15.19 045VM1 2-586 15.26 
04405 2-547 15.19 045VM4 2-586 15.26 

044T1 2-550 15.2 045VM7 2-586 15.26 
044T2 2-550 15.2 045VM10 2-586 15.26 
D44T3 2-550 15.2 046T01 2-591 15.27 
044T4 2-550 . 15.2 046T02 2-591 15.27 
044T03 2-553 15.21 064085 2-593 15.34 

044T04 2-553 15.21 064.086 2-593 15.34 
044T05 2-553 15.21 064087 2-593 15.34 
044VH1 2-558 15.23 064.0V5 2-601 15.35 
044VH4 2-558 15.23 0640V6 2-601 15.35 

. 044VH7 2-558 15.23 0640V7 2-601 15.35 

. 044VH10 2-558 15.23 064E85 2-593 15.34 
D44VM1 2-563 15.25 064E86 2-593 15.34 
044VM4 2-563 15.25 064E87 2-593 15.34 
044VM7 2-563 15.25 064EV5 2-601 15.35 
044VM10 2-563 15.25 064EV6 2-601 15.35 
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POWER TRANSISTORS 

Type Page Bulletin Type Page Bulletin 
No. No. FileNo. No. No. FileNo. 

D64EV7 2-601 15.35 MJ15003 2-734 1060 
D64VS3 2-608 15.36 MJ15004 2-266 1061 
D64VS4 2-608 15.36 MJ15022 2-748 1293 
D64VS5 2-608 15.36 MJ15024 2-748 1293 
D72F5T1 2-613 15.51 MJ16010 2-682 1839 

D72F5T2 2-613 15.51 MJ16012 2-682 1839 
D72FY4D1 2-617 15.52 MJ16014 2-686 1871 
D72FY4D2 2-617 . 15.52 MJ16016 2-686 1871 
D72K3D1 2-621 15.53 MJE13004 2-690 1840 
D72K3D2 2-621 15.53 MJE13005 2-690 1840 

D72Y1.5D1 2-625 15.55 MJE13006 2-693 15.89 
D72Y1.5D2 2-625 15.55 MJE13007 2-698 15.90 
D73F5T1 2-629 15.56 MJE13008 2-703 15.91 
D73F5T2 2-629 15.56 MJE13009 2-708 15.92 
D73FY4D1 2-633 15.57 MJE13070 2-713 1841 

D73FY4D2 2-633 15.57 MJE13071 2-713 1841 
D73K3D1 2-637 15.58 MJE16002 2-716 1842 
D73K3D2 2-637 15.58 MJE16004 2-716 1842 
GE5060 2-641 15.84 MJH13090 2-719 15.94 
GE5061 2-641 15.84 MJH13091 2-719 15.94 

GE5062 2-641 15.84 MJH16010 2-683 1839 
GE6060 2-647 15.85 MJH16012 2-683 1839 
GE6061 2-647 15.85 RCA1000 2-724 594 
GE6062 2-647 15.85 RCA1001 2-724 594 
GE6251 2-653 15.86 RCA1804 2-727 908 

GE6252 2-653 15.86 RCA1805 2-727 908 
GE6253 2-653 15.86 RCA3054 2-729 618 
GE10000 2-659 15.77 RCA3055 2-729 618 
GE10001 2-659 15.77 RCA3773 2-734 1060 
GE10002 2-659 15.77 RCA6340 2-739 1205 

GE10003 2-659 15.77 RCA6341 2-739 1205 
GE10004[ 2-659 15.77 RCA8638C 2-734 1060 
GE10005 2-659 15.77 RCA8638D 2-734 1060 
GE10006 2-659 15.77 RCA8638E 2-734 1060 
GE10007 2-659 15.77 RCA8766 2-744 973 

GE10008 2-659 15.77 RCA8766A 2-744 973 
GE10009 2-659 15.77 RCA87668 2-744 973 
GE10015 2-666 15.78 RCA8766C 2-744 973 
GE10016 2-666 15.78 RCA8766D 2-744 973 
GE10020 2-666 15.78 RCA8766E 2-744 973 

GE10021 2-666 15.78 RCA9116C 2-266 1061 
GE10022 2-666 15.78 RCA9116D 2-266 1061 
GE10023 2-666 15.78 RCA9116E 2-266 1061 
GE13070P 2-673 15.79 RCA9166A 2-748 1293 
GE13071P 2-673 15.79 RCA91668 2-748 1293 

MJ2955 2-387 994 RCA9202A 2-752 1414 
MJ13090 2-675 1870 RCA9202B 2-752 1414 
MJ13091 2-675 1870 RCA9202C 2-752 1414 
MJ15001 2-678 1093 RCA9203A 2-756 1413 
MJ15002 2-678 1093 RCA9203B 2-756 1413 
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Type Page Bulletin Type Page Bulletin 
No. No. FileNo. No. No. FileNo. 

ACA9228A 2-760 1448 TIPl15 ,2-797 1387 
RCA9228B 2-760 1448 TIP116 2-797 1387 
RCA9228C 2-760 1448 TIPl17 2-797 1387 
RCA9228D 2-760 1448 TIP120 2-801 998 
HCA9229A 2-760 ·1448 TIP121 2-801 998 

RCA9229B 2-760 '·1448 TIP122 2-801 .998 
RCA9229C 2-760 1448 TIP125 2-805 " .. 997 
RCA9229D 2-760 1448 TIP126 2-805 997 
RJH6674 2-286 ,1164 TIP127 2-805 997 
RJH6675 2-286 1164 TIP562 2-809 1212 

RJH6676 2-292 1165 TIP563 2-809 1212 

RJH6677 2-292 1165 
RJH6678 2-292 1165 
RJH6686 2-298 1171 

POWER HYBRID CIRCUITS 
, ',-

RJH6687 2-298 1171 Type Page Bulletin 

RJH6688 2-298 1171 No. No. FileNo. 

TIP29 2-764 990 HC2000H 3-2 566 
TIP29A 2-764 .990 HC2500 3-7 681 
TIP29B 2-764 990 
TlP29C 2-764 990 

TlP30 2-768 988 
TIP30A 2-768 988 
TIP30B 2-768 988 
TIP30C 2-768 98.8 
TIP31 2-772 991 

TIP31A 2-772 991 
TIP31B 2-772 .991 
TIP31C 2-772 991 
TIP32 2-776 987 
TIP32A 2-776 987 

TIP32B 2-776 987 
TIP32C 2-776 987 
TIP41 2-780 992 . 
TIP41 A 2-780 992 
TIP41B 2-780 992 

TIP41C 2-780 .. 992 
TIP42 2-783 ' . '996 
TIP42A 2-783 99.6 
TIP42B 2-783 996 
TlP42C 2-783 996 

TIP47 2-786 978 
TIP48 2-786 978 
TIP49 2-786 978 
TIP50 2-786 978 
TIP100 2-790 U53 . 

TIP101 2-790 1153 
TIP102 ," '" 2-790 1153 
TIP110 2-793 1336 
TIP111 2-793 1336 
TIP112 2-793 1336 
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______________________________ Index to Devices 

SILICON RECTIFIERS 

Type Page Bulletin Type Page Bulletin 
No. No. FileNo. No. No. FileNo. 

1N4245 4-2 2093 DB1N 4-31 2097 
1N4246 4-2 2093 DB1P 4-31 2097 
1N4247 4-2 2093 GE1001 4-34 2161 
1N4248 4-2 2093 GE1002 4-34 2161 
1N4249 4-2 2093 GE1003 4-34 2161 

1N5059 4-5 2176 GE1004 .4-34 2161 
1N5060 4-5 2176 GE1101 4-37 2165 
1 N5061 4-5 2176 GE1102 4-37 2165 
1N5062 4-5 2176 GE1103 4-37 2165 
1N5624 4-8 2181 GE1104 4-37 2165 

1N5625 4-8 2181 GE1301 4-40 2166 
1N5626 4-8 2181 GE1302 4-40 2166 
1N5627 4-8 2181 GE1303 4-40 2166 
A14A 4-11 2178 GE1304 4-40 2166 
A14C 4-11 2178 GER4001 4-43 2177 

A14E 4-11 2178 GER4002 4-43 2177 
A14F 4-11 2178 GER4003 4-43 2177 
A14P 4-11 2178 GER4004 4-43 2177 
A15A 4-14 2175 GER4005 4-43 2177 
A15F 4-14 2175 GER4006 4-43 2177 

A114A 4-17 2179 GER4007 4-43 2177 
A114B 4-17 2179 MUR-810 4-46 1355 
A114C 4-17 2179 MUR-815 4-46 1355 
A114D 4-17 2179 MUR-820 4-46 1355 
A114E 4-17 2179 MUR-840 4-48 2091 

A114F 4-17 2179 MUR-850 4-48 2091 
A114M 4-17 2179 MUR-860 4-48 2091 
A115A 4-20 2180 MUR-1610CT 4-50 1885 
A115B 4-20 2180 MUR-1615CT 4-50 1885 
A115C 4-20 2180 MUR-1620CT 4-50 1885 

A115D 4-20 2180 RUR-810 4-46 1355 
A115E 4-20 2180 RUR-815 4-46 1355 
A115F 4-20 2180 RUR-820 4-46 1355 
A115M 4-20 2180 RUR-840 4-48 2091 
A214A 4-23 2164 RUR-850 4-48 2091 

A214B 4-23 2164 RUR-860 4-48 2091 
A214F 4-23 2164 RUR-1610CT 4-50 1885 
A214G 4-23 2164 RUR-1615CT 4-50 1885 
A315A 4-26 2163 RUR-1620CT 4-50 1885 
A315B 4-26 2163 RURD-810 4-54 1356 

A315F 4-26 2163 RURD-815 4-54 1356 
A315G 4-26 2163 RURD-820 4-54 1356 
BYW51-100 4-29 1412 RURD-1610 4-56 1383 
BYW51-150 4-29 1412 RURD-1615 4-56 1383 
BYW51-200 4-29 1412 RURD-1620 4-56 1383 

DB1A 4-31 2097 
DB1B 4-31 2097 
DB1D 4-31 2097 
DB1F 4-31 2097 
DB1M 4-31 2097 
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Index to Devlces _____________________________ _ 

POWER TRANSISTOR CHIPS 

Type Page Bulletin 
No. No. FileNo. 

PC44E 5-2 1932 
PC44H 5-2 1933 
PC45E 5-2 1934 
PC45H 5-2 1935 
PC1482 5-2 1792 

PC2102 5-2 1416 
PC3439 5-2 1417 
PC3442 5-2 1793 
PC3585 5-2 1794 
PC3879 5-2 1795 

PC4036 5-2 1418 
PC5038 5-2 1796 
PC5240 5-2 1797 
PC5303 5-2 1395 
PC5320 5-2 1419 

PC5322 5-2 1420 
PC5415 5-2 1421 
PC5671 5-2 1798 
PC6079 5-2 1799 
PC6107 5-2 1391 

PC6213 5-2 1800 
PC6247 5-2 1801 
PC6284 5-2 1392 
PC6287 5-2 1393 
PC6292 5-2 1390 

PC6354 5-2 1802 
PC6385 5-2 1803 
PC6388 5-2 1407 
PC6476 5-2 1804 
PC6478 5-2 1805 

PC6488 5-2 1806 
PC6491 5-2 1807 
PC6650 5-2 1808 
PC6668 5-2 1408 
PC6673 5-2 1409 

PC6678 5-2 1404 
PC6688 5-2 1403 
PC6704 5-2 1809 
PC6754 5-2 1810 
PC6773 5-2 1410 

PC8638 5-2 1400 
PC8766 5-2 1402 
PC9116 5-2 1401 
PC9166 5-2 1399 
PC9202 5-2 1396 

PC9203 5-2 1398 
PC13005 5-2 2149 
PC16010 5-2 2150 
PCTIP110 5-2 1405 
PCTIP115 5-2 1406 
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Power Transistors _________________________ "'-_________ _ 

2N697 File Number 16 

Silicon N-P-N 
Planar Transistor 

TERMINAL DESIGNATIONS 

For High-Speed Switching Service in 
Electronic Data-Processing Systems 

Features: 
• Characteristics stabilized by prolonged baking at 300· C 
• Typical pulse beta = 75 
• Low saturation voltages 

The 2N697 is a silicon n-p-n 'transistor deslgned ,for 
use in hign-speec"switching applications in military ana 
industrial data processing equipment. 

This transistor is especially designed and processed to 
assure stability of characteristics and reliable performance 
under conditions of severe thermal and mechanical stress. 
and other environmental hazards. 

The 2N697 is supplied in a TO-205AD package. 

,fj,,~~, 
92CS.27512 

JEDEC TO-20SAD 

-- CASE TEMPERATURE, MEASURED AT 
CENTER OF SEATING SURFACE 

- - FREE-AIR TEMPERATURE 

92CS-11I61R1 

Fig. 1 - Current derating chart. 

MAXIMUM RATINGS, Absolute-Maximum Values 
* vela ................................................................................. . 60 
• VeER (ABE = 100) .................................................................... .. 40 
* VEIO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 5 

Ie .................................................................................... . 0.5 
'. PT 

At To:5 2S·C ....................................................................... . 2 
AtTe>25·C ....................................................................... . See Fig. 1 
AI T.:5 25·C ....................................................................... . 0.6 
At T. > 25·C ....................................................................... . See Fig. 1 

* Tatu• TJ .... , .••.............•••....••........•••..•....••..••....••.....•..••..•••.•..• -6510 +175 
• TL 

At distance 2: 1/16 in. (1.58 mm) from seating plane for lOs max. . .••............•.•.. 300 

• In accordance with JEDEC registration data. 

V 
V 
V 
A 

W 

W 

·C 

·C 
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-----------------------------_______ Power Transistors 

ELECTRICAL CHARACTERISTICS, at Ambient Temperature (TAJ ~ 25°C, 
unless otherwise specified 

TEST CONDITIONS 

VOLTAGE CURRENT 
CHARACTERISTIC Vde mAde 

VCS VCE IC IE 

* 'CBO 30 a 
TA=150°C 30 a 

* hFE 10 150b 

V(BR)CBO 0.1 a 

V(BR)EBO a 0.1 

* VCER(sus) 

RBE = 10 n. 100a 

* VCE(sat) 150b 

* VBE(sat) 150b 

* hfe 

f= 20MHz 10 50 

* Cob 10 a 

fT 

a Pulsed to prevent excessive heating of collector junction 
b Pulsed: Pulse duration"; 300 itS, duty factor"; 2%. 
* In accordance with JEDEC registration data. 

IS 

15 

15 

LIMITS 

Min. Typ. Max. 

- 0.01 1 

- 1 100 

40 75 120 

60 75 -

5 7.5 -

40 60 -

- 0.8 1.5 

- 1 1.3 

2.5 10 -

- 20 35 

- 100 -

2N697 

UNITS 

/J.A 

V 

V 

V 

V 

V 

pF 

MHz 
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2N1479, 2N1480, 2N1481, 2N1482 

Silicon N-P-N Power Transistors 
General-Purpose Types for Medium-Power Applications 

F •• tu .... : 
• High-temperature characterization 
• High dc beta at 200 mA 
• Ful/swltchlng-time characterization at 200 mA 

The (2N1479 - 2N1482 are silicon n-p-n power transistors. 
these transistors are Intended for a wide variety 'oT 
applications In Industrial and milltary,equipment. 

They are particularly useful in power-switching circuits 
such as in dc-ta-dc converters, Inverters, choppers, solenoid 
and relay coritro~ in oscillator, regulator, and pulse-amplifier 
circuits; and as class A and cla,ss B push-pull audio, and 
servo amplifiers. 

These transistors feature high beta at high current, and 
excellent high-temperature performance. They employ the 
JEDEC TO-205AD hermetic package. 

Maximum Ratin9', Absolute-Maximum Values: 
*COLLECTOR·TO·BASE VOLTAGE .••..•.......••.•...•.•••.•••••• 

*COLLECTOR·TO-EMITTER VOLTAGE: 
With base open, sustaining •.••••..•.......•....•.......••..•.•... 
With emitter·to·base reverse biased 

(VEB = 1.5 volts) •......•.•........••••.••...••.........•... 

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

*,COLLECTOR CURRENT •.••••..•......•••..•.....•....••.. , ••••. 

*EMITTER CURRENT ..........•..•.•.••••.••...••••...•....••.. 

*BASE CURRENT •.••...•••...•......•.•..•.•...•••.........•.• 

*TRANSISTOR DISSIPATION: 
(See Rating Chart Fig. 1): 
At case temperature of 25° C ••.•......•.•.....•.•••...••....•... 
At case temperatu re of 1 00° C •.•.•.•.•.•••.•..••••.•.•..••...... 

TEMPERATURE RANGE: 
Operating and Storage. . . • . . . . . . . . . . . . • . . . . . . . . . . . . . . . .... 

*In accordance with JEDEC registration date 

File Number 135 

TERMINAL DESIGNATIONS 

JEDEC TO·205AD 

2N1479 2N1480 

2N1481 2N1482 

VCBO 60 100 V 

VCEO(sus) 40 55 V 

VCEX 60 100 V 

VEB 12 12 V 

IC 1.5 1.5 A 

IE -1.75 -1.75 A 

IB 1 A 

PT 

5 5 W 
2.86 2.86 W 

-65 to +200 °c 

2-4 ______________________________________________________________ -------



Power Transistors 

2N1479, 2N1480, 2N1481, 2N1482 
ELECTRICAL CHARACTERISTICS. At Case Temperature (T C) = 25"C unless otherwise specified 

. 

. 

* 
* 
* 

* 

* 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT 
Vde mAde 

VCB VCE VEB IC IB IE 

Collector Cutoff Current: ICBO 30 0 

TC- 150°C 30 0 

Emitter Cutoff Current lEBO 12 0 

Collector-To-Emitter 

Voltage: 

With base-emitter junction 

reverse-biased VCEX 1.5 0.25 

Witn base open. 
sustaining VCEO(sus) 50 0 

Base-To-Emitter Voltage VSE 4 200 

DC Current Transfer Ratio hFE 4 200 
Smal -:>190a \,;urrent 

Transfer Ratio hfe 4 5 

DC Collector-To-Emitter 
Saturation Resistance Rs 200 20 

200 10 

Collector-To-Base 
Capacitance Cob 40 

Thermal Time Constant Tl 
Alpha-Cutoff Frequency fab 28 5 

Switching Time: 
Delay Time td* 

Rise Time t * r 
Storage Time t * s 
Fall Time tt" 

Thermal Resistance: 
Junction-to.case ROJC 

Junction-ta-free air ROJFA . In accordance with JEDEC registration data 

-I e := 200 rnA, 181 = 20 rnA, 182 = -8.5 mA; see Figs. 6 and 7. 

I CASE TEMPERATURE (Tel 
AMBIENT TEMPERATURE (TAl 

-100 iO o 1 
TEMPERATURE- e 

LIMITS 

2N1479 2N14BO 2N14Bl 

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

10 10 10 

500 500 500 

10 10 10 

60 100 60 

40 55 40 

3 3 3 

20 60 20 60 35 100 

50 Typ. 50 Typ. 50 Typ. 

7 7 

7 

150 Typ. 150 Typ. 150 Typ. 

10 Typ. 10 Typ. 10Typ. 

1.5 Typ. 1.5 Typ. 1.5Typ. 

0.2 Typ. 0.2 Typ. 0.2 Typ. 

1 Typ. 1 Typ. 1 Typ. 

0.6 Typ. 0.6 Typ. 0.6 Typ. 

1 Typ. 1 Typ. 1 Typ. 

35 35 35 

200 200 200 

92CS-10446 R4 

Fig. 1 - Derating chart for all-types. 

UNITS 
2N14B2 

Min. Max. 

10 p.A 

500 

10 p.A 

100 V 

55 

3 V 

35 100 

50 Typ. 

n 
7 

150 Typ. pF 

10Typ. ms 

1.5 Typ, MHz 

0.2 Typ. 

1 Typ. 
p.s 

0.6 Typ. 

1 Typ. 

35 °C/W 

200 
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2N1479, 2N1480, 2N1481; 2N.1482 

... 
E50 
1 
~ 
;:40 
z ... 

0: ... ... 
'" z 
iil 
I-
I
Z ... 
II: 
0: 
::> 
u 
I 

~ 
~ 
0: 

~ 
U 
C 

10 

o 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)" 4 V 

'CASE TEMPERATURE (TC):25°C 

-6SoC 

0.5 I 1.5 
BASE-TO-EMITTER VOLTAGE I.vBE)- V 

92CS-I0438R2 

Fig.2 - Typical input characteristics for illI types. 

I 

COLLECTOR CURRENT l1c)-A 
92CS-I0450R2 

FigA - Typical dc beta characteristics for all types. 

INPUT 
FROM 
PULSE 

GENERATOR 
RG,501l 

R2 -
R, 
5011 
IW 

'c·2OOmA 
IBI=20mA 

1B2 

S.5V 

- + 

'B2·-8.SmA 

92CS-I0427R3 

Fig.6 - Test circui~ for measurement of saturated switching times. 

... 
e 
I 
'0 .. 
U ... -
I-
Z w 
0: 
0: 
::0 
U 

I:: 
g 
::0 

~ 
0: 
0 
l-
U ... 
..J 
..J 
0 
U 

0 

2 

TEMPERATURE lTC). 2S0C 
YaM -VOLTAGE AT WHICH ALPHA (a) AT 
LOW VOLTAGE TIMES THE MULTIPICATION 

(101)-1 

40 60 80 100 

COLLECTOR-TO'EMITTER VOLtAGE lVCEI-V .2eM-I0053.' 

Fig.3 - Typical output characteristics for all types. 

.. 

COLLECTOR-TO-BASE VOLTAGE lVCBOI- 30V J 
10~ 

/ 

• 
4 

2 / 
/ 

10 • • V 4 

L 2 

I /" 
• • 
.~ 
2 

0.1 
o 25 .$0 75 100 125 150 175 200 

JUNCTION TEMPERATURE- °c 
92CS-I088IRI 

Fig.5 - Typical leakage characteristics for all types. 

+~ BA~E I CURRENT I 

- ~- TIME _ I 1B2U-

INPUT WAVE !,ORM 1.1 
· +~ 
COLLE.CTOR C 

CURRENT 

OUTPUT WAVE FORM 

----IOcyo 
TIME 

92CS-I0029 

Fig. 7 - OscillOSCOpe display for measurement of .witching time. 
(test circuit in Fig. 6J. 
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____________________________________ Power Transistors 

File Number 106 2N1613, 2N2102 

Medium-Power Silicon 
N-P-N Planar Transistors TERMINAL DESIGNATIONS 

For Small-Signal Applications 
In Industrial and Commercial Equipment 
2N2102 Fealures: 
• Gain bandwidth product (fT) = 120 MHz (typ.); 

useful in applications from de to 20 MHz 
• High breakdown voltage: 

VIBRICBO = 120 V min. at Ic = 0.1 mA 
• Low saturation voltages: 

92CS·27512 

VCE(sat) = 0.5 V max. at Ic = 150 mA 
VBE(sat) = 1.1 V max. at Ic = 150 mA 

• Beta (hFE) control/ed over 5 decades of Ic JEDEC TO-20SAD 

The 2N1613 and 2N2102 are silicon n-p-n planar 
transistors intended for a wide variety of small-signal and 
medium-power applications in military and industrial 
equipment. They feature exceptionally low noise, low 
leakage, high switching speed, and high nulsed beta. 

The 2N2102 is a direct replacement for the 2N1613. In 
addition, because of its junction design, the 2N2102 has 
higher breakdown-voltage ratings, higher dissipation 
ratings, lower saturation voltages, higher sustaining 
voltages, and lower output capacitance. 

These transistors are supplied in the JEDEC TO-205AD 
hermetic package. 

Fealures for Bolh Types: 
• For operation at junction temperature up to 200' C 
• Planar construction for low noise and low leakage 
• Low output capacitance 

MAXIMUM RATINGS, Ab!1olute-Maximum Values: 

* VCBO •• , ••••••••••••••••••••••••••••••••••••••••••••••••••• , ••••••••••••••••••••••••••• 

• VeER(SUS) 
RBE; 100 ......................................................................... . 

" VeEo(SUS) ......•....................•••.......•.•..••.......•••.•.•..............•...• 
* VEBO ••••••••••••••••••••••••••••••••••••••••••••••••••••• ...- •••••••••••••••••••••••••••• 

Ie .•.....................••..•.•.........................................•.••..•....... 
.. PT : 

AI Te:5 25·C ..........•...........•..............•....................•••......•...• 
At T. :525·C .••.•......•.......•••..•...•.•................•••.•................••.. 
AITe>25·C ••....•••.....•.••.....................•••...........•.•.. Derale linearly 
At T. > 25' C ..........•••.•........••....••..••••.............••...... Derale linearly 

* TJ. T.tg ..•.....••...•....•.•..••••..•.....••..........••.....••••.•.•.•........•.•.•... 
" TL (During soldering): 

At distance 2: 1/16 in. (1.58 mm) from seating plane for 1 0 s max. • •................... 

• In accordance with JEDEC registralion dala formal. 

2N2102 2N1613 

120 75 

80 50 
65 
7 7 
1" 1 

5 3 
1 0.8 

2.86 17.1 
5.7 4.57 

__ -6510 +200 __ 

___ 300 

V 

V 
V 
V 
A 

W 
W 

mW/'C 
mW/'C 

'c 

'C 
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Power Transistors ______ ---------___________________ _ 

2N1613, 2N2102 

ELECTRICAL CHARACTERISTICS AtCs r, se empera ure 'el = un e 0 (T) 25'Je l ss th pecified erwise s 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
Voltage Current 

2N1613 2N2102 UNITS 
Vde mAde 

VCB VCE IC IB Min. Max. Min. Max. 

* ICBO 60 - 0.01 - 0.002 
/lA At TC-150oC 60 - 10 2 

* lEBO 
VEB=5 V 0 - 0.01 - 0.002 /lA 

10 0.01 10 
10 0.1 20 - 20 -

* hFE 10 loa 35 - 35 -

10 150a 40 120 40 120 
10 500a 20 - 25 -

AtT~-550C 10 loa 20 - 20 -
* VRT 

VEB=1.5 V,IE=O - - 120 - V 

* V(BR)CBO ,. 

IE=O 0.1 75 - 120 - V 
* V(BR)EBO 

IE=O.l rnA 0 7 - 7 - V 
* VCEO(sus) 100a 0 - - 65 - V 

* VCER(sus) 
RBE=10 n 100a 50 - 80 - V 

* VBE(sat) 150a 15 - 1.3 - 1.1 V 

* VCE(sat) 150a 15 - 1.5 - 0.5 V 

· hfe 5 1 30 100 30 100 
f=l kHz 10 5 35 150 35 150 

I hfel 
f=20 MHz 10 50 3 - 3 -

• hib 5 1 24 34 24 34 
n 

f=l kHz 10 5 4 8 4 8 
* hrb 5 1 - 3xl0 4 - 3xl0-4 

10 1 - 3xl0-4 - -
f=l kHz 10 5 - - - 3xl0-4 

• hob 5 1 0.05 0.5 0.01 0.5 
/lmho f=l kHz 10 5 0.05 0.5 0.01 1 

· Cob 
IE=O 10 - 25 - 15 pF 

• Cib 
VEB=0.5V 0 - 80 - 80 pF 

* NF 
BW=l Hz 
Ref.sig.freq.=l kHz 
RG=510 n(2N1613) 10 0.3 - 12 - 6 dB 
ZG=1000 n(2N2102) 

· td+tr+tfb - 30 - 30 ns 

ROJC 58.3 35 o'CIW 
ROJA 219 175 

* In accordance with JEDEC registration data format. 

a Pulsed, pulse duration=300 1'5, duty factor=1.8% (2N21021 .;;; 2% (2N16131. b See Fig. 14. 
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____________________________________ Power Transistors 

... 
l 
2 220 

: 
.. '00 .' I!! 14 

ffi 120 

~IOO 
Of BO 

~ 60 .. 
~ 40 

g 20 

TEMPERATURE-·C 

92CS-1II73R2 

Fig. 7 - Rating chart for 2N7673. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) 0'0 V 

LUI 
Jill 

:\.~\ i' 
J. 

~~~ 
'-r- ~~ ~~ -M 
r-~,t.""'V 

~~ 

~ I--
E--t: f- I 
t:r I 

0.1 I 10 '00 1000 
COLLECTOR CURRENT (.IcI-mA 

92CS-III8IR3 

Fig. 3 - Typical de beta characteristics for 
both types. 

, 
COLLECTOR-YO-EMITTER VOLTAGE (VCE)-V 

92CS-12667Rt 

Fig. 5 - Typical output characteristics 
for both types. 

'0 
... • 
i~ • 

2N1613, 2N2102 

2t5 150 75 100 125 1:50 17ti 200 
TEMPERATURE-oC 

9tes-IIIT2R2 

Fig. 2 - Rating chart for 2N2702. 

COMMON EMITTER CIRCUIT, BASE INPUT. 
FREQUENCY~ 20 MHz 
AMBIENT TEMPERATURE (TA)-25°C 

I I 
I ~OLTAG~(", 

~17 I~~"'''''/ ~."''''_ 
<JJ"O~ ~ 

15 
oi~ z., 
!2z ., .. 
~~ 
;;I 
ili 

• 
'r--

c.'" 
-~,,~ 

4 c.'X< ,. 
"1/ 
2 

, 
0 

2 4 , . 2 4 .. 
'0 100 

2 . . . 
1000 

COLLECTOR CURRENT (Ie) - mA 921CS-1II71RI 

Fig. 4 - Typicalsmall'signal beta character· 
istics for both types. 

COLLECTOR-YO-EMITTER VOLTAGE (VCE)-V 
92eS-IISS!!RI 

Fig. 6 - Typical output characteristics for 
both types at TA = 1000C. 
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2N1613, 2N2102 

> 
I 

COLLECTOR-TO-EllTTER VOLTAGE (YCE):-V' 

HCI-III'J'IIID 

Fig. 7 - Typical high-current output 
characteristics for both typeJt. 

92C$-I222.0R2 

Fig. 9 - Typical noise figura characteristics 
for both types. 

COMMON-EMITTER CIRCUIT, BASE INPUT 
COLLECTOR CURRENT (Xcl-IOO mA (PULSED) 
AMBIENT TEMPERATURE (TAl- 25· C 

~IOO 
'" ~ 
~ 
~ 

! 
! 

90 

8 

70 

60 

50 

'c 
iii 

I\. 
V "-

2 466 2 4.8 2 466 2 4.6 2 4.6 
I 10 102 103 104 105 
EXTERNAL BASE-lO-EMITTER RESISTANCE CRae:)-OHMS 

92CS-1II9ZR3 

Fig. 11 - Typicalsusteining voltegs VI. base-to
emitter resistance for 2N1613. 

> 

~ 
~130 

~ 120 

.g 110 

~ 100 

, 90 

~ 
~ 00 

~ 

B 6C 

COLLECTOR-lO-EMITTER VOLTAGE (VeEI-V 

92CS-I2ii68RI 

Fig. 8 - Typical output characteristics for 
both typeut T A = :"'5f1J c. 

SASE-lO-EMITTER VOLTAGE (VaEI-V 
92CS-lUeR2 

Fig. 10 - Typical transfer characteristics for 
both types. 

COMMON-EMITTER CIRCUIT. lASE INPUT 
COLLECTOR CURRENT n:c)-'OO mA(PULSED) 
AMBIENT TEMPERATURE tT.)-ZS-C 

~ II> 

V E "-

2 4.6 2 466 2 468i • .66 2 4, 6 
I 10 102 103 f04 105 
EXTERNAl BASE- TO-EMITTER RESISTANCE (ReEl-OHMS 

92CS-IU93R3 

Fig. 12 - Typical sustaining voltage VI. base-to
emitter resistance for 2N2t02. 
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_______ ----_______________________ Power Transistors 

'0 EMITTER OPEN. 

, 
~~.'~~ .... z 

! 10-1 ~ .. '" .. If. 

~ 'I1'i~/ atlO-

'I ,<P; 
~~IO-3 .. ~ ~ 
:::it! == ~ ... ",c. 

8 ,-r-<P..;; 
10-

r--.,o-.r..p 
on-
-'00 -M) 0 50 100 

JUNCTION TEMPERATURE (TJI-DC 
'50 200 

92CS-III7QR2 

Fig. 13 - Typical'eskBf/e chsrscteristlcs for 
both types. 

2N1613, 2N2102 

INPUT 
FROM 
PULSE 

-50 V 

R2 , . 
R • 

4.7 K 

GENERATOR 

R, 
'00 

R4 
'00 

I r'o" 
+~V-=U 

-,vIL 
INPUT- PULSE 

WAVE FORM 

+20 V 

RO 
40 

OUTPUT 

+-----oSA~ING 
OSCILLOSCOPE 

U<,5W 
t--~1/II'~--<l-50 V R. 

ALL RESISTANCE VALUES 
ARE IN OHMS 

+20V, r 
+18V-V 

OUTPUT-PULSE 
WAVE FORM 

+18v 

92CS-fll2lR3 

Fig. 14 - Circuit for msssUTOmtlflt of .wifl:hing 
time, and associated ws""forms. 

2-11 



PowerT~~dOB~. ______________________________________________________________ __ 

2N1700 

Silicon N-P-N 
Power-Swltcblng Transistor 
For Switching Applications 

F •• ture.: 
• Operation at high junction temperatures 

The ·2N1700sillcon n-p-n transistor is intended'for a 
wide -variety of uses In inQustrialequlpment. They are 
particularly useful in applications such as inverters, chop
pers, voft!lge a,nd current regulators, and relay-actuating 
circuits. 

The 2N1700 is supplied in a JEDEC TO-205AD package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

.. VCBO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

* VCEX 

V •• =-1.5V ...........................................•.......... 
• VeEO(sus) •.•••••••••••..••••.•••.•••••••••••••••••••••••••••••••••• 
* VEBO ••••••••••••••••••••••••••••••••••••••••••••••••••• , ••••••••••• 

• Ie •••.•••.•••••..•...••••••...•••••.•••••.••••.•••••.•••.••••••.•••• 
* 1 •••••••••••• 0 ••••••••••••••••••••• 0 •••••••••••••••••••••••••••••••• 

• PT 
TeS25°C ...................................................... . 
Te > 25·C ......................................... Derate linearly 

• T ... , TJ ............................................................ . 

• TL 
At distance ~ 1/16 in. ± 1/32 in. (1.58 mm ±0.8 mm) from 
seating plane for lOs max. • .................................... . 

'In accordance with JEDEC registration data format. 

File Number 141 

T!,R~INAI.. DES,IGNA'tlONS", 

JEDEC TO-205AD 

2N1700 

60 

60 
40 
6 
1 

0.75 

5 
0.029 

___ -65 to +200 ___ _ 

255 

v 

v 
V 
V 
A 
A 

W 
·C/W 
·C 
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____________________________________ Power Transistors 

2N1700 
ELECTRICAL CHARACTERISTICS, Te=25· C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARAC- VOLTAGE CURRENT 
2N1700 UNITS 

TERISTIC Vdc 

VeE Va. 
leao 
Vea=30 V 

Vea=60 V 
Te=150·C. 

Vea=30 V 

I.ao -6 

Ve.o(SUS) 

VeFiX -1.5 

hF. 4 

20 

Va. 4 
20 

re.(Sat) 
Ve.(Sat) 

hf. 
t=l MHz 4 

thf. 
Vea=6 V 
Vea-28 V 

Coo. 
Vea=40 V. 
t=l MHz 

TI 

RBie 

R8JA 
'In accordance with JEDEC registration data format. 

·Pulsed: pulse duration = 300 JiS. duty factor':; 2%. 

Adc 

Ie 

0 
0.05a 

0.0005 
O.la 

1· 

0.1 
1 

0.1 

1· 

5 

0.0005 

la Min. Max. 

- 75 JiA 

- 25 

- 1 rnA 

- 25 JiA 
0 40b - V 

60b - V 

20 80 

6 -
- 2 

V 
- 12.5 

0.D1 - 10 0 
0.5 - 12 V 

40 -

0.005 400 - kHz 
1.2 (typ.) MHz 

150 (typ.) pF 

10 (typ.) rns 

- I 35 
·C/W - I 200 

bCAUTION: The sustaining voltages VCEo(sus) and VCEX(SUS) MUST NOT be measured on a curve tracer. 

\0" COLLECTOR-lO-BASE v~~~~~=~~_~=--=-:: . .::.::. 
--- - - - ---- - - ----- --- -----

~ - 1--- ------ 1--

~ I03~~~~~~~~~r=~~~~~ 
~ - I r--1-L 
~ 10,~C--~-~~±I--~---r-=~==~==_tl"=--;7~~-~I~~~ 
~ c--- -- P"----

! 10,~~==_Z::l.=\T~=0::::::--:~~-::lr=d _/':c-_~=-___ --__ tf-=~~=:=-:-: __ r----------I-
1-1------- 1--,--7S 100 12S ISO 

CASE TEMPERATURE ITCI-6C 
50 100 150 '00 

JUNCTION TEMPERATURE (TJ)_ec 

Fig. 1 - Derating curve. Fig. 2 - Typical collector-cutoff current characteristics. 

____________________________________________________________________ 2-13 



Power Transistors ___________________________________ _ 

2N1700 

COLLECTOR-lO-EMITTER VOLTAGE (VeE) -4V 

." ,4' • 

10 

0.5 1.5 
BASE-TO-EMITTER VOLTAGE 1Vae-V COLLECTOR-'TO-EMITTER VOLTAGE IVeE)-V 

92CM-11555R2 

Fig. 3 - Typical input characteristics. Fig. 4 - Typical output characteristics. 

COLLECTOR CURRENT tIcI-A 92CS-1I57!1~1 

Fig. 5 - Typical dc beta characteristics. 

INPUT 
FROM 
PULSE 

R2 iB; 

+t COLLECTOR C 
CURRENT 

GENERATOR 

OUTPUT WAVE FORM 
92CS-I0029 

Test Conditions: 
R •.•...•..•.•.•...•.•...••..•...•.•........•.•••...•••••••... 
R •••.••.•.•.•..•••.••.•••.••••.••.••.•.••••....••.....•..•••. 
R •....••••••••••.........................••••••.••..•••...... 
Ic •••••.•••••.•••......•.•••••••......••..•.•••..•••.••.•..•.• 
Is •••.•..••••••••........•......•..••...•....••....••••••...•. 
Is •••.•....•.....••••.•..•..•.••..•••••..•......•........••••. 

Switching Times: 
let ••••••••••••••••••••••.•••••••••••••••••••••••••••••••••••••• 
t, ........................................................... . 
to ••••••••••••••••••••••••.•••••••••.••••••.••••.•.•••••••.•.. 
tf •••••.••..•..•.•..•.••..••.••.•..•••..•••••...•...•..•..•••• 

RI 

VCC' 12V 
VSS--a.5 v 
RG • 5011 
TC -2S·C 

1W 
1W 
2W 

Fig. 6 - Test circuit and oscilloscope display for measurement of 
switching times. 

2N1700 

50 
700 
59 

200 
20 

-8.5 

0.2 
1 

0.6 
1 

92CS-2823B 

n 
n 
n 

mA 
mA 
mA 

JJS 
p.s 
JJS 
JJS 
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______________________________________ Power Transistors 

File Number 34 2N1893, 2N2405 

Medium-Power Silicon 
N-P-N Planar Transistors TERMINAL DESIGNATIONS 

For Small-Signal Applications 
In Industrial and Commercial Equipment 

Features: 
• For operation at junction temperature up to 200° C 
• Planar construction for low noise and low leakage 
• Low output capacitance 

92CS-27512 

JEDEC TO-205AD 

The2N1893 and 2N2405° are silicon n-p-n planar 
transistors intended for a variety of small-signal and 
medium-power applications. They feature exceptionally 
high collector-to-emitter sustaining voltage. low leakage 
characteristics. high switching speeds. and high pulse beta 
(hFE)' 

The 2N2405 is a direct replacement for type 2N1893 for 
most applications. In addition. the 2N2405 has high voltage 
ratings. lower saturation voltages. and higher sustaining 
voltages than the 2N1893. 

The 2N1893 and 2N2405 are supplied in the TO-205AD 
package. 

°Formerly Dev. Type TA2235A. 

2N2405 Features: 
• Minimum gain-bandwidth product (fT) of 120 MHz; 

useful in application from de to 50 MHz 
• High sustaining voltage: 

VCEO(sus) = 90 V min. 
• Low saturation voltages: 

VCE(sat) = 0.5 V max. at Ic = 150 mA 
VBE(sat) = 1.1 V max. at Ic = 150 mA 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• COLLECTOR-TO-BASE VOLT AGE ................................................ VeBo 
• COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (RB') $ 10 Q .....•••.........•..•.••.•.••• VeeR 
With base open ................................................................ Veeo 

• EMITTER-TO-BASE VOLTAGE ................................................... VeBo 
• COLLECTOR CURRENT ............................................................ Ie 
• TRANSISTOR DISSIPATION: PT 

At case temperature up to 25° C ..................................................... . 
At free-air temperatures up to 25° C .................................................. . 
Attemperatures above 25° C ........................................................ . 

• TEMPERATURE RANGE: 
Storage and operating (Junction) ............................................. Tot •• TJ 

• LEAD TEMPERATURE (During soldering): 
At distance from seating plane for lOs max. 

2: 1/16 in. (1.58 mm) for 2Nl893 and 
2: 1/32 in. (0.8 mm) for 2N2405 .................................................. TL 

• In accordance with JEDEC registration data format (JS-9 RDF-2). 

2N1893 2N2405 

120 120 

100 140 
80 90 
7 7 

0.5 

3 5 
0.8 

___ See Figs 1 & 2 ___ 

___ -65 to +200 ___ 

255 

V 

V 
V 
V 
A 

W 
W 

°C 

C 
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PowerTransistors __________________________________________________ ~-----------------------

2N1893, 2N2405 
ELECTRICAL CHARACTERISTICS, Case Temperature (Tc! = 2~C Unless Otherwise Specified 

* 

* 

* 

* 

* 
* 

* 

* 

* 
* 
* 
* 

* 
* 
* 
* 
* 

* 

* 

* 
• 

* 

CHARACTERISTIC 

ICBO 

TC= 150°C 

lEBO 

VBE=-5V 

VCEO(sus) 

VCER(sus) 
RBE = lOn 

RBE=500n 

V(BR)CBO 

V(BR)EBO 

VCE(sat) 

VBE(sat) 

hFE 

TC = 55°C 

hfe 
f = 1 kHz 

1 kHz 
1 kHz 

20 MHz 

hib 
f = 1 kHz 

hrb 
f = 1 kHz 

hob 
f = 1 kHz 

Cobo 

Cib 
V8E=-0.5V 

NF 
RG = 500n 
BW=15kHz 
f = 1 kHz 

ROJ·C 

ROJ·A 

TEST CONDITIONS 

VOLTAGE CURRENT 
Vde mAde 

VCB VCE IC IE IS 

90 0 

90 0 

0 

100a 0 
30a 0 

100a 

lOoa 

0.1 0 

0 0.1 

150a 15 
50a 5 

150a 15 
50· 5 

10 150a 
10 loa 
10 0.1 

10 10 

5 1 
5 5 

10 5 
10 50 

5 1 
10 5 

5 1 
10 5 

5 1 
10 5 

10 0 

0 

10 0.3 

a Pulsed. Pulse duration = 300 J,tsec max.; duty factor ~2". 
=I' In accordance with JEOEC registration data format (JS·g RDF-2). 

LIMITS 

2N1893 2N2405 UNITS 

Min. Max. Min. Max. 

- 0.Q1 - 0.01 
/lA 

- 15 - 10 

- 0.01 - 0.01 /lA 

- - 90 -
V 

80 - 90 -

100 - 140 -
V 

- - 120 -

120 - 120 - V 

7 - 7 - V 

- 5 - 0.5 
V - 1.5 - 0.2 

- 1.3 - 1.1 
V - 0.9 - 0.9 

40 120 50 200 
35 - 35 -
20 - - -
20 - 20 -

30 100 - -
- - 50 275 
45 - - -

2.5 - 5 -
20 30 24 34 

4 8 4 8 
n 

- 1.25xl0·4 - 3 x 10.4 

- 1.5 x 10.4 - 3x 10.4 

- 0.5 - 0.5 
- 0.5 - 0.5 

/lmho 

- 15 - 15 pF 

- 85 - 80 pF 

- - - 6 dB 

- 58.3 - 35 
°C/W 

- 219 - 175 
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____________________________________ Power Transistors 

.. 
E 

I 
u 

:! 
I
Z 

"' '" '" ::> 

2N1893, 2N2405 

~'OO:!'!!!!;!!;~~:!IIIIIIIIII!l1I1I1I1I1I1I1I ~ B 

8 

92CS-!5736RI 

Fig. 1 - Maximum ,operating areas for type 2N2405. 

I-
Z w 

~ 
~ 

Fig. 2 - Dissipation derating curves for types 
2N 1893, and 2N2405. 

10 EMITTER OPEN. 

I ~o4 
~. 

-:I rOMI r.~ .... ~ 
~" a11O- ~~ 

0' .1,1 ,"'-
~gIO-3 .... <1; 
wu = F~~ ::It! 
8 -

10-4 

~.,o-""'"!fl 
10-' 

100 -50 0 50 100 
JUNCTION TEMPERATURE (TJI-·C 

150 200 

92CS-IIl70R2 

Fig. 4 - Typical cutoff characteristics for ' 
types 2N 1893 and 2N2405. 

I 

BASE-TO-EMITTER VOLTAGE (VBE}-V 

Fig. 3 - Typical transfer characteristics for 
types 2N1893 and 2N2405. 

1000 fREE-AIR TEMPERATUR£ (T'A)- 25-. . ~F-\'I' f-f-~ v~f:::: \501~ 

.-:~ 
-u ....-: .- 1.-'-1-' r-t-t! , 

IVv V i IO~ 1= !-:-

:II • 
22~ t-

:J 4 
l"-i ,1\1'- 00 

~ 
r-..... I ~ 

10 10 
~, 

, GAIN - BANDWIDTH PRODU TIT IM.JoIOO 

I 
o 10 20 40 60 70 

COLLECTOR-TO-EMITTER VOLTS (VCE) 'J2CS 11660 

Fig. 5 - Typical gain bandwidth product character
istics for types 2N1893 and 2N2405. 
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Power Transistors ___________ -----___________________ _ 

2N1893,2N2405 

tU COLLECTOR CURRENT fXc'-O 

I EMITTER CURRENT (1[)=O 
FREE-AIR TEMPERATUREtTFAI-2fj" C 

I 
I 
~ 

~ 
§ 

. 
6=-~EMITTER-TRANSITION CAPACITANCE FOR v, 

4_ - - -t-
2 

---l"-
10 

• 
6 

OUTPUT CAPACITANCE FOR VCB 
4 

I I 2 

I I I 
4 6 • 2 4 6 • 2 4 6 • 2 

-0.1 -I -10 
REVERSE-BIAS VOLTS IVSE OR Vee) 

-100 
92C5-11195 

Fig. 6 - Typical capacitance characteristics for 
types 2N1893 and 2N2405. 

Fig. 8 - TYflical collector characteristics at 
25 C for type 2N 1893. 

to 20 30 40 50 60 70 eo 90 100 
COLLECTOR-YO-EMITTER VOLTS (YCE) 

Fig. 10 - Typical col/ector characteristics at 
25° C for type 2N 1893. 

'COLLECTOR-TO-ElllTTER VOLTS (VCE) 92CS-1I176 

Fig. 7 - TYflical collector characteristics at 
25 C for type 2N2405. 

COLl.ECTOR-TO-EMITTER.VOLTS (VCE) 92CS 11647 

Fig. 9 - TVeica' collector characteristics at 
25 C for type 2N2405. 

COMMON EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-lO-EMITTER VOLTS (VCEI"IO 

0.1 I 10 100 
COLLECTOR MILLIAMPERES (lei 

1000 

Fig. 11 - Typical dc-beta characteristics for types 
2N1893 and 2N2405. 
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-------------------_________________ Power Transistors 

Hit COMMON-EMITTER CIRCUIT, BASE INPUT _ __ 
FREQUENCY (Me) ~ 20 
FREE-AIR TEMPERATURE {TFA1=25° C 

~ ,~ Im~ ~---
~ 9 1 _~~~TS r.v,.;: ---
a~. I <;", .. ~r ........ 1- ~(o/'" V 8 ,<."0F--""" ~ - -

t 

;~7 v,\o~ :1-
~'" .r--t-. v<,;~f''''''H---+--t_H+_-r___t___t-n 
~ffi 5 vo"~ 
~~ ~ j<------ ---
!~ 4V i :~~-_+-+-rt-~--T_i-_Hr___t_---_t_t~ 

4 6 8 2 4 6 8 2. 4 £. 8 
10 100 rooo 

COLLECTOR MILLIAMPERES lIe) 92tS 11655 

Z 

Fig. 12 - Tvpical small-signal beta characteristics 
for types 2N1893 and 2N2405. 

~ . 
!2/!! 

h 
0-1 

4 J. ES leI' :000 
2 COlLECTOR MlLUAMPER BASE MIL~ERES 11111' \00 

SOO :In 50 ",-= ,~ ~! 
!=: ~ 8 50 

'UI a~ (,; 
e! 8" 

~g 
• 
2 

O. 
-7' -00 -.. 0 •• "" 70 100 I 100 I 

FREE-AIR TEMPERATURE (TFN _·C 

'J2.CS "65./ 

Fig. 14 - Typical saturation characteristics for 
types 2N2405 and 2N1893. 

COLLEC·roR MILLIAMPERES (Icl 
92CS "'" 

Fig. 16 - Typical wide-band noise characteristic 
for type 2N2405. 

2N1893, 2N2405 

4 

I ~--oO' i'l 2 
!;;j!! _! s Ilel' \00 S \'18'" 
"'-' coJECTOR MI~LIAMPERf. MILLIAIoII'f.Rf. "0 
~ I I 

8A 

"'~. 
..It:!. 

~ i 6 f--e60 -
~~4 

lC..1o I--~ 7::: ,....... 
3!i1 :! 

~~ 
OJ> !o ....-; 
8 0.1 · · -75 -oo 0 2' oo 100 12. 100 

FREE-AIR TEMPERATURE (TFA)-"'C 

Fig. 13 - Typical saturation characteristics for 
types 2N1893 and 2N2405_ 

COLLECTOR MILLIAMPERES (Iel-rOO 
VCER(SUS) COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE WITH 

EXTERNAL RESISTANCE BETWEEN BASE AND EMITTER 

I 

~fiEg~.b~RA;?5~~~~RM1g:;g~~l6ENRD~~~~~~'~!:~T~~0r::TH BASE OPEN 
.FREE-AIR TEMPERATURE {TFAI" 25° C 

14 

~+~II 130 
ffi 11 ~w120 
~ u ~1' 
,> ~,.1 ~: tlO 

{Ii>:; J'\ 0-0 -~> 100 MINIMUM 

S ~O("'l 
.0 

80 III 
, 2 4 &8'0 2 4 &8'02 2 4 &8 103 2 4 68104 2 468'05 

EXTERNAL BASE-TO-EMITTER RESISTANCE (RBEl-OHM;2CS lIi54R3 

Fig. 15 - Sustaining voltage characteristic for 
type 2N2405. 

COLLECTOR MILLIAMPERES (Icl- 0.3 
COLLECTOR-TO-EMITTER VOl.TAGE (YCEl-IOVOLTS 
GENERATOR RESSISTANCE (OHMS)- 500 
EFFECTIVE BANDWITH OF MEASUREMENT CIRCUIT (CPS}-I 
FREE-AIR TEMPERATURE (TFA)- 25- C 

2. 
20 

l: I. 
! I. 

" !O 
" 

~ 10 \ 
;;: • 
ill 

" • 
z • 

• 
10 102 103 104 105 

REFERENCE-SIGNAL FREQUENCY-CPS 

92CS 11657 

Fig. 17 - Typical narrow-band noise characteristic 
for type 2N2405. 

_________________________________________________________________ 2-19 
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2N2270 File Number 24 

Silicon N-P-N 
Planar Transistor 

TERMINAL DESIGNATIONS 

General-Purpose Type for Small-Signal. 
Medium-Power Applications 
Features: 
• Minimum gain-bandwidth product = 100 MHz; 

uSl1ful in applications from dc to 20 MHz 
92CS·27512 

• Opl1ration at high junction temperatures 
• Planar construction for low-noise and low-leakage characteristics JEDEC TO-20SAD 

• Very low output capacitances 

The 2N2270 is a silicon n-p-n planar transistor intended 
for a wide variety of small-signal and medium-power 
applications in military and industrial equipment. It features 
exceptionally low noise and leakage characteristics. and 
very low output capacitance. 

The 2N2270 is supplied in a TO-205AD package. 

MAXIMUM RATINGS. Absolute-Maximum Values: 
• COLLECTOR-TO-BASE VOLTAGE •.......•....•...•••................•......•.... VeBo 
• COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter resistance (RBE):S 100 .........••••....•........•... VeER 
With base open •....•.•....•..•.•..••.................•.............•.......... VeEo 

• EMITTER-TO-BASEVOLTAGE ..•••...••....•.............••...........•...•..... VEBO 
• COLLECTOR CURRENT ............•...•....••..••...............•........••...•... Ie 
• TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25° C .••••..•.••...••............•..•................••.•• 
At case temperatures above 25° C .•••..•.•••.•.....•..•.....••...............•.....•. 
At free-air temperatures up to 25° C •..••....•.•............•...•.......•...••.•....... 
At free-air temperatures above 25°C ..........•...••..............•............••. ···· 

• TEMPERATURE RANGE: 
Storage and operating (Junction) •.....••••..••.•.••.......••...........•...•. T ... , TJ 

• LEAD TEMPERATURE (During soldering): 
At distance 2: 1/16 in. (1.58 mm) from seating plane for 10 s max. . .....•........... TL 

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

60 

60 
45 
7 
1 

5 
See Fig. 1 

1 
See Fig. 1 

-65 to +200 

255 

V 

V 
V 
V 
A 

W 

W 

°C 

°C 
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____________________________________ Power Transistors 

ELECTRICAL CHARACTERISTICS. at Case Temperature (T ci = 25"C linless otherwise 
specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 
2N2270 UNITS CHARACTERISTIC Vde mAde 

VCS VCE VSE IC IS Min. Max. 

* ICBO 60 - 0.05 )1A 
TC = 150°C 60 - 50 

* lEBO -5 0 - 0.1 I1A 

V(BR)EBO 0 7 - V * 
IE = 0.1 rnA 

* V(BR)CBO 0.1 60 - V 

VCER(sus)a 
100b 60 - V * 

RBE=10n 

VCEO(sus)a 100b 0 45 - V 

* VCE(sat) 150b 15 0.9 

VBE(sat) 150 15 - 1.2 V * 

* hFE 10 150b 50 200 

10 1 30 -

* hfe . 

f = 1 kHz 10 5 50 275 

* Ihlel 
1= 20 MHz 10 50 5 -

IT 10 50 100 - MHz * 
* NF 

f = 1 kHz 

RG = 1 KH 10 0.3 - 10 dB 

BW = 1 Hz 
~ 

* tON + tOFF 

(See Fig. 8) 30 ns 

* Cob 

IE = 0 10 - 15 pF 

Cib -0.5 0 - 80 pF * 
ROJC - 35 °C/W * 
ROJA - 175 * 

* 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 ~ 300 fJS, duty factor ~ 1.8%. 

2N2270 
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2N2270 

10 

i • 
• !!i_ 

~ 75 100 125 150 175 200 
TEMPERATURE-oC 

92CS-ut72R2 

Fig. 1 - Rating Chart. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE).-Y 

92CS-1II7!5R3 

Fig. 3 - Typical col/ector characteristics. 
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Fig. 5 - Typical small-signal forward-current 
ratio characteristics. 
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Fig. 2 - Typical de forward-current transfer ratio 
characteristics. 

. 92C5-11189 

Fig. 4 - Typical collector characteristics. 

92CS-III79RI 

Fig. 6 - Typical af noise-figure characteristics. 
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=tt COLLECTOR CURRENT {Icl"O 

I 
EMITTER CURRENT (IEI=O 
FREE-AIR TEMPERATURE{TFA1~25· C . 

~ 
'~ ~EMITTER-TRANSITION CAPACITANCE FOR VB 
, 
t--if 1--- 1-1-

~ 2 

r--r-I 
~ 

10 . 
-t== ~ ,---t-- OUTPUT CAPACITANCE FOR Vee ~ , r---

t! I I , 
1 1 

- ~-

I 
2 , , . 2 , , . 2 , , . 

-0.1 -1 -10 
REVERSE-BIAS VOLTS (VeE OR Vee) 

-tOO 

Fig. 7 - Tvpical emitter-transition-capacitance and output
capacitance characteristics. 
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~~~o--~--+---T-'. MercurVTypo: ::E~:f~t~;':"<lnoec 
•• Adjuslfor·I·VOI1Pul.at"A" 
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4ThroughPm_l~ZOODohrn. 

INPUT - PULSE 
WAVE FORM 

AT ".0.,. 

+20V, r 
+18V-U 

OUTPUT- PULSE 
WAVE fORM 

Fig. 8 - Test circuit for measurement of saturated switching time and associated waveforms. 
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2N3053,2N3053A 

General-Purpose, Medium-Power 
Silicon N-P-N Planar Transistors 
For Small-Signal Applications 

Featurea: 
• Maximum safe-area-of-operation 

curV9 
• High gain-bandwidth product 

fT = 100 MHz 
• Low leakage current 

Applications: 
• Audio amplifiers 
• Control/ed amplifiers 
• Power supplies 
• Power oscillators 

The2N30S3 and 2N30S3A are silicon n-p-n planar 
transistors useful up to-"20 MHz fn small-signal. medium
power applications. These types are supplied in the JEDEC 
TO-20SAD packags. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

File Number 960 

TERMINAL DESIGNATIONS 

92CS-21512 

JEDEC TO-205AD 

2N3053 2N3053A 

• Ve80..................................................................................... 60 80 v 
VeER(SUS) 
R •• =100.............................................................................. so- 70 V 

• Vem(SUS) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 40 60 v 
VeEv(SUS) 
v •• = -1.5 V............................................................................. '60 80 V 

· V.BO..................................................................................... 5 5 V 
• Ie ....................................................................................... 0.7 0.7 A 
• PT 

TeS25·C.. ............................. .......... ......... ................. ........... 5 5 W 
T.S25·C.............................................................................. 1 1 W 
T e > 25· C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. _ Derate linearly 0.0286 _ WI· C 

• T .... TJ .................................................................................. ___ ~to+200 ___ ·C 
• T~ 

At distance 1/16 ± 1/32 In. (1.58 mm ± 0.8 mm) 
from seating plane for lOs max. ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235 • C 

• In accordance with JEDEC registration data. 
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------------------________________ Power Transistors 

2N3053, 2N3053A 
:ELECTRICAL CHARACTERISTICS, at Ca .. Temperature (Tc) = 25' C 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 
CHARACTERISTICS Vde mAde 2N3053 2N3053A UNITS 

VCB VCE VBE IC 18 Min. Max. Min. Max. 

30 - -1.5 - - - 0.25 - -
'CEV /lA 

60 - -1.5 - - - - - 0.25 

I BEY - 60 -1.5 - - - - - 0.25 /lA 

lEBO - - -4 0 - - 0.25 - 0.25 /lA 

- 2.5 - 150 - 25 - 25 -
hFE 

- 10 - 150a - 50 250 50 250 

VIBRICBO - - - 0.1 - 60 - 80 - V 

VCBRIEBO - - - 0 - 5 - 5 - V 
'E = 0.1 rnA 

VCEO(SUS) - - - 0.1a 0 40 - 60 - V 

VCER(SUS) 
100a - - - - 50 - 70 - V 

RBE =10n 

VBE(sat) - - ~ 150 15 - 1.7 0.6 1 V 

Vce(sat) - - - 150 15 - 1.4 - 0.3 V 

VBE - 2.5 - 150 - - 1.7 - 1 V 

hie 
- 10 - 50 - 5 - 5 -

1= 20 MHz 

CObO 

10 - - - - - 15 - 15 pF 
1= 140 kHz 

C'b 
- - -0.5 0 - - 80 - 80 pF 

1= 140 kHz 

R8JC - - - - - - 35 - 35 'C/W 

R8JA - - - - - - 175 - 175 'C/W 

• In accordance with JEpEC registration data. 

8 Pulsed; pulse duration = 300/JS. duty lactory < 2%. 
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2N3053, 2N3053A 

10 loa 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig. 1 - Maximum operating areas for 2N3053, 2N3053A. 
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Fig. 2 - Dissipation derating curves for all types. 
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Fig. 4 - Typical dc beta characteristics for all types. 
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Fig. 3 - Typical transfer characteristics for all types. 
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COLLECTOR CURRENT tIc1-mA 

Fig. 5 - Typical variation of gain-bandwidth product 
with Ic and VCE for all types. 
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2N3053,2N3053A 

BASE-lO-EMITTER VOLTAGE (VaE)-V COLLECTOR-lO-EMITTER VOLTAGE (VCE)-V 

HCS-l2mR2 

Fig. 6 - Typical input characteristics for all types. Fig. 7 - Typical output characteristics for all types. 
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2N3055 

General-Purpose Power Transistor 
Broadly Applica.ble Devices for 
Industrial and Commercial Use 

Features: 
• High gain at high current 
• Low Saturation Voltage: VeE(Sat) < 1.1 V, @ le=4 A, 1.=0.4 A 
• Excel/ent safe operating area 

The 2N3055 silicon n-p-n transistor intended. for a 
wide variety-of meoiu-m-=-voltage,high-curre-nt applications. 

Typical applications for this transistor include power
switching circuits, audio amplifiers, series and shunt 
regulator driver and output stages, dc-to-dc converters, 
inverters, and solenoid (hammer) relay driver service. 

This device employs the popular JEDEC TO-204AA/TO-3 
package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

File Number 1699 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AAlTO-3 

"COLLECTOR-TO-BASE VOLTAGE, VeBo ................................................................................. 100 V 
"COLLECTOR-EMITTER SUSTAINING VOLTAGE. VCER(SUS) (RBE;100 0) ..........•.•...........•.•••.•...................... 70 V 
"COLLECTOR-EMITTER SUSTAINING VOLTAGE, VeEo(SUS) ............ , ................................................... 60 V 
"EMITTER-BASE VOLTAGE, VEBO ............................................................................................ 7 V 
"COLLECTOR CURRENT, Ie ........................................... , ................................................... 15 A 
"BASE CURRENT, lB ................................................... , .................................................... 7 A 
"COLLECTOR POWER DISSIPATION, Pc ............................... ' .................................................. 115 W 

(Tc;25·C) 
Derate Linearly above 25· C ........................................................................................ 0.66 WI· C 

"JUNCTION TEMPERATURE, Tj ........................................ , ...............•.................•.•.............. 200·C 
"STORAGE TEMPERATURE, T ...................................................................................... -65 - 200·C 

"In accordance with JEDEC registration data. 
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____________________________________ Power Transistors 

2N3055 
ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25'C Unless Otherwise Specified 

TEST CONDITIONS 
CHARACTERISTIC VOLTAGE CURRENT LIMITS UNITS 

Vdc Adc 
VCE VEB VBE Ic IE IB Min. Typ. Max. 

IcEx 100 -1.5 - - 5 
ICEx. T C= 150' C 100 -1.5 - - 30 

rnA 
ICEo 30 0 - - 0.7 
lEBO 7 0 - - 5 
VCER(SUS)" 

0.2 70 - -
RBE=100 n 

V 
VCEcll.SUItl," 0.2 0 60 - -

4 4 20 - 70 
hFE 

4 10 5 - -
VBE 4 4 - - 1.8 

VCE(sat) 
4 0.4 - - 1.1 V 
10 3.3 - - 8 

1., •• 1=10 kHz 4 1 20 - -
Ih,.I. 1=1 MHz 4 1 0.8 - -

IS/b. t-1 s 
60 1.95 - - A 

(non-repetitive) 

'In accordance with JEDEC registration data. 
"The sustaining voltages VCER(SUS) and VCEO(sus) MUST NOT be measured on a curve tracer. 
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Fig. 1 • Power dissipation vs. temperature derating 
curve for 2N3055. 
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Fig. 2· Typical dc-beta characteristics for 2N3055. 
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2N3055 
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Fig. 3 - Typical collector-to-emitter saturation 
voltage characteristics for type 2N3055. 
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Fig. 5 . Typical output characteristics for 2N3055. 
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Fig. 4 - Typical base-to-emitter saturation 
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Fig. 6· Typical transfer characteristics for 2N3055. 
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____________________________________ Power Transistors 

File Number 64 2N3439, 2N3440, 2N4063, 2N4064 

High-Voltage Silicon N-P-N 
Planar Transistors 
For High-Speed Switching and 
Linear-Amplifier Applications 
Features: 
• High voltage ratings: 

VCBO = 450 V max. (2N3439. 2N4063) 
= 300 V max. (2N3440. 2N4064) 

VCEO(SUS) = 350 V max. (2N3439. 2N4063) 
= 250 V max. (2N3440. 2N4064) 

• Maximum safe-area-of-operation curves 
• Low saturation voltages 

TERMINAL DESIGNATIONS 

92CS-27512 

JEDEC TO-20SAD 

8 C 
~ANGE) 

~ 
92CS-27511 

The 2N3439·. 2N3440··. 2N4063 and 2N4064 are epitaxial
base silicon n-p-n planar transistors with high breakdown 
voltages. high-frequency response, and fast switching 
speeds. 

JEDEC TO-20SAD WITH FLANGE 

These transistors are intended for industrial. commercial, 
and military equipment. Typical applications include high
voltage differential and operational amplifiers. high-voltage 
inverters. and high-voltage. low-current switching and 
series regulators. 

The 2N3439 and the 2N3440 differ primarily in their voltage 
ratings. They are supplied in theJEDEC TO-205AD hermetic 
package. 

The 2N4063 and 2N4064 have the same voltage ratings as 
the 2N3439 and 2N3440 respectively, but employ a flange 
package. 

'Formerly RCA Dev. No. TA2458. 
"Formerly RCA Dev. No. TA2470. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

* VCBO •••••••••••••••••••••••••••••••••••••••••••••••••.•••••••••••• , •••••••••• 

• VeEo(SUS) •................................................•.........•........ 
* VEBO •••••••••••••••••••••••••••••••••••••••••••••••••.••••••••••••••••••••••• 

• Ie .......•..................•....•..•... ·.······· ....•. ·········•············· 
* lB •.........•............................. ···.·········•··············•····•·· 

PT: 
Te0525'C .............................................................. . 

T.0550'C ...........................................••....•............. 

T e > 50' C .............................................. Derate linearly at 
* T.tg, TJ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

• TL (During soldering) 
At distance 1/32 in. (0.8 mm) from' case for 10 S max .•.........••...•....... 

'2N-types in accordance with JEDEC registration data. 

2N3439 2N3440 
2N4063 2N4084 

450 300 
350 250 

7 7 
1 1 

0.5 0.5 

10 10 

1 
(2N3439) (2N3440) 

0.057 
-65 to +200 

255 

v 
V 
V 
A 
A 

w 
w 

W/'C 
'C 

'C 
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2N3439, 2N3440, 2N4063, 2N4064 

* 

* 

* 

* 

* 

* 

* 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) =25'C 

TEST CONDITIONS 

CHA,RACTERISTIC VOLTAGE CURRENT 
Vde mAde 

VCE VBE IC IB 

ICBO 360 

IE =0 250 

ICEO 
300 0 
200 0 

ICEV 
450 -1.5 
300 -1.5 

lEBO -6 0 

10 2QB 
hFE 10 ~ 

VCEO(sus) 50& 0 

VBE(sat) 50& 4 

VCE(sat) 50& 4 

Re(hie) 
f= 1 MHz 10 5 

hfe 
f = 1 kHz 10 5 

Ihfel 
f = 5 MHz 10 10 

Cabo 
VCB = 10V,IE=0 
f= 1 MHz 

Cib 
f = 1 MHz -5 0 

ISlb 
t = 1 5, 200 
nan rep. 

R8JC 

R8JA 2N3439,2N3440 

* 2N·types in accordance with JEDEC registration data. 

I Pulsed, pulse duration = 300 !,S, duty factor';;; 2%. 

LIMITS 

2N3439 .2N3440 
2N4063 2N4064 

Min. Max. Min. Max. 

- 20 - -
- - - 20 

- 20 - -
- - - 50 

- 0.5 - -
- - - 0.5 

- 20 - 20 

40 160 40 160 
30 - - -

350b - 250~ -

- 1.3 - 1.3 

- 0.5 - 0.5 

- 300 - 300 

25 - 25 -

3 - 3 -

- 10 - 10 

- 75 - 75 

50 - 50 -

- 17.5 - 17.5 

- 150 .. 150 

b CA UTION: Sustaining voltage V CEOlsus) MUST NOT be measured on a curve tracer. 

UNITS 

JJ.A 

JJ.A 

mA 

JJ.A 

V 

V 

V 

n 

pF 

pF 

rnA 

°CIW 
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2N3439, 2N3440, 2N4063, 2N4064 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92LM- r&96RI 

Fig. 1 - Maximum operating areas for 2N3439, 2N3440, 2N4063, and 2N4064. 

I 
EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR TCI--C 

92(:S-21992 

Fig. 2 - Current derating curve for 
all types. 

o 
-100 -50 a 50'00 150 200 

AMBIENT TEMPERATURE (TA)--C 

Fig. 3 - Dissipation derating curve for 2N3439 

and2N3440. 
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2N3439, 2N3440, 2N4063, 2N4064 
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Fig. 4 - Typical de beta characteristics for all types. 
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COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92UH600 

Fig. 6 - Typical output characteristics for all types. 
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Fig. 8 - Circuitullld to measure sustaining. voltage 
V CEO(sus} for all types. 
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Fig. 5 - Typical gain bandwidth product for all types. 
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Fig. 7 - Typical transfer characteristics forall tvpes. 

COLLECTOR-TO-EMITTER VOLTAGE I'I;"'-V 
_ 92CS-::I?~RI _ 

The sustaining voltage V CEO(sus) is acceptable when the 
trace fall. to the right and above point "A" for types 2N3440 
and 2N4064. The trace must fall to the right and above point 
"B" for types 2N3439 and 2N4063. 

Fig. 9 - Oscilloscope display for measurement of 
sustaining voltages. 
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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-EM ITTE R 

SUSTAINING VOLTAGE: 
* With base open .................................................. . 

With external base-ta-emitter resistance (R BE) = 1 DOn . ................... . 
With base reverse-biased (V BE = -1.5 VI ............................... . 

'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 distancesLl/32 in. (0.8 mm) from seating plane for 10 s max. 

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

2N3441, 2N6263, 2N6264 

TERMINAL DESIGNATIONS 

92CS-27.516 

JEDEC TO-213AA 

2N6263 2N3441 2N6264 

V CBO 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 

18 2 2 2 A 
PT 

20 25 50 W 

See Figs. 2&4 ----

-65 to 200 °c 

235 °c 
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2N3441,2N6263,2N6264 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2fiOC, 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 Current: 
100 0 - 5 - - - -. With base open ICEO 130 0 - - - - - 1 rnA 
140 0 - - - 100 - -

Collector-Cutoff Current: 
120 -1.5 - 2- - - - -

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

With base-emitter 150 -1.5 - - - - - 0.05-
junction reversed rnA 
biased 120 -1.5 - 10- - - - -

ICEX 140 -1.5 - - - 6- - -
IT C = 150°C) 140 -1.5 - - - 5 - -

150 -1.5 - - - - - 1-

Emitter-Cutoff Current IEeO 5 - 2 - - - - rnA 
7 - - - 1 - 0.2 

Collector-ta-Emitter 
Sustaining Voltage:8 VCEO(sus) 

With base open 0.1 0 120 - 140 - 150 -
With external base-to-
emitter resistance VCER(sus) 0.1 130 - 150 - 160 - V 
(ReE ) = lOOn 
With base-emitter 
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- - 1 - -
Collector-ta-Emitter VCE(sat) 1 0.1 - - - - - 0.5- V 

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

Base-ta-Emitter Voltage VeE 4 0.5 - 2" - 1.7 - - V 
4 2.7 - - - 6" - -

* Magnitude of Common-
Emitter, Small-5ignal, 
Short-Circuit Forward Ihle l 4 0.5 5 - 5 - 5 -
Current Transfer Ratio 
(I = 40 kHz) 

Gain-Bandwidth Product II 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 If = 1 kHz) 

Forward-Bias Second 
Breakdown Collector 120 0.167 - - - - -
Current, Pulse Duration IS/b 120 - - - - 0.417 - A 
(non-repetitive) = 1 s 120 - - 0.21 - - -

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

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

'CAUTION: The sustaining voltage VCEO(susl, VCER(sus), and VCEV(sus) MUST NOT be measured on a curve tracer. 
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2N3441, 2N6263, 2N6264 
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r----" FOR SINGLE 
NONREPETlTlVE . 

2~ PULSE II y.UJll- " 
0.1 ·1.111.1 If 

6 8 10 6 8 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig. 1 - Maximum operating areas for type 2N6264. 
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CASE '~Mr~"MrURE (:c:. H5"C! I lilL: 
(CURVES MUST BE DERATED LINEARLY I.H'-f-t-f-+cH't+7-'--.+--++F-+C-t-++-l+J 
WITH INCREASE IN TEMPERATURE) tU:;:' 
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I I I 

4 10 

PIli )P ,R~ rlliN'" J: -'- • 
'-.:\;. ,.,.. , 

2 4 6 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
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4 6 81000 

92CS-19472 

Fig. 2 - Maximum operating areas for types 2N6263 and 2N3441. 
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2N3441,2N6263,2N6264 

25 eo 75 100 125 leo 175 200 
CASE TEMPERATURE tTcl-·C 

Fig. 3 - Current derating curve for a/l types. 

0.& I 1.5 2 2.5 
BASE-lO-EMITTER VOLTAGE ( VSE'-V 

92eS-IS!SOS 

Fig 5 - Typical input characteristics for 
type 2N6264. 

_COLLECTOR' ' •• 1"." VOLTAGE IVI:E"4V ~ ~:; :;~ 

':0' :0" .. 
E 

~200 ,,,' ,,'i .. "'; 
: 150 

~ 
G 
:t 100 

~ 
CASE '.M •• ""' u"'CT~,·,2.·C .0 , 

o 0.5 I.' 2.5 
BASE - TO - EMITTER VOLTAGE (VBE) - V 

92eS-IIIS!! 

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

CASE TEMPERATURE t TC)--C 

Fig. 4 - Dissipation derating curves for a/l types. 

I 
BASE-TO-EMITTER VOLTAGE 1V8E1-V 

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

I WLT .. EIVCE"'V jE 

I 
BASE-lO-EMITTEA Ya..TAGE (VeE)-V 

92CS-19S10 

Fig, 8 - Typical transfer characteristics for 
type 2N6264, 
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BASE-lO-EMITTER VOlTAGE (liBEl-V 

Fig. 9 - Typical transfer characteristics for 
type 2N3441. 
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50 100 100 200 
COLLECTOR - TO - EMITTER VOl.TAGE (""CE)-V 

92CS-19S13 

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

CASE TEMPERATURE (TCJ=25-C 

'" 

10 

50 100 150 200 
COLLECTOR-TO-EMITTER V<LTAGE IVeEl-V 

92CS-19515 

Fig. 13 - Typical output characteristics for 
type 2N6263. 

2N3441, 2N6263, 2N6264 
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o 

COLLECTOR -TO-E." TER VOLTAGE IVeE 1·4' 

..• 1.5 2.' 
BASE -TO- EMITTER VOLTAGE IVBEI-V 

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

CASE TEMPERATURE (Tcl"Z5"C 

1.5 

50 100 150 200 
COLLECTOR-lO-EMITTER VOLTAGE (VeEI-V 

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

160 COLL.ECTOR-IO-EMITTER VOLTAGE (VCEI:4V 

0 

; 140 ",' 

" 1'20 " 
~~oo 

V " 
w~ 

~=80 
'f V \ I'\t:c1 =Ti:~ERATURE 
I 60 

~ 
g 

./ '1m 1 40 

125~~~ I 20 

10-3 2 .. 15 '0-2 2 '" 6 '.0-1 
, ... , ... 

COLLECTOR CURRENT IIel - A 92C5-19514 

Fig. 14 - T ypicat dc beta characteristics for 
type 2N6264. 
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2N3441, 2N6263, 2N6264 

Fig. 15 - Typical de beta characteristics for 
type 2N3441. 
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Fig. 16 - Typical de beta characteristics for 
type 2N6263. 
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File Number 528 

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) 
- 150 W (2N6262) 

• Maximum area-ot-operation curves tor de and 
pulse operation 

The 2N3442, 2N4347, and 2N6262 are silicon n-p-n transis
tors intended for a wide variety of high-power, high-voltage 
applications. Typical applications for these transistors in
clude power-switching circuits, audio amplifiers, series- and 
shunt-regulator driver and output stages, dc-to-dc conver
ters, and solenoid (hammer)/relay driver service. 

'1 nese devices empioy the popular JEDEC TO-204AA pack
age; they differ in maximum ratings for voltage, current, and 
power. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

*VCBO ••••••••••••••••••••••••••••••••••••••••••••••••• 

*V CEO ••••••••••••••••••••••••••••••••••••••••••••••••• 

VeEx (VBE ~ -1.5 V) .................................... . 
*V EBO ••••••••••••••••••••••••••••••••••••••••••••••••• 

*Ie 
Continuous .......................................... . 
Peak ............................................... . 

*IB 
Continuous .......................................... . 
Peak ................................................ . 

*PT 

At Tc up to 25°C ................................... . 
At T e above 25°C ................................... . 

*TJ. Tstg ••••••••••••••••••••••••••••••••••••••••••••••• 

*TL (During Soldering): 
At distances 2: 1/32 in. (0.8 mm) from 

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

*'n accordance with JEDEC registration data format (JS-6, RDF-2). 

2N3442,2N4347,2N6262 

2N4347 
140 
120 
140* 

7 

5 
10* 

3 
8* 

100 

TERMINAL DESIGNATIONS 

c 

'~ 
92CS-27516 

JEDEC TO-204AA 

2N3442 
160 
140 
160 

7 

10 
15 

7 

117 

2N6262 
170 
150 
170 

7 

10 
15 

7 

150 
______ See Figs. 1, 2, 3, & 4 ____ _ 
_______ -65 to +200 ______ _ 

______________ 235 ______ _ 

V 
V 
V 
V 

A 
A 

A 
A 

w 
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2N3442, 2N4347, 2N6262 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2fiDC unless 
otherwise specified 

TEST CONDITIONS 

CHARACTERISTIC 
VOLTAGE CURREN' 

Vdc Adc 2N4347 

VeE VBE IC IB Min. Max. 

ICBO IE = 0 
VCB = 140 V 

- -

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

150 -1.5 - -=-
TC= 150°C 125 -1.5 - 10 

140 -1.5 - -
140 -1.5 - -
150 -1.5 - -

'CEO 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 -

(RSE) = 100[1 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 -

'Sib 78 1.5 - -

100 1.5 - -

Ihfel 
f = 50 kHz 4 0.5 4 -

f = 40 kHz 4 1 - -

4 2 - -

hfe 4 0.5 40 -
f = 1 kHz 4 1 -

4 2 - -

ReJC - 1.75 

* In accordance with JEDEC registr~tion data format JS-6 RDF-2 

a Pulse test; Dulse duration == 300 ~s. rep. rate = 60 Hz 

LIMITS 

2N3442 2N6262 

Min. Max. Min. Max. 

- 1* - 1 

- - - -

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

- - - -
- 30 - -
- 10 - -
- - 2 

- - - -
- - - 1 
- 200 - -
- 5 - 0.2 

- - 20 70 -
- - 5 -
- - - -
20 70 - -

- - - -
4 - - -

160 - - -

- - 170 -
- - - -

150 - 160 -
140 - - -

- - 150 -

- - 1 
- 1.7 - -

- - - -

- - - -
- 5.7 - -

- - - -

- 1 - 0.5 
- - - -

- 5 - -

- - -

1 - - -

-- - 1 -

- - - -

- - 2 -

2 - - -

- - - -
- - 10 -
12 72 - -

- 1.5 - 1.17 

UNITS 

mA 

mA 

mA 

mA 

mA 

V 

V 

V 

V 

V 

S 

°CIW 
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COLLECTOR - TO -EMITTER V8LTAGE (VCE)-Y 

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

6 8 10 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

92CS-19566 

Fig. 2 - Maximum operating areas for type 2N6262. 
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2N3442, 2N4347, 2N6262 
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COLLECTOR - TO- EMITTER VOLTAGE IVCE)-V 

9255-3211 

Fig. 3 - Maximum operating areas for type 2N4347. 
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L 
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Fig. 4 - Current derating curve for all types. 
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Fig. 6 - Typical dc bela characteristics for 
type 2N4347. 
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Fig. 5 - Typical dc beta characterislics for 
type 2N3442. 
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Fig. 7 - Typical dc beta charaCteristics for 
type 2N6262. 
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Fig, 8 - Typical input characteristics for 
type 2N3442. 
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0,1 i' 

I I 

BASE-IO-EMITTER VOLTAGE (VBE)-V 

Fig. 10 - Typical input characteristics for 
type 2N6262. 

aASE-TO-EMITTER VOLTAGE (V8EI-V 92CS-19562 

Fig. 12 - Typical transfer characteristics for 
type 2N6262. 
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Fig. 9 - Typical input characteristics for 
type 2N4347. 
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Fig. 11 - Typical transfer characteristics for 
type 2N3442 and 2N4347. 
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Fig. 13 - Typical saturation-voltage characteristics 
for all types. 

_________________________________________________________________ 2-45 



Power Transistors ___________________________________ _ 

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 collector current 

The \2N3583-, 2N3584-;,2N3585-, and 2N4240-, are silicon 
n-p-n transistors with high breakdown volta~ 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. 

-Formerly 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, V.BO ••.••••••.•......••••..••.....•• 
• CONTINUOUS COLLECTOR CURRENT, Ie •.••••••..•••.•••...•••..• 
• PEAK COLLECTOR CURRENT ••.•.••...•••••.........•••••........• 
• CONTINUOUS BASE CURRENT, lB •..••.•.•.....•••••........••.••.. 
• TRANSISTOR DISSIPATION, Pr 

At Case Temperature (Te) = 25·C •.•••........•••.•••....•.....••. 
At Case Temperatures Above 25· C .••......••....••••.•••••••••.•• 
For Other Conditions •••••..•••..•••.•••••••••••...•••........•... 

• TEMPERATURE RANGE: 

2N3583 

250 
175 
6 
1 
5 
1 

35 

TERMINAL DESIGNATIONS 

92CS-27516 

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 10 s. max ...•....•..•••...•.•..••....•...•..••••..•.•••••...•• 235 235 235 

• In accordance with JEDEC registration data format JS-6 RDF-2 (2N3583), JS-6 RDF-l (2N3584, 2N3585, 2N4240). 

V 
V 
V 
A 
A 
A 

W 
W/·C 

·C 

·C 
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2N3583-2N3585, 2N4240 
ELECTRICAL CHARACTERISTICS at Case Temperature (TCI ~ 250 C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT 
Vdc mAde 2N3583 2N3584 2N3585 

VCB VCE VEB VBE IC 'E IS MIN. MAX. MIN. MAX. 
Collector·Cutoff Current 'CEO 150 0 10 

225 1.5 1.0 
Collector-Cutoff Current 'CEX 340 -1.5 1.0 

450 -1,5 

AtTC'" Isoac lCEX 
225 -1.5 

300 -1.5 
Emitter-Cutoff Current 'EBO -6 5.0 0.5 

750· 
1 A8 80 

DC Forward-Current 
hFE 

10 1008 40 40 
Transfer Ratio 10 500· .0 200 

10 7508 

10 1 A 8 10 25 100 
Collector-la-Emitter 

Sustaining Voltage: 

With base open VCEOlsus) 200 0 175- - 250· -
With external base-to- 250 1.0 

emitter resistance 'CER 300 1.0 
lABEl = 50n 400 

Base-ta-Emitter 
VBE(sat) 

750a 75 
Saturation Voltage lA' 100 1.4 1.4 

Collector-ta-Emitter 
Vce 1sat) 

7508 75 
Saturation Voltage 1 A' 125 0.75 

Small.signal Forward 

Current Transfer Ratio 
hf. f,.. 5 MHz 10 200 

t '" 1 kHz 30 100 25 350 
Magnitude of Common-

Emitter, Small-Signal. 

Short-Circuit. Forward Ihf.1 10 200 
Current Transfer Ratio 

f =5MHz 
Output Capacitance: 

Cobo 10 120 120 
VCB '" lOV,f= 1 MHz 

Second-Breakdown 

Collector Current 
with base forward- ISlb 100 350 350 
biased·· 
(See Figs. 1 & 2) 

Saturated Switching 

Time (Vee = 200 V): ~~cJ 1 A 100 
Rise Time I, 750 75 

Storage Time 
Vce) 1 A 100 

I, 
200 750 75 

Fall Time 
vcc) 750 75 

If 
200 1 A 100 

Thermal Resistance: 
ASJC 

Junction-to-Case 

70 70 
Junction-to-Ambient RaJA 

-In accordance with JEDEC registration data format JS-6 RDF·2 (2N35831. JS-6 RDF-1 (2N3584, 2N3585. 2N4240) 

• CAUTION: The sustaining voltages VCEO (sus) MUST NOT be measured on a curve tracer . 

•• Specified value of 'Sib for given value of VeE as base voltage is increased from zero in a positive direction. 

• Pulsed, pulse duration = 300 Ils; duty factor ~ 2%. 

MIN. MAX. 

5 

1.0 

0.5 

80 
40 

25 100 

300· -

1.0 

I.' 

0.75 

120 

350 

70 

UNITS 
2N4240 

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 

120 pF 

350 mA 

0.5 

"' 

70 aC/W 
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2N3583-2N3585, 2N4240 

10 100 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92SS-2790 

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

6 8 
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 IIC)-A 

Fig. 3 - Typical collector-to-emitter saturation voltage vs. current 
for types 2N3584 and 2N3585. 

CASE TEr.FERATURE (Tel • 2~"C 
BASE-TO-EMITTER VOLTAGE (VBEI o_4V 

INDUCTANCE (L). !OO p.H 

10 20 30 40 
EXTERNAL BASE-TO-EMITTER RESISTANCE (RBEI-a 

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

SIb LIMITED 

25 50 75 100 125 150 115 200 
CASE TEMPERATURE (Tel-OC 

9255-2796 

Fig. 7 - .Dissipation derating curves for all types. 

2N3583-2N3585, 2N4240 

CASE TEMPERATURE ITclz 25°C 
BASE-lO-EMITTER VOLTAGE IVBE,--4V 
EXTERNAL BASE-TO-EMITTER RESISTANCE (RBE). 20 n 

tYPIC"'L 

Af'~/MUM 

100 200 300 400 
INOUCTANCE tLl-~H 

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

CASE TEMPERATURE (Tel· 25°C 
EXTERNAL BASE-TO-EMITTER 

RESISTANCE IReEI • 20 G 
INDUCTANCE (Ll • 100 pH 

-8 -6 -4 -2 
BASE-TO-EMITTER VOLTAGE (VBEI-V, 

9255-3118 

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

92SS-2666Al 

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

25 50 75 100 125 150 175 
COLLECTOR-lO-EMITTER VOLTAGE tVCE)-V 

92CS-20002 

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

92SS-3126RI 

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

92SS-3125RI 

Fig. 13 - Typical fall time vs. collector current for types 2N3584 and 
2N3585. 

COLLECTOR-TO-£MITTER VOLTABE WeE)· 10 v 

S> WGf-WIl-II 
1 40 c'1 I If 
I J/ ;too 

I 1/ 7 
/ 7 

20 
~ / V ! /I / 

10 
V / 

0 V .........-
----0 .. 0.8 lO 1.2 

8ASE-TO-EMITTER VOLTAGE (VSE)-V 
9255-3131 

Fig. 10 - Typical Input characteristics for a/l types. 

~~~ilfl~~AJl~~: ~g6~ PULSES/, 
COLLECTOR SUPPLY VOLTAGE (VCCI .. 2OOV 
CASE TEMPERATURE (Tel "25°C 

:tBI-r B2 

92SS-3128RI 

Fig. 12 - Typical storage time vs. collector current for types 2N3584 
and 2N3585. 

'!l 
1 
w ,. 
:::l as 
;f 
~ 0.6 

~ M 
w ,. 
;: <>2 
w 

"' '" 

PULSE OURATION" 20 ".s 

REPETITION RATE" 1000 PULSES/s 
Ie "I A; Ie :O.IA 
CASE TEMPERATURE (TC 1=2SoC 

I, 

II 

50 100 150 200 250 300 350 
COLLECTOR SUPPLY VOLTAGE (Vcc)-V 

'!l 
8~ 

2.6 :: 
w ,. 
I-

2.4 ILl 

~ 
2.2 ~ 

92CS-19946 

Fig. 14 - Typical rise time, fall time, and storage time vs. col/ector 
supply voltage for types 2N3584.and 2N3585. 
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COLLECTOR-lO-EMITTER VOLTAGE (VCE):IOV 

200 

41 68 2 
10 

COLLECTOR CURRENT (IC)- mA 
9255-3120 

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

~60 t 
Hz VtEotluSlos 

II"-"--+--...J 
3920WHM 6V 

HOTE: L 1 = 20 mH for VCEO(sus) 

= 5 mH for VCER(sus) 

CHANNEL A 

CHANNEL 8 

COMMON 

0105011 
{SOD mAl 

92'CS~'l586R2' 

Fig. 17" Circuit used to measure sustaining voltages VCEO(SUS) and 
VCCA(SUS) for all types. 

INPUT FROM 
HP-214A 

PULSE 
GENERATOR 

IZG s 50 OHMS) 

Vee 

-VBB 

lSI" 182 
INPUT PULSE OURATIQN'"20 ~s 

OUTPUT TO 
OSCILLOSCOPE 

92C5-12585111 

Fig. 19" Circuit used to measure switching times for types 2N3584 
and2N3585. 

2N3583-2N3585, 2N4240 

COLLECTOR-IO-EMITTER VOLTAGE (VeEI a 10 II 

'" I k 
200 

i '2~·C 

I 
" -~r:. 

150 

1 \ 

i ~.2~ , 
100 ~~~"\~ 

~ ~_ ~~""./ 1 
~.:%t -5~·C 5Of--~"<;; :i %1 - - T ~ 

~ ~ -
g 

0 1 1 ~~ 
2 • 6. 2 • 6. 2 • 6 • 2 .. 

10 102 10' ." 
COLLECTOR CURRENT (ICI-mA 

9255-3130 

Fig. 16" Typical dc beta vs. collector current for types 2N3584 and 
2N3585. 

"CEO($I,Is) VCER(susl 
r--+,...J,'-... ,-..... 

I r r 
zoo -~~-tc-

r r I 
r r I I: I 

2~O 300 400 

COLLECTOR-TO-EMfTTER VOLTAGE (YCEI-V 

92CS-12875RI 

NOTE: The sustaining voltages VCEO(sus) and 
VCER(sus) are acc'eptable when the trace falls to 
the right and above point "A" for types 2N35S3 
and 40374, point "S" for type' 2N35S4, and 
point "C" for types 2N35S5 and 2N4240. 

Fig. 18" Oscll/oscope display for measurement of sustaining 
voltages. 

... 
~~I-___ +.....,r------*-+-"7t_-~TIME 
ala 

e~ 
""' ~~ 
8"'---+-'1 

TIME 
1""'''----

TURN-OFF 10---+- TIME 

OUTPUT WAVE FORM 

92CS-12874 

Fig. 20 " Phase relationship between input and output currents, 
showing reference points for specification of switching 
times. 
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2N3771, 2N3772 

High-Current Power Transistors 
Broadly Applicable Devices for 
Industrial and Commercial Use 
Features: 
• High collector dissipation: Pc=150 W (Tc=25°C) 
• High collector current: 

2N3771 Ic=30 A (de) 
2N3772 Ic=20 A (de) 

The .2N3771 and 2N3772 are silicon n-p-n transistors 
intenaed for a wide variety ofnfedium-voltage, high-current 
applications. 

Typical applications for these transistors include power
switching circuits, audio amplifiers, series- and shunt
regulator driver and output stages, dc-to-dc converters, 
inverters, and solenoid (hammer)/relay driver service. 

These devices employ the popular JEDEC TO-204AA/TO-3 
package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

'COLLECTOR-TO-BASE VOL TAGE. Veeo ......................... . 
'COLLECTOR-EMITTER VOLTAGE (VsEo-l.5 V, RsEol00 0), VeEx ............ . 
'COLLECTOR-EMITTER VOLTAGE, VeEO .................................. . 
'EMITTER-BASE VOLTAGE, VEBO .......................................... . 
'COLLECTOR CURRENT 

DC, Ie ................................................................ . 
Peak,icM ................................................. . 

'BASE CURRENT 
DC, IB ..................................................... . 
Peak, IBM ............................................................. . 

'COLLECTOR POWER DISSIPATION, Pe .............................. . 
(Teo25° C) 
Derate Linearly above 25° C ............................. . 

'JUNCTION TEMPERATURE, T, ............................ . 
'STORAGE TEMPERATURE, T" •............................. 

'In accordance with JEDEC registration data. 

File Number 974 

TERMINAL DESIGNATIONS 

92CS·27516 

JEDEC TO-204AA/TO-3 

2N3771 2N3712 
50 100 V 
50 100 V 
40 60 V 
5 V 

30 20 A 
30 30 A 

7.5 5 A 
15 15 A 

150 150 W 

0.855 0.855 W/oC 
200 200 °C 

-65 - 200 -65 - 200 °C 
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2N3771, 2N3772 
ELECTRICAL CHARACTERISTICS, At Case Temperature (Te) = 25°C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE 

Vdc 
VeB VeE VEB 
50 

leBo 
100 

50 
leEX 

100 
30 

leEx, Te=150°C 
30 
30 

leEo 
50 

5 
lEBO 

7 

V(BRICEO 

4 
4 

hFE 
4 
4 
4 

VBE 
4 

VeE(sat) 

4 
fr 

4 

Ihf~, f=1 kHz 
4 
4 

Is/b , t=1 s 40 
(non-repetitive) 60 

'2N-types in accordance with JEDEC registration data. 

200 

150 

!: 100 

~ 

50 

"- ........ 

~ 
.................. 

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

o 
o 

:-........ 
40 80 120 160 

CASE TEMPERATURE T C (0 C) 

Fig. 1 . Power disSipation vs. temperature derating 
curve for both types. 

200 

VBE 

1.5 
1.5 
1.5 
1.5 

CURRENT 
2N3771 2N3772 UNITS 

Ie 

0 
0 

0.2 
0.2 
15 
30 
10 
20 
15 
10 
15 
30 
10 
20 
1 
1 
1 
1 

Adc 
IE 
0 
0 

l' 
z 
;;0 

'" I-
Z 
W 
a: 
a: 
:::> 

" " o 

,nn 

ov 

3 

IB 

0 
0 

0 
0 

1.5 
6 
1 
4 

~ 

Min. Typ. Max. 
- - 2 
- - -

- - 2 
- - -
- - 10 
- - -
- - 10 
- - -
- - 5 
- - -
40 - -
- - -

15 - 60 
5 - -
- - -
- - -
- - 2.7 
- - -

- - 2. 
- - 4 
- - -
- - -
0.2 - -
- - -
40 - -
- - -

3.75 - -
- - -

Wlll J Lll 
TC~100°C 

-
am 0.03 0.1 0.3 

Min. Typ. Max. 
- - -

- - 5 
- - -
- - 5 
- - -
- - 10 
- - -
- - 10 
- - -
- - 5 
- - -

60 - -

- - -
- - -
15 - 60 

5 - -
- - -
- 1 2.2 
- - -
- - -
- 0.3 1.4 
- - 4 
- - -
0.2 - -
- - -
40 - -
- - -
2.5 - -

COMMON EMITTER 

VeE"4 v 

~ 

10 

COLLECTOR CURRENT Ie (A) 

Fig. 2 - Typical dc-beta characteristics for 2N3771. 

mA 

V 

V 

MHz 

A 

30 
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2N3771, 2N3772 

1000 

500 

300 

COMMON EMITTER 

- TC=100°C 
VCE=4 V 

-
l' 
z 

100 <1 

25 t"-

'" I-z 
w 50 -55 

'" 30 '" ::> ~ ~ u 
u 
0 

10 
~ f"'.,~ 

0.Q1 0.03 0.1 0.3 10 30 

COLLECTOR CURRENT IC (AI 

Fig. 3 - Typical dc-beta characteristics for 2N3772. 

VCE(sat)-lc 
w 3 

COMMON EMITTER 

Iclls=10 IIII 1 

~ 
g 
z o 
~ 
~ ~ 0 
,,<> 
~! 

.,~~ 
~ -55 

~ ~ 0 
.1 

5 ! 0.0 

6 0.0 

~ 

3 

o 0.0 1 
o 0.01 0.03 0.1 0.3 1 10 

COLLECTOR CURRENT IC (A) 

Fig. 5 - Typical collector-to-emitter saturation 
voltage characteristics for type 2N3772. 

0 
COMMON EMITTER 

5 IC"8"'10 

3 

TC=-55°C 
1 

~ 

.5 

1,,\25 .3 100 

1 II 

20 

0.01 0.03 0.1 0.3 10 20 

COLLECTOR CURRENT Ie (A) 

Fig. 7 - TYRlcal base-to-emitter saturation 
voltage as a function of collector current 
for type 2N3772. 

w 

~ g 
z o 
;:: 

1 

COMMON EMITTER 

'c"e"'10 
1J 

" ~ >' 0.5 
1--
~ i 0.3 ~v .411~ 

<.C;'<; ~25 ffiw 
I:~ 
l1 o. 1 ~ 100 

~ 

~ 
6 
u 

w 

'" ~ g 

0.0 5 

0.03 
~I""" 

am 
0.01 0.03 0.1 0.3 1 3 10 

COLLECTOR CURRENT IC (A) 

Fig. 4 - Typical collector-to-emitter saturation 
voltage characteristics for type 2N3771. 

10 
COMMON EMITTER 

'C/1 8=10 

1111 
z o 
~~ 
g;~ 

1 Tce-55°C llll ~ 
5 

3 
~ ~ O. 
Ir> O. 

~ ! O. 1 

~ 0.0 5 

3 0.0 
0.01 0.03 

i\ \ 25 
100 

0.1 0.3 10 

COLLECTOR CURRENT IC (A) 

Fig. 6 - Typical base-to-emitter saturation 
voltage as a function of col/ector current 
for type 2N3771. 

g 
.P 
I
Z 

~ 
::> 
u 
0: 

6 
j 
o 
u 

le·veE 
2 

~ 2.5 . 

.1= 
COMMON 

~ 
~ 2 EMITTER 

I-"'"" 1.6 TC=25°C 
4· 

~ J 1.2 

0.9 

~ 0.6 
6 

0.45 

0.3 

0.15 
8 

le=0.05 A 

0 
0 

COLLECTOR-EMITTER VOLTAGE VCE (V) 

Fig. 8 - Typical output characteristics for 2N3771. 

10 
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a: 

4 

0 

6 

13 1 2 
a: 
o 
t-

~ 
<5 
() 

• 

4 

o 
o 

COMMON EMITTER I 
Tc=25G C 1.6 I 
/" 1.4 

~ 
1.2 

1.0 

V D .• 

If'" 0.65 

0.5 

0.3 

0.2 

0.1 

0.06 

18=0.02 A 

0 

1.6 3.2 4.8 •. 0 

COLLECTOR-EMITTER VOL TAuE VeE (V) 

9.6 

32 

~ 24 
.9 
t-

il> 
a: 
a: 
" 16 () 

a: o 
t-

§ 
~ 8 o 
() 

2N3771, 2N3772 

~u COMMON 

/A 
EMITTER 

Vce=4 v 

l~ 
"fl 

'f,oo 
" -55 

!. 
1/ 

/) I 
D .• 1.6 2.5 3.2 4.0 

BASE·EMITTER VOLTAGE VSE (V) 

Fig. 9 - Typical output characteristics for 2N3772. Fig. 10- Typical transfer characteristics for 2N3771. 
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!? 
t-z 
w 
a: 
a: 

" () 

a: 
0 
t-

§ 
<5 
() 

20 

16 

12 

o 
o 

COMMON EMITTER H 
VCE"4 V lI/l 

~~~100 r- -I :;, __ -55 

"Orl 
II 

1./ 
V/IJ 

jVj 
'l V 

0.4 D .• 1.2 1.6 2.0 2.4 

BASE-EMITTER VOLTAGE Vee (V) 

Fig. 11 - Typical transfer characteristics for 2N3772. 
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2N3773, 2N4348, 2N6259 

High-Voltage, High-Current 
Power Transistors 
Broadly Applicable Devices for 
Industrial and Commercial Use 

Features: 

• High dissipation capability -
120 W (2N4348). 150 W (2N3773). 250 W (2N6259) 

• 5-A specification for hFE• V BE. and V cEisat) (2N4348) 
• 8-A specification for hFE• VBE• and Vc.lsat) (2N3773. 2N6259) 

The 2N3773. 2N4348. and 2N6259 are silicon n-p-n 
transisrors-intended for a iNide varieti of medium-voltage. 
high-current applications. Typical applications for these 
transistors include power-switching circuits. audio ampli
fiers. series and shunt-regulator driver and output stages. 
dc-to-dc converters. inverters. and solenoid (hammer)/relay 
driver service. 

This device employs the popular JEDEC TO-2D4AAITO-3 
package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

'COLLECTOR-TO-BASE VOLTAGE. VCBO ............................ . 
'COLLECTOR-EMITTER VOLTAGE. VCEX ............................. . 
'COLLECTOR-EMITTER VOLTAGE. VCEO ...........•................. 
'EMITTER-BASE VOLTAGE, VEBO .................................... . 
'COLLECTOR CURRENT 

DC.lc .......................................................... . 
Peak,lcM ....................................................... . 

'BASE CURRENT 
DC,IB .......................................................... . 
Peak.IBM ....................................................... . 

'COLLECTOR POWER DISSIPATION, PT ••••••••••••••••••••••••••••• 

(To;= 25°C) 
Derate Linearly above 25°C ...................................... . 

'JUNCTION TEMPERATURE, T, ..................................... . 
'STORAGE TEMPERATURE, Tot •...........................•.•....... 

'In accordance with JEDEC registration data. 

2-56 

File Number 526 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AAITO-3 

2N4348 2N3773 2N6259 
140 160 170 V 
140 160 170 V 
120 140 150 V 

7 7 7 V 

10 16 16 A 
30 30 30 A 

4 4 4 A 
15 15 15 A 

120 150 250 W 

0.686 0.857 1.43 W/oC 
200 °C 

-65 to +200 °C 



____________________________________ Power Transistors 

2N3773, 2N4348, 2N6259 
ELECTR ICAl CHARACTERISTICS, At Case Temperature (TC) = 2!PC Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGEICURRENT I V de A de 2N4348 2N3773 

VCE VBE IC 18 Min. Max. Min. Max. 

olleetor-Cutoff Current: 
ICBO - - - 2 

With emitter open, VCB=l40 V 

With base-emitter 120 -1.5 - 2 - -
junction reverse-biased ICEX 140 -1.5 - - - 2 

150 -1.5 - - - -
With base-emitter 120 -1.5 - 10 - -

junction reverse-biased ICEX 140 -1.5 - - - 10 
and TC = 1500 C 150 -1.5 - - - -

100 - 200 - -
With base open ICED 120 10 - - -

* Emitter-Cutoff Current lEBO -7 0 - 5 - 5 

4 5a 15 60 - -

... DC Forward Current 
4 8a - - 15 60 

hFE 2 8a - - - -
Transfer Ratio 

4 10" 10 - - -
4 16" - - 5 -

Collector-ta-Emitter 
Sustaining Voltage:--

VCEXlsus) -1.5 0.1 140 - 160 -
With base-emitter junction 

reverse-biased (R B E = lOOn) 

With external base-to-emitter 
VCER(sus) 0.2a 140 - .1 SO -

resistance (RBE) = loon . 
With base open VCEOlsus) 0.2a 0 120 - 140 -

4 5a - 2 - -

* Base-ta-Emitter Vo~tage VBE 
4 Ba - - - 2.2 
2 Ba - - - -
4 10" - 3 - -

5a O.S - 1 - -
* Collector-ta-Emitter Ba O.B - - - 1.4 

Saturation Voltage VCElsat) loa 1.25 - 2 - -
16a 3.2 - - - 4 

Second-Breakdown 
Collector Current 

With base forward-biased and ISlb BO 1.5 - - -
l-s nonrepe\itive pulse 100 - - 1.5 -

'--.-
... Magnitude of Common-Emitter, 

Small ~Signal, Short~Circuit, 
Ihlel 4 1 4 - 4 -

Forward Current Transfer 
Ratio (I = SO kHz) 

* Common·Emitter, Small· 
Signal, Short-Circuit, 

hIe 4 1 40 - 40 -
Forward Current Transfer 
Ratio II = 1 kHz) 

Thermal Resistance 
ROJC - 1.46 - 1.17 

Junction~to-Case 

'In accordance with JEDEC registration data. 
"The sustaining voltages VCEX(sus) and VCEO(sus) MUST NOT be measured on a curve tracer. 
apulsed; pulse duration = 3OOps, rep. rate = 60 Hz, duty factor 05 2.%. 

2N6259 

Min. Max. 

- -

- -
- -
- 0.2 

- -
- -
- 4 

- -
- 2 

- 2 

- -
- -

15 60 
- -

10 -

170 -

160 -

ISO -

- -
- -
- 2 
- -

- -
- 1 
- -
- 2.S 

- -
2.5 -

4 -

40 -

- 0.7 

UNITS 

mA 

mA 

mA 

mA 

mA 

V 

V 

V 

V 

V 

A 

°C/W 
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2N3773, 2N4348, 2N6259 
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Fig. 1 - Dissipation derating curve for all 
types. 
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Fig. 3 - Typical collector -to-emitter saturation 
voltage characteristics for all types. 
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Fig. 5 - Typical output characteristics for all types. 
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Fig. 2 - Typical dc-beta characteristics for all types. 
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Fig. 4 - Typical base-to-emitter saturation 
voltage as a function of collector current 
for all types. 
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Fig. 6 - Typical transfer characteristics for 2N3773 
and2N4348. 
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File Number 1059 

Silicon P-N-P 
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 2N3791 and 2N3792 are epitaxial-base silicon 
p-n-p transistors featuring high gain-at high current. They 
may be used as complements to the n-p-n types 2N3715 and 
2N3716. respectively. These devices are intended for 
medium-speed switching and amplifier applications and 
feature a dissipation capabilHy of 150 watts at case 
temperatures up to 25°C. 

They differ in voltage ratings and in the cu rrents at which 
the parameters are controlled. Both are supplied in the steel 
JEDEC TO-204AA hermetic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

* VC80 • .•••.••••••••••.•••••••••••••••••••••••••..•.•••••.•••••.•••••••••... 

* VCEO , ..•••••••••.•••••••..••••••••••.••••.•••••••••••••••••.••••••.•.••... 

* Veao ..................................................................... . 
Ie ....................................................................... . 
leM .••••.•.••...•...............••..•.......•.•.......... , ..............•. 
I ....................................................................... .. 
Pr 

At Te::; 25°C ......................................................... . 
At Te> 25°C ............................................ derate linearly 

1r TJ. T.tg ....•.••...................•.•...•..•.•...•...•........•.•.....•.... 

• In accordance with JEDEC registration data. 

2N3791, 2N3792 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

2N3791 2N3792 
-60 -80 V 
-60 -80 V 
-7 -7 V 

-10 -10 A 
-10 -10 A 
-4 -4 A 

150 150 W 
0.86 W/oC 

-65 to 200 °c 

__________________________________________________________________ 2-59 
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2N3791, 2N3792 

* 

* 

* 
* 

* 

* 

* 

* 

* 
* 
* 

* 

* 

ELECTRICAL CHARACTERISTICS, at Case Temperature 
(TCI = 25°C Unless Otherwise Specified 

TEST CONDITIONS 

VOLTAGE CURRENT 
CHARACTERISTICS Vdc Adc 

VCE V8E IC 18 

ICEX 
-60 1.5 - --
-SO 1.5 - -

TC=150°C 
-60 1.5 - -

-SO 1.5 - -

ICEO 
-30 - -

-40 - -

lEBO 7 - -

VCEO(sus)b -0.2 0 

-2 -1 -

hFEa -2 -3 -

-4 -10 -

VBE 
-2 -5 -

-4 -10 -

VBE(sat)a -5 -0.5 

VCE(sat)a 
-5 -0.5 

-10 -2.0 

fhfe -10 -0.5 -

hfe f: 1 KHz -10 -0.5 -

Ihfe l f: 1 MHz -10 -0.5 -

ISlb tp = ls 40 

Cob 
VCB: 10V 0 

f: 1 MHz 

ReJC 

* In accordance with JEDEC registration data. 
a Pulsed; pulse duration 0=: 200 ~s, duty factor ::= 1.5%. 

LIMITS 

2N3791 2N3792 

Min. Max. Min. Max. 

- -1 - -
- - - -1 

- -5 - -
- - - -5 

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

- -5 - -5 

-60 - -SO -

50 150 50 150 
30 - 30 -

4 - 4 -
- -1.S - -l.S 
- -4.0 - -4.0 

- -1.5 - -1.5 

- -1 - -1 
- -4 - -4 

30 - 30 -

25 250 25 250 

4 - 4 -

2.7 - 2.95 -

- 500 - 500 

- 1.17 - 1.17 

b CAUTION: Sustaining voltage, VCEO(sus), MUST NOT be measured on a curve tracer. 

UNITS 

mA 

mA 

mA 

V 

V 

V 

V 

KHz 

A 

pF 

°C/W 
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1 
u 2 

tJ ... 
z ... 
'" ~ -I 
u 0.8 

'" ~ 06 

S 0.4 

0.2f----:-:c..,-:--:+-:--=-::-:c:c':--,-",------'-----f-------j 
CASE TEMPERATURE (TClo2SoC 
(CURVES MUST BE DERATED LINEARLY 

WITH INCREASE IN TEMPERATURE) 

-0.1 

-10 -20 -30 -40 -50 -60 
COLLECTOR- TO-EMITTER VOLTAGE ("eEI-V 

92CM·",30120 

Fig. 1 - Maximum operating areas for 2N3791. 

-10 

.. 
I 
'0 2 

tJ ... 
z 
w 

'" 

50 ,..sec. OR L E55 
250,..sec 
SOa,..sec-
Imsec __ ~ 
5 msec TO D.C 

~-I +-----t----j--~\+\_~~+_--~ 

u 0.8 

0.6 

0.4 

0.2 

-0.1 

r-=f-
CASE TEMPERATURE (TC'.".C --' __ -1 __ ---1 
(CURVES MUST BE DERATED LINEARLY 

WITH INCREASE IN TEMPERATURE) 

-20 -40 -60 -80 
COLLECTOR-TO- EMITTER VOLTAGE ''VeEI-V 

Fig. 2 - Maximum operating areas for 2N3792. 

25 50 75 100 125 ISO 175 200 
CASE TEMPERATURE (TC1--C 

Fig. 3 - Derating curve. 

-100 

92CM-30121 

2N3791, 2N3792 
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2N3791, 2N3792 

~ 10 IS COLLECTOR-TOw EMITTER VOLTAGE IVe!;) a-4 V f--
£ • 

I 4 

J i , 
"" ~~ 

I 
10' f'~ · ~ ... • ~~f' 4 

~ 
C ' .. 

~ ~ ~' , • '.C' ~ .~ 
I '" .. ~ . 

" 10 u • 

I • 4 

, 
II I 

25 COLLECTOR-TO-EMITTER VOLTAGE (VCEI"-4 V 
CASE TEMPERATURE IT ) '" 25·C 

~ 

" 20 I 
!-

V ........ 
0-
U 

" V '\ 6· 
lil .. I\. % 

10 0-e 

~ 

! • 
c .. 

0 , . • 0 , ... , 4 .. 2 . .. , 4 .. 2 4 .. 2 4 .. 
-0-01 -0.1 -I -10 -100 -0.01 -0.1 -I -10 

COLLECTOR CURRENT CIC'-A 
92eS-21847 

COLLECTOR CURRENT 13:CI-A 
92eS-19see 

Fig. 4 - Typical dc beta characteristics for both types. Fig. 5 - Typical gain-bandwidth product for both types. 

COLLECTOR-lO-EMlTTER VOLTAGE (YCE)--4V 

c 
1 ;-10 
Ii 
~ -8 

a 

-2 

-0.5 -I -1.5 

BAS[-TO-EMITTER VOLTAGE lVaE)- V 

BASE-TO-EMITTER VOLTAGECVaE:~V 
9Ies-ltS?9 

92(:5-19582 

Fig. 6 - Typical input characteristics for both types. Fig. 7 - Typical transfer characteristics for both types. 
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File Number 766 2N3878, 2N3879, 2N5202, 2N6500 

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, 
• High substaining voltage 
• Total saturated transition time less than 1 flS for 2N3879, 2N5202, and 

2N6500 

The 2N3878, 2N3879, 2N5202, and 2N6500" are epitaxial 
silicon n-p-n transistors. The 2N3878 is an amplifier type 
intended for audio-, ultrasonic-, and radio-frequency 
circuits. Types 2N3879, 2N5202, and 2N6500 are switching 
transistors intended for use in high-current, high-speed 
switching circuits. 

Typical applications for these transistors include: low
distortion power amplifiers, oscillators, switching regulators, 
series regulators, converters, and inverters. 

"Formerly RCA Dev. Type Nos. TA2509, TA2509A, TA7285, and 
TA8932, respectively. 

MAXIMUM RATlNGS,Absolute-Maximum Values: 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-213AA 

2N3878 2N3879 2N5202 
·COLLECTOR·TO·BASE VOLTAGE. VCBO 120 120 100 
COLLECTOR·TO·EM ITTER SUSTAI N I NG VO L T AGE: 

With external base·to~emitter resistance (RBE) = 50!!. VCER(SUS) 65 90 75" 
With bas~ open. VctoO(sus) 50' 75' 50 

*EMITTER-TO-BASE VOLTAGE. VEBO 7 7 6 
*CONTINUOUS COLLECTOR CURRENT IC 4 7 4 
PEAK COLLECTOR CURRENT. ICM 10 10 5 

'CONTINUOUS BASE CURRENT. 'B 4 5 2 
*TRANSISTOR DiSSiPATION. PT 

At case temperature (T C) = 25°C 35 35 35 
At «:8se temperatures above 2SoC Derate linearly at O.~ w/oe 
For other conditions . See Figs, 1,3 and 4 

*TEMPERATURE RANGE: 
Storage & operating (Junction) -65 tb 200 

'PIN TEMPERATURE: 
1/32 in. (0.8 mm) from seating plane for lOs max, 235 235 235 

* In accordance with JEDEC registration data format Jf;-6 RDF-2 (2N3878); JS-6 RDF-l (2N3879, 2N5202, 2N6500). 

2N6500 

120 V 

110" V 
90' V 

7 V 

4 A 

5 A 

3 A 

35 W 

°c 

235 °c 
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2N38'18,2N3879, 2N5202, 2N6500 

ELECTRICAL CHARACTERISTICS, At Case Temperature fTC) = 2!PC unless otherwise specified: 

TEST CONDITIONS LIMITS" ' ! 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT "" 2N3878 21i13879 " "2N5202"' 2NB500 UNITS Vd. Ad. 

"~" ""," 

VCE VBE IC IB Min. Max. Min. Max. Min. Max. Min. Max. 

Collector Cutoff Current: 100 -1.5 10 
With base-emitter junction reverse- 110 0 
biased 120 -1.5 25 25 -
With base-emitter junction 

ICE V 
100 -1.5 

rnA 
4 4 10" 

reverse-biased and T C = 150°C 110 0 10 

With base open ICED 
40 0 5' 5 

rnA 70 0 5 

• Emitter Cutoff Current lEBO 
-6 10 

rnA 
-7" 10 10 25 

Collector-lo-Emitter Susta'ining " . 
7sli 

. 
Voltage VCEO(sus) 0.2 0 503 50a goa 
With base open 

V 
With external base-ta-emitter 
resistance IRBE) = 50 n VCERlsus) 0.2 0 65a 90a -\ 75a 110a 

1.2 4b 10' 100' 
0.5b 40" 200' 

DC Forward-Current Transfer 
hFE 

3b .15~., SO' 
Ratio 4b S' 12~ 100', 

5 4b 20' 20 SO 
5 0.5b 50" 200' 40 

'" Collector-la-Emitter VCE(satl 3b 0.3 ,1.5." V 
Saturation Voltage 4b 0.4 2 1.2 1.2 

'" Base-to-Emitter Voltage VBe 4b 2.5 V 

'" Base-la-Emitter Saturation 
VeElsat) 

3b 0.3 2.5 
V 

Voltage 4b 0.4 2 2 

Collector-to-Base Output 
Capacitance Cob 175' 175 175 175 pF 

If = 1 MHz. Vce = 10 V) 

Second Breakdown Collector Current: 

With baS;e forwardo-biased and IS/b 40 750 500 400 400 rnA 
1 ~s nOI1~epeihiYe pulse 

* Magnitude of Common Emitter. 
Smalt-Signal, Short·Circuit, 

hel 10 0.5 4 4 "6 6 
Forward~Current Transfer 
Ratio II ~ 10 MHz) 

* Common~Emitter, Small~Si9nal, 
Short-Circuit, Forward-Current hIe 30 0.1 40 -
Transfer Ratio (f == 1 kHz) 

Thermal Resistance 
Junction~to-case ROJC 5 5 5" 5 ,ocNiI 

• In accordance with JEDEC registration ·data format JS-6 RDF-2 
. (2N3878); JS.a RDF-1 (2~3879. 2N62P2.;ZN65(0). 

a CAUTION: Sustaining voltages VCEO(SUS) and VCER(SUS) MUST 
NOT be measured on a curve, tra .. r. 

b Pulsed. pulse duration'; 300,.s. duty factor ... 2 %. 

; .. : ." . 
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2N3878, 2N3879, 2N5202, 2N6500 

COll ECTOR-TO-EMITTER VOL TAGE(VCE)-V 

Fig. 1 - Maximum operating areas for 2N3879, 2N5202, and 2N6500. 

COLLECTOR-lO-EMITTER VOLTAGE (VeE)= 2V 
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« 
E 

1 400 
<D 

i300 

~200 

w 
~ 
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0.5 1.0 1.5 
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BASE-TO- EMITTER VOLTAGE (V BE I-V 
2.0 

Fig. 2 - T vpical input characteristics for all types. 

92CS- 23756 
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2N3878, 2N3879, 2N5202,2N6500 

6 

468 10 8100 2 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-23755RI 

Fig. 3 - Maximum operating areas for 2N3878. 

!< 
~ 

iii 100 

::1 a 

~ " IS/b LIMITED 

IS " ~ 

~ 
25 

" 100 150 200 

EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR Tel-oC 
92S5-]690 

Fig. 4 - Dissipation derating for all types. 
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COLLECTOR CURRENT(IC)-A 
92CS-I3216 

Fig. 5 - Typica' saturation-voltage characteristics 
for 2N3878, and 2N3879. 

COLLECTOR aJRRENT!Ie)-A 

Fig. 7 - Typical saturation-voltage characteristics 
for2N5202. 

COLLECTOR CURRENT (IC)-A 

92S$<3691 

92CS-2375!1 

Fig. 9 - Typical saturation,"o/rage characteristics 
for2N6500. 

2N3878,2N3879,2N5202,2N6500 

CASE TEMPERATURE (Tel· 25·C 

20 

o 4 

COLLECTOR CURRENT tICI-A 
92C5-13234 

Fig. 6 - Typical ,urn-on time for 2N3879, 2N5202, 
and2N6500. 

o '. 
COLLECTOR CURRENT (Ie)-A 

92CS-13237 

Fig. 8 - Typical storage time for 2N3879. 2N5202. 
and 2N6500. 

CASE TEMPERATURE ITel· 2S·C 

300 

... 
!! .... 
:l 

20 ",-", ".1 \ 
DC 

: 100 

COLLECTOR CURRENT IICI-A 
92CS-13235 

Fig. 10 - Typical fall time for 2N3879, 2N5202, 
and2N6500. 
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2N3878, 2N3879, 2N5202, 2N6500 

COUEC"RJfi:-lO-EMITTER VOl1AGEeVCEl- 2V 

1 
u 

.~ 

0.5 1.0 2.0 

BASE-TO-EMITTER VOlTAGE (VBE)-V 
92CS-I3228 

F ig.l1 - T ypica/ transfer characteristics for all types. 

COLLECTOR-lO-EMITTER VOLTAGE (VCE}-V 

9ZSS-2197RI 

Fig. 13 - Typical output characteristics for 
2N3878. 2N3879 and 2N5202. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-23757 

Fig. 15 - Typical output characteristics for 2N6500. 

COLLECTOR-lO-EMITTER VOLTAGE WCE) = 2 V 
175 I I 

! 125°(; 
i ~ 150 

0 I r .. : ...... !- -"' i :.;.... , 

I 
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! /1' iii 
I ; 'j 

100 ~-~.-~.+ . ..:.-~' I 

i.· i l' 1\ " 

1 I 

i 7. • I I E l"fCl" 25°C 1 I 
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~~Il~r-~l' I I ~ i I 

50 I 
, , 

i\ -55°C 
~ 251---

! i ~ g r-- , 

0.01 
2 4 6 , 

0.1 
2 4 6 , 2 4 6 , 

COLLECTOR CURRENT (IC1-A 
92CS-13225 

Fig. 12 - Typic~1 de. beta characteristics for 

2N3878 and 2N3879. 

COLLECTOR.lO.EMITTER VOLTAGE !!ce) = 2 V 
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g - ~ 
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0.01 0.1 
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10 

10 
COLLECTOR CURRENT (lC)-A 

92$S-3695 

Fig. 14 - Typical dc beta characteristics for 2N5202. 

w 
175 COLLECTOR-TO-EMITTER VOLTAGE (VCE) = 2 V .. --.... I 
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'" ~ 
100 .. -- 1-'- ---

i!= CASE TEMPERATURE (TC)=25°C ... , 
~ 75 

~ ~ 50 ----
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fZ 25_ 

I --~. g 
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10 

COLLECTOR CURRENT (IC)-A 

92CS-23758 

Fig. 16 - Typical dc beta characteristics fQr 2N6500. 
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2N3878, 2N3879, 2N5202, 2N6500 
TRANSITION AND STORAGE-TIME CHARACTERISTICS FOR SWITCHING TYPES. A t Case Temperature (T cJ = 25°C: 

TEST CONDITIONS 

VOLTAGE CURRENT 
CHARACTERISTIC SYMBOL V de Ade 

VCC IC IB 

Saturated Switching 
30 3 0.3a 

Time 
td 30 4 0.48 

30 4 0.8a 
Delay time 

30 3 0.3a 

· Rise time 'r 30 4 0.48 

30 4 o.aa 

30 3 0.3a 

· Storage time ts 30 4 O.4a 

30 4 o.aa 

30 3 0.3a 

· Fall time 'I 30 4 0.4a 

30 4 o.aa 

* In accordance with JEOEC registration data format US-6, RDF-1) 

IC MONITOR 
TEKTRONIX P6021 
CURRENT r--«>---.---, 

INPUT FROM 
HEWLETT 
PACKARD 
219A PULSE 
GENERATOR* 

PROBE*\ 

Ie MONITOR 

TEKTRONIX 
P6Q21 
CURRENT PROBE"'" 

SL (Qt-..-A"tl/l.,-J 

INPUT PULSE 
If < 20 ns 
If < 20 n$ 

REP. RATE =500 Hz 
PULSE DURATION 

2: 20 IL' 

*OR EQUIVALENT 

0.22 ".F 
MYLAR 

- + 

0-7V 

3av 

RL =7.5Q FOR 2N3879.2N5202 

RL =IO{l FOR 2N6500 

92CS- 23754 

Fig. 17 - Circuit used to measure switching times 
for 2N3879, 2N5202, and 2N6500. 

CLARE 
MERCURY-RELAY 

MODEL No. HGP-IOQ4, 
OR EQUIVALENT 

CHANNEL A 

TO 
TEKTRONIX 

25mH OSCILLOSCOPE 
MODEL No. 503. 
OR EQUIVALENT 

CHANNEL B 

COMMON 

OTa 50V 
(SaOmA) 

92CS-13239R3 

Fig. 19 - Circuit used to measure sustaining voltages, VCEO(SUS) 
and VCER(SUS) for a/l types. 

LIMITS 

2N3879 2N5202 2N6500 
UNITS 

Min. 

-

-

-

-
-

-
-

-

-
-

.... 
z 
w 
cr 
cr 
=> u 
w 

'" .. 
aJ 

cr 
o ........ 
uz 
ww 
.Jcr 
.Jcr 
o=> uu 

Max. 

-
40 _. 

-

400 

-

-

aoo 

-

-
400 

-

Min. Max. Min. Max. 

- - - 40 
- - -

- 40 - -

.. - 400 

- _. - -
.- 400 - -
- 1000 

ns 
- -

.- - - -

- 1200 - -
- - - 500 

- - - -
- 400 - -

lSI 
- -----------10% 

92CS- 23760 

Fig. 18 - Oscilloscope display for measurement of switching times. 
(Circuit shown in Fig. 1 ). .. 

E 

-h 
!::! 
.... 
~ 
~ 200 a 
cr 
o 
t:; 

: ,I : VCEO (sus) : VCER (sus) 

---~~- I-----,~~r' ~ 
200 'A+O'StC 

I 
I 
I 
I w 

g 0'~-----'5,j0;-7-t5:-;9';;0;=-- 0 657590110 

CaLLECTOR·TO·EMITTER VOLTAGE IVCE)-V 

92CS-13;>4QR? 

The sustaining voltages VCEO(SUS) and VCER(SUS) are acceptable when 
the traces fall to the right and above point "A" for types 2N3878, 
40375. and 2N5202; point "8" for type 2N3879; and point "C" for 
type 2N6500. The sustaining voltage VCER(SUS) is acceptable when 
the trace falls to the right and above point "0" for type 2N5202. 

Fig. 20 - Oscilloscope display for measurement of sustaining 
voltages. 
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2N403f$, 2N4031, 2N4314, File Number 216 

Medium-Power Silicon 
"P-N-P Planar Transistors 
General-Purpose Types for Industrial and 
Commefical Applications 
Features: 
• Gain-bandwidth product (fT) = 60 MHz min. 
• High breakdown voltages 
• Planar construction provides low noise and low leakage 
• Low saturation voltages 
• High pulsed beta at high collector current 

The 2N4036, 2N4037, and 2N4314 are doubled-diffused, 
,epitaxial-planar, silicon p-n-p transistors; they differ in 
breakdown-voltage ratings, leakage-current, and saturation 
characteristics, They are supplied in the JEDEC TO-205AD 
hermetic package. 

These transistors are intended for a wide variety of small
signal medium-power applications. With a minimum gain
bandwidth product (fr) of 60 MHz, these devices provide 
useful gain at high frequencies. In addition, the 2N4036 is 
useful in high-speed saturated switching applications. 

MAXIMUM RATINGS, AbsOlute-Maximum Values: 

2N4038 

·VCBO................................................................ -90 
VCEV(SUS) 

VaE = +1.5 V ...................................................... -85 
VCER(SUS) 

RaE $ 200 Q.. ............. .......... ....... ...................... -85 
·VCEO(SUS) ........................................................... -85 
'*VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• -7 
·Ic................................................................... -1.0 
·Ia................................................................... -0.5 
*PT: 

Tc$25·C ....................................................... 7 

TERMINAL DESIGNATIONS 

.fj"",,, 
92CS-27512 

JEDECTO-205AD 

2N4037 

-60 

-60 

-60 
-40 
-7 

-1.0 
-0.5 

-7 

1 
Tc, T.>25·C .................................................... _________ _ See Fig. 2 
Pulsed ........................................................... _______ _ See Fig. 1 

*Tatgl TJ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 0 . -65 to 200 
·TL (During soldering): 

At distance;:, 1116 In. (1.58 mm) 
from seating plane for 10 s max ................................. . 230 

• In accordance with JEDEC registration data format (JS-6 RDF-1 2N4036; JS-9RDF-2 2N4037, 2N4314). 

2N4314 

-90 V 

-85 V 

-85 V 
-65 V 
-7 V 

-1.0 A 
-0.5 A 

7 w 
W 
·C 
·C 
·C 

·C 
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2N4036, 2N4037, 2N4314 

ELECTRICAL CHARACTERISTICS, at Case Temperature (TcJ = 25'C unless otherwise specified 

TEST CONDITIONS LIMITS 
VOLTAGE CURRENT 

CHARACTERISTIC V de mAde 2N4036 2N4037 2N4314 

VCE VBE IC IB Min. Max. Min. Max. Min. Max. 

ICBO -90· - -0.1' - - - -
Ie .~ 0 -6cr - -0.02 - -0.25' - -0.25' 

Iceo 30 0 -0.5' -5' -5' 

ICE X -S5 1.5 - -100' - - - -
TC" 150°C -30 1.5 - -0.1' - - - -

lEBO 
7 0 0.1' 
5 0 - -0.02 - -I' - -I' 

V!BR)CBO 

IE = 0 -0.1 -90 - -60' - -90' -
V!BR)eBO 

Ie - -O.lmA 0 _. -7 - -7 - -7 -

VCEV(sus) 1.5 -100 _85b - _60b - --85b -

VCER!sus) 

RBE';; 200!! -100 -S5b - -60b - -S5b _. 
, 

VCEO!sus) 100 0 -65b -40b 65b 
, VCe!sat) -150 -15 - -0.65 - -1.4 - -1.4 

VSE -10 -1&0 - -1.1 - -1.5* - -1.5' 
, 

VBE(sat) -150 -15 - -1.4 - - - -

-2 -150 20 200 - - - -
-10 -0.1 20 - - - - -

, 
hFE -10 -1.0 - - 15 - 15 -

-10 -150 40 140 50 250 50 250 
-10 -50Qi 20 - - - - -

, Ihfe) 
f = 20 MHz -10 -50 3 - 3 10 3 10 

Ccb 
Ie = 0, f = 1 MHz -10· - 30 - 30' - 30' 

Cib 0.5 0 - 90 - 90 - 90 
, 

tr -30 -150 -15 - 70 - - - -. 
ts -30 -150 -15 - 600 - - - -

, 
tf -30 -150 -15 - 100 - - - -

, 
tON -30 -150 -15 - 110 - - - -

, 
tOFF -30 -150 -15 - 700 - - - -

I 
-. 

RBJC - 25' - 25 - 25 

RBJA - 165 - 165 - 165 

"2N"-types in accordance with JeDEC registration data format IJS-6 RDF-l 2N4036; JS-9 RDF-2 
2N4037,2N4314). 

• VCB 
a Pulsed, pulse dl.!ration = 300 IlS, duty factor < 2%. 

UNITS 

rnA 
IJA 

IJA 

rnA 

rnA 
IJA 

V 

V 

V 

V 

V 

V 

V 

V 

pF 

pF 

ns 

"C/W 

°CIW 

b CAUTION: The sustaining voltages VCEO(sus). VCER(sus). and Vcev(sus) MUST NOT be measured on a curve 
tracer. They should be measured by the pulse method (Note 'a'). 
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2N4036, 21'14031, 2N4314 

CASE, tEMPERATURE (-Tel-= 25° c' '. ---J , .. I... 
(CURVES MUST BE DERATED LINEARLY NORMALIZED] 
WITH INCREASE IN TEMPERATURE) POWER J I I MUlT1PU~R 

I 1.1 150~. 
I MAX. (CONTINUOUS) PULSED OPERATION" ~ 

I C 9~-

· "'"' 'i../o~ I 

~'\~ ~ · 00 00 

I ~ /~ ~I 5.0 o~ "'",- j · 
o~ '" 

".. I 3.0 , 
~~I I z 

" , 20 

" 

~ 
~ 

I 0 

-0.1 '1-· VCEO MAX, = 40V I 
0 (2N4037) 
u , 

VCEO MAX, = 65\1 I ! 

· {2N4036 a ZN4314J I 
1 1 I I * FOR SINGLE I , NONREPETITIVE 

PULSE I 

II I I 
-0.01 

I 

-I 
, . , , - , . , '-10 100 

COLLECTOR-TO-EMITTER VOLTAGE (YeEI-V 92C5-17443 

Fig. 1 - Maximum operating areas for 2N4036, 2N4037, and 
2N4314. . 

25 50 75 100 125 150 "175 200 
CASE TEMPERATURE (Tel - ·C 

9lLS-1469RI 

Fig. 2 - DiSSipation derating curve for 2N4036, 2N4037, and 
2N4314. 

~~~~lNcl~~M~~R~rJJlf~ ~~L:~~t {VCE'· 2V 
w 

COLLECTOR-TO-E,MITTER VOLTAGE (VC,E). -10 V 
~ 

80 I 
I 

~w 2N4036 

~!60 ......- 'tN40~ 1, 2Ni3/i. 
~~ u, 

./ ......- iltO!l_9\. \ I~ 0. 
~ a:: 40 ,,- \ .w ./ 
~i 
~~ 20 

1\\ 

-\~o:; .!: 120 - -
0 
~ .. 
: 100 ... '. 
§ 80 :{u"£. (TA )·25-C 

... ~ "- 1~"'~~' ... 
'60 _ ".:a\t'(ll1. ,\ 

I .;:;- '{. 

40 .\ "".0 . -:..;.. 

~ 20 I 
1 \ 

, . , . 
-0.1 

.. 
-I ~IO -100 

COLLECTOR CURRENT (leI-rnA 

g 
0 I , . . . . .. -600 2 4" Z 4 6 6 

-10 -100 -1,000 -0.1 -1.0 

COLLECTOR CURRENT IICl-mA 
92LS-12~2 

Fig. 3 - Typical dc beta characteristics for all types. Fig. 4 • Typical dc beta characteristics for 2N4037 and 2N4314. 



____________________________________ Power Transistors 

COLLECTOR~TO-EMITTER VOLTAGE (VeEl-V 

Fig. 5 - Typical large-signal output characteristics for 
2N4037 and 2N4314. 

-4 -8 -'2 -'6 -20 

COLLECTOR-TO-EMITTER VOLTAGE (VeE) - v 

92LS-'Z8ZfiL 

Fig. 7 - Typical output characteristics at TA=-55' C 
for 2N4037 and 2N4314. 

SASE-TO-EMITTER VOLTAGE (VBE)-V 

921.5-1295112 

Fig. 9 - Typical transfer characteristics for 2N4037 and 2N4314. 

2N4036, 2N4037, 2N4314 

-'00 , ,1}' .:J H'e" ".",. 
i 12 :,.", /,1 ,'.1' 

18 

COllECTOR-TO-EMITTER VOLTAGE (VeE)-V 

Fig. 6 - Typical small-signal output characteristics for 
2N4037 and 2N4314. 

-4 -8 -'2 -,. -20 -24 
COLLECTOR-TO-EMITTER VOLTAGE (VeE) - v 

Fig. 8 - Typical output characteristics at TA=150' C 
for 2N4037 and 2N4314. 

~~~~~i~tY-~~:-i~~JlER VOLTAGE (VCE):-IO v ~_ 
AMBIENT TEMPERATURE (TAJ=2SoC 

... -, -10 -100 
COLLECTOR CURRENT (1c)- mA 

. .. -,000 
92LS-12:!7RI 

Fig. 10 - Typical small-signal beta characteristic for all types. 
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2N4036, 2N4037, 2N4314 

" 
10 

COLLECTOR-TO-BASE VOL TAGE IVCB1;-~ . -40 V 1 to 

~ g 
~ 1---20V !it 
~ ~ 

~ ~ -I 

~ 10 

?/ u ., 

~ 10 F P ~ -3 
(,,) .10 

~~ ~ 

g 104 

ff 81fl 
~ 

16& 

-100 -50 50 100 150 200 
JUNCTION TEMPERATURE (TJ)-"C COLLECTOR-TO-EMITTER SATURATION VOLTAGE, VeE (Sat J-V 

92LS-1268RI 

Fig. 11 - Typical collector cutoff current vs. junction temperature 
for2N4036. 

Fig. 12 - Typical saturation-voltage characteristics for 2N4036. 

Ie" 10 lSI· 10 182 -f-
AMBIENT TEMPERATURE (TA1~25°C 

IIOO~ 

:~ J. ,L I I 
STORAGE' ~I . 

,K"" ~ ~") , 
"'~ ~ , I ......... ....... ~ 

~ 
100 ~ . 

~ If/sf' TIME H,) z , 

~ . ~TIMElt.l 
~ , O~'(.q)-

10 
l""AfE:V 

, . , . , . 
-10 -100 -1,000 

COLLECTOR CURRENT ttc' -mA 
92LS-1267RI 

Fig. 13 - Typical saturated switching times for type 2N4036. 

:.D 
INPUT-PULSE 
WAVE FORM 

"'VBB~4V 
ADJUST IS," Isz 

OUTPUT TO 
OSCILLOSCOPE 

CHANNEL A 

z"to6 n 
CIN=20 pF 

Ir' 15 ns 120n 

-30V 

-:-
2000. 

~r~_F~ __ ~~~ __ ~ __ ~ 
3DOn.I'%. 

INPUT FROM PULSE 
GENERATOR 

~t:f:W~G:Hz 
CALIBRATE· ."""'=9 

t r ., IOns Izon 

OUTPUT TO 
OSCILLOSCOPE 

CHANNEL B 
Za'06,n 

CINa 20 pF 

I, '15nl 

OSCILLOSCOPE 
GROUND 

92LS-IU2RI 

Fig. 14 - Circuit used to measure switching times for type 2N4036. 

-O.65V ---r-\ 
-30V--J L 

OUTPUT-PULSE 
WAVE FORM 

Fig. 15 - Oscilloscope display for measurement of switching times. 
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File Number 1150 

Silicon P-N-P 
Medium-Power Transistors 
General-Purpose Types for Switching Applications 
F •• turee: 
• Low saturation voltages 
• Maximum safe-area-of-operation curves 

The 2N4898, 2N4899 and 2N4900 are multiple-ep!taxial 
p-n-p t"ransistors. All are supplied in the JEDEC TO-213AA 
package. 
All these transistors are intended for a wide variety of 
medium-power switching and amplifier applications, such 
as series regulators and output stages of high-fidelity 
amplifiers. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

"" VCBO •• •••••••••••.•••••••••••••••••••.•••••••••••.••••••••••••••••••••••.• 

• VeEX(SUS) 
VB. = -1.5 V. RB. = 100 n .............................................. . 

VeEC(sus) •.•...••..•....••...••...••....•....•....•••.••••••....•.•....... 
'" VEIO • •••••.••.•••••••• 0 .0 ••••••••••••• 0 •••••••••••••••••••••• , •••••••••••• 

• Ie ...................................................................... .. 
leM .0 •••••••••••••••••••••••••••••• 0 •••••••••••••••••••••••••••••••••••••• 

• IB ...................................................................... .. 

At Te up to 25·C ..................................................... . 
At Te above 25°C .......................................... • .. ··· .. · .. 

'" TJ • T.tg .....•••.•••...•...••.............••••••.•••..•....•..••.......••... 

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

• In accordance with JEDEC registration data. 

2N4898,2N4899,2N4900 

TERMINAL DESIGNATIONS 

92CS-27S16 

JEDEC TO-213AA 

2N4818 2N4899 2N4900 
40 60 80 V 

40 60 80 V 

40 60 80 V 
5 5 5 V 
1 1 1 A 
4 4 4 A 
1 1 A 

25 25 25 W 
See Flgs.1 & 3 ___ 

-65 to +200 ·C 

+235 ·C 
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2N4898, 2N4899, 2N4900 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TCI = 25°C unless otherwise specified 

TEsT CONDITIONS LIMITS 
U 

CHARACTERISTICS 
VOLTAGE CURRENT 

2N4898 2N4899 2N4900 N 
Vdc Adc I 

T 
VCE VBE IC IB Min. Max. Min. Max. Min. Max. S 

40a 100 

* ICBO 60a - - - 100 - - I1A 
80a - - - - - 100 

ICEX 
40 -1.5 - 100 - - - -

60 -1.5 - - 100 - - I1A RBE = 100 S1 
80 -1.5 - - - - - 100 

* 

RBE = 100 S1 
40 -1.5 - 1 - - - -

60 -1.5 - - - 1 - - mA TC=150°C 
80 -1.5 - - - - - 1 

* 

20 - 0.5 - - - -

ICEO 30 - - - 0.5 - - mA * 
40 - - - - - 0.5 

lEBO -5 - 1 - 1 - 1 mA * 
1 0.5b 20 100 20 100 20 100 

hFE 1 0.05b 40 - 40 - 40 -* 
1 lb 10 - 10 - 10 -

VCEO(sus)C O.lb 40 - 60 - 80 - V * 
VBE(sat) lb 0.1 - 1.3 - 1.3 - 1.3 V 

VBE 1 lb - 1.3 - 1.3 _. 1.3 V * 
VCE(sat) lb 0.1 - 0.6 - 0.6 - 0.6 V * 
hfe 10 0.25 25 - 25 - 25 -f = 1 kHz 

* 

fT 
10 0.25 3 - 3 - 3 - MHz f = 1 MHz 

* 

Cobo lOa - 100 - 100 - 100 pF 

ROJC - 7 - 7 - 7 °C/W 

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

b Pulsed, pulse duration = 300 j.J.S, duty factor = 1.8%. 

C CAUTION: Sustaining voltage, V CEO (sus) ,MUST NOT be measured on a curve tracer. (See Figs. 2 and 4.) 
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e 150 
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~ i 100 

~~15 
~" .0 
~> ~ 

~ 

~ ~ 

2N4898, 2N4899, 2N4900 

120!1 ,w 

.[D-~--l 
60 HI I I , , 

L _____ J 

CHOPPER TYPE 
MERCURY RELAY 
P a B JML 81308, 
CLARE 1028, OR 

EQUiVAlENT 

OSCILLOSCOPE 

In 1'"4 112 W VERT1 
(NON-INDUCTIVEI 

GND INPUT 

L--.----<:l 
HORIZ 

MODEL No 1308, 
OR EQUIVALENT 

o 25 50 75 100 125 1!iO 115 200 

lHEWLETT PACkARD 

EFFECTIVE CASE TEMP. OR CASE TEMP. [TEFF OR T,I-"C 

Fig. 1 - Current derating chart for all types. Fig. 2 - Circuit used to measure sustaining voltage~ 
VpEOIsusJ. 

COLLECTOR - TO-EMITTER VOLTAGE IVc~ - v 

92CM-311Z0 

Fig. 3 - Maximum operating areas for a/l types. IT c == 25°C). 

'* PULSE CURRENT IIp I RANGE MUST BE O.2-0.4A 

~ titaCEO
"'" ~4 * 

II: E ABC 
eliDa 
~~ 0 40 
5 60 
u COLLECTOR-Te-EMITTER VOLTAGE 

IVeEI-V 

The sustaining voltage, VCEO(sus), is acceptable 
when the trace falls to the right of point "A" for 
type 2N4898; point "8" for type 2N4899; and 
point "e" for type 2N4900. 

Fig. 4 - Oscilloscope display for measurement of sustaining voltages. 
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2NS038, 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-dissipationcapability 

TERMINAL DESIGNATIONS 

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. 

92CS-27516 

The high current-handling capability of these transistors in 
C!9rill1nctlon with fast switching speeds make the.se devices 
especially suited for switching-control amplifiers, power 
gates, switching ragulators, converters, and inverters. Other 
recommended applications include dc-rf amplifiers and 
power oscillators. These transistors are supplied in the 
JEDEC TO-204AA package. JEDEC TO-204AA 

MAXIMUM RATINGS, Absolute-Maximum Values: 

·COLLECTOR-TO-BASE VOLTAGE ...•....................... V CBO 
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.s;; 50 n ........................................ VCER(sus) 
With base open ........................................... VCEO(sus) 

*EMITTER-TO-BASE VOLTAGE. . . . . . . . . .. . . . . . . . . . . .. . . . . . ... VEBO 
*CONTINUOUS COLLECTOR CURRENT ....................... IC 
·PEAK COLLECTOR CURRENT ............................. . 
*CONTINUOUS BASE CURRENT... . ........ . . .... .... ........ IB 
*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 .........•........ 
At case temperatures up.to 25°C and VCE above 28 V .........•.. 
At case temperatures above 25°C and VCE above 2B V ........... . 

*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-11 

2N5038 2N5039 2N6496 

150 120 150 

150 120 
110 95 130 
90 75 110 

7 7 7 
20 20 15 
30 30 

5 5 5 

140 140 140 
80 80 80 .. See Fig. 1. ___ 

__ See Figs. 1 & 2. ___ 

------- -65 to 200 ______ 

.. 230 ~ 

V 

V 
V 
V 
V 
A 
A 
A 

W 
W 

°c 

°c 
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2N5038, 2N5039, 2N6496 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC); 25"C Unless Otherwise Specified 

TEST CONOITI ONS LIMITS 

VOLTAGE CURRENT 

CHARACTERISTIC SYMBOL V de Ade 2N5038 2N5039 2N6496 UNITS 

VCB VCE V EB VBE IC IE IB Min. Max. Min. Max. Min. Max. 

Collector Cutoff Current: ICED 55 20 
With base open 70 20 

110 -1.5 50 
With base-emitter 

ICEV 140 -1.5 50 junction reverse-biased 
130 20 rnA 

AtTC'" 150°C 85 -1.5 10 

100 -1.5 10 

130 25 

· Emitter Cutoff Current lEBO 0 15 rnA 0;1 a 50 50 50 
", 

DC Forward-Current hFE 2" 50 200 30 150 

Transfer Ratio 10" 20 100 

12" 20 100 

8" 12 100 

· Magnitude of Small-Signal 

Forward-Current Transfer Ih,,1 10 12 12 12 
Ratio (At f '" 5 MHz) 

Collector-ta-Emitter 
Sustaining Voltage: 

With base open VCEO(fusjb 0.2 90 75 110 V 

With base-emitter 
junction reverse biased and 

VCEX(sus)b -1.5 0.2 150 120 
external base-to-cmitter 
resistance (RBEI .. 100 n 

With ABE ~ 50 n VCER(susjb 0.2 110 95 130 

Emitter-ta-Base Voltage V EBO 0.05 V 

V BE 
10" 1.8 

Base-ta-Emitter VOltage 128 1.8 V 

8" 1.6 

Collector-ta-Emitter loa 1.0 1.0 
Saturation Voltage 

VCE(sat) 
12" 1.2 1.0 

V 
20" 5 2.5 2,5 

sa 0.8 1.0 

* Base-ta-Emitter 20" 3.3 3.3 
VBE(sat) V 

Saturation Voltage 8" 0.8 2.0 

Output Capacitance Cob 10 400 400 400 pF 

Second-Breakdown 

Collector Currente 'Sib 
d 28 5.0 5.0 5.0 A 

(With base forward biased) 45 0.9 0,9 0.9 

Second-Breakdown Energy 

(With base reverse biased, ES/bf -4 12 13 13 rnJ 

RS"" 20 n, L'" 180/JH) -4 8 5.7 

· Sat. Switching Rise Time VCe' 10 1.0" 0.5 

I, 30 V 12 1.2" 0.5 

8 O.a< 0,5 

· Sat. Switching Storage Time VCe' 10 1.0" 1.5 

I, 30V 12 1.2" 1.5 "' 8 a.Se 1.5 

· Sat. Switching Fall Time VCC= 10 1.0" 0.5 

I, 30V 12 1.2" 0.5 

8 O.a< 0,5 

Thermal Resistance 
(Junction-to-Case) ROJC 10 10 1.25 1.25 1.25 °C/W 

a Pulsed; pulse duration :::;;350115, duty factor'" 2%. d 'S/b is defined as the current at which second breakdown occurs at a 
b CAUTION: The sustaining voltages VCEolsusl. VCER(susl. and specified collector voltage with the emitter-base junction forward-

VCEX(SUS) MUST NOT be measured on a curve tracer. biased for transistor operatton in the active region. 
e Pulsed; 1-s non-repetitive pulse. 
f ES/b is defined as the energy at which second breakdown occurs 

c 18 1'" 182'" value shown. under specified reverse-bias conditions. ES/b '" 'hU2 where L is a 
series load or leakage inductance and I is the peak collector current. 

·'n accordance with JEDEC re9istration data format /JS·6. RDF·1) 
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2N5038, 2N5039, 2N6496 

lUU S CASE TEMPERATURE (TC)=2SOC I I 
(FOR TC ABOVE 25', DERATE L(NEARLY) I I 6 

4 I 0.05 m~7 

Ic MAX. (PULSED) PULSE OPERATION' 

I 

"" ~ k~~ 0.1 ms 
1 

IC MAX. (CONTINUOUS) 

~ c?" ~ "<~~ .~ 
10 ~c?A<':I" "-f. 'f)l ~.., , cc S c?A~ ~" ' -h <",,(~~ \' , , 

e 6 

~ ~~)'1 ' , .... 
z ... 4 a: 

\ 
a: 
:::> 

"'" <.> 
a: 
0 , I .... 1 <.> ;,\ ... 

I 
...J 
...J 
0 
<.> 

1 
S 

.... \ \ 

~~ :-... I 

6 t-I~ .\ -, 

41--- 'FOR SINGLE 
NON REPETITIVE PULSE I ! 

VCEO MAX. = 75 V - -
1 (2N5039) 

VCEO MAX.= 90 V _ VCEO MAX.=IIOV 
,.-' (2N6496) 

0.1 
1 4 

(2N5038) 
I 

6 S 10 1 4 6 S " 
COLLECTOR-TO-EMITIER VOLTAGE (VCE)-V 

Fig. 1 - Maximum operating areas for all types. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
A.PPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
AND IS'b-LIMITED PORTION OF MAXIMUM-OPERATING 
ARE ..... CURVES. DO NOT DERATE THE SPECI· 
FlED VALUE FOR Ie MAX. 

25 50 75 100 125 150 175 100 

CASE TEMPERATURE ITCl_oC 92SS-l639Rl 

Fig. 2 - Dissipation derating curves for all types. 

1 4 6 S 1000 

92SS'3641RI 
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Ie MAX. (CONTINUOUS)2N5038,2N5039 
20 .~ 

.'--'~ 10 - 2N6496 --'.' ... ,r. ~ C'). ~+.o 

• 8 ~ ~J':)'; ~"'.~'fI: 
I 6 f~ ~ .. ~, C'_'4"l/. 

C'~~., <~ ~~ 
3' 4 ·C''''''V::~lJ 
~ 
~ 2 

'I a .. I 

~ 
, 
• IS/b - LlMITED~ 

~ 4 

VCEO MAX l75V(2Nl0391' 2 
VCEO ~AX: 9Ov(2N5038)- ~~ 0.1 VeEO MAX allOV (2N6496) 

I 2 4 • , 10 2 4 675 8flooi'IO 2 

COLLECTOR-TO-EMITTER VOLTAGE lVCE)-V 
92CS~22812 

Fig. 3 - Maximum operating areas for all types. 

2 CASE TEMPERATURE (T C) " 25" C 
BASE SERIES RESISTANCE (R B I '" 2011 

20 

" I 
~ .... 5i 

115 ~ 
0 .. Vet", 

~ 
c .. 

~ 
10 r~~ 

:3 -.... 
~ 5 '8 

" i(' 

a 
• , 2 • 6 

50 102 

INDUCTANCE (L) - ~H 

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

CASE TEMPERATURE (T c) -2S·C 
BASE SERIES RESIST"NCE (Re)"20Q. 

• 10~t--i-t--~--t--~-r--~-1--1 

~ 
z 
~ 81--1--1-+"..---"" .. 
:> 
u 

!Ii 
I-

l;l .. 
8 
" • .. .. 

•• 100 
2 

. INDUCTANCE (LI-~H 
1000 

92C5-22803 

Fig. 7 - Ma'fimum reverse-bias, second-b~eakdown characteristics 
for2N6496. 

2N5038,2N5039,2N6496 

COLLECTOR· TO· EMITTER VOLTAGE (VCEI: 15 v 
90 CASE TEMPERATURE ITCI=25'C 

{ 80--· ---- /" I". -_.- --

" V \ ~ )0 

~ / 1\ % 
60 b 

i! / \ 
! >0 -- -_ .. -
! 

10 

30 

0.1 6 8 1.0 . , , 10 

COLLECTOR CURRENT (Ie I-A 

Fig. 4 - Typical gain-bandwidth product for al/ types. 

CASE TEMPERATURE {TC):25°C 

30 BASE SUPPLY VOLTAGE (VBB)=-4V 

20 I I 

" 
INDUCTANCE (L): 200 I'H 

~ 10 "'"" • I a 6 

I 
500 .. , 750 

~ 2 I / /,..--- 1000 

'/ // ,......-~ I 
QB 

06 

0.' I 
20 40 60 80 100 120 

BASE SERIES RESISTANCE (RB)-.n 
92CS-I5464RI 

Fig. 6 - Maximum reverse-bias, second-breakdown characteristics 
for 2N5038 and 2N5039. 
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~ · .. II '150"H , 
0 
t; 

V r-- = __ ----'. .. 2 ..-
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Fig. 8 - Maximum reverse-bias, second-breakdown characteristics 
for 2N6496. ' 
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2N5038, 2N5039, 2N6496 

BASE-TO-EMITTER VOLTAGE (VSE)-V 

92(;5-22191 

Fig. 9 - Typical transfer characteristics for 2N5038. 
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Fig. 11 - Typical transfer characteristic$ for 2N5039. 
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Fig: 13'~ TYpical transfer characteristit!' for 2N64s6. 
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Fig. 10- Typical dc beta characteristics for 2N5038. 
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Fig. 12 -Typical de beta characteristics fOF·2N5039. 
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Fig. 14 - Typical de betJ1 characteristics. for 2N6496. 
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Fig. 15 - Typical output characteristics for 2N5038. 
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Fig. 17 - Typical output characteristics for 2N5039. 
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Fig. 19 - Typical output characteristics for 2N6496. 
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Fig. 16 - Collector-ta-emitter sustaining voltage characteristic 
for al/ types. 
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Fig. 18 - Typical input characteristics for 2N5038 and 2N5039. 
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Fig. 20 - Typical input characteristics. for 2N6496. 
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2N5038, 2N5039,2N6496' 
CLARE 

MERCURY-RELAY. 
MODEL No. HGP-1004, 

OR EQUIVALENT 

~~~ VCE~;::' 
VCEO(sus) 

• 11;:..--~-""""--' 
liOn 6V 
IW 

L = 15mH for V CEO (sus) and 
V CER(sus) measurements I 

III 
Q,5W 

L = 2mH for VCEX(sus) measurements 
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OSCILLOSCOPE 
MODEL No. 130B, 
OR EQUIVALENT 
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COMMON 

OT050V 
500 rnA 
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Fig, 21 - Circult u.ed to measure su.talning voltage. V CEO('u,), 
V CER('u,), and V CEX('u,), 
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Fig, 23 - Typical ri.e·time and fall·time charactari.tics for all types, 
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Fig. 25 - Circuit ,used to measur~ switching times for all types. 
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The sustaining voltages (VCEO(sus), VCER(sUS), and. , . 
VCEX(sus) are acceptabl.e when the traces fall to the 
right of point" A" for type 2N5039. point "B" for 
type 2N5038 and point "C" for type 2N6496. 
(NOTE: 2N6496 is not tested for VCEX(SUS).) 

Fig, 22 - Oscilloscope di.play for measurement of sustaining voltages 
(Test circuit shown in Fig. 22), 
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Fig, 24 - Typical storage time characteristic for all types, 
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Fig, 26 - Phase relationship 'between input and output currents 
, showing reference points for specification of switching 

times, (re.t circuit shown in Fig, 26), 
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____________________________________ PoWerTransistors 

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, RsE ::::; 50 {) (2N5240) 
=250 V, RsE ::::; 50 {) (2N5239) 

• High power dissipation rating: 
PT = 100 Wat VeE = 125 V, Te = 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 VeE = 125 V 
• Maximum area-ot-operation curves tor dc and pulse operation 

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

TERMINAL DESIGNATIONS 

The 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 
*Vcso ••••••.....••••••..•....•....•....•.•........•••••.......... _ .•...•.•... 300 
VeER(SUS) 
R.E:5Son ................................................................. . 250 

·VeEo(SUS) .......................•..........................................•. 225 
'VEBO ........................................................................ ______ _ 6 ·,c ........................................................................... ______ _ 5 
·i •........................................................................... ______ _ 2 
"PT: 

Te:52S0C and VeE:5125V ................................................. ______ _ 100 
Te :52S0C and VeE:512SV ................................................. _____ _ See Fig. 1 
Te > 25°C and VeE> 125 V ................................................. _____ _ See Fig. 1 

·T.Ig,TJ ••••••••••••••• '" ••••••••••••••••••••••••••••••••••••••••••••••••••••• _----- -65 to 200 

TL 
At distance ;:'1/32 in. (0.8 mm) 
from seating piane for 10 S max ............................................. ______ _ 230 

• In accordance with JEDEC registration data 

2N5240 
375 

350 
300 

v 

V 
V 
V 
A 

A 

w 

_ _____ oC 

_________________________________________________________________ 2-85 



2N,523.9, _ 2~5240. 
. II; ,':>.,...., . 

ELECTRICAL CHARACTERISTICS. At Case Temperature (Tc) = 25°C unless otherwise specified 

TEST CONDITIONS LIMITS 

-. -VOd"AGE CURRENT 
2N5239 CHARACTERISTIC 

Vdc Adc 
- 2N52l10 

Vc. Va. Ic la M!n. _Max. Min.- Max. 

ICEO 200 0 - 5 - 2 

300 -1.5 - 4 - -
ICEV 

375 -1.5 - - - 2 

(Tc = 1500C) 300 -1.5 - 5 - 3 

lEBO (VEB = 5 V) 0 - 5 - 1 

(VEB = 6 V) 0 - 20 - 20 

VEBO 0.02 6 - 6 -
VCEO(Susja 0.2b 225 - 300 -
VCER(SUS)a (RBE < 50 m 0.2b 250 - 350 -

10 OAb 20 80 20 80 

hFE 10 2b 20 80 20 80 

10 4.5b 5 - 5 -
VBE 10 2b - 3 - 3 

2b 0.25 - 2.5 - 2.5 
VCE(sat) 

4.5b 1.125 - 5 - 5; 

ISlb (t = 1 s) 125 0.8 - 0.8 -
I hte[{f = 1 MHz) 10 0.2 2 - 2 -
h,. (f = 1 kHz) 10 4 20 - 20 -
IT 10 0.2 2 - 2 -

CobO (f = 1 MHz) 10c 0 - 250 - 250 

RBJC - 1.75 - 1.75 

* In accordance with JEDEC registration data. 

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

b Pulsed; pulse duration::; 350 PS. duty factory::; 2%. . 

c VCB value. 

25 50 75 100 125 150 

CASE TEMPERATURE (Tel _·C 

175 200 

.2L1-I~R2 

u 
o 

0.01 01 LO 
COLLECTOR CURREN'TtJcl-A 

. 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 VOLTAGE (VCE) - V 

92CM-35179 

Fig. 3 - Maximum operating areas for both types. 
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~ 3 

~ 
~ 2 

~ 
8 I 

BASE-TO-EMITTER VOLTAGE (YaE)-Y 

Fig. 4 - Typical transfer characteristics for both 
types. 
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Fig. 6 - Typical gain-bandwidth product as a 
function of col/ector current for both 
types. 
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Fig. 5 - Typical output characteristics for both 
types. 
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Fig. 7 - Typical saturated-switching time 
(storage) as a function of col/ector 
current for both types. 
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2N5239,2N5240 
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Fig. 8 - Typical saturated-time (turn-on or fall) 
as a function of collector current for 
both types. 

COLLECTOR-TO-EMITTER VOLl'ME (Va:t-'tI ...... ,.". .. , 

Fig. 10 - Oscilloscope display for V CEO(SUS) 
and VCERfsus) measurement. 

, PULH'".N!RATGIit 
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CHAJIrIIL " _ C ..... NNIL. 

WlTCH'IN. T.II': 
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Fig. 9 - Circuit used to measure sustaining 
voltages, VCEO(sus) and VCER(SUS) for 
both types. 
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Fig. 11 - Circuit used to measure switching 

times for both types. 
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Fig. 12 - Phase relationship between input and 
output currents showing refenmce 
pOints for specification of switching 
times. 
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____________________________________ Power Transistors 

File Number 322 

Silicon N-P-N Transistors 
General-Purpose Types for Medium-Power Switching and 
Amplifier Applications 
F •• ture.: 
• Low saturation voltage -

VeE(sat) = 1 V max. at Ie = 0.5 A (2N5294) 
= 1 V max. at Ie = 1 A (2N5296) 
= 1 V max. at Ie = 1.5 A (2N5298) 

• Maximum safe-area-of-operation curves specified 
for DC and pulse service 

The 2N5294, 2N5296, and 2N5298 are triple-diffused silicon 
n-p-n transistors. They are intended for a wide variety of 
medium-power switching and amplifier applications such 
as series and shunt regulators, and in driver and output 
stages of high-fidelity amplifiers. 

These plastic power transistors differ in voltage ratings and 
in the currents at which the parameters are controlled. 

All types are supplied in the JEDEC TO-220AB 
(VERSAWATT) plastic package. 

MAXIMUM RATINGS. Absolute-Maximum Values: . 

'COLLECTOR-TO-BASE VOLTAGE .•...•.•.•.......•......•..•.......••..• VeBO 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With -1.5 volts (VaE) of reverse bias ................................. VeEv(sus) 
With external base-to-emitter resistance (RaE) = 100 Cl ...•.••......•. VeER(SUS) 
With base open ................................................... 'VeEo(SUS) 

'EMITTER-TO-BASE VOLTAGE ........................................... VEBO 
'COLLECTOR CURRENT .................................................... Ie 
'BASE CURRENT ... ; ......................................................... la 
'TRANSISTOR DISSIPATION, PT 

At case temperatures 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 & Operating (Junction) ........................................... .. 

LEAD TEMPERATURE (During Soldering): 
At distance 2: 1/8 in. (3.17 mm) from case for 10 S max. .. .................. . 

'In accordance with JEDEC registration data. 

2N5294, 2N5296, 2N5298 

TERMINAL DESIGNATIONS 

92CS-39969 

JEDEC TO-220AB 

2N5294 2N5298 2N5298 
80 60 80 V 

80 60 80 V 
75 50 70 V 
70 40 60 V 
7 5 5 V 
4 4 4 A 
2 2 2 A 

36 36 36 W 
Derate linearly at 0.288 W/oC 

or see Figs. 1 & 2 
1.8 1.8 1.8 W 

Derate linearly at 0.0144 W/oC 

__ -65 to +150 __ °C 

235 °C 
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2N5294, 2N5296, 2N5298 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 250 C, Unless Otherwise Specified. 

TEST CONDITIONS 

DC 
DC Emitter DC 

Characteristic Symbol Collector or Base Current (A) 
Voltage (V) . Voltage (V) 

VCE VEB VBE Ic IB 

65 -1.5 
IcEv 35 -1.5 

Collector-Cutoll Current 
With baslHlmiller junction 

65 -1.5 reverse bi ased IcEV 
(Tc = 1500C) 35 -1.5 

Collector-Cutoff Current icER 
50 

With external base-tlremiller 
ICER 50 resistance (RBE) = lOOn 

(Tc = 1500C) 

Emiller-Cutoff Current lEBO 
7 
5 

4 0.5 
DC Forward-Current T ransler Ratio hFE C 4 1 

4 1.5 

Coliector-tlrEmitler 0.1 0 
Sustaining Voltage VCEO(sus)c 0.1 0 
With base open 11.1 0 

0.1 
Wi th external base-tlremi lIer VCER(SUS)C 0.1 

resistance (RBE) = 100D 0.1 

-1.5 0.1 
With base-emiller junction VCEV(sus)c -1.5 0.1 

reverse biased -1.5 0.1 

4 0.5 
Base-to-Emiller Voltage VBE C 4 1 

4 1.5 

0.5 0.05 
Coliector-tlrEmiller VCE(sat)c 1 0.1 

Saturation Voltage 1.5 0.15 

Gain-Bandwidth Product IT 4 0.2 

Sat. Switching Time 
0.5 0.05° 

Turn-On (See Figs. 22 . 24) ton Vcc = 30 1 0.1° 
1.5 0.15° 

0.5 _0.05° 
Turn-Off (See Figs.22 - 24) toff VCC = 30 1 -O.1b 

1.5 -O.15b 

Thermal Resistance 
(Junction-tlrCase) i9.J.c 
(Junction-tlrAmbiimt) i9.J-A 

a IS1 value (turn-on base current). b I ~ value (turn-off base current). 

'In accordance with JEDEC registration data. 

LIMITS 

" 

2N5294 2N5296 
',' 

2N5298 Units-

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

- 0.5 - - - 0.5 
- - - 2 - - rnA 

- 3 - - - 3 
- - - 5 - - rnA 

- 0.5 - - - 0.5 
rnA 

- 2 - - - 2 rnA 

- 1 - - - - rnA - - - 1 - 1 

30 ·120 -" - - -- - 30 120 - -- - - - 20 80 

70 - - - - -
- - 40 - - - V 
- - - ...: 60 -
75 - - - - -
- - 50 - - I: V 
- - - - 70 

80 - - - - -
- - 60 - - - V 
- - - - 80 -
- 1.1 - - - -
- - - 1.3 - - V 
- - - - - 1;5 

- 1 - - - -
- - - 1 - - V 
- - - - - 1 

0.8 - 0.8 - 0.8 - MHz 

- . 5 - - - -
- - - 5 - - iJ.S - - - - - 5 

- 15 - - - -- - - 15 - - iJ.S - - - - - 15 

- 3.5 - 3.5 - 3.5 OC;W 
- 70 - 70 - 70 OC;W 

C ,/ • 
Pulsed,pulse duration = 300 I'S. 
duty factor = .018. 
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2N5294, 2N5296, 2N5298 

92CM-4028Z 

Fig. 1 - Maximum operating areas for all types. 
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Fig. 2 - Derating curve for all types. 

300 

TC" 100°C 
w 
~ 

! I. e 

" ~ z .. 
~ 
:> 30 

r-p:rf.-o~ 

~ f-"'-: .. r---- --

0 
0 COMMON EMITTER 
0 VeE" 5Y 

10 

0.02 0.05 0.' 0.3 0.5 

COLLECTOR CURRENT Ie (A) 

I 
I 

ZIJO 

I. 

Fig. 3 - Typical DC beta characteristics for all types. 
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2N5294, 2N5~96,2N5298 
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Fig. 4 - Typical input charactaristlcs for all types. 
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Fig. 6 - Typical ct)/lector-to-emittar saturation 
voltage as a function of col/ector 
current for aI/ types. 
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Fig. 5 - Typical output characteristics for a/l types. 
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File Number 1029 

High-Current High-Power 
High-Speed N-P-N Power 
Transistors 
Features: 
• Specification for hFE and VCE(sat) 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), VaE(sat), and VaE characteristics. All are supplied 
in JEDEC TO-204AA hermetic steel packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

o VeBO ••••••••••••••• , •••••••••••••••••••••••••••••••••••••••••••••••••••••• 

o VeEo(SUS) ...•.....•...•.•............•...•.••..••..........•.............. 
'" Veaa •••••• , •••••••••••••••••• '" •••••••••••••••••••••••••••••••••••••••• ,. 

o Ie .........•.........•......•............................•.•.......••...•. 
'" leM ••.•...••••••..••..•.•••••.• , •••.•..•.•..••••..•....•..••••...•....••.• 

o 18 •••••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••••••• 
IBM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

oPT 
At TeS 25·C ......................................................... . 
At Te> 25·C •.•.......•.........•..•....••...••......... derate linearly 

o TJ • T ...................................................................... . 
TL 

At distance 2: 1/32 in. (0.8 mm) from seating plane for 10 s max. 

o In accordance with JEDEC registration data format JS~ RDF-2. 

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/·e 

See Figs. 1 & 2 
-65 to 200 ·e 

230 ·e 
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Power Transistors--:-__________________________________ _ 

2.N5301, 2N5302, 2N5303 
ELECTRICAL CHARACTERISTICS, at Case Temperature (T cJ = 25°C unless otherwise specified 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 
* 
* 

CHARAC-
TERISTIC 

ICBO 

ICEX 

ICEX 
TC = 
150°C 

ICEO 

lEBO 

hFE 

VCEO(sus) 

VBE 

VBE(sat) 

VCE(sat) 

ISlb 
tp = 1 s 
nonrep. 

Ihfel 
1= 1 MHz 

hie 
1= 1 kHz 

tr (See Fig.B) 

ts 
tf 

ReJC 

TEST CONDITIONS 

VOLTAGE CURRENT 
V dc Adc 

VCE VBE IC IB 

40a 

60a 

80a 

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. 

cIB1~-IB2 

LIMITS 

2N5302 2N5303 UNITS 

Min_ Max_ Min_ Max_ 

- - - -

- 1 - -

- - - 1 

- - - -

- 1 - -
- -- - 1 

- - - - mA 
- 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 IlS 

- 1 - 1 

- 0.875 - 0.875 °C/W 

a VCB b Pulsed; pulse duration = 300.us, 
duty factor = 1.8% 
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______________________________________ PowerTransistors 

2N5301, 2N5302, 2N5303 

92CS-29797 

Fig. 1 - Maximum operating areas for 2N5301, 2N5302, and 2N5303. 

C 
ZW 

~~~ 
~~g 
~~e 
~ffi~ 

i~~ 
~~r 
CC4 

~~§ 
ZN~ 
W' ~ 

ffi~a 
~~ 

100 

75 

50 

" 

NQTE:CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
AND IS/b-LlMITED PORTION OF MAXIMUM-OPERATING 
AREA-CURVES. 00 NOT DERATE THE SPECIFIED VALUE 
FOR Ie MAX. 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE CTC1_oC 

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

COLLECTOR-lO-EMITTER SATURATION VOLTAGE {VcEfsatl]-V 

Fig. 4 - Typical saturation voltage characteristics 
for 2N5301, 2N5302, and 2N5303. 

0.1 4 6 8 I 4 ~ 6 eta 
COLLEeTOH CURRENT tIc1-A 

Fig. 3 - Typical de beta characteristics as a 
function of collector current far 

2N5301, 2N5302, and 2N5303. 

BASE-:rO-EMITTER VOLTAGE (VBE)-V 

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

-.: 

IC/IB~IO 
6 CASE TEMPERATURE (Tc)- 25-C .~ 

4:-r------t-Ttt-t-j-r:-:". "'" j----,--r--t-t:-J 

---t--~---r---r--'--l 

0.01 
2 6 8 10 • • 100 

COLLECTOR CURRENT IIC)-A 

Fig. 6 - Typical delay-time and ri.e-time charac
teristics 88 a function of collector current 
for 2N5301, 2N5302, and 2N5303. 

. II:---n 
- 2V:J--1-
~ 
I, :52Onl 
P.W."IO TO 100,.. 
D,C."2% 

+IIv--n 
_9:=t 
~ 
'r:a20n. 
P.W. -10 TO 100,... 
D.c."2'" 

Ion 

'al 

Ion 

VBS--4V 

'01 

OJ 
8 8 10 

COLLECTOR CURRENT (Icl-A 

6 8 100 

Fig. 7 - Typical .torage-time and fall-time charac
teristics as a function of col/ector current 
for 2N5301, 2N5302, and 2N5303 • 

TRANSISTOR 
UNOER 
TEST 

~ 
I, :s20ns 
Z >IOK 

OSCIU.OSCOP£ 
1,$ 20nt 
Z>\oK 

D:COLlECTOR-BASE DIODE 
OF 2N3252 

Fig. 8 - Equiveient tMt circuit. fIN ri.e-time raj and 
fell-time and .torage-time (IIJ measurements 
for 2N5301, 2N5302, and 2N5303. 
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________________________________________________________________________ PowerTransistors 

File Number 325 2N5320, 2N5321,2N5322, 2N5323 

Complementary N-P-N & P-N-P 
Silicon Power Transistors 
General-Purpose Types for Small-Signal, 
Medium-Power Applications 
Features: . 
• 2N5322 J P-N-P r 2N5320 

2N5323 Complements of: l 2N5321 
• Meximum safe-area-of-operation curves 
• Planar construction for low-noise and low leakage characteristics 
• Low saturation voltage 
• High beta at high col/ector current 

The 2N5320, 2N5321, 2N5322 and 2N5323 are 
doubled-diffused epitaxial-planar snicon power transistors 
intended for small-signal medium-power applications. The 
2N5320 and 2N5321 n-p-n types are actually high-current, 
high-dissipation versions of the 2N2102 with all of the 
salient features of that device. The 2N5322 and 2N5323, 
p-n-p complements of the 2N5320 and 2N5321, are actually 
high-current, high-power versions of the 2N4036 with all of 
its additional outstanding features. 

The 2N5320, 2N5321, 2N5322, and 2N5323 are supplied in 
the TO-205AD package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N5321 

·Ve.o....................................................... 75 
VeEV 

V.E = -1.5 V ............................................. 75 
VeER 

R.E=100n ............................................. 65 
·VeEo....................................................... 50 
'V'BO ............•...•..........•...•.......••••..•........• 5 
'Ie... ........... .... ....... .... .... .......... ...... ........ 2 
'I. ......................................................... 1 
'PT 

TeS25·C .............................................. 10 
Te>25·C ............................................. . 

*T.tg, TJ •.•.....•.••..............•......••...........•....•• 
'TL 

At distance> 1/16 in. (1.58 mm) from seating plane 
lor10 s max ............................................ . 

• In accordance with JEDEC registration data format (JS-6-RDF-1). 

TERMINAL DESIGNATIONS 

,fj"",,, 
92CS-27512 

JEDEC TO-20SAD 

2N5323 2N5320 2N5322 

-75 100 -100 V 

-75 100 -100 V 

-65 90 -90 V 
-60 75 -75 V 
-5 7 -7 V 
-2 2 -2 A 
-1 -1 A 

10 10 10 W 

Derate linearly at 0.057 WI· C 
-65 to +200 ·C 

230 ·C 
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Power Transistors 

2N5320, 2N5321 ,2N5322, 2N5323 

ELECTRICAL CHARACTERISTICS, Case Temperature (Tci = 250 C, unless otherwise specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 
2N5320 UNITS CHARACTERISTIC Vde mAde 2N5321 . 2N5322 2N5323 

VCE VBE IC IB Min. Max. Min. M.x. ·Min. Max. Min. Max. 
8()o' 0.5 

ICBO 
6oA- 5 

/lA -8oA- -0.5 
-6oA- -5 

100 -1.5 0.1 

* ICEX 
75 -1.5 0.1 mA -100 1.5 -0.1 

-75 1.5 - -0.1 

70 -1.5 5 

TC = 150°C 45 -1.5 5 mA -70 1.5 -5 
-45 1.5 -5 

-7 a 0.1 
-5 a 0.1 mA 
7 a -0.1 

* lEBO 
5 a - -0.1 
5 a 0.1 

-4 a 0.5 
/lA" 5 a -0.1 

4 a - -0.5 

V(SR)CEV 
-1.5 0.1 100 75 

V 1.5 -0.1 -100 -75 

VCER(sUS)a 100b 90 65 V 
RSE = lOon -100b -90 -65 

* VCEO(sus)a l00b a 75 50 
-100b 0 -75 -50 V 

• VCE(sat) 
500b 50 0.5 0.8 

V -500b -50 -0.7 - -1.2 

* VSE 
4 500b 1.1 1.4 

V 
-4 -50()b -1.1 - -1.4 

4 500b 30 130 40 250 

* hFE 
-4 -500b 30 130 40 250 
2 1000b 10 

-2 -1000b 10 

• Ihlel 4 50 5 5 
. 1= 10 MHz -4 -50 5 5 

ISibd 
50 200 200 

-35 -285 -285 mA 

• tON 
30 500 50 80 80 

-30 -500 -50 100 100 
ns 

* tOFF 
30 500 50 800 800 

-30 -500 -50 1000 1000 
ns 

* ROJC 17.5 17.5 17.5 17.5 °C/W 

ROJA 150 150 150 150 °CM 

... VCB 

* In accordance with JEDEC registration data lormat (JS·6 RDF·l) 

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

b Pulsed; pulse duration < 300 /lS. duty lactor < 0.02. 

d Pulsed; 0.4 5 non-repetitive pulse. 
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.. 
I 
~ ... 
z ... 
0: 
0: 

2N5320, 2N5321, 2N5322, 2N5323 

6 " 

~I:. __ • 0: 8 
g 
:.l 
...J 
...J 
o 
U 

92CS-17~48 

Fig. 1 - Maximum operating areas for types 21V5320 and 21V5321. 

200 

0.' 

BASE-lO-EMITTER VOLTAGE (VBE) - v 
92CS-I5003RI 

Fig.2 - Typical static beta characteristics for types 
2N5320 and 21V5321. 

BASE-lO-EMITTER VOLTAGE {VBEJ- V 

Fig.4 - Typical output characteristics for types 
2N5320 and 2N5321. 

BASE_lO_EMITTER VOlTAGE (VaEI _ v 

92CS-15002RI 

Fig.:.J - Typical static beta characteristics for types 
21V5322 and 2N5323. 

-I 

BASE·lQ.EMITTER VOLTAGE (Ve) _ v 
92CS-15000Rl 

Fig.5 - Typical output characterisitcs for types 
2N5322 and 2N5323. 
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2N5320,2N5321,2N5322,2N5323 

COLLECTOR-TO-EMITTER VOLTAGE IVCEI-V 

S2CS-17547 

Fig.6 - Maximum .operating areas lor types 2N5322 and 2N5323. 

COLLECTOR· To..eM'TIER VOLTAGE. (Vcel .. 4 V 

COLLECTOR CURRENT fie) ~ .. A 92CS-I!5005RI 

Fig.7 - Typical transfer characteristics for types 
2N5320 and 2N5321. 

COLLECTOR-TO-EMITTER VOLTAGE IVCE)-V 

92CS-I!5006RI 

Fig.9 - Typical input characteristics for types 
2N5320 and 2N5321. 

COlLECTQR·1o..EMlnER VOLTAGE ('ICE) = -4V 

n' J~ ~ ..,.f-- r-., .-
i ioo 

AMBIENT TEMPERATl.e (T I = 25"C 
~ 

r-t-' ~ 80 

~ r 
~ " V 

i 1\ it ., 

[\' ! 
~20 \ g 

-0.1 _1 _10 100 - - 1,000 

COLLECTOR CURRENT (lc)- ... A 
92CS-\!5004RI 

Fig.8 - Typical transfer characteristics for types 
2N5322 and 2N5323. 

-0. CASE TEMPERATUREITc)-2S-C 

-0.6 

~-Q3 

8 -0.2 

-OJ 

-10 

-s 

-. 
-4 

BASE CURRENT IIa'- -2mA 

~ -2 ~ ~ ~ ~ ~ ~ -9 
COLLECTOR-tO-EMITTER VOLTAGE IVCEI-V 

92CS-I!5007RI 

Fig. 70 - Typical inPut characteristics for types 
2N5322 and 2N5323. 
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* • 

2N5320, 2N5321,2N5322, 2N5323 

'0'66 2 - 10 1/ Vce" 30 ... 
tADJUST TO SET t82.) 

OUTPUT TO 
OSCILLOSCOPE 

"CHANNE1. An 
Z_106n 

C1N '"20pF 

Ir Sl5ns ISOn. 

For 2N5322 or 2N5323, reverse 
direction of IS1 and IS2 and re~ 
verse polarity of VSS and Vee. 

OSCILLOSCOPE 
GROUND 

Fig. 11 - Circuit used to measure switching times 
for all types. 
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2N5415, 2N5416 

Silicon P-N-P High-Voltage 
Planar Transistors 
For High-Speed Switching and Linear-Amplifier 
Applications in Military, Industrial and 
Commercial Equipment 

Features: 
- 2N5415: p-n-p complement of 2N34400 

2N5416: p-n-p complement of 2N3439" 
_ Maximum safe-area-of-operation curves 
_High-voltage ratings: 

VCBO = -350 V max (2N5416) 
VCEO = -300 V max. (2N5416) 

-200 V max. (2N5415) 

The 2N5415 and 2N541 S- are silicon p-n-p transistors with 
high breakdown voltages, high frequency response, and 
fast switching speeds. 

These transistors differ primarily in their voltage ratings. 
Typical applications include high-voltage differential and 
operational amplifiers; high-voltage inverters; and high
voltage, low-current switching and series regulators. 

The 2N5415 and 2N5416 are 'supplied in the JEDEC TO-
205AD package. 

-Formerly RCA Dev. Types TA281e and TA281eA, 
°Data on types 2N3439 and 2N3440 are given in RCA data bulletin 

File No. 64. 

MAXIMUM RATINGS, AbsOlute-Maximum Values: 

" VCIO , ......... , ............................................ , ................ . 

VeEA 
RBE = son ...................... , ....................................... . 

.. VCEO ••..•.•••..•••.•.••••.••.•••..•....•.•..••••••.••••••••.••••••..••.•.•..• 

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

" Ic .......................................... , ................................ . 
" la ........................................................................... . 
" PT 

Tc,s2S·C ................... , .......................................... . 
Tc>2S·C ........................ , ................................ , .... . 
Tc,sSO·C ............. , ............................................. , .. . 
T G > 50· C .............................................. Derate linearly at 

.. T.tg, TJ .................................................... , ....•..........••.. 
" TL 

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

"In accordance with JEDEC registration data format (JS-e RDF-8). 

File Number 336 

TERMINAL DESIGNATIONS 

gSa 
.. -o-e(eASEI 

92CS-21S12 

JEDEC TO-20SAD 

2NS415 2N5416 
-200 -350 

-350 
-200 -300 
-4 -6 
-1 -1 

-0.5 -0,5 

10 10 
See Figs. 1 & 2 

1 1 
6.7 6.7 

-65 to +200 

255 

v 

v 
V 
V 
A 
A 

w 

w 
mW/·C 

·C 
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------------------__________________ Power Transistors 

2N5415,2N5416 
ELECTRICAL CHARACTERISTICS. Case Temperature (TC); 25°C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT UNITS 
Vde mAde 2N5415 2N5416 

VCB VCE VBE IC IB MIN. MAX. MIN. MAX. 

-250 0 - - - -50 

'CEO -150 0 - -50 - - J1A 

* 'CBO -280 - - - -50 
JiA 'E; 0 -175 - -50 - -

-300 1.5 - - - -50 

'CEV -200 1.5 - -50 - - J1A 

6 0 - -- - -20 
'EBO 4 0 - -20 - - J1A * 

-10 -50b - - 30 120 

* hFE -10 -50b 30 150 - -
VCEO(sus) -50 0 -20oa - -300a - V 

VCER(sus) 
-50 - - -35oa - V 

RBE = 50 Q 

VBE -10 -50b - -1.5 - -1.5 V 

VCE(sat) -50b -5 - -2.5 - -2 V 

hfe -10 -5 25 - 25 -
f = 1 kHz 

* 

Ihfel -10 -10 3 - 3 -
f; 5 MHz 

* 

Re(hie) 
-10 -5 - 300 - 300 Q 

f = 1 MHz 
* 

Cib 5 0 - 75 - 75 pF f; 1 MHz 
* 

Cob -10 - 15 - 15 pF 
f; 1 MHz 

* 

'Sib -100 -100 - -100 -
rnA 

tp = 0.4 s nonrep. 

RIJJC - 17.5 - 17.5 °C/W 

* In accordance with JEDEC registration data format (JS-9 RDF-8). 

a CAUTION: The sustaining voltages VCEO(sus) and VCER(sus) MUST NOT be measured on a curve tracer. 
b Pulsed: Pulse = 300 I's; duty factor ';;2%. . 
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2N5415, 2N5416 

I
Z 

'" II: 
II: a 
II: 

~ 
U 

'" ..J 

8 

-I -10 -100 

COLLECTOR -TO -EMITTER VOLTAGE (VCEI- V 
~2C5-11668RI 

Fig. 1 - Maximum safe operating areas. 

f:i: 

25 50 75 100 125 150 115 200 
CASE TEMPERATURE IT c1- ·c 

Fig. 2 - Dissipation derating curve. 

. " _10 
. .. -... 

COI..L£CTOR CUIUl£tl,T tiel - ..... 

Fig. 4 - Typical gain-bandwidth product for 
both types. 

COLLECTOR-TO EMITTER VOLTAGE (VCE' "to v 
200 

I .. 
180 ~ ,.~Jc ~ I .. ...... Pi ~ 140 

l- I 
~ :00 ,... I ... ,,,,,~ 

"- '----,~!~ 
~!8C cpr.~\~c' 

~2 
...... 11.1 \ 

.. I< k \I 
~'" ....... II I ~ g 20 

II 
_0.12 46!1 2 <4 6!IO. 2 4.6!'1OO2 46!IOOO 

COLLECTOR CURRENTIIc)-mA 

Fig. 3 - Typical de beta characteristics for 
both types . 

COLLECTOR CURRENT Clel-IRA ,zet-ITIII 

Fig. 5 - Typical collector-to-emitter saturation 
voltage for both types. 
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BASE-TO-EMITTER VOLTAGE (VBE)-V 92C$-22546 

Fig. 6 - Typical input characteristics for 
both types. 

COLLECTOR.TO-EMITTER VOLTAGE IVCEI- V 

Fig. 8 - Typical output characteristics for 
both types. 

BASf·TQ.EMITTER VOLTAGE (VBEI- V 

Fig. 10 - Typical transfer characteristics for 
both types. 

2N5415, 2N5416 

20 40 80 100 
COLLECTOR CURRENT C1cl-mA 

110 

92CS-17515RI 

Fig. 7 - Typical turn-on time characteristic 
for both types. 

COLLECTOR CURRENT IICI-mA 

Fig. 9 - Typical storage-time characteristic for 
both types. 

40 
COLLECTOR CURRENT 11CI-mA UCS-I1!5IS 

Fig. 11 - Typical fall-time characteristic for both 
types. 
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2N5490~2N5497 .' File Number 353 

Silicon N-P-N 
VERSAWATT·Transistors 

TERMINAL DESIGNATIONS 

General~Purpose Types for Medium-Power 
Switching and Amplifier Applications '~':"'loll );.~ 

TOP VIEW .B 
Features: 
• Low satucation,Vo/tage -

V CE(sat) = 1 V max. at I C = 2 A (2N5490. 2N5491) 
1 V max. at I C = 2.5 A (2N5492. 2N5493) 
1 V max. at I C = 3 A (2N5494. 2N5495) 
1 V max. at Ic = 3.5 A (2N5496. 2N5497) 

The 2N5490. 2N5491. 2N5492. 2N5493. 2N5494. 2N5495. 
2N5496 ana-2NS497' are silicon n-p-n transistors. They 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. 

Types 2N5491. 2N5493. 2N5494. and 2N5497 have formed 
emitter and base leads for insertion'into TO-213AA sockets. 
Types 2N5490. 2N5492. 2N5494. and 2N5496 are electrically 
identica.l.to the 2N5491; 2N5493. 2N5495. and 2N5497 but 
have straight leads. . 

These plastic-package power transistors differ in voltage 
ratings and in the currents at which the parameters are 
controlled. 

'Formerly RCA Dev. Nos. TA7317. TA7318. TA7315, TA7316, TA7313, 
TA7314, TA7311, TA7312, respectively. 

Maximum Ratings • .. \/Jsolute-~laximllm Value's: 

COLLECTOR-TO-BASE VOLTAGE ......... . 

COLLECTOR-TO-E~IITTER SUSTAINI:-;C; VOLT,\(}I<:: 

_c_ 
(FLANGE) 

With -1.5 volts (VB~;) of r~vers" bias. . . . . . . . . . .. V('I';V(8U8) 
With (-'xt£:'ti1all.l3sE'-to-l~mitt('r rE'sistnncf' (RHE) = 10012 . VCER(sus) 

With bU8~ open. . . .. ' ................. V("I';O(8U8) 

EMITTER-TO-BASE VOL1'AG":. . . . . . . . . . . . . . . . . .. Vlmo 
COU_ECTOR CURRENT ....... '.' . . . . . . . . . . . . . . Ie 

BASE CURRENT '.' . . . . . . . . . . . . . . . . . . . . . . . . . . III 
·TRA.'ISIS1'OR DL'lSIPATION: .............. . 

At case. temperatures up to 25:)C ........ . 

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

92CS-39969 

JEDEC Toc220AB 

o 
TOP VIEW 

92CS-40'86 

JEDEC TO-220AA 

21'15490 
21'15491 
21'15494 21'15492 21'15496 
21'15495 21'15493 21'15497 

GO 75 no Ii 

GO 7f) flO V 

50 H5 ~O \" 

40 55 70 \" 

5 5 .5 \. 

7 7 7 A 

3 :1 a A 

50 50 50 W· 

l.~ I.R 1.8 II" 

At ·c.Rse temperatures above 25°C ... ".".""" ... ". "Dt:'ratl' lint"'arly at O.4"W /oC or Sl"l~ Figs.:2: & 3. 

At ambien"t temPeratures ahovp 25°C. ~ ... " ........ " DNat. linparly at 0.0144 WioC 

n"MP"RATIJRE RANGE: 

StoJ;"Hge & Operating (Ju~etion) .. "" ..... " ....... . -(is to 150 _ °c 
LI,AD T~;~tPERA-rliRE (During Sold,'ring): 

Atdistancc 2: I/Hin.(-3.17mm) fromcnseforlOs max" .. 235 
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________________________________ Power Transistors 

2N5490-2N5497 
ELECTRICAL CHARACTERISTICS. Case Temperature (TC) "'2!PC Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

DC 
DC 

Types Types Types Types 
Characlerislic Symbol Voltage 2N5496 2N5494 2N5492 2N5490 Units 

(V) Current (A) 2N5497 2N5495 2N5493 2N5491 

VCE VBE IC IB Min. Max. Min. Max. Min. Max. Min. Max. 

85 -1.5 1 
Collector-Cutoff Current ICEV 55 -1.5 1 rnA 

With base-emitter junction 70 -1.5 1 
reverse biased 85 -1.5 5 

ICEV 55 -1.5 5 mA 
(TC = 150°C) 70 -1.5 5 

70 0.5 

Collector-Cutoff Current ICER 40 0.5 2 rnA 

With external base-to-emitter 55 0.5 

resistance (RBE) = 1000 70 3.5 
ICER 40 3.5 5 mA 

(TC = lS00C) 55 3.5 

Emitter-Cutoff Current lEBO -5 1 1 1 1 mA 

4 3.5 20 100 
4 3 20 100 

DC Forward-Current Transfer Ratio hFEc 
4 2.5 20 100 
4 2 20 100 

Collector-to-Emitter Sustaining 
Voltage: VCEO(sus)c 0.1 0 70 40 55 40 V 
With base open 

With external base-to-emitter VCER(suS)c 0.1 80 
resistance (RBE) = 100 0 

50 65 50 V 

With base-emitter junction VCEV(sus)c -1.5 0.1 90 60 75 60 V reverse biased 

4 3.5 1.7 
4 3 1.5 

V Base-to-Emitter Voltage VBE 
C 

1.3 4 2.5 
4 2 1.1 

3.5 0.35 1 
Collector-ta-Em itter VCE(sat)C 3 0.3 1 V 

Saturation Voltage 2.5 0.25 1 
2 0.2 1 

Gain-Bandwidth Product fT 4 0.5 0.8 0.8 0.8 0.8 MHz 

Sat. SWitching Time: 3.5 0.35° 5 
Turn-On ton VCC = 30 3 0.3° 5 fLS 

2.5 0.25° 5 
2 0.2 5 

3.5 0.3r 15 

Turn-Off toff VCC = 30 
3 0.3 15 

fLS 
2.5 0.25b 15 
2 0.2 15 

• I. val .. (tur •• bIIH c.rent). It 182 yahe ft .. n." bale cwrent). C Pulsed, pulse duration = 300 #41 
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2N5490-2N5497 
ELECTRICAL CHARACTERISTICS, Case TempsratJJre lTd = 2tf'C Unl ... Otherwise Specifietf ICont'd.} 

TEST CONDITIONS LIMITS 

DC 
Characteristic· Symbol Voltage 

(V) 

VCE 

Thermal Resistance: 
Junction-te-Case aJ-C 

Junction-to-Ambient eJ-A 

CASE TEMPERATURE (Tel ~ 25- C NORMALIZED POWER 
(CURVES MUST BE DERATED LINEARLY MULT~rE 
WITH INCREASE IN TEMPERATURE) P~kSE O~~JION,l~~ 

lOa NGL NONR JlTI\lE 

~ 
0 

~ 

5 
g I 

~ 
8 

0 

6 - Ie MAX (CONTINOUS) 

o~~ 
4 

, 

. 
6 

4 

2 

, 

CEO v 
- I2N5490,2N5491, 

2N5494.2N54951 

(~~~~9~~2XN~;~~J 
veEO MAX·70v 

t2N5496,2N54911 

6 . 
10 

COLLECTOR-lO-EMITTER VOI..TS NeEI 

t 

I 

I 

;; 
~ 

i'ts 

2, 
1.8 

1.2 
I 

100 

92C9-15319 

Fig. 1- Maximum operating areas for types 2NS490 
through 2NS497 inclusive. 

COLLECTOR-To-EMITTER VOLTS {VcE"4 

120 1 

r-r--Ll / '" .... 
/ 

~_IOO " .. ww .&/ §! "'<" 
1'g80 

// 
\ ~--

~: ~ 
:&:0: 60 \1,\\._ 
~w 

" ~ .ll; 

~:40 \ -;:. 
~I- '~ 20 '~ 

0 , . , 4 4 
000< '001 68 68 

01 I . " 10 

COLLECTOR AMPERES (IC) 
92CS-14979 

Fig. 3 - Typical static beta characteristics for types 
2NS496 and 2NS497. 

VSE 

DC 
Types Types Types Types 

2N5494 Units 2N5496 2N5492 2N5490 
Current (A) 2N5497 2N5495 2N5493 2N5491 

IC IS Min. Max. Min. Max. Min. Max. Min. Max. 

2.5 2.5 2.5 2.5 °C/W 

70 70 70 70 °C/W 

" " 100 125 150 175 !ID 

EFFECTIVE CASE U •. OR CASE TEMP. (TEFF OR let-DC 

Fig. 2 - Derating curve for all types. 

COLLECTOR-TO EMITTER VOLTS (vCE)- 4 

120~+-+l-I+-I+-+-ffi~-r-+l-+t---t-l-t-H 

~IOO 1 /' 
I;)0c., 

noO! 2 4 61"001 2 4 6 80.1 '1 4 68 

COLLECTOR AMPERES Hc} 

Fig. 4 - Typical static beta characteristics for types 
2NS494 and 2NS49S. 

2-108 ________ ~ ________ ~ ________ ~ ____ ~ __________ ~ ______ ~ ________ _ 



-------------------------------~---__ Power Transistors 

COLLECTOR-lO-EMITTER VOLTS IVCE}'4 

100 

weD 
~ ~ 

~ g 

]~ ~~ :60 r-!- ~ -~".'/,; 

~ ?fi,;~~ \ 

~40 r-!- c..~«..~~ 
g If \~ 

20 

I '~ 
0 , , " , , " 0.001 0.01 QI 

, , " , , " 10 

COLLECTOR AMPERES (Ie) 

Fig. 5 - Typical static beta characteristics for types 
2N5490 through 2N5493 inclusive. 

COLLECTOR-lO-EMITTER VOLTS (VCEl 92CS-14989 

Fig. 7 - Typical output characteristics for types 2N5494 
and 2N5495. 

600 

500 

~ 
~ 400 

i!' 
~ 300 

~ 200 
w 
~ 

m 100 

0.5 I 1.5 
BASE-TO-EMITTER VOLTS (VBE) 

Fig. 9 - Typical input characteristics for types 2N5494 
through 2N5497 inclusive. 

2N5490-2N5497 

1 ~ , 

"1';,.1,;;,;;" 

"" 
,';; '. ;;', "'" " '25' 

SE I ii'lai'lo" 

COLLECTOR-lO-EMITTER VOLTS {VCEl 

Fig.6 - Typical output characteristics for types 2N5494 
through 2N5497 inclusive. 

~! 

. 7.';' ~ 

, E,;, :25' 

IU oro -'0 
COLLECTOR-lO-EMITTER VOLTS (VCE) 92CS-14978 

Fig. B - Typical output characteristics for types 2N5490 
through 2N5493 inclusive. 

0.5 1.5 
BASE-lO-EMITTER VOLTS (VeE' 

Fig. 10 - Typical input characteristics for types 2N5490 
through 2N5493 inclusive. 
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2N5490-2N5497 

. 
~ . 
o 
U I 

0.5 I 1.!5 
BASE-TO-EMITTER VOLTS (VaEI 92CS-14987 

Fig. 11 - Typical transfer characteristics for types 2N5494 
through 2N5497 inclusive. 

100 

90 

... 
• ~ ~-~-~: i~ . 

0.' I.. 
BASE-lO-EMITTER VOLTS {VeEI 

92CS-14986 

Fig. 12 - Typical transfer characteristics for types 2N5490 
through 2N5493 inclusive. 

BASE-lO-EMITTER VOLTS (VaE) 92CS-15377 

Fig. 13 - Typical transfer characteristics for types 
2N5490 through 2N5497 inclusive. 
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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 
Features: 
• 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 
silicor; n-p-n transistors intended Tor 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. 

, 

i~' 
~i15 
~c 

~~!iO 
~~ 
g!ii 2' 
~ 

0 

2N5629, 2N5630, 2N5631 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

T -
, 

O/.r.r~ ..... 

~~o.,; 

~ .. .. "~O" = 
.. 00 ,. 

'00 '20 '00 11. 200 
C",SE TEMP£RATURE 1Tcl-·' 

Fig. 7 - Current derating curve for a/l types. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

* VCEO.o •••••••••••••••••••••••••••••••••••••••••• 0' •••••••••••••••••••••••• 

• Vcao •••••.•.••••••••..•..•••.•.••.•••••••••••••••••••.•.•••.•.•.•.•.•.••.• 
• Veao •••••.•.••.••••...••..••••.....••.••..•••.•••••••.•••.••.•••••.••••.•. 
• Ie ..........................................•.....•....................... 
,., leM • '0 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

• I •........................................................................ 

• PT 

AI Te:5 25°C ........••............•...•.................•.....•.••.... 
AI Te> 25°C ............................................ derate linearly 

• TJ , T ................... ·.: .•................•...................•.....•..... 
• TL al1/16 ± 1/32 in. (1.58 ± 0.8 mm) from case for 10 s .............•.•..... 

• In accordance with JEDEC registration data. 

2N5829 
100 
100 

2N5830 
120 
120 

7 
16 
20 
5 

200 
1.14 

-65 to 200 
235 

2N5831 
140 
140 

v 
V 
V 
A 
A 
A 

W 
W/OC 
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2N5629, 2N5630, 2N5631 
ELECTRICAL CHARACTERISTICS, At ease Temperature TC = 25°C 
Unleu OtharwiM Specified 

TEST CONDf'FIONS LtMtt:S u 
VOLTAGE CURMNJ N 

CHARAC· I 
TEFtlSTIC Vdc Adc 2NI8D 2NI83I. ~1 T 

Va: VBE, tc ."a. Min. Max. MiD; 
,_. 

Miti. MaX. S 

100 -1.& -
·:'CEX 120 -1.5 

140' -1.5 1 mA 
100 -1.& 5 

TC=l50oC 120 -1.5 5 
140 -1.5 5 

50 0 
... dew 80 - 0.' l' rnA 

. 70 0 1 

'ClIO 10fl11 

IE = 0 ~: mA 

• lEBO 7 0 mA 

• VCEO(sus)b !C.2C 0 100 120 140 V 

• hFEa 2 8e 25 100 20 BO 15 60 
2 16C 4 4 4 

• VBE· 2 BC 1.5 1.5 1.5 V 

• VBE(sat)1 lCC 1.8 1.8 1.8 V 

• Cabo f =0.1 MHz 
IE =0 

loa 500 500 500 pF 

• VCE(sat)a 
lCC 1 1 1 1 

V 
16c 4 2 2 2 

·"fr_ i=Cl:SMMz.' 26' l ,'." 1 MHz 

• hfe f= 1 kHz 10 4 15 15 15 

'SIb 
16.67 tp = hnonr •. 3Q; 

j". 
6;W, .. - :&;8.7 A 

'Rue ',1'0: '."" lO; Cl:i!75 '{- - itM!'75 I .;,;~~i 
::~': !fU 75 CIW 

·'·In acce' ......... witll,JEDa>I'flgi$tf.tieft..data, 
av.es Vellle; . 

b·CAUTlot.I: Sutteirrintl voltage, v cE.ol .... )I\WSTNOT8·E·mauured·Ofla ... "'nra':er; 
C Pulsed; pulseduratien 0;;;300.,. •. Dllty,·factor 0;;;2%: 

.--.---------~-

~ft»iI! COLLECTOR~ TO-EMtTTER VOLTAGE"{VC£)-2N, r-t; 
= 4 ~ \' 
0 

r-WJ~_ i · 1:.00 l--.-i' ...... 
... . 

k;!":;E pf.~"U~~ ~ . 
c • .... • ,~ ,pa~"C· a: 
l- e \1't). 

Ii • , 
'" a: .0 a: 
il • 
0 • 

I • 
2 

~ • • ... • • •• 2 4 •• 2 • •• 0.01 0.1 I 10 100 
COLLECTOR CURRENT (.Ie I-A 92CS-30146 

Fig. 2 - Typical de beta characteristics as B function 
of collector current for all types. 

Fig. 3 - Typical saturation voltage characteristics 
for all types. 
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2N5629, 2N5630, 2N5631 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 92CM-31029 

Fig. 4 - Maximum operating areas for all types (T C = 25° CI. 

! 
1.4 0.2 06 1.4 1.8 2.2 2.6 

BASE-YO-EMITTER VOLTAGE (VSEI-V 
92CS-30148 

BASE-TO- EMITTER VOLTAGE (VSE1-V 92CS-30149 

Fig. 5 - Typical input characteristics for all types. Fig. 6 - Typical transfer characteristics for all types. 

COLLECTOR SUPPL V VOL rAGE I Vee)" 30 1/ 
ISI--i.B2oI/10 Ie 
CASE TEMPERATURE C T )o2S0C 

COLLECTOR CURRENT (I C )-A 92CS-30151 

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 ps max. at Ic = 15 A 

Types 2N5671 and 2N5672" are epitaxial silicon, n-p~n 
transistors having high current and high power-l1andling
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, VCBO ••...•....•..••........•.••................... 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With base op~m, VCEO(SUS) •.•••...•••.••....•....•..••........•.•.....•............. 
With external gase-to-emitter resistance (RBE) ::; 50 n, VCER(SUS) •.••.•.......••....•... 
Witft external base-to-emitter resistance (RBE)::; 50 n & VBE=-1.5, VCEX(SUS) ....••...••• 

• EMITTER-TO-BASE VOLTAGE, VEBO •••.. '" •..•••..••..•••..•..........••.....•....... 
• COLLECTOR CURRENT, Ic ••..•.••.•••..••••...•..••...............•••••.....•....... 
• BASE CURRENT, IB •••..•.....••.•.•.•.••..••...••.•••....•.•.••••..........•...•.... 
• TRANSISTOR DISSIPATION, PT: 

At case temperatures up to 25° C and VCE up to 24 V .•.......••.•.........•••.....•... 
At case temperatures 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 2: 1132 in. from seating plane for 10 s max. . ............••.....••....... 

·In accordance with JEDEC registration data format (JS-6, RFD-1). 

120 150 

90 120 
110 140 
120 150 

7 7 
30 30 
10 10 

140 140 
See Fig. 1 

See Figs. 1 & 2 

-65 to +200 

230 

V 

V 
V 
V 
V 
A 
A 

W 

°C 

°C 
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* 

* 

* 

* 

* 

* 

* 

2N5671, 2N5672 
ELECTRICAL CHARACTERISTICS. Case Temperature (TC) = 25°C Unless Otherwise Speciliecl 

TEST CONDITIONS LIMITS 

DC 
DC 

DC 
CHARACTERISTIC SYMBOL Collector 

Emitter 
Current 

Type Type 
UNITS 

Voltage(V) 
or Base (A) 

2N5671 2N5672 
Voltage (V) 

VCB VCE VEB VBE IC IE IB 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 
- roo - -1.5 - - - - 15 - 10 mA 

(TC=I500 C) 

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

Collector-to-Emitter 
SUstaining Voltage: VCEo!sus) - - - - 0,2 - 0 91l" - 120" - V 

With base open 
With external base-to-emitter VCER(sus) - - - - 0,2 - 0 liD" - 140" - V 

resistance (RBE) "500 
With base-emrtter 

junction reverse biased VCEX(sus) - - - -1.5 0,2 - - 120" - ISO" - V 
&RBE"50O 

Base-to-Emiller Saturalion Vollage VSE(sa!) - - - - 15 - 1.2 :- 1.5 - 1.5 V 

sase-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 .. ~ 20 iOO 

Transfer Ratio - 5 - - 20 - - 20 - 20 -
Second-Breakdown 

24 5.80 5.80 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 =200, L = 180iLH 

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

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

Saturated SWitching Turn-On Time VCC= 
IB1= 

ton - - - 15 - IB2= - 0.5 - 0.5 JLS (Oelay Time + Rise Time) 30V 
1.2 

Saturated SWitching ts Vec= 15 
IBI" 

1.5 h5 
30 V - - - -

laz= 
- - JLS 

Storage Time 
1.2 

Saturated SWitching tf Vec· 15 
IBl" 

0,5 0.5 
30 V - - - -

laz= 
- - fJS 

Fall Time 
1.2 

Thermal Resistance 
8J-C 40 0.5 (Junction-to-Case) - - - - - - 1.25 - 1.25 oCIW 

"CAUTION: The sustalnln. voll .. as vCEO<sus), VCER(sus), .. d VCEX(SUS) MUST NOT be m.asured an a curv. Iracer. 

b'S/b Is defined as the cullent at which second breakdown occurs at a specified collector voltlle with the emitteJ-base junction forward 

biased for tr .. slstor """ralian In tho scllv. rOliOn_ 
°pulsed; 1-s, n ...... apeliliv. pulse. 

dES/b Is doflned as the anerlY aI which second brelkdawn.accurs under specified revers. bias condillons. ES/b = \!zL12, whero 
L Is • sories I"ed or I .... .,. Inducl .. co .. d I Is the peak calloctor cu"onL 

* In accordance with JEDEC registration data fonnat (J8-6, RFD-ll 
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2N5671, 2N5672 

-u 
~ 
(J') 
LIJ 
CI: 
LIJ 
0.. 
~ 
<! 

CI: 
0 
f-
u 
LIJ 
...J 
...J 
0 
u 

1008 CASE TEMPERATURE (TC)=25°C 
(FOR TC ABOVE 25°, DERATE LlNEARLYI 

4 

30 
ICMAX. (CONTINUOUS) 

2 

10 

8 

6 

4 

2 

I 
8 

6 

4 

\ 
\\ 

\\ \ 

\ 
2 

0·1 

VCEO MAX.: 90 V \ T (2N56711 --

~VCEO MAX.=120 V 
(2N56721 

2 4 6 8 10 2 4 6 8 100 2 4 6 8 1000 

COLLECTOR-TO- EMITTER VOLTS (VCE) 
92CS-15650 

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

NOT[:CURRENTDERATINGATCONSTANTVOLTAGE 
APPLIES ONL'f TO THE DISSIPATION-LIMITED PORTION 
AND IS/b-LIMITED PQRTIONOF MAXIMUM-OPERATING 
AREA CURVES.DONOTOERATETHESPECIF!EO 
VALUE FOR ICMAX 

50 75 100 125 ISO 175 200 
CASE TEMPERATURE (TCI-OC 

92CS-20129 

COLLECTOR TO- EMITTER VOLTAGE (VCE1- 2V 

240 - f----- f-
or -
'" ~200 -f--.. - f- -

~wl60 
>-~ 
z· 
or' 

~ \'l.?QC 0::0120 

~ ,u~ 

f---~<",.<~;- I 
~ ae c~ '2.~"C .. 
~ 

40 1--1 _5~·d ~ O' ......-r 
g 

0 ...j..---t" 
4 66 4 68 

0,01 0.1 I (0 
COLLECTOR CURRENT (IC}-A 

f-

c-

Fig. 2 - Dissipation derating curves for types 2N5671 & 2N5672. Fig. 3 - Typical dc beta characteristics for types 2N5671 & 2N5672. 
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BASE-TO-EMITTER VOLTAGE (VSE)-V 

92CS-12438RI 

Fig. 4 - Typical input characteristics lor types 2N5671 & 2N5672. 

BASE-TO-EMITTER VOLTS 92CS-12442 

Fig. 6 - Typical translercharacteristics lor types 2N5671 & 2N5672. 

2N5671, 2N5672 

~ 
'" '" 0: 

'" .. 
:E 

" 0: 
0 
I-
l;l 
..J 
..J 
0 
U 

20 

COILU'CT'OR·-TQI-EMn·TER VOLTS 92CS -15652 .. 

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

COLLECTOR SUPPLY VOLTS (VCC)=30 
Ie = 12.51S,=-12.5182 

1.4 

1.2 '""" ....... 

'" I '" z 
0 
l;l 

O.B '" 0 
0: 
U 
:;; 0.6 

I 
'" " 0.4f::":::::... ;=: ... 

0.2 

0 

r..... , 
........... 

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

r-=-

6 7 8 9 ,0 

COLLECTOR AMPERES lIe) 

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

~~'..!-r-
t, 

92CS-12429R2 

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 

Feature.: 
• Low saturation voltages 
• Maximum safe-area-of-operation curves 
• High gain at high current 
• High breakdown voltages 

The 2NS781, 2NS782, and 2NS783 are epitaxial-base silicon 
p-n-p transistors -- complements of the silicon n-p-n types 
2NS784, 2NS78S, and 2NS786-, respectively. . 

The three types in each family differ primarily in voltage 
ratings 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-20SAD package. 

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

MAXIMUM RATINGS. Absolute-Maximum Values: 

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

* With external base~to-emitter 
resistance (RBE) ~ l00!1 ............................ . 

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 2SoC ...... , .. Derate linearly 

'TEMPERATURE RANGE: 

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

*LEAD TEMPERATURE (During soldering): 

At distance;;;' 1132 in. (0.8 mm) from seating plane 
for 10 s max. . ................................ . 

VCER(sus) 

VCEO(sus) 

V E80 

IC 

IB 
PT 

P-N-P 

N-P-N 

TERMINAL DESIGNATIONS 

92CS-27512 

JEDEC TO-20SAD 

2N5781+ 2N5782+ 2N5783+ 

2N5784 2N5785 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 W 

0.057 wt C, or see Fig. 7. 

0.0057 W/oC 

----65 to +200 --- °c 

230 °c 

*In accordance with JEDEC registration data format JS-6 RDF-2. • For p-n-p devices, voltage anO current values are negative. 
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2N5781,2N5782, 2N5783, 2N5784, 2N5785, 2N5786 
ELECTRICAL CHARACTERISTICS, At Case Temperature (T ci = 2!f'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 

At TC = 150°C 65 

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

AtTC= 150°C 
ICEX -75 1.5 

75 -1.5 

With base open ICED 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)e 

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 (V CC = 
30 V, IBI = 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 /1s, duty factor = 1.B% 

b CAUTION: Sustaining voltages V CEO (sus), and V CER(sus) 
MUST NOT be measured on 8 curve tracer. 

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

IC IB Min. Max. Min. Max. 

- -10 - 10 /1A 

- -1 - 1 mA 

- -10 - - /1A 
_. - - 10 

- -1 - -
mA 

- - - 1 

0 - -100 - 100 /1A 

0 - -10 - 10 /lA 

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

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

O.la -BOb - SOb -

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 

/1s 
-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. 
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2N5781, 2N5782, 2N5783, 2N5784, 2N5785, 2N5786 

• 

• 
• 
• 
• 

• 

* 
• 

• 

• 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2~C unless otherwise specified 

TEST CONDITIONS. LIMtTS 

CHARACTERISTIC SYMBOL VOLTAGE 
Vdc 

VCE VIlE 

Collector Cutoff Current: 
With external base-to-emitter 50 
resistance (RBE) = 100 n 

ICER 

At TC = 150°C 50 

With base-emitter junction reverse-
biased and external base-to-emitter -60 1.5 
resistance (RBE) = 100 n 60 -1.5 

ICEX 

At TC = 150°C 
-60 1.5 

60 -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) 
(6.35 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 = 
3Q V, IBl = IB2): 
Turn-on tON 

(td + trl 

Turn·off 
(ts + tf) tOFF 

Thermal Resistance: 
ROJC Junction-to-case 

Junction-to-ambierit ROJA 

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

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. 

CURRENT 2N5782 2N5785 UNITS 
Adc P-R-II R-P-R 

IC III Min_ Max_ Min_ Max_ 

- -10 - 10 p.A 

- -1 - 1 mA 

- -10 - - IlA 
- - - 10 

- -1 - -
rnA - - - 1 

0 - -100 - 100 IlA 

0 - -10 - 10 IlA 

1.28 20 100 20 100 
3.28 4 - 4 -

0.18 0 -50b - 50b -
V 

0.18 -65b - 65" -

1.:zB - -1.5 - 1.5 V 

1.:zB 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 

Ils 
-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 I hfe I is decreasing 
, at approximately 6 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 V8E 

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

At TC = 150°C 40 

With base-emitter junction reverse-
biased and external base-to-emitter -45 1.5 
resistance (RBE) = 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 3): VCEO(sus) 
With base open 

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

Base-to-Emitter Voltage VBE 2 

Collector-to·Emitter 
Saturation Voltage (measured VCE(sat) 
0.25 in (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 Tim; (V CC = 
30 V, IBI = IB2): 
Turn-on tON 

ltd + trl 

Turn-off 
(ts + tf) tOFF 

Thermal Resistance: 
Junction-to-case ROJC 

Junction-to-ambient ROJA 

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

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

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

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

IC 18 Min_ Max_ Min. Max. 

- -10 - 10 JlA 

- -1 - 1 mA 

- -10 - -
JlA - - - 10 

- -1 - -
mA 

- - - 1 

0 - -100 - 100 JlA 

0 - -10 - 10 JlA 

I.Sa 20 100 20 100 
3.2a 4 - 4 -

O.la 0 -40b - 40b -
V 

O.la -45b - 45b -

I.Sa - -1.5 - 1.5 V 

I.Sa 0.16 - -1 - 1 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 Jls 

-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 Ihfe I is decreasing at 
approximately S dB per octave. 
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2N5781,2N5782,2N5783,2N5784,2N5785,2N5786 

a: 

8 
:l 
8 

120n. 
lW 

CASE TEMPERATURE (TCI = 25°C 

(CURVES MUST BE DERATED LINEARLY 
WITH INCREASE IN TEMPERATURE I ~:E±~§ffii;€3 

-6 -8 -10 -2 
cOLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

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

Isr! 
5W 

t vee· TO 12 V .. , 
~ 

-6 -8 -10 

92CS-23943 

.. ,]:---~--l 
60Hz I I 

I I L _____ J 

10mH 
STANCOR 
C·2688, 
OR EQUIVALENT 

In,l%.liW 
(NON.INDUCTIVE) 

VERT. 

+-----0 GNO. 

OSCILLOSCOPE 
INPUT 
HEWLETT·PACKARD 
MODEL No. 130 B, 

I-

~IC6m a VCEOlm) 

'" ~ )00 ABC 

8 0 40 50 65 VeE 

IC~ VCER(sus) 

100 ABC 

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

'--.... --0 HCRIZ. 

VCER(SUS) 

* FOR P·N-P TYPES 2HS781. 2N5782, & 2NS78l, 
REVERSE POLARITY OF Vee· 

OR EQUIVALENT 

- Vee· 

92SS-3862R2 

Fig. 2 - Circuit used to measure sustaining voltages V CEO (sus) 

and V CER(sus). 

o 45 65 80 VeE 
COLLECTOR-lO-EMITTER VOl TAGE (VeE)* _ v 

'FOR TYPES 2N5781, 2N5782, AND 2N5783, THE 
VALUES FOR IC AND VCE A~E NEGATIVE. 

The sustaining voltages YCEO(sus) and VCER(sus) are 
acceptable when the trace foils to the right and above 
po;n' "A" (2N5783 & 2N5786). "B" (2N5782 & 2N5785), 
0' "e" (2N5781 & 2N5784). 

92SS-386JRl 

Fig. 3 - Oscilloscope display for measurement of sustaining voltages. 
(Test circuit shown in Fig. 2). 
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2N5781, 2N5782, 2N5783, 2N5784, 2N5785,2N5786 
.-~~~----------~---------

CASE TEMPERATURE (TC) = 25°C 

INPUT: 

« 
I 
(.) 

!j 
..... 
Z 
ILl 
Q: 
Q: 
::> 
(.) 

Q: 

~ 
1;3 
..J 
..J 

8 

HEWLETT-PACKARD 
MODEL No.214A OR 

EOUIVALENT 

INPUT FROM 
PULSE GENERATOR 

(PULSE DURATION'" 
20ps; REP. RATE = 

2kHz) 

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

VBB=+3V 

4 6 8 10 2 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig. 4 - Maximum operating areas for types 2N5784, 2N5785, and 2N5786. 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL 
No.S43A OR 
EQUIVALENT 

2NS781 .. -
2N5782 •• 
2N5783 ittt 

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

P6019 AND TYPE 134 AMPLIFiER, OR EQUIVALENT 

**For N-P·N types 2N5784. 2NS785, & 2NS786, revelse direction of 
181 and 182 and reyerse pQlarity of Vas and Vee. 

92CS-156J8RI 

92CS-23944 

92CS-15619 

Fig. 5 - Circuit used to measure saturated switching times. Fig. 6 - Oscilloscope display for measurement of switching times. 
(Test circuit shown in Fig. 5). 
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2N5781, 2N5782,2N5783, 2N5784, 2N5785, 2N5786 

1000 

~ I 800 

w 

'" 

200 

W 

e~ S 
:~~ 
e9 ~ 
lIEffi U 100 
"' .. W 

S~~ 
::lEO""'· 

15 ....... 
o~ z 
W II ~ 

~~~ 
50 z ... u 

We Q 

~~ l!:! 
~S! : 

25 

50 

N TE: CURREN DERATING AT CONSTANT 
VOLTAGE APPLIES ONLY TO THE DISSIPATION· 
LIMITED PORTION AND 'SIb-LIMITED PORTION 
OF MAXIMUM--OPERATING·AREA CURVES (F1GS. 1 
& 2). DO NOT DERATE THE SPECIFIED VAlUES 
FOR Ie MAX. (CONTINUOUS). 

lS/b'lll/tfEO 

~.r.r; ... 
.~~(1. 

"")'~b 

100 150 200 

EFFECTIVE CASE TEMPERATURE OR CASE TEMPERATURE (TEFF) OR (TC) _ oC 
nsS-3861R2 

CASE TEMPERATURE (TC'=25·C 
I81=-182=-0.1 Ie 

Fig. 7 - Dissipation derating curve for al/ tvpes. 

-3.5 

CASE TEMPERATURE (Tel" 2S0 C 
lSI" IB2 = 0.1 Ie 

f-------··I..:.· .. '_;" 

0.5 1.0 1.5 2.0 
COLLECTOR CURRENT (IC' - A COLLECTOR CURRENT (Ie) - A 

92CS-23945 

2.5 3.0 

92SS·4lIO 

Fig. 8 - Typical saturated switching characteristics for types 2N5781. 
2N5782, and 2N5783. 

Fig. 9 - Typical saturated switching characteristics for types 2N5784, 
2N5785, and 2N5786. 

1U~ COlLECTOR.YO.EMITTER VOLTAGE (Vee)" -2V 1-----+--1--+-1 
6 CASE TEMPERAnlRE (Tel" 250 C _+ ___ + __ f------

" .I----+---+-~-+--I---+--+-+-+~ 
li , 
~ 

i r- -1---"-
: 101----I----+--t-+-I----I----+--F~~ 
~ 81----t---+--+--I--r---r----+--+-~ 

~ 
~ 41----+---+-+_+-r-----+---+--+-~ 

i'i 

l.n 
- 10 6 8 _ 100 8_ 1000 

COLLECTOR CURRENT (Id -mA 
92SS-4313 

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

~ 

10.~ COLLECTOR-lO.EMITTER VOLTAGE (Vee) = 2V 

.~C~AS~E~T~E"-P~E~RA~T~U~RE~(TT~c)-=-2,S.-C,__.----_+_----+_--}_+-~ 

~ , ----I----l------+----I ... 
u 
5 
0 
f1.o ----
i= 
Q ., 
Q 

~ 
" " 

8 

• . 

0.1 
10 

--1--

I 

8100 

COLLECTOR CURRENT (Ie) - mA 

I I 

81000 

mS·4'l12 

Fig. 11 - Typical gain·bandwidth product for types 2N5784, 
2N5785, and 2N5786. 
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2N5781, 2N5782, 2N5783, 2N5784,2N5785, 2N5786 

, 

~ 
0 
>-

~ 
8 

I 

CASE TEMPERATURE eTC> = 25°C 
INDUCTANCE (ll = 40mH 
BASE-EMITTER RESISTANCE (RBE) " loon 

iCc "';c :::: 
"'y 

I::: :::;:::: t::: 

[ :::: 

rs.;. r::: 
L 

t:~' ~:: !:~: 

BASE· TO· EMITTER VOLTAGE (YSE) - y 92S5-4315 

Fig. 12 - Reverse-bias second-breakdown characteristics for types 

2N5781, 2N5782, and 2N5783. 
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I 
u 
!::! ... 
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'" II: 
a: 
=> 
0 

a: 
0 ... 
0 

'" ..J 
..J 
0 
u 

-0.2 -0.4 -0.6 -0.8 -1.0 

BASE· TO· EMITTER VOLT AGE (VaE) - v 
92SSo431l 

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

-, COLLECTOR -",.1 '"" VOLTAGE (VCE1=-2V 

_2}E11H\ 1.tt1 

lliJ Uil 'Hi 

Ifilli" liH 
;::ilii t II!! 
:Hi:: iii: . ',i/ -1.5 

::1: ifi 
,:Ii: ttl -1 

~.:.:""; 

-0.5 #~ 
~,:p", 

0 
-0. -0'" -0.6 ).8 -I -1.2 -1.4 -1.6 

BASE-TO-EMITTER VOLTAGE (VBEl - V 

92CS-23946 

Fig. 1.6 - Typical transfer characteristics for types 2N5781, 
2N5782, and 2N5783. 

=100n 

-1 -2 -3 -4 -5 

BASE·lO-EMITTER VOLTAGE (VSE)- V 
9255-4314 

Fig. 13 - Reverse-bias second-breakdown characteristics for types 
2N5784. 2N5785. and 2N5786. 

.. , , 
u 
>-
% 
W 
~ a: a 
Il 
III 
..J 
..J 
0 
u 

20 

0.2 0.4 0.6 0.8 1.0 

BASE· TO-EillITTER VOLTAGE (VSE) - y 
mS-4316 

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

0.5 

0.4 0.6 0.8 1.2 

BASE-TO-EMITIER VOLTAGE (YBE)-V 
92SS-43rSR"' 

Fig. 17 - Typical transfer characteristics for types 2N5784. 
2N5785. and 2N5786. 
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2N5781, 2N5782, 2N5783, 2N5784, 2N5785, 2N5786 
'W IOOO • COLLECTOR -TO -EMITTER VOLTAGE (VCElo-2 V r-
! 
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0: 
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0: 
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I-z ... 
0: 
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2 .!:~E T~~!!.ATURE(~oll5O"C 
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-0.01 
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25°C 
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-0.1 

~"'I~ 

4 I • 
-I 

~'I. 
.......... ., 

COLLECTOR CURRENT (Ici - A 

~ 

92CS-2!947' 

Fig. 18 - Typical de beta characteristics for type 2N5781. 
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Fig. 20 - Typical de beta characteristics for type 2N5782. 
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Fig. 22 - Typical de beta characteristics for type 2N5783. 
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2N5781, 2N5782, 2N5783, 2N5784, 2N5785, 2N5786 
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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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2N5781,2N5782,2N5783,2N5784,2N5785,2N5786 
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Fig. 30 - Typical input characteristics for type 2N5781. 
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Fig. 32 - TIiPical input characteristics for type 2N5782. 
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Fig. 34 - Typical input characteristics for type 2N5783. 
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Fig. 35 - Typical input characteristics for type 2N5786. 
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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 
Featutes: 
• Maximum safe-area-of-op(H'ation curves 
• Low saturation. voltages 
• High voltage ratin.gs 

VeER[SUS] = 375 V [2N5840] 
300 V [2N5839] 
275 V [2N58381 

• Hiflh dissipation rating 
Py= 100 W 

The 2N5838. 2N5839 and 2N5840" 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 circults. 
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 RATtNGS. Absolute-Maximum Values: 

"COLLECTOfI-TO-BASE VOLTAGE. VeBC ........... . 
2N5838 

275 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open VeEo(SUS) ..............•.......... 
With reverse bias (V •• ) of -1.5 V. (VeEv) (sus) •.•... 
With exterAai base-to-emitter 
resistance (RK) :5 50 n. VeeR(SUS) 

"EMITTER-TO-BASE VOLTAGE. V.eo ..••.......•...• 
"COLLECTOR CURRENT. Ie 

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

"CONTINUOUS BASE CURRENT. I •..............•.. 
"TRANSISTOR DISSIPATION. 
Pr: 

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 

92C5-27516 

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 
case for 10 s max ................................ ___________ 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 
Test Conditions lImits 

DC 
DC 

DC 
Characteristic Symbol Collector Emllter Current Type Type Type 

UnIts 
Vollage IV I or Base IAI 1N5838 1N5839 1N5840 

Voltage IVI 

VCE VES VSE IC IS IE Min. Malt. Typ. Mm, Max.. Typ. Mm. Max. Typ. 

Collector-Cutoff Current: 100 1 rnA 
With base open ICEO 150 1 1 

· With base-emItter Junction 165 ·1.5 5 
ICEV 190 ·1.5 1 rnA 

reverse biased 360 ·1.5 1 
With base-em iller junction ICEV 165 ·1.5 8 

190 ·1.5 5 rnA reverse bIased T C 100 0 e 360 ·1.5 5 

· Emitter-Cutoff Current IESO -6 1 1 1 rnA 

... Cojlector-to-Emltter 
Sustaining Voltage: 

(Si'j' FiRs,", ,5, & oi VCEOISUSP 01 150b 175b 350b 

With base open 

· With base·emltter junction mb 300b 
V 

reversed biased 
VeEXlsusf' ·1.5 0.1 375b 

With external base·la-emltter 
VCERlsusP 0.1 175b 300b 375b 

resistance IR BE ) - SOil 

... Emltter·la-Base Voltage VESD 0.01 6 6 6 V 

... DC Forward-Currenl 
5 0.5b 10 10 10 

hFE 3 1b 10 50 10 50 Transfer Ratio 1 3b 8 40 
Base·ta-Emltter 

VBE"all 1 0.1 1 1 V Saturation Voltage 3 0.375 1 
Collector·lo·Emilier 1 0.1 1.5 1.5 

Saturation Voltage VeElSati 3 0.375 t V 

Oulpul Capaeilance IAI 1 MHzl Cobo . 10d 0 150 150 150 pF 

Magnitude of Common· 
Emitter, Small-Signal. Short· 
Circuit. Forward-Current 

'h re ' 
10 0.1 5 5 5 

Transfer Ratio (f 1 MHzl 

Second Breakdown Collector 
Current (Wit~ base forward 

Is/.e ,0 1.5 1.5 1.5 A biased) Pulse duratron 
(non-repetitive) - 1 s 

Switching Times: 
Delay Id Vee ~ 1 0.1" 0.07 0.07 

200 3 0.375" 0.06 
Rise VCC ~ 1 0.1" 1.5 0.6 1.75 0.6 

If 
100 3 0.375· 1.5 0.8 .. 

Siorage Vee - 1 0.1" 3.75 1.75 3.0 1.75 
I'S 

Is 
100 3 0.375' 3.0 1.0 

Fall Vee" 1 0.1· 1.5 0.35 1.5 0.35 
II 100 3 0.375' 1.5 0.4 

Thermal Resistance 
a)·C 10 5 1.75 1.75 1.75 °c 'W ()unelion·lo·C •• e I 

a Pulsed; pulse duration ~ 350 I'-S, Duty factor = 2%. d VeB 

b CAUTION: Ths sustaining voltages VCEO(SaS), VCEX(SUS) and 
VCE.R(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 forinat (JS-6 RDF-l). 
biased fOl transistor operation in the active region. 
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NOTE: CURRENT DERATING AT CONSTANT i 
VOL.TAGE APPLIES ONLY TO THE DISSIPATION-
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Fig. 2 - Derating curves lor all types. Fig. 3 - Typical normalized dc beia characteristics ·ior all types. 
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2N5838,2N5839,2N5840 
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Fig. 5 - Typical output characteristics for al/ types. 
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Fig. 9 - Typical rise-time characteristics for al/ types. 
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Fig. 6 - Typical transfer characteristics for al/ types. 
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Fig. 8 - Typical delay-time characteristics for al/ types. 
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Fig. 10 - Typical storage-time characteristics for al/ types. 
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2N5838, 2N5839,2N5840 
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Fig. 11 - Typicai fal/-time characteristics for aI/ types. Fig. 12 - Circuit used to measure switching times for aI/ types. 
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Fig. 14 - Circuit used to measure sustaining voltages 
VeEO(SUS). VeEJI(SUS). and VeEX (sus) for aI/ types. 
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Fig. 15 - Oscilloscope dIsplay ;or 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 2N58S6 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.ac~to-dc converters. inverters, and solenoid (ham
merl/relay drivers. 

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

MAXIMUM RATINGS. Absolute-Maximum Values: 

*VCBO ••••••••••••••••••••••••••••••••••••••••••••• 

'VCEO(SUS) ••••••....•••..••••.•.•..••••...••••.... 

2N5885 
60 
60 

TERMINAL DESIGNATIONS 

92CS-27S16 

JEDEC TO-204AA 

2N5886 
80 
80 

'VESO ......... , ................................... ____________ 5 __________ _ 

·Ie................................................ 25 __________ _ 
·ICM............................................... 50 __________ _ 
.18 •••••••••••••••••••••••••••••••••••••••••••••••• 7.5 _________ _ 
18M.... ....•...•.. .•.. .......... ......••.... .••••• 15 __________ _ 

*PT: 

v 
v 
V 
A 
A 
A 
A 

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

See Figs. 1 and 2 ________ _ 
·T .... TJ •••••••••••••••••••••••••••••••••••••••••••• ___________ -65 to 200 _________ _ 

TL 
At distance ;::1132 in. (0.8 mm) 
from seating plane for 10 s max ...........••..• ____________ 230 __________ _ 

• In accordance with JEDEC registration data format JS-6 RDF-1. 
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2N5885, 2N~886 

ELECTRICAL CHARACTERISTICS. At Case Temperature (TC) =2fiOC 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
'CHARAC- VOLTAGE CURRENT 

2N5885 2N5886 
TERISTIC Vdc Adc 

VCE V8E IC 18 Min. 

fCBO 
60a -
aoa -

ICEX 
60 -1.5 -
80 -1.5 -

ICEX 60 -1.5 -
TC= 150°C 80 -1.5 -

30 -
ICEO 40 -

lEBO -5 -
4 3b 35 

hFE 4 10b 20 
4 25b 4 

VCEO(sus) 0.2 60 

VBE 4 10 

V~(sat) 25b 6.25 -
15b 

VCE(sat) 
1.5 -

25b 6.25 -
ISIb 
tp = 1 5 20 10 
nonrep. 

Ihfel 10 1 4 
f = 1 MHz 

hte 4 3 20 
f = 1 kHz 

Cobo 10a -f·= 1 MHz 

tr (See Fig. 8) 
VCC= 

10 1 -
ts 30 

10 1c -
tt 10 1c -
R8JC 20 5 -
*In accordance with JEDEC registration data format J8-6 RDF-1. 
aVCB' . 

bpulsad;·pulse duration .. 300 /loS. duty factor = 1.8%. 

CI B1 =-I~. 

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 - 500 

0.7 - 0.7 
1 - 1 

0.8 - 0.8 

0.875 - 0.875 

UNITS 

rnA 

V 

A 

pF 

j.IS 

°CIW 
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2N5885, 2N5886 
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Fig, t - Maximum operating areas for 2N5885 and 2N5886. 
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Fig. 2 - Derating curves for 2N5885 and 2N5886. 
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Fig. 4 - Typical saturation voltage characteristics for 
2N5885 and 2N5886. 
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Fig. 3 - Typical dc beta characteristics as a func· 
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Fig. 5 - Typical transfer characteristics for 
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2N5885, 2N58.86 
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: :'~~~~--~~td-i-i-+----t-__ --~~-i-1 
;:: 
1; g 2'~--~--~~4-4-+---~----t-4-~ 

0.01 
6 a 10 

COLLECTOR CURRENT (Icl-A 

• • !CO 

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

+Il:--n 
- 2V:J---l-

INPUT PULSE 
"1, !O 20", 
P.W. = 10 TO 1001£1 
D.C.- 2% 

It s20nl 
P.W. -10 TO 100 pa 
D.C.-2% 

10.11 

(a) 

10.11 

VBS--4V 

(0) 

lOa ~~~:r:R SUPPLY VOLTAGE (VccI-30V 

'I. 6 ZelIa- IO 
1 4 CASE TEMPERATURt! (TC)·25-C 

it 

~ 
2 

. 

I ' r:--N! 
I 

15 
~ .-

E r-!!.:: 
~ ........ 

~ g 2 

0.1 
6 8 10 2 • • 100 

COLLECTOR CURRENT (IC)-A 

Fig. 7 - Typical storage-time and fall-time 
characteristics as a function of 
collector current for 2N5885 
and2N5886. 

OSCILLOSCOPE 

TRANSISTOR It S 20 n. 
UNDER Z >10 K 
TE$T 

TRANstSTOR 
UNDER 
TEST 

OSCILLOSCOPE 
IrS20 .. 
Z >IOK 

o :COLLECTOR-BASE DIODE 
OF 2~32S2 

Fig. 8 - Equivalent test circuits for rise-time (a) and 
fall-time and storage-time (b) measurements 
for 2N5885 end 2N5886. 

2-138 ________________________________________________________ ------------~--------------------



--------------------------___________________________________________ PowerT~nsi~o~ 

File Number 675 

Silicon P-N-P Medium-Power 
Transistors 
General-Purpose Types for Switching Applications 

F •• ture.: 
• Low saturation voltages 
• Maxlmum-safe-area-of-operation curves 
• High gain at high current 

The 2N5954.,2N5955. and 2N5956e are multiple-epltaxial 
p-n-p transistors. All are supplied in the JEDEC TO-213AA 
package. 

All these transistors are intended for a wide variety of 
medium-power switching and amplifier applications. such 
as series regulators and output stages of high-fidelity 
amplifiers. 

eFormerly RCA Dev. Nos. TA7264. TA7265. and TA7266. 
respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

* VCBO •••••••••••••••••••••••••••••••••••• 0 •••••••••••••••••••••••••• 

* VCEX(SUS) 
v •• = 1.5 V. R .. = 100 n ........................................... . 

VCE.(SUS) 
R •• =1oon ...................................................... . 

VCEo{SUS) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
·VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••.•••••••• 
"'c .................................................................. . 
'ilIa ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
*P, 

AtTcupt025·C •.••..•••.••••••••••••••••••••••.••.••••••••••••• 
At Tc above 25·C •••••••••••••.•••••••••••.••••••••••••••••••••••• 

*TJ • T ............................................................... . 
* TL 

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

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

2N5854 

-90 

-90 

-65 
-60 
-5 
-6 
-2 

40 

2N5954,2N5955,2N5956 

TERMINAL DESIGNATIONS 

c 

'~ 
92CS-27516 

JEDEC TO-213M 

2N5I55 2N5858 

-70 -50 

-70 -50 

-65 -45 
-60 -40 
-5 -5 
-6 -6 
-2 -2 

40 40 
See Figs. 1 and 2 

-65 to +200 

235 

v 

v 

v 
V 
V 
A 
A 

w 

·C 
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2N5954,2N5955,2N5956 

ELECTRICAL CHARACTERISTICS, At ca •• Tempel'lltul'II (Tc) = 25°C Unl ... Otherwl .. Speclfled 

TEST CONDITIONS 

CHARACTERISTIC 
VOLTAGE CURRENT 

2N5856 
Vdc ,Adc 

VCE VSE Ic I. MIN; 

ICER -35 - - - -
RaE = 100 n -55 - - -. -

-75 - - - -
ICEl< -45 1.5 - - -

RaE = 100 n -65 1.5 - - -
-85 1.5 - - -

RaE = 100 n, -45 1.5 - - -
Tc = 150°C -65 1.5 - - -

-85 1.5 - - -
Icee -25 - - - -

-45 - - - -
-65 - - - -

IESC - 5 - - -
hFE -4 - -3a - 20 

-4 - -2.5a - -
-4 - -2a - -
-4 - -68 - 5 

VCEC(SUS) - - -0.1 a - -40b 

VeER(sus) 
-O.la -45b - - -

RaE = 100 n 

VCEX(SUS) 
1.5 -o.la -50b - -

RaE = lOOn 

VaE -4 - -3a - -
-4 - -2.5a - -
-4 - -2a - -

VCE(sat) - - -3a -0.3 -
- - -2.5a -0.25 -
- - -2a -0.2 -

I hl.1 
-4 - -1 - 5 

1= 1 MHz 

hie 
-4 -0.5 25 - -

1=1 kHz 

RIJC - - - - -
• 'In accordance with JEDEC registration data lormat JS-6-RDF-2 .. 
ap-ulsed, pulse duration = 300 /IS, duty lactor = 1.8%. 

MAX. 

-100 

-
-

-100 

-
-
-2 

-
-
-1 

-
-

-0.1 

100 

-
-
-
-
-

-
-2 

-
-
-1 

-
-
-

-
4.3 

LIMITS 

2N5955 2N5854 

MIN. MAX. MIN. MAX. 

- - - -
- -100 - -
- - - -100 

- - - -
_A -100 - -
- - - -100 

- - - -
- -2 - -
- - - -2 

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

- -0.1 - -0.1 

- - - -
20 100 - -
- - 20 100 

5 - 5 -
-60b - -80b -
-85b - -85b -

-70b - -90b -
- - - -
- -2 - -
- - - -2 

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

5 - 5 -

25 - 25 -

- 4.3 - 4.3 

bCAUTION: Sustaining vol.tage VCEO(SUS), VCER(SUS), and VCEX(SUS) MUST NOT be measured on a curve tracer. 

UNITS 

pA 

pA 

mA 

mA 

mA 

V 

V 

V 

°C/W 
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2N5954, 2N5955, 2N5956 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 
92CS-26!543R2 

Fig. 1 - Maximum operating areas for all types. 

o 25 50 15 100 125 150 175 200 
EFFECTIVE CASE TEMP. OR CASE TEMP. ITEFFORTC'--C 

Fig. 2 - Current derating chart for all types. 

I .... z ... • • • 
-0.01 -0.1 -I -10 

CGU.£C1IlR CURR£HT (Icl-A 
92CS-18009 

Fig. 4 - Typical dc beta characteristics for 2N5954-2N5956. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)." v 
:i! 20 CASE TEMPERATURE (TC)·25-C +--+-H-l 
2 
I 10~-+--l--l-++--l--+-+-l~-+--~~~ 

! 16r--t--r-r++--r-+-+-l~-+--r-rt1 
g 14r--t--r-r++--r-+-+-l~-+--r-rt1 
~ 12~-+-~~~~~~~~~-+--~~~ 
~ H) V 
~ Or"-+--+-t~--r-+-~-r~~-t-t+1 
! 
~ "r-4-~-+~--+--1-t++--+--+-rH 

• 6. 
0.01 0-1 I 10 

COLLECTOR CURRENT (Ie )-A 
92CS-22476 

Fig. 3 - Typical gain-bandwidth product for all types. 

1.2 

1.0 
, 
I 0.0 
~ 
~ 

~ 
0." z 

or 
u 
~ 

~ 0." 

0.2 

0 -I 

COLLECTOR SUPPLY VOLTAGE (vccl=-30V 
CASE TEMPERATURE (Te)= 25·C 
IB,-IB2 -Ic/IO 

-2 -3 -4 

COLLECTOR CURRENT (Ie) - A 

Fig. 5 - Typical saturated switching characteristics for 
2N5954-2N5956. 
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2N5954,2N5955,2N5956 

INPUT: 
HEWLETT-PACKARD 
MODEL No. 214A OR 

EQUIVALENT 

'5 

(PULSE DURATION-
20"SlREP. RATE-

1kHz' 

Vcc:,-30V 
OUTPUT TO 

-OSCILLOSCOf'£· 
TEKTRONIX MODEL. 

No.S43A OR 
EQUIVALENT 

DEVICE' 
UNDER 
'TEST 

t2Cs-z ..... 

Fig. 6 - Circuit used to measure saturated switching times for 
2N5964-2N5956. 

! 100 

o 0.5 I 1.5 
BASE-TO- EMITTER VOLTAGE IYBE)-Y 

Fig. 8 - Typical input characteristics for aI/ types. 

92CS-15619AI 

Fig. 7 - Oscilloscope display for measurement of switching times 
fo; 2N5954-2N5956. 

CASE TEMPERATURE tTel • e·c 

i 5 

f · 
10 

10 12 
COLLECTOR -TO-EMITTER VOLTAGE (VeE) - v 

9G!L.S-3S27f11 

Fig. 9 - Typical output characteristics for aI/ types. 

COLLECTOR-lO-EMITTER VOLTAGE IV)· 4Y 

« 
I I-

~ • 
., 
lY 

i • " 
If 

i!. 

~ 
2 ~ 

l 
~ .. 

w. 
0.5 I 1.5 

BASE-lO-EMITTER VOLTAGE (YBE) - y 
92LS-3529R1 

Fig. 10 - Typical transfer characteristics for aI/ types. 
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File Number 462 2N6032,2N6033 

High-Current, High-Speed 
High-Power Transistors 
Silicon N-P-N Types for High-Speed Switching and 
Linear-Amplifier Applications in Military, Industrial and 
Commercial Equipment 
Feature.: 
• Low VCE(sat)=1 V max. at-40A, 1.3 V max. at50A 
• Maximum safe-area-of-operation curves 

Is/. limit line beginning at 24 V 
• Fast storage time: 

t.=1.5ps max. at Ic=40 A (2N6033), 50 A (2N6032) 

The ,2N6032 and 2N6033' are epitaxial silicon' n-p-n 
transistors having high-current and high-power handling 
capability and fast switching speed. The 2N6033 is similar 
tothe2N6032; theydifferin maximum values for continuous 
collector current and sustaining voltage. 

They are supplied in the JEDEC TO-204AE hermetic steel 
package with O.060-inch diameter pins. 

'Formerly RCA Dev. Types TA7337 and TA7337A, respectively. 

TERMINAL DESI,GNATIONS 

c 

'0 
92CS·27516 

JEDEC TO-204AE 

" 50 75 100 125 150 175 200 

EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR Tc)-DC 92SS.1mRI 

Fig. 1 - Derating curves for both types. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

• COLLECTOR-TO-BASE VOLTAGE, Veil> .••••.••••.•••••.••••.•••••..••.••..•... 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open, VCEO(SUS) ................................................... . 
With external base-to-emitter resistance (RaE):550 0, VeE.(SUS) •••.•.••.••••..• , . 
With external base-to-emltter resistance (RaE,:550 Cl & 

VaE=-1.5 V, VeEX(SUS) ••.••....•••.•.•••••.•••••.••.••..••..••.•.•••••••.•.•• 
• EMITTER-TO-BASE VOLTAGE, VE80 .......................................... .. 
• CONTINUOUS COLLECTOR CURRENT, Ie ................................... , .• 
, BASE CURRENT, la ........................................................... . 
, EMITTER CURRENT, IE ....................................................... . 
, TRANSISTOR DISSIPATION, Pr: 

At case temperatures up to 25°C and Vee up to 24 V .......................... .. 
At case temperatures up to 25" C and VeE above 24 V ••.••....•.••.••••••.•..••• 
At case temperatures above 25°C and VeE above 24 V ...••...••.•..••••••.•••••. 

, TEMPERATURE RANGE: 
Storage & Operating (Junction) ............................................. .. 

, PIN TEMPERATURE (During Soldering): 
At dlstence 2: 1/32 In. (0.8 mm) from seating plane for 10 s max .•••••.•••••.•.••• 

'In accordance with JEDEC registration data format (JS-S RDF-1). 

2N8032 2N8033 
120 150 

90 120 
110 140 

120 150 
7 7 

50 40 
10 10 
50 40 

140 140 
See Fig. 2 

See Figs. 2 & 3 

-65 to +200 

230 

V 

V 
V 

V 
V 
A 
A 
A 

W 

°C 

°C 
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2N6032, 2N6033 
ELECTRICAL CHARACTERISTICS, Case Temperature (Tcl = 250(: Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

DC 
DC Emitter DC Type Type 

CHARACTERISTIC SYMBOL Collector or Base Current 2N6032 2N6033 UNI1:S 
Voltage (V) Voltage (V) !A) 

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

Coliector·Cutoff Current: 
ICED - SO - - - - 0 - 10 - 10 mA 

With base open 

With base·emitter - 110 - -1.5 - - - - 12 - - mA 
junction reverse biased 

ICEV - 135 - -1.5 - - - - - - 10 
(TC= 150°C) - 100 - -1.5 - - - - 15 - 10 mA 

Emitter·Cutoff Current lEBO - - 7 - 0 - - - 10 - 10 mA 

Collector·to·Emitter 
Sustaining Voltage: 

VCEO(sus) 0.2 0 90a 120a 
(See Figs. 12 & 13) - - - - - - -

With base open 
With external base to emitter 

VeER(sus) - - - - 0.2 - 0 110a - 140a - V 
resistance (R BE) ::;, 50 12 

With base'emitter junction reverse VCEX(sus) - - - -1.5 0.2 - 0 120a - 150" -
biased & RBE < 50 n 

Base·to·Emitter Saturation VoltageC VSE(sat) 
- - - 50 - 5 - 2 - -

40 4 2 
V - - - - - - - -

Base·to·Emitter Voltage VBE 
- 2 - - 50 - - - 2 - -

V 
- 2 - - 40 - - - - - 2 

Collector·to-Emitter 
VeE(sat) 

50 5 1.3 V 
Saturation Voltage C - - - - 40 - 4 - - - 1 

* 

De Forward·Current Transfer Ratio C hFE 
- 2.6 - - 50 - - 10 50 - -

- 2 - - 40 - - - - 10 50 

Second-Breakdown Collector Current 
ISlbb 

- 24 - - - - - 5.Sc - 5.Sc -
A 

With base forward biased - 40 - - - - - O.gC - 0.9c -

Magnitude of common-emitter 
small-signal, short-circuit, 

Ihle\ 10 2 10 10 
forward-current transfer ratio - -
(atS MHz) 

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

Output Capacitance (at 1 MHz) Cobo 10 - - - - 0 - - 800 - SOO pF 

Saturated Switching Time: 
Vee= - - - 50 5e - 1 - -Turn-On ton /.IS 

(Delay Time + Rise Time) 30V - - - 40 - 4e - - - 1 

* Rise tr I~~= ~ se 1 ps 4e 1 

Storage ts Vee= - - - 50 - 58 - 1.5 - - iJS 
30V - - - 40. - 4" - - - 1.5 

Fall tf Vee= - - - 50 - 5" - 0.5 - - /.IS 
30V - - - 40 - 4" - - - 0.5 

Thermal Resistance 
(Junction-to-Case) OJ·e - 20 - - 2.5 - - - 1.25 - 1.25 °elW 

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

b 1~/b is defined as·the current at which ";"ond breakdown occurs at a specified collector voltage with the emitter-base junction' forward 
biased for transistor operation in the active region. . 

C Pulsed; l-s. non-repetitive pulse. 

• IBI = IB2 ·In. accordanca with JEDEe registration format JS-6 RDF-l. 
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6 
50 
At'\ 

2 

« J. 0 
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!:! 6 
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~ 4 
0: 
0: 
::J 
U 
0: 2 
o 
I-
U 

~ I 

5 8 
U 

6 

4 

0.1 

2N6032, 2N6033 

eASE TEMPERATURE (Te) ~25°C 
(FOR TC ABOVE 25°e, DERATE LINEARLY) 

III Ie MAX. (CONTINUOUS) 2N6032 

~~ I~; MA:
4

'CONTINUOUSHN60>3 

II 

2 

, 
" 

~1 ~~ ~~ 
'~~~~ • 

!-t' 

4 II 8 10 2 4 6 8 100 

COllECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig. 2 - Maxiinum operating area for both types. 

2 4 6 81000 

92CS-16020RI 
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2N60:J2,2N6033 

IC MAX. (CONTINUOUS) - 2N 6032 II 
:IC MAX. (CONTINUOUS) 2N60!! 

." ill III 

j'a' 11 

,::~~ ~X ' , 

10 
, , ";-c' 'I' ;"1-\ 

' ~'(~ 
: ' ... ~ 

~ 

I .. -0 ... " - tt~;\ ... 
z ': .... 
II:: '. 'I \ II:: 'j- , 

:::> 
0 I 
II:: 'C 
0 t:t;; ... 

II. " 0 ' ' .... 
..J , 
..J 
0 .. 

i :1j , : 0 ; 

, j:"'" i~ , ~" 
" ,i:::: ' , 

:i"::::t' 
.. 

•••• 
H liYi:,: 

2 
:.:_:)1 i:' ::::.::;:1'" :~ I: ~. l: :jJi 

llif~':~: :":I~: 
., I: ~F VCEO MAX .• 90V 

lli£ ~ .:z I :':'i. I ,~ I± (2N60!2) 
0.1 

VCEO MAX. • 120V , 
l::.. (2N60!!) .::r.;. 

fj ... , 'L 'I-H-H 
2 .. fj 8 10 2 "!I 8 100 2 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CS-IT445 

Fig. 3 - Maximum operating areas for both types at case temperatura (Te) = 100" C. 
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140 COLLECTOR-rO-EMITTER VOLTAGE (VcEI"2.5V Ic=5 0' 

'" 120 Hi~'~~~~ ~~;.,.~ -II :-..... ] MAX (2N6 0321 

If I:C·4OA 
Ie ~\., MAX . .. (2N6033 
: 100 r..,,~ ,~ 

f\ " .. V 2.&"C 
I- rr E~80 
"'~ 

V . V II ~ l\ "'-=>0 

~!; V -5S"C 

I~ ,,'" 
40 1/ 

V a: .. .. 
'" ....... V ~ Il 
g .oV-

0 
2 ••• 2 ••• 2 • •• 2 ••• 001 0.1 10 100 

COLLECTOR CURRENT CIC)- A 

Fig. " - Typlca' dc-beta characteristics for both types. 

.0 

t!: 40 

I 
>0 

~ a 20 

10 

o 

. I.. 1.6 1.8 
IAK-TO-EMmEJt VOLTAGE tYeE:t-y 

.ZCS·174,O 

Fig. 6 - Typical input characteristics 
for both types. 

COLLECTOR-TO-EMITTER VOlTAGE IVe[l- 2 v 

0.2 0.4 . 0.' 0.8 I '·2 1.4 ,., 18 
8~SE-TO-["ITTER VOLTAGE 1"1[1- V 

IlCS-1T4" 

Fig. 8 - Typlca' trans/er characteristics 
for both types. 

2N6032,2N6033 

COLLECTOR SUPPLY VOLTAGE (Yeel-3OV 
1.6 Ic·IO.I81~-IOIB2. 

r-.... 

1.2 '" ~ '" .!. 

""" 
., 
~ 0.8 ....... r-.::. 

>< I-
0.' 

~ " 
0 

10 20 30 40 50 60 70 

INPUT: 

COLLECTOR CURRENT (:tcl-A 

Fig. 5 - Typical saturatad switching charac
taristics for both types. 

COLUCTOR-To-IMITTER \/OLTA6E lYeE'-V 
92C$-16011 

Fig. 7 - Typlca/ collector characteristics 
for both types. 

\li~im-m MODEL 
No.214A OR 
EQUIVALENT -=- 10~F 

5111 
5111 

PULSE 
DURATION=5 ~s 
REP. RATE' 400 Hz 

I K 

Vss 
-6VOC()~~~~v-~-===~~ 

* ADJUST FOR IS, AND :tS2 

** RC AT~g::g:~~.n 
• Ia, AND :tS2 MEASURED WITH TEKTRONIX CURRENT 

PROBE P6019 AND TYPE 134 AMPLIFIER OR EQUIVALENT 
92CS-17433 

Fig. 9 - Switching-time test S/lt. 
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2N6043, 2N6044, 2N6045 

B-Ampere N-P-N Darlington 
Power Transistors 

File Number 1151 

TERMINAL DESIGNATIONS 

60-,80-, 1OQ-Volts, 75 Watts 
Gain of 1000 at 4 A (2N6043, 2N6044) 
Gain of 1000 at 3 A (2N6045) 'R'~'1oll J~' :: 

TOP VIEW • 
Features: 

• Operates from Ie 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-220AB (VERSAWATT) plastic 
package. 

MAXIMUM RATINGS, Absolute-Maximum Valuss: 

·VCBO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCEO(sus) ........•..........•....•...•........................ 
·VEBO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

*Ic ........................................................... . 
ICM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

*1 •••••••.•.••.•••••••••.•.•••••••••••••••••••.•..•••.•••••••..• 
oPT 

T c2: 25·C ................................................. . 
Tc>25·C .......•..........................•......•...•.... 

*Tstg. T J ••••••••••••••••••••••••••••••••• ~ ••••••••••••••••••••• 

*TL 
At distances 2: 1/8 in. (3.17 mm) from 

case for lOs max ......................................... . 

'In accordance with JEDEC registration data. 

92<:S-39969 

JEDEC TO-220AB 

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

I I 
I I 
I I 
I I I . . I 

: I 
L_~ _______ -' 

92CS-28597 

Fig. 1 - Schematic diagram for a/l types. 

2N6043 
60 
60 

2N6044 
80 
80 

2N6045 
100 
100 ______ 5 _____ _ 

______ 8 _____ _ 
_~ ____ 16 _____ _ 
______ 0~12 __ _'___'__ __ 

______ 75 _____ _ 
_ ~ ___ See Fig. 2 __ ---
_____ -65to150 ______ _ 
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__________________________________ Power Transistors 

2N6043,2N6044,2N6045 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 2fiOC 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 

* ICED 100 0 - - _. - - 20 
BO 0 - - - 20 - -
60 0 - 20 - - - -

ICEV 100 -1.5 - - - - - 20 
BO -1.5 - - - 20 - - IlA 
60 -1.5 - 20 - - - -

* D 
100 -1.5 - - - - - 200 

TC=1250 C BO -1.5 - - - 200 - -
60 -1.5 - 200 - - - -

lEBO 5 0 - 2 * - 2 - 2 mA 

VCEO(SUS) 0.18 0 60 - BO - 100 - V * 
ICBO 100b - - - - - 20 

BOb - - - 20 - - IlA 
60b - 20 - - - -
4 4 000 20,000 1000 20,000 - -

* hFE 4 3 - - - - 1000 20,000 
4 B 100 - 100 - 100 -

VBE 
4 4 - 2.B - 2.B - -
4 3 - - - - - 2.B V 

* 
* VBE(sat) B O.OB - 4.5 - 4.5 - 4.5 

4 0.Q16 - 2 - 2 - -
* VCE(sat) 3 0.012 - - - - - 2 V 

B O.OB - 4 - 4 - 4 

VF -sa - 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 -
t=l 5, nonrep. 

2.5 - 2.5 - A 

ROJC - 1.67 - 1.67 - 1.67 oCIW 

• In accordance with JEDEC registration data. 
a Pulsed: Pulse duration = 300 ps, duty tactor = 1.8%. b VCB value. 
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2N6043, 2N6044, 2N6045 
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Fig. 2 - Maximum operating arees for all types IT C = 2!!'CJ. 
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Fig. 3 - Derating curve for all types. Fig. 4 - Typical de beta characteristics for all types. 
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.. 6 8 10 4 6 8100 .. 6 81000 

FREQUENCY (t)- kHz 
92CS-31123RI 

Fig. 5 - Typical small·signal gain for all types. 

2N6043, 2N6044, 2N6045 

25 CASE TEMPERATURE !Te J= 25 8 

f--+-+-+-H 

.. 6 8 11 .. 6 8 .. 6 8 
0.1 I 10 100 

REVERSE VOLTAGE IVR }-v 92CS- 31122 

Fig. 6 - Typical common-/Jase input or output 
capacitance characteristics as a function 
of reverse voltage for all types. 
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2N6050, 2N6051,2N6052, 2N6057, 2N6058, 2N6059 File Number 1185 

12·Arnpere Complementary 
P·N·P and N·P·N Monolithic 
Darl ington Power Transistors 
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. - 2N605~, 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. 

TERMINAL DESIGNATIONS 

JEDEC TO-204AA 

Applications: 

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

MAXI M'U!III RA TI NGS, Absolute-Maximum Values: 

• VCBO' . 
* VCEOlsus) 
* VEBO 

* IC' 
* ICM . 
* lB' . 

• PT 
TC ";;25°C 
TC>25°C 

* Tstg, TJ . . 
Derete linearly 

2N6050· 
2N6057 

60 
60 

2N605'· 
2N605B 

80 
80 

2N6052· 
2N6059 

100 
100 

----- 5 ------_____ 12 
____ 20 ____ __ 
_____ 0.2 _____ _ 

v 
V 
V 

A 
A 
A 

_____ 150 W 
____ 0.857 _____ W/OC 

___ -65 to 200 °c 
* TL 

At distances ;;;'1/16 in. 11.58 mm) from case for 10 s max. __ ._ 235 _____ _ 

• In accordance with JEDEC registration data. • For p-n-pdevices, voltage and current values are negative. 
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* 

* 
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* 

* 
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* 

2N6050, 2N6051, 2N6052, 2N6057, 2N6058, 2N6059 

r---------l 
I I 
I I 
: I 
I I 
I .... n ... on I 
L _________ --.J 

92CS-29129 

Fig. 7 - Schematic diagram for 2N6050, 2N6057, 
and2N6052. 

,----------, 
I I 
I I 
I I 
: I 
I I 
I .... n .. eon I 
L _________ .--l 

92CS-29128 

Fig. 2 - Schematic diagram for 2N6051, 2N6058, 
and2N6059. 

ELECTRICAL CHARACTERISTICS, at Case Temperature fTCl = 25"C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENl 2N6050· 2N6051· 2N6052· 
CHARACTERISTIC Vdc Adc 2N6057 2N6058 2N6059 UNITS 

IVCE 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 1~ 100 - 100 - 100 -
hFE 3 6a 750 18,000 750 18,000 750 18,000 

VCE(sat) 
1~ 0.1: - 3 - 3 - 3 

V 
6a 0.02' - 2 - 2 - 2 

VSE . 3 6a - 2.8 - 2.8 - 2.8 V 

VSE(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 
VCS= 10V,IEO, 

f=O.l MHz 
2N6050·52 - 500 - 500 - 500 

pF 
2N6057·59 - 300 - 300 - 300 

IS/b 30 5 - 5 - 5 - A 
t = 1 s, nonrep. 

ROJC 1.17 - 1.17 - 1.17 °C/W 

a Pulsed: Pulse duration'" 300 /.lS, duty factor =: 1.8%, • For p-n-p devices, voltage and current values are negative. 

* In accordan.ce with JEDEC registration data. 
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2N60S0, 2N60S1, 2N60S2, 2N60S7,2N60S8,2N60S9 

u 
!::! 
I
Z 
W 

~ 
::> 
u 

0: g 
u 
~I 
-' o 
u 
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-FOR p-n-p DEVICES ,VOLTAGE AND CURRENT 
VALUES ARE NEGATIVE 
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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 - Tvpica/ dc beta characteristics for 
2N6050, 2N6051, and 2N6052. 

Fig. 5 - Power derating curve for all tvpes. 
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2N6050, 2N6051, 2N6052, 2N6057, 2N6058, 2N6059 
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Fig. 8 - Typical saturation characteristics for all 
types. 
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Fig. 9 - Typical small-signal current gain for all 
types . 
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Fig. 10 - Typical switching times for 2N6050, 
2N6051, and 2N6052. 

Fig. 11 - Typical switching times for 2N6057, 
2N6058, and 2N6059. 
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Fig. 12 - Switching times test circuit. 
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2N6055, 2N6056 

8-Ampere Silicon N-P-N 
Darlington Power Transistors' .. 
60- and aO-Volt, lOa-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 regl,llators 

The 2N605S- 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=l00n 

* VCEO 
VCEV(sUS) 

VBE = -1.5 V 

* VEBO 
*IC· 

ICM 
*IB. 
*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. 

File Number 563 

TERMINAL DESIGNAnONS 

E([j.. . (FLA«i.GEI 

o . 0 
8 

't2CS- 2nla 

JEDEC TO-204AA 

,----.-------, 
I I 

• I I 
I I 
I I 
I I 
I I 
L _________ .-1 

• 92CS- 19916RI 

Fig. 1 - Schematic diagram of 2N6065 and 2N6056 
Darlington power transistors. 

2N6055 2N6056 

60 80 V 

60 80 V 
60 80 V 

60 80 V 
5 5 V 
8 8 A 
16 16 A 

120 120 mA 

100 100 W 
- See Figs. 2 and 4-
--65 to +200-- OC 

--235-- OC 

2-156 __________________________________ ------------------------------



__________________________________ Power Transistors 

2N6055, 2N6056 

ELECTRICAL CHARACTERISTlCS,AtCase Temperature (TC)= 250 C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
DC DC 

CHARACTERISTIC VOLTAGE CURRENT 2N6055 2N6056 
SYMBOL V A 

VCE VEB VBE IC IE IB MIN. 

*ICEO 30 0 -

40 0 -

ICEX 
60 -1.5 -
80 -1.5 -

ICEX 60 -1.5 -

TC ~ 1500 C 80 -1.5 -
*IEBO 5 0 -

* hFE 
3 8a 100 
3 4a 750 

VCEO(sus) O.la 60a 

VCER(sus) O.la 60a 
RBE ~ lOOn 

VCEX(sUS) -1.5 O.lll 60a 

4a 0.016 -
* VCE(sat) sa 0.08 -
* VBE 3 4a -

VSE(sat) sa O.OS -

* Ihfel 3 3 4 
f ~ 1 MHz 

Cobo 
f ~ 0.1 MHz, 0 -
VCB~10V 

hfe 
f", 1 kHz 3 3 300 

ISlb 
33.3 3 

t ~ 1 s. 40 -
non rep. 

Rl/JC -

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

a Pulsed: Pulse duration ~ 300 p.s, duty factor ~ 2%. 

MAX. MIN. MAX. 

0.5 - -
- - 0.5 

0.5 - -
- - 0.5 
5 - -
- - 5 
2 - 2 

- 100 -
lB.OOO 750 18.000 

- Boa -

- soa -

- soa -

2 - 2 
3 - 3 

2.S - 2.B 

4 - 4 

- 4 -

200 - 200 

- 300 -

- 3 -
- 2 -

1.75 - 1.75 

UNITS 

mA 

mA 

V 

V 

V 

pF 

A 

oCIW 
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2N6055, 2N6056 
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Fig.4 - Maximum operating areas for types 2N6055 and 2N6056. 
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Fig_ 5 - Typical small-signal gain 
for both types. 

BASE-TO-EMITTER VOLTAGE (VBEI-V 

Fig. 7 - Typical input characteristics 
for both types. 

COLLECTOR-TO-EMITTER VOLTAGE (VeEI-V 

4 6 8 10 

Fig. 9 - Typical output characteristics 
for both types. 

2N6055, 2N6056 
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Fig. 6 - Typical saturated switching-time 
characteristics for both types. 
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Fig. 8 - Typical transfer characteristics 
for both types. 
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Fig. 10 - Typical saturation-voltage charac
teristics fqr both types. -
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2N6055, 2N6056 

::~~1ETlCS PULSE :IBI* 
GENERATOR MODEL 
No. PG-31, OR 
EQUIVALENT 

PULSE DURATION 
20~. POSITIVE VOLTAGE 
20~. NEGATIVE VOLTAGE 

REP. RATE = 200 Hz 

RB" 200 RC 

* :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. 

Fig. 12 - Phase relationship between input 
current and output current show
ing reference paints for specifi
cation of switching times. 

2-160 ________________________________________________ ~------~~----



__________________________________ PowerTranslstors 

File Number 492 

High-Voltage, High Power 
Silicon N-P-N Transistors 
For Switching and Linear Applications 
Features: 

• Maximum safe-area-of-operation curves 
• Low saturation voltages 
• High voltage ratings: 

VCER[SUS] == 300 V [2N6077] 
== 275 V [2N6078] 
== 375 V [2N6079] 

• High dissipation ratings: fiT == 45 W 

The 2N6077, 2N6078, and 2N6079 are multiple epitaxial 
silicon n-p-n transistors. Multiple-epitaxial construction 
maximizes the voltampere characteristic of the device and 
provides fast switching speeds. 

These devices use the popular J EDEC TO-213AA package; 
they differ mainly in voltage ratings, leakage-current limits, 
and VCE(sat) ratings. 

The 2N6077 is characterized for switching applications with 
load lines in the active region. These applications include 
sweep circuits and aU circuits using the transistor as an 
active voltage clamp. 

Type 2N6078 is characterized for switching applications 
with the load line extending into the reverse-bias region. Its 
voltage ratings make this device useful for switching regula
tors operating directly from a rectified 11 O-V or 220-V power 
line. The unit is rated to take surge currents up to 5 A and 
maintain saturation. 

MAXIMUM RATINGS, AbSOlute-Maximum Values: 
'COLLECTOR-TO-BASE VOLTAGE. . . . . . . . . . . . . . . . . . . VCBO 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VCEO(sus) 
, With reverse bias (V.E) of -1.5 V .................... VCEX(sus) 

With external base-td-emltter resistance (RBE) OS; 500. . . VCER(sus) 
'EMITTER-TQ-BASE ",OLTAGE ....................... VEBO 
'COLLECTOR CURRENT: Ic 

Continuous ....................................... . 
Peak ............................................. . 

'CONTINUOUS BASE CURRENT. . . . . . . . . . . . . . . . . . . . . . I. 
'TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C and Vco up to 40 V .... . 
At case temperatures up to 25°C and Vco above 40 V ... . 
At case temperatures above 25°C and VCE above 40 V .. 

'TEMPERATURE RANGE: 
Storage & Operating (Junction) .................... . 

'PIN TEMPERATURE (During Soldering): 
At distances ~1/32 in. (0.8 mm) 
from case for 10 s max. . ........................... . 

, In accordance with JEDEC registration data format (J8-6, RDF-1). 

2N6077,2N6078,2N6079 

TERMINAL DESIGNATIONS 

c 

'0 
92CS-27516 

JEDEC TO-213AA 

The 2N6079 is characterized for use in inverters operating 
directly from a rectified 110-V power line. The leakage cur
rent is specified at 450 volts; therefore the device can also 
be used in a series bridge configuration on a 220-V line. The 
VEBO rating of 9 volts eases requirements on the drive trans
former in inverter applications. Storage time, an important 
factor in the frequency stability of an inverter, is specified in 
Fig. 12, which shows variation in storage time with variation 
in load current from zero to maximum (4 A). 

2N6077 2N6078 2N8079 
300 275 375 V 

275 250 350 V 
300 275 375 V 
300 275 375 V 
6 6 9 V 

7 7 7 A 
10 10 10 A 
4 4 4 A 

45 45 45 W 
See Fig. 1 

See Figs. 1, 2, & 3 

-65 to +200 °C 

230 °C 
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Power Transistors 

2N6077, 2N6078, 2N6079 

ELECTRICAL CHARACTERISTICS, Case Temperature (TC) = 2!PC 

Test Conditions Limits 

DC DC DC Type Type Type," Characteristic Symbol Collector Emitter Current Units 
Voltage (V) Voltage/VI fAl 

2N6077 2N6078 2N6079 

Vc ~,~- '11 Min. Typ. Max, Min. Typ. Max. Min. Typ. Max. 
~ollector-Cutoff Current: 

With base open 'CEO 250 mA 
With base-emitter junction 250 1.5 0.05 

mA reverse biased ICE V 450 ":'1.5 0.5 
With base-emitter junction 'CEV 250 1.S 0.2 

mA reverse biased TC = 1250 C 450 -1.5 

· mitter-Cutoff Current 'eBO 
-6 

mA -9 

Follector-ta-Emitter 
ustaining Voltage. 
(see Figs. 15 & 16) 

VCEO(suslb' With base open 0.2 27Sb 250'> 350'> V 
With external base-to"llmitter 

VCER(suslb 
resistance lABEl = 50 n 0.2 300b 27Sb 375b 

'" Emitter-ta-Base Voltage VEBD 0.001 6 6 V · C Forward-Current 
Transfer Ratio ·FE 1.2 12 28 70 12 28 70 12 28 50 

'" Base-la-Emitter 
1.2 0.2 1.0 1.6 1.0 1.6 1.0 1.6 
3 0.6 1.2 1.9 V 

Saturation Voltage VBel$at)s 4 O.S 1.3 
5 1.~ 

'" Collector-to·Emitter 
1.2 0.2 0.15 0.5 0.15 0.5 0.15 0.5 

VCE(satia 3 0.6 0.25 V 
Saturation Voltage 4 0.8 0.5 

s 0.6 ~ 
Output Capacitance (At 1 MHz) Cobo 10 150 150 150 pF 

• Magnitude of Common 
Emitter, Small-5ignal, Short- 1·,·1 10 0.2 
CIrcuit, Forward-Current 
Transfer Ratio If = f MHz) 

erond Breakdown Collector 
Current (With base forward 

IS/bc 50 0.9 0.9 0.9 A 
biased) Pulse duration 
fnon-repetltive) "" 1 s 

econd Breakdownc Energy 
(With base reverse biased) ES/bd -4 0.45 0.45 0.45 mJ 
RS =50n,L = 100j.lH 

witching Times: 
Delay 
(See Figs. 10, 17, & IB) 

td VCC=250V 1.2 0.'" 0.02 0.02 0.02 

· Rise -
(See Figs. 13, 17. & tB) t, VCC "'250 V 1.2 0.'" 0.3 0.75 0.3 0.75 0.3 0.75 

Storage "' 
(See Figs. 17, 12. 11~& IB) t, VCC=260V 1.2 0.'" 2.8 2.8 2.8 

(See Fig., 14. 17. & IB) 
t, VCC=250V 1.2 0.'" 0.3 0.75 0.3 0.75 0.3 0.75 

Thermal Resistance 
'J-C 20 2.5 3.9 3.9 3.9 °CIW (Junction·to-Casal 

• Pulsed; pulse duration S350 I'S, Duty factor = 2%. d ES/b is defined as the energy at which second breakdown occurs 

bCAUTION: The sustaining voltages VCEO(sus), and VCER(sus), 
under specified reyerse bias conditions. ES/b = 112 U 2 where L is a 
series load or leakage inductance, and I is the peak collector current. 

MUST NOT be measured on a curve tracer. These sustaining 
• IBI = IB2 = value shown. voltages should be measured by means of the test circuit shown in 

Fig.1S. * In ·.coordance with JEDEC registration deta format (JS-6 RDF·l). 

e 'SIb is defined as the current at which second breakdown occurs at 
a specified collector voltage with the emitter-base junction for\N8rd 
biased for transistor operation in the active region. 
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2N6077,2N6078,2N6079 

10 6 8 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 
92CS-I9022 

Fig.1-Maximum operating areas for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 
92Cs-lton 

Fig.2-Maximum operating areas for all types. 
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2N6077,2N6078,2N6079 

CASE TEMPERATURE ITCI --C. 

Fig.3-Derating curve for all types. 

3.5 COl.LECTOR-TO- EMITTER VOLTAGE I VCE)- 1.0 V .. 
3 I I I I I .'l< " I~ 

z 
w Ii! '" lf~2.5 70~~ 

~AS~ ~~P~RAT~RE \ 

u~ 

c= ~;; 
i~ 2 - L..--ITCITh 

~ 
56!~ 

o~ 
"", "'" g~ 1.5 

~ 1'\ 42~~ 
~~ ~~ 

~f!: I 

~ 
28~~ 

I O.S 

~~ 
I. 

0 , . . . , . . . , . . . 
a.ol ~I , 10 

COLLECTOR CURRENT t1c1-A 
92C$-19024 

Fig.5-Typical normalized de beta characteristics for all 
types. 

COLLECTOR~TO'EMITTER VOLTAGE (VCE!=5 V 

'" ·0 • g " 
S 2 

.0.5 1.5 
BASE-rD-EMITTER VOLTAGE (VBE1-V 

Fig.4- Typical transfer characteristics for all types. 

3~!5 COLLECTOR-ii~MJTTr VOrAGEjIVCEJ' 5v 

~ I~ I 
~w2.5 

CAre.: TE"'P~TURE u" 
o~ ITe '-25· 
~2 2 

"-~~ e: 
u~ 1.5 

r\ Ow 

~ a~ 
~~ I 

~ r--.... ~ O.S 
~ 

0 , . • • , . . . , 
0.01 0.1 I 

COLLECTOR CURRENT II C I-A 

o~ 

75~~ 
't= 
0 

60iij 
~: 

45u~ 

~i 
30 ~~ 

~ 
~ 

15 

0 . . . 
10 

92C5-19025 

Fig.6-Typical normalized de beta characteristics for all 
types. 

Note (Figs. 5 & 6l: To estimate min .• max. hFE at any current and 
temperature. read normalized de forvvard.current transfer ratio and 
multiply by min., max. specifications given in Electrical Character-

i 

'" Ii! 
~ 
::: 2 

8 

istics Chart (p. 2). . 

CASE TEMPERATURE ITc );25°C 

BASE CURRENJ I1BI~O.IA 

1234567 
COlLECTOR-TO-EMITTER VOLTAGE (VCE)-V 92CS-19026 

Fig.7-Typical output characteristics for all types. 

COllECTOR-TO-EMITTER VOLTAGE VCEI-V 92CS-19027 

Fig.8- Typical output characteristics for all types. 
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2 3 4 5 
COLLECTOR CURRENT IICI-A 

Fig.9-Typical saturation voltage characteristics for all 
types. 

COLLECTOR ClmRENT (TCI-A 

92CS-19030 

Fig. 11-Typical storage-time characteristic for all types (with 
constant forced gain). 

;. 
I 

PULSE DURATION < O,..S 
REPETITION RATE: 100 HZ' 
COLLECTOR SUPPLY VOLTAGE 1VCcl=250V 

1.5 CASE TEMPERATURE (Tel ~ 2S·C 
IBI~-IB2 

2 3 4 5 
COLLECTOR CURRENTl:tcl-A 

92CS-19032 

Fig. 13-Typical rise·time characteristic for all types. 

0.12 

0.11 

~ 0.1 

1 
~O.09 

~ 

~ 
j: 0.08 

> 
~ g 0.07 

0.06 

2N6077,2N6078,2N6079 
PULSE DURATION:S: 20~s 
REPETITION RATE m 100 Hr 
COLLECTOR SUPPLY VOLTAGE I"CC'-250v 
CASE TEMPERATURE ITC I ~ 2S·C 

DC BETA thFEI ~ 5 THROUGH 10 

Is, '" -182 

0.05 
o I 

COLLECTOR CURRENT IICI-A 

Fig. 10-Typical delay· time characteristic for all types. 

PULSE DURATION:S 20 ,..5 
REPETITION RATE~ 100 Hz 
COLLECTOR SUPPLY VOLTAGE tVcCI= 250 v 
CASE TEMPERATURE (Tcl= 25°C 
IS J = 0.5 A 

2 3 4 5 
COLLECTOR CURRENT ttc I-A 

92CS-1903J 

Fig. 12-Typical storage-time characteristic for all types (with 
constant-base drives). 

, 
1 = I 
~ 
~ 
... 0.5 

PULSE OURATION :S 20,..s 
REPETITION RATE: 100 Hz 
COLLECTOR SUPPLY VOL.TAGE !Vccl-Z50V 
CASE TEMPERATURE (Tel- 25°C 

IBJ'-I8Z 

.' _ ... 
Z 3 4 5 

COLLECTOR CURRENT lIe I-A 
92CS-190!3 

Fig. 14-Typical fall-time characteristic for all types. 
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2N6077,2N6078,2N6079 
PUSH 

TO 
TEST 

r-----~---------O-'-~ 
HORIZONTAL 

INPUT 

TEKTRONIX OSCILLOSCOPE 
MODEL RM- ~3.OR EQUIV. B 

VERTICAL 
INPUT 

VCEO 

VCER~' 

VCEX~r.-3 
1.5 V 

Vee POWER 
SUPPLY 

Off 
"6iIO 
115VAC 
60 Hz 

Fig. 75-Circuit used to measure sustaining voltages VCEO(SUS). 
VCER(SUS) for al/ types. 

SYMCOUT 

I ... 'e _'TOIl 
TYPE .... " 
"""'" OR 

2 ""'" 

92C5-19034 

'lSI AND I~ MEASURED WI1H TEKTRONIX CURRENT PROBE P60!9 OR EQUIVALENT 

Fig. 17-Circuit used to measure switching times for all types. 

VCEOC ..... ' 

I 

COLLECTOR·TO-EMI~ VOLTAGE (VCE)-V 

92(5-19015 

Thesustainingvoltages VCEO(sus) and VeER(Susl are acceptable when 
the traces fall to the right and above point "A" for type 2N6078 point 
"S" for type 2N6077 and point "C" for type 2N6079. 

Fig.16-0scilloscope display for measurement of sustaining 
voltages (rest circuit shown in Fig. 15). 

TURN-ON 
TIME 

OUTPUT WAVE FORM 

Fig.18-Phase relationship between input and output 
currents showing reference points for specification of 
switching times. (Test circuit shown in Fig. 77). 
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File Number 676 2N61 06-2N6111, 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 2NS1 OS-2NS111, 2NS288-2NS293, and 2NS473-
2NS47S are epitaxial-base silicon transistors supplied in a 
VERSAWATT package. The 2NS288-2NS293, 2NS473, and 
2NS474" are n-p-n complements of p-n-p types 2NS10S-
2NS111, 2N6475, and 2NS47S-, 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 2NS289, 2N6291, and 2N6293 n-p-n types and 2NS10S, 
2NS108, 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, andTA8723, respectively. 

-Formerly RCA Dev. Nos. TA8210, TA7741 , TA8211 , TA7742, 
TA8212, TA7743, TA8445, and TA8722, respectively. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

2N6288 
N-P-N 2N6289 

P-N-P 2N611~ 

2N6111* 

, VCBO...................................................... 40 
, VCEX(sus) 

R •• = lOOIl, V •• =OV.................................... 40 
VCEO(sus) ................................................. 30 

* VERO •••••••••••••••••••••••••••••••••••••••••••••••••••••• 

'lc(Tc~106·C) .......................................... . 
, 1.(Tc~1300C) ......................................... .. 

p.,. 
, Tc~25·C ............................................... . 
Tc>25·C~loo·C ..................................... .. 
Tc >25·C ............................................... . 
T.~25·C ............................................... . 
T.>25·C ............................................... . 

.. T.tg, TJ .....•.......... '" .•..•...•....•....••......•....•• 
, TL 

AI distances ~ 118 in. (3.17 mm) from case for lOs max. 

TERMINAL DESIGNATIONS 

'~'~"1° II }s ~' 
TOP VIEW B 

92CS-39989 

JEDEC TO-220AB 

... ~.,,-~' 
~B 

92CS-40186 

JEDEC TO-220AA 

2N6290 2N6292 
2N6291 2N6293 2N6473 2N6474 

2N61 08* 2N61 06* 2N6475* 2N6476* 
2N61 09* 2N61 07* 

60 80 110 130 V 

60 80 110 130 V 
50 70 100 120 V 

5 V 
7 4 ___ A 
3 2 __ A 

40 W 
16 W 

Derate linearly 0.32 W/·C 
1.8 W 

Derate linearly 0.0144 W/·C 
-65 to 150 ·C 

235 ·C 

'In accordance with JEDEC registration data. *For p-n-p devices, voltage and current values are negative. 
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2N61 06-2N6111, 2N6288-2N6293, 2N64-73-2N6476 

ELECTRICAL CHARACTERISTICS At Case Temperature (T C) = 25"C Unless Otherwise Specified 

TEST CONDITIONS. LIMITS 

2N6292 2N6290 2N6288 
CHARAC· VOLTAGE CURRENT ~~6293 2N6291 2N6289 

UNITS 
TERISTIC Vdc Adc 2N610a+ 2N610st 2N6110· 

2N61 07. 2N610gt 2N6111· 

VCE VSE IC IS MIN. MAX. MIN. MAX. MIN. MAX. 

ICER 75 - 0.1 - - - -
(RSE = lOOn) 55 - - - 0.1 - -

35 - - - - - 0.1 

(RSE = lOOn, 70 - 2 - - - -
TC=150°C)- 50 - - - 2 - -

30 - - - - - 2 

.. ICEX 75 -1.5 - 0.1 - - - -
(RSE=100n) 56 -1.5 - - - 0.1 - -

37.5 -1.5 - ~ - - - 0.1 rnA 

(RSE=100n, 70 -1.5 - 2 - - - -
TC=15O°C) 50 -1.5 - - - 2 - -

30 -1.5 - - - - - 2 

.. ICEO 60 0 - 1 - - - -
40 0 - - - 1 - -
20 0 - - - - - 1 

.. IESO -5 0 - 1 - 1 - 1 

.. VCEO(sus)b 0.18 0 70 - 50 - 30 -
V 

VCER(sus)b 0.18 80 - 60 - 40 -
(RSE=100n) 

.. hFE 4 28 30 150 - - - -
4 2.58 - - 30 150 - -
4 38 -- - - - 30 150 
4 78 2.3 - 2.3 - 2.3 -

.. VSE 4 28 - 1.5 - - - -
4 2.58 - - - 1.5 - -
4 38 - - - - - 1.5 
4 78 - 3 - 3 - 3 V .. VCE(sat) 28 0.2 - 1 - - - -

2.58 0.25 - - - 1 - -
38 0.3 - - - - - 1 .. 78 3 - 3.5 - 3.5 - 3.5 

.. Ihfel I,f = 1 MHz) 
2N6288:93 4 0.5 4 - 4 - 4 -
2N6106-11 -4 -0.5 10 - 10 - 10 -

.. hfe (f=5OkHz) 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) IOC 0 - 250 - 250 - 250 pF 

RI1JC - 3.125 - 3.125 - 3.125 

RI1JA - 7rJ - 70 - 70 °C/W . In accordance with JEDEC registration data. C VeB value . 
It Pulsed: Pulse duration = 300 P.I, duty factor = 0.018. • For p-n-p devices. voltage and current 
b CAUTION: The sustaining voltage V CEOlsus) and V CER (sus) values are negative. 

MUST NOT be measured on a curve tracer. 
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2N61 06-2N6111, 2N6288-2N6293, 2N6473-2N6476 

ELECTRICAL CHARACTERISTICS At Case Temperature (TC) = 25"C Unless Otherwise Specified 

TEST CONDITIONS 

VOLTAGE CURRENT 
CHARACTERISTIC Vdc Adc 

VCE V8E IC 

ICER 120 
(RBE = 100.m 100 

(RBE = 10011 120 
TC = 100°C) 100 

" ICEX 120 -1.5 
(RBE = 100 111 100 -1.5 

(RBE = 10011, 120 -1.5 
TC= 100°CI 100 -1.5 

'" ICEO 60 
50 

'" lEBO -5 

" VCEO(susl b O.la 

VCER(susl b 
(RBE=100111 O.la 

" hFE 4 1.5a 

2.5 4a 

" VBE 4 1.5a 
2.5 4a 

" VCE(satl 1.5a 

4a 

" Ihfel (f = 1 MHzl 
2N6473·74 4 0.5 

2N6475·76 -4 f-0.5 

" hfe (f = 50 kHzl 4 0.5 

fT 
2N6473·74 4 0.5 

2N6475·76 -4 0.5 

'" Cabo (f = 1 Ml-lzl 10c 0 

ROJC 

ROJA 

* I n accordance with JEDEC registration data 
a Pulsed: Pulse duration = 3001", duty factor = 0.018. 
b CAUTION: The sustaining voltage VCEO(sus) are VCER(sus) 

MUST NOT be measured on a curve tracer. 

18 

0 
0 

0 

0 

0.15 
2 

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 °CIW 
70 - 70 

C V CB value. 

• For p-n-p devices, voltage and current 
values are negative. 
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2N61 06-2N6111, 2N6288-2N6293, 2N647.3 .. 2N6476 

CASE TEMPERATURE ITcl-·C 

Fig. 1 - Current derating curves for all types. 

,u. 
Ie MAX. (CONTINUOUS1"- -CASE TEMPERATURE(Tr:).IOO-C 6 

0 .. i ...... .!. , 
u ! °0 
~: 

, 0 .. . ~ .. 
~ 
. , ~ 4 

f22l2 - -.l. - :::-, ~~ jo.P7I• - ~-8 • 
of-- Vc~o MAX,alZOY 12N8474) 

, f-- r- Vc~OiXi;ooVjN.47j' 
0.0' 

, 
, 0 ~'IO 

, 0 "108 1 0 • 0 .. , 
COLLECTOR-TO-EIiITTER VOLTAGE IVcEl-v 92C9-22S2t 

Fig. 3 - Maximum operating area. for 2N6473 -
2N6474 (TC= 700 CJ. 

'0 
488148814 

-0.01 -0.1 .., 
COLLECTOR CURRENT Itc)-A 

-10 

!t2CS-Il00' 

Fig. 5 - Typical dc beta characteristics for 2N6706-
2N6717. 

,u, lle 1MX.~Ml0U8)r~SE TI!MPERATURE(TC)~-C , 
. " I I .C 0 , ....... ~J u 

~ • 
r~~ Ii 

=: 
~ , · ~ · ~ 0 

VCEO MAX.-SOV 
~'-12N6288 a 2N1289} 

8 VelD MAX. ·50 v K~ · 12N6290 a 2N629U I~~ VeEO MAX .• 70 V 

0.' t2N829Z a 2Me2gS) -.l 
2 0 . . , 4 . . 

10 30 50 10 100 
COLLECTOR·ro-EMITTER VOLTAGE I VcE)- v 

9ICS-22152S 

Fig. 2 - Maximum operating area. for 2N6288 -
2N6293 (T C = 700 CJ. 

-IOe 
t-CASE TEMPERATURE 1 Tc l-lOo-C · Ie MAX. (CONTINUOUSI-

4 

i' 
c· 

, 
I , ~o i 

- -I O.ot''I>41' :: . - 6 

~ 4 -.....'91-
I ~ ~ ....... ~~ ~~ 6, 

I (/. 
g-Q1W8 

., 
<C 

~ 6 
f--- r- VeEa MAX. II I2.0Y (2"6476) S 4 

VeEa MAX ~ IOOY 12N6475>-:: 
2 f-- r-- i I II I I I' -0-01 

2 4 6 , , 4 6" -120 2 4 6 , 

-I -10 -ro~100 

COLLECTOR -TO-EMlTTER VOLTAGE ( VCE)- V 

Fig. 4 - Maximum opemting area. for 2N6475 and 
2N6476 (T C = 700 C). 

~400 
COLLECTOR-TO-EM1TTER VOLTAGE (VeE) = 4V 

~ 200 
CAJE TEiR~TUE ITc JI25.C 

~ \;;":cr--
~ 100 ..... -~ 80 -40·C 
~ 6O~ ~ 

~ 
i e 
g 

40 

....... r-..."\~ 
20 

~ 10 
S . 
0.01 

. .. 
0.1 

. .. 
10 

COLLECTOR CURRENT IICI-A 92CS·19668RI 

Fig. 6 - Typical de beta characteristics for 
2N6288 - 2N6293. 
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2N6106-2N6111, 2N6288-2N6293, 2N6473-2N6476 

: COLLjC":.OR-ro- EMITTER VOLTAGE t VCE)-4 V 

· ,kJ-T'''!...l.~''\' (Tc,l. , ••• 1 
~ • ..!- wc ..... · :1-"" ·4O-C 

I-" ~ , 
~ · · · , 

, . .. , . . , . . 
0.01 .. , , 

COLLECTOR CURRENT (tel-A 
SlCS-ng3, 

Fig. 7 - Typical dc beta characteristics for 
2N6473 and 2N6474. 

~ 
0 

i 
~ 

~ 
~ 
~ 

2 
I 
!! 

In 

8 COLLECTOR-TO- EMITTER VOLTAGE (VCE)--4V 

• I '" I I I i 4 -CA.SE TEMPERATURE (1; ,L.l 
r -;.....(').~~. 

'5·c r--.c 

• -40-c · · , ~ ~ 
,n ~ · · · , 
, , . 6 • . . 6 • , . 6 • 

-0.01 -0·' -I -10 
COLLECTOR CURRENT ele)-A 

92CS-22539RI 

Fig. 8 - Typical dc beta characteristics for 
2N6475 and 2N6476. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CS-1800t 

Fig. 9 - Maximum operating areas for 2N6106 - 2N6111 IT C ~ 25° C). 
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2N6106-2N6111, 2N6288-2N6293, 2N6473-2N6476 

c 
I 
o 

H 

!z 
OJ 
0: 
0: 
::> 
o 
0: 

~ 
I;l 
oJ 
oJ 

8 

Fig. 10 - Maximum operating areas for 2N6288-2N6293 IT C = 25°C). 

COLLECTOR -TO-EMITTER VOLTAGE (VCE)- V 
92CS-22524 

Fig. 11 - Maximum operating areas for 2N6473 and 2N6474 IT C = 25°C). 
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2N6106-2N6111, 2N6288-2N6293, 2N6473-2N6476 

COLLECTOR -TO -EMITTER VOLTAGE (VCE)- V 92<5-22'21 

Fig. 12- Maximum aperatingareas far 2N6475 - 2N6476 (TC~ 25°C). 

-300 
c • 1-.. 
H 

... -200 

~ !J-1!50 

~ 
:-100 

-!SO 

COLLECTOR- TO-EMITTER VOLTAGE (VCE)--4V 

-0.5 

I> " :l 0 - .. 
t" 

I 
-I -I.S -2 

BASE - TO-EMITTER VOLTAGE (VBE ' - V 
92CS-18012 

Fig. 13 - Typical input characteristics for 2N6106-
2N6"'. 2N6475. and 2N6476. 

COLLECTOR - TO -EMITTER VOLTAGE I VeE): 4 v 

30.0. 

C 
E 250 

~ i zoo 

f u 

~ ~ ~ 
l!! 

I B 150 

w 
:i 100 

50. 

0..1 0.5 I 1,5 
BASE-TO- EMITTER VOLTAGE I VB[~-V 

'Ks-un2 

Fig. 15 - Typical input characteristics far 2N6473 
2N6474. 

COLLECTOR - TO -EMITTER VOLTAGE I VeE'- 4 Y 

300 

c 
• 2 

~ 
~ a I 
w 
: 100 

50. 

0.1 0..5 

BASE-TO-EMITTER VOLTAGE IYBEl"":'y 
'''92CS-225). 

Fig. 14 - Typical input characteristics far 2N6288-
2N6293. 

r--------------~ffittffiffi 

-. c 
I 
~-5 

i -4 

B 
'" -. e 
~ -2 

8 
-I 

COLLECTOR-TO-EMITTER VOLTAGE (VcE)--4 V 

-0.5 -I -1.5 -2 
BASE-TO-EMITTER VOLTAGEIVSE) - v 

92CS-18016 

Fig. 16 - Typical transfer characteristics for 2N6106-

2N6"'. 
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2N6106';2N6111, 2N6288-2N6293, 2N6473-2N6476 

COLLECTOR-TO-EMITTER VOLT~E (VCE)-4V 

u • 

e 
~ 

0.2 0;4 0.6 0.8 '·2 1.4 1.6 
aASE-TO-EMITT~ VOLTAGECV8E ) - V 

92(:8-225), 

Fig. 17 - Typical transfer characteristics for 2N6288 -
2N6293. 

IASE-TO-EMITTER VOI;~A8E(V.E) -" 
SICS-11m 

Fig. 19 - Typical transfar characteristics for 
2N6475 and 2N6476. 

COLLECTOR -TO-EMIITTER VOLT.IE (Ycr}-Y 
nCS-ltln"l 

Fig. 21 - Typical output characteristics for 
2N6288 - 2N6293. 

4 
I 

-6 

~ -5 .. 
~ ... 

~ 
!i -• .. 
~ -2 

-I 

COllECTOR-'TO-EMIT.TER VOLTAGEIVeE). 4 V 

0.' I.' 
BASE-:TO-EMITTER VOLTAGEIYBE) - V 

Fig. 18 - Typical transfer characteristics for 
2N6473 and 2N6474. 

CASE TEMPERATUREITC)-Z5·C 

BASE CURRENTlla)--200mA 

_. A 

-$0 mA .ow 

10'" 

-2 -4 -6 -I -10 -12 -14 - .. 
COLLECTQR-TO-EMITTQ WOLT'" (YCEI-V 

_eel-IIO"'" 

Fig. 20 - Typical output characteristics for 
2N6t06 - 2N671 t. 

Fig. 22 - Typical output characteristics for 
2N6473 and 2N6474. 
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2N61 06-2N6111, 2N6288-2N6293, 2N6473-2N6476 

COLLECTOR-lO-EMITTER VOLTAGE (VCEI-V 

92(5-2211)4 

Fig. 23 - Tvpical output characteristics for 
2N6475 and 2N6476. 

COLLECTOR-TO-£M'TTER VOLTAGE IVeE'- 4 V 

~ 10 

CASE TEMPERATURE tTcl·2!!1·C 

J-
;: . ..- ....... 

~ V ~ L 
~ V \ ~ 4 

~ Ii ~ 2 

0 
MI , 4 66Q.1 , 4 .. , , 

COLLECTOR CURRENT II~J-A 
92C5-19674 

Fig. 25 - Typical gain·bandwidth product for 
2N6288 - 2N6293. 

~3V 
60Hz 

CHOPPER TYPE 
MERCURY RELAY 
P 8 B JML 81308, 
CLARE IOZ8, OR 

EQUIVALENT 

VCER\$usl 

OSCILLOSCOPE 
GND. INPUT 

HOM.Z. 

HEWLETT-PACICARD. 
MODEL No. 130B, 
OR EQUIVALENT 

-Vee 
NOTE: FOR p-ft-p TYPES, REVERSE POLARITY OF Vee' 

S2CS~221140 

Fig. 27 - Circuit used to measure sustaining 
voltage V CE R(susl for a/l types. 

4 

COLLECTOR -TO-EMITTER VOLTAGE (VcEl~-4 V 
CASE TEMPERATURE t TC I' 25-<: , 

I I I II ~ 20 I 
>-

~ 
'" f-
~ .... u , ,; 
0 .,.)'~C' "'~1f6: 
~ 

12~ ".....- -......;.,~r:::. '" ~ , 
~ 

~ 
1\ 1"-

:! 
z • 
~ 

4 , 4 .. , 4 .. , . 6 • I 
-0.01 -0.' -I -10 

COLLECTOR CURRENT (leI-A 

Fig. 24 - Typical gain·bandwidth product 2N6706 -
2N67 1 I, 2N6475, and 2N6476. 

£ 

" I 
>-
'" t; 
a 
f , 
~ 
i 

! 
Z 

~ 

• 
7 ~ "'-

• "1'\ 
• 1\ 

I' 
4 

COLLfCTOR -TO-EMITTER VOLTAGE IVCE)a-4 V 
CASE TEMPERATURE lTe )-25-<: 

3 

/I , . . . , . . . 
0.01 0.1 

COLLECTOR CURRENT tIC)-A 
92CS·22530 

Fig. 26 - Typical gain·bandwidth product for 
2N6473 and 2N6474. 

92CS·2Z!541 

Nota: Curve will be inverted and polarity reversed 
for p~n~p types. The sustaining voltage, 
V CER (susl, is accepatble when the traces fall to 
the right and above the designated points: 
Point A: 2N611 O,2N6111 ,2N6288,2N6289 
Point B: 2N6108,2N6109,2N6290,2N6291 
Point C: 2N6106,2N6107,2N6292,2N6293 
Point 0: 2N6475,2N6473 
Point E: 2N6476,2N6474 

Fig. 28 - Oscilloscope delay for measurement of 
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 ••••••••••••••••••••••••••••••••••••••••••••••••• 

"VeEo(sus) •..... , •........• ; .......................... . 
·VEBO ••••••••••••••••••••••••••••••••••••••••••••••••• 

"Ie ..•.............•••...•..••..•..••..••......••...•.. 
"Ie .....•..•. , ...•.•....•....••...••..............••... 
PT 

"Te2=25°C ............................................ . 
Te>25°C:S100°C ................................. .. 
Te>25°C ........................................... . 
TA:S25°C .......................................... .. 
TA>25°C •..............•.......................•...• 

*Tstgl T J ••••••••••• 0"' •••••••••••••••••••••••••••••••••• 

TL 
At distances 2= 1/8 in. (3.17 mm) from 

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

File Number 1149 

TERMINAL DESIGNATIONS 

'R~"1011 JH{ ~' 
TOP VIEW B 

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 

W 
W 

W/oC 
W 

W/oC 
°C 

°C 

"In accordance with JEDEC registration data. For p-n-p deviCes, voltage and'current values are negative. 

~176 ______________________________________________________________ ___ 



--------------------------__________ PowerTransistors 

* 

* 

* 

* 

* 

* 

* 
* 

2N6121-2N6123,2N6124-2N6126 
ELECTRICAL CHARACTERISTICS At Case Temperature (T C) = 2SOC 

Unless Otherwise Specified 

TEST CONDITIONS. 

VOLTAGE CURRENT 
CHARAC· Vdc Adc 
TERISTIC 

VCE VBE 'C 'B 

45a 

'CBO 60B 
8Q8 

'CEX 45 -1.5 
60 -1.5 
80 -1.5 

45 -1.5 
TC=125OC 60 -1.5 

80 -1.5 

'CEO 45 0 
60 0 
80 0 

'EBO -5 0 

VCEO (sus)b O.lc 0 

hFE 2 1.5c 
2 4c 

VBE 2 1.5c 

VCE(sat) 1.5c 0.15 
4C 1 

Ihfel (f=l MHz) 4 1 

hfe (f=l kHz) 2 ~.1 

ROJC 

* In accordance with JEDEC registration data. 

bCAUTION: The sustaining voltage VCEO(sus) 
MUST NOT be measured on a curve tracer. 

2S DO 15 100 125 IS) 175 200 

CASE TEMPERATURE 11C1--C 

LIMITS 

2N6121 2N6122 2N6123 
2N6124· 2N6125· 2N6126· UNITS 

MIN. MAX. MIN MAX. MIN. MAX. 

- 0.1 - - - -
- - - 0.1 - -
- - - - - 0.1 

- 0.1 - - - -
- - - 0.1 - -
- - - - - 0.1 mA 
- 2 - - - -
- - - 2 - -
- - - - - 2 

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

- 1 - 1 - 1 

45 - 60 - 80 - V 

25 100 25 100 20 80 
10 - 10 - 7 -

- 1.2 - 1.2 - 1.2 
V 

- 0.6 - 0.6 - 0.6 
- 1.4 - 1.4 - 1.4 

12.5 - 2.5 - 2.5 -
25 - 25 - 25 -

- 3.125 - 3.125 - ~.125 °C/W 

aVCB value. 

C Pulsed: Pulse duration = 300 IlS, duty factor = 0.018 . 
• For p·n-p devices, voltage and current values are 

negative. 

t 400 
COLLECTOR-lO-EMITTER VOLTAGE (VeE)· 4V 

izoo CAJE TEJpERlrWE nC)!125.C 

~ =t;:cr-. 
~ 100 .- --e: 80 -40"C :::-". 
~ 60,...-

~ ! 40 

" ~"'\ 20 ~ I '~~ 10 
~ • 

0.01 
4 •• . .. 

0.1 
COLL.ECTOR CURRENT txc1-A 

4 •• 10 

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. 

BASE-TO-EMITTER VOLTAGE (VBE)-V 

Fig. 4 - Typical input characteristics for all types. 

COLLECTOR-TO-EMITTER VOLTAGE tVcE)-4V 
CASE TEMPERATLR£ tTel-2SD C 

~I 
"E-
;: . 

.....-§ ",/ 
[ . 
~ " \ ~ 4 

~ \ ~ 2 

~ 2 4 , 8 0. I 2 4 '8 I 2 

COL.LECTOR CURRENT IIcl-A 
92C8-1961'" 

Fig. 6 - Typical gain·bandwidth product. 

4 

COLLECTOR-TO-EMITTER VOLTAGE (VCEla4V 

~ 
o 
~ 
u 

j 
8 

.~ 

~ .,. 

rj!;.ty OV ,tl' 

02 0:4 0.6 0.8 1-2 1.4 '.6 
BASE-TO-EMITTER VOLTAGE(VBE) - v 

92CS-2253!5 

Pig: 5 - Typical transfer characteristics for all types. 

12an 
IW 

6~V q-~--l 
60Hz 1 I 

, I 
l _____ .1 

CHOPPER TYPE 
MERCURY RELAY 
P II B JML 81308, 
CLARE 102B, OR 

EQUIVALENT 

IOn 
5W 

2.5mH 
J W MILLER No 4533, 
OR EQUIVALENT 

IQ,I"to,1/2W VERT . 
INON-INDUCTIVE) 

ONO 

HORIZ. 

OSCILLOSCOPE 
INPUT 

HEWLETT·PACKARD 
MOOEl No. 1308, 
OR EQUIVALENT 

NOTE: FOR p-n-p TYPES,REVERSE POLARITY OF Vec' 
+Vcc 

92CS-51102 

Fig. 7 - Circuit used to measure sustaini"g voltage 
V CEO (sus) for all types. 
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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 

F •• tur .. : 
• High voltage ratings: 

VCEO(SUS) = -400 V max. (2N6214) 
= -350 V max. (2N6213) 
= -300 V max. (2N6212) 
= -225 V max. (2N6211) 

AppllcaUons: 
• Power-Switching circuits 
• SWitching regulators 
• Converters 
• Inverters 
• High-Fidelity amplifiers 

TERMINAL DESIGNATIONS 

The types 2N62". 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, Veoo •••..••.•....• 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open, VeEo(suS) ........................ .. 
With external base-ta-emitter resistance 

(RaE) = 50 n, VeEA(SUS) ......................... .. 
With base-emitter junction reverse-biased 

(VaE = 1.5 V), VeEX(SuS) ..••••..••••.•••.•..•••••.. 
• EMITTER-TO-BASE VOLTAGE, VEoo •.•••...•.••.•..• 
• COLLECTOR CURRENT (Continuous), Ie ..••.•.••..•• 
• BASE CURRENT (Continuous), la .................. .. 

TRANSISTOR DISSIPATION, PT: 
At case temperatures up to 100°C and 

VCE upt050V .................................. . 
At case temperatures up to 25° C and 

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

2N8211 

-275 

-225 

-250 

-275 
-6 
-2 
-1 

20 

35 

92CS-27S16 

JEDEC TO-213AA 

2N6212 2N6213 2N6214 

-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 

VeE 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 

V 

V 

V 

V 
V 
A 
A 

W 

W 

°C 

°C 

__________________________________________ 2-179 



Power Transistors 

2N6211, 2N6212, 2N6213, 2N6.214 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TCI = 2SOC Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
Voltage eumon' UNITS 

Vile Ado 2N6211 2N6212 2N6213 2N6214 

VCE VBE IC IE IB Min. Max. Min. Max. Min. Max.- Min. Max. 

I GQllector-UJtott Gurrent: 
ICEO . -5 With base open -150 0 -5 -5 -5 

With base-emitter june- 250 1.5 -0.5 
-315 1.5 -0.5 

tion reverse-biased -360 11 ·-0:5 
ICEV -410 -1 rnA 

With base-emitter june- -250 1.5 -:. 
tion reverse biased and -315 1.5 -5 

-5-
T C = l00"C 

-360 1.5 -10 -410 1.5 
Emitter-Cutoff Current IESO 6 0 0.5 0.5 0.5 rnA 

-2.S 1. 10 100 
DC Forward-Current 

hFE 
-3.2 -1· 10 100 

Transfer Ratio -4 -1· 10 100 
-5 _1· 10 100 

Collector-ta-Emitter 
Sustaining Voltage: VCEOI'", 0.2· -225 -300 -350 -400 
With base open 
With external base-to-
emitter resistance VCERI,", -0.2 -250 -325 -375 -425 

IRsel = 50 n V 

With base-emitter junc-
tion reverse-biased and 

VCEX!sus 1.5 -0.2 -275 -350 -400 -450 
external base-ta-emitter 
resistance (Asel '" 50.n 

Emitter-la-Base Voltage VESO 
O.5mA -b 

V 
I rnA ·-6 

Emitter-ta-Base Satura-
VBelsatl _I- -0.125 1.4 ·1.4 -1.4 -1.4 V 

tion Voltage 

Collector-to-Emitter 
VCElsatl _l a -0.125 1.4 ··1.6 -2 -2.5 V 

Saturation Voltage 

Output Capacitance Cobo 
-10 0 220 220 220 220 pF 

If= 1 MHzl (VCSI 

Second-Breakdown 
Collector Current ISlb -40 -0.875 -0.875 -0.875 -0.8n A 
(Base forward-biased) 

Magnitude of Common-
Emitter, Small-Signal, 
Short-Circuit, Forward- Ihfel -10 -0.2 
Current Transfer Ratio 
If = 5 MHzl 

Saturated Switching Times: 
t, Vcc" IS 1& IB2 

0.6 0.6 0.6 0.6 -1 
Rise time -200 V -0.125 

Storage time 's 
Vcc" 

-I 
IS 1&IS2 

200 V 0.125 
2.5 2.5 2.5 2.5 ~, 

Fall time tf 
VCC -

-1 
IS1&IB2 

0.6. 0.6 0.6 0.6 
-200 V -0.125 

Thermal Resistance 
ROJC -10 -1 °CIW 

(Junction-to-case) 

"In acco'rdance with JEDEC registration data format JS-6 ROF-1. 

apulsed: Pulse duration = 3001"; duty factor "'2%. 
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-I 
• 6' 

<[ 

I 
U 
!j 
I
Z 

"' 0:: 

!5 
o 
0:: 
g 
o 
"' :j -0.1 

8 

2N6211,2N6212, 2N6213, 2N6214 

6 8_10 6 8_100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CS-19220RZ 

Fig. 1 - Maximum operating areas for all types. 

-10 -tOO • 6' -1000 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGf 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
AND IS/b-LIMITED PORTION OF MAXIMUM-OPERATING
AREA CURVES. 00 NOT DERATE THE SPECIFIED 
VALUE FOR Ie MAX. 

25 !SO 75 100 125 150 175 200 

CASE TEMPERATURE (TC)-"c 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 92CS-I5968 

92CS-19218Rt 

Fig. 2 - Maximum operating areas for all types. Fig. 3 - Derating curves for all ,types. 
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2N6211, 2N6212, 2N6213, 2N6214 

~ 
2 

! 
~ 

g 
~ 

i 
! 
~ 

COLLECTOR-lO-EMITTER VOLTAGE ~VCE)~-IOV 
CASE TEMPERATURE {Tc).R25"C 

3. 
I·' 

30 ~ 

2. /1'" 

20 

" 

/v 1\ 
10 / 1 , 

• 6' 
-0.01 -0.1 -I 

COLLECTOR CURRENT lIe 1- A 

: 

4'"68 
-10 

Fig. 4 - Typical gain-bandwidth product for all types. 

~ 
: COTTOI]]TTETLT (VCE}0-5V 

;; 

: CASE TEMPERATURE (Tel: 150"(; . 11 :::-. 

I 
100 

TC· Z5 "C · 6 

~ · z 

.1\ . 
~ , 

I 10 \ 
g · 6 

-0.01 
, . 6 • , . 6 • -0.1 -I 

, . 6. -10 
COLLECTOR CURRENT (Iel-A 92CS-19219 

Fig. 6 - Typical dc beta characteristic for all types. 

~LECTOR~TAGE.t' ",~,~ 

i 
~ -2 

~ 
~ -I, 

f.". I -I 
-0.5 

-0 -1.5 -2 -2.5 -3 
BASE-lO-EMITTER VOLTAGE (V8EI-V 

92CS-':l974 

Fig. 8 - Typical transfer characteristics for all types. 

-460 

-440 r----r--
-420 i"-" 

f'. 
2N62114 

-400 ,~CEX (sus) f".. CASE TEMPERATURE 

~ - (Tcl"'25"C 

OJ- "f'. -L62,J -g~ -
~> 

~! - VCEO(sus) 

~~ i'--. 1 ~o-

~~ ,. 
kN621~ 

I-~ -3 
al"iii 
g~ -Z80 

~~- C"-." 

~ - 1""'-
2N6211 

-221 , . . 6 • 2 . 6 • , . 6 • 10 100 IK 1011 
EXTUNAL BASE-lO-EMITTER RESISTANCE {RSE)-Il 

92CS-19217RI 

Fig. 5 - Collector-to-emitter sustaining-voltage characteristics for 
all types. 

-I 

o -a. -I -1.5 -2 
COLLECTOR CURRENT IIc)-A 

Fig. 7 - Typical saturation-voltage characteristics for all types. 

~ 
I 

PULSE DURATION ~ 20,...a 
REPETITION RATE. 200 PULSES ,. 
COLLECTOR SUPPLY VOLTAGE (Vee). -200 v 
ISI-IB2-IC/S-O,125IC 
CASE TEMPERATURE (lCI-25· C 

-0.5 -I 

COLLECTOR CURRENT IICI-A 
92CS-'9237RI 

Fig. 9 - Typical storage-time characteristics for all types. 
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t 
~ 

~ 0.4 
oj 
;f 

l'i 0.3 

"} 

~ 0.2 

iii 
~ 0..1 

COLLECTOR CIRIENT IIC)-A 

2N6211, 2N6212,2N6213, 2N6214 

CLARE 
MERCURY RELAY 

MODEL No. HGP-I004, 
OR EQUIVALENT 

H, 

VCEO(susl 

CHANNEL A 

TO 

~~ H~~~~~~~~;:RD 
MODEL No 503 

OR EQUIVALENT 

CHANNEL 8 

==-OT050V 
+ (500 mAl 

COMMON 

~60 o'~~ 
-\IF+--O------..... VV\,+----Q 

39.(1 6V 
2W 

III 
O.5W 

92CS'19234RI 

Fig. 10 - Typical turn-on time and fall-time characteristics for all 
types. 

Fig. 11 - Circuit used to measure sustaining voltages VCEO(SUS), 
VCEA(sus) and VCEX(SUS) for all types. 

INPuT: 
HEWl.ETT-PACkARO 
MOOEL No.214A,OR 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

(PULSE DURATION-
20,.1. REP. RATE' 

200Hz) 

~ -400 
0: ... 
GI 
a:::u-200 
OH 
t;-

"CEO(SUS) veER (sus) VCEX (sus) 

i 1 

~ o o -25~3~5-375_.h5 0 -2~3~0400_~50 
u 

NOTE: CDLLECTOR-TO- EMITTER VOLTAGE (VCE)- V 

SUSTAINING VOLTAGES VcEo(susl,VCER(SUs',AND "cEX(su.) ARE 
ACCEPTABLE WHEN TRACES FALL TO THE RIGHT AND ABOVE 
POINTS MAli FOR TYPE 2N621', POINTs"a" FOR TYPE 2N6212, 
POINTS "eu FOR TYPE 2N6213. A NO POINTS "0" FOR 
TYPE 2N6214 92CS-19235RI 

Fig. 12 - Oscilloscope display for measurement of sustaining 
Voltages. 

vcc=-zoov 
OUTPUT TO 

OSCILLOSCOPE 
(TEKTRONIX MODEL 

No. 543A,OR 
EDUIVALENT) 

TYPE 
2N62U 
2N6212 
2N6213 

o.R 
2N6214 

_ADJUST RB FOR 1B2 AND RC FOR Ie 
... IBI AND IB2 MEASUREO Willi TEKTRONIX CURRENT PROBE 

POOlS AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

Fig. 13 - Circuit used to measure saturated switching times for all 
types. 

Fig. 14 - Phase relationship betwean Input current and output 
voltage showing reference pOints for specification of 
switching times. 
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2N6246, 2N624,7, 2N624:S,. 2N646$ 

Silicon. P;.N-P, E:pitaxial-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, 2N6248, and 2N6469 are epitaxial
base silicon p-n-p transistors featuring high gain at high 
current All of these devices have a dissipation capability of 
125 watts at case temperatures 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. 

4Formerly 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 IB 

*TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°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 '10 s·max. 

* In accordance with JEDEC'registration data format (JS-6 RDF-2L 

File Number 677 

.rERMINA!- DESIGNATIONS 

c 

'~ .... '~'~.~' 
~ 

92CS-21516 

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 
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2N6246, 2N6247,2N6248, 2N6469 
ELECTRICAL CHARACTER ISTICS FOR P-N-P TYPES, At case temperature (T C) = 2fiOc unless otherwise specified 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL VOLTAGE 
Vdc 

VCE VBE 

Collector-Cutoff Current: 
With external base·emitter 

ICER 
-35 

resistance (RBE) = 100 n -55 

With base-emitter -45 1.5 
junction reverse·biased -65 1.5 

With reverse bias 
ICEX 

-45 1.5 
and TC = 1500 C -55 1.5 

-20 
With base open ICEO -30 

Em itter-Cutoff Current lEBO 5 

DC Forward-Current -4 
Transfer Ratio hFE -4 

-4 

Collector·to-Emitter 
Sustaining Voltage: 
With base open VCEO(sus) 

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

Base-to·Emitter Voltage VBE -4 
-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 ROJC 

* In accordance with JEDEC registration data format (JSw6 RDF-2L 

a Pulsed; pulse duration = 300 /-ts, duty factor = 1.8%. 

b CAUTION: CAUTION: Sustaining voltages VCEO(SUS) and VCER(sUS) 
MUST NO T be measured on a curve tracer. 

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 

/lA 

/lA 

mA 

mA 

mA 

V 

V 

V 

°C/W 
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2N6246,2N6247,2N6248,2N6469 
ELECTRICAL CHARACTERIST!CS FOR P-N-P TYPI;:S, At case temperature (T cJ = 2SOC unless otherwise specified 

TEST CONDITIONS 

CHARACTER ISTIC SYMBOL VOLTAGE 
Vdc 

VCE 

Collector-Cutoff Current: 
With external base-emitter 

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 

ICEO 
-40 

With base open 
-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-em itter 
VCER(sus) 

resistance (RBE) = 100 n 
-4 

Base-to-Emitter Voltage VBE -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 RIIJC 

* In accordance with JEDEC registration data format US-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 

CURRENT 
Adc 

IC IB 

0 
0 

0 

_5a 

-6a 
-lOa 
-15a 

-0.2 0 

-0.2 

_6a 
_Sa 

_Sa -O.S 
_6a -0.6 
-lSa -4 
-lOa -2 

-1 

-1 

- _._--

LIMITS 

2N6247 2N624B 

Min_ Max_ Min_ Max_ 

- -200 - -
- - - -200 

- -200 - -
- - - -200 

- -5 - -
- - - -5 

- -1 - -
- - - -1 

- -1 - -1 

- - 20 100 
20 100 - -
- - 5 -
5 - - -

-80b - -l00b -

-8Sb - -10Sb -

- -1.8 - -
- - - -1.8 

- - - -1.3 
- -1.3 - -
- -3.S - -
- - - -3.S 

S - S -

2S - 25 -

- 1.4 - 1.4 

UNITS 

IlA 

IlA 

mA 

mA 

mA 

V 

V 

V 

°C/W 
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i'; 
~ 

40 

~ 
i:i 20 

~ 

2N6246,2N6247,2N6248,2N6469 

4 CASE TEMPERATURE (TC)-25°C 
(CURVES MUST BE DERATED LINEARLY 
WITH INCREASE IN TEMPERATURE) 

. PULSE 

10 40 60 80 100 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

~2CS-22379RI 

Fig. 1 - Maximum operating areas for all types. 

25 50 75 100 125 ISO 175 200 
CASE TEMPERATURE t TC1--C 

Fig. 2 - Current derating for all types. 

COLLECTOR CURRENT (IC)-A 

Fig. 3 - Typical collector-to-emitter saturation-voltage 
characteristics for 2N6246. 2N6247. 2N624B. and 2N6469. 
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2N6246, 2N624,7, 2N6~48, 2N646~ 

<t 
I 

'0 
!j 
I
Z 
W 
a: 
a: 
::l 
o 
a: o 
I
o 
W 
...J 
...J 
o 
o 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS- 22380RI 

Fig. 4 - Maximum operating areas for all types. 

2 4 68 2 4 68 2 4 68 2 4 68 
-0.01 -0.1 -I -10 -100 

COLLECTOR CURRENT tI:C )-A 
92CS-19576RI 

-0.01 
468 <: 468 2 468 2 

-0.1 ~I ~IO 

COLLECTOR CURRENT tIel-A 

. .. 
-100 

Fig. 5 - Typical dc beta characteristics for 2N6246, 2N6247, 
and2N6469. 

Fig. 6 - Typical de beta characteristics for 2N6248. 
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COLLECTOR-TO-EMITTER VOLTAGE (VCE'= """ 

i III II hfi~; ; I Ii .. 

-0.5 -I -1.5 -, 
BASE-TO-EMITTER VOLTAGE (VSEI- V 

Fig. 7 - Typical transfer characteristics for 2N6246, 2N6247, 
2N6248, and 2N6469. 

I~ 
I! 

-bue 

':'~ . 

;";;HJ~· 

clL'l' 

,<n VOLTAGE '''eE''-4V 

BASE-lO-EMITTER VOLTAGEIVBE)-V 

Fig. 9 - Typical inp,:,t characteristics for 2N6248. 

o 

-1200 

,00 

~'OO 

-I 

COlLECTOR-TO-EMITTER VOLTAGE {VeE I-V 

Fig. 11 - Typical output characteristics for 2N6248. 

2N6246,2N6247,2N6248,2N6469 

BASE-IO-EMITTER VOLTAGE(VBE}-V 

Fig. 8 - Typical input characteristics for 2N6246, 2N6247, 
and 2N6469. 

CASE TEMPERATURE fTC~250C:~ f* 
-15 ~E CURRENT IIB1=-eoomA 

1-".5 
u .., 
~ -10 

a-7.5 

g 
~ -s 

8 
-2.5 

,125W 

-400 

-'00 
-10 

_50 

-,0 

-s -10 _IS 

COLLECTOR-TO-EMITTER VOLTAGE(VCE I-v 

Fig. 10 _. Typical output characteristics for 2N6246, 2N6247, 
and2N6469. 

25 COLLECTOR-TO-EMITTER VOLTAGE (VCE1=-4 V 
CASE TEMPERATURE (TCr' ":.<'c;5,.oC-",,_,-_+-+-H 

L 

1. '0l--f-++++-+--+--+-t+-t-.. 
g 151--f-+-:J.<'H1-"'_+-+-.+-t+'-""-f-f-H 
~ V '\ 

-0.01 

r--~--~-H--+-~~cr-H 

• 6' 
-0.1 -I 

COLLECTOR CURRENT t:tel-A 

. " -10 

Fig. 12 - Typical gain-bandwidth product vs. collector current for 
2N6246, 2N6247, 2N6248, and 2N6469. 
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2N6246, 2N.6247, 2N6~48, 2N~469 

COLLECTOR CURRENT(Ic)-A 
92CS-19581 

10D 
IW 

~·--.-l 

:o~3.rz~ '~ : 
, ". I 
L ___ .J 

CHOPPER TYPE 
MfR.CUR'f RELAY 
P a B . .,ML 81308, 

CLt:~,~<iI~~~ I 

loon 
1/2 W 

~I;~AL TRANSFORMER. l 

~ A.I"IIo.2~ W 
(NON-INDUCTIVE) OSCILLOSCOPE 

Co. CH50 OR EOU~~R} 

INPUT 
HEWLETT-PACKARD 

~ GNO MODEL No 1398 
2N6246 OR EeUIVALENT 
2N6247 
2N6248 

2 2N64.69 HORIZ 

+VCC 

92CS-24700RI 

Fig. 13 - Typical saturated switching characteristics for 2N6246, 
2N6247, 2N6248, and 2N6469. 

Fig. 14 - Circuit used to measllre sustaining voltages 
VCEO(sus) and VcEFIsus) for all types. 

.... VCEb('"'J ~VcER("'1 
~ ~IP '.' ",,, * :0. . 
~I AB ABO g" -200 . -200 C 
"H "'-~ 0 -40-60-80-100 0 ::4~65-8!H05 

8 COlLECTOR-TO-EMITTER VOLTAGE ('~CE)-:-V 

*PULSE CURRENlJ'" (Ip) RANGE: O.6-0·.~ A 

INPUT, 
PULSE GENERATOR 
TEKTRONIX TYPE 114, 
OR' EQUIVALENT 
PULSE DlJRATIO.N 

"VEE 
-5 TO -20'11 

-20", 
REPETITION _ ...... ---~ 

RATE:lkHr 

* RC IS CHOSEN FOR .I.C 
& VEE. ANO "'BB ARE r.£ASURED FOR .I.el AoND 1.B2 

OUTPUT TO 
OSCILLOSCOPE 
TEKTRONIX 
MODEL '. 
No. S43A OR 
EQUiVAlENT 

92CS-24702RI 
rBI Art> :tB2 ARE MEASURED WITH TEKTRONIX CURRENT PROBE P-6019 
AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

Fig. 15 - Oscilloscope display for measurement of sustaining 
voltages (test circuit shown in Fig. 14) . 

.... 
",15 

Fig. 16 - Circuit used to measure switching times for 2N6246, 
2N6247, 2N6248, and 2N6469. 

w,. :ia INPUT 

II:: - I I ' .. WAV~.FORM 
~ I ~ON CO ... T,," --I ! 
~'i r~· I Ir - r rst;" . g:B ,I , I E; -lOY I -.f--- - --r - 10% TIME 

g.. ~" r ...J --1', j;: OUTPUT ~ t! Id..j , I I~_'I- WAVE FORM 

~~ TlM~ -l ~ 

Fig. 17 - Oscilloscope display for measurement of switching times. 

2~190 ______________________ ~ ____ ~ ______ ~ ____ ~ __ ~ __ ~ ________ __ 



____________________________________ PowerTransistors 

File Number 523 

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 ES/b energy-handling capat:>ility 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: 

* VeRo •• , •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VeEO(SUS) .•.........•...............••••..••••.......•.••........... 
• VeEX(SUS) (V.E = 0 V) ............................................... . 

VeER(SUS) (R.E) :5 50 n ............................................. . 
* VEao ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
·'e ...................... : .......................................... . 

ICM •••••••••••••• , •••••••••• , ••••••••••••••••••••••• , •• , •••••••••••• 

·1 .................................................................. . 
• PT 

At T e up to 25'C' and VCE up to 30 V ............................. .. 
At Te up to 25'C and VeE above 30 V .•...•........ : ..........•..... 

*TJ, Tstg .......••.........•.....•...•.••.....•.••.................... 

• TL 
At distances 2: 1/32 in. (0.8 mm) from case for 10 S max ......•...... 

2N6249 

300 
200 
225 
225 

6 
10 
30 
10 

175 

• 2N-Series types in accordance with JEDEC registration data formal (JS-6, RDF-1). 

2N6249, 2N6250, 2N6251 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-213AA 

2N6250 2N6251 

375 450 V 
275 350 V 

·300 375 V 
300 375 V 

6 6 V 
10 10 A 
30 30 A 
10 10 A 

175 175 W 
Derate Linearly at 1 'C/W 

-65 to +200 ·C 

230 ·C 

___________________________________________________________________ 2-191 
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'2N6249, 2N6250,'"2N6251 

* 

* 

* 

* 

* 

* 

* 

* 
* 

* 

* 

* 

* 

* 

E lECTRI CAL CHARACTE RISTICS. A t Case Temperature (T cJ = 25" C Unless Otherwise Specified 

TEST 
LIMITS 

CONDITIONS 

DC DC 
CHARAC- ~LT CUR-
TERISTIC AGE RENT 

(V) (A) 2N6249 2N6250 2N6251 

VCE IC IB MIN. TYP. MAX. MIN. TYP. MAX. MIN. 

150 0 - - 5 - - - -
ICEO 225 0 - - - - - 5 -

300 0 - - - - - - -
225 - - 5 - - - -

ICEV 300 ,,- - - - - 5 -
VBE"-1.5 375 - - - - - - -

ICEV 225 - - 10 - - - -
VBE =-1.5 300 - - - - - 10 -
TC=125°C. 375 - - - - - - -

lEBO -
VBI' =-6 

- 1 - - 1 -

VCEO(sus) 0.2 200b - - 275b - - 350b 

VCER(sus) 0.2 225b -
RBE=50n 

- 300b - - 375b 

VEBO 6 - -
IE= 1 rnA 

6 ~ - 6 

3 ,08 10 - 50 - - - -
3 lOB - - - 8 - 50 -

hFE 3 lOB - - - - , - - 6 

loa 1 - - 2.25 - - - " -
VBE(sat) 

lOB 1.25 - - - - - 2.25 -
lOB 1.67 - - - - - - -
lOB 1 - - 1.5 - - - -

VCE(sat) 
108 1.25 - - - - - 1.5 -
lOB 1.67 - - - - - - -

Ihfel 10 1 2.5 8 - 2.5 8 - 2.5 f= 1 MHz 

ISlb 30 5.8 - - 5.8 - - 5.8 
tp = ,l,s nonrep. 

Estb VBE=-4 
RB=50Q IOC 2.5 - - 2.5 - - 2.5 
L=50¢i 

tr 10 1 ,- 0.8 2 - - - -
VCC=200V. 10 1.25 - - - - 0.8 2 -
IB1=-IB2 10 1.67 - - - - - - -
ts 10 1 - 1.8 3.5 - - - -
VCC=200V. 10 1.25 - - - - 1.8 3.5 -
IBI =-IB2 10 1.67 - - - - - - -
tf 10 1 - 0.5 1 - - - -
VCC=200V. 10 1.25 - - - - ,0.5 1 -
IBI =-IB2 10 1.67 - - - - - - -
ROJC 10 5 - - 1 - - 1 -

• 2N-5enes types In accordance wIth JEDEC regIstratIon data format (JS·6 RDF·11. 
a Pulsed; pulse duration ";300 itS. duty factor'; 2%. 

TYP MAX. 

- -
- -
- 5 

- -
- -
- 5 

- -
- -
- 10 

- 1 

- -

- -
- -

- - . 
- -
- 50 

- -
- -
- 2.25 

- -
- -
- 1.5 

'8 -

- -

- -

- -
- -

0.8 2 

- -
- -

1.8 3.5 

- -
,... -

0.5 1 

- 1 

U 
N 
I 
'T 
S 

rnA 

rnA 

V 

V 

V 

V 

V 

A 

rnJ 

lIS 

°CIW 

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

I 
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2N6249, 2N6250, 2N6251 

IOO~---+-l-+_ ' r-t-'IICASE TEMPERATURE ITC I ' 25"C 0r-:..r . - . r---+'--~I:::T.IL ' '_ ' 
6 t---,- -=F-:r--B=Ff-;- r-,-:.:jj± , -~ -- -- - -r------t-L:tt±tt PULSE OPERATION .1: .. 
4 --- Ic MAX.(PULSEOL 

6 B 10 6 a 100 2 6 81000 

COLLECTOR-TO-EMITTER VOLTAGE (VeE) - v 

Fig. 1 -- Maximum operating areas for al/ types at Tc = 25· C. 

68 10 68 100 
COLLECTOR-TO-EMITTER VOLTAGE IVCE1-V 

" 
Fig. 2 -- Maximum operating areas for al/ types at Tc = 100·C. 

92CS-19468 

6 81000 

92CS-19469 

________________________________________________________________ 2-193 
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2N6249,2N6250,2N6251 

COLLECTOR - TO - EMITTER VOLTAGE 

I-
tVeE) • 3Y 

~ '2 !z w 

~w ~-"w 
I'" 

1'25ee 

. l50y! .. ~ 
:io "0 .. -
~ij 8 

CASEI TEMPERATUR 

2O c !ii 
f: ." = .. 0 .. " ... • 90 ..... := (TC'·25-C ~ g~ 
we 1---- ~ .... " N" 80~~ :.0- • '\ " "- ~ '" 0: 

""I-0 
Z 

0 t::::.. 0 

0.1 
• •• 4 •• 

, '0 
COLLECTOR CURRENTCIc)-.to 

92CS-IM18 

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

Ielle =10 (2N6249I,e(2N6250 
~ 6 (2N625[) 

~ 

10 15 20 
COLLECTOR CURRENT I Ie I-A 

92CS-19481RI 

Fig. 5 - Typical collector-to-emitter saturation valtage 
characteristics for all types. 

COLLECTOR-TO-EMITTER VOLTAGE IVCE)-V 
92CS-l9479RI 

Fig. 7 - Typical output characteristics for aI/ types. 

IC/IS='O (2N62491, 8 12N62~O) 
6 (2N82511 

10 15 
COLLECTOR CURRENT (leI-A 

20 

92CS-19480RI 

Fig. 4 - Typical base-to-emitter saturation voltage characteristics 
for all types. 

0-
Z 
W .. .. 
" " .. 
o 
0-

; 
8 

I 

BASE-lO-EMITTER VOLTAGE IVSE)-V 
92CS-19477 

Fig. 6 - Typical transfer characteristics for all types. 

.. TRANSISTOR SHOULD BE OPERATED WITHIN THE 
u LIMITS OF THE CURVE SHOWN IN FIG.I z .. 
In 

~ I 

.. ~ 
~ /' 0.1 

~ V 
/' 

in 

S 
./ 

~ 0.01 

V :: V-I 
"'0001 

0.001 0.01 0.1 10 100 
TIME OR PULSE OURATION-ml 

92CS-1948!i 

Fig. 8 - Typical thermal response characteristics for all types. 
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PULSE DURATION = 20 1'$ 

REPETITION RATE=500 Hz 
COLLECTOR SUPPLY VOLTAGE (vcc)=ZOQ V 

t CASE TEMPERATURE ITe )=25·C 
Ie lIe =to (2N6249), etzN62501, 

6 t2N62511 

COLLECTOR CURRENT I Ie J-A 9lCS-19484RI 

Fig. 9 - Typical rise-time characteristics for a/l types. 

,
REPETITION RATE:50Q Hz 
COLLECTOR SUPPL.Y VOLTAGE (Vee I ~ 200 V 
CASE TEMPERATURE 1Tc1=2Soc 

lSI: I A (2N62491, 1.25 A (2N62501 

COLLECTOR CURRENT (Ie I-A 
9lCS-19483'l1 

Fig. 11 - Typical storage-time characteristics for a/l types (with 
constant base drive). 

PULSE DURATION = 20 Ils 
REPETITION RATE~500 Hz 
COLLECTOR SUPPLY VOLTAGE (VCC)sZOD V 
CASE TEMPERATUREtTC)=25°C 
IC/IB=t~ 8(2N62501, ... 

I 
COLLECTOR CURRENT lIe )-A 

92CS-19489RI 

Fig. 13 - Typical inductive- and resistive-load fal/-time 
characteristics for a/l types. 

2N6249, 2N6250, 2N6251 

,
RATE~500 Hz 

COLLECTOR SUPPLY VOLTAGE (VCCl s 200 V 
CASE TEMPERATURE (TC)s2S0C 
Ie/Ie -10 (2N6249I,8(2N62501, 

6 

COLLECTOR CURRENT (Ic )-A 

92C5-19482RI 

Fig. 10 - Typical storage-time characteristics for a/l types (with 
constant forced gain). 

4 8 

COLLECTOR CURRENT (Ie )-A 
92C5- 19 4 661'11 

Fig. 12 - TypiCal fa/l-time characteristic for a/l types. 

CLARE MERCURY RELAY 
MODEL No. HGP-I004, 
DR EQUIVALENT 

~---o--~ncHANNEL 
A 

42 mH 

... --+---oCHANNEL • 

",--+---<1 COMMON 

92C5-19461 

Fig. 14 - Circuit used to measure sustaining voltage VCEO(SUS) and 
VCER(SUS) for a/l types. 
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2N6249, 2N6250,2N6251 

~ I I 

~. O.4r---+, ...... , ...... , ... 
~l p.tY O.2 ___ -?+B~ 
ow I I I 

~ '-~2;;;0*0"22!I;-~,,;t-o 

, , I 
04t--++-... , , , , , , 

0.2 ---"'.f~ , , , 
225300315 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

The sustaining voltages VCEO(SUS) and VCER(SUS) 
are acceptable when the traces fall to the right of 
paint "A" for type 2N6249, paint "6" for type 
2N6250, and point "C" for type 2N6251 (lC = 

0.2 A). 

Fig. 15 - Oscilloscope display for measurement of sustaining 
voltages. 

::lffi~· I,I:, ~~ ,; 
u 

~t-
t-z 
u"' 
"'et: ..Jet: 
sa 
u '----+-1 

92CS-I3996r.1 

,0% TIME 
1"-"---

1--_~+--,TURi1M~FF 

OUTPUT WAI<F FOHN 

Fig. 17 - Phase relationship between input and output currents 
showing reference points for specifications of switching 
times. 

+15 V 

O.021J-F 

PULSE GENERATOR 
HEWLETT PACKARD MODEL 
No. 214 .... OR EQUIVALENT 

PULSE DURATION 1': 20 p. 
PULSE REPETITION RATE -500 HI 

+200 V 

-6V 

92CS-1948SRI 

Fig. 16 - Circuit used to measure switching times for all types. 

°IBl ANO IB2 MEA~UREO WITH TEKTRONIX CURRENT PROBE P6019 OR EOUIVALENT 

Fig. 18 - Circuit used to measure inductive-load switching times 
for all types. 
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__________________________________ Power Transistors 

File Number 1077 2N6253, 2N6254, 2N6371 

High-Power Silicon N-P-N Transistors 
For Industrial and Commercial Use 

Features: 
• Maximum safe-area-of-operation 

curves 
• Low saturation voltages 
• High dissipation capability 

Applications: 
• Series and shunt regulators 
• High-fidelity amplifiers 
• Power-switching circuits 

The RCA-2N6253, 2N6254, and 2N6371 are silicon n-p-n 
transistors intended for a wide variety of high-power 
applications. The construction of these devices renders 
them highly resistant to second breakdown over a wide 
range of operating conditions. 

These devices differ in maximum ratings for voltage and 
power dissipation. All are supplied in JEDEC TO-204AA 
hermetic steel packages. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

* VCBO •••••••••.•••••••••••.•.•••..•••••..••••••.•••••••.•••••••••••• 

o VeE.(SUS) 
R.E= loon ................................................... : .. 

0 VeEO(SUS) .•••.••••••••••••••••••••••••••••••••••••••••.••••••••••••. 
VeEv(SUS) 

V.E=-1.5V •••••..••••••••••...•••••••.•••.••..•••••••••••••.•••• 
It VERO •••••••.• , ••••••••••••• 0 •••••••• 0 •••••••••••••••••••••••••••••• 

ole ••..••••..•.•..••••••.....•.•••••.•••••.••••.•..•••.•..•.••••.••.• 
01 •••••.••••••••.••••..••••.••••..•••.••.••.••.....•••..•.•.••.••••.. 
o PT: 

::; 25·C ••••.•.•....••••••..•...•...•......•....••••...•...•...••. 
> 25·C ...•.•.....•••••.......•••.•...••••...•..•...•..•...•..... 

*T), T.to •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
o TL: 

During soldering, at distances 1/32 in. (0.8 mm) from 
seating plane for lOs max .•.••..••..•.....••.•...•••.....•.•...••• 

2N8253 

55 

55 
45 

55 
5 
15 
7 

115 

TERMINAL DESIGNATIONS 

C EO"" IfLAN;EI 
o 0 

B 
92CS-27S16 

JEDEC TO-204AA 

2N8254 2N8371 

100 50 

85 45 
80 40 

90 50 
7 5 
15 15 
7 7 

150 117 
____ Derate linearly to 200·C __ _ 
______ -65 to +200 _____ _ 

______ 235 _____ _ 

o In accordance with JEDEC registration data formats JS-6 RDF-2; 2N6253, 2N6254, 2N6371. 

v 

v 
V 

v 
V 
A 
A 

w 

·c 

·C 
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2N6253, 2N6254, 2N6371 

ELECTRICAL CHARACTERISTICS. Tc = S"C Unle .. Olberwl .. Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
Volt8ge Current 

2N8253 2N8254 
Vdc Adc 

VCE V.E Ic I. Min. M8X. Min. Mu. 

ICEO 25 - - 0 - 1.5 - -
60 - - 0 - - - 1 

ICEl< 45 -1.5 - - - - - -
55 -1.5 - - - 2 - -
100 -1.5 - - - - - 0.5 

Tc = 150"C 40 -1.5 - - - - - -
50 -1.5 - - - 10 - -
100 -1.5 - - - - - 5 

leBO - -5 - - - 10 - -
- -7 - - - - - 0.5 

VCEO(SUS) - - 0.28 0 45 - 80 -
VCER(SUS) 

0.28 55 85 - - - - -
R.E= 100n 

Vcev(sus) - -1.5 0.18 - 55 - 90 -
hFE 4 - 38 - 20 70 - -

2 - 58 - - - 20 70 

4 - 88 - - - - -
4 - 158 - 3 - 5 -
4 - 168 - - - - -

V.E 4 - a- - - 1.7 - -
2 - 58 - - - - 1.5 

4 - 168 - - - - -
VCE(sat) - - 38 O.a- - 1 - -

- - 58 0.58 - - - 0.5 

- - 88 0.68 - - - -
- - 158 38 - - - 4 

- - 158 58 - 4 - -
- - 168 48 - - - ~ 

h .. 

f = 1 kHz 
4 - 1 - 10 - 10 -

fT 4 - 1 - - - - -
1 h .. l 

4 1 2 2 
f = 0.4 MHz 

- - - -
f ... 4 - 1 - 10 - 10 -
ISib 40 - - - , - - - -

t. = 1 s 45 - - - 2.55 - - -
nonrep. 80 - - - - -' 1.87 -

RBJC - - - - - 1.5 - 1.17 

• In accordance with JEDEC registration data formats JS-6 RDF-2; 2N6253. 2N6254. 2N6371. 

8Pulsed: Pulse duration = 300 lIS. duty factor = 1.8%. 

2N8371 UNITS 

Min. Milx. 

- 1.5 
mA - -

- 2 

- -
- -
- 10 

mA 

- -
- -
- 10 

mA - -
40 -
45 - V 

50 -
- -
- -
15 60 

- -
4 -
- -
- - V 

- 4 

- -
- -
- 1.5 

V - -
- -
- 4 

10 -
800 - kHz 

2 -
- - kHz 

2.9 -
- - A 

- -
- 1.5 "C/W 

. 
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______________________________________ Power Transistors 

2N6253, 2N6254, 2N6371 

COLLECTOR-TO-EMITTER VOLTAGE IVCE)- V 
92SS-3364R4 

Fig. 1 - Maximum operating areas for 2N6253. 

COLLECTOR-TD-EMITTER VOLTAGE IVCE)-V 

92CS-1943"SRI 

Fig. 2 - Maximum operating areas for 2N6254. 

, 
100 
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2N6253, 2N6254, 2N6371 

10 100 
COLLECTOR-TO M EMITTER VOLTAGE I VeE )-y 

92CS-20674 

Fig. 3 - Maximum safe-area-of-operation at case temperature of 
25° C for 2N6371. 

10 100 
COLLECTOR-TO-EMITTER VOLTAGE IVCEl-V 

92CS- 20111 

Fig. 4 - Maximum safe-area-of-operatlon at case temperature of 
100" C for 2N6371. 
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___________________________ -----____ Power Transistors 

o U 50 15 100 12G 150 175 200 
CASE TEMPERATURE (Tc)_·C 

Fig. 5 - Current derating curve for all types. 

COllECTOR-YO-EMITTER VOLTAGE (VCE)· 4 V 

I"' Jc. 
1S."1" ,..... 

i t:>0C 
.' .. ' ~~c'O :.--.. ~~~ ~ 

li ~~ ,,"'-
~ 40 

! ." 
2 

I 
8 , . • • , .. • • I ." .. . . 

0.01 0.1 1.0 10 
COLLECTOR CURRENT (l:C}-A 

Fig. 7 - Typical dc-beta characteristics for 2N6371. 

COLLECTOR-lO-EMITTER .vOLTAGE 1VC£)=4V 

:~ 100 

.0 r--r-- \'J,:.c. 

~ 80 

0.01 
4 6 • 

0.1 1.0 
COLLECTOR CURRENT tIe'-A 

.. 6' 8 10 

92CS-19442 

Fig. 9 - Typical dc-beta characteristics for 2N8254. 

2N6253, 2N6254, 2N6371 

OOLlECTOR-TO-EMlTTER VOLTAGE IVCE).4Y 

CASE TEMPERATURE 1Tc)-25-C 

i I. 

" V '" I I I 

d" V "'-t; I. 

/ 1\ 
~ I V "'-~ Q 

\ I Q \. 
ik c 
.. Q 

, . . . , 4 .. . .. 
0.01 QI I 10 

COl..LEClOR CURRENT (I.cl-A 
9285-3318 

Fig. 6 - Typical gain-bandwidth product for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-4 V 

[30 
i 
~ 20 ~~ !II c v' .. .. .. ./ ·c z 

." ~ ~\Tcl'" " .. .. c.;.; .. '~ ....... .. " 

" 10 ;;?J. ,i;#~ . 
X o~ ~ .. ~ 
11 
~ 
8 , 4 6 • , 4 .. , 4 .. 

0.01 0.1 1.0 '0 
COLLECTOR CURRENT tIel-A 

S2CS-19444 

Fig. 8 - Typical dc-beta characteristics for 2N6253. 

92tS-12326RI 

Fig. 10 - Typical transfer characteristics for 2N6253. 
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2N6253,·2N6254,2N6371 

I 
BASE-TO-EMITT£R VC)LTAGE (YBEI-V 

tlCS-19445 

Fig. 11 - Typical transfer characteristics for 2N6254. 

BASE-TO-EMITTER VOLTAGE(Vae-V 
tlCs-I2501ftt 

Fig. 13 - Typical input characteristics for 2N6371. 

I 2.5 
BASE-TO-EMITTER VOLTAGE (VBE)-V 

9ZCS-IM40 

Fig" 15 - Typical input characteristics Tor ~1'I6253. 

CASE TEMPERATURE (Tcl-zr c 

. 10 20 30 40 50 60 70 80' 
COlLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

92CS-l2306RI 

Fig. 12 - ·Typical output characteristics for 2N6371. 

I 

COLLECTOR-TO-EMITTER VOLTAGE (YeEI-V 
92CS-'944\ 

Fig. 14 - Typical output characteristics for 2N6253. 

CASE TEMPERATURE (Tc);o25-C 

i .10.' 

~ 
~ 1.5 

~ . 
u 
a: .g 
~ 2.5 

~ 

• 480 
400 
320 

240 160 

BASE CURRENT Ia)=80-:nA 

10 20 30 40 50 60 70 80 
COLLECTOR-TO-EMITTER VOLTAGE (YeEI-V 

92CS-19439 

Fig. 16 - Typical output characteristics for2N6254. 
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_________________________________ Power Transistors 

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) 

* VEBO ' 
• 'C· 
* 'CM 

* 'B' 

* PT 
TC ';;;25°C 
TC >25°C Derate linearly 

• Tstg, TJ 

* TL 
At distances ;;'1/16 in. (1.58 mm) from case for 105 max. 

* In accordance with JEDEC registration data. 
• For p-n-p devices, voltage and current values are negative. 

TERMINAL DESIGNATIONS 

JEDEC TO-204AA 

• High voltage ratings: 
VCEO(sus) = 60 V Min. - 2N6282, 2N6285-
. = 80 V Min. - 2N6283, 2N6286· 

= 100 V Min. - 2N6284, 2N6287-

Applications: 

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

2N6282 2N62B3 2N62B4 
2N6285- 2N62B6- 2N62B7-

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 wtc 

_. __ -65 to 200 °c 

235 °c 
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2N6~8~,- 2N6283,~N6284, 2N628~ 2N6286" 2N6287 
~ . .' . ":~ .', . .' /-'''' '" ",,;". , , .. ' ;"- ," 

92CS-2912Q 92CS-Z9'Z9 

Fig. 1 - Schematic 'diagram for 2N6282, 2N6283, Filf.2 - Schematic:diagram for 2N6285; 2N6286, 
and2N6287. and2N6284. -

ELECTRICAL CHARACTERISTICS. at Case Temperature (T cJ = 25"C Unless Otherwise Specified 

TEST CONDITIONS LIMITS '. 

--
VOLTAGE CURRENl 2NS282 2NS283 2NS284 

CHARACTERISTIC Vdc Adc 2NS28S- 2NS28S- 2NS287- UNITS 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. 

30 0 - 1 - - - -

ICEO 40 0 - - - 1 - -* 
50 0 - - - - - 1 rnA 
SO -1.5 - 0.5 - - - -

ICEX 80 -1.5 - - - 0.5 - -* 
100 -1.5 - - - - - 0.5 

SO -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 20S 100 _. 100 - 100 -

hFE 3 lOa 750 18,000 750 18,000 750 18,000 * 
.. ' 

20S 0.2 3 - 3 3 
VCE(sat) 

- -
V 

loa 0.04 - 2 - 2 - 2 * 

VBE 3 lOS - 2.8 - 2.8 - 2.8 V * 
VBE(sat) 20S 0.2 - 4 - 4 - 4 V * 
hfe 3 10 300 - 300 - 300 -

f = 1 kHz 
* 

Ihfe l 
3 10 4 - 4 - 4 -f= 1 MHz 

* 

* Cob 
VCB=10V,IEO, 
f=O.l MHz 

2N6282·84 - 400 - 400 - 400 pF 
2N6285·87 - 600 - 600 - 600 

ISlb 30 5.3 - 5.3 - 5.3 - A t = 1 s, nonrep. 

ROJC 1.09 - 1.09 - 1.09 °CIW 

a Pulsed: Pulse duration = 300 /.LS, duty factor = 1.8%. • For p·n-p devices, voltage and current values are negative. 
* In accordance with JEDEC registrati9n data. 

2-204 ______________ ~ ________ ~~~ ________ ~~ __ ~~ ____________ ~ __ 



____________________________________ Power Transistors 

2N6282, 2N6283, 2N6284, 2N6285, 2N6286, 2N6287 

215 50 Til 

COLLECTOR-TO-EMITTER VOLTAGE IVCE)-V 

92CM-29130 

• F'OFt p-n -p DEVICES, VOLTAGE AND CURRENT VALUES ARE NEGATIVE 

125 

Fig. 3 - Maximum operating areas for all types. 

175 

~ 
I 175 

~ 
~ 150 

• ~ 125 

o 
.00 

50 75 100 125 150 Ins 2 
CASE TEMPERATURE (T C )-"C CASE TEMPERATURE (T c)- "C 

Fig. 4 - Current derating curve for all types. Fig. 5 - Power derating curve for all types. 

~1~6 COLLECTOR-TO-IENITTER VOLTAGE IVCE}--3V_r 
!: 4 
0 I I ~ , 

,.,~ i' f5 10" 
II; 0 

~f-.... ~;c, ~ . -
~ 4 - f---'I<:. 

~ I- v.:r.,.cV 
~ , - ~'~ 
~ 103 .\ 
, 0 --t-

o • 

; 4 

e , 
u o , 

4 • 0 4 • 0 
~~··2 

-0.1 . .0 , . .0 
-I -10 

, . .0 -100 0·1 10 
COLLECTOR CURRENT(J:cl-A 

Fig. 6 - Typical de beta characteristics for 
2N6282, 2N6283, and 2N6284. 

100 
COLLECTOR CURRENT{I C I-A 

Fig. 7 - Typical dc beta characteristics for 
2N6285, 2N6286, and 2N6287. 
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2N6282,2N6283,2N6284,2N6285,2N6286,2N6287 

I e cou.ECTOR SUPPLY VOLTAGE (VCC)~30 V 

" ~ 15 

8 10 

o 
o 

COLLECTOR- TO~EMITTER SATURATION VOLTAGE 
[VCE CS01I]-1I 

4 68 2: 4 6 e 10 2: 

COLLECTOR CURRENT (Ie )-A 

92C5-29136 FOR p-n-p DEVICES,VOLTAGE AND CURRENT VALUES 'ARE·NEGATIVE 
9:>CS-29135 Fig. 9 - Typical switching times for 2N6282, 

Fig. 8 - Typical saturation characteristics for all types. 

. , 
> 
I 

~ -I +--t---r-'k-- t---~_+__t~_'_I 

z , 

§ 4 f--+--"'I+
~ 

-0.1 

CURRENT lIe j-A' 92C5-29137 

Fig. 10 - Typical switching times for 2N6285, 
2N6286, and 2N6287. 

V2 

APPOX-IF--t 12V 
0- - - - 51 

VI 
APPOX--
- e v 1---+-251'5 

tr,t,< IOns 
DUTY CYCLE" I % FOR td AND ff' 01 IS 

DISCONNECTED AND '12-0 

Vee 
-30 II 

Ae 8 Re VARIED TO OBTAIN DESIRED CURRENT LEVELS 

DI MUST BE FAST RECOvERY TYPE 

2N6283, and 2N6284. 

FOR n-p-n TEST CIRCUIT REVERSE DIODE ANDVOLTAG£ POLARITIES 92CS-29138 

Fig. 11 - Switching times test circuit. 

2-206 ______ ~----.,.------------------.,,....,.---..,......, __ 



_______________________________________ Power Transistors 

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) :S 0.5 V 
• Fast switching speeds 
• High dissipation ratings: PT = 80 W at 100" C 

= 140 W at 25· C 

The type 2N6354- is an epitaxial silicon n-p-n planar 
transistor with a multiple-emiUer-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 

EO"'" IFLANJEI 
o 0 

B 
92CS-27516 

JEDEC TO-204AA 

• COLLECTOR-TO-BASE VOLTAGE, Veso .•.. . . . . . . • . . . . . . . . . . . . . . . . . . . . • . . . . • . . . . • . . . • • . . . . • . . . . . .............•.....•.. 150 V 
COLLECTOR-TO-EMITTER VOLTAGE: 
With base open. sustaining. VeEo(sus) .......................... .•........•. ...........•.....•... . ......••.•............ 120 V 
• With external base-to-emitter resistance (Rs.) = 500 0, Vee< ......................•...••....•.... . ...................... 130 V 

• EMITTER-TO-BASE VOLTAGE, V.sc ••...•........•....•....•...........•..••................... "' .......•................. 6.5 V 
• COLLECTOR CURRENT (Continuous), Ie ................................................................................. 10 A 

COLLECTOR CURRENT (Peak) .•........•....•...••........••.....•......................•...•....•.............•...•... 12 A 
• BASE CURRENT (Continuous), Ie •........•...•.....•....•..... ~ ........•.........•... ; .....•..••..•........•.............. 5 A 
• TRANSISTOR DISSIPATION, p,. . 

At case temperatures up to 25·C and VeE up to 2!;i V .•.........••..••..•.........•.....................................•.. 140 W 
At case temperature of 100·C and Vee of. 20 V ..•.•...............•..................•.........•........•......•..........• 80 W 
At case temperatures up to 25·C and VeE above 25 V .•........••..........•...................................... See Figs. 1 & 3 
At case temperatures above 25· C and VeE above 25 V ... . ••. . . . . . .•••... •. . . .. ..•. . .•. . . ..•.. . .•.. . ......•.... See Figs. 1,2, & 3 

• TEMPERATURE RANGE: . 
Storage & Operating (Junction) .................. :............................................. . ......••........ -65 to 200·C 

• PIN TEMPERATURE (During Soldering): 
At distance 2! 1132 in. (0.8 mm) from case for 10 s max.. ............................................ • ..•••....•.... ; ....... 230· C 

• In accordance with JEDEC registra:tion data: iormat JS-6"RDF-1, 
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2N6354 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2!PC unless otherwise specified. 

TEST CONDITIONS 

DC VOLTAGE DC CURRENT 
CHARACTERISTIC SYMBOL 

VCE 

Collector-Cutoff Current! · With em itter Ql1!!n ICBO 

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 

Collector-to-Emitter Voltage: · At breakdown, with V(BR'CEO 
base open 

With external base-to 
emitter resistance VCER(sus,f 
(RBE' < 100 n 

· 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 ISlbc 
Currentd 45 

Second-Breakdown Energy 
(With base reverse biased, ES/bl 
RBE=51 n, L = 25 "H' 

· Magnitude of Common 
Emitter, Small-Signal, 
Short-Circuit Forward Ihlel 10 
Current Transfer 
Ratio (I = 10 MHz, 

· Saturated Switching Time: 
(See Figs. 11 & 12, Ir. 
Rise Time 

Storage Time 
tSl 

VCC" 

Storage Time (No Load' tS2 
30 

Fall Time 
tl 

Output Capacitance 
Cobo '(f = 1 MHz' 

Thermal Resistance: 
ROJC 20 Junction-to-Case 

"'In accordance ~ith JEDEC registration, data format JS-6 RDF-l. 

apulsed: pulse duration ~350 J,lS, duty factor = 2%. 

bCAUTlON: The collector·to·emitter voltages, V(BRICEO and 
VCER{SUS), MUST NOT be measured on a curve tracer. These 

(V) 

VCB 

150 

10 

(A) 

VEB VBE IC IB 

.0 

0 

0 

6.5 0 

0.005 

0_2 0 

0_2 0 

sa 0.5 
loa 1.0 
5a 0.5 

10· 1.0 

5a 

10· 

1 5 

1 

5 0.5e 
10 1· 

5 0.5e 
10 Ie 
0.5 0:5e 

5 0_5e 

10 Ie 

"1 

dPulsed; 1 ~s n0.t:'irepetitive p~lse .. 

8181 :: '82"" value shown. 

ILc15mH 

LIMITS 

2N6354 

MIN. MAX. 

- 5 

- 20 

- 10 

- 20 

- 5 

6.5 -

120b -

130b -

- 0.5 
- 1 
- 1.3 
- 2 

20 150 
10 100 

5_5 -
0.5 -

0.3 -

B -

- 0_3 

- 1 

- 1 
- 0.6 
- 2 

- q.2 
~, 0;2 

- .300 

- 1.25' 

UNIT,S 

" 

rnA 

rnA 

V 

V 

V 

A 

mJ 

I.IS 

pF 

"OCjW 

voltages should be measured by means of,the test circuit.shown in f ig.5 ... 9ES/b is defined as the· energy a't1Nhich second breakdown 

, 

CIS/b is defined as the current at which second breakdown occurs occurs under specified reverse bias conditions. ES/b "" %L12 where L is 

at a specified collector voltage with the emitter-base junction , a,~.~.~)~,~ or J~"a~ ~,r;td\.J~~~n!=e .~~d.~ ,i~~t;h:~p~k ~o,I.I~~~or.~·~~e?i. 
forward-biased for transistor operation in the active region. 
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2N6354 

4 6 8 
10 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CS-ZOI33RI 

Fig. 1 - Maximum operating areas. 

VOLTAGE 
92CS-20132RI 

Fig. 2 - Maximum operating a;$as. 

___________________________________________________________________ 2-209 

.. ,' -,r., 



Power Transistors __________________ ---,------_--_______ _ 

2N6354 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONL.Y 10 THE OISSJPATION-UMITED· PORTION 
AND 'SIb-LIMITED PORTION OF MAXIMUM-OPERATING 
AREA CURVES .00 NOT DERATE THE SPECIFIED 
VALUE FOR Ie MAX. 

2!5 50 75 100 125 150 175 200 
CASE TEMPERATURE CTe )_OC 

92CS-Z0129 

Fig. 3 - Derating curves. 

i~ tElaRICEO 8]RI'''' 
U I I I 

~u200 --+- 200 --+---
~~ A' A' 

va 1200130 

COLLECTOR-TO-EMITTER VOLTAGE (VeEI-V 

NOTE: The voltages. V(BR)CEO and VCER(sus) 
are acceptable when the trace falls to the 
right of and above poin~ "A". 

Fig. 5 - Oscilloscope display for V(aR)CEO and VCER(SUS) 
measurement (test circuit shown in Fig. 5). 

1 2. 
COLLECTOR-lO-EMITTER VOLTAGE (YCE)-V 

92CS-20124 

Fig. 7 - Typical output characteristics. 

110.0 
IW 

CHANNEL A 

TO 
TEKTRONIX 

l ~H ~gktL:C5~'i. 
OR EQUIVAL.ENT 

CHANNELB 

COMMON 

Fig. 4 - Circuit used to measure voltages V(aR)CEO and 
VCER(SUS). 

12 

i 
~ to 
~ 
z 
~ . 
~ 
or 6 

~ 
~ 4 

01 

or , 
~ 
~ 2,5 

~ 
~~ 2 

~~ 
~o1.5 
~;: 

g~ 
Q 

1 
~ 
N 

~ 0,5 

~ 
0 

COLLECTOR -TO- EMITTER 
VOlTAGE (VCE)"ZV 

0,5 I 1.5 
BASE-To-EMITTER VOLTAGE (V8EI-V 

92CS-20123 

Fig. 6 - Typical transfer characteristics. 

COLLECTOR- TO-EMITTER VOLTAGE (YCEI = 2 V I-- 96~ hFE NORMA~IZED ABOUT hFE AT 5A AND 25" C 

. I 88 ~ 
0 

~ 
eo~ 

12; 

CASE TEMPERATURE (r I" 
41l; 

~ 56 ! 

~ 1\ 
48 ~ 

40 ~ 

-L 
32 a 

[\. 
Q 

24 i 1\ 
I" 16 ~ 

I r-t---
t"-

o 15 
2 4 6 . 2 . . . 

01 1 10 
COLLECTOR CURRENT fIcl-A 

92C$-20134 

Fig. 8 - Typical normalized dc bata characteristics. 
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High-Speed Power Transistors' 

PULSE GENERATOR 
H-P No.ZI4A,OR EQUIY. 

-I I-UOp. 

Jl. 
REP. RATE ~ I kHz 

IF'·; 
.,n 

= 

+25V 

'-------' 

.. 0 .... 
-4 TO-6Y 

2N6354 

.30V 

.. VICE 

..... R 
TEST 

92CS-2Q131 

Fig. 9 - Typical saturation voltage characteristics. Fig. 10 - Circuit used to measure switching tlmea. 

~ 0.5 
0-

j 0.4 
if 
~ 0.3 

OJ a.. 
" ;: 
~ 0.1 

PULSE DURAllDN" ZO". 
REPETITION RATE" , kHz 
COLLECTOR SUPPLY YOL TAGE (Vee) " 30 Y 
CASE TEMPERATURE (Tc) = ZSDC 
181 - 182 - IC/10 . 

o 2 • 6 
COLLECTOR CURRENT I lei-A 

" 
10 

Fig. 11 - Phase relationship betw99n input and output currents 
showing reference paints for specification of switching 
times (Iesl circulI shown in Fig. 11). Fig. 12 - Typical rise-and fal/-tlme characterlsllcs. 

~ 
~2.5 

!t 2 

PULSE DURATION" 20 PI 
REPETITION RATE" 1 kHz 
COUECTOR SUPPL V VOLTAGE (Vee) = 30 Y 
CASE TEMPERATURE (Tel = 25° C 
181 " 182 " lel10 

2 • 6 
COLLECTOR CURRENT (::te'-A 

Fig. 13 - Typical storage-time characteristics. 

'0 
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,2N6383, 2N6384, 2N6385 

10-Ampere N-P-N Darlington 
Power Transistors 
40-60-80 Volts, 100Watts 
Gain of 1000 at 5 A 

Features: 
• Operates from I C 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. TA8349. TA8486, and TA8346. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

*VCBO 
VCER(SUS) 

RBE = lOOn 

* VCEO(sus) . 

*VCEX 

VBE = -1.5 V, RBB = 100 n 

*VEBO 

*IC· 

ICM 

*IB. 
*PT 

TC 0;;; 250 C 

TC>250 C 

*Tstg, TJ. 

*TL 
At distances;;' 1/32 in. (0.8mm) 
from seating plane for lOs max. 

File Number 609 

lERMINAL DESlGNAnONS 

'0' 
tacs- 275 .. 

JEDEC TO-204AA 

,----:------1 
B I I 

i I 
I I 
I I 
I I L _________ -..l 

E 
92CS-20e911'1' 

Fig. 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 --- oC 

235 °C 

* In accordance with JEDEC registration data format JS-6 RDF·2. 
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__________________________________ Power Transistors 

2N6383,2N6384,2N6385 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25°C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
CHARAC-

VOLTAGE CURRENT 
TERISTIC 

V de Ade 2N6385 2N6384 2N6383 UNITS 
SYMBOL 

VCE VEB VBE IC IB MIN_ MAX. MIN_ MAX_ MIN_ MAX. 

80 0 - 1 - - - -

* ICED 60 0 - - - 1 - -
40 0 - - - - - 1 

80 -1.5 - 0_3 - - - -
60 -1.5 - - - 0.3 - -

* ICEV 40 -1.5 - - - - - 0_3 
mA 

Tc = 80 -1.5 - 3 - - - -
1500 c 60 -1.5 - - - 3 - -

40 -1.5 - - - - - 3 

'lEBO 5 0 - 5 - 5 - 5 mA 
* VCEO(sus} 0.2a 0 80 - 60 40 

, VCER(sus} 
0.2a 80 - 60 - 40 - V 

RBE=l00n 

VCEV(sus} -1.5 0.2a 80 - 60 - 40 -

* hFE 3 5a 1000 20.000 1000 20,000 1000 20.000 
3 lOa 100 - 100 - 100 -

, VBE 3 5a - 2.8 - 2.8 - 2.8 
V 

3 lOa - 4.5 - 4.5 - 4.5 

5a O.Ol a - 2 - 2 - 2 
* VCE(sa!} 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 

ISlb 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 °crw 
a Pulsed: Pulse duration = 300 MS, duty factor = 1.8%. 

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

NOTE: ctRtENT DERATING AT CONSTANT [1,'1., , 
VOLTAGE Al"PUfS ONL.Y 10 THE OISSJPATJON-. 
LIMITED PORTION AND THE ZS/b -LIMITED - -t 
PORTION OF MAxiMUM OPfRATlNG AREA 
CURVES (fiGS. 2. 51.00 Nor DERATE THE 
SPECIFIED VALUE FOR I.e MAX . 

mS015100125 

CASE TEMPERATURE ITel _·C 

Fig.2 - Derating curves for all types. 

0.1 4 6 8 I 10 
COLLECTOR CURRENT(IC1-A 

Fig. 3 - Typical dc-beta characteristics for all types. 
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21'16383, 2N6384, 2N6385 

10 100 
COLLECTOR-TO-EMITTER VOLTAGE IVCEl-V 92CS-20692R2 

Fig.4 - Maximum operating' area for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (VeE)-V 

tICI-IOIS8!1II 

Fig.5 - Maximum operating area for all types. 
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, -----1--

0.01 2 

JS 
r-- _~~~_ 

~-I-

- -1--

FREQU£NCV lfl-MHl 

~~-

~ I .. 

Fig. 6 - Typical small-signal gain for all types. 

COlLECTOR SUPPLY VOLTAGE '''eel-lOY 

3.5 Ie • -te2 "1,/500, TC- 25'-C 

,r-----~~~~-F~~-t-rtl 
2"~--/-"f---+-+--+--+""'-t":...f-"''''I-.!o-1 

I 2--~----~----+---f-+-++-+-H 
...... I>i£~ 

0.' r------+--+--I--+--+-4'~"'t-..!d 

'00 
COLLECTOR CURRENT I1C)-A 

Fig. B - Typical saturated switching-time 
characteristics for all types. 

COLLECTOR-TO-EMITTER VOLTAGE IVCE)- 3V 

i 
~12.5 

~ 

~ 10 

§ i 7.5 

~ 5 

2.5 

, 2 , 

BASE-lO-EMITTER VOLTAGE (YaEl-V 

Fig. 10 - Typical transfer characteristics 
for all types. 

" 

2N6383, 2N6384, 2N6385 

leIla {FORCED hFEI-IOOO 
Te·150• C 

, 7 8 

COLLECTOR-TO-EMITTER SATURATION VOLTAGE [VCE ISG"]-V 

" 

Fig. 7 - Typical saturation characteristics 
for all types. 

COLLECTOR-TO-EMITlER VOLTAGE (VCE)a 3Vl+t 

c 12.5 
E 
I 

; 10 

E 
~ 7.5 

G I/{ 
J 

2.' 

BASE-rO-EMITTER VOLTAGE (YBE)-Y 
92CS-I9923RI 

Fig. 9 - Typical input characteristics 
for a/l types. 

COLLECTOR-TO-EMITTER VOLTAGE IVcEI-V 
RCS-1992!o 

Fig. 11 - Typical output characteristics 
for a/l types. 
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2"'6,383, 2N6384, 2N6385 

PULSE DURATION 
20 ILl POSITIVE \'aLTAG! 
20,.. NEGATIVE VOLTAIE 

REP. RATE-200Hz 

Vee· 20Y 

.. *zoo He 

... la, AND 182 ARE MEASURED WITH"TEKTRONIX 'CURRENT 
PROlE P60" AND TYPE 154 AMPLIFIER,OR EQUIVALENT 

"CS·I.IZ.III 

Fig. 12 - Circuit used to measure saturated
switching-times. 

Fig. 13 - Phase relationship between input current 
and output current showing reference 
paints for specification of switching
times (test circuit shown in Fig. 14). 



____________________________________ Power Transistors 

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: '~'~"1011 J~' : 

TOP VIEW B • Operates from Ie without predriver 

Applications: 

• Power switching • Audio amplifiers 

• Hammer drivers 
• Series and shunt regulators 

The 2N6386. 2N6387. and 2N6388· 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 = lOOn 40 
VCEO(sus) . 40 

* VCEV(sus) 
VBE = -1.5 V 40 

* VEBO 5 

* IC· 8 

ICM 15 

* lB· 0.25 

* PT 
TC';; 25°C 65 

TC> 25°C 
* T stg• 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. 

92CS-39969 

JEDEC TO-22OAB 

,-----------, 
I I 
I I 
I I 
: I 
I I 
I _3kn _loon I 
L _________ ~ 

92CS-20691R2 

Fig. 1 - Schematic diagram for all 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 OC 
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2N6386, 2N6387, 2N6388 
ELECTRICAL CHARACTERISTICS,At Case Temperature (TC) =2fiOC 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 
* ICEO 60 0 - - - 1 - ~ 

40 0 - 1 - - - -
aD -1.5 - - - - - 0.3 

* ICEV 60 -1.5 - - - 0.3 - - rnA 
40 -1.5 - 0.3 - - - -
aD -1.5 - - - - - 3 

TC~ 125°C 60 -1.5 - - - 3 - -
40 -1.5 - 3 - - - -

* lEBO 5 0 - 5 - 5 - 5 mA 

* VCEO(sus) 0.2a 0 40 - 60 - aD -
VCER(sus) 

0.2a 40 60 aD v 
RBE=100n 

- - -

VCEV(sus) -1.5 0.2a 40 - 60 - 80 -
3 3a 1000 20,000 - - - -

* hFE 
3 5a - - 1000 20,000 1000 20,000 
3 aa 100 - - - - -
3 lOa - - 100 - 100 -
3 3a - 2.a - - - -

* VBE 
3 5a - - - 2.a - 2.8 

V 
3 8a - 4.5 - - - -
3 lOa - - - 4.5 - 4.5 

3a 0.0060 - 2 - - - -
• VCE(sat) 

5a O.Ol a - - - 2 - 2 V 
aa 0.08a - 3 - - - -
loa O.la - - - 3 - 3 

VF 
-8a - 4 - - - - V 
-loa - - - 4 - 4 

* hfe 
f = 1 kHz 5 1 1000 - 1000 - 1000 -

* Ihfel 
f ~ 1 MHz 5 1 20 - 20 - 20 -

• Cob 
VCB = 10V, - 200 - 200 - 200 pF 
f ~ 1 MHz 

ISlb 
t = 1 s, nonrep. 25 2.6 - 2.6 - 2.6 - A 

ROJC - 1.92 - 1.92 - 1.92 °CIW 

a Pulsed: Pulse duration = 300 /lS, duty factor = 1.8%. 
* In accordance with JEDEC registration data format JS·6 RDF-2. 

~ 
~ ~ 
~ ~ ~ 
~ 

e 

i ~ 
~ 

~ ~ 
w z 

~~~ wNu 
u" 
~~ 

'00 

15 

50 

25 

NOTE· CURRENT DERATING AT CONSTANT 
VOL.TAGE APPliES ONLY TO THE DISSIPATION
LIMITED PORTION AND THE IS/b -LIMITED 
PORTION OF MAXIMUM OP£RATING AREA 
CURVE. DO NOT DERATE THE 
SPECIFIED VALUE FOR :Ie MAX 

12:) 1:10 175 200 

CASE TEMPERATURE 1Tc),--C 

Fig.2 - Derating curve for all types. Fig. 3 - Typical dc-beta characteristics for all types. 
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__________________________________ Power Transistors 

2N6386, 2N6387, 2N6388 

92C5-26901 

Fig. 4 - Maximum operating areas for all types. 

-: 
~ 

z 
~ 1O' 
~ · ~ · 1\ il 
~ 

1O ! · i · , 
" 1\ 

0.01 

FREQUENCY tfl-MHz 

Fig. 5 - Typical small-signal gain for all types. 

COLLECTOR-lO-EMrTTER VOLTAGE tVCE)-V 
92($-19925 

Fig. 7 - Typical output characteristics for all types. 

COLLECTOR-fO-EMITTER VOLTAGE (Vcel.3 ~ 

" 
.. 12.5 
E 

I 
~ 10 

i ,. 
2.' 

iii 
J 

BASE-lO-EMITTER VOLTAGE tvBEI-V 

Fig. 6 - Typical input characteristics lor all types. 

i 
~12.5 

~ 

~ 10 

~ 

COLLECTOR-lO-EMITTER VOLTAGE ('Ice)· 3 V 

BASE-lO-EMITTER VOLTAGE (VBEI-V 

Fig. 8 - Typical transfer characteristics 
for all types. 
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2N6386. 2N6387. 2N6388 

10 
COLLECTOR- TO-EMITTER VOLTAGE IVcEI-V 

92CS-26900 

Fig. 9 - Maxim·um operating areas for a/l types at T c = 100· C. 

" i 
~ 
~ 

~ 10 

IOO,25'"C 

IOO,12,OC 

Iclla {FORCED IIFE)-'OOO 
TC·,25·C 

. , . 
COLLECTOR-TO-EMltTER SATURATION VOL.TAGE [VeE ISGtlJ-V 

Fig. 10 - Typicai"saturation characteristics 
for a/l types. 

PULSE DURATION . 
20".1 POSITIVE VOLTAGE 
20".1 NEGATIVE VOLTAGE 

REP. RATE .. 200 HI 

Vcc· 20V 

"8-Z00 AC 

* lSI AND Ia2 ARE MEASURED WITH TEKTRONIX CURRENT 
PROBE P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

92CS·20699RI 

Fig. 11 - Circuit used to measure saturated 
switching-times. 
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COLLECTOR SUPPLY VOLTAGE IVec)-ZOV 

:5.5 Ie ~ -ISll' -Ie /500, TC·25 - C 

--- ........... .!!... 2 ...... ~-=-----f_-_+-_+-+_+_+""'...., 

1~1-------1--__+-_t_-t_+_l.!iI'I'T_I vP'" 
o .• I-------+--+--t-_t_ ..... -t-t---f"'t '"I-kl 

, B 9 10 

COLLECTOR CURRENT (Ic)-A 
92CS-19920RI 

Fig. 12 - Typical saturated switching-time charac
teristics for al/ types. 

2N6386, 2N6387, 2N6388 

~if-J'--.------'-1'~1 IDa : 
- I 

~i 
8a~--+_1 

OUrPUT WAVE FORM 

Fig .. 13 - Phase relationship between input current 
and output current showing reference 
paints for specification of switching-times. 
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2N6420, 2N642:j,2N6422, 2N6423 File Number 1100 

High-Voltage Medium-Power Silicon 
.~ . 

P-N-P Transistors 
For High-Speed Switching and Linear-Amplifier Appliqations 

Features: 
• High voltage ratings: 

VCEO(SUS) = -175 V max. (2N6420) 
= -250 V max. (2N6421) 
= -300 V max. (2N6422) 
= -300 V max. (2N6423) 

• Large safe-operating area 

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. 92CS-27S16 

JEDEC TO-213AA 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N6420 2N6421 
'VCBO •••.•.•••••••.....•••••..••••••...••••..•..•• -250 -375 
'VCEO(SUS) •••••••••••••.••••••••••••••••.••••••••. -175 -250 
·VEBO ............................................. ----------- -6 
·Ic................................................ -1 _________ _ 
Ic ................................................. __________ _ -5 

·1 •................................................ __________ _ -1 
PT 

T c:Sl00°C, Vcrt5fi(1\/ ••........•............•••• __________ _ 20 
Tc:S 25°C, V<;E$40V .••••••••••••.••.••••.•••.. __________ _ 35 
Tc:S 25°C, VcE>40V .•.•.....•........•........ _________ _ See Fig. 1 
TO< 25°C, Vai>4OV ........•....•••.•....•.... _________ _ 

*T.tg,*TJ 

'TL 

At distances;::: 1/32 in. (0.8 mm) 

See Figs. 1 & 3 
-65 to +200 

from case for 10 s max ••••.•..••••.•..•••.•••• __________ _ 235 

'In accordance with JEDEC registration date 

2N6422 
-550 
-300 

-2 

2N6423 
-550 V 
-300 V 

V 
A 
A 
A 

W 
W 

°C 

°C 
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2N6420, 2N6421, 2N6422, 2N6423 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC' = 25°C 

Unless Otherwise Specified 

* 

* 

* 

* 

* 

* 
* 

* 

* 

* 

* 

* 

* 

* 

CHARAC· 
TERISTIC 

ICEO 

ICEX 
2N6421 
2N6422 

ICEX 
Tc=15(tC 

lEBO 

hFE 

VBE 

VBE(sat) 

VCE(sat) 

VCEO(sus)b 
2N6421 
2N6422 

ISlb 

Ihfe l 
f = 5MHz 
f = 1 kHz 

Cobo 
VCB=10V 
f= 1 MHz 

trC 

tsC 

tfC 

TEST CONDITIONS 

VOLTAGE CURRENT 
Vdc Adc 

VCE VeE IC Ie 

-150 

-225 1.5 
-340 1.5 
-450 1.5 
-450 1.5 

-225 1.5 
-300 1.5 

6 0 

-10 -O.la 
-10 -0.5a 
-2 -0.75a 

-10 -0.75a 
-2 -l a 

-10 -l a 

-10 -l a 

-0.75a -0.075 
-l a -0.1 

-0.75a -0.075 
-18 -0.125 

-0.05a 0 
-0.05a 0 
-0.05a 0 

-100 

-10 -0.2 
-30 -0.1 

0 

-0.75 -0.075d 
-1 -O.ld 

-0.75 -0.075d 
-1 -O.ld 

-0.75 -0.Q75d 
-1 -O.ld 

1-10 I -1 I 
*In accordance with JEDEC registration data. 
a Pulsed: pulse duralion - 300 I'S, duty factor';; 2%. 

beAUTION: The sustaining voltage VCEOlsus) 
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 

- -
- -

- -
- -
- -
- -

I - 5 

LIMITS 

2N6421 2N6423 Units 2N6422 

Min. Max. Min. Max. 

- -5 - -5 

- - - -
- -1 - -
- -1 - - mA 
- - - -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 
- -0.75 - V -

- - -300 -

-250 - - -
-300 - - -

i-0.15 - -0.15 - A 

2 - 3 -
- - - -

- 180 - 180 pF 

- - - 0.5 
- 3 - -

- - - 6 
- 4 - IlS -

- - - 3 
- 3 - -

5 I - I 5 [CIW I 
-VCC = -200 V, tp = 20 I'S 

d-IB1 = IB2 
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Power Transistors ___________________________________ _ 

2N6420, 2N6421 ,2N6422, 2N6423 

~. 

• • 
.. 2 

.!.., 
u • 

!:! • ... • ffi 
~ 2 

u_o.1 
'" . ~ . 
~ 4 

a I 

""Ii • • 

2 4 6 8 I 
-10 -100 

COLLECTOR-TO-EMITTER VOLTAGEIVCEI- V. 

92CM-30343 

Fig. 1 - Maximum operating area. for a// rype •. 

CASE TEMPERATURE (TC).IOO·C 
(CURVE MUST BE DERATED LINEARl.V 
WITH INCREASE IN TEMPERATURE) 

I I I "" 1 J. 
Ic MAX . ..l "I. ~""'" (CONTINUOUS).- ~/Jo: 

1% 

~ 
~' <~ ..... 

. ~~-I ,.V_ 
l-- yCEO MAX."-175V (2N6420) ~ 11 
t:: YCEO MAX.·-2~V (2N6421) f= VCEO MAX."- 300 V(2N6422,2N6423) 

2 • • • 2 • •• 2 

t--
f-

• •• 

NOTE: CURRENT 'DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
AND IS/b-lIMITED PORTION OF MAXIMUM-OPERATING
AREA CURVES. DO NOT DERATE THE SPECIFIED 
VALUE FOR Ie MAX. 

25 50 75 100 125 150 17& 200 

., -10 -100 -1000 
CASE TEMPERATURE (TC)-~ 

COLLECTOR-TO-EMITTER VOLTAGE (VCEl-V 
92CS- 30342 

Fig. 2 - Maximum operating al"8ll' for all ryp .... Fig. 3 - Derating curves for all types. 
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------------______________________ Power Transistors 

~ 
: COTTOTTiTTERlOlT(VCE'.-.V 

i CASE TEMPERATURE 1Tcl= 150'"(; 

I 100 II i" · Tc·2'·C 

· ~ · , 
2 I\~ 

I 10 ~ · g · -0.01 2 . . , 2 .. , 2 .. '--0.1 -I 10 
COLLECTOR CURRENT CIcl-A 

92CS-19219 

Fig. 4 - Typical dc beta characteristics for all types. 

COLLECTOR CURRENT IIc1-A 

Fig. 6 - Typical saturation-voltage characteristics 
for all types. 

-I 

COLLECTOR CURRENT lIe 1- A 
92CS-IIUTRI 

Fig. 8 - Typical storage time characteristic for 
alltypes. 

2N6420,2N6421,2N6422,2N6423 
COLlECTOR-TO-EMITTER VOLTAGE (VCEI=-IOV 1 4 
CASE TEMPERATURE (TC)"25-C 

% 
2 ! I j' 1 3. 
~ 1 W I J 
~ 

30 .. LV 

t 20 
! I 

~ L Y \ : I 

! 
,. 

L \ i 
'0 

~ , I • 
1 . . . , 2 . . , 2 . . . 

-0.01 -0.1 -I 
COLLECTOR CURRENT Itc 1- A 

-10 

92C5-15972 

Fig. 5 - Typical gain-bandwidth product for all types. 

-I 

BASE-lO-EMITTER VOLTAGE IVBEI-V 92C5-15974 

Fig. 7 - Typical transfer characteristics for all types. 

COLL.ECTOR CtRI£NT (Ic)-A 

92CS-1598QR2 

Fig. 9 - Typical turn-on time and fall-time 
characteristics for all types. 
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CLARE 
MERCURY RELAY 

MODEL No. HGP -1004, 
OR EQUIVALENT' 

10 

"'" 

CHANNELA 

. HEWL.ET~ PAcKARD 
OSCILLOSCOPE 
MODEL No 503 
OR EQUIVALENT 

CHANNEL B 

-===- OT050V 
+ (500 mAl 

lSI 
O.5W. 

COMMON 

92.CS-30340 

Fig. 10 - Circuit used to measure sustaining 
voltage V CEO (sus) for all types. 

Vcc .. - 200V 

I"'PUT~ 
HEWLETl'-PACkARO 
MODEL 'No. at4A,qR 

~OUIVAL£NT 

I PULSE OURATION. 
20,.&. REP. RATE~ 

.200tiz) 
-ADJUST 'RB FOR 182 ANO RC FOR Ie 

OUTPUT TO 
osell LQ~CQPE 

I Te:t<TRbNIX MODEL. 
No.543A,OR 
EOUIVALENT I 

DEVICE 
UNDER 
TEST 

~ lB. AND 182 MEASURED WITH TEI<fRONIIC CUARENT PROBE 
P6019 AND TYPE 134 AMPLIflEP.,OR EQUIVALENT 

92CS-I5971R3 

Fig. 12 - Circuit used to measure saturated switching 
times for all types. 

::'.101(. 

c .... ' 

NOTE' 

I
Z 

~ -100' _ .... : ..... ' ...... '_ 

~i ~. I I 
8:'0 -50 I" I I g!;! - A]Blej-
~ I : I 

g a -175 I -300 
o ~2S0 

COLLECTOR- TO-EMITTER 
VOLTAGE (VCErV 

SUSTAINING VOLTAGES VcEo( .... IARE ACCEPTABLE 
WHEN TRACES FALL TO THE .RIGHT AND ABOVE POINTS 
"A" FOR TYPE 2N6420 POINTS liS· FOR TYPE 2N6421 
AND POINTS "e· FOR TYPES 2N6422 AND 2N6423· 

92CS- 30341 

Fig. 11 ~ Oscilloscope display for measurement 
of sustaining voltages. 

92C$-15978 

Fig. 13 - Phase relationship between input current 
and output voltage showing reference 
paints for specification of switching 
times. 



____________________________________ Power Transistors 

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 2N6468&are 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. 

"Formerly RCA Dev Nos. TA8710, and TA8709, respectively. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

*VCBO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

"VCEX(sus) 
V.E=1.5V,R.E=1000 .................................... .. 

VCER(SUS) 
R.E = 1000 ................................................ . 

VCEO(sus) .................................................... . 
*VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

*Ie ....... 0.' ••. , •••••••••••••••••••••••••••••••••••••••••••••••• 

"I •............................................................ 
oPT 

Up to 25°C ................................................ . 
Above25°C ............................................... . 

*TJ. Tstg ........................................................ . 

"TL 
At distances ~ 1/32 in. (0.8 mm) from seating 
plane for lOs max. . ........................................ . 

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

2N6467, 2N6468 

TERMINAL DESIGNATIONS 

c 

'([5 
92CS-27516 

JEDEC TO-213AA 

2N6467 2N6468 
-110 -130 

-110 -130 

-105 -125 
-100 -120 

-5 -5 
-4 -4 
-2 -2 

40 40 
See Figs. 1, 2 and 3 

_____ -65 to +200 ____ _ 

__________ +235 _________ _ 
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w 
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2N6467, 2N6468 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C unless otherwise specified. 

TEST CONDITIONS 

VOLTAGE CURRENT 
CHARACTERISTIC Vdc Adc 

VeE VBE Ie 18 

ICER -95 
RBE = 1000 -100 

*ICEX -100 1.5 
RBE = 1000 -120 1.5 

RBE = 1000 -100 1.5 
Tc = 150°C -120 1.5 

-'CEO 
-50 
-60 

·IEBO 5 

*hFE 
-4 -1.5a 
-4 -4a 

-VCEO(sus) -o.1a 

VCER(SUS) 
RBE = 1000 -O.1a 

'VCEX(sus) 
RBE = 100 0 1.5 -O.1a 

·VBE 
-4 -1.5a 
-4 -4a 

VCE(sat) 
-1.5a -0.15 

-4a -0.8 

'Ih,el 
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 IJs. duty factor = 1.8% 

LIMITS 

2N6467 2N6468 

Min. Max. Min. Max. 

- -100 - -
- - - -100 

- -100 - -
- - - -100 

- -2 - -
- - - -2 

- -1 - -
- - - -1 

- -0.1 - -.01 

15 150 15 150 
5 - 5 -

-100b - -120b -

-105b - -125b -

-110b - -130b -

- -2 - -2 
- -3.5 - -3.5 

- -1.2 - -1.2 
- -4- - -4-

5 - 5 -

25 - 25 -

- 4.3 - 4.3 

UNITS 

pA 

pA 

rnA 

rnA 

rnA 

V 

V 

V 

°C/W 

beAUT/ON: Sustaining voltages Vcw(sus). VCER(SUS). and VCEX(sus) MUST NOT be measured on a curve tracer . 

. 0 25 50 1'5 100 125 ISO 175 200 
EFFECTiVE CASE TEMP. OR CASE TEMP.ITEFFORTCI-oC CASE TEMPERATURE (Tc)--C 

Fig. 1 - Current derating curve for all types. Fig. 2 - Dissipation derating curve for all types. 
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____________________________________ Power Transistors 

2N6467, 2N6468 

COLLECTOR-TO~EMITTER VOLTAGE (VCEI-V 92C5-26560 

Fig. 3 - Maximum operating areas for 2N6467 and 2N6468. 

c 
I 

~ 
I-
~ -4 
0: 

!!i u _ 

! -2 
:l 
8 _I 

o 

COLLECTOR- TO-EMITTE~, ':"'~ ~~~ (VC~ ~'-4 v:t H:I 
r-ttt+tTHT~" H+-- ~r-"'· J: ~ 

-us -I 1.5 

BASE-TO-EMITTER VOLTAGE (VSE)-V 

Fig. 4 - Typical transfer characteristics for 
2N6467 and 2N646B. 

COLLECTOR-TO-EMITTER VOLTAGE (Vc:e.)--4V +--1--1-1-1 i 20 CASE TEMPERATURE ITcla2S-C 

I 1.~~-+-+-H--+---l-+~~-+--I-4-~ 

~ 16~~-+-+-H--+---l-+~~-+-4-4-~ E 
g 141-+-+-+-f-t--t--l-l+t--+-++H 
~ 121--+--:b-+-F'I'='t"-~4t--I-++-H 
O~ V 

IOV 
~ er--+-++rr-+--~4t--I~+f-t--H 
Z 
~ 4~-r-+-r++---l-++-~-~-+++1 

... 
0.01 0.1 I 

COLLECTOR CURRENT l1.cl-A 

Fig. 6 - Typical gain-bandwidth product by 
2N6467 and 2N6468. 

10 

~ 
0 

~ 
::;, 
~ 
~ 

! 
i 
II 

: ~CTOR:TO;E~I~TEA YOLTAjE IYeE)a 4V 

4f---CASE TEIIP£RATURE 1'1: . ~ ,J 
~ ~J"I.?$. 

z~ !,C 

· -40"< : ..... "' · , ...... ~ 
I 

,~ 

· · · · I , . . . . . .. , . . . 
-0.01 -0·1 -I -10 

COLLECTOR CURRENT (tC)-A 
92CS-26561 

Fig. 5 - Typical de beta characteristics for 
2N6467 and 2N6468. 

-I 
BASE-TO- EMITTER VOLTAGE IYBEI- v 

Fig. 7 - Typical input characteristics for 2N6467 
and 2N646B. 
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2N6467, 2N6468 

COLLECTOR-To-EMITTER VOLTAGE (VCE)-V 

Fig. 8 - Typical output characteristics for 2N6467 
and 2N6468. 

-I -3 

COLLECTOR CUPDII:"NTIIc)-A 
sa.S-3536R2 

Fig. 10 - Typical saturated switching characteristics 
for 2N6467 and 2N6468. 

92CS-IS619RI 

Fig. 9 - Oscilloscope display for measurement 
of switching times for 2N6467 and 
2N6468. 

INPUT: 
HEWLETT'PACKARD 
MODEL No.2141\ OR 

EOUIVALENT 

INPUT FROM 
PULSE GENERATOR 

IPULSE DURATION. 
20" .. REP. RATE' 

IkHzI 

Vec·- 30V 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL 
No.!l43A OR 
EQUIVALENT 

DEVICE 
UNDER 
TEST 

III A.DJUST Rs FOR 182 AND RC FOR Ie 

10
181 AND 182 =:O~~:~ ~!~ ~tK:~:~I~~~~~ET';~A~EENT 

92CS-24894 

Fig. 11 - Circuit used to measure saturated 
switching times for 2N6467 and 
2N6468. 
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_______________________________ --___ Power Transistors 

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 2N64786. are silicon n-p-n transistors 
intended for a wide variety 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 the JEDEC TO-
220AB plastic package. 

6.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. 

2N6477, 2N6478 

TERMINAL DESIGNATIONS 

92CS-39969 

JEDEC TO-220AB 

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 A 

PT 
50 50 W 

See Fig. 2 
1.8 1.8 W 

Derate linearly at 0.0144 wtc 

-65 to 150 °c 

235 °c 
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Power Translstors, _________________________________ _ 

2N6477, 2N6478 

ELECTRICAL CHARACTERISTICS. At Case Temperature (TC' = 2!JC unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT 
2N6477 2N6478 

UNITS 

Vdc Adc 

VCE V EB 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 - - rnA 
junction reverse-biased 150 -1.5 - - - 2 

AtTC= 150°C ICEV 
120 -1.5 - 10 - -
140 -1.5 - - - 10 

Emitter-Cutoff Current lEBO 5 0 - 2 - 2 rnA .. 
Collector-ta-Emitter Sustaining 

Voltage: VCEO(sus) 0.1· 0 120 - 140 -
With base open .. 
With external base-to-emitter 

VCER(sus) 0.1· 130 150 V 
resistance (RBE) = 100 n - -

With base-emitter junction 
VCEV(sus) -1.5 0.1· 140 - 160 -reverse-biased 

DC Forward-Current Transfer 
hFE 

4 1· 25 150 25 150 
Ratio 4 2.51 5 - 5 -

.. 
Collector-ta-Emitter 

VCE(sa!) 
1· 0.1 - 1 - 1 

V 
Saturation Voltage 2.51 0.5 - 2 - 2 

.. 
Bese-to·Emitter Voltage V BE 

4 1· - 1.8 - 1.8 
V 

4 2.51 - 3 - 3 
.. 
.. Magnitude of Common-Emitter. 

Small-Signal, Short-Circuit 
Forward-Current Transfer Ratio I hfel 4 0.5 5 - 5 -
(f = 40 kHz) 

Gain-Bandwidth Product fT 4 0.5 200 - 200 - kHz .. Common-Emitter, Small-5ignal, 
Short·Circuit Forward-Current 

hfe 4 0.1 25 25 
Transfer Ratio - -
(f = 1 kHz) 

Thermal Resistance: 
Ju netian-ta-Case RO JC - 2.5 - 2.5 

°C/W 
Junction-ta-Ambient RO JC IU IU 

.. In accordance with JEDEC registration data format (JS-6 RDF-2). .. Pulsed: Pulse duration = 3OOl"S, duty factor = 1.a%. 

CAUTION: The sustaining voltage VCEO(sus), VCER(sus), and VCEV(sus) MUST NOT be measured on a curve tracer. 
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<l 

I 
'0 
H -
~ 
Z 
ILl 
II:: 
II:: 
::> 
o 
II:: 
o 
~ 
o 
ILl 
...J 
...J 
o 
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0.1 

10 

2N6477, 2N6478 

.. CASE TEMPERATURE'(TC)=25~C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 

TEMPERATURE 

1000 100 120140 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) - V 92CS-22440 

Fig. 1 - Maximum operating areas for both types. 

CASE TEMPERATURE ITcl-"C 
92CS-19663 

Fig. 2 - Current derating curve to. u';<!> types. 
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2N6477, 2N6478 

<t 

I 

-t+' , I",' 
, ,::: 

:c A. 'U 

4 lPiTffi:JIi'iHijJj' , 
2,5 'I MAX, CONTINU\, .~ 

2 4 6 8 100 140 2 

120 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) - V 

4 6 8 10 2 

Fig, 3 - Maximum operating areas for both types, 

4 6 81000 

92CS-22442 

140 COLLECTOR-TO-EMITTER VOL TAGE (VCE1~4 V 
_ 140 - COLlECTOR-TO-~ITTER VOLTAGE (VCE)=4 V 

} 
120 ,- ... 120 

1,..' , , 0 

~ 
, 

100 , 
80 

V "" CASE TEMPERATURE 60 (Te }=25°C 

,/ 
, 

40 V 
:-, 

121'"C 
20 

0 ' ..... ~ 

~ 100 

I 80 

,.... 

I 80 
'\c SE "TEMPERATURE 

,/ " 
Tc )"25·C 

:-, 

i 40 
12,-C" 

r--.. 
~ 20 1''':: g 

, ... , ... , 4 .0 , 4 .0 2 4 •• , 4 .0 2 4 .0 2 4 •• 
10- 2 ICiI 10 10- 2 lerl 10 

COLL-ECTOR CURRENT {Ie} - A COLLECTOR CURRENT (Icl- A 
9~CS-2244~ 92CS-22444 

Fig, 4 - Typical dc beta characteristics for 2N6477, Fig, 5 - Typical dc beta characteristics for 2N6478, 
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BASE - TO - EMITTER VOLTAGE (liSE) - V 
92CS-19511 

Fig. 6 - Typical input characteristics for 2N6477. 

CASE TEMPERATURE (Te 1 =2!5- C 

1.5 

10 

"BAsE ~NT (Iel '" 5mA 

50 iOO 150 200 
COLLECTOR-IO-EMITTER l/a..,TAGE-'VCE)-V 

Fig. 8 - Typical output characteristics for 2N6477. 

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

Fig. 10 - Typical transfer characteristics for 2N6477. 

2N6477, 2N6478 

BASE-TO-EMITTER VOLTAGE IVSEI-V 

92CS-12645 

Fig. 7 - Typical input characteristics for 2N6478. 

CASE TEMPERATURE (1C),,25°C 

i.5 

')0 100 150 200 
COLLECTOR-TO-EMITTER VOLTAGE (VCE1-V 

92CS-12642 

Fig. 9 - Typical output characteristics for 2N6478. 

I 
BASE-IO-EMITTER VOlTAGE (VBEI-V 

92C5-12643 

Fig. 11 - Typical transfer characteristics for 2N6478. 
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2N6486,2N6487,2N6488,2N6489,2N6490,2N6491 File Number 678 

1S-A, 7S-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. '"';~1° II J~' ~ 

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 VOLTAGE: 

With 1.5 volls (V .. ) of reverse bias. and extemal 
base-to-emitter resistance (R.E) = 100 0 ..•... VeEx 
With external base-to-emitter 
resistance (RBE) = 1000 ••....•...•.....•... VeER 
With base open •............... :. . . . . . . . . . . . . V CEO 

'EMITTER-TO-BASE VOLTAGE................ VEBO 
'CONTINUOUS COLLECTOR CURRENT. . .•.. . . Ie 
'CONTINUOUS-BASE CURRENT............... I. 
'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 2N8486 
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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____________________________________ Power Transistors 

2N6486, 2N6487, 2N6488, 2N6489, 2N6490, 2N6491 
ELECTRICAL CHARACTERISTICS, At case temperature (TC) = 2!PC unlesa otherwise specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRo 2N6486 2N6487 2N6488 
UNITS CHARACTERISTIC SYMBOL Vd. Adc 2N6489. 2N6490. 2N649H 

VCE V BE IC Min. Max. Min. Max. Min. Max. 

Collector-Cutoff Current: 35 - 500 - - - -
With external base-emitter ICER 55 - - - 500 - - "A 
resistance (RBE) = lOOn 75 - - - - - 500 

* With base-emitter junction reverse 45 -1.5 500 -
biased and external base-to-emitter 65 -1.5 - - - 500 - - "A 
resistance (ABE) ::: lOOn 

ICEX 
85 -·1.5 - - .- - - 500 

40 -1.5 - 5 - - - -
AtTC= 150°C 60 -1.5 - - - 5 - - mA * 

80 -1.5 - - - - - 5 

20 - 1 - - - -
With base open ICEO 30 - - - 1 - - mA * 

40 - - - - - 1 

Em.itter-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-to-Emitter 
Sustaining Voltage VCEO(sus) 0.2 40b - 60b - 80b -
With base open * 
With external base-emitter 

VCER(sus) 0.2 45b 65b 85b V resistance (R BE ) = lOOn - - -

With base-emitter junction reverse-
biased and external base-to-emitter VCEX(sus) -1.5 0.2 sob - 70b - 90b -
resistance (R 8E) = 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-ta-Emitter -{ I B - 0.5 A 

VCE(sa.) 
sa - 1.3 - 1.3 - 1.3 

V Saturation Voltage '8 == 5 A 158 - 3.5 - 3.5 - 3.5 
* 

* Magnitude of Common-Emitter 
Small-Signal Short-Circuit I hie I 4 1 5 - 5 - 5 -Forward-Current Transfer Ratio: 
1= 1 MHz 

* Common-Emitter, Small-Signal, 
Short·Circuit, Forward-Current hie 4 1 25 - 25 - 25 -
Transfer Ratio (I = 1 kHz) 

Thermal Resistance: 
Junction-to-case ROJC - 1.67 - 1.67 - 1.67 

°C/W 
Junction-to-ambient ROJA - - 70 - 70 

* In accordance with JEDt;:C registration data format (JS-6 RDF-2L b CAUTION: Sustaining voltages V CEO (sus), V CER(sus), and V CEX(sUS) 

8 Pulsed; pulse duration == 300 IJ,S, 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 

ct 

I 
'0 
H 

I-
Z 
LIJ 
II: 
II: 
;:) 
0 

II: 
0 
I-
0 
LIJ B ...J 
...J 
0 6 
0 

4 

2 

CASE TEMPERATURE (TC)=25°C 

(CURVES MUST BE DERATED LINEARLY 
WITH INC SE IN TEMPERATURE) 

PULSE OPE 

2 4 6 B 10 2 40 60 80 100 2 

COLLECTOR -TO-EMITTER VOLTAGE (VCE)-V 

Fig. 1 - Maximum operating areas for al/ typest . 

.. 
I ;r 

'Z 125 

~ 
.. 100 
a 
o ! 75 

i 50 

= 25 

-100 -50 0 Z5 50 100 150 200 250 

CASE TEMPERATURE (Tel-OC 

Fig. 2 - Derating chart for al/ types 

92CS-22B05 

t For p-n-p devices, voltage and current values are negative. 
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2N6486, 2N6487,2N6488, 2N6489, 2N6490, 2N6491 

4 CASE TEMPERATURE (TC1-100"C I I __ 1 1 
2 Ie MAX. ; ++ ,1 I PULSE OPERATION * -

CONTINUOUS 

i 10 
I, 11. " Iv 

~ '-roo 1:> ~'" 

'-r--'~ ~~. ~ 4 It'..,,. If-z 
w 

1 1'0 r--..., .'\ '\ ~ 

2 -FOR SINGLE '" ~ NON REPETITIVE l ! ~ \ ~ PULSE 
0 I 
~ 

: - I .1 . l~h (2N.4 •• ,:~ u 
w 

0 
4 _ "CEO MAX. - _ 40 V {2N6489} " 

u + 60 v (2N6487~!J-= ~ VCEO MAX. = _ 60 v (2N6490J _ 

2- +80\1 (2N648~E 
0.1 VCEO MAX.- - eo II (2N6491) -

2 . , , 
10 

2 
40 60 80 100 

2 

Fig. 3 - Maximum operating areas for all typest. 

1000 
~ , COLLECTOR-lO-EMITTER VOLTAGE (VCE)=4V 

f 
, 

'" . CASE TEMPERATURE (TC1.125 DC 

: --~ ~ 
W 2 
~ 

--~.J ~ g 
100 

~ 
, 

I' , 
11 . "" I\. 
0 

~ ~ 

~ ~ 
~ 2 

~ u 
c 

10 
2 . 6 , 2 . , , 2 

0.1 I 10 
COLLECTOR CURRENT (:tel-A 

Fig. 5 - Typical dc beta characteristics for 2N6486. 2N6487. 
and2N6488. 

~ 
~ z 

'" ~ 
~ 

" u 
~ 

~ 
BASE-TO-EMITTER VOLTAGE (VSE)-V 

Fig. 7 - Minimum reverse-bias second-breakdown characteristics 
for a/l typest. 

COLLECTOR CURRENT lIel-A 
92CS-19511 

Fig. 4 - Typical collector-to-emitter saturation-voltage 
characteristics for all types. 

-0.01 
'68 

-0.1 -I -10 
COLLECTOR CURRENT (Ie I-A 

. " -100 

9ZCS-19576RI 

Fig. 6 - Typical dc beta characteristics for 2N6489. 2N6490, 
and2N6491. 

% 
~ 

1 
"i-

~ 
~ 

i : 
z 
~ 

I COLLECTOR-lO-EMITTER VOLTAGE {VCE)=4V 

II CASE TEMPERATURE 1Tc1=25°C 

10 

\ 
\ 

I--f--+-t+t-f -t-t--l-t---t---~ 
I 
I 

0.01 4 6 POol 4 681 4 6 BIO 

COLLECTOR CURRENT (Icl-A 

Fig. 8 - Typical gain-bandwidth product vs. collector current for 
alltypest. 

t For p-n-p devices. voltage and current values are negative. 
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2N6486, 2N6487, 2N6488, 2N6489, 2N6490,2N6491 

c 
I 12." 
8 
~ 10 

~ 7." 
~ 
~ 
8 

BASE-TO-EMlTTfR VOLTAGE (VSE)-V COLLECTOR-TO-EMITTER VOLTAGE: CYCEI-V 

Fig. 9 - Typical input ~haracteristics for al/ typest. Fig. 10 - Typical output characteristics for al/ typest. 

I I. 
BASE-TO-EMITTER VOLTAGE (V8E)-V 

Fig. 11 - Typical transfer characteristics for al/ typest. 

Z 

COLLECTOR CURRENT(tcl-A 
92CS-224tiO 

Fig. 12 - Typical saturated switching characteristics for 
2N6486, 2N6487, and 2N648f!. 

COLLECTOR CURREHTIIc)-A 

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 

PULSE GENERATOR 
HEWLETT-PACI(ARO 
NO 214A. 
OR EQUIVALENT 

PULSE o-l!-:. ~25':F 
liON <!;20 "s 

REP RATE:!: Sin 

I kHz 

0- .. 2511 :=+30V 

= L-_----' 

RL (NON*INOUCTIVE)· 

3n,I2W FOR Ie ·tOA 
3.1SSl, ew FOR Ie' 8A 

sn, BW FOR Ie ~6A 
7.5 n. ew FOR Ie =4A 

-4 TO 
-6V 

92CS-24801 

Fig. 14 - Circuit used to measure switching times for 2N6486, 
2N6487, and 2N6488. 

INPUT. 
PULSE GENERATOR 
TEKTRONIX TYPE 114, 
OR EQUIVALENT 
PULSE DURATION 

=20p.s 

"VEE 
-5 TO -20V 

VCC ·-20V 

REPETITION >-<.-----+ 
RATE=lkHz 

* Re IS CHOSEN FOR .I.e 

.. V88'+2 TO +IOV 

OUTPUT TO 
OSCILLOSCOPE 
TEKTRONIX 
MODEL 
No.543A OR 
EQUIVALENT 

.. VEE AND Vee AAE MEASURED fOR I.SI AND lS2 
ISI ANO IBi! ARE MEASURED WITH TEKTRONIX CURRENT PROBE P-6019 
AND TYPE 134 AMPLIFIER,OR EaUIVALENT 92CS·19566R3 

Fig. 16 - Circuit used to measure switching times for 2N6489, 
2N6490, and 2N6491. 

10 n 
IW 

:Ofill·:/, r --0-1 
I r 
L.. ___ .-I 

CHOPPER TYPE 
MERCURY RELAY 
P a 8 JML 81308, 

CLARE 1028,OR 
EQUIVALENT 

Vcc =0-L75 V 

28 mH 
SIGNAL TRANSFORMER 

Co. eH50 OR EOU~:R! 
I n,I%,25 W 
(NON-INDUCTIVE) OSCILLOSCOPE 

INPUT 
HEWLETT-PACKARD 

GND MODEL No 1308 
2N6489* OR EQUIVALENT 
2N6490 
2N6491 

HORIZ 

+Vcc 

-FOR N-P-N TYPES 2N6486, 2N6487,AND 2N6488, 
REVERSE POLARITY OF BATTERY AND Vec· 92CS-22810 

Fig. 18 - Circuit used to measure sustaining voltages VeEo(sus), 
VeEA(SUS), and VCEX(SUSj for al/ types. 

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). 

i~ . r:eEO''"'J ~EA"'" ~CEX". 
~~ _200~B -200 ABC -200 ABC 
~ u 
~~ 
j 0 -40-60-80 0 -45-65-85 0 -50-70-90 

8 COLLECTOR-TO-EMITTER VOLTAGE IYCE}-V 

"'PULSE CURRENT IIp) RANGE' 0.6-0.8 A 

THE SUSTAINING VOL TAGESVCEO{IUII, VCER{AlII,AND VCExllUl! ARE ACCEPTA8lE WHEN 
THE TRACES fAll TO THE RIGHT AND ABOVE POINT "A" FOR TYPES 2NM88AND 2N648SI; 
POINT "8" FOR 2N6487 AND 2N849O; AND POINT ''C N fOR 2N8488 AND 2N&t91. 

Fig. 19 - Oscilloscope display for measurement of sustaining 
voltages (test circuit shown in Fig. 18). 
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2N6530,2N6531,2N6532,2N6533 

a-Ampere N-P-N Darlington 
Power Transistors 
80, 100, 120 Volts, 60 Watts 
Gain of 1000 at 5 A (2N6530, 2N6532) 
Gain of 1000 at 3 A (2N6533) 
Gain of 500 at 3 A (2N6531) 

Features: 
• Operate from Ie with

out predriver 

Applications: 
• Power switching 
• Hammer drivers 

• Low leakage at high 
temperature 

• Series and shunt regulators 
• 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 . BO 
VCER(sus) 

RBE = lOOn 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 ;;.. lIB in. (3.17 mm) 
from case for IDs max. 

File Number 873 

TERMINAL DESIGNATIONS 

'R';'"lOII J±~' f 
TOP VIEW B 

92CS-39969 

JEDEC TO-22DAB 

,----------, 
B i I 

I I 
I I 
I I 
I I 
I .12kD. _loon I L _________ ..J 

Fig. I-Schematic diagram for all tvpes. 

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, RDF-4. 
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__________________________________ Power Transistors 

2N6530, 2N6531 , 2N6532, 2N6533 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 2SOC unless 
otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT 
2N6630 2N6631 

SYMBOL Vdc Adc 
VCE VBE IC 18 Min. 

'CEO 
80 0 -

100 0 -

'CEV 
80 -1.5 -

100 -1.5 -

TC = 125°C 
80 -1.5 -

100 -1.5 -

'EBO -5 0 -
3 53 1,000 

hFE 3 33 -
3 S3 100 

VCEO(sus) 0.2 0 80b 

VCER(sus) 
0.2 SOb 

RBE=100n 

VCEV(sus) -1.5 0.2 SOb 

3 53 -
VBE 3 33 -

3 83 -
33 0.006 -

VCE(S3t) 53 0.01 -
S3 0.08 -

VF 
53 -
sa -

hfe 5 1 1,000 
f = 1 kHz 

Ihfel 5 1 20 f = 1 MHz 

Cobo 

VCB=10V -
f = 1 MHz 

'SIb 24 2.7 
t = 0.5 s, 
nonrep. 

ROJC -

* in accordance.with JEDEC re.gistration data format JS-6. RDFA. 

(i Pulsed, pulse duration:::: 300 MS, 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.S 

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 

°C/W 

b CAUTION: Sustaining voltages VCEO('us!". "CER(sus), and VCEV(sus) MUST NOT be 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 

SYMSOL Vdc Adc 

VCE VSE IC IS 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 lOOb 

VCER(sus) 
0.2 lOOb 

RBE = 100 n 
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 

Ihfel 5 1 20 
f = 1 MHz 

Cobo 

VCB= 10 V -
f= 1 MHz 

ISlb 
24 2.7 

t = 0.5 s, 
nonrep. 

RIiJC -

* In accordance with JE DEC 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 

oCIW 

b CAUTION: Sustaining voltages VCEO(sus), VCER(sus), and VCEV(sus) MUST NOT be measured 

on a curve tracer. 
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2N6530,2N6531,2N6532,2N6533 

ct 
I 
-u 
!:! 
!Z 
'" It: 
It: 
:::> 
u 
It: 
o .... 
~ 
..J 
..J 
o 
U 

CASE TEMPERATURE ITC )=2S"C 
(CURVES MUST BE DERATED LINEAR LV 
WITH INCREASE IN TEMPERATURE) 

I 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

1 i' 

~ ~ 

i'· 
4 6 8 

92CS-24603RI 

Fig. 2-Maximum operating areas for all types at case temperature of 2sOC. 

l:!s~cn50 

10 

~~ Ii 
~I!i 25. II 

~ W 
25 50 75 100 125 150 175 200 

CASE TEMPERATURE (TCI-OC 0.01 

COLLECTOR CURRENT CIe!' f A 

COLLECTOR·rO-EMITTER VOLTAGE (VCEI~~ V 
CASE TEMPERATURE ITCI=25°C 

. " 0.1 
fREQUENCY (II ·MHZ 

\ 
1\ 
2 .. 68 

10 

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 

COLLECTOR-TO-EMITTER VOLTAGE (VCE'. 3 V COLLECTOR-TO-EMITTER VOLTAG~ (VCE }oI3Y 

" 

I 
§ 

2 .. 6 e it .. 68 
I 10 

COLLECTOR CURRENT \ Ic~ _A 
,00 01 

IASt-TO-EMmERVOLTAGEtVBEI-V 

Fig. 5 - Typical dc beta characteristics for al/ types. Fig. 6 - Typical input characteristics for al/ types. 

COLLECTOR-TO-EMITTER VOLTAGE (VCEl-V 

92CS-24604RI 

Fig. 7-Maximum operating areas for all types at case temperature of 10cfJC. 
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COLLECTOR-lO-EMITTER VOLTAGE NCEJ-V 

Fig. 8 - Typical output characteristics for all types. 

150 

1 '" 

I 10.0 

i 
7.' 

'.0 

8 ,., 
0 

COLLECTOR-lO-EMITTER VOLTAGE (VeE I'3 v 

IHH 

~t~~ ,,# 
~o 

,,' A-tJ'. 
,:.¥ ~ It'" .0 

... ,.".Jl .c 
." '" 
, , , 

BASE-TO·EMtTTER VOLTAGE (VSE1-V 

II !! 

II 
I 

I I 
I 

I 

Fig. 10 - Typical transfer characteristics for all types. 

, 

~ 

, COLLECTOR SUPPLY VOLTAGE (Vccl- 20 v 
181"-182=lc/500 

4 - r--.. 
.,/' K 

,',/' 

,/ ........... ~ 
k' I 

,~ - ~. 

" 
1"'-1 

0 , 2 345678910 
COLLECTOR CURRENT (Ie I-A 

Fig. 12 - Typical saturated switching-time 
characterictics for all types. 

2N6530,2N6531,2N6532,2N6533 

tlFE'I,QOO 

TC' roo·c 
I,OOO.25."C 

100,100"(; 

hFE~IOO 

TC =2:5"C-

" 6 8 () 12 
COLLECTOR CURRENT [tel-A. 

Fig. 9 - Typical saturation characteristics for all types. 

PULSE DURATION 
20,.s POSITIVE VOLTAGE 
201'-' NEGATIVE VOLTAGE 

REP. RATE = 200 Hz 

VCC~20V 

RB"'200 RC 

.... IBI ANO IB2 ARE MEASURED WITH TEKTRONIX CURRENT 

PROBE P6019 AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

Fig. 11 - Circuit used to measure saturated 
switching-times. 

!'Sf
f-Z 

~! '---+-1"" 

'b--182 /NPfJT WAVE FORM 

Ti 
I 
I 
I 
I 

t=:::~'ON±=1 
- - - - - --1- - - -90% 

I 
I 
I 
I 

1--_--I---'TUf!11M~FF 

OUTPUT WA~ FORM 

92CS·I3996RI 

Fig. 13 - Phase relationship between input current and 
output current, showing reference points for 
specification of switching-times. 
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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 

VCEX = 350 V 
= 450 V [2N6545) 

• Low Vcdsat) 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-modulated regulators. These 
high-voltage, high-speed transistors are 100-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 100· 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 

VOE=-1.5V.................................. 650 
'VOEX (Clamped) 

VOE=-1.5V.................................. 350 
·VOEO....... .... ... ........... ......... ....... ... 300 

2N6544 

650 

350 
300 

c 

'0 
92CS-27S16 

JEDEC TO-204AA 

2N6545 

850 

450 
400 

*VEBO •••••••••••••••••••••••••••••••••••••••••••• ___________ _ 8 
Ic(sat) ........ .... ......... ................... 3 5 5 

·10..... ... ........ ....... .... ........ ........ ... 5 8 8 
'IOM ••••••••.••••••••.••••••• ••••••••••.. •••••••• 10 16 16 
'10 ••••••••••••• ••••• •••••••• •••••••••• •••••••••• 5 8 8 
'PT 

To up to 25°C................................. 100 125 125 
To above 25°C, derate linearly.. ......... ...... 0.57 0.714 0.714 

'"T.tg, TJ •••••••••••••••••••••••••••••••••••••••••• _____ _ -65 to 200 
'TL 

At distance ~ 1/8 in. (3.17 mm) 
from seating plane for 5 s max .................. _____ _ 275 

• In accordance with JEDEC registration data. 

2N6546 

650 V 

350 V 
300 V 

V 
10 A 
15 A 
30 A 
10 A 

175 W 
1 W/oC 

°C 

°C 
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2N6542,2N6544,2N6545,2N6546 
ELECTRICAL CHARACTERISTICS Te = 2So C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT UNITS 
Vdc Adc 2N6542 2N6S44 2N654S 2N6S46 

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

ICEV 650 -1.5 - - - 0.5 - 0.5 - - - 1 

850 -1.5 - - - - - - - 0.5 - - mA 
lEBO - -8 0 - - 1 - 1 - 1 - 1 

VCEo(sus\b - - 0.1a - 300 - 300 - 400 - 300 - V 

hFE 2 - 3a - 7 35 - - - - - -
2 - 1.5a - 12 60 - - - - - -
3 - 5a - - - 7 35 7 35 - -
3 - 2;5a - - - 12 60 12 60 - -
2 - 10a - - - - - - - 6 30 

2 - 5a - - - - - - - 12 60 

VBE(sat) - - 3a 0.6 - 1.4 - - - - - -
- - 5a 1 - - - 1.6 - 1.6 - -
- - 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 

- - 158 3 - - - - - - - 5 

ISlb t = 1 s 100 - - - 0.2 - 0.2 - 0.2 - 0.2 - A 
ITI = 1 MHz 10 - 0.2 - 6 28 - - - - - -

10 - 0.3 - - - 6 28 6 28 - - MHz 

10 - 0.5 - - - - - - - 6 28 

Cobol = 1 MHz 10d - - - 50 200 75 300 75 300 125 500 pF 
tde,g - - 3 0.6 - 0.05 - - - - - -

.- - 5 1 - - - 0.05 - 0.05 - -
- - 10 2 - - - - - - - 0.05 

t,.e,g . - - 3 0.6 - 0.7 - - - - - -
- - 5 1 - - - 1 - 1 - -

- - 10 2 - - - - - - - 1 
pS 

t.e,g - - 3 0.6 - 4 - - - - - -
- - 5 1 - - - 4 - 4 - -
- - 10 2 - - - - - - - 4 

ue,g - - 3 0.6 - 0.8 - - - - - -
- - 5 1 - - - 1 - 1 - -
- - 10 2 - - - - - - - -

* In accordance with JEDEC registration data. 

____________________ ~ _____________________________________________ 2-249 



Power Transislors _________________________________ _ 

2N6542, 2N6544, 2N6545, 2N6546 
ELECTRICAL CHARACTERISTICS Tc = 100· C 

TEST CONDITIONS 

CHARACTERISTIC VOLTAGE CURRENT 

LIMITS 

Vdc Adc 2N6542 2N6544 2N6545 2N6546 

VCE VeE IC Ie Min. Max. Min. Max. Min. Max. 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= 20V - - 2.6a -' 350 - - - - - -
L= 180 pH, 

Rc= 0.05 n - - 4.5a - - - 350 - 450 - -
Vclamp = Rated 

VCEX - - 8a - - - - - - - 350 

Vclamp = Rated 

VCEo-100 V - - sa - 200 - - - - - -
- - 8a - - - 200 - 300 - -
- - 15a - - - - - - - 200 

VBE(sat) - - 3a 0.6 - 1.4 - - - - -
- - sa 1 - - - 1.6 - 1.6 -

- - 108 2 - - - - - - -
VCE(sat) - - 3a 0.6 - 2 - - - - -

- - sa 1 - - - 2.5 - 2.5 -
- - 10a 2 - - - - - - -

tsf,g - -5 3 0.6 - 4 - - - - -
- -5 5 1 - - - 4 - 4 -
- -5 10 2 - - - - - - -

Uf,g - -5 3 0.6 - 0.8 - - - - -
- -5 5 1 - - - 0.9 - 0.9 -

- -5 10 2 - - - - - - -
R8JC - - - - - 1.75 - 1.4 - 1.4 -

• In accordance with JEDEC registration data. 
a Pulsed: pulse duration = 300 ps, duty factory:S 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 IJS, IB1 = -IB2 
f Inductive load, Vclamp = Rated VCEX(SUS), IB1 = -IC/5. L = 180 pH, RC = 0.05 n, VCC = 20 V 
9 For switching speed test methods, see Application Note AN-6820. 

Max. 

4 

-
5 

, . 

-

-

-

-
-
-
-
-
1.6 

-
-
2.5 

-
-
5 

-
-
1.5 

1 

UNITS 

mA 

V 

V 

pS 

·C/W 
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2N6542,2N6544,2N6545,2N6546 

COLLECTOR-lO-EMITTER VOLTAGEIVCEI- v 
92CM-3OS32 

Fig. 1 - Maximum operating areas for type 
2N6542 (Te = 25°). 

COLLECTOR-lO-EMITTER VOLTAGEIVCEI-V 

92CM-36202 

Fig. 2 - Maximum aparating areas for type 
2N6544 and 2N6545 (Te = 25° C). 
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2N6542, 2N6544, 2N6545, 2N6546 

COLLECTOR-TO-EMITTER VOLTAGEIVCE1- v 
92CM~30S33 

I 
~IOO 

20 

Fig. 3 - Maximum operating areas for type 
2N6546 (TC = 25°) 

2 

~ I 

~ · 
~ · 
~ · 
fl V ~ 
l! 

'j i 
0.1 

V 

!SO 75 100 125 150 ITS . ... 
CASE TEMPERATURE (T Cl_ec 0.001 0.01 

92C5-2. •• 35 

>-r-
./ 

, . .. , ... 
0.1 

PULSE WIDTH (tp)-' 

, . .. 
10 

92C5-29981 

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

Fig. 5 - Typical thermal-response characteristics 
for types 2N6542. 2N6544 and 2N6545. 
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10. 

~ · 1! 4 

~ 2 

i I · ~ · · ffi ./ f-""" 
i 2 

~ 0.1 · ! • 
4 

! 2 

0.01 
2 . .. 2 . .. 2 ... . ... 

0.001 om QI 

PULSE WIDTH lip. -. 92CS-50II? 

Fig. 6 - Typical thermal-response characteristics 
lor type 2N6546. 

200 COLLECTOR-TO-EMITTER 
VOLTAGE (VCE)-a;v 

0.1 I 
COLLECTOR CURRENT 1Xcl- A 

Fig. 8 - Typical dc beta characteristics lor type 
2N6544. 

1""'· COLLECTOR - TO -EMITTER VOLTAGE (VCE' ~ 3 V 

I I 
~ 6 

""~ J .. 4 

-~ ~ ~~.,.I 

~ 
~~~ 2S"C ,,'(.) 

~ · "'00 .. 

i -.." c 

~ a -40-C Ii! 10 ..... 
I · """ · g · 

., 

10 

68'0 68'00 

COLLECTOR CURRENT Uel-A 92CS-3038S 

Fig. 10 - Typical dc beta characteristics lor type 
2N6546. 

2N6542,2N6544,2N6545,2N6546 
jUla COLLECTOR- TO-jM1TrRI VOLTAGE (VCE)- 2 V r-t-
;; . 
~ · -- .,... .. 

C'SE'~" ~ i ~~4 ~'" 

2~ 
r- ~~ ." 

~ 

~ ~ '" z ~. 

~ 
./ V "'''O.C' CO I\. 

~ 10 · ........ 
;: ....... 
f · g 

2 4 . . • 4 . • 0.1 I 10 
COLLECTOR CURRENTttC)-A 92.CS-30nO 

Fig. 7 - Typical dc beta characteristics lor type 
2N6542. 

~ ~ ~t\~~~Orv~~~:~"VTTER_ ~+-f-++--~-_...j.r-~-+j 
;; ·1--,.-rnT--
~ 21-:::-±;--t-t-t+-
~IO~ 
~ e 2So C ! : --
~ ..... i'.. 
! 2~E "EMPEfl:ci.~R N 
~ 10e !-=--. lie 1-

~ . 
! 4t--t-t-t-t~~--·t-~W--t-~~ti 
~ 
g ... 

0.1 I 10 100 
COLLECTOR CURRENT (I.e I-A ·,tCS-n044 

Fig. 9 - Typical dc beta characteristics lor type 
2N6545. 

I 
• Ie- I e 15 

z Tc*-40·C 0 · .. 
~ .; Tc -t2'·C 

Tc· 25 •C 
j:> 4 f--

~ 
41 

ffii A ~-

~41 -- ~.o 
~~ \~ t.\"\C,""'" 
.. 0 
0>0.1 ,~ .. 
~ e 
~ ...... , .. .,. 

c. .... st. 
8 • 

· . . . 
COLLECTOR CURRENT IIc}-A 

10 

Fig. 11 - Typical collector-to-emitter saturation 
voltage as a lunction 01 collector current 
lor types 2N6542 and 2N6544. 
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2N6542, 2N654~, 2N~S45, 2N6546 

0.1 , 4 10 
COLLECTOR CURRENT~:IC)-A 92C$-l2040 

Fig. 12 - Typical collector-to-emitter saturation 
voltage as a function of collector current 
for type 2N6545. 

COLLECTOR CURRENT IIC)-A HCS-29984 

Fig. 14 - Typical base-to-emiller saturation voltage 
as a function of collector current for types 
2N6542 and 2N6544. 

~ 
X.-Ie /a 

11-----:40"< 

~ . """ tffC· h::z;~;;;\n. \'l.~·c ~ . ~ft~"URE C 
~~ ~c>SE 1< 
~'" 

~ ~4 
!.f 

~ • 

QI 

10 

. . . • 10 
COL.LECTOR. CURRENT II c)-A 

Fig. 16:- Typical base-la-emitter saturation voltage 
as a function of collecter current for type 
2N6545. 

COLLECTOR CURRENT (leI - A 

Fig. 13 - Typical collector-to-emitter saturation 
vollage characteristics for type 2N6546. 

• COLLECTOR -TO-EMITTER I VOLTAGE (VCEla3V 

~ 

~ , 
g 
~> 

~I 
~-

~~I _40'" 
7- . -::: t::: 

~r-
~ • E lTC ls\2'&·C .. ~"~"'lU . 

4 

, 4 . 
COLLECTOR CURRENT (Ie> -A 

Fig. 15 - Typical base-to-emitter vollage as a 
function of collector current for types 
2N6542 and 2N6544. 

COLLECTOR- TO-EMITTER 
VOLTAGE (Vc£)-:SV 

J } 1 J 
_40·C 

i 8 ~cls\2'l.C 

g 'P=--CA.SE TEII'PEftA. 

~ 4 

! 
l!-
~ 

I 

::! 

QI 

10 

• • COLLECTOR· CURRENT (Xc I-A • . 10 
_lei-no .. " 

Fig. 17 - Typical base-to-emiller ;,ollage as a 
function of collectOr current for type 
2N6545. 
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" 18 ~ Ie /5 

~ 
i=> 
~ I 2 ,,-=' :! 
~l 

~ ~~I 
~..I -4O·C ~~.c 
~ g at::-::=: ~ , .. \cO 
~ r-zs;C d>"\\l~~1 C', 

6~"I:E."'f --~-I--~ 

0"1 
0." , . 6 8 10 6 100 

COLLECTOR CURRENTUC) -A 92CS-30376 

Fig. 18 - Typical base-to-emitter saturation voltage 
characteristics for type 2NB546. 

8 CASE TEMPERATURE ITC Ie 25"'C 

000"" ~~~' 

~ 6£mm 
ffi~ 

,00 

o 
o 10 

COLLECTOR-lO-EMITTER VOlTAGEIVCEI- V 92CS-32'048RI 

Fig. 20 - Typical output characteristics for type 
2N6545. 

+ 

«I 

I~ ~j.;: t . ::: ~L·.-:-:-

-.-

" 
3 4 "5 6 

COLLECTOR CURRENT (Ie I-A 

Fig. 22 - Typical saturated switching time 
characteristics for type 2N6545. 

4 

2 

i' 
-
~ 
~ 

~ 

~ 

2N6542, 2N6544, 2N6545, 2N6546 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig. 19 - Typical output characteristics for types 
2N6542 and 2N6544. 

COlLECTOR-TO-EMITTER VOLTAGE (VeE) - v 

92CS-30~74 

Fig. 21 - Typical output characteristics for type 
2N6546. 

CASE TEMPERATURE (TcJ~ 100·C 
.I.B," IB2- IA 

Vee = 250 V 
I ~ 20 ... , 

" 

" 

" 

" 

3 4 5 6 

COLLECTOR CURRENT I Ie I-A 

Fig. 23 - Typical saturated switching time 
characteristics for type 2N6545. 
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2N6S42, 2N6544, 2N6545, .2N6546 

" 

" 

" 2 3 4 5 6 
COLL.ECTOR CURRENT lIe );...A 

Fig. 24 - Typical saturated switching time 
characteristics for type 2N6545. 

" 

" 
Ii 

20 40 eo 80 100 120 140 
CASE TEMPERATURE (TC1-·C 92C$-320.!t3IU 

Fig. 26 - Typical saturated switching time 
characteristics as a function of case 
temperature for type 2N6545. 

I 

COLLECTOR CURRENT (lc)-A 

Fig. 25 - Typical saturated switching time 
characteristics for type 2N6545. 

1.'1;.": CASE TEMPERATURE (Te)-a-
FREQUENC.Y Ct) -IMHz 

'10.1 • 
~::::::: C'b," l~ 

~2 
lj~lo' 

~~ : I§ 4 ........ 
... ~ 2 

........ C ... ~a,o· 

.* 
8 . -

m~ . 
~~ 
~~ . 
u8 1f1 

10 • . .8 . . .. 10 102 . 
COl.l.[Cra;t-lO-BASE VOI;TAGE (Veal-\' 
(II: EMITTER-TO-BASE YOLTAG[(VEB)-V 

. . 
Fig. 27 - Typical commpn-base Input or output 

capacitance characteristics as a function 
of collector-to-base voltage or emitter
to-base voltage for type 2N6545. 
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File Number 15.109 

1S-Ampere Power-Switching 
Transistors 

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 JEDEC 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 @TC= 100°C 
@TC= 25°C 

Derate above 25° C 
Operating and Storage 
Junction Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case 
Maximum Lead Temperature for Soldering 
Pur oses: W' from Case for 5 Seconds 

2N6547 

TERMINAL DESIGNATION 

92CS-27516 

JEDEC TO·204AA 

SYMBOL 2N6547 UNITS 

VCEO 400 Volts 

VCEX 450 Volts 

VEBO 9 Volts 

IC 15 A 
ICM 30 

IB 10 A 
IBM 20 

Po 100 
175 

Watts 

1 W/oC 

TJ, TSTG -65 to +200 °C 

°CIW 

275 
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2N6547 
ELECTRICAL CHARACTERISTICS (TC = 25· C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

OFF CHARACTERISTICS(1) 

Collector-Emitter Sustaining Voltage 
(Ic = 100mA) 

Collector-Emitter Sustaining Voltage 
(Ic = S.OmA, Volamp = Rated VCEX, Tc = 100·C) 
(Ic = 1 SA, Volamp = Rated VCEO -100V, Tc = 100·C) 

Collector Cutoff Current 
(VCEV = Rated Value, VSE(Off) =! -1.SV) 
(VCEV = Rated Value, VSE(oll) = -1.SV, Tc = 100·C) 

Collector Cutoff Current 
(VCE = Rated VCEV, RSE = son, Tc = 100·C) 

Emitter Cutoff Current 
! (VES = 9.0V) 

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased 
I Clamped Inductive SOA with Base Reversed Bias 

ON CHARACTERISTICS(1) 

DC Current Gain 
(Ic = SA, VCE = 2V) 
(Ic = 10A, VeE = 2V) 

Collector-Emitter Saturation Voltage 
(Ie = 10A, Is = 2A) 
(Ie = 1SA, Is = 3A) 
(Ie = 10A, Is = 2A, Te = 100·C) 

Base-Emitter Saturation Voltage 
(Ie = 10A, Ie = 2.0A) 
(Ie = 10A, Is = 2.0A, Te = 100·C) 

SWITCHING CHARACTERISTICS 

Resistive Load 
Delay Time Vee = 250V, Ie = 10,6. 

Rise Time IS1 = -I B2 = 2A, tp = 100p.s 

Storage Time 

Fall Time 

z 
;;: 
to 

100 

70 

50 

5 30 
a: 
a: 
13 2 0 ... 
c ... 
~ 10 

0 7. 

5.0 "-

Duty Cycle < 2.0% 

TJ= 1500 C --,....., t..... 
Aoc "- "' 
I '-~ --r-... i"i: 
I ,~ 

-550 C' I\~ - 1-

VCE = 2.0V 
VCE = 10V 

IIII IT I .......... 
0.2 0.3 0.5 1.0 2.0 3.0 5.0. 7.0 10 

IC. COLLECTOR CURRENT (AMPI 
FIGURE 1 - DC CURRENT GAIN 

, 

20 

VCEO(sus) 400 - - Volts 

VCEX 450 - - Volts 

ICEV 

ICER 

IESO 

hFE 

VeE(sat) 

Ii 
VSE(sat) , 

~ 2.0 
c 
~ 
~ 1.6 

~ 
o 
~ 1.2 

~ 
! .. 0.8 
o ... 
~ _ 0.4 
o ... 
~ 
> 0 

[ 

td 

tr 

ts 

tl 

le=2.0A 

I\.. 

0.07 0.1 

300 - - Volts 

- - 1 rnA 
- - 4 

- - 5 rnA 

- - 1 rnA 

SEE FIGURE 7 
SEE FIGURES 

12 - SO -
S - 30 

- - 1.S V 
- - S 
- - 2.S , 

- - 1.S V 
- - 1.S 

. 

- - 0.05 P.S 

- - 1 

- - 4 

- - 0.7 

iJ =J50J r 
I 

- 5.0 A 10A- - IlA 

\ 
\ \ 

-r-
i' 

0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 

.Ie. COLLECTOR CURRENT (AMPI 

FIGURE 2 - COLLECTOR SATURATION REGION 

2-258 ______________________________________________________________ __ 



-------____________________________ PowerTranslstors 

1.4 

1.2 

en 1. 
:; 
co 
~ o. 

0 

a 

-TJ" 250C 

I J 
I I 

- JaEI~.).IClia " 5.0 

'" to 

~ O. 6::::: VaElon). VCE" 2.0V 
o 
> 
>~ o. 4 

O. 
I I 1_ 1111_1 

2 i-- VCEI •• ).lclia - 5 

o 
0.2 0.3 0.5 1.0 

I-'" 
....-: ~ 

-I--

2.0 3.0 5.0 7.0 10 

IC. COLLECTOR CURRENT lAMP) 

FIGURE 3 - "ON" VOL TAGE 

3.0k 
2.0 k 

1.Ok 

700 
500 

~ 300 
:IE 
;:: 200 

-" 

VCC" 250 V 
Iclla = 5;0 

" TJ' 250C 
t\. 

'd Ii!I YaElofl) = 5.0 Y 

~ 
....-:; 
./ 

/ 

20 

--
'--

100 
70 
50 

30 
0.02 0.5 0.1 0.2 0.5 1.0 2.0 5.0 10 20 

.. 1 
:I! 
$ 5. ... 
ffi 2. 
0: 
0: I. 
~ 
0: O. 
co 
t; o. 

0 

0 
0 
0 

0 

0 
5 

2 

I~ ~ D. 
80.05 

.~ 0.0 2 
1 0.0 

0.00 5 

-

IC. COLLECTOR CURRENT lAMP) 

FIGURE 5 - TURN-ON TIME 

5.0ms 
1.0ms 

de 

TC." 250~ 
aONDING WIRE LIMIT 
THERMAL LIMIT 

ISINGLE PULSE) 
SECOND BREAK,oDWN LIMIT 

I ns 

1001's ~ 

~2N6~4~~ 
-

CURVES APPLY BELOW RATED VCEO m ~ 

5.0 7.0 10 20 30 50 70 100 200 300 400 

VCE. COLLECTOR·EMITTER VOLTAGE IVOLTS) 

FIGURE 7 - FORWARO BIAS SAFE OPERATING AREA 

2N6547 

5 J.I.I .1 "I ",1 ~ 2. 

! 2.0 5 r- 'jPP"i"i rt,aFEl3 

~ I. 

!:!! 1. .., 
$ o. 
8 
'" 0: 

~ -0. 
c 

0 

5 

5 

ffi -1.0 

II 
'ByC fo,VCEI ... ) 

!Ii 
~ -1. 5- Bya f.'YaE 

I II 
i-z.o 

-2.5 
0.2 0.3 0.5 0.7 1.0 

/ 
2j"CjO!C 

/ 

J..+.. 
-550C '0 25·C / 

2SOlC •• IIJc 

J....r" I--" -I-"" -5SOC •• 250C 

" 2.0 3.0 5.0 7.0 10 

IC. CDLLECTOR CURRENT lAMP) 
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2N6547. 
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____________________________________ Power Transistors 

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 • 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-204AA/.TO-3 her
metic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

* vcso· . 
* VCEolsusl 

* vESO · 
* IC· 

ICM 
* IS· 
* PT 

TC ';;250 C 
Tc >250C 

* Tstg• TJ . 

• TL 
At distances ~ 1/32' in. "(D.S mm) from seating 
plane for 10 s max.. . 

* In accordance with JEDEC registration data. 

2N6576,2N6577,2N6578 

TERMINAL DESIGNATIONS 

JEDEC TO-204AA 

Fig. 1 - Schematic diagram for ali types. 

2N6576 2N6577 2N6578 

60 90 120 V 

60 90 120 V 

7 V 

15 II 

3Q II 
0.25 II 

120 W 
See Fig. 2 

---- -65 to 200 ___ °c 

235 °c 
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2N6576, 2N6577,; 2N6578 

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

* 

* 

* 

* 
* 
* 

* 

* 

* 

* 
* 
* 
* 

CHARAC· 
TEST CONDITIONS 

TERISTIC VOLTAGE CURRENT 

SYMBOL Vdc Adc 

VCE VEB VBE IC IB 

ICBO 60a 
90a 

120a 

ICEO 60 0 
90 0 

1.20 0 

ICER 60 
RBE = 10K 90 
TC=l50oC 120 

ICEX 60 -1.5 

TC=1750 C 90 -1.5 
120 -1.5 

lEBO 7 0 

VCEO(sus) 0.2b 0 

hFE 3 0.4b 
3 4b 
3 lOb 
4 15b 

VBE(sat) 
10 O.lb 
15 0.15b 

VCE(sad 
lOb 0.1 
15b 0.15 

VF -15 

hfe 
f=l MHz 3 3 

tdC 10 0.1 
trc 10 0.1 
tsC 10 O.ld 
tfC 10 O.ld 

ISlb 
t=ls, ··20 
non rep. 

ROJC 

• In accordance with JEDEC registration data. 
a VCB value. 
b Pulsed: Puis. duration = 300 "s, duty factor = I.B%. 

LIMITS U 
N 

2N6576 2N6577 2N8578 I 
T 

MIN. 

-
-
-
-
-
-

-
-
-

-
-
-
-

60 

200 
2000 
500 
100 

-
-
-
-
-

4 

-
-
-
-

6 

-

MAX. MIN. MAX. MIN. MAX. S 

0.5 - - - -
- - 0.5 - -
- - - - 0.5 

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

mA 
5 - - - - --

- - 5 - -
- - - - 5 

5 - - - -

- - 5 - -
- - - - 5 

7.5 - 7.5 - 7.5 mA 

- 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 

JJS 
- 2 -

7 - 7 - 7 

- 6 - 6 - A 

1.46 - 1.46 - 1.46 °C/W 

c V CC = 30 V, tp = 300 "S, duty cycl. = 2%. 

d IBI = -IB2. 
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~fAtiU:~~sDEJ:~~'~ :~Ec:S~1=iuJN_ . 
LIMITED PORTION AND THE IS/b -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVES 00 NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAl( 

~ 50 75 roo 125 150 rr:5 zoo 
CASE TEMPERATURE 1Tcl--C 

Fig. 2 - Derating curves for a/l types. 

2N6576, 2N6577, 2N6578 

'" 6~L~T~-TO-=-E!'1I~TER_ V~~TA_G.~ ~~E~~V_-:: 

i 4 l- e-- - -r---

i!: 2-- -1- --1---
~ 104 

~ .... ~ ~ r---.~ 
~ 4 

~~~~ 0-
!;Ig 2 ", 
"" V' q((..~~c. ~ ~~roi ~"",~~,.", 
.... 4 

v~~r-\"'\ 
;l I 
~ 

2 ._- --
0- ld' 

4 4 0-1 6 8 I 6 8 10 2: 4 6 8 100 
COLLECTOR CURRENT(Icl-A 

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 
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2N6516,2N6571,2N6518 

COLLECTOR SUPPLY VOLTAGE IVcCI-20V 

,. I. • -18 '.IC~500, TC·2!5·C --I- r- ~t't. 
2" 

f 
! ,. I" 

I--' 
r- I-..!I.. 

0,' 

COLL.ECTOR CURRENT (lel-A 

Fig. 5 - Typical saturated switching time 
characteristics for all types. 

I, 

8 910 

COLLECTOR-lO-EMITTER VOLTAGE (VCEI-V -92CS-lgII:2~ 

Fig. 7 - Typical output characteristics for all types. 

FREQUENCY 1ft-MHz 

Fig. 9 - Typical small-signal gain for all types. 

1 • 

I+! , Tff t~:~ 
Htti~ 

:+:t; 
4 

BASE-lO-EMITTER VOLTAGE (YSE}-Y 

Fig. 6 - Typical transfer characteristics for all types. 

11 ,. 
i ~ 

~ 10 

a 
~ 

" 0 

i ~ , 

100. 25·C 

IOO.I!~O·C 

• leIla (FORCED hFE)"IOOO 
t~ Tc ~150·C 

7 • 
COLLECTOR-TO-EMITTER SATURATION VOL.TAGE [VeE (sat)] - V 

Fig. 8 - Typical saturation characteristics for all types. 

,. 

1 12•5 

I 
.~ 10 

~ 
! 7.5 

a 

1 • 

BASE-lO-EMITTER VOLTAGE IVSEI-V 
92CS·199Z)RI 

Fig. 10 - Typicalinputcharacteristics forall types. 
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PULSE DURATION 
20,.s POSITIVE VOLTAGE 
20,.s NEGATIVE VOL rAGE 

REP. RATE. 200 Hz 

Vee'" 30" 

... ISI AND IS2 ARE MEASURED WITH TEKTRONIX tURRENT 

PROBE P6DI9 AND TYPE 134 AMPLIFIER, OR EQUIVALEHT 

Fig. 11 - Circuit used to measure saturated~switchjng 
times. 

2N6576, 2N6577, 2N6578 

~iH, .---.-181 _----<.1 1_- __ TIME 

<oa; 1820 INPUT WAVEFORM 

- 1 Ti 
1 I 
1 1 

.1 I 
1 1 

1 ~ON~'ONi=:I 
- - - - - --I--

I 

~i 1 
~G '-----+-1 J I _10% TIME 

---------C-]~_+f _ 
TURN-OFF 

TIME 

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 sa'e-area-o'-operation curves 
• 'T = 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 epltaxial-hase silicon p-n-p 
transistors featuring high gain at high current. They may be 
used as complements to the n-p-n types RCA3773. MJ15003. 
RCAa638C. 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 T0-204AA packages. 

MAXIMUM RATINGS, Abso/ute-Maximum Values: 

2NS808 MJ15004 

111 VCBO ••••••••••••••••••••••••••••••••• 

Vc.x(SUS) 
Va. = -1.5 V; Ra. = 100 0 ....••.•••••. 

VCER(SUS) 
RaE = 1000 .•••••.....•••••••.•••.• 

• VCEC(SUS) ••.•••••••••••••••••••••••.• 
111 VEao •••••••••••••••••••••••••••••••• , 
·Ic •••••••.•••••.•••.••••••..••.••.•••• 
• la •.•.••...•.••••••••..•..•.•••....•.• 

• PT 
AtTc:525°C .••.•••.••.••..••••••.. 
At T C > 25° C Derate Linearly •••••.•• 

·T .... TJ •......................•....... 
• TL 

At distance 2: 1/32 in. (0.8 mm) from 
seating plane for 10 5 max .•••••••••• 

-160 

-160 

-150 
-140 
-7 
-16 
-4 

150 
0.857 

265 

-140 

-150 
-140 

250 
1.43 

TERMINAL DESIGNATIONS 

C EO"" (FLAN~EI 

o 0 
B 

92CS-27S16 

JEDEC TO-204AA 

RCA9116C RCA9118D . RCA9118E 

-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. 

V 

V 

V 
V 
V 
A 
A 

W 
W/OC 
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2N6609, MJ15004,.RCA9116C, RCA9116D, RCA9116E 
ELECTRICAL CHARACTERISTICS. at Case Temperature (T cJ = 25"C Unless Otherwise ISpecified· 

• 

• 
• 

• 

* 

• 
* 

• 

• 
• 

* 

• 

TEST CONDITIONS 

VOLTAGE CUR-
CHARAC- Vdc RENT 
TERISTIC Adc 

VCE VBE IC 

ICBO -160a 
-1408 

ICEX -140 1.5 

ICEX -140 1.5 
TC = lS0·C 

ICEV -140 1.S 

ICEV -140 1.5 
TC=150·C 

ICEO -140 
IB=O 

-120 

lEBO 
-7 
-5 

hFE -4 -sc 
-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 -sc 
VBE 

-2 -sc 
VCE(sat) 

IB=-3.2A -16c 
=-0.8A -sc 
=-0.5A -5c 

I SIb -100 
tp = 1 5 -50 
nonrep. 

Ihfel 
f = 0.05 -4 -1 

= 0.5 MHz -10 -0.5 

fT 

hfe -4 -1 
f= 1 kHz 

Cob -108 
f=O.l MHz 

ROJC -10 -10 

See page 3 for footnotes. 

LIMITS 

UNITS 
2N6609 MJ1S004 

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 - -sd -
- -2.2 - - V 

- - - -2 

- -4 - -
- -1.4 - -
- - - -1 

-1.5 - -1 -
- - -S - A 

4 - - -
4 - 4 -
2 - 2 - MHz 

40 - - -

- 1000 - 1000 pF 

- 1.17 - 0.7 ·CIW 
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2N6609, MJ15004, RCA9116C, RCA9116D,RCA9.116E 
ELECTRICAL CHARACTERISTICS, at Case Temperature (T cJ = 25"C 
Unless Otherwise Specified (Cant'd) 

TEST CONDITIONS 
LIMITS 

VOLTAGE CUR· 
CHARAC· Vdc RENT 

RCA9116C RCA9116D 
TERISTIC Ad.: 

VCE VSE 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 

ICEO -70 - -1 - -

IB=O -60 - - - -1 

lEBO -6 - -1 - -1 

hFE -2 -5c 25 150 25 150 
-2 -7.5c - - - -
-2 -10c 10 - 10 -

VCER(sus)b 
-0.2 -150 - -130 -

RBE";;100n 

VCEO(sus)b -0.2 -140 - -120 -

VEBO 0 -5 - -5 -
IE=-l mA 

VBE -2 -7.5c - - - -
-2 -5c - -2 - -2 

VCE(sat) 
IB = -0.75A -7.5e - - - -

=-0.5A -5c - -1 - -1 

ISlb 
tp= 1 s -35 -5.71 - -5.71 -
non rep. -25 - - - -

Ihfe l -10 -0.5 4 - 4 -
f = 0.5 MHz 

fT 2 - 2 -

Cob -108 - 1000 - 1000 
f=O.l MHz 

ROJC -10 -10 - 0.875 - 0.875 

* 2N~types in accordance with JEDEC registration data format JS25 RDF1. Issue 1. 

RCA9116E 

Min. Max. 

- -
- -
- -1 

- -
- -
- -
- -
- -
- -

- -1 

- -

10 100 
- -

-110 -

-100 -

-5 -

- -3 
- -

- -1.5 
- -

- -
-8 -

4 -

2 -

- 1000 

- 0.875 

UNITS 

mA 

V 

A 

MHz 

pF 

°C/W 

• VCB b CAUTION: Sustaining vOltage~ VCEX(sus), VCER(sus), and C Pulsed; pulse duration = 3001's, 
VCEO(sus) MUST NOT be measured on a curve tracer. See duty factor = 1.8%. 
Figs. 8 and 9: d Measured at IE = -0.1 rnA. 
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2N6609, MJ15004, RCA9116C, RCA9116D, RCA9116E 

140 

COLLECTOR - TO- EMI TTER VOLTAGE (Vc E) - v 
9ZCS-30Q76RI 

Fig. 1 - Maximum operating areas for all types. 

25 50 75 tOO 125 150 115 200 
CASE TEMPERATURE 1Tc)-·C 

Fig. 2 - Current derating curve for all types. 

COLLECTOR CURRENT (Icl-A 92C5-3OO78 

Fig. 4 - Typical saturation voltage characteristics for all types. 

_0.012 46}b.1 2. 4: 68_ 1 2. 4 6'!IO 2. 46!!IOO 

COlLECTOR CURRENT (I.CI-A 

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

Fig. 5 - Typical input characteristics for all types. 
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2N6609, MJ15004, RCA9116C, RCA9116D, RCA9116E 

Fig. 6 - Typical transfer characteristics for a/l types. Fig. 7 - Typical saturated-switching times for a/l types. 

27n,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 EQU1VALENT 

~ 
120 V 
60Hz 

1.5 

VCEO(SUs)° 

OR EQUIVALENT 

t----UHORIZ. 

"' NON. IND. 

t--.,--06NO 

t----OVERT. 

L '"21 mH FOR VCEO(susl 

AND VeER (sus) 

L" 7mH FOR VCEX (,1,1,) 

R-IOOn. 

o TO SOY 
(500 mAl 

Fig. 8 - Circuit used to measure sustaining voltages VeEO(SUS). 
VeER (sus). and· Vco(sus) "for a/l types. 

COLLECTOR-TO-EMITTER VOLTAGE (YCE)-V 

NOTE: ,Thesu.IIII", Vo ...... vCEOC .... J. VCERhul.l Gr, YCExC ... lan 1IIlQIJIUbIII""'" 1 .. 1 .... falllw tt.1Ift IIId billow PGlntNA". (For_u. 
of __ andvolAgl._ElletficJlC"'lICtIril:t1cl. 

92CS-15619RI 

Fig. 9 - Oscilloscope display for measurement of sustaining 
voltages. (Test circuit shown In Fig. 8). 

Fig. 10 - Oscilloscope dlsplay'for measurement of switching times 
for a/l 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 2N6385~ . 

The 2N6648, 2N6649, and 2N6650 are supplied in hermetic 
steel JEDEC TO-204AA packages. 

• Formerly RCA Dev. Nos. TA8351, TAB488, and 
TAB350, respectively. 

~Technical data for 2Na383, 2N6384, and 2N6385 
are given in RCA bulletin File No. 609. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
2N6648 

* VCBO ............................ .. 

VCER(sus) 
RBE = 100 n .................... . 

* v CEO (sus) ....••........•...•....•. 

VCEV(sus) 
V BE =-1.5V ................... .. 

* VEBO ..............•.•............. 

* IC .......•......................... 

ICM .....•.....•..••..••.•.........• 

* IB ...•..........................•.. 

-40 

-40 

-40 

-40 

-5 
-10 

-15 

-0.25 

2N6648, 2N6649, 2N6650 

TERMINAL DESIGNATIONS 

JEDEC TO-204AA 

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 

-16 A 

-0.25 A 

* PT 0 
TC';; 25 C ....................... . 
T C > 250 C .....•..••. Derate linearly 

70 70 
_____ 0.56 

70 w 
wfOc 

* Tstg, TJ ••..••••..•..•............. 

• TL 
Atdistances ;;. 1/32 in. (0.8 mm) from 

°c -65 to +150 ____ _ 

seating plane for lOs max. . ........ . 
235 ____ _ °c 

* In accordance with JEDEC registration data format (J5-S RDF-4) 
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2N6648, 2N6649, 2N6650 

ELECTRICAL CHARACTERISTICS,At Case Temperature (TC) = 25"C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
CHARACTERISTIC VOLTAGE CURRENT 

2N6848 2N6649 2N6650 UNITS 
Vdc Adc 

VCE VaE IC la MIN. MAX. MIN. MAX. MIN. MAX; 
ICEO -40 0 - -1 - - - -

~6(f 0 - - - -1 - - mA 
-SO 0 - - - - - -1 
-40 1.5 - -0.3 - - - -

... ICEV -60 1.5 - - - -0.3 - -

* .. 

.. 

* 

-SO 1.5 - - - - - -0.3 
-40 1.5 - -3 - - - -

TC=150oC -60 1.5 - - - -3 - -
-80 1.5 - - - - - -3 

lEBO 5 0 - -10 - -10 - -10 mA 

VCEO(SUS) -0.28 0 -40 - -60 - -SO -
VCER(SUS) 

-0.2a -40 - -60 - -SO - V RBE = lOOn 
VCEV(sUS) 1.5 -0.2" -40 - -60 - -SO -
hFE -3 -5a 1000 20.000 1000 20.000 1000 20.000 

-3 -10" 100 - 100 - 100 -

VSE -3 -5a - -2.8 - -2.8 - -2.8 
-3 -1OB - -4.5* - -4~5· - -4.5* V 

VCE(sat) 
-5a -0.01 a - -2 - -2 - -2 
-1OB -O.1a - -3* - -3* - -3* V 

VF 10B - 4 - 4 - 4 V 

hfe 
, 

f = 1 kHz -5 -1 1000 - 1000 - 1000 -
Ihfel 

f = lMHz -5 -1 20 - 20 - 20 -
ISlb -35 -1 - -1 - -1 -

t = 1 s. -25 -2.8 - -2.S - -2.S - A 
nonrep. 

R8JC - 1.75 - 1.75 - '1.75 °C/W 

* In accordance with JEDEC registration data format (J~ RDF-41. 

a Pulsed: Pulse duration = 300 "S, duty factor = 1 .8%. 

NOTE· CURRENT DERATING AT CONSTANT 
VOlTAGE APPUES ONLY 10 THE OISSIMTION
LIMITED PORTION ANO THE IS/b-LlMITEO 
PORTION Of MAXIMUM OP£RATING AM .. 
CURVE. DO NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX 

21 50", 1OO12StSQI15ZOO 

CASE TfW'£RATUR£ 1Tc1--C 

Fig,2 - Derating curve for 8/1 type .. 

I 
• COLLECTOR-TO-EMITTER VOLTAGE IVCE)'3V 

4 

V . .I-.... 2 

ill ~ ~\.,~, 
~_IO. 

G~ : L-, ~'>~ 
00 '2 ~~~ ;~ 2 f., 

i\ ","' .. ,,<0 
~ Ia'-
u 2 0 
.... 4 .. 
U 
0: 2 
>-

Id .... 
0·1 

2 46 .. 8, 468,0 2 468100 
COLLECTOR CURRENT Il:c)-A 

92CS· 20697R2 

Fig. 3 - Typical dc beta characteristics for al/ types. 
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2N~648, 2N6649, 2N6650 

Fig. 4 - Maximum operating areas for all types. 

~ :tt:~:g:~;~~:~~~~c~O~;~:E IVCElo-5V 

t 
CASE TEMPERATURE ITel- 2'·C , ,..... 

z 10' 

... 
~ . -l\ H" . r-
5 
~ 102 
u • 

:::::1 ~ . I -: t 
~ , t-
~ 

~ 10 

f I a 
I II , ... , ... , . .. 

I 
, ... , . .. , 

0.001 0,01 0.1 10 10 
., -, 

FREQWENCYlfl-MHr IASE-lO-EMITTER VOLTAGE IVBEI-V 

Fig. 5 - Typical small-signal gain for all types. Fig. 6 - Typical input characteristics for all types. 

COU.ECTOR-TO-EMITTER VOLTA&I: IVCE'--3 V 

-I' 

u. -7.5 

1-' 
-25 

-I -Z -3 
IASE-TO-EMITTER VOLTAGE 1Vef:I-V 

Fig. 7 - Typicaioutput characteristics for all types. Fig. B - Typical transfer characteristics for all types. 
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2N6648, 2N6649, 2NI650 

Fig. 9 - Maximum operating areas for all types at T c = 100° C. 

11·, 
1-'1 
I ~ -8 ,w 
! ~ -i 

~ 
~ -4 

·2 

-2 -3 

COlLECTOR-TO-EMITTER SATURATION VOlTAGE [VCE'Ht~-V 

Fig. 10 - Typical saturation characteristics for all types. 

COu.ECTOR SUPPLY VOLTAGE (Vcc.--20Y 
'.4 181- I az-Ic/500,Tc-25-C ' ,-
1.2 

~ 

~ 1 

;, 0.8 ---. r!!.. ...... r--

I ...... I"-
~ 0.' 
~ ~ OA 

, , 
~ --0.2 

-'" 
-I 

, . . , . T . . -10 
COLLECTOR CURRENT lIe I-A 

.lC$-20868RI 

Fig. 12 - Typical saturated switching-time charac-
teristics for all types. ' 

CURRENT 

INPUT: HP214 P"OII r-------
~L:Me~~~~OfI I 

180 

92CS·ztUI 

Fig. 11 - Circuit used to measure saturated 
switching times. 

Fig. 13 - Phase relationship between input current 
and output current showing reference 
paints for specification of silliitching times. 
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File Number 1069 

10-Ampere P-N-P Darlington 
Power Transi$tors 
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. 
2N63S7 and 2N63SS& . 

These devices are supplied'in the JEDEC TO-220AB (VER
SAWATT) plastic package. 

-Formerlv RCA Dev. Nos. TA8204, TA8487 and 
T A8203, respectivelv . 

• Technical data for 2N6386-2N6388 ara given in 
RCA Bulletin File No. 610. 

2N6666,2N6667,2N6668 

TERMINAL DESIGNATIONS 

"':~loll ] .. ~: 
TOP VIEW 

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 - Schematic diagram for all types. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

* VCBO .............................. .. 
VCER(susl 

RBE = 100 n ...................... . 
VCEO(susl .........•..•.....•••.••.... 
VCEV(susl 

VBE =-1.5V ....•.•...•••.•..•••.•. 
* VEBO •••••..•..•.•..•.•.••.....••.•. 
* IC ••••••.•..••..••.•••••..••...•••.. 

ICM •..••.........•••.•••.•••.••...•. 
* IB ••..•••..••.•..•.•......•..•.•.... 
* P 

T TC ';;;250C ...•.••••••.•.....•....• 
T C > 250C .....•••••. derate linear IV 

* Tstg, TJ ............................ . 

TL 
At distancas ~ 1/8 in. (3.17 mm) 

2N6666 
-4() 

-40 
-40 

-40 
-5 
-8 
-15 

-0.25 

65 

2N6667 2N6668 
-60 -80 

-60 -80 
-60 -80 

-60 -80 
-5 -5, 
-10 -10 
-15 -15 

-0.25 -0.25 

66 65 
0.52 

-65 to +150 ---

from caS8 for lOs max. . ............. . 
____ 235 

*In accordance with JEDEC registration data format IJS-6 RDF-4I. 

V 

V 
V 

V 
V 
A 
A 
A 

W 
WPC 

DC 

________________________________________________________________ 2-275 



, POWerT1'8n818t~ _______________________________ _ 

2N6666,'2N6667,2N6668 "",.. 

~Q 
~~t&I 
tia::!;1 
~~ a 
,,~ > 

~~ ~ 
!tl~ 
lIS'" 
~I-

~{IS= 
~~i 
ffi~a 

~~ 

ELECTRICAL CHARACTERISTICS, A t Case Temperature (TC) = 2fiOC Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
CHARACTERISTIC VOLTAGE CURRENT -- 2N666'1 2N6668 UNITS 

SYMBOL Vdc Adc ,., 
VCE VBE IC IB MIN. MAX. MIN MAX. MIN. MAX. ,-

I~EO .-80 0 - - - - - -1 
-SO 0 - - - -1 - -
-40 0 - -1 - - - -
'-80 I.S -.0.3 

mA 
- - - - -

* ICEV -SO 1.5 - - - -0.3 - -
-40 1.5 - -0_3 - - - -

TC -125°C -80 1.5 - - - - - -3 
.-SO 1.5 - - - -3 - -
-40 1.5 - -L - - - -

lEBO 5 0 - -10 - -10 - -10 mA 

VCEO(sus) -0,20 0 -40 - -SO - -80 -* 
VCER(sus) 

-0,20 -40 -SO -80 V RBE=100n - - -

VCEV(sus) 1.5 -0,20 -40 - -SO - -80 -
-3 -38 1000 20,000 - - - -

hFE -3 -50 - - 1000 20.000 1000 20,000 
-3 -80 100 - - - - -
-3 -loa - - 100 - 100 -

-3 -30 - -2.8 - - - -

VBE 
-3 -50 - - - -2,8 - -2,8 

V -3 -80 - -4.5 - - - -
-3 -loa - - - -4,5 - -4.5 

-30 -O.oosa - -2 - - - -

VCE(sat) 
-6" -0_01 0 - - - -2 - -2 

V -80 -o.osa - -3 - - - -
-loa -0.10 - - - -3 - -3 

VF 
So - 4 - - V 
100 -- - -- 4 - 4 

hIe 
1=1 kHz -5 -1 1000 - 1000 - 1000 -

Ihlel 
1=1 MHz -5 -1 20 - 20 - 20 -

IS/b 
-20 --3.2 -3.2 -3_2 A 

t = 1 S, nonrep. 
- - -

ROJC - 1.92 - 1.92 - 1.92 °C/W 

apulsed: Pulse duration = 300 ,.., duty factor = 2%, 
*In accordance with JEDEC registration data format (J8-S RDF-4). 

ffi 
:COLLECTOR-TO-EMITTER VOLTAGE (VCE)"3V--

100 

" 
'0 

25 

NOTE: ClItftENT DERATWG AT CONSTANT 
VOLTAGE APPLIES ONLY 10 TtE DlSSJPATtON
LNlTED PORTION AND THE IS/b -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVE. DO NOT DERATE THE 
me'FIED VAl..UE FOR Ie MAX. 

I:; 
. 

:ri 2 
0: 
I-

10' I-
Z 8 
~~ (; 

~!' 4 
u-
~~ 2 

"'''' :t:1r! '3 
0: 10 
ft ~ 
g • -' 

~ 2 
2 

~ 10 

V 

7,ffrv ~~'" 
t2 ~~~~~ .... ~ fJ,f!J 

'\t.: ,. 
~~ (\<:. 

bi ~ .. 

2 • • 8 2 • • 8 2 . • 8 
25 '" 15 1OO12S I~ 175 ZOO -0.1 

CASE TEMPERATURE 1Tc1-·C 

Fig. 2 - Derating curve for a/l tVpe'. 

-I -IQ, 
COLLECTOR CURRENT (Lc} ..... A 

Fig, 3 - Typical dc beta characteristics 
for all types_ . 

-100 
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2N6666, 2N6667, 2N6668 

-10 
COCCECTOR-TO-EMITTER \IOl.TAGE CVc:EI-Y 

IICI-5011! 

Fig.·4 - Maximum operating areas for all types at T c = 25° C. 

COLLECTOR CURRENT I Ie 1 • -I A COlLECTOR-lO-EMITTER YOLTAGE IVCEI.·! V 

·1' 

-2.' 
2~~-H+-r-~H-+-++~4-4-H+-+-++H 

I 
t 4 68 Z ... 8 2. .. 68 2 ... 8 2. ... 8 2 -I -2 -. 0.001 0.01 0.1 I 10 10 BASE-TO-EMITTER VOLTAGE I Y8EI-V 

FREQUENCY In-MHz 

Fig. 5 - Typical.small-signal gain 
for all tyjJes .. 

Fig. 6 - Typical input characteristics 
for all types. 
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2N6666;2N6667, 2N6668 

COLLECTOR-TO-EMITTER YOLTAcf! IVCE1-Y 

Fig. 7 - Typical output characteristics 
for all types. 

", l'l~t cOti.~~IT~'r:EMI~Tl~ VOlTAGE IVCE) ~-3 V 

i 
," 

.'. ~ 1,2,S 

I 2 
IASE-lO-EMITTER VOLTAGE (V8EI-V 

. 92CS - 24907Rl 

Fig. 8 - Typical transfer characteristics for all types. 

Fig. 9 - Maximum operating areas for all types T c = 1 DO· C. 
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1-, 
~ 

~ -8 

! 
0-6 

~ 
~ -4 

-2 

o -I -2 -] -4 

COLLECTOR-TO-EMITTER SATURATION VOLTAGE [VCEltat~-V 

Fig. 10 - Typical saturation characteristics 
for all types. 

COLLECTOR SUPPLY VOLTAGE (VCC)--20V 
104 ISI-lS2 ole/Sao I Tc-2'5·C 

1.2~- --I ~ 

:.. 0.8 --- --~ ....... r--
I I' ~ 

~ 0,6 

f'" 0.4 

.............. i-!l-I-f-
0.2 

0.1 

i" 

~ 

-I 
. , 

8 9 -10 

COLLECTOR CURRENT lIe )-A 

Fig. 12 - Typical saturated switching-time 
characteristics for all types. 

2N6666, 2N6667, 2N6668 

92C:S-19581 

Fig. 11 - Phase relationship between input 
current and output current showing 
reference pOints for specification 
of switching times. 

~~~~ETICS PULSE I81* 
GENERATOR MODEL 
No. PG-3I, OR 
EQUIVALENT 

PULSE OURATION 
20,..s POSITIVE VOLTAGE 
20,,5 NEGATIVE VOLTAGE 

REP. RATE =200 Hz 

Reltl200 RC 

'* Ie I AND IB2 ARE MEASURED WITH TEKTRONIX CURRENT 

PROBE P6DI9 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

92CS- 20944RI 

Fig. 13 - Circuit used to measure saturated 
switching times. 
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2N6671, 2N6672, 2N6673 

5-A SWitchM. 
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- 27516 

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. 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 1 OO-per-cent te$ted 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-204M hermetic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

* VCEV 
VeE ~ -1.5 V ......•............•..... 

* VCEX (Clampedl 
VeE = -1.5 V ...•......•.....•........ 

: ~~~~ ::::::::::::::::::::::::::::::::::: 
* :~(~t.l.::::::::::::::::::::::::::::::::::: 
* :~M .. :: :::: ::::::::: ::: :::::::::: :::::::: 
• PT 

TC up to 25°C ........................ . 
• T C above 25°C. derate linearly ........... . 

Tstg• TJ ............................... . 

• TL 
At distance :> 1/16 in. (1.58 mml from 
seeting plane for lOs max. 

• In accordance with JEDEC registration data. 

2N6671 

450 

350 
300 

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 wflc 

-65 to 200 °c 

235 °c 

2-280 _____________________________________________________________ __ 



__________________________________ Power Transistors 

2N6671, 2N6672, 2N6673 
ELECTRICAL CHARACTERISTICS 

* 

* 

TEST CONDITIONS LIMITS 

CHARAC· VOLTAGE CURRENT 
2N6671 2N6672 2N6673 UNITS 

TERISTIC Vdc A~ 

v..cel V-BE ~lla Min.\ Max. Min.\ Max. Min.\ Max. 

450 -1.5 -- 0.1 - - - -
ICEV 550 -1.5 - - ~ 0.1 - - mA 

650 -1.5 - - - - - 0.1 

lEBO -s 0 - 2 - 2, - 2 

VCEO(sus)O 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) 

sa 4 - 2 - 2 - 2 

VCEXb 
V 

(Clamped ES/b) -5 5 1e 350 - 400 - 450 -

L=170 IIH. -5 S 3e 200 - 250 - 300 -
RBB=5 n 

IS/b 25 6 1 - 1 - 1 - s 
IhfHI 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 10C 50 300 50 300 50 300 pF 

tdd 5 1 - 0.1 - 0.1 - 0.1 
t d r. 5 1 - 0.5 - 0.5 - 0.5 

t sd 5 1e - 2.5 - 2.5 - 2.5 

tfd 5 1e - 0.4 - 0.4 - 0.4 

tc 
liS 

VCC=125 V, 
L=170 IIH, 5 1e - 0.4 - 0.4 - 0.4 
RC=25 n 
Collector clamped 
to VCEX 

450 -1.5 - 1 - - - -

ICEV 550 -1.5 - - - 1 - - mA . 650 -1.5 - - - - - 1 

VCE(sat) 5a 1 - 2 - 2 - 2 V 

trd 5 1 - O.S - O.S - O.S 

tsd 5 1e - 4 - 4 - 4 

ttd 5 1e - O.S - 0.8 - 0.8 
liS 

tc 
VCC=125 V, 
L= 17O IlH, 5 1e -
RC=25 n 

0.8 - 0.8 - 0.8 

Collector clamped 
to VCEX 

1 - 11.17 1 - 11.17 1- 11.17 10c/W I 
* In accordance with JEDEC registration data. 
a Pulsed: pulse dUration = 300 IlS, duty factor ~ 2%. 

b CAUTION: The sustaining voltage VCEO(sus) 
and V CEX MUST NOT be measured on a curve tracer. 

CVCB~lue. e,S =-18' 
d 1 2 

VCC = 125 V, tp = 20 ~s. 
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2N6671,2N6672,2N6673 

COLLECTOR-TO-EMITTER VOLTAGEIVCE1-V 92CM-29979RI 

Fig. 1 - Maximum operating areas for all types (Tc = 25°C). 

COLLECTOR-TO-EMITTER VOLTAGEIVCEI- V 
92CM-29980RI 

Fig. 2 - Maximum operating areas for all types (T c =100° C). 
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.. 
.. 50 75 100 125 150 175 200 225 250 

CASE TEMPERATURE ITcl--G 

9ZC5-2'1~5 

Fig. 3 - Dissipation and I Sib derating curves for 
aI/types. 

200 COLLECTOR- TO-EMITTER 
Q VOLTAGE (VeE,.:5 V 

li 
E 

E 'OO 
~ . r- ~ 

~ -~ II 

~ 
~c 

!i:~4 
~ 

t-
~5 

~ ~ 2r::SE TEMPERATURE ITel ---;;:c. "-.. ~ ~ 1 1 I -II ~ 10 

'" g . . I I . . . . . . . . 
0.1 I 

COLLECTOR CURRENT (IC)-A 
10 

Fig. 5 - Typical dc beta characteristics for aI/ types. 

10 
COLLECTOR CURRENT (ICI-A 

92(S-29984 

Fig. 7 - Typical base-to-emitter saturation voltage as 
a function of col/ector current for aI/ types. 

2N6671, 2N6672, 2N6673 

0.1 
II: .. Ii' ... 2 .. , • 

0.001 0.01 0.1 • I 10 
PUlSE WDTH Itpl-s 

Fig. 4 - Typical thermal-response char~';:ie;i;;ic 
for aI/ types. 

I • la-leIS 
z 

TC·- 4O•C 0 · Tc -12S·C i ) Tc· 2'·C 
~>4 

~ 
~..'.. 
ffi! A ~Ij 
~~ 2 

~.~ ~~ 
,~ ~ ,.t.\"\~.' 
ego.! .<~ 
[;l • ~t.. ,~ 
oj 0"'<-8 • 

· , . . . 
10 

COLLECTOR CURRI!:NT (ICI-A 

Fig. 6 - Typical col/ector-to-emitter saturation voltage 
as a function of col/ector current for aI/ types. 

4 COLLECTOM -TO-EMITTER J 
VOLTAGE: IVCE)-3V 

COLLECTOR CURRENT (lei -A 
10 

92CS-29985 

Fig. 8 - Typicai base-to-emitter voltage as a function 
of col/ector current for aI/ types. 
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2N6671, 2N6672, 2N6673 

I I 

COLLECTOR-lO-EMITTER VOLTAGE (VCE)-V 

Fig. 9 - Typical output characteristics for all types. 

COLLECTOR CURRENT (!C)-A 

Fig. 11 - Typical saturated switching time 
characteristics for all types. 

COLLECTOR CURRENT (Icl-A 

Fig. 13 - Typical saturated switching time 
characteristics for all types. 

COLLECTOR CURRENT (IC)-A 

Fig. 10 - Typical saturated switching time 
characteristics for all types. 

COLLECTOR CURRENT l:Icl-A 

Fig. 12 - Typical saturated switching time 
characteristics for all types. 

CASE TEMPERATURE (T C I-·C 

Fig. 14 - Typical saturated switching time 
characteristics as a function of 
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~ ... 104 . , 
~l • 
01 
~5:! 2 
21j 
~z 103 

~i : 
1!~ 
~~ , 
-8." 
!~ : 

ii: 
u " 

CASE TEMPERATURE (Tcl~25·C 
FREQUENCY If )-1 MHz 

--

~N~ ~ 

r--
t---

C,"" .. tr-
I 

2 . 6. 2 4 •• 
10 102 2 

COLLECTOR-lO-BASE VOLTAGE IVceJ-V OR 
EMITTER-lO-BASE VOLTAGE (VEsl-V 

4 , , 

Fig. 15 - Typical common-base input or output 
capacitance characteristics as a func
tion of collector-to-base voltage or 
emitter-to-base vollage for all types. 

10% VCEX -I, 

veEX 
RATING 

10"110 Ie (PEAK) 

92CS''50!89 

Fig. 17 - Oscilloscope display for measurement of 
clamped induction switching time (tc). 

VB2 
ADJ FOR 182 

2N6671, 2N6672, 2N6673 

.. 7 
I 
~6 
E5f----
~4 
il 
or 3 
~ reS 12SoC 

~ 2 

8' 

VCEORATING 7'oOV 
I 
I 
I CLAMPED ...# 
I VCEX RATING ...... 

I 

o~--------~--------~-
COLLECTOR-Ta-EMITTER VOLTAGE 

9ZCS-304!!i5 

Fig. 16 - Maximum operating conditions for switching 
between saturation and cutoff. 

A 10% 

9ZCS-3045B. 

I<t-A-B 
1,_B_C 
r,-x-v 
I"y-Z 
ITRANSITION ~ x-w 
NOTE: TRANSITION TIME 
FROM 90% IS, TO 90% IS:! 

MUST BE LESS THAN 0.3 '" 

Fig. 18 - Phase relationship between input and output 
currents showing reference pOints for 
specification of switching times. 

Ie Rl R2 V CLAMP 
5 A 15 n 15 n CLAMPED v RATING 

SA !in !iU VCEO -lOOV 

25 n/30W 

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 (SENSING) 
CONNECT IONS 

NOTE: BATTERY SYMBOLS Vcc ' VBI ' VB2' 
VB(CLAMP) INDICATE RIGOROUSLY FILTERED 

VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 

TO ACCOMODATE THE FAST tr AND If TIMES 

AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

NOTE: SWI CLOSED FOR Ir, Is. If. SWI OPEN FOR tc· 

92CM-30458 

Fig. 19 - Circuit for measuring switching times. 
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2N6674, 2N6675,RJH6674, RJH6675 

10-A 1iIwIlt:1IMd 
Power Transistors 

High-Voltage N-P-N Types for Off-Line 
Power Supplies and Other High-Voltage 
Switching Applications 

Fealures: Applicalions: 

• 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, 2N6675, RJH6674, and RJH6675 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, converter 
circuits, and pulse-width-modulated regulators. These hlgh
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 

MAXIMUM RATINGS, Absolute-Maximum Values: 

·Vcev 

V.E=-1.5V ......................... . 
°VeEx(Clamped) 

V.E=-1.5 V ......................... . 
·VCEO •••••••••••••••••••••••••••••••••••• 

·VEBO •••••••••••••••••••••••••••••••.•••• 

le(sat) .................•..•........•.... 
*Ie ..•..•.......•............•...••..•••. 
leM .•.••••..•.•.••••••••.••..•••••.••.•• 

*Is ..••....•....•.......••..•...•.•..••.. 
OPT 

Te upt025°C ..................... . 
To above 25°C. derate linearly ..••... 

RJH6674 

450 

350 
300 

1.4 

File Number 1164 

TERMINAL DESIGNATIONS 

c 

'0' 
92ts- 27511 

JEDEC TO-204AA 

E 

~~~I J$ 
TOP VIEW B 

JEDEC TO-218AC 
92CS-40257 

2N6674 
2N6675 

RJH6674 
RJH6675 

saturation voltages are specified .at 100°C to provide 
information necessary for worst-case design. 

The 2N6674 and 2N6675 transistors are supplied in steel 
JEDEC TO-204AA hermetic packages. The RJH6674 and 
RJH6675lransistors are supplied in JEDEC TO-218AC plastic 
packages. 

RJH6675 

650 

450 
400 

7 
10 
15 
20 
5 

175 
1.4 

2N6674 

450 

350 
300 

2N6675 

650 

450 
400 

V 

V 
V 
V 
A 
A 
A 
A 

-- -65 to 150 -- __ -65t0200 

°TL 

TL 

At distance 2: 1/16 in. (1.58 mm) from 
seating plane for 10 s max ..... : ...•• 

At distance 2: 1/8" in. (3.17 mm) from 
seating plane for 10 s max ......... .. 235 

°In accordance with JEDEC registration data· (2N6674. 2N6675 only). 

235 

2-286~ __________________________________________________________ __ 



________________________________ Power Transistors 

2N6674, 2N6675, RJH6674, RJH6675 
ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 

CHARACTERISTIC 
VOLTAGE I CURRENT 

Vdc Adc 
VCE I VBE I Ic J 18 

Tc=25°C 

IcEV 
450 -1.5 
650 -1.5 

IE80 -7 0 
VCEo(sus)b 0.2- 0 

hFE 2 10-

V.E(sat) 10- 2 

VCE(sat) 
10· 2 
15- 5 

VCEXb 

(Clamped Es/b) -4 10 2 
L=50 IIH. R •• =2 n 

30 5.9 
IS/b 

100 0.25 

Ih,~ 1-5 MHz 10 1 

IT 10 1 
Cobo 1-0.1 MHz loe 
t"d -6 10 2 
t,d -6 10 2 

t.d -6 10 2-
t,d -6 10 2-

Ie 
Vcc=135 V. 
L=50 IIH. Rc:S -6 10 2e 

13.5 n. Collector 

clampe.d to VCEX 

Tc=100°C 

IcEV 
45.0 -1.5 
650 -1.5 

VCE(sat) 10- 2 
t,d -6 10 2 

t.d -6 10 2-
t,d -6 10 2-
te 

Vcc=135 V. 
L=50 IIH. Rc:S -6 10 2-

13.5 n. Collector 
clamped to VCEX 

• RDJC 2N6674. 2N6675 
RDJC RJH6674. RJH6675 

·Pulsed: pulse duration=300 /IS. duty factor";; 2%. 
bCAUTION: The sustaining voltage VeEo(sus) and VeE< MUST NOT be measured on a curve tracer. 
'In accordance with JEDEC registration data (2N6674. 2N6675 only). 
cVcsvalue. 

dVec=135 V. t.=20 /IS. 

8IB1 =-I82. 

LIMITS 

2N6674 I 2N6675 
RJH6674 RJH6675 UNITS 

Mln.1 Max.1 Mln.1 Max. 

- 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 

5 
- -

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 liS 

- 0.5 - 0.5 

- 1 - -
mA - - - 1 

- 2 - 2 V 
- 1 - 1 

- 4 - 4 

- 1 - 1 

liS 

- 0.8 - 0.8 

___________________________________________________________________ 2-287 



Power Translstors _________________________________ _ 

2N6674, 2N6675, RJH6674,RJH6675 

10 • 8 100 
COLLECTOR-TO-EMITTER VOLTAGE l'lcEI-V 

92CM- 30419R3 

Fig. 1 - Maximum operating areas for all types (Tc=25°C). 

, 
CASE TEMPERATURE ITCI_ec 

Fig. 2 - Dissipation and ISib derating curves for 2N6674 
and2N6675. 

" 

I · · 2 

I , , · , 

I 2 
...... 1-"'" 

~ 0.' , 
! · ,1-

~ 2 

0.0, 
2 .. , 2 .. , 2 ... 2 •• 0 

QOOI 0.01 0., " PULSE WIDTH Up) -. 
9lCS-IOJl7 

NOTE: CURRENT DERATING AT CONSTANT VOlTAGE 
APPLIES ONLY TO THE DlSSIPATIQtHJMITED PORTION 
OF' MAX,MUM-OPERATINQ-ARfA, CURVES 00 
NOT DERATE TI£ SPECIf'!£D VALUE FOR Ie M.tt. 

25 flO 75 100 125 ISO 175 200 
CASE TEMPERAl'lJRE tTcl--c 

Fig. 3 - Dissipation and IS/b derating curves for 
RJH6674 and RJH6675. 

If' COLLECTOR -TO-EMlnER VOLTAGE (VeE). 3V 

I 
II 

~ i 
Ili • 

".J... I _ .. 'C ~>.,., 

i 
2 -.... I' "o'c 

,,~ 
il -40 .. .~ r: i"'-. 
8 

• • • 0 ,. 2 • 0 

COLLECTOR CURRENT CIC)-A 
92CI-30315 

.,. 

Fig. 4 - Typica/.lherma/-r9sponse characteristic for all types. Fig. 5 - 7jp/cal de beta characteristics for all types. 
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L6 
Is-Iel5 

B' II I 13 .. .. 
COLLECTOR CURRENT fle) -A 

92.CS-lCB'. 

Fig. 6 - Typical collector-to-emitter saturation voltage charac
teristics for all types. 

I 1~~~.W'o':.·.!':J.U~~.ITCI-."C (Ve.I-'OV 
7 . FR" 'U.NCY -. MH • 

• 
, . 

!l~ 

0.4 0.8 1.2 1.6 
COLLECTOR CURRENT (Ie) - A 

92CS-~17 

Fig. 8 - Typical small-signal forward current transfer ratio 
characteristic for all types (1=5 MHz). 

• 1 I 
5? .. 

t, 4~ .. 
t, • 11 

~ ." t. 

COLLECTOR CLAMPED TO ' 
YCEX FOR tc ONLY 

a ,. 
COLLECTOR CURRENT (Ie)-A 

o ,. 
92CS-30373 

Fig. 10 - Typical saturated-switching-time characteristics at 
TJ=25· C as a function of collector current for all 
types. 

2N6674, 2N6675, RJH6674, RJH667S 

4 18. leIS 

~> 
~ I 2 
~':;; 
«I 

ffi;: 
~i ~ 
b~' -40-C -~~_\oO-C ';0 
.. > , 

i ... c~,o~·t·1 . ~""",, 
o. 

c· ~I 
2 6 B 10 . 6 100 

COLLECTOR CURRENTUc)-A 
92CS-30378 

Fig. 7 - Typical base-to-emiller saturation voltage character
istics for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (VeE)-Y 

92CS-30374 

Fig. 9 - Typical output characteristics for a/ltypes. 

Fig. 11 -

-'OOV 

::::~ ,ct. ....... 
, VeEx ro. t, ""LY 

a '0 ,. 14 
COLLECTOR CURRENT (tc' - A 

92CS-30379 

Typical saturated-switching-time characteristics at 
TJ=l 00· C as a function of collector current for all 
types. 
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2N6674,2N6675,RJH6674,RJH6675 

d 300 

i200 
:l 
;f 100 

o 

JUNCTION 
TEMPERATURE (1jl-IOO·C 
181"3A VaE .. -~v 
182 :s 5 A UAX.,Lo80 P.H 
Vee· zoo v 
tp =20 • 

I, 

COLLECTOR CLAMPED TO Yc Ie 

4 6 B 10 12 
COLLECTOR ClJUtENT (leI-A 

14 I. 
HCS-30380 

Fig. 12 - Typical saturated-switching-time characteristics at 
TJ=1 00· C as a function of col/ector current for aI/ 
types. 

5 'li,t04a 
~I e 

n . 
~- 2 
e~ 

~~loa8 
~~ . 
~4 • 
4 u 
u~ 

i~ 2 

~ 8"'" Ii! ~ , 
eli ' 
~ I 4 

!i!i 
'"I • ~8101 

~ =-c, CASE TEMPERATURE (Tel. 25°C 

........ 

• 

FREQUENCY If)" 1 MHz 

- c~ 

. , . . . . 2 . . 
10 ~Ol 105 

COlLECTOR-lO-BASE VOLTAGE (Veal-V OR 

EMITTER-TO-BASE VOLTAG~ (VEB1-:2CS_30388 

Fig. 14 - Typical common-base input (C'bo ) or output (C ••• ) 
capacitance characteristics for all types. 

VB2 
AD.! FOR 182 

200 

100 

20 

" 

I 
COLLECTOR CLAMPED 0 VCEX FOR tc ON Y ~o 

30 40 50 60 70 80 90 100 
JUNpTION TEMPERATURE ITJI-·C 192CS-3037' 

Fig. 13 - Typical saturated-switch lng-time characteristics as a 
function of junction "temperature for aI/ types. 

... 
I 

8 i 10 . .-1- 2N6674, RJH6674 
~ !r 2N667S, RJH667S 

::> 
<> 
0: 

~ 
lil 
~ 0,L---~'OOb.-'20*0~-"300~L,4~OO~~~~~ 

3e<l 4e<l 
CLAMPED COLLECTOR -TO- EMITTER 

VOLTAGE [VCEX(CLAMPEDI]-V 

92CS- 30384R2 

Fig. 15 - Maximumoperatingcondltlonsforswitchingbatween 
saturation and cutoff for aI/ types. 

RL ·13.5 .Il/30W 
NON IND 

SWI 

D2540M 

Vee AS_+ 
SPECIFIED--

QI, Q2 • 2N6354 
Q3 • 2N3762 

Q4,Q5, 
06,Q7 = CA3725 QUAD 

TRANSISTOR 
ARRAY. 

*THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

* * KELVIN SENSING 
CONNECTION 

BATTERY SYMBOLS VCC ' VB I ' VB2' 
VB(CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST t, AND tf TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT 

NOTE: SWI CLOSED FOR tr. ts. ff. SWI OPEN FOR te· 
92CM-30382RI 

Fig. 16 - Circuit for measuring switching times. 
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CE 

,,------1 

VeEX 
RATING 

10% Ie (PEAK) 

92CS-10389RI 

Fig. 17 - Oscilloscope display for normalized measurement of 
clamped inductiva switching time (te). 

2N6674,2N6675,RJH6674,RJH6675 

WAVEFORMS 

181 -.-----...,X,., go'I'. 

A 10% 

.... A-8 .... X-V 

t,-a-c ,,-v-z 
ttr.mtion- X- W 
NOTE: TRANSITION TIME 
FROM "" 1.1 TO 1ft I~ MUST 

BE LESS THAN 0.5 ,.. •. 92C5- 30381RI 

Fig. 18 - Phase relationship between Input and output currents 
showing reference points for specification of switching 
times. 
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2N667.6, 2N6677, 2N6678, RJH6676; RJH6677, RJH6678 File Number 1165 

15-A SWltchMBJf Power Transistors 
High-Voltage N-P-N Types for Off-Line Power Supplies and 
Other High-Voltage Switching Applications 

Features: 
• Fast switching speed 
• High voltage ratings: 

VeEX = 350 V to 450 V 
• Low Vee(sat) at Ie = 15 A 

Applications: 
• Off-line power supplies 
• High-voltage Inverters 
• Switching regulators 

TERMINAL DESIGNATIONS 

JEDEC TO-204M 

E 

The 2N6676, 2N6677 and 2N6678, RJH6676, RJH6677, 
and RJH6678 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, 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 specified at 100' C to provide 
information necessary for worst-case design. 

~=.~I ]$' 
TOP VIEW 8 

The 2N6676, 2N6677, and 2N6678 transistors are supplied 
in steel JEDEC TO-204AA hermetic packages. The RJH6676, 
RJH6677, and RJH6678 transistors are supplied in JEDEC 
TO-218AC plastic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

JEDEC TO-21BAC 
92CS-40257 

RJH6676 RJH6677 RJH6678 2N6676 2N8877 2N6678 

"" VCEY 

VOE=-1.5V ............................. . 
• VeE. (Clamped) 

Vo.=-1.5V ............................. . 
"" VCEo •••••••••••••••••••••• , ••••• , •••••••••• 
.. VEIO ••••••••••••••••••••••••••••••••••••••• 

450 

350 
300 

550 650 

400 450 
350 400 

le(sat) ..................................... ___________ _ 
• Ie .......................................... ___________ _ 

leM ...••...•..............•.....•...••...... ___________ _ 
·10 .......................................... ___________ _ 

• PT 

450 

350 
300 

8 
15 
15 
20 
5 

550 

400 
350 

850 

450 
400 

Te upto25°C ............................ ----------- 175 
Te above 25°C, derate linearly ........•... ____ ---:_ 

• T ... , TJ ..................................... ___ _ 
1.4 

-65 to 150 

_____ 1 ____ _ 

____ -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 s max. : .............. _____ 235 ____ _ 

• In accordance with JEDEC registration data (2N6676, 2N6877, 2N8878 only). 

2N6676 
2N8877 
2N6678 

RJH8876 
RJH6677 
RJH6678 

V 

V 
V 
V 
A 
A 
A 
A 

W 
W/OC 

°C 

°C 

°C 
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__________________________________ PowerTranslstors 

2N6676,2N6677, 2N6678, RJH6676, RJH6677, RJH6678 
ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE I CURRENT 
Vdc Adc 

2N6676 I 2N6677 j 2N6678 
RJH8676 RJH6677 RJH6678 

Vee ! VBe I' Ie ! IB Min.! Max.! Min.! Max.! Min.! Max. 

450 -1.5 - 0.1 - - - -
IcEY 550 -1.5 - - - 0.1 - -

650 -1.5 - - - - - 0.1 
lEBO -8 0 - 2 - 2 - 2 
VCEo(sus)b 0.2- 0 300 - 350 - 400 -
hFE 3 158 8 - 8 - 8 -
VaE(sat) 15- 3 - 1.5 - 1.5 - 1.5 

VCE(sat) 15" 3 - 1 - 1 - 1 
15- 3 - 1.5 - 1.5 - 1.5 

VcExb 
(Clamped Es/b ) -6 15 3 350 - 400 - 450 -
L=50 pH, RaB=2 0 

IS/b 
30 5.9 1 - 1 - 1 -
100 0.25 1 1 1 - - -

Ih,.1 1=5 MHz 10 1 3 10 3 10 3 10 
fr 10 1 15 50 15 50 15 50 
Cobo 1=0.1 MHz 10C 150 500 150 500 150 500 
tdd -6 15 3 - 0.1 - 0.1 - 0.1 
t,d -6 15 3 - 0.6 - 0.6 - 0.6 
t.d -6 15 3" - 2.5 - 2.5 - 2.5 
t,d -6 15 3e - 0.5 - 0.5 - 0.5 

te' 
Vcc=200 V, 
L=50 pH, -6 15 3e - 0.5 - 0.5 - 0.5 
Rc::'S 13.5 0 

450 -1.5 - 1 - - - -
IcEY 550 -1.5 - - - 1 - -

650 -1.5 - - - - ~ 1 
Vce(sat) 15- 3 - 2 - 2 - 2 
t,d -6 15 3 - 1 - 1 - 1 
tad -6 15 3e - 4 - 4 - 4 
t,d -6 15 3e - 1 - 1 - 1 

te' 
Vcc=200 V, 
L=50 pH, -6 15 3e - 0.8 - 0.8 - 0.8 
Rc::'S 13.5 0 

• R8Jc 2N6676, 2N6677, 2N6678 
R8JC RJH6676, RJH6677, RJH6678 

-Pulsed: pulse duration=300 IlS, duty factor ~ 2%. 

bCAUTION: The sustaining voltage VeEo(SUS) and VeE. MUST NOT be measured on a cllrve tracer. 
·In accordance with JEDEC registration data (2N6676, 2N6677, 2N6678 only). 
eVes value. 

dVce=200 V, t.=20 Ils. 

eI81 =-182 o 

'Collector clijmped to Vc ... 

UNITS 

mA 

V 

V 

5 

MHz 
pF 

ps 

mA 

V 

I1S 
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2N6676, 2N6677, 2N6678,RJH6676, RJH6677, RJH6678 

COLLECTOR-to-EMITTER VOLTAGE IVeE' - V 
92CM-30390R5 

Fig. 1 - Maxiinum operating areas for aI/types (Te = 25° C). 

CASE TEMPEftATURE CTc)-ec: 

Fig. 2 - Dissipation and ,Si' derating curves for 2N6676, 2N6677, 
and2N6678. 

Fig. 3 - Dissipation and IS/O derating curves for RJH6676, RJH6677, 
and RJH6678. 

luO .. . 
I · ill • 0: 

I I 0 · 
~ · f-"" ./ 

I • ~ I! 0.1 

I 
0 

• · / 
• 

fOI COLLECTOR -TO-EMITTER VOLTAGE (YeE)· IV 

I I 
i • ~,~~ 
~ ~..J.. 
~ ts.., :::.~, 

• ·'00. 

I .......... ~ '10 
-40.., 

I 0 
...... 

~ • ~ 
!! 

--- . • . 0 1 • • • 10 "100 It z .1. 24'1 2481 
QOOt QOI 0.1 I 10 

PUlSE WIOTH "01-' 
IIct-... , 

COLLECTOR CURRENT lIe)-A 
.2el-lOUt 

Fig. 4 - Typical thermal-response characteristic for aI/types. Fig. 5 - Typical dc bIIta characteristiea for aI/ types. 
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2N6676,2N6677, 2N6678, RJH6676, RJH6677, RJH6678 

COLLECTOR CURRENT (Ie' -.I. 
t2CS~JO) •• 

Fig. 6 - Typical collector-to-emitter saturation voltage 
characteristics for all types. 

~ 2 

j 

CASE TEM'ERATUfiE eTc)-zre 
COLLECTOR - TO - EM'TTER VOLTAGE (VeEI -IOV 
SMALL -SIGNAL FREQUENCY. 5 MHz 

0.4 0.8 1.2 1.6 
COLLECTOR CURRENT (leI - A 92CS-303n 

Fig. 8 - Typical small-signal forward current transfer ratio 
characteristic for all types (f = 5 MHz). 

JUNCTION TEMPERATURE 

! 100~~!:::;~SA 
Vee· 200 V 
tp.2OJ6. 

600 L -50,..H 

Ie 

~ 

COLLECTOR CLAMPED TO 
YCEX FOR tc ONLY 

;. 
I 

'2-.. . ~ .. . :: 
~ 

o 
8 12 16 

COLLECTOR CURRENT (Ie'-A 
92CS- 30373 

Fig. 10 - Typical saturated-switching-time characteristics at TJ = 
25° C as a function of collector current for all types. 

• 18' Ie/5 

~ 
,,> 
: I 2 

~~ 
~.! 
ffi>:=: 
;i ~ 6;' 

-40'C I---::: v., . ,00·C ~o .. > , 

; r--wt --:::;;:;..<"~·t I 
6 ~1t.~'E." 1-- r-t-

0.4 

C' I 
2 4 6 , 2 . 6 

10 100 
COLLECTOR CURRENT lIel - A 

92CS-3Q376 

. Fig. 7 - Typical base-to-emitter saturation voltage characteristics 
for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI- V 
92C$·30'74 

Fig. 9 - Typical output characteristics for all types. 

200 

100 

" 
Vcc-ZOO y 
'0'20,.. 
~~~ CLAMPED I 
TO VcEx FOR Lc ONLY 0 

4610121416 

COLLECTOR CURRENT eXcI - A 92CS-30519 

Fig. 11 - Typical saturated-switching-time characteristics at TJ = 
100·C as a function of collector current for all types. 
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2N6676,2N6677,2N6678, RJH6676, RJH6677, RJH6678 

1.00 
JUNCTtoN 
TEMPERATURE ITJI =IOO·C 
IS1=3A VaE 11-5 V 

-!' IS2 '55 A MAX..L-SO p.H 

!700 Vcc" 200 V 

! 
fp =20 . t 

.. &00 ~ ~ 

~.oo ! 
i- I, 

4 ! 
d!OO ~ 

!i! " j200 
~ 100 

COLLECTOR CLAMPED fOR c 

0 • 6 • '0 , . ,. ,. 
COLLECTOR CURRENT (IC)-A 

92CS-30380 

Fig. 12 - Typical saturated-switching-time characteristics at TJ = 
100" C as a function of collector current for all types. 

2. 468 488 48 
10 102 10' 

COLLECTOR-lO-BASE VOLTAGE (Veal-VCR 
EMITTER-TO-BASE VOLTAGE (Yul-V 

IICS-lO!8. 

Fig. 14 - Typical common-base input (C'bo) or output (CobO) 
capacitance characteristics for all types. 

O.OOlI'F 

2411 

1"50 I'F ' 

2g::n...~ 
i..L 20 l'S 5011 = 

MIN 

FREQ' 500 Hz 

4711 
211 

VB2 
AD~ FORIB2 

700 

~ 600 
ii1 
~: 500 

~l !;. 400 

~~ 300 

~ 
:::i 200 

1t 
~ 100 .. 

IC:I~A 

IBI·IB2=~ 
Vcc.200 V 
tp-zo",. 
RL -13.50 
L=SO,...H 

COLLECTOR CLAMPED TO VCEX FOR Ie ONLY 

JUNCTION TEMPERATURE tTJ1-·C 

. ~ 
I 

!5~ 

'" 41 
I-

'" 3~ 

~ .'" 

92CS- 50)7' 

Fig. 13 - Typical saturated-switching-time characteristics as a 
function of junction temperature for all types. 

c 
!, ... 
!:! 

II: 
o 

§ 
.... 
o 

II 

l- I-I-

TC$IOO'C 

1-2 N8878, RJH6676 
2N6677, RJH6677 
2_78 RJH6678 ~. 

... 0 100 200 500 400 
5110 450 

CLAMPED COLLECTOR -TO- EMITTER 
VOLTAGE [VCEX (CLAMPED))-V 

nCI-SOMalll 

Fig. 15 - Maximum operating conditions for switching between 
saturation and cutoff for a/l types. 

RL·'3.5I1f30W 
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 
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 I, ,I., If. SWI OPEN FOR Ie. 

92CM- 30382RI 

Fig. 16 - Circuit for measurement switching times. 
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2N6676,2N6677,2N6678, RJH6676, RJH6677, RJH6678 

10% VCEX 

VCEX 
RATING 

10% Ie (PEAK) 

Fig. 17 - Oscilloscope display for normalized measurement of 
clamped inductive switching time (tc ). 

WAVEFORMS 

A 10 'JI. 

.... "-8 ,,-X-V 
'roo B-C 'too V-Z 

'."Mlion .. X-W 
NOTE: TRANSITiON TIME 
fROM en. 1.1 TO ..... liz MUST 

BE LESS THAN 0.6 I'll. 92CS~ 30381RI 

Fig. 18 - Phase relationship between input and output currents 
showing reference points for specification of switching 
times. 
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2N6686, 2N6687, 2N6688 
RJH6686,RJH6687,RJH6688 

2S-A SwitchMax Power Transistors 

File Number 1171 

TERMINAL DESIGNATIONS 

N-P-N Types for Power Supplies and Other High Voltage 
Switching Applications 

o • 

Features: 
• High-temperature parameters guaranteed 
• Fast switching speed 
• Low Vc.(sat) 

The RCA2N6686, 2N6687 and 2N6688-, RJH6686, RJH6687, 
and RJH6688 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 (SO A) ratings. They are specially 
designed for converters, inverters, pulse-width-modulated 
regulators and a variety of power switching circuits. These 
high-current, high-speed transistors are 100-percenttested 
for parameters that are essential to the design of high
power switching circuits. Switching times, including 
inductive turn-off time, and saturation voltages are 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR 

FLANGE 

JEDEC To-204AA 

JEDEC TO-21lAC 

92C5-40257 

E 

guaranteed at 125°C as well as at 25°C, to provide 
information necessary for worst-case design. 

The 2N6686, 2N6687, and 2N6688 transistors are supplied 
in steel JEDEC TO-204AA hermetic packages. The RJH6686, 
RJH6687, and RJH6688 transistors are supplied in JEDEC 
TO-218AC plastic packages. 

-Formerly RCA Dev. Type Nos. TA9119A, TA9119B, 
TA9119C, respectively. 

RJH6686 RJH6687 RJH6688 2N6886 2N6687 2N6688 

.. VCEV 

Va. = -1.5 V ..••.....•......•.•.•...... 
• VeE. (Clamped) 

VaE=-1.5V .•.•.....•................. 
.. VCEO •••••••••••••••••••••••••••••••••••• 

* VEeo •••••••••••.•.••..•••.•..••••.•••.•. 
le(sat) ....•..............•...•.....•.•.. 

• Ie ..•••.......•....••.....••........•...• 
leo, ....•........................•........ 

260 

210 
160 

25 
25 

280 300 

230 250 
180 200 

25 20 
25 20 

·10 ....................................... ___________ _ 

• PT 

260 

210 
160 

8 
25 
25 

50 
8 

280 

230 
180 

25 
25 

300 

250 
200 

20 
20 

Te up to 25·C 200 
Te above 25·C, derate linearly .....••.. _____ _ 1.6 

.. T.tllh TJ ....•............................. ___ _ ·-65 to 150 
• TL 

TL 

At distance;;:: 1/16 in. (1.58 mm) from 
seating plan!! for 10 s max .•..•...•.... 

At distance;;:: 1/8 in. (3.17 mm) from 
seating plane for 10 s max ...........•. _____ 235 ____ _ 

• In accordance with JEDEC registration data (2N6686, 2N6687, 2N6688 only). 

_____ 1.14 ____ _ 
____ -65 to 200 ___ _ 

_____ 235 ____ _ 

V 

V 
V 
V 
A 
A 
A 
A 

W 
W/·C 

·C 

·C 

·C 
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ELECTRICAL CHARACTERISTICS Tc = 25°C 
.. 

TEST CONDITIONS 

CHARACTERISTIC 
VOLTAGE CURRENT 2N6686 

V de Ade RJH6686 

VCE VSE Ic Is Min. Max. 

Ice. 260 -1.5 - - - 50 

280 -1.5 - - - -
300 -1.5 - - - -

IEso - -8 0 - - 100 

VCEo(sus)b - - 0.2a 0 160 -
hFE 2 - 1a - 30 -

2 - 10a - 25 100 

2 - 20· - - -
2 - 25a - 15 -

VsE(sat) - - 20a 2 - -
- - 25a 2.5 - 1.8 

VCE(sat) - - 20· 2 - -
- - 25a 2.5 - 1.5 

VCEXb 

(Clamped ES/b) 
-4 25 3 210 - -

L = 25 pH. 

Rss =10n 

ISlb 

2N6686.2N6687. 
18 - 11.1 - 1 -

2N6688 

RJH6686. RJH6687. 
18 11.1 0.5 

RJH6688 
- - -

Ih,.i 
10 1 4 20 - -

f = 5 MHz 

IT 10 - 1 - 20 100 

CObo 
10e 

f=0.1MHz 
- - - 300 650 

tdd - -4 20 2 - -
- -4 25 2.5 - 0.1 

t,d - -4 20 2 - -
- -4 25 2.5 - 0.60 

t.d - -4 20 2e - -
- -4 25 2.5e - 1.50 

t,d - -4 20 2e - -
- -4 25 2.5e - 0.25 

te Vcc=80V. 

L = 25 IlH. Rc ~ 4 n. - -4 20 3e - -
Collector clamped - -4 25 3e - 0.5 

to VCEX 

2N6686,2N6687,2N6688 
RJH6686,RJH6687,RJH6688 

LIMITS 

2N6687 2N6688 
UNITS 

RJH6687 RJH6688 

Min. Max. Min. Max. 

- - - -
- 50 - -

50 
pA - - -

- 100 - 100 

180 - 200 - V 

30 - 25 -
25 100 20 80 

-- - 15 -
15 - - -
- - - 1.8 

- 1.8 - -
- - - 1.5 

- 1.5 - -
V 

230 - 250 -

1 - 1 -
s 

0.5 - 0.5 -

4 20 4 20 -

20 100 20 100 MHz 

300 650 300 650 pF 

- .- - 0.1 

- 0.1 - -
- - - 0.60 

- 0.60 - -
- - - 1.50 

- 1.50 - -
0.25 

JJS - - -
- 0.25 - -

- - - 0.5 

- 0.5 - -
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ELECTRICAL CHARACTERisTICS Tc = 2S·C 

TEST CONDITIONS 

CHARACTERISTIC 
VOLTAGE CURRENT 2N6686 

Ydc Adc .RJH6686 

Vce Vae Ic, Ia' Min. Mu. 

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 

tad - -4 20 2 - -
- -4 25 2.5- - 2.5 

t,d - -4 20 2 - -
- -4 25 2.5- - 0.8 

te Vee=80V. 

L = 251lH. Rc:5 4 Q. - -4 20 3a - -
Collector Clamped - -4 25 3a - 0.8 

to VCEX 

R8JC 2N6686. 
10 5 0.875 - - -

2N6687.2N6688 

R8JC RJH6686. 
10 5 0.625 

RJH6687. RJH6688 - - -
• In accordance with JEDEC registration data. 
a Pulsed: pulse duration = 300 p.s, duty factor:5 2%. 
b CAUTION: The sustaining voltage Vceo(SUS) and VCEX MUST NOT. be 

measured on a curve tracer . 

... 
z ... 
~ 
::> 
o 
0: 
o ... 
lil 
..J 
6 I 
o 

4 6 B 10 B 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

Fig. 1 - Maximum operation areas of all types. 
(To = 25°). 

LIMITS 

2N8667 
RJH6687 

Min. Mu. 

- -
- 0.5 

- -
- -
- 1.5 

- -
- 0.8 

- -
- 2.5 

- -
- 0.8 

- -
- 0.8 

- 0.875 

- 0.625 

92CM-31451RI 

.... '. 

2N6688 
UNITS 

RJH6668 
.', . 

Min. Max. 

- -
- - mA 

- 0.5 

- 1.5 
V - -

- 0.8 

- -
- 2.5 

- -
- 0.8 

p.s - -

- 0.8 

- -

- 0.875 

·C/w 

- 0.625 

c Vcavalue. 
d Vee = 80 V, tp = 20 p.s. 
a la, = -la2• 
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'00 

25 

25 50 75 lao 125 150 175 200 225 250 
CASE TEMPERATURE (TCI-OC 

Fig. 2 - Dissipation and 1./. derating curves lor 2N6686, 2N6687, 
and 2N6688. 

'0, 

~ 
1! 

~ 
~ , , 
~ , 

0.0' 
68 2. 4 68 2. 4 68 2. 4 68 

0.001 MI UI I ~ 

PULSE WIDTH Up) - s 92CS-30387 

Fig. 4 - Typical thermal-response characteristic for a/l types. 

~ Z.4t-IB_.·_I_C','O--t-Jt-Jt-t_t-t--_i--t--H 
g I 
~ I 
~ CASE TEMPERATURE fTC)--40°C/ 

~ 'I I."t--+--t-t-t-t-t-I-jl--+-t-I-

~i 1.2i---+--t---jH-t--Hf--t-++-I 
,. u 

~~ o.ai---+--t---jH-t--If-i-r-t-++-I 
~ 1/25'c 

g o.4r--+--t--jH--t>L."/-Y,*,f-~5';;:C-+-H-j 
:3 

6 8 6 8 
10 100 

COLLECTOR CURRENT(Ic l - A 'S2CS-3.453 

Fig. 6 - Typical collector-to-emitter saturation voltage 
characteristics for a/l types. 

2N6686, 2N6687, 2N6688 
RJH6686,RJH6687,RJH6688 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

0-+ 
25 50 75 lOa 125 150 175 200 

CASE TEMPERATURE (Tel-"C 
92CS-19663 

Fig. 3 - Dissipation and Is/. derating curves for RJH6686, 
RHJ8687, and RJH6688. 

COLLECTOR TO-EMITTER VOL.TAGE 
400{ VCEI=2V 

" 11 ~ 2 
~ 

t!E"TEMPEiATURE t+cl=,J5 0 C ~ 

~ '00 , 
~~ 

, 
25' 

~= 
4 ["'-

J ~ I 2 

T- r--- I' 
~ '0 g . . , . 2 4 • . 2 

0.5 10 40 
COLLECTOR CURRENT (Ie) - A 9ZCS-314!12 

Fig. 5 - Typical dc beta characteristics for all types. 

0.2 
4 6 8 I 2 4 6 8 10 2 4 60 

COLlECTOR CURRENT (IC1- A ! 92CS-31454 

Fig. 7 - Typical base-to-emitter saturation voltage characteristic 
for all types. 
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2N6686,2N6687,2N6688 
RJH6686,RJH6687,RJH6688 

1.6 

COLLECTOR CURRENT (ICI- A 92CS-514!l15 

Fig. 8 - Typical small-signal forward-current transfer ratio 
charasteristic for all types (f = 5 MHz). 

COLLECTOR CURRENT(Icl- A I" 92CS-314!57 

Fig. 10 - Typical clamped turn-off time characteristics forall types. 

;, 108 CASE TEMPERATURE (Tel-12S·C 
I !-T-_4-_4----1ISalC/IO 

{ :" I8,"I82 Vee' •. O~ _. 

., "--... 
i 2r--t-~~,,,~--+--+--+--+~ 

j: ~r--... t 

~ 8~==t===t===t===t===+===+===~ 
~ 6r.---t---t---~,~=+--+--+--+~ . r-..... I, 

~ 4 /V .. lf g .. 'I--~\-+--+-~~-+--+--+--+~ ,----V 
'0 20 2. 30 3. 

COLLECTOR CURRENT (lcl- A 92CS-II4&O 

Fig. 12 - Typical saturated-switchlng-tlme.pharacteristics at Tc = 
125·C as a function of collector current for aI/ types. 

4C 
CASE TEMPERATURE (Tel" 25·C ., 

'" ~ 
130 \. 

~zo 

~ 15 

:l 10 
8 

o~ 

0." 

0.3 

0.2 

BASE CURRENT (ls,oO.1 

~ ~ 14 ~ ~ ~ 

COLL.ECTOR-TO-EMITTER VOLTAGE (VCE)- V 92CS-31456 

Fig. 9 - Typical output characteristics for aI/ types. 

t 10. i:~~C~~~PERATURE (Tel· 25·C 

I • ISloIS2 vee. aov 

J 

::i 

4~ 
'r---~~--r----t----r----t--~ 

"'-~ -,- I, -If -a: 0.1 
5 10 15 20 
COLLECTOR CURRENT I1cl-A 

.. 
92CS-31458 

30 

Fig. 11 - Typical saturated-switching-time characteristics as a 
function of col/ector current for all types. 

r----c .•• 

CASE TEMPERATURE (Tel- 25·C 
FREQUENCY If) -0.1 MHz 

8 10 .. 6 8100 400 
COLLECTOR-TO-BASE VOLTAGE (Vcal-V OR 

EMITTER-TO-BASE VOLTAGE (V£e)-V 92CS-31459 

Fig. 13 - Typical common-base Input (C'b.) or output (C.b.) 
capecitance characteristic for a/l types. 
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25 

" 
I 20 
U 
!:! 
I-

~ 
0: 
0: 
:> 
t.> 
a: 
o 
l
t.> 
OJ 
...J 
...J 

8 

o 

._____2N6 686, RJH6686 

66871 RJH6687 --V2N 

.--2 

TC~ 125°C 

100 210 230 250 
CLAMPED COLLECTOR - TO - E~ITTER 

VOLTAGE [VCEX (CLAMPEO)]-V 

92CS~31461RI 

N6688,RJH6688 

Fig. 14 - Maximum operating conditions for switching between 
saturation and cutoff for all types. 

10% veEX 

2N6686, 2N6687, 2N6688 
RJH6686,RJH6687,RJH6688 

CE VCEX 
RATING 

10% Ie (PEAK) 

Fig. 15 - Oscilloscope display for normalized measurements of 
clamped inductive switching time (te). 

_________________________________________________________________ 2-303 



Power Transistors ________________________ -:-__________ _ 

2N6702,2N6703,2N6704 

High-Current, Silicon N-P-N 
VERSAWATT Transistors 
Switching Applications 
Features: 
• Fast switching speed at temperatures up to 1250 C 
• Low VCE(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 safe-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 Dey. Type Nos. TA9164A, TA9164B, TA9164C, 
respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• VCEY 

Va. =-1.5 V ..•••••••...................•................•...... 
" VCEO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

" VEBC ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
IC(sat) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

• Ie .............................................................. . 
Ic ............................................................... . 

• I • ............................................................... 
"PT 

Tc up to 25°C .•••••••..•••••••.•••••••••••••••••••..•••••••.•..• 
Tc above 25° C ••••.•••••••••••••••••.••••.•••••• Derate Linearly 

.. Tala, TJ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

" TL 
At distance <!: 1/8 In. (3.16 mm) from seating plane for 10 s max .. ,. 

"In accordance with JEDEC registration data. 

File Number 1187 

TERMINAL DESIGNATIONS 

'R';~lO II ] .~ 
TOP VIEW B 

2N1702 

140 
90 

5 

92CS-39969 

JEDEC TO-220AB 

2N8703 

160 
110 
7 
5 
7 
10 
5 

50 
0.4 

-65 to 150 

235 

2N8704 

190 
130 

4 

v 
v 
V 
A 
A 
A 
A 

w 
W/OC 

°C 

°C 
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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 V8E IC 18 Min. 

140 -loS -
ICEV 160 -l.S -

180 -l.S -
140 -loS -

TC= 12SoC 160 -l.S -
180 -l.S -

lEBO -7 0 -

VCEO(suslb pm a 0 90 

2 0.2a 30 

hFE 2 48 -
2 58 20 

VB E (sat) 
4a 0.4 -
58 O.S -
48 0.4 -

VCE(satl sa O.S -
7a 0.7 -

ISlb 20 2.S 1 

Ihfe l 10 O.S 10 
f= S MHz 

fy 10 O.S SO 

Cobo 10c SO 
f=O.l MHz 

tdd -4 
4 0.4 -
S O.S -

t rd -4 
4 0.4 -
S O.S -

tsd -4 
4 0.4e -
S o.se -

t1" -4 
4 0.4e -
5 0.58 -

ROJC 4 S -

• 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. 

Max. 

100 
-
-

1 

-
-

100 

-

-
-
-
-
1.S 

-
0.8 
loS 

-

40 

200 

lS0 

-
0.1 

-
0.2S 

-
1 

-
0.5 

2.5 

LIMITS 

2N6703 2N6704 UNITS 

Min. Max. Min. Max. 

- - - -
- 100 - - IlA 
- - - 100 

- - .- -
- 1 - -
- - - 1 mA 

- 100 - 100 IlA 

110 - 130 - V 

30 - 30 -
- - 20 -
20 - - -
- - - 1.4 
- 1.S - -
- - - 0.7 V 

- 0.8 - -
- 1.S - 1.S 

1 - 1 - s 

10 40 10 40 

SO 200 SO 200 MHz 

SO lS0 SO lS0 pF 

- - - 0.1 

- 0.1 - -

- - - 0.2S 
- 0.2S - - IlS 
- - - 1 
- 1 - -
- - - 0.5 
- 0.5 - -
- 2.5 - 2.5 °CIW 

C VCB value. 
d VCC = 70 V, tp = 2O,..s 

e lB, =-IB2· 
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2N6702, 2N6703, 2N6704 

I
Z 

'" II: 
II: 
::> 
(.) 

II: 

~ 
(.) 
OJ 

::l 
8 

COLLECTOR - TO -EMITTER VOLTAGE (VCE)- V I 92C5-3I848 

Fig. 1 - Maximum operating areas for all types 
(Tc =25°C). 

10 100 
COLlECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-31849 

Fig. 2 - Maximum operating areas for all types 
(TC= 100°C). 
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Fig. 3 - Oi,.ipstion end I Sib derating cu"'''' for 
ell types. 

• COLLECTOR-TO-EMITTER VOLTAGE (VeE)" 2V 

J 2 
I r--- T 

CASE TEMPERATURE ~ 
(Tc)'ZS"C "." 

!2 'i' ~ ~ 100 
- -40"C -...... 0: • 

r-..:t\ 0: ... .. .. z .. 
0: 
t-
o 
0: 

; 
0: 
0 .. 
u 
0 

• 
~ • 
~ 

2 

10 

.. 
1 
u 

H -
0-z 

! 
'" ~ 
~ 
8 

8 

• 
0.1 

2 • • • I 
2 • • • 

COLLECTOR CURRENT (I.cl-A 

Fig. 5 - Typical de beta charecterisric. for ell 
typtl$. 

I.s-I.eIlO 

10 

• &!!""" • ~ • 
~~ 

:/(// 
2 

I .; • !I I • 
• -fftt' I iJ ~ 
2 -IJI 1 

0.1 if 

10 

o 0-4 0.8 1.2 I.e 2 2.4 

2 

BASE-TO-EMITTU SATURATION VOLTAGE [.~ ... ~-. . 
SlCS-III.1 

Fig. 7 - Typicel bese-to-emitter IBturetion 
VOltage charecterisric for all types. 

2N6702, 2N6703, 2N6704 

f: 
I • 

U 
~ 2 ... 
!;!I -I! • .. • Cl • .. 

1/ ... 
i 2 

~o.~ 
0- • ffi • in 
~ .. 2 I-

0.01 

0.001 
2 • • 2 • 6. 2 • 6 2 • 6. 

0.01 0.1 10 
PULSE WIDTH (tp)-s 12CS-31"a 

Fig. 4 - Typical thermal-flJlponse charecteristic 
for ell types. 

0.4 0.6 0.8 I 1.2 1.4 1.6 

COLLECTOR-TO-EMITTER SATURATION VOLTAGE [VCE(sal~-V 
92CS-31840 

Fig. 6 - Typicel collector-to-emir-ter IBturetion 
voltage charecteristics for ell typ .... 

CASE TEMPERATURE (TC) .. 2'·C 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-'OV 

35 FREOUENCY Cf).5MHz 

0.4 0.6 0.8 I 1.2 
COLLECTOR CURRENT (IC)-A 92CS-31842 

Fig. 8 - Typicelsmall-signel forward-current tren.fer retio 
charactari.tic for el/ types (f - 5 MHzI. 
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2N6702, 2N6703,. 2N6704 
CASE 

" 
~ 

~ ;, I 

II ~-

I 

Q 
Z .. 

2 
.ASE CURR 

o 6.' IZ 
COLLECTOR-TO-EMITTER VOLTAGE (VeEI-V 

92CS-31843 

Fig. 9 - Typical output characteristics for all types. 

0.8 CASE TEMPERATURE CTc ).'2S.C 
.I.e • Ie/lO . IS, • I82 
Vee" 7OV, Ip" 20,,1 

" 
w 
:l 
~ 0.2 'r 
"' ::i 
ii: 

2 3 4 5 6 7 
COLLECTOR CURRENT (Ie 1- A 92CS- 31845 

Fig. 11 - Typical saturated-switching· time charac· 
teristics as a function of collector current 
for all types IT C = 725°C). 

0.005 p.F 

24 n 

150." p..F 

2g::JL~ 
i.J-ZOI'S 50n = 

MIN 

FREQ= 500Hz 

47n 15n,2W 
NON INO 

VB2 
ADJ. FOR IB2 

,,0.8 
~ 

.!. 

" 

CASE TEMPERATURE (TC)=25°C 

Is" IC/IO.IB,=IS2 
"ICC·70V. tp= 20,,1 

I. 

'I 

o 3 4 5 6 1 92(:S-31844 
COLLECTOR CURRENT (IC}-A 

Fig. 10 - Typical saturated·switching·tlmecharac· 
teristics as a function of collector current 
·for all types IT C = 25°C). 

t!j 108 

'a~ 6 

" . 
B~ 
il~O 2 

;:::", ";60 ~~,~ 
z::; • 
~5 6 

:~ 4 

<)>- 2 
~~ ...... r--. 
a..5 t02 
!:o 8 CObo 

~~ 6 

~~ 4 
Zz 
0 0 

'"" 2 ~8 10' , 4 .. , . •• , 4 .. 
'0 ,0' 

COLLECTOR-TO-BASE VOLTAGE (Vcal-V OR 
EMITTER-TO-BASE VOLTAGE (VES) - v 92CS- 31846 

Fig. 12 - Typical common-base input ICibo) or 
output ICobo) capacitance characteristic 
for all types. 

RC"5-20n,IOW 

NON IND 

DEVICE 
UNDER 
TEST 

Vcc= =+ 
70V 

QI, Q2 = 2N6354 
Q3 = 2N3762 

Q4,Q5, 
Q6, Q7 = CA3125 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. 

92CM- 31847 

Fig. 13 - Circuit for measuring switching times. 
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IBI-r---~-""'X"l90 % 

A 10% 
o I 

I 
I W 90% 

1B2--t---------1 
IC--I- I 

i C 90% I 
1 
1 

'd - A-B 
t r • B-C 

.. -x-v 
't- v-z 

ttranlition • X-W 
NOTE: TRANSITION TIME 
FROM!IO% IB, TO 90% IIIz MUST 

BE LESS THAN 0.6 IA', 

92C$- 30381RI 

Fig. 14 - Phase relationship between input and 
output currents showing reference 

points for specification of switching 
times. 

2N6702, 2N6703, 2N6704 
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2N6738, 2N6739, 2N6740 File Number 1291 

5-A 1liwilt:IIMiIf 
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 

.. ,;m10 11 J± .#: 
TOP VIEW B 

• High voltage ratings: Applications: 92CS-39969 

VCEX = 350 V to 450 V 
• Low VCE (sat) at Ic = 5 A 

• Off-line power supplies 
• High-voltage inverters 

JEDEC To-22OAB 

• VERSAWATT package • Switching regulators 

The 2N6738, 2N6739, and 2N6740" 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 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, TA9141B. and TA9141C. 
respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCEV 

2N6738 

VSE=-1.5 V ................................... 450 
VCEx(Clamped} 

VSE=-1.5 V ................................... 350 
VCED ........................................... 300 

\tEBD· .............................. ·· .......... · 
Ic(sat} .......................................... . 
IC .............................................. . 
ICM ............................................ . 
IB .............................................. . 

PT 
TC up to 25°C ................................ . 
TC above 25°C. derate linearly ................. . 

Tstg. TJ ........... : ............................ . 
TL 

At distance?: 1/8" in. (3.17 mm) from 
seating plane for 10 s max. 

'In accordance with JEDEC registration data. 

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 W/oC 

-65 to 150 ___ °c 

235 °c 
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__________________________________ Power Transistors 

ELECTRICAL CHARACTERISTICS 2N6738, 2N6739, 2N6740 

TEST CONDITIONS LIMITS 

CHARAC- VOLTAGE CURRENT 
2N6738 2N6739 2N6740 UNITS 

TERISTIC V de A de 

vCElvSE IC liS Min.1 Max. Min·IMax. Min·IMax. 

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)b 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(sal) 

8a 4 - 2 - 2 - 2 

• VCEXb V 

(Clamped ES/b) -5 5 l e 350 - 400 - 450 -

L=170 /lH, 
-5 8 3e 200 - 250 - 300 -

RBB=5 n 
· IS/b 25 4 0.5 - 0.5 - 0.5 - s 

· 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 

• Ida 5 1 - 0.1 0.1 0.1 

• Ird 5 1 - 0.5 - 0.5 - 0.5 

• tsd 5 le - 2.5 - 2.5 - 2.5 

• ltd 5 l e - 0.4 - 0.4 - 0.4 

• Ic 
/lS 

VCC=125 V, 
L=170 /lH, 

5 le - 0.4 - 0.4 - 0.4 
RC=25 n 
Collector clamped 

10 VCEX 

450 1.5 - 1 - -
'ICEV 550 -1.5 - - - 1 - - mA 

650 -1.5 - - - - - 1 

• VCE(sal) 5a 1 - 2 - 2 - 2 V 

• Ira 5 1 - 0.8 - 0.8 - 0.8 

• tsd 5 le - 4 - 4 - 4 

• ttd 5 l e - 0.8 - 0.8 - 0.8 

· Ic 
VCC=125 V, /lS 

L=170 /lH, 
5 le - 0.8 - 0.8 - 0.8 

RC=25 n 
Colleclor clamped 

to VCEX 

· ROJC 10 5 1- 1.25 - 1.25 - 1.25 °C/W 

ROJA I I - 70 - 70 70 °C/W 

'In accordance with JEDEC registration data. evCS value. elS1 - -IS2. 
apulsed: pulse duration = 300 /is, duty lactor ~ 2%. dVCC = 125 V, tp = 20/is. 
bCAUTlON: The sustaining voltage VCEO(sus) 

and VCEX MUST NOT be measured on a curve tracer. 
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Power Transistors _________________________________ _ 

2N6738, 2N67~9, 2N6740 

2-312 

COLLECTOR-TO-EMITTER VOLTAGE(VCE)~ V 

92CM-33694 

Fig. i-Maximum operating areas for all types ITe = 25° C) . 

NOTE~ CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
OF MAXIMUM·OPERATING"AREA CURVES 00 
NOT OERATE THE SPECIFIED VAL.UE FOR Ie MAX. 

2D ro .75 100 125 1!iO 175 200 
CASE TEMPERATURE ITCI-"C 

Fig. 2 - Dissipation and derating eurv~· for all 
types. 

200 COLLECTOR-TO-EMITTER 
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VOLTAGE (VCE)-3 V 
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· I II . . . . . .. . . 
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COLLECTOR CURRENT (lcl- A 

Fig. 4 - Typical de beta characteristics for all 
types. 
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Fig. 3 - Typical thermal-response character
istic for all types. 
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COLLECTOR CURRENT (IC)-A 

Fig. 5 - Typical collector-ta-emitter saturation 
voltage as a function of collector 
current for all types. 
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____________________________________ Power Transistors 

COLLECTOR CURRENT (ICI-A 

Fig. 6 - Typical base-to-emitter saturation 
voltage as a function of collector 
current for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

Fig. 8 - Typical output characteristics for all 
types. 

, 
COLLECTOR CURRENT (IC)-A 

Fig. 10 - Typical saturated switching time 
characteristics for all types. 

10 

2N6738, 2N6739, 2N6740 

• COLLECTOR -TO--D1ITTER I 
YOLTA8£ (VeE)- 5V 

'" m 

~ . 
!I 
~> 
~, 
~-
~ ~ I 
,> _40< 

~- • 2.5-C 

6 ~ '" 0 
< m .~"p···r·· 

, . . . 
COLLECTOR CURRENTlIC'-A 

Fig. 7 - Typical base-to-emitter voltage as a 
function of collector current for all 
types. 

COLLECTOR CURRENT (Icl-A 

Fig. 9 - Typical saturated switching time 
characteristics for all types. 

COLLECTOR CURRENT (I.cl-A 

Fig. 11 - Typical saturated switching time 
characteristics for all types. 

10 
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Power Transistors __ ~ ___ ~~ _________________________ _ 

2N6738, 2N6739, 2N6740 

COLLECTOR CURRENT (:[cJ-A 

Fig. 12 - Typical saturated switching time 
characteristics for all types. 

. _-: 1 
I 

I--

4 6 8 10 4 6 BiOi! 4 6 8103 

COLLECTOR-lQ-BASE VOLTAGE (Vca)-V OR 

EMITTER-lO-BASE VOLTAGE (VEBJ-: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. 

.' 

10% VCEX 

VCEX 
RATING 

10% Ie (PEAK) 

92CS-30389RI 

Fig. 16 - Oscilloscope display for measurement 
of clamped induction switching-time 
(te!. 

CASE TEMPERATURE (TC)-OC 

Fig. 13 - Typical saturated switching time 
characteristics as a function of case 
temperature for all types . 

8f-----~ 

<t 7 
I 
~6 
!:! 
~51-----

"' :li4 
" " a: 3 r= Tc:!: 125°C 

:;]2 
...J 
...J 
01 

" 

VCEORATING 

V IOOV 

I 
I 
I CLAMPED A 

I VCEX RATING /. 

I 

OL-____ ~ ____ L-

COLLECTOR-TO-EMITTER VOLTAGE 

Fig. 15 - Maximum operating conditions for 
switching between saturation and 
cutoff. 

IBI-.-----.."X"90 % 

A 10% 

92CS~304!58 

If:I=A-B 
t r ", 8-C 
ts·X-V 
tf~ Y-Z 
tTRANSITION g X-W 
NOTE: TRANSITION TIME 
FROM 90% IS1 TO 90% 182 

MUST BE LESS THAN 0.3 1'5. 

Fig. 17 - Phase relationship between input and 
output currents showing reference 
points for specification of switching 
times. 
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__________________________________ Power Transistors 

24n 

-r 50 }LF 

2g::JL~ 
l..L- 20 "s 50n = 

MIN 

FREQ= 500 Hz 

VB2 
ADJ FOR IB2 

** 
NOTE, 

2N6738,2N6739,2N6740 

Ie R1 R2 V CLAMP 
SA 15n 1sn CLAMPED V RATING 
SA 50 sn VCEO-100V 

25 n/30W 

01,02 • 2N6354 
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) 
CONNECTIONS 

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. ts. tt. SWI OPEN FOR tc. 

Fig. 18 - Circuit for measuring. switching times. 
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Power Translstors ___ -..,. ______________ ------------___ _ 

2N6751,·2N6752, 2N6753, 2N6754 

5-A Swilt:IIMilf 
.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: 

VeEX = 450 V - 550 V • Off-line power supplies 
• Low VeE (sat) at Ie = 5 A • High-voltage inverters 
• Steel hermetic TO-204AA package • Switching regulators 

File Number 1244 

TERMINAL DE.SIGNATIONS 

JEDEC TO-2D4AA 

(200 mil diameter pin Isolation) 

The 2N6751, .2N6752, 2N6753, and 2N6754 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 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 100°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, TA9153B. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
2N6751 2N6752 2N6753 2N6754 

* VCEV 
VSE = -1.SV ............................. . 

V CEX(Clamped) 
* VSE = -1.SV ............................. . 

* ~~~g::::::::::::::::::::::::::::::::::::::: 
* :g(~~~).:::::::::::::::::::::::::::::::::::::: 
* :~~.::::::::: :::::::::::: ::::: :::::::::: :::: 
* PT 

TC .. 2S'C ................................. . 
* T C .. 2S'C, derate linearly .................... . 
* TJ .......................................... . 

* Tstg ········································ 
TL . 

At distance .. 1/16 in. (1.S8 mm) from 
seating plane for 10 s max .................. . 

* In accordance with JEDEC registration data. 

800 

4S0 
400 

---

8S0 900 1000 

500 550 550 
4S0 SOO 500 

8 
S 
10 
10 
S 

150 
1 

-65to 175 
-6Sto 200 

235 

V 

V 
V 
V 
A 
A 
A 
A 

W 
W/'C 

'c 
'c 

'c 
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_______________________________ Power Transistors 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 

CHARACTERISTIC 
VOLTAGE CURRENT 

Vdc Adc 

VCE I VBE IC I IB 

TC = 25·C 

• ICEV 
800 -1.5 
850 -1.5 

• lEBO -8 0 

• VCEO(sus)b 0.2a 0 

• hFE 3 

• VBE(sat) 

• VCE(sat) 

VCEXb 
(Clamped ES/b) -6 
L = l7OI'H 

ISib 30 

• Ih1el 1=5 MHz 10 

1T 10 

• Cabo 1=0.1 MHz lOd 

• 1<1. -6 

• tr· -6 

• tse -6 

• t~ -6 

• tc 
VCC = 250V, 
L= 170 I'H, RC = -6 
50 Q, Collector 
clamped to VCEX 

TC = 1OD·e 

ICEV 
800 -1.5 
850 -1.5 

VCE(sat) 

tr· -6 

ts· -6 

t~ -6 

tc 
VCC = 250 V, 
L = l7OI'H, RC = -6 
50 Q, Collector 
clamped to VCEX 

'1 ReJC 

• In accordance with JEDEC registration data. 

a Pulsed duration = 300 "S, duty factor .. 2%. 

sa 
sa 1 

sa 1 
108 3 

5 1C 

5 

0.2 

0.2 

5 1 

5 1 

5 1C 

5 1c 

5 1C 

sa 1 

5 1 

5 1C 

5 1c 

5 1c 

5 

2N6751, 2N6752, 2N6753, 2N6754 

LIMITS 

2N6751 2N6752 UNITS 

Min. I Max. Min. I Max. 

- 0.1 - -
- - - 0.1 mA - 2 - 2 

400 - 450 - V 

8 40 8 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 I'S 

- 0.4 - 0.4 

- 1 - - mA - - - 1 

- 1.5 - 1.5 V 

- 0.6 ~ 0.6 

- 5 - 5 

- 0.7 - 0.7 
!'5 

- 0.7 - 0.7 

0C/W 

b CAUTION: The sustaining voltage V CEO(sus) and V CEX MUST NOT be measured on a curve tracer. 

C IB1 = -IB2 d VCB value a VCC = 250 V, tp = 20 lAS 

_________________________________________________________________ 2-317 



r'owerTranslslors, _____________________________ _ 

2N6751, 2N6752, 2N6753, 2N6754 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 

CHARACTERISTIC 
VOLTAGE CURRENT 

Vdc Adc 
VCE I YBE IC I IB 

TC = 25·C 

* ICEV 
900 -1.5 
1000 -1.5 

* lEBO -8 0 

* Vs;Eo(sus'fJ 0.28 

* hFE 3 58 
* VBE<sat) 58 

* VcE<satl 
'58 
lOS 

Vcei' 
(Clamped ESIb>. -6 5 
L = 170IIH 

ISib 30 5 

* Ihfel f=5 MHz 10 0.2 
fy 10 0.2 

* Cobo f=O.l MHz lad 

* '<I- -6 5 

* Ir• -6 5 

* ta- -6 5 
* t,e -6 5 

* tc 
Vee = 250 V, 
L=l70IIH, Ftc = -6 5 
50 g, Collector 
clamped to VCEX, 

TC - 100·C 

ICEV 
900 -1.5 
1000 -1.5 

Vmsat) 58-

tr-
-6 5 

ts· -6 5 

tre -6 5 

tc 
Vee = 250 V, 
L = l7OIlH, RC = -6 5 
50 g, Collector 
clamped to VCEX' 

*1 ReJc 10 5 

* In accordance with J EDEC registration data. 

a Pulsed duration = 300 lIS. duty factor < 2%. 

Q 

1 
1 
3 

lC 

1 
1 
lC 
lC 

lc 

1 
1 
lC 
lC 

lC 

UMITS 

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 
lIS 

- 0.4 - 0.4 

- 1 - - mA - - - 1 

- 1.5 - 1.5 V 

- 0.6 - 0.6 

- 5 - 5 

- 0.7 - 0.7 
lIS 

- 0.7 - 0.7 

0C/W 

b CAUTION: The sustaining voltage V CEO(sus) and V CEX MUST NOTbe measured on a curve lIIicer. 

c IB1 = - IB2 d VCB value • Vee = 250 V. tp = 20 lIS 
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____________________________________ Power Transistors 

2N6751, 2N6752, 2N6753, 2N6754 

10 100 1000 
COLLECTOR-TO- EMITTER VOLTAGE (VCE)-V 

92CS- 32041Rl 

Fig. 1 - Maximum operating areas for all type (T cC). 

125 

100 

75 

50 

25 

o 
o 

0.1 

25 50 75 tOO 125 150 115 200 
CASE TEMPERATURE ITc}_OC 92CS-32042 

Fig. 2 - Dissipation derating curves 
for all types. 

468 1 468'0 100 

COLLECTOR CURRENT (Xc )-A 92CS-U044 

Fig. 4 - Typical dc beta characteristics 
for all types. 

0,001 2 4680 .0 ,2 46 'b.t 2 4 S8, 2 4 &8'0 

PULSE WIDTH CTpl-S 
92CS-32043 

Fig. 3 - Typical thermal-response 
characteristic for all types. 

2 I B=IC/5 t .~ 
I " 0 ~ 1-
• 1/1.11.' ... .;-

~ . L.~~.'-" i 4 

~ Vj~~~~~ 
2 

O"~~ 
V' -" 

I 
0.1 z 4 , • 10 

COlLECTOR CURRENT(IC)-A 92CS-32045 

Fig. 5 - Typical collector-to-emitter saturation 
voltage as a function of collector 
current for all types. 
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2N6751, 2N6752, 2N6753, 2N6754 

~ 
~ I r-----:40.c 
2 • 
!;t 25"'CI_~,,12'!1·C 
~ • .~\WoE l1'''C-+-j-t-t-HH 
~.h ~~sE ,{£I'I'"O-

~ ~ 4r------+--+-+-t-+++t--1 
i~ 

*~ 
i 

.. 

01 
2 "6 10 

COLLECTOR CURRENT II C}-A .tCS-3204. 

Fig. 6 - Typical base-to-emitter saturation 
voltage as a function of col/ector 
current for aI/ types. 

8 ASE TEMPERATURE fTc I. 2'·C 

1.9"\a:P~ 
~6 
... 

I_ 
,00 

o 
o 10 

COlLECTOR-TO-EMIT!ER VOLTAGEIYCE)-V 'tCS-lI2~RI 

Fig. 8 - Typical output characteristics 
for all types. 

TEMPERATURE ITCI~ 
.IszsIA 
250 V 

2: ", 6 
COLLECTOR CURRENT (Xc )-A 

92CS-320:K)RI 

Fig. 10 - Typical saturated switching time 
characteristics for all types. 

~ 
'" ~ g 
~ 
li 

* ! 

COLLECTOR- TO-EMITTER 

I 

VOLTAGE IVCEr'V 

I 
_40-C 

8- ~s\25.C 
8 ~SE "EtAPER~"\)RE C . 
2 

QI 

• . 
COLLICTO" CUM!NT (tel-A • • 10 

'2CI-It047 

Fig. 7 - Typical base-ta-emitter voltage as a 
function of col/ector current for all 
types. 

CASE TEMPERATURE (Tc'SZS-C 
1..81"'1:82-'4 
VCC=250V 
tp· 20" • 

" 

" 

I, 

" 

.. 92CS-l1049RI 
COLLECTOR CURRENT {Ie )-A 

Fig. 9 - Typical saturated switching time 
characteristics for all types. 

CASE TEMPERATURE ITc 1=25·C 
I81" I A, 1:ez& 2: A 
Vee -Z!50V 
tp =20,... 

" 

• ~ 
'" ~ 
;: 

$ 
~ 

2 3 4 5 6 
COLLECTOR CURRENT CIe )-A 92CS-32o:1IRI 

Fig. 11 - Typical saturated switching time 
characteristics for a/l types. 
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____________________________________ Power Transistors 

CASE TEMPERATURE ITc I =IOO·C 
lei ~ lA, IB2~ 2A 
VCC'250V 
, =20,,1 

I, 

I, 

COLLECTOR CURRENT IIC)-A 
92CS-320!52Rt 

Fig. 12 - Typical saturated switching time 
characteristics for all types. 

10 .. 68 10 2 ... 6 8102 2 
COlJ.ECTOR-TO-BASE VOLTAGE (Vce!-Y 

OR EMITTER-TO-BASE VOLTAGE(VEBI-V 92CS-320!54 

Fig. 14 - Typical common-base input or output 
capacitance characteristics as a 
function of collector-to-base 

10% VCEX 

voltage or emitter-to-base voltage 
for all types. 

VCEX 
RATING 

10% Ie (PEAK) 

92CS-30389RI 

Fig. 16 - Oscilloscope display for measure
ment of clamped induction 
switching time (tc). 

2N6751,2N6752,2N6753,2N6754 

I.C· 5A 
I.g-IBz= IA 
VCC· 250V 
Ip.20 p$ 

'f 

I, 

20 40 60 80 100 120 140 
CASE TEMPERATURE(TC)-OC 92CS-320!53RI 

Fig. 13 - Typical saturated switching time 
characteristics as a function of 
case temperature for all types. 

10,-------, 

9 

& 

i 7 

';6 
!j 

lZ5r----
'" :::4 
::J 
o 
0: 3 e TC~ 125°C 

~ 2 
..J 
..J 
01 
o 

VCEORATING 

V IOOV 

I 
I 
I CLAMPED 
I VCEX RATING /'" 

I 

O~--------~----------~ 

. 
~ 
~ 
~ 
w 
0 
~ 
~ 

~ 

COLLECTOR-TO-EMITTER VOLTAGE 92CS-32800 

Fig. 15 - Maximum operating conditions for 
switching between saturation 
and cutoff. 

92cs-a04ea 

Fig. 17 - Phase relationship between input 
and output currents showing 
reference points for specification 
of switching times. 
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2N6751, 2N6752, 2N6753, 2N6754 

O.OOIjJ.F. 

24 II 

150f'F 

2g~~ 
1..L-20~S 5011 = 

MIN 

FREQ= 500 Hz 

VB2 
ADJ. FOR Ie2 

** 

Ie R1 A2 VCEX CLAMP 
15 A [15~! [15!! [CLAMPED VCEX RATING 1 

01,02 .. 2N6354 
03 ,. 2N3162 

Q4,05, 
06, Q7 : CA3725 QUAD 

TRANSISTOR 
ARRAV 

* THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COL LEe TOR OF 
TRANSISTOR UNDER TEST 

** KELVIN (SENSINGl 
CONNECT IONS 

NOTE; BATTERY SYMBOLS Vee. VBI' Ve2-
VS(CLAMPJ INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST tr AND 't TIMES 

AND HIGH CURRENTS PRESENT IN THE CIRCUIT 

NOTE: SWI CLOSED FOR Ir, ts. ff. SWI OPEN FOR Ie 

92CM-32103 

Fig. 18 - Circuit for measuring switching times. 
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___________________________________ PowerTranslstors 

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 

.M:·"lOII ] {t 
TOP VIEW B 

VCEX = 350 V to 450 V • Off-line power supplies 9leS-3M&9 

• Low VCE (sat) at Ic = 1 A • High-voltage inverters JEDEC TO-22OAB 
• VERSA WA TT package • Switching regulators 

The 2N6771 , 2N6772, and 2N6773" 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 tested for parameters that are essential 
to the deSign of high-power switching circuits. Switching 

MAXIMUM RATINGS, Absolute-Maximum Values: 

... VCEV 

times, including inductive tum-off time, and saturation voltages 
are guaranteed at 1250 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 

VBE = -1.5 V ......................................... 450 550 650 V 
, V CEX (Clamped) 

V8E=-1.5V......................................... 350 400 450 V 
'VCEO ................................................. 300 350 400 V 
.,.. VEBO ••••••••••••••••••••••••••••••••••••••••••••••••• 8 V 

Ic(sat) ............................................... . 1 A 
.,.. Ie ................................................... . 1 A 

ICM .................................................. . 2 A 
'18 .................................................... . 0.6 A 
, PT 

Tcup to 25°C ...................................... . 40 W 
T C above 25°C, derate linearly ....................... . 0.32 W/oC 

* TstQl TJ ••••••••••••••••••••••••••••••••••••••••••••••• -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 

VCdVSE IcllS 
TC-25°C 

450 1.5 

• ICEV 550 -1.5 

650 -1.5 

• lEBO -8 0 

• VCEO(sus)D 0.2a 0 

• VCE(sat) l a 0.2 

• VBE(sat) l a 0.2 

• hFE 
3 0.3a 

3 18 

• VCEXb 

(Clamped ES/b) -5 1 O.le 

L=450pH. 

RBB=50 n 

• IS/b 100 0.4 

• Ihtel t-l MHz 10 0.2 
fy 10 0.2 

• Cobo t-O.l MHz lOC 

• tdCl 1 0.2 

• trd 1 0.2 

• tsd 1 0.2e 

• ttd 1 0.2e 

• tc 
VCC=200 V. 
L=450pH. 

1 0.2e 
RC=200 n 
Collector clamped 

to VCEX 
TC-125°C 

450 -1.5 

• ICEV 550 -1.5 

650 -1.5 

• VCE(sat) 18 0.2 
• trO 1 0.2 

• tsd 1 0.2e 

• ttd 1 0.2e 

• tc 
VCC=200 V. 
L=450pH. 

1 0.2e 
RC=200n 
Collector clamped_ 

to VCEX 

'1 R8JC 20 1 1 

lR8JA 

· In accordance wIth JEDEC regIstratIon data. 
apulsed: pulse duration = 300/lS. duty factor :5 2%. 
bCAUTION: The sustaining voltage VCEO(SUS) 

LIMITS 

2N6771 2N6772 2N6773 UNITS 

Mln!Max. Mln.1 Max. Mln.IMax; 

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 - 5 

10 50 10 50 10 50 
10 50 10 50 10 50 MHz 
20 60 20 60 20 60 pF 
- 0.05 - 0.05 - 0.05 

- 0.4 - 0.4 - 0.4 

- 2.5 - 2.5 - 2.5 

- 0.6 - 0.6 - 0.6 
ps 

- 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 

ps 

- 1.5 - 1.5 - 1.5 

- 3.12 - 3.12 - 3.12 ·C/W 
- 70 - 70 - 70 ·C/W 

eVCB value. elB1 = -IB2' 
dVCC = 200 V. tp = 20/ls. 

and VCEX MUST NOT be measured on a curve tracer. 
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2N6771, 2N6772, 2N6773 

4 4 6 8 UlO 2 

COLLECTOR- TO-EMITTER VOLTAGE (VCEI-V 

92CM- 33681 

Fig. 1 - Maximum operating areas for all types. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE OfssrPA,TI()N-UMrTED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES 00 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

.5 50 100 125 1150 175 200 
CASE TEMPERATURE (Tel- "C 

Fig. 2 - Derating curve for all types. 

1 
0.01 4 6 80.1 2 4 6 8 I 2 

COLLECTOR CURRENT (Ie I-A 
" 6 8 10 

92C5-33583 

Fig. 4 - Typical dc beta characteristics for all 
types. 

~ 

li 
~ 
~ 

~ 
i" 
~ 

I 

100, . 
10, 

I , 

0.01 4 680.1 468, 4 6 B,O 

PULSE WIDTH Itpl-S 

Fig. 3 - Typical thermal-response character
istics for all types. 

0.1 I 
COLLECTOR CURRENT (ICrA 92C5-33684 

Fig. 5 - Typical collector-to-emitter saturation 
voltage as a function of collector 
current for all types. 
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2N6771, 2N6772, 2N6773 

I 
COLLECTOR CURRENT (:IC)-A 

92CS-33685 

Fig. 6 - Typical base-te-emitter saturation 
voltage as a function of collector 
current for all types. 

92CS-33687 

Fig. 8 - Typical output characteristics for all 
types. 

COLLECTOR CURRENT ':tc'-A 
92CS-33689 

Fig. 10 - Typical saturated-switching-time 
characteristics as a function of collector 
current for all types. 

I 
COLLECTOR CURRENT Clcl-A 

Fig. 7 - Typical base-to-emitter voltage as a 
function of collector current for all 
types. 

Fig. 9 - Typical saturated-switching-time charac
teristics for all types. 

CASE TEMPERATURE ITc )_·C 92CS-5H90 

Fig. 11 - Typical saturated-switching-time 
characteristics as a function of case 
temperature for all types. 
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COLLECTOR-TO-BASE VOLTAGE (Veal-V OR 
EMrTTER- TO-BASE VOLTAGE ('liEBl-V 

9ZCS-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. 

"CEX 
RATING 

10% Ie (PEAlC:) 

92CS-30389RI 

Fig. 14 - Oscilloscope display for measurement 
of clamped induction switching time 
(tol· 

O.OOIp.F 

0.005 p.F 

24n 

i 50 !'F 

2g~~ 
U-20.S 50n -

MIN 
FREQ"'50DHz 

V.2 
ADd. FOR IB2 

1 
·U 
~ I 
I
~O.8 
a: 

2N6771, 2N6772, 2N6773 

CLAMPED ~O.6 
u Tcsl25°C VCEX RATING--
~O.4 
I-
u 
~O.2 
.... 8 OL-____________________ --' __ _ 

COLLECTOR-TO-EMITTER VOLTAGE 

92CS-33692 

Fig. 13 - Maximum operating conditions for 
switching between saturation and 
cutoff. 

"* 

A 10% 
tel = A-B 
tr=B-C 
ts=x-v 
tl=V_Z 
'TRANSiTION ~ X-W 
NOTE: TRANSITION TIME 
fROM 90% IS1 TO 90% 182 

MUST BE Less THAN 0.3 1'1. 

92CS-3045B 

Fig. 15 - Phase relationship between input and 
output currents showing reference points 
for specification of switching 
times. 

I'A 11:0 I' ~ I CLAMPED 'liCE)( RATINGJ 

RL" 200QIIOW 
NON INO 

SWI 

D2540M 

ai, Q2 .. 2N6354 
03 '" 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 

NOTE; BATTERY SYMBOLS VCC ' VBI ' VB2' 
VB(CLAMPI INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST1, AND " TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

NOTE: SWI CLOSED FOR tr. t •• ff. SWI OPEN FOR te. 

92.CM-33693 

Fig. 16 - Circuit for measuring switching times. 
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40346~ 40412 File Number 211 

Medium-Power Silicon 
N-P-N Planar Transistors 
For High-Voltage Switching and Linear-Amplifier Applications 

F •• tures: 
• For operation at junction temperature up to 200· C 
• Planar construction for low noise and low leakage 

The 40346 and 40412 are silicon n-p-n transistors having 
high breakdown voltages, high frequency-response capa
bility, and fast switching spee~s. 

TERMINAL DESIGNATIONS 

These transistors are intended for a wide variety of low- and 
medium-power, high-voltage applications. Type 40346 is 
especially useful in differential and operational amplifiers. 
Type 40412 is especially suited for class A acldc audio
amplifier service. 

. ,fj" ... , 
Types 40346 and40412 are supplied in aJEDEC TO-205AD 
hermetic package. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

VCEA(SUS) 

RaE = 1000 Cl .................................................................... .. 
RaE = 10,000 Cl ...................................................................... . 

Ie ••••••••••••.•••••••••••••••••••••.••••••••••.•••••••.••••••••••••••• , ............ .. 
I ........................ ' ............................................................ . 
PT 

Tc:525·C ....................................................................... . 
T.:550· .......................................................... ; .............. . 
T.:525·C ......... , ............................................................. .. 
At other temperatures ••••• ',' ................. '.' , ............ ; .................... . 

T .... TJ ............... ;;.' ........................................................... . 
~ . 

At distance 1/16 ± 1132 inch (1.59 ± 0.79 mm) from case for 10.s max .•.•••••••••••••• 

92CS-27S12 

JEDEC TO-2OSAD 

40346 40412 

175 
250 

1 1 
0.5 0.5 

10 10 
1 1 

___ See Fig. 1 ___ 
___ -65 to +200 ___ 

+265 

V 
V 
A 
A 

W 
W 
W 

·C 

·C 
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40346, 40412 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2!PC 

unless otherwise specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT CHARACTERISTIC 
40346 40412 

Vde mAde 

VCE VBE IC IB Min. Max. Min. Max. 

ICEO 100 0 - 5 - -

ICER 

RBE=10kn 100 - - - 1 

ICEV 200 -1.5 - 10 - -

TC = 1500 C 
150 -1.5 - - - 2 
200 -1.5 - 1 - -

lEBO 
-4 0 - 5 - -
...,.3 0 - - - 100 

10 10 25 - - -
hFE 20 30 - - 40 -
VCER(sus) 

RBE = 1 kn 50 1758 - - -
RBE = 10 kn 50 - - 2508 -

VBE 10 10 - 1 - -
VCE(sat) 10 1 - 0.5 - -

Ihfel 
f = 5 MHz 10 10 2 - 2 -

Cobo 
VCB = 10V - - - 10 
f = 1 MHz 

ISlb 
t = 1 s. - - 50 -
nonrep. 

40346 - 15 - -
ROJC 40412 I - r - - 15 

a CAU",:ION: Sustaining voltage VCER(SUS), MUST NOT be measured on a curve tracer. 

UNITS 

pA 

rnA 

pA 

rnA 

/lA 

V 

V 

V 

pF 

rnA 

10C/W 

COLL.ECTOR-TO-EMITTER VOLTS IVCE1-.q 

Ii' '''0 " .. ~ 
2 ~ i 120 . 

." 1':: ~ 
~. 

~" 

I 80 ~ 

~~ 40 

2. ~ 
g 

• 
0.01 2 

, 
.I " '10 2 . B,OO 2 

COLLECTOR CI.ltRENT Ilcl-MlLL.IAMPERES 

TEMPERATURE _·C 

'lo 

Fig. 1 - Dissipation derating curves. Fig. 2 - Typical dc beta characteristics for all types. 
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40346,40412 

COLLECTOR-lO-EMITTER VOLTS {VCE1-V 

Fig. 3 - Typical output characteristics for a/l types. 

COLL.ECTOR-lO-EMITTER VOLTS I\'CEI~IO 

.'0'" ~ . g,4 V ! 4 

~ I~ ~~.<.17 -!' 

'" . - r- ~ _." t : ",f-r-
- r-I-J 

.t' 

" .... 1.°8 r= I=t!' 

i : 1= I=tr, 
I- f-~ ---

/ ~ 0.1. 

g : f-- f--. 
..f-. 

r- -.., --- .-
0.01 

0.2 0.3 0.' 0.' 0 .• 

BASE-TO-EMITTER VOLTS IYBEJ 

COl.LECTOR-TO-EMITTER VOLTS !VeE) -'0 
10'8 

10 
0.2 0.3 0.' 0.' 

eASE-lO-EMITTER VOLTS (YBEI 

0.1 0 .• 

Fig. 4 - Typical Input characteristics for a/l types. 

/ 

0.1 0 .• 

Fig. 5 - Typical transfer characteristics for a/l types. 
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File Number 88 

Silicon N-P-N Medium- and 
High-Voltage Transistors 
General-Purpose Transistors for Industrial and 
Commercial Equipment 

Features: 

• High second-breakdown resistance 
• V CE( sat) typically less than 1 V at 1 A 

for 40347 and 40348 
• Hermetically sealed packages 

The 40347 and 40348 are silicon n-p-n transistors intended 
for a wide variety of low- and medium-power applications 
requiring medium- and high-voltage power transistors. 
These devices .differ primarily in their breakdown-voltage 
ratings. 

Typical applications for these transistors incJude switching 
regulators, converters, inverters, relay controls, oscillators, 
pulse amplifiers, and audio amplifiers (in low-power driver 
and output stages). These transistors are especially suitable 
for use in low-cost ac/dc amplifier circuits. 

MAXIMUM RATINGS. Absolute-Maximum Values:' 

COLLECTOR-TO-BASE VOLTAGE .....•...................... VCBO 
COLLECTOR-TO-EMITTER VOLTAGE: 

With -1.5 V (VBE) of reverse bias ............................. VCEV 
With base open •....................•...................... V CEO 

EMITTER-TO-BASE VOLTAGE................................ VEBO 
CONTINUOUS COLLECTOR CURRENT •...................... Ic 
PEAK COLLECTOR CURRENT ........•.•.•..............•... ICM 
CONTINUOUS BASE CURRENT .......•...................... IB 
TRANSISTOR DISSIPATION .... ;............................. PT 

At case temperature up to 25·C .•....•......•..•............ 
At case temperature above 25·C ............................ . 
,At ambienttemperature up to 25·C ...•......•............... 

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

LEAD TEMPERATURE (During.soldering): 
At distances:> 1132 in. (0.8 mm) from seating plane for 10 s max. 

40347, 40348 

TERMINAL DESIGNATIONS 

,fj",." 
92C5-27512 

JEDEC TO-205M 

40347 40348 
60 90 V 

60 90 V 
40 65 V 

7 7 V 
1.5 1.5 A 
3.0 3.0 A 
0.5 0.5 A 

8.75 8.75 W 
See Figs. 1 & 2 ___ 

1.0 1.0 W 

-65 to 200 ·C 

230 ·C 
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40347, 40348 
ELECTRICAL CHARACTERISTICS. At Case Temperature (T cJ = 25"C unless otherwise specified 

TEST CONDITIONS LIMITS 

Characteristic Symbol Voltage Current Units 
Vdc Adc 40347 40348 

VCE VES VSE Ic IS Min. Max. Min. Max 

Collector-Cutoff Current 
30 - 1 - -

With external ba .... to· 
ICER 60 - - - 1 jlA 

emitter resistance 
90 - - - -

(RBEI = 1 kSl 

With RSE = 1.kSl 
30 - 1 - -

andTC= 150 C ICER 60 - - - 1 mA 

90 - - - -

Emitter·Cutoff Current lEBO 7 - 10 - 10 jlA 

4 0.15 - - - -
DC Forward-Current 4 0.30 - - 30 125 

Transfer Ratio hFE 4 0.45 25 100 - -
4 1.00 - - 10 -

Collector·to-Emitter 
Sustaining Voltage: 

With base-emitter junc~ VCEV(susl -1.5 0.050 60 - 90 - V 
tion reverse biased 

With base open VCEO(susl 0.050 40 - 65 - V 

4 0.15 - - - -
Sase-to-Emitter Voltage VBE 4 0.30 - - - 1.3 V 

4 0.45 - 1.5 - -

0.15 15mA - - - -
Collector-ta-Emitter 

VCE(satl 0.30 30mA 0.75 V - - -
Saturation Voltage 

'0.45 45mA - 1 - -

Forward-Bias Second Break- 38 345 - - -
down Collector Current ISlb 63 - - 208 - mA 

110$ non-repetitive pulsel 138 - - - -

Thermal Resistance 
R8JC ·C/W Junction-to.case - 20 - 20 

a Pulsed; pulse duration = 300 jlS, duty factor';;; 2%. 
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COLLECTOR-yo--EMITTER VOLTAGE (VCE)-V 

92SS-3586R2 

Fig. 1 - Maximum operating areas for types 40347 and 4U348. 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE (Tel - °c 

Fig. 2 - Dissipation derating curve for types 40347 and 40348. 

COLLECTOR CURRENT (lei/BASE CURRENT (Is) = 10 
CASE TEMPERATURE (Tel - 25°C 
1,000 

I V 
dOn / 

~ ,1'// i 
ron ~. 

$' 

~ 400 / 
g / 
8 200 

/ 
n.' n.4 n.6 n.8 I.n L2 

COLL!:CTOR-TO-EMITTER SATURATION VOLTAGE, VCE(SATI--V tzeS.I_, 

Fig. 3 - Typical saturation characteristics for types 40347 and 
40348. 

40347, 40348 
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40347, 40348 

CASE TEMPERATURE (Tel ~ 2SOC III 
BASE CURRENT (lB) " limA 

'011 f 9 

1 y 
7 

e 300 

I 5 

~200 3 

B 
~ 100 

I 

,g 100 
1.1 

" .\~ 
S · ~~}- .... 
~ &Of--r- "-~,~~ 

" tl; ,,,,0$ '" 
,.pC ~ lE=4V 

~ 60 <f>'" 

§ 1-'"' V ~~ 
~ 40 

i f-" 
V VeE .I~).o:~; 

" Ii' It g 
0 

1.0 1.0 3.0 4.0 5.0 6.0 01 
I · I I .. , 

1.0 10 
I • II 

100 
2 ... 

1000 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V COLLECTOR CURRENT Clc)-mA 

Fig. 4 - Typical output characteristics for type 40347. Fig. 5 - Typical dc-beta characteristics for type 40347. 

CASE TEMPERATURE (Tel" zsoc 
f---;;o 

~100 
~ ~.\¢C 
~8D ~~v..\.~- -! 0'-\,\.~" 

... ,< VCE{ 'V 
~ 60 -c~; ... 
i , ... ;P/ '~ 
~ 40 .....- veE·I;~~ iii V 
~ 20 - I g 

1.0 1.0 3.0 4.0 5.0 6.0 0.1 2 · .6 681.0 2 810 2 , ., 
100 2 , I 

COLLECTOR-TO·EMITTER VOL lAGE (VCE)-V COLLECTOR CURRENT (lC)-fJlA 

Fig. 6 - Typical output characteristics for type 40348. Fig. 7 - Typical dc-beta characteristics for type 40348. 

COlLECTOR-TO-EMITTER VOL lAGE (VCE) " 4V COlLECTOR·TO·EMITTER VOL lAGE (VCE) " 4V 

500 
It,, __ 

",400 

// 1 
5300 -#/1 ~ ¢,~/~ 
a:: 200 

§ ~, I ~.f/ j #1 8100 

;~r V 

"' .00 
i l ~/ g3DD 

I -¢::"2; 

~ 
~ 200 11 B 
j 
8100 

<l' V 
0.1 0.' 0.6 0.8 1.0 1.1 1.4 0.2 0.4 0.6 0.8 1.0 1.1 

BASE-TO-EMITTER VOL lAGE (VBEl-V BASE·TO-EMITTER VOL lAGE (VBEl-V 

Fig. 8 - Typical transfer characteristics for type 40347. Fig. 9 - Typical transfer characteristics for type 40348. 
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File Number 219 

Silicon N-P-N and P-N-P 
Power Transistors 
For Audio-Amplifier Applications 

Features: 
40406 & 40407 
• VCEO(SUS) = -50 V max. (40406) 
• VCEO(SUS) = 50 V max. (40407) 
• 40406 is p-n-p complement of 40407 
• 1 W dissipation rating 

40408 
• VCEO(SUS) = 90 V max. 
• 1 W dissipation rating 

40411 
• VCER(sus) = 90 max. 
• 150 W dissipation rating 

RCA-40406, 40407, 40408 and the 40411 are silicon n-p-n 
and p-n-p transistors intended for use in audio amplifiers. 
Givin9 high-quality performance economically, these four 
devices have power dissipation ratings of 1 to 150 W. Types 
40406,40407, and 40408 are supplied in JEDEC TO-205AD 
hermetic packages. The 40411 unit, intended for use in 
audio output stages, is in a steel JEDEC TO-204AA hermetic 
package. 

MAXIMUM RATINGS, AbsOlute-Maximum Values: 

40406 

VeEO(SUS) ........................................... .. -50 
VeER(SUS) 

Ra. = lOOn ........................................ . 
VEBO •• .••..••••••.•••••..•..••.••••••••.••••••••••.•. , -4 
Ie ................................................... . -0.7 
la ................................................... . -0.2 
PT: 

T.';;;25·C ......................................... . 
Te';;;25·C ......................................... . 

40406, 40407, 40408, 40411 

TERMINAL DESIGNATIONS 

92CS-27512 

JEDEC TO-20SAD 

92CS-27516 

JEDEC TO-204AA 

40407 40408 

50 90 

4 4 
0.7 0.7 
0.2 0.2 

40411 

90 
4 

30 
15 

150 

v 

v 
V 
A 
A 

TJ ................................................... . ________ -6510 +200 _______ _ 

w 
w 
·C 

________________________________________________________________ 2-335 



Power Transisto~ _________________________________ _ 

40406,40407, ~0408, 40411 
ELECTRICAL CHARACTERISTICS, TC = 25" Unless Otherwise Specified 

TEST 
LIMITS CONDITIONS 

CHARACTER· VOLT· CUR· 40406# 
40408 4041.1 I ISTIC AGE RENT 40407 

Vdc Adc 

VCE IC IB Min. Max. Min. Max. Min. Max. UNITS 

ICBO 
10· 0.25· - - - - p.A 

IE =0 
-

ICEO 40 - 1 - - - -
80 - - - 1 - - p.A 

TC=150°C 
40406 40 - 0.01 - - - -
40407 40 - 0.1 - - - - mA 
4040S 80 - - - 0.25 - -

ICER 
SO 

RBE = 100 n - - - - - 500 p.A 

TC=150°C 80 - - - - - 2 mA 

lEBO 
VBE =-4 V 0 - 100 - 100 - 500 p.A 

VCEo(susl 0.18 0 50b - 90b - - .- V 

VCER(susl 0.1 - - - - -
V 

RBE = lOOn 0.2 - - - 90 -
VBE 10 0.001 a - o.se - - - -

4 0.01 8 - - - 1 - -
4 0.15a - - - - - - V 

4 4a - - - - - 1.2 

VCE(satl 
0.158 0.015 - - - 1.4 - -

4" 0.4 O.S 
V - - - - -

40406 10 • 0.1 mAo 30 200 - - - -
40407 10 0.001" 40 200 - - - -

hFE 4040S 4 0.018 - - 40 200 - - .. -
40411 4 48 - - ._-- - 35 100 

hfe 
10 0.05 66 

f = 20 MHz - - - - -

fT 
4 0.05 100 (typ.I 100 (typ.1 - - MHz 

4 4 -

Cobo 
156 IE =0 10· 

f= 1 MHz 

IS/b 
30 -

t = 1s non rep 

R8JC -

R8JA -

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

• Vce 6 40407 only 
8 Pulsed; pulse duration = 300 ,,5, duty factor';; 2% 

- - - SOO (typ.1 kHz 

- - - - - pF 

- - - 5 - A 

35 - 35 - 1.17 
°C/W 

175 - 175· - -

b CAUTION: The sustaining voltage VCEO(susl 
MUST NOT be measured on a curve tracer. 
V CEO(sus) should be measured by the pulse 
method (Note ·a·). 

e 40406 tested 8t I C = -0: 1 mA 
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40406, 40407, 40408, 40411 
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Fig. 7 - Typical dc beta characteristics for 40411. 
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Fig. 13 - Typical output characterstics for40411. 
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Fig. 15 - Typical transfer characteristics for 40407 and 40408. 
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80142 

High-Power Silicon 
N-P-N Transistor 
General-Purpose Device 
For Commercial Use 

Features: 

• Maximum-safe-area-of-operation curves 
• Low satvration voltage 
• High dissipation rating 

Applications: 

• Series and shunt regulators 
• High-fidelity amplifiers 
• Power-switching circuits 
• Solenoid drivers 
• 12-V audio and inverter circuits 

The RCA-BD142 is a silicon n-p-n transistor intended for a 
wide variety of intermediate-power and high-power applica
tions. It is especially suited for Ilse in audio and inverter 
circuits at 12 volts. 

This type is supplied in the steel JEDEC TO-204AA her
metic package. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

COLLECTOR·TO·BASE VOLTAGE ................................... . 
COLLECTOR·TO·EMITTER SUSTAINING VOLTAGE: 

With base open .................................................. . 
With base reverse lIias VBE = -1.5 V ................................. . 

EMITTER·TO·BASE VOLTAGE ..................................... . 
CONTINUOUS COLLECTOR CURRENT .............................. . 
CONTINUOUS BASE CURRENT ..................................... . 
TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C 
At case temperatures above 25°C 

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

PIN TEMPERATURE (During Soldering): 
At distances 2 1132 in. (O.B mm) from seating plane for 10 s max. . ......... . 

File Number 701 

TERMINAL DESIGNATIONS 

c 

'~ 
92CS-2751e 

JEDEC TO-204AA 

VCBO 50 V 

VCEO(sus) 45 V 
VeEV(sus) 50 V 

VEBO 7 V 

Ie 15 A 

IB 7 A 

PT 
117 W 

See Figs. 1 & 2 

-65 to +200 °e 

235 °c 
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8D142 
ELECTRICAL CHARACTERISTICS, At Case Temperature (T C) = 25°C Unless Otherwise Specified. 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT LIMITS UNITS 
Vdc Adc 

VCE VEB VBE IC IB MIN. MAX. 

Collector Cutoff Current: 

With base-emitter junction ICEV 40 -1.5 - 2 
rnA 

reverse-biased 

Emitter Cutoff Current lEBO 7 - 1 rnA 

Collector-ta-Emitter 

Sustaining Voltage: 

With base open VCEOlsus) 0.2 a 45 - V 

With base-emitter junction 
VCEV(sus) 

-1.5 0.1 50 -
reverse-biased 

DC Forward Current 

Transfer Ratio hFE 4 4" 12.5 160 

Base-ta-Emitter Voltage VBE 4 4" - 1.5 V 

Collector-ta-Emitter 

Saturation Voltage VCElsat) 4" 0.4 - 1.1 V 

Common-Emitter, Small-

Signal, Short·Circuit, 

Forward Current Transfer hfe 4 1 10 -

Ratio 

If = l"kHz) 

Magnitude of Common-

Emitter. Small-Signal, 

Short-Circuit, Forward I hfel 4 1 2 -

Current Transfer Ratio 

If,,: 0.4 MHz) 

Gain-Bandwidth Product fT 4 1 800 - kHz 

Forward-Bias Second-Break- ISlb 
, 

- A 39 3 
down Collector Current (t ~ 1 s) 

Thermal Resistance R8JC - 1.5 °CIW 

(Junction-to-Case) 

a Pulsed: Pulse duration = 300 ",S, duty factor = 2%. 
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B0142 

o 
-100 -50 0 50 100 ISO 200 

CASE TEMPERATURE-·C 

Fig. 1 - Maximum safe area of operation 

92CS-22813 

BASE-TO-EMITTER VOLTAGE(VE-Y 
92C5-I2307R1 

Fig. 2 - Dissipation derating curve. Fig. 3 - Typical input characteristics. 
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80142 

CASE TEMPERATURE (Tel: 258 c 
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Fig. 4 - Typical output characteristics. Fig. 5 - Typical transfer characteristics. 

COLLECTOR-TO-EMITTER VOLTAGE tVCE) '" 4 V 

f • ·c 
1\li"'1'" .,.... 

Q ," 5' C 
~ 60 ,/ .,1 ~~C"'l;--

~ L. ~~ --- ~~~ ~ '\.'\. 
~ ~~ 
!z 40('7 '\. 

~ 
~ 20 

i 
~ 
g , . . . , . . . 2 . 6. 

0.01 0.1 1.0 10 
COLLECTOR CURRENT IIC)-A 

Fig. 6 - Typical dc-beta characteristics. 
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80181, 80182, 80183 

High-Power Silicon N-P-N Transistors 

Broadly Applicable Devices 
For Commercial Use 

Features: 

• Maximum safe-area-of-operation curves 

• Low saturation voltages 

• High dissipation ratings 

RCA-BD181, BD182 and BD183 are silicon n-p-n transistors 
intended for a wide variety of high-power applications. Typ
ical applications include power-switching circuits, audio 
amplifiers, solenoid drivers, and series and shunt regulators. 

These devices are supplied in the popular JEDEC TO-
204AA package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

File Number 700 

TERMINAL DESIGNATIONS 

92CS·27516 

JEDEC TO-204AA 

80181 80182 80183 

COLLECTOR-TO-BASE VOLTAGE ............................... VCBO 55 70 85 V 
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 2So"C ......•... , .................... . 
At case 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. . .... 

VCER(sus) 
VCEO(sus) 

VEBO 
IC 
IB 
PT 

55 70 85 V 
45 60 80 V 

7 7 7 V 
15 15 15 A 
7 7 7 A 

117 117 117 W 
_SeeFig.2_ 

___ -65 to +200 _ °c 

~ 235 ~ °c 
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80181, 80182, 80183 
ELECTRICAL CHARACTERISTICS, At Case Temperature IT cI = 25°C Unless OthfNwise Specified 

TEST CONDITIONS LIMITS 

CUR· 
CHARACTERISTIC SYMBOL VOLTAGE RENT UNITS 

Vdc Adc B0181 B0182 B0183 

VCB VCE V EB V BE IC IB MIN. MAX. MIN. MAX. MIN. MAX. 

Collector-Cutoff Current: 45 0 - 2 - - - -
With emitter open and ICBO 60 0 - - - 5 - -
TC=200oC 80 0 - - - - - 5 

With base-emitter junction 45 -1.5 1 - - - - mA 
reverse-biased ICEX 60 -1.5 - - - 1 - -

80 -1.5 - - - - - 1 

Emitter-Cutoff Current lEBO 7 - 5 - 5 - 5 mA 

Collector-ta-Emitter Sustaining Voltage: 
With base open VCEO(sus) 0.2" 0 45 - 60 - 80 -

With external base-to-emitter resistance 
(RBE)=I00 n VCER(sus) 0.2" 55 - 70 - 85 - V 

DC Forward Current Transfer Ratio hFE 
4 48 - - 20 70 - -
4 ~ 20 70 - - 20 70 

Base-ta-Emitter Voltage VBE 
4 ~ - 1.5 - - - 1.5 
4 4- - 1.5 

V - - - -
Collector-ta-Emitter Saturation 

VCE(sat) 
48 0.48 - - - 1 - -

Voltage ~ O.~ - 1 - - - 1 V 

Magnitude of Common-Emitter. Small-
Signal, Short-Circuit. Forward Current Ihlel 4 1 2 - 2 - 2 -
Transler Ratio (I = 0.4 MHz) 

Gain-Bandwidth Product IT 1 800 - 800 - 800 - kHz 

Common-Emitter. Short-Circuit, Small-
Signal, Forward Current Transfer Ihle 4 0.3 15 - 15 - 15 - kHz 
Ratio Cutoff Frequencv 

Forward-Bias Second Breakdown ColleGtar 
ISlb 30 3.95 Current (t;;;' 1 s) - 3.95 - 3.95 - A 

Thermal Resistance (Junction-ta-Case) ReJC - 1.5 - 1.5 - 1.5 °C/W 

a ,Pulsed: Pulse duration = 300 I'S, duty factor = 1.8%. 
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BD181, BD182, BD183 

10 
COLLEtTOR-TO-EMITTER VOLTAGE (YCE)-V 

100 

Fig. 1-Maximum operating areas for a/l types. 

•.• 1.1 • . II 
75 25 50 75 

CASE TEMPERATURE ITel - GC 

1.;;,.:::::1 
0.5 I 1.5 2 2.5 

BASE-TO-EMITTER VOL.TAGE(VBE)-V 

Fig. 2 - Dissipation and ISlb derating of a/l types. Fig. 3 - Typical transfer characteristics for a/l types. 
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Fig. 8 - Typical dc-beta characteristics for B0182. 

80181, 80182, 80183 
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Fig. 5 - Typical output characteristics for B0182. 
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B0239, B0239A, B0239B, B0239C 

Epitaxial-Base Silicon N-P-N 
VERSAWA TT Transistors 
For Power-Amplifier and 
High-Speed-Switching Applications 

Features: 
• 30 W at 25°C case temperature 

• 4-A, rated collector current 

• Min. fT of 3 MHz at 10 V. 200 mA 

• Complements of p-n-p types B0240, B0240A, B024OB, and B0240C 

File Number 669 

TERMINAL DESIGNATIONS 

Types B0239, B0239A, 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.) 

'M;'"lOii] {2:' 
TOP VIEW B 

All types utilize the JEDEC TO-220AB (VERSAWATT) plas
tic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

BD239 

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 
TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C .. " .. 30 
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. ........ ....... .. 

92CS-39969 

JEDEC TO-220AB 

BD239A BD239B B0239C 

70 90 115 V 
60 80 100 V 
5 5 5 V 
4 4 4 A 

1 1 A 

30 30 30 W 
2 2 2 W 

See Fig. 2 • 

-65 to 150 • °c 

235 • °c 
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80239, 80239A, 802398, 8D239C 

ELECTRICAL CHARACTERISTICS at Case Temperature (TC) = 2!PC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

BD239 BD239A BD239B BD239C UNITS 
Vdc Adc 

VCE V BE IC IB MIN. 

Collector Cutoff Current: 
ICEO 

30 0 -
With base open 60 0 -

With base·to·emitter 45 0 -
junction short-circuited 

ICES 
60 0 -
80 0 -

100 0 -

Emitter Cutoff Current IE80 -5 0 -

Collector-ta-Emitter 
Breakdown Voltage: VaR(CEO) 0.03a 0 45 
With base open 

DC Forward-Current 
hFE 

4 0.2a 40 
Transfer Ratio 4 1a 15 

Base-ta-Emitter Voltage VaE 4 1a -

Collector-ta-Emitter 
VCE(sat) 1a 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 ,",S, duty factor"" 2%. 

COLLECTOR-TO-EMITTER VOLTAGE (VeE )-v 

Fig. 1- Maximum safe aperatingareas far a/I types. 

MAX. MIN. 

0.3 -
- -
0.2 -
- -
- -
- -

1 -

- 60 

- 40 
- 15 

1.3 -

0.7 -

- 20 

- 3 

4.17 -

62.5 -

001 

MAX. MIN. 

0.3 -
- -
- -
0.2 -
- -
- -

1 -

- 80 

- 40 

- 15 

1.3 -

0.7 -

- 20 

- 3 

4.17 -
62.5 -

4 6. 
0.1 

MAX. MIN. 

- -
0.3 -
- -
- -
0.2 -
- -

1 -

- 100 

- 40 
- 15 

1.3 -

0.7 -

- 20 

- 3 

4.17 -

62.5 -

COLLECTOR CURRENT I Ie)-A 

MAX. 

-
0.3 

mA 
-
-
-
0.2 

1 mA 

- V 

-
-

1.3 V 

0.7 V 

-

-

4.17 
°CIW 

62.5 

4 6' 
10 

Fig. 2- Typical dc beta characteristics for all types. 
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80240, 80240A, 802408, 80240C 

Epitaxial-Sase Silicon P-N-P 
VERSAWA TT Transistors 
For Power-Amplifier and 
High-Speed-Switching Applications 

Features: 
• 3O·W at :25°C case temperature 

• 4-A rated collector current 

• Min_ fT of 3 MHz at 10 V, 200 mA 

• Complements of n-p-n types B0239, B0239A, B0239B, and B0239C 

Types BD24O, BD240A, BD240B, and BD240C 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 BD240-series power transistors are complements 
of the devices in the BD239 series. (The BD239-series devices 
are described in Fi Ie No. 669.) 

All types utilize the JEDEC TO-220AB (VERSAWATT) plas
tic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

File Number 670 

TERMINAL DESIGNATIONS 

92CS-39969 

JEDEC TO-220AB 

BD240 B0240A B0240B BD240C 

COLLECTOR-TO-EMITTER VOLTAGE: 
With external base-to-emitter 
resistance (RBE) = 100 n .......... VCER -55 -70 -90 -115 V 
With base open .................. VCEO -45 -60 -80 -100 V 

EMITTER-TO-BASE VOLTAGE ....... VEBO -5 -5 -5 -5 V 
CONTINUOUS COLLECTOR CURRENT IC -4 -4 -4 -4 A 
CONTINUOUS BASE CURRENT ....... IB -1 -1 -1 -1 A 
TRANSISTOR DISSIPATION: PT 

At case temperatures up to 250 C .... 30 30 30 30 W 
At ambient temperatures up to 250 C . 2 2 2 2 W 
At case temperatures above 250 C .... .. See Fig. 2 ~ 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ...... .. -65 to 150 • °c 

LEAD TEMPERATURE (During Soldering): 
At distance 1/8 in. (3.17 mm) from 
case for lOs max. ...... ......... .. 235 • °c 
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B0240, B0240A, B0240B, B0240C 
ELECTRICAL CHARACTERISTICS at Case Temperature (TCi = 2f1JC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

BD240 BD240A BD2408 BD240C UNITS 
Vdc Adc 

V CE V BE IC IB MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

Collector Cutoff Current: 
ICED 

-30 0 0.3 0.3 
With base open -60 0 "0.3 0.3 

rnA 
With base-ta-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 0 -1 -1 -'I -1 rnA -Co Ilector-to-E m itter 
Breakdown Voltage: VSR(CEO) ·0.03- 0 -45 -60 -80 HOO V 
With base open 

DC Forward-Current 
hFE 

-4 -{).2- 40 40 40 40 
Transfer Ratio -4 _1- 15 15 15 15 

Base-ta-Emitter Voltage V BE -4 _1- -'.3 -1.3 -1.3 -1.3 V 

Collector-ta-Emitter 
VCE(sat) _1- -0.2 

Saturation Voltage 
-0.7 -0.7 -0.7 -0.7 V 

Common-Emitter 
Small-Signal Short-

hie -10 -{).2 20 20 20 20 
Circuit Forward-
Current Transfer Ratio 
(I ~ 1 kHz) 

Magnitude of Common 
Emitter Small-Signal 

ihlei -10 .Q,2 
Shoft-Circuit Forward-

3 3 3 3 

Current Transfer Ratio 
If ~ 1 MHz) 

Thermal Resistance: 
J u nct ion-ta-Case ROJC 4.17 4.'7 4.17 4.17 

°CIW 
Junction-ta-Ambient ROJA 62.5 62.5 62.5 62.5 

Bpulsed: Pulse duration = 300 /JS, duty factor = 2%. 
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Power Transistors 

B0240, B0240A, B0240B, B0240C 

-I:~" 

COLLECTOR-lO-EMITTER VOLTAGE (VCEJ-V 92CS- 2243. 

Fig. 1- Maximum safe operating areas for all ~ypes. 

CASE TEMPERATURE {TCl-·C 
92CS-19663 

Fig. 2- Derating curves for all types. 
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Fig. 3 - Typical dc beta characteristics for al/ types. 
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________________________________________________________________________ PowerTransistors 

File Number 671 

Epitaxial-Base Silicon N-P-N 
VERSAWA TT 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 

B0241, B0241 A, B0241 B, B0241 C 

• Complements of p-n-p types B0242, B0242A, B0242B, and B0242C 

Types B0241, B0241A, 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: 

B0241 

COLLECTOR-TO-EMIFER VOLTAGE: 
With external base-to-emitter 
resistance (RSE) = 100 Q .......... 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 250 C .... 40 
At ambient temperatures up to 250 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. . ...... ........ .. 

TERMINAL DESIGNATIONS 

"':"10 11 ] ~~' 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

BD241A B0241B 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 
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Power Transistors ____________________________________ _ 

B0241, B0241A, B0241B, B0241C 

ELECTRICAL CHARACTERISTICS at Case Temperature (T cJ = 2!fJC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

Vdc Adc 
BD241 BD241 A BD241B BD241C UNITS 

V CE V BE 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 46 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-ta-Emitter 
Breakdown Voltage: VBRICEO) 0.03" 0 46 - 60 - 80 - 100 - V 
With base open 

DC Forward-Current 4 I" 25 - 25 - 25 - 25 -
Transfer Ratio hFE 4 3" 10 - 10 - 10 - 10 -

Base-ta-Emitter Voltage VBE 4 3" - 1.8 - 1.8 - 1.8 - 1.8 V 

Collector-to-E mitter 
VCElsat) 3" 0.6 1.2 1.2 1.2 1.2 V 

Saturation Voltage 
- - - -

Common-Emitter 
Small-Signal Short-

hie 10 0.5 20 - 20 - 20 - 20 -
Circuit Forward-
Current Transfer Ratio 

, 
II" 1 kHz) 

Magnitude of Common 
Emitter Small-Signal 

Ihlel 10 0.5 3 - 3 - 3 - 3 -
Short-Circuit Forward-

Current Transfer Ratio 
II" 1 MHz) 

Thermal Resistance: 
Junction-to-Case ROJC - 3.125 - 3.125 - 3.125 - 3.125 

°ClW 
Junction-ta-Ambient ROJA - 62.5 - 62.5 - 62.5 62.5 

apulsed: Pulse duration = 300 }lS, duty factor = 2%. 
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____________________________________ Power Transistors 

B0241, B0241A,B0241B, B0241C 

COLLECTOR MTO -EMITTER VOLTAGE (VcE)- V 92CS-22459 

Fig. 1- Maximum safe operating areas for all types. 

CASE TEMPERATURE ITel- "C 

Fig. 2- Derating curve. for all type •. 
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Fig. 3 - Typical dc beta characteristics for all types. 
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B0242; B0242A', B0242B, BD242C 

Epitaxial-Base Silicon P-N-P 
VERSAWA TT 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 

• Complemenu of n-p-n typeS B0241.. B0241A, B0241B, and B0241C 

Types B0242, BD242A, BD242B, 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-fidelity 
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 (VERSAWATTj plas
tic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

File Number 672 

TERMINAL DESIGNATIONS 

92CS-39969 

JEDEC TO-220AB 

B0242 B0242A BD242B B0242C 
COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter 
resistance (RBE) = 100 Q .......... VCER -55 -70 -90 -115 V 
With base open .................. VCEO -45 -60 -80 -100 V 

EMITTER-TO-BASE VOLTAGE ....... VEBO -5 -5 -5 -5 V 
CONTINUOUS COLLECTOR CURRENT IC -5 -5 -5 -6 A 
CONTINUOUS BASE CURRENT ...... IB -1 -1 -1 -1 A 
TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C ..... 40 40 40 40 W 
At ambient temperatures up to 25°C . 2 2 2 2 W 
At case temperatures above 25°C .... .. See Fig. 2 .. 

TEMPERATURE RANGE: 
.Storage & Operating (Junction) ...... .. -65 to 150 ... °C 

LEAD TEMPERATURE (During Soldering): 
At distance 1/8 in. (3.17 mm) from 
case for lOs max. ............. - . .. 235 • °C 
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Power Transistors 

B0242, B0242A, B0242B, B0242C 
ELECTRICAL CHARACTERISTICS at Case Temperature (T cJ = 2!PC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

BD242 BD242A BD2428 BD242C UNITS 
Vdc Adc 

V CE V BE IC IB MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

Collector Cutoff Current: 
ICED 

30 a 0.3 0.3 
With base open -60 a -0.3 -0.3 

rnA 
With base-ta-emitter -45 a -0.2 
junction short-circuited 

ICES 
-60 a -0.2 
-80 a "0.2 
-100 a -0.2 Dt, Emitter Cutoff Current lEBO 5 a -1 -1 -1 -1 rnA 

Collector-ta-Emitter 
Breakdown Voltage: VBRICEOI -{l.0Y' a -45 -60 -80 -100 V 
With base open 

DC Forward-Current -4 _1" 25 25 25 25 
Transfer Ratio hFE -4 _3" 10 10 10 10 

Base-ta-Emitter Voltage V BE -4 _3" -1.8 -1.8 -1.8 -1.8 V 

Collector-ta-Emitter 
VCElsatl _3" -0.6 

Saturation Voltage 
-1.2 -1.2 -1.2 -1.2 V 

Common-Emitter 
Small-Signal Short-

hIe -10 -0.5 20 20 20 20 
Circuit Forward-
Current Transfer Ratio 
11= 1 kHzl 

Magnitude of Common 
Emitter Small..signal 

Ihlel -10 -0.5 3 3 3 3 
Short-Circuit Forward-
Current Transfer Ratio 
11=1 MHz) 

Thermal Resistance: 
Junction-ta-Case ReJC 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 IJS, duty factor := 2%. 
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B0242, B0242A, B0242B, B0242C 

-I • • • • -10 -100 

COLLECTOR-to-EMITTER VOLTAGE '''eE)- V 

Fig. 1- Maximum safe operating areas for all types. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES (FIG.II. 00 
NOT OERATE THE SPECIFIED VALUE FOR Ie MAX, 

25 50 75 100 1215 USO I'nS 200 
CASE TEMPERATURE tTcl-OC 

92C5-19663 

Fig. 2- Derat;ng curves for all types. 
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Fig. 3 - Typical dc beta characteristics for all types. 
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____________________________________ Power Transistors 

File Number 673 

Epitaxial-Base Silicon N-P-N 
VERSAWA TT Transistors 
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 

80243, 80243A, 802438, 80243C 

• Complements of p·n·p types B0244, B0244A, B0244B, and B0244C 

Types B0243, 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 ...... IB 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 10 s max. . . . . . . . . . . . . . . . .. 

TERMINAL DESIGNATIONS 

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 
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B0243, B0243A, B0243B, B0243C 

ELECTRICAL CHARACTERISTICS at Case Temperature (T cJ = 2!PC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

BD243 BD243A BD243B BD243C UNITS 
Vdc Adc 

VCE VBE 'C 'B MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

Collector Cutoff Current: 
'CEO 

30 a - 0.7 - 0.7 - - - -
With base open 60 a - - - - - 0.7 - 0.7 

rnA 
With base-ta-emitter 45 a - 0.4 - - - - - -
junction short-circuited 

ICES 
60 a - - - 0.4 - - - -
80 a - - - - - 0.4 - -

100 a - - - - - - - 0.4 

Emitter Cutoff Current 'EBO -5 a - 1 - 1 - 1 - 1 rnA 

Collector-ta-Emitter 
Breakdown Voltage: VBRICEO) 0.03" a 45 - 60 - 80 - 100 - V 
With base open 

DC Forward-Current 4 0.3" 30 - 30 - 30 - 30 -
Transfer Ratio hFE '4 :;a 15 - 15 - 15 - 15 -

Base-ta-Emitter Voltage VBE 4 fi' - 2 - 2 - 2 - 2 V 

Collector-ta-Emitter 
VCElsat) fi' 1 1.5 1.5 - 1.5 - 1.5 V 

Saturation Voltage 
- -

Common-Emitter 
Small-5ignal Short-

hIe 10 0.5 20 - 20 - 20 - 20 -
Circuit Forward-
Current Transfer Ratio 
11=1 kHz) 

Magnitude of Common 
Emitter Small-Signal 

ihlei 10 0.5 3 - 3 - 3 - 3 -
Short·Cirtuit Forward-
Current Transfer Ratio 
11=1 MHz) 

Thermal Resistance: 
Junction-to-Case ROJC - 1.92 - 1.92 - 1.92 - 1.92 

°CIW 
Junction-ta-Ambient ROJA - 62.5 - 62.5 - 62.5 - 62.5 

8pulsed: Pulse duration = 300 ps, duty factor == 2%. 
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____________________________________ Power Transistors 

B0243, B0243A, B0243B, B0243C 

COLlECTOR-TO-EMITTER VOLTAGE (VCE)- V 

Fig. 1- Maximum safe operating areas for al/ types. 

0.01 

CASE TEMPERATURE (Tel-"C 

Fig. 2- Derating curves for aI/ types. 

4 • 8 
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2 4 6 8 
10 

92CS-1966BRI 

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

92CS·224!51 

______________________________________________________________ 2-361 

"',11 
~ 



Power Transistors ______________________________________________________________________ __ 

B0244,B0244A, B0244B, B0244C 

Epitaxial-Base Silicon P-N-P 
VERSAWA TT Transistors 
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 

File Number 674 

• Complements of n-p-n types B0243, B0243A, B0243B, and B0243C 

Types BD244, BD244A, B0244B, and BD244C-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 BD243 series. (The BD243-series devices 
are described in File No. 673.) 

All types utilize the JEDEC 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 (During Soldering): 
At distance 1/8 in. (3.17 mm) from 
case for lOs max. . . . . . . . . . . . . ~ .. .. 

TERMINAL DESIGNATIONS 

'''~"1011 }J .. #! 
TOP VIEW B 

92C5-39969 

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 
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-----------------------------_______ Power Transistors 

BD244,BD244A, BD244B, BD244C 
ELECTRICAL CHARACTERISTICS at Case Temperature (TCl = 25"C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

BD244 BD244A BD244B BD244C 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 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 leso 5 0 - -1 - -1 - -1 - -1 mA 

Collector-ta-Emitter 
Breakdown Voltage: VSRICeOI -0.03· 0 -45 - -60 - -80 - --100 - V 
With base open 

DC Forward-Current 
hFE 

-4 -0.3" 30 - 30 - 30 - 30 -
Transfer Ratio -4 -3" 15 - 15 - 15 - 15 -

Base-ta-Emitter Voltage VBe -4 -6" - -2 - -2 - -2 - -2 V 

Collector-ta-Emitter 
Vce lsatl -6" -1 - -1.5 - -1.5 - -1.5 - -1.5 V 

Saturation Voltage 

Common-Emitter 
SmaU-Signal Short-

hIe -10 -0.5 20 - 20 - 20 - 20 -
Circuit Forward-
Current Transfer Ratio 
If = 1 kHzl 

Magnitude of Common 
Emitter Small-Signal 

Ihlel -10 -0.5 3 - 3 - 3 - 3 -
Short-Circuit Forward-
Current Transfer Ratio 
If = 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 

8pulsed: Pulse duration:::: 300 145, duty factor = 2%. 
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BD244,BD244A, BD2448, BD244C 
-10 8 Ie MAX. (CONTtNUOUS)~ .-. CAS'E TEMPERAr~ 

~ -I. :II2LI~';E~~I~ I 
~ H::: 
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Fig. 1- Maximum safe operating areas for all types. 
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NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES (FIG.I). 00 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

25 50 75 100 125 150 175 
CASE TEMPERATURE ITc}_OC 

Fig. 2- Derating curves for all types. 
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Fig. 3 - Typical dc beta characteristics for all types. 
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____________________________________ Power Transistors 

File Number 667 

7-A, 70-W, Epitaxial-Base, Silicon 
P-N-P VERSAWATT Transistors 
For Applications in Series and Shunt Regulators 

Features: 

• Maximum safe-area-of-operation curves 
• Low saturation voltage 
• How power-dissipation capability 

Type 80277 is an epitaxial-base silicon p-n-p transistor 
supplied in the JEDEC TO-220AB (VERSAWATT) plastic 
package. 

The 80277 is usetul in series regulators and shunt regula
tors because of its low saturation voltage arid high. power
dissipation capability. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE: 
Witli emitter open. _ . . . . . . 

COLLECTOR-TO-EMITTER VOLTAGE: 
With base open. .• . . . 

EMITTER-TO-BASE VOLTAGE: 
With collector open . . . . 

COLLECTOR CURRENT (Continuous) 

BASE CURRENT (Continuous). . 

TRANSISTOR DISSIPATION: 
At case temperatures up to 250 C . 
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 10 s max. 

80277 

TERMINAL DESIGNATIONS 

'R':'''lOII J±~' ~ 
TOP VIEW B 

VCBO 

VCEO 

92CS-39969 

JEDEC TO-220AB 

-45 

-45 

-4 
-7 
-3 

70 

Derate linearly at 0.56 W/oC 
(see Fig. 2.) 

-65 to 150 

235 

v 

V 

V 

A 

A 

W 
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B0277 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 2fiOC unless specified otherwise 

TEST CONDITIONS 

VOLTAGE CURRENT LIMITS 
CHARACTERISTIC SYMBOL V de A de UNITS 

VCE VCB VES IC IB IE MIN. MAX. 

Collector Cutoff Current: 
With emitter open ICBO -45 0 - -0.1 

With emitter open and TC = 1500 C -40 0 - -2.0 mA 

With base open ICEO -30 0 - -1.0 

Emitter Cutoff Current: 
With collector open lEBO -4 0 - -1.0 mA 

Collector·to·Emitter Breakdown Voltage: 
V(BR)CEO -0.1* 0 -45 V With base open -

Base-to·Emitter Voltage VBE -2 -1.75* - 1.2 V 

DC Forward·Current 
Transfer Ratio hFE -2 -1.75* 30 150 

Collector·to·Emitter 

Saturation Voltage VCE(sat) -1.75· -0.1 - -0.5 V 

Gain·Bandwidth Product fT -4 -0.5 10 - MHz 

Thermal Resistance: 

Junction·to·Case ROJC - 1.78 

Junction·to·Am bient ROJA 70 
°C/W -

* Pulsed: Pulse duration = 300 1", duty factor" 2%. 

a CASE TEMPERATIIIE (TC 1-25°C 

• I ~ • I 

• .. _-_. j 
1 IC MA,! ICONTI..JouS) 
~tO 

~ 
78 -~~ --- ,--.-t----r-- ~ .;te. 

I • - .... oc~~ a 
0: • ~\ g 

~ 
I , 
8-t-- - - - --- --

-~ • -- - -------
4- ----- --~ 

• 
0.1 

• • • 8 • • • • 10 45 100 
COLLECTOR-lO-EMITTER VOLTAGE (VCE}-V 

92CS-22)94 

Fig.' - Muimum optlt'llri"g 8f1111._ 
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-. .. 
I 
~ 5 

1-4 

-I 

- 0 

25 50 75 100 125 150 175 200 

CASE TEMPERATURE tTc1_oC 

92C$-18002RI 

Fig. 2 - Derating curves. 

COUECTOR-TO'-EMITTER VOLTAGE("cE}o-4 II 

-M -I -L5 -Z 
BASE-TO-EMITTER VOlTAGE1VsE ) - v 

92CS-18016 

Fig. 4 - Typical transfer characteristics. 

80277 

I COLLECTOR - TO-EMITTER VOLTAGE (VCE): -411 

0.5 -I -1.5 -2 

BASE - TO-EMITTER VOLTAGE (VaE ) -1/ 
92C$-18012 

Fig. 3 - Typical input characteristics. 

CASE TEMPERATURE (TC I =25°C ~ ~ ~ ~.!ii~i ~ ~ ~ ~ 
-6 BASE CURRENT (:le1= -250 mAr.-.-.-. r,-.-,-1" 

::.: :"'-200 mA .' 

+ , .- ~150mA ':.::: 

1'¥ __ }o·o: ~~ :::: 
·:-.::r' :~ 
... _ 50 mA'---I--I--I 

:_:~~J;~ :~A'-: -1---1 

-2 -4 -6 -6 10 12 14 -16 

COLLECTOR -TO-EMITTER VOLTAGE (VeEI-V 

Fig. 5 - Typical output characteristics. 

k400 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI = -4 II 

~ 
~ 200 

CAJE TEJpERlrUE iTCll.Z50C 

~ ]";;:c 
:i 100 I--""'" = ~ 00 

-40·C 

~ 
60 

~ 10-

~ 
40 

"'" ~t\ 20 

I f\ 
g 10 

0 

, . .. , . .. , 4 .. 
-0.01 -0.1 -I ""'10 

COLLECTOR CURRENT IIC1-A 

Fig. 6 - Typical dc beta characteristics, 
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80500, 805008, 805018 

Silicon Transistors for 
Full-Complementary
Symmetry Audio Amplifiers 

The 6050o-Series and 605016 types are p-n-p and n-p-n 
epitaxial-base silicon transistors. respectively. especially suit
able for audio-output applications. 

The 605OD-Series and 6D5016 types are supplied in a 
JEOEC TO-220A6 (RCA VERSAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO ., •••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCEO •••• : •••••••••••••.••••••••••••••••••••••••••••••••• 

VcER(R.E =1000) ............................................ . 
VEBO ••••••••••••••••••••••••••.•••••••.•.••••••••••••••.•••• 
Ic ...........•......................•........................ 
I •........................................................... 
PT 

AtTc:525·C ............................................ .. 
AtTc>25·C ............................................ .. 

Ts ... 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. 

File Number 1108 

TERMINAL DESIGNATIONS 

'~'~"l611 }T~ 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

B0501B N-P-N 
B0500- BOSOOB- P-N-P 

60 90 V 
50 80 V 
55 85 V 

V 
5 A 
10 A 
4 
75 W 

See Figs. 1 and 2 
-65 to 150 ·C 

230 ·C 
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80500, B05008, BD501 B 
ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc! =25°C 

LIMITS'" 

CHARAC- 80500· 
805008-

UNITS TERISTIC TEST CONDITIONS 8050018 

Min. Max. Min. Max. 

ICER VcE =45V - 1 - -
mA 

RBE = 1000 VCE = 75 V - - - 1 

lEBO VEB = 5 V - 1 - 1 mA 

VCEO Ic = 0.1 A 50 - 80 - V 

VCER Ic= 0.1 A; RBE = 100 n 55 - 85 - V 

fT Ic=1A;VcE=4V 5 - 5 - MHz 

hFE 
Ic=5A;VCE=4V 15 90 - - -
Ic = 3.5 A; VCE = 4 V - - 20 120 

VCE(sat) 
Ic = 5 A; IB = 0.5 A - 1.2 - -

V 
Ic = 3.5 A; IB = 0.35 A - - - 1 

VBE 
Ic = 5 A; VCE = 4 V - 1.8 - -

V 
Ic = 3.5 A; VCE = 4 V - - - 1.5 

IS/b 
VCE = 20 V; t = 0.5 s 3.75 - - -

A 
VCE = 30 V; t = 0.5 s - - 2.5 -

"'For characteristics curves and test conditions, refer to published data for prototypes 2N6488 (B0501 B); 
2N6490 (B0500); 2N6491 (B0500B). 

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

100 

,. 

'0 

" 

NOT£: CtMRfNT DERATING AT CONSTANT 
VOLTAGE APl'UES a.LY 10 THE DISSIPATION
LIMITED PORTION AND THE IS/b-LlMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVE. DO NOT DERATE THE 
SPECIFIED VALUE' FOR IC MAX. 

2i ~ 7!S 100 125 150 17S 200 

CASE TEMPERATURE fTel--C 

Fig. 1 - Derating curve for all types. 

8.n LOAD 

'" IWA: T• 

CASE TEMPERATURE (TC)a2S-C 
2 (CURVES MUST BE DERATED LINEARLY 

ICllMAxl 
WITH INCREASE IN TEMPERATURE) 

i 10. t--CONTINUOUS u • 

" ~ . 
~ DISS~~~:r~T~?~TED ~ 
~ 2 

~\1 " B '. \ 

:!i • 
<:. 

~ 4 
~ 

:: 2 
~ 

8 VeED (MAX.) I)-J. 
OJ. 

d50VIB0800,BD50n . r---r-"SOY (805008. 8050181 . .. 2 . . . . 4 .. 
10 100 '000 

COLLECTOR-TO-EMITTER VOLTAGE IVcEI- V 
92CS-ao883Rt 

Fig. 2 - Maximum operating areas for all types. 

. 
~ I~+--+~~~-+-+~~-+-+~--H-~ 

V ['\ ~ 0.5~+--+~~~-+-+-j~-+-+~--H-~ 
~ , 

2 \ 
-, 

10 20 $0 100 200 500 I K 2K 5K 10K 20K 50K lOOK 

FREQUENCY-HI 

Fig. 3 - Typical frequency response. 

~ 0.21-+--+~I-t--+-+--I-+-+-I-/rH 
" O"~""".-+-+-+--t--+-+--~+--tiYH 

0.05ro .20 50 roo 200 500 rK 2K 5K 'OK 20K 50K.COX 

FREQUENCY-H, 

Fig. 4 - Typical total harmonic distortion as a 
function of frequency. 
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80533,80534,80535,80536,80537,80538 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 safe-area-of-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. 
A" types are supplied in the JEOEC TO-220AB (VERSA
WATT) 

MAXIMUM RATINGS. Absolute-Maximum Values: 

VCBO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCES(sus) 
VCEo!sus) ............................................. . 
VEBO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic .................................................... . 
IB •••••••••••••••••••••••••••••••••••••••••.••••••.•••• 
PT 

Tc$25°C .......................................... . 
T c > 25° C derate linearly ............................. . 

T" .. TJ ••••••••••••••••••••••••••••••••••••••••••••••••• 

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

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

TERMINAL DESIGNATIONS 

'R';"10 11 ] .. ~ 
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 
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80533, 8D534, 80535, 80536, 80537, 80538 
ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C 

Unless Otherwise Specified 
TEST CONDITIONsA LIMITS 

CHARAC- VOLTAGE CURRENT BD533 BD535 BD537 
TERISTIC Vdc Adc BD534A BD5. BD538A 

VCE VBE IC IB MIN. MAX. MIN MAX. MIN. MAX. 

45" - 100 - - - -
ICBO 6()11 - - - 100 - -

aoe - - - - - 100 
45 - 100 - - - -

ICES 60 - - - 100 - -
80 - - - - - 100 

lEBO 5 - 1 - 1 - 1 

VCEO(SUS). 0.1· 0 45 - 60 - 80 -
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 - 20 - 20 -

L 2 2· 60 150 - - - -
(For B0533, 

2 3· 30 - - - - -
B0534only) 

VBE 2 2" - 1.5 - 1.5 - 1.5 

VCE(sat) 2· 0.2 - O.S - O.S - O.S 
6· 0.6 O.S- - O.S- - O.S- -

tr 1 0.5 3 12- 3 12- 3 12-

R9JC - 2.5 - 2.5 - 2.5 

.& For p..".p devices, voltage and current values are negative . 

.. Vce value 
• CAUTION: The sustaining voltage VCEO(sus) MUST NOT be measured on a curve tracer. 
* Pulsed: Pulse duration = 300,.s, duty factor = 1.5%. 
• Typical values. 

UNITS 

jJA. 

rnA 

V 

V 

MHz 

0c/w 

!a' • COLLECTOR-TO-EMITTER VOLTAGE (VeE)- 2 v _ Itt J • 
0 4 

i 
~ .. 2 
~ f-""""" --. 

" /' ~ ~ 102 ... . Hi z .. • 

CASE TEM,,..ATU.E 
92C9-32592 

Fig. 1-Derating curve for al/ types. 

~ 

'\ ! ~ 

j: 1'\' 
fc '0 1 

, -2 2 • • • 10-1 2 • •• 2 . .. , 
COL.LECTOR CURRENT {lc)-A 92C8-32593 

Fig. 2-Typical de beta characteristic for 
8D533, 8D535, and 8D537 types. 

'0 
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80533, 80534, 8D535, 80536, 80537, 80538 

_1- 2 

I
Z 

II! 
II: 
::> 
u 

810 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI- V 

92CM-32598 

Fig. 3-Maxlmum safe-operating areas for al/ types. 

III • hFE-IO 

~ • 
~ 4 

is 
5 · "> 
~,!. 
~~K)~I 
iJt 6 
... ~ /' 
~ 4 /" 
~ 2 

~ 10 
2 

V 
V 

",-

4 ~IO-I 2 4 6 _\ 

COLLECTOR CURRENT U:cJ-A 

... 
-10 

92eS-32594 

10 -, • • I 
COLLECTOR CURRENT I Ie I-A 

/ I 

I 
I I 

I 
4 . • 

Fig. 4-Typical dc beta characteristic for 
BD534. BD536. and BD538 types. 

Fig. 5-Typical col/ector to-emitter saturation 
voltage characteristic for BD533. 
BD535. and BD537 types. 

~ -i 8 r-hFE-\O 
~ • g 

4 

~ / 
V 

~r 2 
,«:: 

,./ 
V 

;;;!-I·' 
~~ 8 

.......-
ju 6 

..,/ ~ 4 

~ . / 

hFE .. 10 

~-ro· 
• • 

10 

-10-1 4 6 8_ 1 2 6 8_ 10 
COLLECTOR CURRENT(IC)-A I 10 

92eS-U596 

Fig. 6-Typical col/ector·to-emltter saturation 
voltage characteristic for BD534. 
BD536. and BD538 types. 

COLLECTOR CURRENT(:I.c)-A 9.2CS-:5297 

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 
I Ilfl- 10 

.. 
co 
~ , .. 
g 

V ! V ill t-
~! r 1-1--1--" 
::iii! ~ ~ I-::~ ! 0,5 

~ 0 
2 . • • 2 . . • --10 ' -I -10 

'" '" I 

COLLECTOR CURRENT CI C )- A .rcs-JUI' 

Fig. 8-Typical base·to-emitter saturation 
voltage characteristic for B0534, 
B0536, and B0538 types. 

20 CASE TEMPERATURE (Te)- 25-C 

Vec·-IV 

~ 
15 

!-

"", ~ 
0 

if 

'" 0-
0 

I 
z 
~ 

. 
i 

!Ii 
;: 

'0 

"" 
0 --10 I 2 • .. 1_12 .8_10 

COLLECTOR CURRENT CJ:C)-A 9ICS-Szeoo 

Fig. 10-Typical gain-bandwidth product 
characteristic for B0534, B0536, 
and B0538 types. 

10. CASE TEMPERATURE ITc .. il:!SoC 

• -:LB,o Iaz 
hFE -10 · ~CC·30V 

, 
I l- --• · ~ ....... 

4 
t--!. 

~ 
I ......... t--

t-- " i:>;t:::: 
2 

10.1 
'ON 

-10 I 6 8 _I 2 6 8 -10 

COLLECTOR CURRENT (ICI-A UCS- 3le02 

Fig. 12-Typica/ saturated swltcl!ing time 
characteristics for B0534, B0536, and 
B0538 types. 

CASE TEMPERATURE (Tc )-25-C 

Vee' V 

'" '" I ,. 
0-

li r-.. 
1'--1"-

~ '0 

""" ~ ~ ~ 
~ • 
z 
~ 

0 
2 • • • . • , '0 

COLLECTOR CURRENTC Ie )-A NCS-Jlln 

Fig. 9-Typlcal gain-bandwidth product 
characteristic for B0533, B0535, and 
B0537 types. 

10 • CASE TEMPERATURE (T C ). 25-c 

& ~BI "-182 -l--+--1f-H 
hFE ~IO 

4 Vee: lOY 

-'oN 

•• . . 
I 10 

COLLECTOR CURRENT {tc )-A 92CS-32601 

Fig. 11-Typical saturated·switching time 
characteristics for B0533, B0535, and 
B0537 types. 

,., 1011 CASE TEMPERATURE CTc) -25·e 

• • 
;) • 
OJ 
u z 
~ 

, ---u r-... § 10 

~ · f'.-. .. 4 

"""'~ .. 
::: 
~ 

, 
'" § 10 

- •• 2 10 I 2 4 iii 8 I 2 .. 10 4 68'02 

COLLECTOR-TO- BASE VOLTAGE (VCB)-V 92CS-32803 

Fig. 13-Typical common·base output capaci· 
tance characteristic for B0533, 
B0535, and B0537 types. 
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80533, 80534, 80535, 80536, 80537, 80538 

-10 I 2 ... I_I 2 "'! 10 2 ... !.IO·2 
COLLECTOR-TO-.AS[ VOLTAGE (YCa'-V I..2C.S.-UlOA. 

Fig. 14-Typical common-base oulpul capaci
lanca characlerlstic for 80534, 
80536, and 80536 IypeS. 
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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, V BE amplifiers for biasing, current 
sources, load-line limiters (for overload protection), and pre
drivers, 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-550-series is supplied in the JEOEC TO-204AA her
metic steel case. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VeBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCEO •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCER(RBE= 100 0) ............................................ . 
VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ie .......................................................... . 
IB •••••.•••.•••.•.•••••.••••..••..•••••••••.••••.•••••••••.•• 
PT 

At T e:S 25°C .............................................. . 
AtTe>25°C .....................................•........ 

T,tg, TJ ••••••.•.•••••••••••••.••..•••••.•••.••••.••••••••.••• 

TL 
At distances 2: 1/32 in. (0.8 mm) from seating plane 

for 10s max ............................................. . 

BOSSO, B0550B 

TERMINAL DESIGNATIONS 

C 
E (FLANGEI 

([) 
92CS-27516 

JEDEC TO-204AA 

BOSSO B0550B 
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 
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80550,805508 

!;;(e 
!!p. ....... 
f\!;:: 
~Id!:i 
2i~~ 

~ffie 
;~!;i; wu 
:IE .... 

~3~ 
"u 4 

~~!E 
!Z~~ .. .. 
u u" 
~ ... u 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) =250 C 

LIMITS 
CHARAC- TEST CONDITIONS B0550 B0550B- UNITS 
TERISTIC 

Min. Max. Min. Max. 

ICER VcE =110V - 1 - -
rnA 

RBE = 1000 VcE =250V - - - 1 

IcEO 
VCE = 95 V - 5 - -

rnA 
VcE =200V - - - 5 

lEBO VEB = 5 V - 1 - 1 rnA 

VCEO Ic= 0.2A 110 - 250 - V 

VCER Ic = 0.2 A; RBE = 1000 130 - 275 - V 

IT Ic = 0.2 A; VCE = 10 V 5typ. 5 typo MHz 

hFE 
Ic=4A;VcE=4V 15 75 - -
Ic = 2A; VCE = 4 V - - 10 50 

VCE(sat) 
Ic = 4 A; IB = 0.5 A - 2 - -

V 
Ic = 2A; IB = 0.25 A - - - 2 

VBE 
Ic=4A;VcE=4V 0.75 1.75 - -

V 
Ic = 2 A; VCE = 4 V - - 1 2 

ISib 
VcE =80V;t= 1 S 1.87 - - -
VCE = 140 V; t = 1 S - - 1.07 - A 

.6.For 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). 

• CASE TEMPERATURE (TC' :2&OC 
NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTKIN 
AND IS/b-llMITED PORTION OF MAXIMUM-OPERATING
AREA CURVES. DO NOT DERATE THE SPECIFIED 

• (CURVES MUST BE DERATED LINEARLY 

• rTH j"CREiSE IN TEMPERATURE) 

" I 2 

Ie (MAXI eONTfNubos:.1, .... D(. " !j 1°8 

!i; • ""0.. 
::l • ~"o+'P .. 
0: ""<:0. a 2 ~" 0: ~oJ g , 

~.:= = ~ 8 
.J 8 

8 • t;.._ -
~~ VeEO MAX)· 110 v (BD5150) -'. 

2 ~ -
0.' 

VCEO. (MAXI- 2!50 v (B05508)- r-tI 

VALUE FOR Ie MAX. 

'00 

., 
60 

2. 

25 50 75 100 12& 150 175 zoo 
CASE TEMPERATURE 1Tc)-"C 

2 • •• 2 . 6 8 2 4 6 • 
10 100 

cOLLEeTOR-TO~EM'TTER VOLTAGE (VcE)-V 
'000 

Fig. 1 - Derating cUlVe for all types. 

92CS-30886RI 

Fig. 2 - Maximum operating areas for all typas. 

2-376 __________________________________________ ~ __ ------__ --------



__________________________________ Power Transistors 

File Number 1241 

8-Ampere N-P-N Darlington 
Power Transistors 

80643, 80645, 80647, 80649 

TERMINAL DESIGNATIONS 

45-60-80 Volts, 70 Watts 
Gain of 750 at 3A 

Features: 
Applications: 

• Power switching 

'R'~"loll :h .. E= 
TOP VIEW B 

• Operates from Ie without predrlver 
• Low leakage at high temperature 

• Hammer drivers 
• Serlea and shunt 

regulators 
• Audio amplifiers 

The 80643, 80645, 80647, and 80649 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 supplied in the JEOEC TO 220A8 
(VERSAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
80643 

VCBO.................. ...... ................. 45 
VCEO(sus) ..................................... 45 

9ZCS-39969 

JEDEC TO-220A8 

RESISTANCE VALUES 
ARE TYPICAL 

92CS- 20691R3 

Fig. 1-Schematic diagram for all types. 

80645 80647 80649 
60 80 100 V 
60 80 100 V 

VEBO ·········································· ---- 5 V 
IC············································· 8 A 
ICM .......................................... . 12 A 
lB'" ......................................... . 0.15 A 
PT 

TC" 25'C.................................... 62.5 W 
T C > 25'C .. . .. .. .. . .. . .. .. .. .. . .. .. .. .. . .. ... ___ Derate linearly 0.5 __ W/'C 

Tstg,TJ........................................ -55 to 150 'c 
TL 

At distances .. 1/8 in. (3.17 mm) from case 
for 10 s max ..... ". . . . . . . . . . . . . . . . . . . . . . . . . . . . 235 'c 
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80643, 80645, 80647, 80649 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CUR· 
CHARACTERISTIC VOLTAGE RENT BD643 BD645 

Vdc Adc 

VCB VCE VBE IC Min. Max. Min. Max. 

ICEO 
20 - 0.5 - -
30 - - - 0.5 

ICBO 
45 - 0.2 - -
60 - - - 0.2 

TC = 1ClO'C 
45 - 2 - -
60 - - - 2 

lEBO -5 0 - 2 - 2 

V(BR)CEO 0.1a 45 - 60 -
V(BR)CBO 0.005 45 - 60 -
V(BR)EBO 

5 
IE = 2 rnA - 5 -

3 0.5a 15OC)b - 1500b -
hFE 3 38 750 - 750 -

3 68 75Qb - 750b -
VBE 3 38 - 2.5 - 2.5 

VCE(sat) 
IB = 12rnA 

38 - 2 - 2 

fT f= 1 MHz 
3 3 1 - 1 -
3 3 10b - 10b -

ReJC - 2 - 2 

a Pulsed; pulse duration = 200 fIS. duty factor = 1 %. b Typical value. 

NOTE, CURRENT D£RATING AT CONSTANT 
'IIOU'AG£ APPlIES OIILY 10 THE DISSIPATION
LNITEO PORTION AND THE IS/b -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVE. DO NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX. 

25 50 75 100 12& 150 • ." 

CASE TEMPERATURE 1TCI--C 

Fig. 2-Deratlng curve for al/ types. 

UNITS 

rnA 

V 

V 

MHz 

0c/w 
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______________________________ Power Transistors 

80643, 80645, 80647, 80649 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CUR· 
CHARACTERISTIC VOLTAGE RENT BD647 BD649 

Vdc Adc 

VCB VCE VBE IC Min. Max. Min. Max. 

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 

~BI3tCEO 0.1a 80 100 

V(BR)CBO 0.005 80 - 100 -
V(BR)EBO 

5 
IE = 2mA - 5 -

3 0.58 1500b - 15O()b -
hFE 3 38 750 - 750 -

3 611 75Qb - 75Qb -
VBE 3 38 - 2.5 - 2.5 

VCBsat) 
IB = 12mA 

38 - 2 - 2 

fr f=1 MHz 
3 3 1 1 
3 3 10b - 10b -

ReJC - 2 - 2 

a Pulsed; pulse duration = 200 jill. duty factor = 1"11. .. Typical value. 

UNITS 

mA 

V 

V 

MHz. 

'c/w 
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80643,80645,.80647,80649 

92CM-32695 

Fig. 3-Maximum operating area for al/ types. 
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____________________________________ Power Transistors 

File Number 1242 

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 

The B0795, B0797, B0799, and 80801 n-p-n ,transis
tors and their p-n-p complements B0796, Btl798, B0800, 
and B0802, respectively, are epitaxial-base silicon types 
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. 

These transistors are supplied in the JEOEC TO-220AB 
(VERSAWATT) plastic package. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

Veoo ....................................... . 
VeEo(sus) ................................... . 

N-P-N 
P-N-P 

80795, 80796,80797, 80798, 
80799, 80800, 80801, 80802 

TERMINAL DESIGNATIONS 

'~':"iloll ]s#!' 
TOP VIEW B 

80795 
80796-

45 
45 

80797 
80798-

60 
60 

JEDEC TO-220AB 

80799 
80800-

80 
80 

92CS-39969 

80801 
80802-

100 V 
100 V 

VEOO •••••••••••••••••••••••••••••••••••••••• 

Ie· .. · .. ·.··.· .. · .. ·.··.··.················· . 
10 •••.••••••••••••.•••••••••••••••.•••••••... 

_________ 5 ________ _ 
V 
A 
A 

_________ 8 ________ _ 
_________ 3 ________ _ 

PT 
Te:5 25°C ................................ . 
Te>25°C ................................ . 

_________ 65__________ W 

_______ Oerate Linearly 0.522 W/oC 
T,,!/, TJ .•••.••••••.•.•••••.••.••••••••••••••• ______________ -55 to 150 °C 

TL 
At distances 2: 1/8 in. (3.17 mm) from 

case for 10 s max. . ...................... . 
__________ 235 ________ _ 

°C 

-For p-n-p devices, voltage and current values are negative. 
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80795, 80796, 80797,80798, 
80799, 80800, 80801, 80802 

ELECTRICAL CHARACTERISTICS, at Case Temperature (T cJ = 2SoC 
Unless Otherwise Specified 

TEST CONDITIONS UMITS 

CHARACTERISTIC VOLTAGE CURRENT BD795 BD797 
Vdc Adc BD788- BD788-

VCB VCE VBE IC IB Min. Max. Min. Max. 

ICBO 
45 - 0.1 - -
60 - - - 0.1 

lEBO -5 0 - 1 - 1 

VCEOD 0.1- 0 45 - 60 -
hFE 

2 1- 40 - 40 -
2 38 25 - 25 -

VSE(ON) 2 38 - 1.6 - 1.6 
VCE(sat) 38 0.3 - 1 - 1 

for f=l MHz 10 0.25 3 - 3 -
ReJC - 1.92 - 1.92 

a Pulsed; Pulse duration = 3oo,.s. duty factor = 1.8%. 

b CAUTION: The sustaining voltage VCEO(sus) MUST HOT be meesured on a curve tracer • 
• For PofllI devices. voltage and current values are negative. 

UNITS 

mA 

V 

V 

MHz 

OCIW 

15"'0 COLLECTOR-TO-f IT[ER V01LTAGE (VCE)-2 V 

~ . 
~ I ,Jo,c i!: 4 

~ .....- ....-t lITCl ... ·C 
lI! 2 <. ~ 

~.< I-- ~ 8- -50' .... 
!i!. 
~o 0 -fi 8 -fil'" 
" 4 
~ 

i 2 

g 
0·' 

CASE TEMPERATURE (Tel-aC 0.01 Oct 2 o , 
COLLECTOR CURRENT (Xc}-A 

~ 

"-

"""" 

Fig. 1-Current derating curves for all types. Fig. 2-Hormalized dc-beta characteristics 
for all types. 

1.8 CASE TEMPERATURE (TC )-25-e 

~ L8 

~ 
!i! 

"" '" ,.2 
! ~ 
~ f;/" 
~ 0.8 /1. .,0 

~ VaE,\tClt A1 I.e ;!.-- -} 
rFATVCET~ / w 0.4 

V ,:' 

0 
VeE'.atJAT Xc~Za·IO -

2 4 • • • 4 •• • 4 o. , 0' , 
COLLECTOR CURRENTtIc)-A 92C&327II5 

Fig. 3-Typical "on" voltage characteristics 
for all types. 
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80795, 80796, 80797, 80798, 
80799, 80800, 80801, 80802 

ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25"C 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT BD799 BD801 

Vdc Adc BD800- BD802-

VCB VCE VBE IC IB Min. Max. Min. Max. 

Iceo 
80 - 0.1 - -

100 - - - 0.1 

lEBO -5 0 - 1 - 1 

VCEOD 0.1 a 0 80 100 

hFE 
2 1a 30 - 30 -
2 38 15 - 15 -

VesON) 2 38 - 1.6 - 1.6 

VCE(sat) 3a 0.3 - 1 - 1 

for f_1 MHz 10 0.25 3 - 3 -
R9JC - 1.92 - 1.92 

a Pulsed; Pulse duration = 300 ,",5, duty factor = 1.8%. 

b CAUTION: The sustaining voltage VCEO(sUS) MUST NOT be measured on a curve tracar . 
• For p-n.p devices, voltage and current values are negative. 

i' 

t
Z ... 
II: 
II: 
:::> 
o 

2 2 

COLLECTQR-TO- EMITTER VOLTAGE("cEI-V 

92CM-32796 

Fig. 4 - Maximum operating areas tor all types. 

UNITS 

mA 

V 

V 

MHz 

OCIW 
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B0895, BD895A, BD897, B0897A, B0899, B0899A, B0901 File Number 1240 

B-Ampere N-P-N Darlington 
Power Transistors 
45-60-80-100-Volts, 70 Watts 

Gain of 750 at 4 A 
TERMINAL DESIGNATIONS 

(B0895A, B0897 A, B0899A) 
Gain of 750 at 3 A 
(B0895, B0897, B0899, B0901) 

Features: Applicfjtions: 'R'~"l° II ] ... 0= 
TOP VIEW B 

_ Operated from Ie without predriver _ Power Switching 
_ Low Leakage at high temperature _ Hammer'drlvers 

92CS-39969 

_ Series and shunt 
reguiators 

_ Audio amplifiers 

The B0895, B0645, B0895A, B0897, B0897A, B0899, 
B0899A, and 80901 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 

1---------, 
• I I 

i I 
I ' I 
I I 
I I L _________ --' 

• 
92C$-2069IR2 

Fig. 1-Schematic diagram for al/ types. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO······························· 
VCEO(sus) .......................... . 
VEBO··········· ................... . 

'C ·································· 
'B····· .......... , ................. . 
P-r 
~~~~~~::::::::::::::::::::::: ::: 

Tstg,TJ ........ ,., ................. . 
TL 

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

BD895 BD897 BD899 B0901 
BD895A BD897A BD899A 

45 
45 

60 80 
60 80 

------5 
100 
100 

______ 8 _____ _ 

______ 0.1 _____ _ 

----....,...- 70 ------
____ Derate linearly 0.56 __ _ 

-85 to 150 

----- 235 -----

v 
V 
V 
A 
A 

W 
W/'C 

'C 

·C 
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_______________________________ Power Transistors 

B0895, B0895A, B0897, B0897A, B0899, B0899A, B0901 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC = 2SoC Unless 
Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT BD895 BD897 

UNITS 
Vdc Adc BD895A BD897A 

VCB VCE VBE IC IB Min. Max. Min. Max. 

ICEO 
20 0 500 

IJA 
30 0 - - - 500 

45 - 0.2 - -
ICBO 60 - - - 0.2 

TC = 100'C 
45 - 2 - - rnA 
60 - - - 2 

lEBO -5 0 - 2 - 2 

VCEO(sus) 0.1a 0 45 - 60 - V 

hFE B0895,B0897 3 3a 750 - 750 -
B0895A,B089iA 3 4a 750 - 750 -

VBE B0895,B0897 3 3a - 2.5 - 2.5 

B0895A,B0897 A 3 4a - 2.5 - 2.5 

3a 0.012 2.5 2.5 
V 

VCE(sat) B0895 - -
B0897 

B0895A,B0897A 4a 0.016 - 2.8 - 2.8 

hie 
I = 1 MHz 

3 3 1 - 1 -

R9JC - 1.78 - 1.78 'C/W 

92CS-32690 

Fig. 2-Maximum operating areas for all types. 
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B0895,B0895A, B0897, B0897A, B0899, B0899A; B0901 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T C 
Otherwise Specified 

TEST CONDITIONS LIMITS 

2S0C Unless 

CHARACTERISTIC 
VOLTAGE CURRENT BD899 BD901 UNITS 

Vde BD899A .1 de 

VCB VCE VBE IC IB Min. 

ICEO 
40 0 -
50 0 -

ICBO 
80 -

100 -
Tc 100"C 

80 -
= 

100 -
lEBO -5 0 -
VCEO(sus) 0.1a 0 80 

hFE B0899,B0901 3 3a 750 

B0899Aonly 3 4a 750 

VBE B0899,B0901 3 3a -
B0899A only 3 4a -

VCE(sat) B0899 3a 0.012 -
B0901 

B0899A only 4a 0.G16 -
hfe 3 3a 1 

f = 1 MHz 

R6JC -
a Pulsed: Pulse duration = 300 I'S, duty factor = 1.8%. 

NOTE CURRENT DERATING AT CONSTANT kt 
VOLTAGE APPUES ONLY 10 THE OISSIPATlOtl-: 
LIMITED PORTION AND THE IS/b -LIMITED! 
PORTION OF MAXIMUM OPfRATtNG AREA 
CURVE. 00 NOT DERATE THE 
SPECIFIED VAL~ FOR I.e MAX 

Fig. 3-Derating curve for a/l types. 

Max. Min. Max. 

500 - -
iJA - - 500 

0.2 - -
- - 0.2 mA 

2 - -
- - 2 

2 - 2 

- 100 - V 

- 750 -
- - -
2.5 - 2.5 

2.5 - - V 
2.5 - 2.5 

2.8 - -
- 1 -

1.78 - 1.78 ·C/W 
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____________________________________ Power Transistors 

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 
92CS-27516 

• High gain at high current JEDEC TO-204AA 

Applications: 

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

The RCA-BDX18 and MJ2955 are epitaxial-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 temperatures 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) 

RsE =100n ...................................•................................. 
VCEO(sus) ....•...•....••..•..•..........................•....................•.... 
VESO ...........................................•.................................. 
Ic .......................................................•........................ 
Is ...........................................................................•.... 
PT 

At Tc:525°C .....•.............................................................. 

At T C > 25° C ........................... Derate linearly ......................... . 

Tot •• TJ ........................................................................... . 

TL 
At distance 2: 1/32 in. (0.8 mm) from seating p'lane for 10 s max ...................... . 

BDX18 
MJ2955 

-100 

-70 
-60 
-7 

-15 
-7 

J 150 (MJ2955) 
115 (BDX18) 

J 0.86 (MJ2955) 
0.66 (BDX18) 

-65 to 200 

235 

V 

V 
V 
V 
A 
A 

W 

W/oC 

°C 

°C 
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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 

IcEO -30 -
lEBO - 7 

VCEO(SUS) - -

VCEA(SUS) - -
RBE =1000 

hFE BDX18, MJ2955 -4 .-
Except BDX18 -4 -

VBE -4 

VCE(sat) BDX18, MJ2955 - -
MJ2955 only - -

thle t = 10 kHz MJ2955 -4 -
I hlei t = 1 MHz BDX18 -4 -

MJ2955 -4 -

hIe 
-4 -t = 1 kHz 

ISIB 
-40 -

tp = 1 S non rep. 

BDX18 - -
R6JC 

MJ2955 - -
apulsed; pulse duration = 300ps, duty factor = 1.8%. 
bCAUTION: Sustaining voltages VCEO(sus) and VCEA(SUS) 
MUST NOT be measured on a curve tracer. 

° 40 

~ 
~ 20 

~ 
50 75 IDO 125 150 175 200 
CASE TEMPERATURE tTCI-"C 

Fig. 1 - Derating curve. 

CURRENT BDX18 
UNITS Adc MJ2955 

Ic I. Min. Max. 

- - - -s 
mA 

- - - -1 

- - - -s 
mA 

- - - -10 

- - - -0.7 mA 

- - - -S mA 

-0.2 - -60b - V 

-0.2 - -70b - V 

-4a - 20 70 

-10a - S -

-4a - - -1.8 V 

-4a -0.4 - -1.1 

-10a -3.3 -
V 

-3 

-1 - 10 - kHz 

-1 - 2.S -
-0.5 - 4 -

-1 - IS 120 

- - 2.87 - A 

- - - I.S 
°G/W 

- - - 1.17 

_ 36< COLLECTOR TO-EMITTER VOLTAGE (VCEI~ 4 V 

! ! ~ CASE TEMPERATURE (TCI~ 25"C 

~30 
: + ~ ei 240 

I r-
l"--l'-, /. 1 ~ 'eo 

,,/ 1 ~ 

I ~ , 
~ 120 

~ I 
, 

1 , 
60 

is 
0 

I I .Lll , . , , , . , , , 
001 01 10 

COL LECTOR CURRENT (I C I - A 9ZCS _ 29003 

Fig. 2 - Typical dc beta characteristics. 
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BDX18, MJ2955 

6 8 1b 6 BII 

COLLECTOR-TO-EMITTER VOLTAGE(VCEI-V 
92CM- 30~58RI 

Fig. 3 - Maximum operating areas for BDX18 and MJ2955. 

BASE-fO-EMITTER VOLTAGE CVBE)- Y 
92C5-29005 

Fig. 4 - Typical input characteristics. 

BASE-lO-EMITTER VOLTAGE (VSE)-V 
92C5-29007 

Fig. 6 - Typical transfer characteristics. 

::> 
u 

11.5 

~ 7.5 

oJ 8 5 

TEMPERATURE (TC)-2S-C 

700 

500 
400 
300 

200 

BASE CURRENT (18)-100 mA 

30 

10 

o 10 ~ ~ ~ ~ ~ ro ~ ~ ~ 

'" '" , , 
.t" 

~ 

COLLECTOR-TO-EMITTER VOLTAGE (VCEJ- V 

92CS-2:9006 

Fig. 5 - Typical output characteristics. 

8 COLLECTOR-lO-EMITTER VOLTAGE (VeE). 4 V 
7 CASE TEMPERATURE CTc)· 25-C 

-~ • 
./1--' i\ 

\ 
~ . / 
'" I:i 3 

~ 
i , 
z :c .. I 

2 . • • 2 . • • 2 • .. 0.01 0.1 I 10 
COLLECTOR CURRENT (Ie) -A 92C5- 29004 

Fig. 7 - Typical gain-bandwidth product. 
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BDX33, BDX33A, BDX33B, BDX33C, BDX33D File Number 693 

10-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 silicon 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 RATINGS, Absolute-Maximum Values: 

BDX33 

Vcao' 45 

VCER(sus) 

(RaE) = loon 45 

VCEO(sus) 45 

VCEX(sus) 

VaE =-1.5V 45 

VEao ' 5 

IC' 10 

la· 0.25 

PT 
TC"' 25OC 70 

TC >25°C 

Tstg' TJ 
TL 

At distances ;;'118 in. (3.17 mm) from case 
for 10 s max. 

TERMINAL DESIGNATIONS 

'~'~"1011 Jt' t 
TOP VIEW B 

9teS-Jtt6t 

JEDEC To-22OAB 

,----------, 
8 : i 

I I 
I I 
I I 
I I L _________ -1 

• 92CS-Z0691R2 

Fig. 1 - SchtHMric diagram for 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 W/C 

-65 to +150 °c 

235 °c 
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_________________________________ Power Transistors 

BDX33, BDX33A, BDX33B, BDX33C, BDX33D 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25°C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

VOLTAGE 
CUR· 

CHARACTERISTIC 
Vdc 

RENT BDX33 BDX33A BDX33B UNITS 
Adc 

VCB VCE VBE 'C Min. Max. Min. Max. Min. Max. 

40 - - - - - 0.5 

'CEO 30 - - - 0.5 - -

20 - 0.5 - - - -

40 - - - - - 10 
TC = 100°C 30 - - - 10 - -

20 - 10 - - - - mA 
80 - - - - - 1 

'cao 60 - - - 1 - -

45 - 1 - - - -
80 - - - - - 5 

TC= 100°C 60 - - - 5 - -

45 - 5 - - - -

'EBO -50 - 10 - 10 -. 10 mA 

VCEO(sUS) 0.18 45 - 60 - 80 -
VCER(SUS) 

0.18 45 - 60 - 80 - V 
(RBE)=100n 

VCEV(sus) -1.5 0.18 45 - 60 - 80 -

hFE 
3 3a - - .- - 750 -
3 4a 750 - 750 - - -

VBE 
3 38 - - - - - 2.5 

V 
3 4a - 2.5 - 2.5 -. -

VCE(sat) 
'a = 0.006 38 - - - - - 2.5 V 
'a = 0.008 4a - 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 

'Sib 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 ,",S, duty factor = 1.8%. 
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BDX33, BDX33A, BDX33B, BDX33C, BDX33D 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T C' =25°C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT 

BDX33C BDX33D UNITS V de Ade 

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 - - mA 

ICBO 
120 - - - 1 
100 - 1 - -

Tc=100°C 
120 - - - 5 
100 - 5 - -

lEBO -50 - 10 - 10 mA 

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 S non-rep. 36 1 - 1 -

ROJC - 1.78 - 1.78 °CIW 

• Pulsed: Pulse duration" 300 IlS, duty factor = 1.8%. 
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~ 
~ 
~ 

~ 
~ 

:(~ 
~a 

'" 

'00 

,. 
'0 

" 

BDX33, BDX33A, BDX33B, BDX33C, BDX33D 

6 8 
10 60 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CS-29309RI 

Fig. 2. - Maximum operating areas for BDX33-series types. 

NOTE- CLARENT DERATING AT CONSTANT 
VOLTAGE APPLIES ONLY TO THE DISSIPATION· 
LIMITED PORTION AND THE IS/b-LIMITED 
PORTION OF MAKIMUM OPERATING AREA 
CURVE. 00 NOT DERATE THE 
SPECIFIED VALI.I!E FOR Ie MAX 

50 15 100 125 

CASE TEMPERATURE tTel-DC 

175 200 

Il!! 6 COlLECTOR-TO- EMITTER VOLTAGE (VeE)= 3V 

!!! 4 .. J-h ~ 2 
~ ~ I'Z.~DC f".. 
~_IOB 

"\ ,>.;...... 

a~ ~ ... ",~t-
00 Z~t-~ ~~ 2 ~/ \ 0:" 

~ 10" 
v ... c; 

u • 
0 6 

S 4 

0: 2 
>-.... 1 

0·1 4 6 8 I -4 6 8'0 4 6 8'00 

COLLECTOR CURRENT (Xcl-A 
92C$-20697R2 

Fig. 3 - Derating curve for a/l types. Fig. 4 - Typical dc-beta characteristics for a/l types. 
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BDX33, BDX33A, BDX33B, BDX33C, BDX33D 

COl.LECTOR CURRENT {Ie}.' A 

'~ 
COL.LECTOR-lO-EMITTER VOLTAGE (Vcel'"5 

-: CASE TEMPERATURE 1Tc'-2!5·C 

e 
~ "'-~ 10i ~ 
z 
~ 

1l '\ 
~ 

, 
, 

~ 
I , I\. 

\ 
10 1\ 

M' 
, 

6 8 O,' . . " , . 6 B 10 

FREQUENCY (1)-"'1 

Fig. 5 .:... Typical small-signal gain for aI/ types. 

COLLECTOR-lO-EMITTER VOLTAGE (VcEI-V 
92tS-199Z5 

Fig. 7 - Typical output characteristics for all types. 

I~~~( TEMPERATUR~~~'_ 25" 

6: . ' RESISTANCE "'-lOon 

,~ 
II ; ; 

BASE-lO-EMITTER VOL.TAGE (118EI-V 

Fig. 9 - Typical saturation characteristics for all 
types. 

COLLECTOR-Tb-EMITTER VOLTAGE (Vce)-3 ~Ft+ 

'5 
,~ Wi l! 

! 
ra 

ill 
J 

2.5 

BAst-lO-EMITTER VOlTAGE {YaE'-V 

Fig. 6 - Typical Input characteristics for all types. 

COLLeCTOR-lO-EMITTER VOLTAGE (Vee). 3 v 

, 2 

BASE-lO-EMITTER VOLTAGE (VBE'-V 

Fig. B - Typical transfer characteristics for all types. 

PULSE DURATION 
20,.. POSITive YOl TAGE 
20,.. NEGATIVe VOLTAGE 

REP.RATE"200Hr 

lice' 20 II 

RS"ZOO AC 

.. IB, AND 182 ARE MEASURED WITH TEKTRONIX CURRENT 

PROBE P6019 AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

92C5-22742 

Fig. 10 - Circuit used to measure saturated 
switching times. 
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f 
r 
" 

COLLECTOR SUPPLY \'OLTA8E (Yee)· 20 V .. I • • -182 -IC/SOO, TC·25·C 

• I ----r-2.' 

2 .----1-
I ,. 

1 

O.5-~ r--- -

, , . 

I 

-I--... f!... 

...... v .7 

-t- ..!a.. 
1 , , , .. 

BDX33, BDX33A, BDX33B, BDX33C, BDX33D 

10 

lb--IB2 INI'f/T ... .&£ FORII 

Ti 
I 
I 
I 
I 

t=~~±=1 
-------1-- - -90% 

I 
I 
I 
I 

COLLECTOR CURRENT 11c)-A 
9;!CS- 199?OFtI 

Fig. 11 - Typical saturated switching-time 
characteristics for al/ types. 

92CS-I:s99f;IU 

TURN-OFf 
f----+- TIME 

OUrPUr 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). 
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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: 
• Operates 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 of these 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 

'M;mloll J~' 
TOP VIEW . B 

92CS-39969 

JEDEC TO-22QA8 

B 

,----------, 
, I 
I I 
I I 
I I 
I I 
I "'2.Skn "'12on I 
L _________ -.J 

92C5-22750 

Fig. 1 . Schematic diagram for all types. 

BDX34 BDX34A BDX34B BDX34C BDX34D 
VCBO ." ......••••. " ..••••. " . . . .•. . . ... -45 
VCER(SUS) 

(RBE)=100 n .......... , ..... ""....... -45 
VCEO(SUS) ", .•• , .•.... ".,." .... "..... --45 
VCEX(SUS) . 

VBE=-1.5 V ..........•.........•... "... -45 
VEBO ...•.•.....•.••••.....••........•... 

IC········································ 
lB·····················,·················· 
PT 

TCS25·C ........••..........•••...... 
TC>25·C .•.............•.......••.... 

Tstg. TJ ................................. . 
TL 

At distances ~ 1/8 in. (3.17 mm) 
from case for 10 S max. 

-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 W/·C 

-65 to +150 ·C 

235 ·C 
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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 

'CEO -30 - - - -0.5 - -
-20 - -0.5 - - - -
-40 - - - - - -10 

TC=100°C -30 - - - -10 - -
-20 - -10 - - - -

-80 - - - - - -1 mA 

'eso -60 - - - -1 - -
-45 - -1 - - - -
-80 - - - - - -5 

TC=100°C -60 - - - -5 - -
-45 - -5 - - - -

'ESO 5 0 - -10 - -10 - -10 

VCEO(SUS) -0.18 -45 - -60 - -80 -
VCER(SUS) -0.18 -45 - -60 - -80 - V 

(RSE)=100 !l 

VCEV(SUS) 1.5 -1.08 -45 - -60 - -80 -

hFE 
-3 -38 - - - - 750 -
-3 -48 750 - 750 - - -

VSE 
-3 -38 - - - - - -2.5 

-3 -48 - -2.5 - -2.5 - -
VCE(sat) 

V 
's=-0.006 A -31' - - - - - -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) 

Ihlel -5 -1 20 - 20 - 20 -
(1=1.0 MHz) 

'SIb -20 -3.5 - -3.5 - -3.5 -
A 

jJ=0.5S non-rep. -33 -1 - -1 - -1 -
ROJC - 1.78 - 1.78 - 1.78 °C/W 

apulsed: Pulse duration=300 I'S, duty lactor·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 

V de A de 

VCB VCE VBE IC Min. Max. Min. Max. 

ICEO 
-60 - - - -O.S 

-so - -o.s - -

TC=100°C 
-60 - - - -10 

-SO - -10 - -
mA 

ICSO 
-120 - - - -1 

-100 - -1 - -

TC=100°C 
-120 - - - -s 
-100 - -s - -

IESO S 0 - -10 - -10 

VCEO(SUS) -0.1a -100 - -120 -
VCER(SUS) 

-0.1a -100 - -120 - V 
(RSE)=100 n 

VCEV(SUS) 1.S -1.0a -100 - -120 -
hFE -3 -3a 7S0 7S0 

VSE -3 -3a - -2.S - -2.S 

VCE(sat) 
V 

IS=-0.006 A -3a - -2.S - -2.S 

VF -8 - -4 - -4 
hfe -S -1 1000 - 1000 -

(f=1.0 kHz) 

Ihfel -S -1 20 - 20 -
(f=1.0 MHz) 

ISlb -20 -3.S - -3.S -
A 

tp=O.S 5 non-rep. -33 -1 - -1 -
ROJC - 1.78 - 1.78 °C/W 

apulsed: Pulse duratlon=300 "s. duty factor=1.8%. 
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'BDX34, BDX34A, BDX34B, BDX34C, BDX34D 

92CS-2931OR1 

Fig. 2 - Maximum operating areas for BDX34-series types. 
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iffi~ 
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~~i 50 

~:ca 
0" 

~~ 20 

NOTE: CURRENT DERATING AT CONSTANT 
VOLTA6£' Af'PUES ONLY 10 THE DrSS'PATION
LIMITED PORTION AND THE :IS/b -LIMITED 
PORTION OF MAXIMUM OPER.ATlNG AREA 
CURVE. DO NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX 

25 50 75 100 125 ISO 17& 200 

CASE TEMPERATUR£ (TCI-ec 

Fig. 3 - Current derating curve for all types. 

4 6. 
-0.1 -I -10 

COLLECTOR CURRENT CLC)'- A 

4 6. 
-100 

Fig. 4 - Typical dc beta characteristics for all types. 
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BDX34,'BD)(34A~ BDX34B~ BDX34C, BDX34D 

''''"6 COLLECTOR CURRENT IIC1·"d~ 

2: 468 Z 488 2 488 2: '" 88 24882 
0.001 0.01 0.1 I 10 10 

FREQUENCYlfl-MH. 
SlZtS-Z08!>? 

Fig. 5 - Typical small-signal gain for all types. 

COLLECTOR-TO-EMITTER VOLTAGE {VeEI-V 

Fig. 7 - Typical output characteristics for all types. 

1-, 
U . 

~ -8 

I U _6 

~ 
~ -4 

·2 

-, -2 -, -4 

COLLECTOR-TO-EMITTER SATURATIOH YOL.TAG£ [VCEllat~-V 

Fig. 9 - Typical saturation characteristics for all 
types. 

-,. 

H'" --I ; -10 

-2.5 

COLL,.ECTOR-TO-EMITTER YOLTKGE {VCEI--' V 

~ C 
;; .. 
~ 

f 
1 

-I -2 -3 -4 
. BASE-:TO-EMITTER VOLTAGE {VaEI-V 

Fig. 6 - Typical input characteristics for all types. 

COLLECTOR-lO-EMITTER VOLTAGE IVCE)--3 V 

.-15 

-I -2 -3 -4 
BASE-YO-EMITTER VOLTAGE 'VeE'-V 

Fig. 8 - Typical transfer characteristics for all types. 

PULSE DURATION 
20 J&s POSITIVE VOLTAGE 
20,.s NEGATIVE VOLTAGE 

REP. RATE. 200 Hz 

.,.. IB, AND 182 A,AE MEASURED WITH TEI<TRONIX CURRENT 
PROBE P6019 AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

92CS-2:2742 

Fig. 10 - Circuit used to measure saturated 
switching times. 
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COLLECTOR SUPPLY VOLTAGE (Vcc)--20V 

1.4 l.BI~IB2·Ic/500,TC·25°C ,-
1.2~ -... 
, t-.!!... 

;, O.B ~ --~ ...... r--. 
I r--. w 
~ 0,6 

" 
.-

0.' 

.............. ..!r-_f-
0.2 '. 

0.1 

-I 
, , . , . , . 

COLLECTOR CURRENT C1CI-A 

Fig. 11 - Typical saturated switching-time 
characteristics for all types. 
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BDX34, BDX34A, BDX34B, BDX34C, BDX34D 
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III I!! 

I 
I 
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OUTPUT WAVE FORM 
92CS-I3996R1 

Fig. 12 - Phase relationship between input 
current and output current showing reference 
points for specifications of switching. 
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BDX53, BDX53A, BDX53B, BDX53C 

B-Ampere N·P·NDariington 
Power Transistors 
45-60-80-100 Volts, 60 Watts 
Gain of 750 at 3 A 

File Number 1213 

TERMINAL DESIGNATIONS 

Features: 

• Operates from Ie without predriver 
• Low leakage at high temperature 

Applications: 

'~'~'"lO[[ J~' : 
TOP VIEW B 

• Hammer drivers 
• Power switching .Sarles and shunt regulators 

The BDX53, BDX53A, BDX53B, and BDX53C 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 supplied in the JEDEC TO 220AB 
(VERSAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
BDX53 

VCBO........................................ 45 
VCEO(SUS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
VEBO ....................................... . 
'c ........................................... . 
'B· .......................................... . 
Pr 

TC<25'C .................................. . 

92CS-39969 

JEDEC TO-22OAB 

,-----------, 
I I 

• I I 
I I 
I I 
I I 
I I L _________ ...I 

E 
92CS-2069IR2 

Fig. 1-Schemat/c diagram for al/ types. 

BDX53A BDX53B BDX53C 
60 80 100 V 
60 80 100 V 

5 V 
8 A 

0.2 A 

80 W 
TC>25'C .................................. . Derate linearly 0.48 wl'e 

Tstg, TJ ...................................... . 
TL 

-65to +150 'e 

At distances .. 1/18 in. (3.17 mm) from case 
for 10s max ................................. . 235 'e 
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BDX53, BDX53A, BDX53B, BDX53C 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25°C 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERSTIC VOLTAGE CURRENT 

Vdc Adc BDX53 BDX53A 

VCB VCE VBE IC IB Min. Max. Min. Max. 

ICEO 
22 0 - 500 - -
30 0 - - - 500 

45 200 
ICBO 

- - -
60 - - - 200 

lEBO -5 0 - 2 - 2 

VCEO(SUS) 0.1a 0 45 - 60 -
hFE 3 3a 750 - 750 -
VBE(sat) 38 0.012 - 2.5 - 2.5 

VCE(sat) 38 0.012 - 2 - 2 

VF 
3b - 1.8 - 1.8 

Bb 2.SC - 2.SC -
R8JC - 2.08 - 2.08 

UNITS 

,..A 

rnA 
V 

V 

°ClW 

• Pulsed: Pulse duration = 300 "s, duty factor = 1.5%. b IF value. c Typical value. 

ELECTRTICAL CHARACTERICS, At Case Temperature:.(Tc) = 25°C 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT 

Vdc Adc BDX53B BDX53C 

VCB VCE VBE IC IB Min. Max. Min. Max. 

ICEO 
40 0 - 500 - -
50 0 - - - 500 

80 200 
ICBO 

- - -
100 - - - 200 

lEBO -5 0 - 2 - 2 

VCEO(SUS) 0.1a 0 80 - 100 -
hFE 3 38 750 - 750 -
VBE(sat) 38 0.012 - 2.5 - 2.5 

VCE(sat) 38 0.012 - 2 - 2 

VF 
3b - 1.8 - 1.8 

8b 2.SC - 2.SC -
R8JC - 2.08 - 2.08 

• Pulsed: Pulse duration = 300 "S, duty factor = 1.5%. b IF value. c Typical value. 

UNITS 

,..A 

rnA 
V 

V 

°CIW 
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BDX53, BDX53A, BDX53B, BDX53C 

10 
COLLECTOR-TO~ EMITTER VOLTAGE (VCEI- V 

12CM-U2&4 

Fig. 2-Maxlmum operating areas for al/ types. 
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NOTE- ClI'AENT OERATING AT CONSTANT 
VOLTAGE APPLIES ONLY 10 THE OISSlPATION
LIMITED PORTION AND THE IS/b -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVE. DO NOT DERATE THE 
SPECIFIED VALUE FOR x.c MAX. 

~ 50 75 100 IZS I~ ,~ 200 

CASE TEMPERATURE ITel-oC 

Fig. 3-Deratlng curve for a/l types. 

"! lo3a·t---------l-------l-~._--l-----__j 
~ . 
~ . 

0.1 

UCS-32256 

Fig. 5-Typical small-signal gain for al/ types. 

10 8 COLLECTOR-lO-EMITTER VOLTAGE(VCE)= 3 V 
a: 6 CASE TEMPERATURE (T c)'" 25°C 

~ 4 

~ ~--~--+-~~~--+----~-+~ 

I- t04.t::=$=~=ii;t:=i;;==~iE i5 ~~ 
~j :~- ----- ~ 
~g ," f':+-
!: 3 V 1'\ 
~ 10 8.~t!.t=~=i=t=I=~f=:jEtjj g ~~ t-
~ .r:--- --- 1-- - --- --- f--I--

~ 
0.1 I m 

COLL.ECTOR CURRENT (Ie )-A 92C$- 322!1~ 

Fig. 4-Typical dc-beta characteristics for all 
types. 

10 COLLECTOR-lO-EMITTER VOLTAGE(VCEI'"3V 
CASE TEMPERATURE (Te )s2S 0 C 

! 7.5 
u ~ 
~ 

~ z 

W , 
13 
g 
l;l 
~2.5 

2 3 4 5 

8A5£-TO- EMITTER VOLTAGE (VBE1-V 92CS-32257 

Fig. 6-Typical transfer characterIstics for al/ 
types. 
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~ 4 CASE TEMERATURE ITe )=25 G C_ 

i! hFE= 250 

g 

2.5 5 7.5 
COLLECTOR CURRENT (:tc1-A 

10 

BDX53, BDX53A, BDX53B, BDX53C 

~_5A':-= _ --:; 
~. -~;f::= ":= 
--:::-:"1EB 

_ ~OLLECTOR CURRENT(TC)'05~f~ 

BASE CURRENT (Ie1--mA 

Fig. 7-Typical saturation characteristics for 
all types. 

Fig. 8-Typical saturation characteristics for 
all types. 

10, COLLECTOR SUPPLY VOLTAGEIVCC)-30V 1--t--IS1..-I.S2 hFE -250 . CASE TEMPERATURE I Te )-2!5-C t--t--
4 

" 2 

~ 
.. I --- --r-!!.. 
:IE , r--~ . .", - f-' 

4 

2 

0.1 
2 4 , , 

COLLECTOR CURRENT IIC)-A 
92C5-32260 

10 

Fig. 9-Typical saturated switching-time 
characteristics for all types. 
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BDX83, BDX83A, BDX83B, BDX83C 

15-Ampere N-P.;N Darlington 
Power Transistors 
40-60-80-100 Volts, 125 Watts 
Gain of 1000 at 5 Amperes 

Features: 
• Operates from Ie without predriver 
• Low leakage at high temperature 

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

The BDX83, BDX83A, BDX83B, and BDX83C 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 supplied in the JEDEC TO 220AA steel 
hermatic package. 

File Number 955 

TERMINAL DESIGNATIONS 

JEDEC TO-204AA 

92CS-27!)96 

Fig. I-Schematic diagram for all types. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO .............................. . 

VCEolsusl ....••.................... 

VEBO ............................. . 

IC •••••••••..•.••.•.••••.••.•••••••• 

ICM •••••••.•••.•••••..•••••.••••••• 

IB ••••••••••••••••••.•..••••••••••.. 

BDX83 

45 

45 

5 

10 

15 

0.25 

BDX83A 

60 

60 

5 

10 

15 

0.25 

TC ..;; 25°C .................... 125 125 

BDX83B 

80 

80 

5 

10 

15 

0.25 

125 

BDX83C 

100 

100 

5 

10 

15 

0.25 

125 

v 
V 

V 

A 

A 

A 

w 
TC > 25°C ••••.•••••••.••••••••••••.•••••••••••••. Derate linearly at 0.714 W,OC 

Tstg• TJ ........•.................... ----- -65 to +200 -----

TL 
At distances ;;. 1/32 in. 10.8 mml 
from seating plane for lOs max. • •.•••• ------ 235 ------
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BDX83, BDX83A, BDX83B, BDX83C 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC'; 25°C Unless Otherwise 
Specified 

CHARAC-
TEST CONDITIONS LIMITS 

TERISTIC 
VOLTAGE CURRENT 

BDX83 BDX83A UNITS 
V de Ade 

SYMBOL 
VCE VEB VBE IC IB Min. Max. Min. Max. 

20 0 - 1 - -
ICED 30 0 - - - 1 

ICEV 
45 -1.5 - 0.5 - -

60 -1.5 - - - 0.5 
mA 

TC=150oC 
45 -1.5 - 3 - -
60 -1.5 - - - 3 

lEBO 5 0 - 5 - 5 mA 

VCEO(sus) O.la 0 45 - 60 - V 

3 l a 750 - 750 -

hFE 3 5a 1000 - 1000 -
3 lOa 250 - 250 -
3 5a - 2.8 - 2.8 

V VBE 3 lOa - 4.5 - 4.5 

VCE(sat) 5a O.Ol a - 2 - 2 
V 

VF -10 - 4 - 4 

hfe 
5 1 1000 1000 

f = 1 kHz 
- -

Ihfel 
5 1 20 - 20 -

f = 1 MHz 

I Sib 35 2.2 - - -
t = 1 s, 50 - - 0.9 - A 
non rep. 30 4.16 - 4.16 -

R9JC - 1.4 - 1.4 oCIW 

apulsed: Pulse duration = 300 "s, duty factor = 1.8%. 

6~~O~.TO-Et'!!...TTE~ Y~~TAG~ (VeE)" 3 V-. - 1--1--
2-- .-

10' 
--III ~ -f--.~ !4 -~8-~ 0 ~, 
~ 2 /l4~"t;~ \\ '" , 'if} -<ii' .. ':" IO~ v~}\.'\ . 

2 I 
10' 

0.1 
2 . 6 • . 2 • • I 10 

2 . 
CASE T£MP£RATURE lTCl-"c COLLECTOR CURRENT (IC)-A 

. . 
100 

Fig_ 2-Deratingcurves for all types. Fig. 3 - Typical dc-beta characteristics for all types. 

------------__________________________________________________ 2-~7 



PO!,er Transistql:S_....,......,.. ___ ....,.. __ ,...--____ ....,..-, ____ ..,.... _____ --.------_ 

BDX83, BDX83A, BDX83B,BDX83C 

J 
I 
Ii 
II 
~ , 
i 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2SOC Unless Otherwise 
Specified 

CHARAC, 
TEST CONDITIONS LIMITS 

VOLTAGE CURRENT BDX83B I BDX83C TERISTIC 
Vdc Adc 

UNITS 
SYMBOL 

VCE VEB VBE IC IB Min, Max, Min, Max. 

ICED 
40 0 - 1 - -
50 0 - - - 1 

ICEV 
SO -1.5 - 0.5 - -
100 -1.5 - - - 0.5 
SO -1.5 3 

rnA 
TC = 1500 C 

- - -
100 -1.5 - - - 3 

lEBO 5 0 - 5 _. 5 rnA 

VCEO(sus) O.la 0 SO - 100 - V 

3 l a 750 - 750 -
hFE 3 5a 1000 - 1000 -

3 lOa 250 - 250 -

VSE 
3 5a - 2.S - 2.S 
3 lOa 4.5 4.5 

V - -
VCE(sat) 5a O.Ol a - 2 - 2 

V 
VF -10 - 4 - 4 

hfe 
5 f = 1 kHz 

1 1000 - 1000 -

·1 hfel 5 1 20 - 20 -f = 1 MHz 

'Sib 70 0.37 - - -
t = 1 5, S5 - - 0.25 - A 
non rep. 30 4.16 - 4.16 -

ROJC - 1.4 - 1.4 °CM 

aPulsed: Pulse duration = 300 1"5, duty factor = 1.8%. 

, 
I ... TDft CUMtIIllT Gc.-I A , , ......... U".' , •• 1, ••• VOLT ... (vcr" sv !:I: 

· COLL.IC1OII-TO-DIITTD VOLTME 'Ye,)-' 
CAli TlIIPIMTUM: "c)-2re , 
['... , , 

· ~ , 

· · 1,\ · " 
! . 

, 
" 1\ .... . . , OJ . . , , . , , 10 

Fig. 4 - Typical small-signal gain for all types. Fig. 5 - Typical input characteristic for all types. 
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BDX83, BDX83A, BDX83B, BDX83C 

COLLECTOR-1t)-EMITTER VOLTAGE (YCE)-V 

92CM-29144 

Fig. 6 - Maximum operating area for a/l types. 

BASE -TO- EMITTER VOLTAGE (V8E I -v 
92C5-199241U 

Fig. 7 - Typical transler characteristics for a/l types. 

COLLECTOR-lO-EMITTER SATURATION VOLTAGE 

92C$-Za.!!o6 

Fig. 9 - Typical saturation characteristics 
for a/l types. 

f 
! 

" 
• 

2., 

• 
15 

I 

0., 

COLLECTOR-lO-EMITTER VOLT~E IVeEI-V 
9.l!CS- 1992!!O 

Fig. 8 - Typical output characteristics 
for a/l types. 

COLLECTOR SUPPLY VOLT"IIE Wccl-20V 

'I • -18Z • Ie/5OO, TC·Z,·C 

: I 
1 I 

i 
! 

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

I 

.......... .7 --.!l.. 
I , , . , . , .. 10 

COLLECTOR CURRENT (tel-A 
92C$_19920RI 

Fig. 10 - Typical saturated switching-time 
characteristics for all types. 
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BDX83, BDX83A, BDX83B,BDX8.3C 

~~~~ETlCS PULSE 18,* 
GENERATOR MODEL 
No.PG-3I, OR 
EQUIVALENT 

PULSE DuRATION 
20 ~s POSITIVE VOLTAGE 
20 ~s NEGATIVE VOLTAGE 

REP. RATE = 200 HI: 

OUTPUT to 
, OSC!LLOSqSPE 

(TEKTRONDf MODEL 

~~. ~~~~.JALENTl 

r=: 
O(vleE -:- .. 
UNDER 
TEST 

RS-ZOO RC 

... lSI AND 182 ARE MEASURED WITH TEKTRONIX CURRENT 

PROBE P6019 AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

Fig. 11 - Circuit used to measure 
saturated-switching times. 

./ ~" 

$iH·:~I._' ___ j I _TIME 

.~ .: I~ INPfJr WA£ FORM 

_. I Ti 
I I 
I I 

I 
I ___ ON -+--.J 

I CONDITION I _ I 
- - - - - - _I __ 

I 
~. I 

gi : I 

go ,-__ +--r-:- -------I - - ~~- 10% TIME 

~I~..j~;l ~'~ 
TURN-ON i . .j I, I-- ,. TURN-OFF 

rM: - ___ ----J TIME 

OU11'llr WAVE FORM 

Fig. 12 - Phase relationship between input curren 
and output current showing reference 
pOints for specification of switching 
times. 
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File Number 819 

High-Power High-Current Transistor 

Silicon N-P-N Devices for Applications 
in Industrial and Commercial Equipment 

TERMINAL DESIGNATIONS 

c 

Features: 
• High dissipation capability 

• High VCEX ratings 
• 15-A specification for hFE and VCE(satl 

'0 
• Low saturation voltage with high beta 92CS-27516 

JEDEC TO-204AA 

The RCA-BDY29 is a silicon n-p-n transistor intended for a 
wide variety of high-power high-current applications: Typi
cal applications for the BDY29 include power-switching cir
cuits, audio amplifiers, series and shunt-regulators, driver 
and output stages, dc-ta-dc converters, inverters, and sole
noid (hammer)/relay driver service. 

The device is supplied in the popular JEDEC TO-204AA 
package. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE ............•.................................. 

COLLECTOR-TO-EMITTER VOLTAGE: 
With -1.5 V (YBEI & RBE = lOOn ............................................ . 
With base open ....•..............••..••........•............................. 

EMITTER-TO-BASE VOLTAGE ..•.............................•.................. 
CONTINUOUS COl-LECTOR CURRENT ..............•............................ 
PEAK COLLECTOR CURRENT ...•............................................... 
CONTINUOUS BASE CURRENT ...••............................................ 

TRANSISTOR DISSIPATION: 
At case temperatures up to 25°C ............................................... . 

VCBO 

VCEX 
VCEO 
VEBO 
IC 
ICM 
IB 
PT 

100 

90 
75 

7 
30 
30 
7.5 

220 

BDY29 

V 

V 
V 
V 
A 
A 
A 

W 

At cas. temperatures above 25°C •............................•................. See Figs. 1 and 2 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ..•.............•................................ -65 to 200 °c 

PIN TEMPERATURE (During soldering): 
At distance ;;'1/32 in. (O.B mm) from seating plane for 10 s max. . ...........•..•..... 230 °c 
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BDY29 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25"C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURREN 

BDY29 UNITS Vdc Adc 

VCB VCE VBE IC IB Min. Max. 

Collector Cutoff Current: 
With emitter open ICBO 100 - 1 mA 

With base·emitter junction reverse· biased ICEX 100 -1.5 - 1 mA 

With base·emitter junction reverse· biased 
& TC = 150°C ICEX 100 -1.5 - 10 mA 

With base open ICED 60 0 - 2 mA 

Emitter Cutoff Current lEBO -7 0 - 2 mA 

DC Forward Current Transfer Ratio hFE 2 15a 15 60 

Collector·to·Emitter Sustaining Voltage: 
With base·emitter junction reverse·biased 

(RBE)= lOOn VCEX(sus) -1.5 0.2 90 - V 

With external base·to·emitter resistance 

(RBE) = lOOn VCER(sus) 0.2 85 - V 

'With base open VCEO(sus) 0.2 0 75 - V 

Base·to·Emitter Voltage VBE 4 30a - 3.5 V 

Collector·to·Emitter Saturation Voltage VCE(sat) 15a 1.5 - 1.2 V 

Second· Breakdown Collector Current: 
With base forward·biased and l·s, 

nonrepetitive pulse IS/bb 60 3.66 - A 

Magnitude of Common·Emitter, Small·Signal, 
Short·Circuit, Forward Current Transfer Ratio: 

Ihfel 

16 
f = 0.05 MHz 4 1 4 (Typ.) 

Common·Emitter, Small,Signal, Short,Circuit, 
Forward Current Transfer Ratio: 

f = 1 kHz hfe 4 1 40 -

Thermal Resistance: 
Junction·to·Case RIlJC - 0.8 °CIW 

apulsed; pulse duration = 300 /Is, rep. rate = 60 Hz; duty factor';;; 2%. 

bl S/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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BDY29 

8 1 CASE TEMPERATURE (TC) = 25'C " , ,: ' , 

PUL :i:" 

8 f '. I' 

6 
' w, I' 

,~ :: !'" 

: ie; :i' ,;"" 
4~j ,'ii:, il. Ii";,! MAX.= 5V 

,;:; '; ,Ill 

[lii£111, : 
1',' ! " :' .. , 

! ~'n 
2 

Fei i'I:':I", It:j' I::: " .. I· .. 

. ::1; ~;:'.i!;:;!~; 

I~):~!:ll 
1,1," 

It:ii,f 0.1 Iii; I:: iiH!n:, mlg~'i:H i it.., 

4 6 8 b 4 6 81110 6 8 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 92CS-24631 

Fig. 1 - Maximum operating areas. 

COLLECTOR TO EMITTER VOLTAGE{VCE j-2V 

w 
;200 

~ 
....... 

"'-~ 16 ......... 
• I. 

~+> ~ 
~ 120 

~ " .. ~ 
~ 10 ,~"4" ~ eo 
~ '~N.I U • 

~~ ! 4 

~ 2 I N.. ['.,.. 
g , "'- F=:; . . . , . 25 50 75 100 125 150 175 200 

0.1 10 10 
COLLECTOR CURRENT (ICI-A CASE TEMPERATURE IT c 1-"C 92LS-1164RI 

Fig. 2 - Dissipation derating curve. Fig. 3 - Typical de beta characteristics. 
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BDY29 

u 15 
~ 

~ 10 

8 

COLLECTOR CURRENT (leI/BASE CURRENT (I B )-10 

0.25 0.5 0.75 1.25 t!5 1.75 .. , 
COLLECTOR-lO-EMITTER SATURATION VOLTAGE'[VcE{'01~-V 

92C5-19496 

Fig. 4 - Typical saturation-voltage characteristics. 

« 

I 
u 

t:! 

COl.LECTOR-TO-EMITTER VOLTAGE (VCEI-V 

Fig. 6 - Typical output characteristics. 

IVOLTAG~ 

I~ 
I! 

BASE-lO-EMITTER VOLTAGE (VSE I-v 

Fig. 5 - Typical input characteristics. 

BASE-TO-EMITTER VOLTAGE (YaEl-V 
92C$-19500 

Fig. 7 - Typical transfer characteristics. 
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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. 

'0 
92CS·27516 

JEDEC TO-204AA 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VeDO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••••••••••••• 
VCEO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

p., 

Ie •..............••....•...•...••.......••••........•..........•.•....••....•......•. ·· .• ••• ... 
I •............................................................................................. 

BDYSS 

100 
60 

BDY58 

150 
120 

7 
15 ___ 

7 

Te =25·C ....••.......................•...........•.........•..................••••....•••.•.. ___ 117 ___ 

T.Ia_ TJ ......................................................................................... . __ -65 to +200 __ 

TL 
At distances;:' 1/32 in. (0.8 mm) from seating plane for 1 0 s max .........•...............•.......• 

___ 230 ___ 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
AND IS/b-L1."TED PORTION OF MAXIMUM-OPERATING 
AREA CURVES .00 NOT DERATE THE SPECIFIED 
VALUE FOR IC MAX. 

2~ 50 75 100 125 150 175 200 
CASE TEMPERATURE ITC I_OC 

92CS-20129 

Fig. 1 - Dissipation derating curves for both types. 

COLLECTOR-TO~EMITTERVOLTAGE (VCE)o4V 

= 
90 CASE TEMPERATURE ITc)"25°C 

2 

/ ~ I 
~ 80 

V \ .. 
~ TO 

f 
60 / 

~ V , 
~ '0 

~ 
~ 40 

.0 

0.1 
. 4 • . I 6 8 10 

COLLECTOR CURRENT 1~c1-A 
92CS-32248 

Fig. 2 - Typical gain-bandwidth product for both types. 

V 
V 
V 
A 
A 

W 
·c 

·C 
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BDYSS, BDY,56 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C Unless 
Otherwise Specified. 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT 
BDY55c BDY56 

Vdc Adc 

VCE VEB VBE Ic Ie Min. Max. Min. Max. 

'CEO 
30 0 - 0.7 - -
60 0 - - - 0.5 

'CEV 
100 -1.5 - 5 '~ -
150 -1.5 - - - 3 

At Tc = 150°C 100 -1.5 - 30 - -
150 -1.5 - - - 30 

'EBO 7 0 - 5 - 3 

hFE 4 4 a 20 70 20 70 
4 10a 10 -, 10 -

fT 4 1 10 - 10 -
VCEP(sus)b 0.2 0 60 - 120 -
VBE 4 4 - 1.8 - 1.8 

4 4 - 1.1 - 1.1 VCE(sat) 10 3.3 - 2.5 - 2.5 

tON 5 1.0 - 0.5 - 0.5 
VCC = 50 V 

tOFF 
181 = 

5 1 A - 2 - 2 
VCC = 50 V 182 = 

-O.SA 

RSJC 10 10 - 1.5 - 1.5 

a Pulsed; pulse duration ~ 350 IJs, 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. 

'" 

UNITS 

mA 

rnA 

MHz 

V 

J.1S 

°C/W 

_ -55H-t-r--t-t-t11"lH-1 --- '.~ , i 

• • • 
aAsE-TO-EMITTER VOlTAGE(VSE)-Y 

0.0' 10 40 0.1 , 
COLlECTOR CURRENT {IC)-A 

92C$-32.241 92CS-32246 

Fig. 3 - Typical transfer characteristics for both types. Fig . .. - Typical dc beta characteristics for both types. 

, 
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~ 25 

~ 20 
i:! 
a 15 

~ 10 

8 

.... 
z 
~ 
II: 
::> 
<.> 

CASE TEMPERATURE {Tel = 25° C 

1.6A 
I.IA 
900 
•• 0 
~500 

350 
250 

180 
120 

10 100 
COLLECTOR-TO-EMITTER VOLTAGE (VCE1-V 

92CM- 32249RI 

Fig. 5 - Maximum operating areas for both types. 

80 
C 1: ;=4 rnA 

10 W ro 25 ~ ~ ~ ~ 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

BDY55, BDY56 

92LS-1465R2 

Fig. 6 - Typical output characterstics for both types. Fig. 7 - Typical input charactersticB for both types. 

.~ t-tJ-- COLLECTOR SUPPLY VOLTAGE (VCC)-30V 
r---! Ie/Is- IO • 
~~ 41--

I--" 
2 

flO-' " '" . 
'" • ;:: 

4 

2 

10-2 

o 4 8 12 16 20 
COLLECTOR CURRENT« Ie )-A 92CS- 32245 

Fig. 8 - Switching-time characters tics as a function of colleetor 
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 
.Ic -25A 
• PT -175 W 

The RCA-BDY58R is a silicon n-p-n power transistor featur
ing fast switching speeds, low saturation voltage, and high 
safe-operating (SOA) ratings. It is specially designed for 
converters, inverterS, pulse-width-modulated regulators, and 
a variety of power switching circuits. 

The RCA-BDY58R transistor is supplied in a steel JEDEC 
TO-204AA hermetic package. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

File Number 1206 

TERMINAL DESIGNATIONS 

c 

'0 
92CS-27516 

JEDEC TO-204AA 

BDY58R 
Vceo ...................................................................................................... 250 V 
VCEO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 160V 
VCEX 

VeE =-1.5V ............................................................................................. 250V 
VEeo ......................................................................................................... BV 
Ic .......................................................................................................... 25A 
ICM ......................................................................................................... 50A. 
Is ........................................................................................................... BA 
PT: 

At T cup 25° ............................................................................................ 175 W 
T J, T "9 ••••••.••••••••••••••••.•••••••••••••••••..••••••••••••••.•..•.•.••••.••••••••.•••••..•..•.. -65 to + 200°C 
T L: 

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 

SDY58R 
Vdc Adc 

VCE VSE IC IS Min. Typ. Max. 

VC~ 
ICBO = 

200 
- - 0 - 0.1 1 

ICER RBE = 10 Q, 180 - - - - - 10 
TC=100'C 

lEBO - -5 0 - - 0.1 0.5 

Vc EO(S us)D - - 0.2a - 160a - -
VCBRIEBO IE = 0.05 A - - 0 - 8 - -
V~(sat) - - 10a 1 - 0.9 2 
VCE(sat) - - 10a 1 . - 0.2 1.4 

hFE 
4 - 10a - 20 - 60 
4 - 20a - - 20 -

TC= -30'C 4 - 10a - 10 - -
fT 15 - 1 - 10 48 -
ton VCC - 15 1.5 - 0.3 1 
[toff = 10 1.0 1.~ ~ 

(IB1 = IB2) 75V 

ROJC - - - - - - 1 

aPulsed, pulse duration = 300 I'S, duty factor .. 2%. 

bCAUTlON: Sustaining Voltage VCEO(sus) MUST NOT be measured on a curve tracer. 

100 

7, 
50 

25 

NOTE: CURRENT 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 VALUE 
FOR Ie MAX. 

BDY58R 

UNITS 

rnA 

V 

MHz 

jlS 

'C/W 

25 50 75 100 125 150 175 200 2468246824682468 

CASE TEMPERATURE (TC)-·C 

Fig. 1 - Dissipation and Isio derating curve. 

aool 0.01 0.1 I 10 
PULSE WIDTH Up) - s 

92CS-50381 

Fig. 2 - Typical thermal·rasponse 
characteristic. 
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BDY58R 

6 8 160 

COLLECTOR-TO- EMITTER VOLTAGE (VCE I-V 
92CM-32152 

Fig. 3 - Maximum safe-operating areas (T c = 25' C). 

'-COLLECTOR TO -EMITTER VOLTAGE 
400 (VCE)=AV 

0 

~ 
0: 2 

lAiE TEMPE1ATuRE JCI:,d5 0 C 

0: 
W ... 
~ 100 ...... 
0: 8 .... ..... -z w • 25' 

"" w'" 
o:~ 4 

-.,... 
!!j-

-I.c ~ " , 
fi! 
~ 
0: 

Il 
g 

2 

10 
8 

• 
• 8 

0.5 

r- r----
8 8 

10 
COLLECTOR CURRENT (Ie) - A 

" 
92CS-32151 

Fig. 4 - Typical dc beta characteristics. 

1.2~~ 

? ~ 
~ I 

40le '/, 
~> 
!iiI 

r-i' sE' 
!~PE"'"'El'e~;':;-9 j 

cr ...... 0.8 

~i I--'V~ '" ... I---l--+-- /" ~~ 0.6 

~ V 
0 

0.41--
1-->---., 

~ 
0.2 

2 4 8 8 I 4 6 8 10 
COllECTOR CURRENT (Ic)-A 

92CS-314S4 

Fig. 6 - Typical base-to-emitter saturation 
voltage as a function of col/ector current. 

40 

80 

~ Ie"Ic /1O I 
2.4 

I I I g 
z 

2 I I 
2 

CASE TEMPERATURE (Tcl--40°cl : 
~I I. • 

I 
:0;::- I 
~~ 

1.2 
II !::w 

:E" 
~2:. ) 
~ 0.8 

1/25'C 
'" ~ 0.4 / / 

~ ~ V 12'"C 

8 
• 8 6 8 

10 100 
COLLECTOR CURRENT(Ic)-A 

92C:S-SI4S3 

Fig. 5 - Typical col/ector-to-emitter saturation 
voltage characteristics. 

I g~~~ECTOR . I';ii . 25'C ~R :Y I ER VOLTAGE (VCE)= 15V 

1 .. 

i 
II c= 

I~ 
I. I. 2.4 2.8 

COLLECTOR CURRENT (Ie> - A 
92C$-32153 

Fig. 7 - Typical gain-bandwidth product. 
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::\10 

8 

o 
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CASE TEMPERATURE (Te';; 25"C 

0.1 

0.' 

0.3 

0.2 

BASE CURRENT (Ie) = 0.1 

~ 12 14 ~ ~ W 
COLLECTOR-TQ-EMITTER VOLTAGE {VCE} - V 

92CS-31456 

Fig. 8 - Typical output characteristics. 

CASE TEMPERATURE (Tel'" 125·C 

I 6'\. 18=IC /IO 

- IBI~IB2 Vcc.,75V 

4 

- ~ 
2 [3 ........ 

'" r---;: ___ " 
-' I -' 
~ 8 

" 6 z -'" .......... I, o.i 4 

~ /' If 

" /. :;; 2 

:i "- .-' -iE OJ 
10 15 20 25 30 35 

COLLECTOR CURRENT (leI - A 
92CS-32155 

Fig. 10 - Typical switching-time characteristics 
at T c = 1250 C as a function of 
col/ector current. 

BDY58R 
~ lOa CASE TEMPERATURE (Te)" 25°C 
I 18=lc /10 

6 18,;;182 VCC=75V 

- ---
- If -

/0 15 20 25 
r;OLLECTOR CURRENT (IC) - A 92C5-32154 

Fig. 9 - Typical saturated-switching-time 
characteristics as a function of 
col/ector current. 

CASE TEMPERATURE (Te)" 25·C 
FREQUENCY (f) "'0.1 MHz 

I' 
4 6 8 10 4 6 8'00 400 

COLLECTOR - TO -BASE VOLTAGE eVca)-V OR 
EMITTER-la-BASE VOLTAGE (VEBI-V 

92C5-31459 

Fig. 11 - Typical common-base input (C;",,) of 
output (CoboJ capacitance 
characteristics. 

30 

_________________________________________________________________ 2-421 



Power Transistors _____________________ -----_________ _ 

BOY90, BOY91, BOY92 

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 

The RCA-BOY90, BOY91, and BOY92 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 fastswitching 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 
JEOEC TO-204AA hermetic plackage. 

160 

o 
o 

File Number 1289 

TERMINAL DESIGNATIONS 

c 

'~ 
92CS-27516 

JEDEC TO-2D4AA 

40 BO 120 
CASE TEMPERATUREtTC)-·C 

160 200 

92CS-33600 

Fig. 1 - Dissipation derating curves for all types. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO •...•..•••.•....••.••.•.•..••.••.•....••••......•...••...••.•...•...• 
vcex(sus) 

V.E= -1.5 V ........................................................... . 
VCEO(SUS) •••......••..••.•....••••••.....••..•...••••.•••.•••............ 
VeBo .. ..•..•••••.•.•••.••.••••....••...•..•••••.•...•........••..... , ... . 
Ic ...................................................................... . 
leM ......••...•...••••........••.••.•.••..•.•••••••••••...••..•••...•.... 
I •....................................................................... 
Pr 

Tc:575·C ............................................................ . 
Tc:525·C,VCE>2BV ................................................ .. 
Tc>25·C, VCE>2BV ................................................. . 

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

At distance;::: 1/32 in. (O.B mm) from seating plane for lOs max. • ••.•.... 

BDY90 
120 

120 
100 

BDY91 
100 

100 
BO 

6 
10 
15 
2 

40 
See Fig. 1 

See Figs. 1 & 4 
-65 to 175 

175 

BDY92 
80 

80 
60 

v 

v 
v 
V 
A 
A 
A 

w 

·C 

·c 
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BDY90,BDY91, BDY92 
ELECTRICAL CHARACTERISTICS, at Case Temperature (T C) =250 C 
Unless Otherwise Specified 

Test Conditions Limits 

Characteristic 
Voltage Current BDY90 BDY91 BDY92 

Vdc Adc Units 

VCE VBE IC IB Min. Max. Min. Max. Min. Max. 

ICEX 120 1,5 - 3 - - - -
TC = 150 'c 100 -1,5 - - - 3 - - mA 

80 -1,5 - - - - - 3 

2 l a 35 - 35 - 35 -
hFE 5 5a 30 120 30 120 30 120 

5 lOa 20 - 20 - 20 -

Ihfel 5 0,5 14 - 14 - 14 -
f= 5 MHz Typ, Typ, Typ, 

VCEO(susl b 0,2 0 100 - 80 - 60 -
VCEX(susl b -1,5 0,2 0 120 - 100 - 80 - V 

VEBO 0 6 - 6 - 6 -IE=O,05A 

VCE(satl 5a 0,5 - 0,5 - 0,5 - 0,5 
V lOa 1 - 1,5 - 1,5 - 1,0 

VBE(satl 5a 0,5 - 1,2 - 1,2 - 1,2 
lOa 1 - 1,5 - 1,5 - 1,5 V 

tON 
5 O,5 c - 0,35 - 0,35 - 0,35 

VCC= 30 V 

ts 
O,5c 1,3 1,3 VCC= 30 V 5 - 1,3 - - /-Is 

tf 5 O,5c - 0,2 - 0,2 - 0,2 
VCC= 30 V 

RIJJC 10 10 - 2,5 - 2,5 - 2,5 ·C/W 

a Pulsed: pulse duration = 300 f.Js, duty factor ~ 2 %, c 181 = -182 
b CAUTION: The sustaining voltage VCEO(SUS) and VVEX MUST NOT be measured on a curve tracer, 

150 VCE-SV 1110 VcE"sV .. .. =. 125 

2 
Ii 
: 100 

$ 
~ 75 

!z ! 50 
I 

0 .. 
i 25 

IZ 

QI 

T.r2S-C 

-- ............... 

r---r-, 

6 8 I 6 8 10 

CQLLECTOR CURRENT (Ic) - A 
92C5-33&01 

Fig,2 - Typical dc beta charactaristlcs 
for all types, 

'-SMHI 

, 125 
T~"2S"C 

~ 
;: 100 

~ 
~75 
ii V -- ........... 

./ , 50 .,. 
!! 
325 

0,1 • • I 6 8 10 

COLLECTOR CURRENT I Ie) - A 
92CS-33602 

Fig,3 - Typical gain-bandwidth product 
for all types, 
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BOY90, BDY91, BOY92 

1-x .. 
ti .. z .. 
0: 
0: 
:> 

" .. .. 
~ 
:> 

't 
0: 

~ 
M ... ... 
0 

" 

COLLECTOR-lO-EMITTER VOLTAGE IVCEI-V 92CM-33'9!11 

Fig.4 - Maximum operating areas for all types. 

IC's VCE-YCEXmox 
6 -YBEDI.5V ./ • , 

10. • • • , 
I • • • 
2 

,n-' 

/ 
/ 

./ 

/ 

/ 

o 40 80 120 160 200 
JUNCTION TEMPERATURE (TJ) _·C UCS-336GB 

Fig.5 - Typical collector leakage current 
vs. junction temperature for all types. 

JUNCTION TEMPEAATUREtTJ) - "C 92CS-33fSOS 

Flg.7 - Typical collector'to-emitter satu
ration voltage characteristics as a 
function of junction temperature 
for all types. 

.. 0.5 TJD2S.C 

~ 
~ 0.,' 

~"C 
I. 

ii 
t! 

~l 03 

~! II .. .. 
~~ 0.2 

/ , 
0 .. 
g 
~ 
8 

III 
~ 
g 
z 
0 

fi> 
!!jl 

~r 
0:-

~! 
ill , 
~ , 
III .. .. 

../ 0.,1 

V 
0. 

• • •• 10-' I 10 

1.5 

0.5 

0. 

COLLECTOR CURRENT (Ie) - A "'les-sal04 

Fig.6 - Typical collector-to-emltter'satu
ration voltage characteristics as a 
function of collector current 
for all types. 

TJD 25· C 

~.IO 
I. 

----.-

• • • • I 10. 
COLLECTOR CURRENTtI,;) - A Izel-ntoS 

Flg.8 - Typical base-to-emitter satu
ration voltage characteristics as a 
function of collector current 
for all types. 
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____________________________________ Power Transistors 

JUNCTION TEMPERATUREtTJI- -C 92CS-33607 

Fig.9 - Typical base-to-emitter satu-
ration voltage characteristics as a 
function of junction temperature. 

BOY90, BOY91, BOY92 
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BFT19, BFT19A, BFT19B 

Silicon P-N-P 
High-Voltage Planar Transistors 
For High-Speed Switching and Linear-Amplifier 

File Number 683 

Applications in Military. Industrial and Commercial Equipment 

Features: 
• Maximum safe-area-of-operation curves 
• High voltage ratings: 

VCBO = -400 V max_ (BFT19B); -300 V max_ (BFT19A); 
-200 V max_ (BFT19) 

VCEO(sus) = -350 V max_ (BFT19B); -250 V max_ (BFT19A); 
-150 V max_ (BFT19) 

RCA-BFT19, BFT19A, and BFT19B are silicon p-n-p tran
sistors with high breakdown voltages, high frequency response, 
and fast switching speeds. These transistors differ in their 
voltage ratings. 

Typical applications include high-voltage differential and 
operational amplifiers; high-voltage inverters, and high-voltage, 
low-current switching and series regulators. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE ...................... VCBO 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

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

EMITTER-TO-BASE VOLTAGE ........................ . 
COLLECTOR CURRENT (Continuous) ................... . 
BASE CURRENT (Continuous) ......................... . 
TRANSISTOR DISSIPATION: 

At case temperatures 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 distance;;' 1/32 in. (0.8 mm) 'from case for lOs max. . ... 

VCEO(sus) 
VCER(sus) 

VEBO 
IC 
IB 
PT 

TERMINAL DESIGNATIONS 

,f3,,~", 
92CS-27512 

JEDEC TO-20SAD 

BFT19 BFT19A BFT19B 

-200 -300 -400 

-150 -250 -350 
-200 -300 -400 
-5 -5 -5 
-1 -1 -1 
-0.5 -0.5 -0.5 

5 5 5 
See Figs. 1 & 4. 

1 
Derate linearly at 5.7 mWfC 

_-65 to 200 • 

• 255 • 

v 

v 
V 
V 
A 
A 

W 

W 

°c 

°c 
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BFT19, BFT19A, BFT19B 
ELECTRICAL CHARACTERISTICS, At ease Temperawre (Tei ~ 2S'e 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT BFT19 BFT19A BFT19B UN'TS 
Vd. mA 

VCR VCE VEB 'C 'E 'B Min. Max. Min. Max. Min. Ma •. 

Collector-Cutoff Current: -'00 0 -'00 

leBO -200 -100 "A With emitter open 
-300 -100 

Emitter-Cutoff Current IESO -5 -100 -100 -100 "A 

DC Forward·Current 
10 10 20 20 20 

Transfer Ratio hFE -10 -30 25 25 25 
-10 -50 20 20 20 

Collector-ta-Emitter Sustaining 
Voltage (See Fi!J$. 2 and 3J: 

IfJI With base open VCEOlsus) -10 -15tJ8 -25Q8 -350" V 

With external base-ta-emitter 
VCERlsusl -10 -200" -300" -400" V resistance (Aae) = 100 n 

Base-ta-Emitter Saturation Voltage VSElsat) -30 -3 -l.B -1.8 -1.8 V 

Collector-ta-Emitter Saturation Voltage VCE(sat) 
-10 -1 -1 -1 -1 

V -30 -3 -2.5 -2.5 -2.5 

Common-Emitter, Small-Signal, Short-
Circuit. Forward-Current Transfer hi. -10 -5 25 25 25 
Ratio (at 1 kHz) 

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

Ih,·1 -10 -30 Current Transfer 
Ratio (at 5 MHz) 

Common-Base, Short-Circuit, Input 
Cib -5 75 15 15 pF Capacitance lat 1 MHz) 

Output Capacitance (at 1 MHz) Cob -10 0 15 15 15 pF 

Second-Sreakdownb Collector Current: 
With base forward biase~ 'S/bd -100 -50 -50 -50 mA 

Thermal Resistance: 
(Junction-to·Case) R6JC 35 35 35 °C/W 

a CAUTION: The sustaining voltages VCEO(.sus) and VCER(sus) MUST NOT be measured on a curve tracer. 
The sustaining voltage should be measured bv means of the test circuit shown in Fig. 2. 

b Regions for safe-operation with forward bias are shown in Fig. 1. 

C Specified value of ISlb for given value of VCE as base voltage is increased from zero in a positive dir.ection. 

d ISlb is defined as the current at which second breakdown occurs at a specified collector voltage. 
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BFT19, BFT19A, BFT19B 

« 
E 

I 

4 CASE TEMPERATURE (TC) = 25°C 
(CURVES MUST BE DERATED LINEARLY 
WITH INCREASE IN TEMPERATURE.) 

2 

:IC MAX, 
(CONTINUOUS 

-1000:::t: :t 'IJ: 
8 -,- . I 

6 

4 

,IT""" 

() 

H 
'I' I I 'j;;'f 

Ii" 

,-
, Ji,mrJllu" 

:VCEO :MAX,) ·150V(BFT 1-

MAX ·250V:BFTI9A 

2 
ii, 

-I 

-I 2 4 6 8_10 2 4 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

, " 
, 

92CS-22544 
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25 50 75 100 125 150 175 200 
CASE TEMPERATURE (T c) - ac 

Fig. 2 - Dissipation derating curve. 

COL.lECTOR.TQ.EMfTTER VOLTA.GE (Vee) ~.'o v 
10. 

j90 l-t-
,,~ 

~ 80 

1/ ~ 70 

! 60 I- t~< I--
~ so ~\tt.\.~()" rT 
~ " 
~ 

.. ,;::.- 1 ~')S"(. "f--- oo"t.'¢ 

I ,,-nl ~ 
W- I- U \\. g 10 

I II ~\ 
-0,1 

, . , , , , , . , . . , 
-100 

, 
COLLECTOR CURRENT (lcl-mA 

Fig. 4 - Typical dc-beta characteristics. 

~ 
E 
I 

-, 

-0.3 
BASE-lQ-EMITTER VOLTAGE (VSEI-V 

Fig. 6 - Typical input characteristics. 

, , 
.1000 

BFT19, BFT19A, BFT19B 

-20 -40 -60 -80 -100 -120 

COLLECTOR CURRENT (Ie I-rnA 

Fig. 3 - Typical collector-to-emitter saturation voltage. 

COLLECTOR·lO·EMITTER VOLTA.GE (VeE) 
CASE TE/IIPERATURE (Tel ~ ISoC 

"f--,--,-,rr-,--,-,-,-t---t-__j___j__H 

i SOr--+--r-rrt-~~~-tt---t---j---j-ti , 
~4°r_-t-__j___j_rtt-T-~i1rT+__--t-__j___j__H i 3Of--t---j---j-hf-t-~~~t---t-__j___j__H 
~ 
~ 2Of--t-~Y-r+-t-~~-P~--t-__j___j__H 

/ ~ 
~ 10 .,...,. 

11 , .. 
-10 

, 
-100 

l G ii 
-1000 

COLLECTOR CURRENT (le) _ mA 

Fig. 5 - Typical gain-bandwidth product. 

o 20 40 60 80 100 110 
COLLECTOR CURRENT (tel-mA 

9ZCS-17$15 

Fig. 7 - Typical turn-on time characteristic. 
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BF~19, BFT19A, BFT19B 
CASE TEMPERATURE (Tel. 25"C : __ + 

fS-::-J ............... :,,,. , ~- .. ,. ~. ,;,~ 

BASE CURRENT {lsi - •• 0.2 m A 

. ... . . ....•••••••• ' .n~:~fn'r 
_20 -40 -60 -80 -100 _120 _140 

COLLECTOR_TO-EIil.LTTER VOLTAGE (Vee) _ v 

Fig. 8 - Typical output characteristics. 

IVOLT .... E "ee'- -IOV 

1 
I -00 

J' 

i -60 

I -.. 
20 

0.2 -0 .... 0.6 -1.0 

BASE-lO·EMITTER VOLTAGE (VBE) _ y 

Fig. 10 - Typical transfer characteristics. 

25mH 

MERCURY RELAY 
CLARE HGP-I004 
OR EQUIVALENT 

-Vee 10 TO SOV, 
IOOmAI 

6V In 
O.5W 

CHANNELS 

COMMON 

TO 
HEWLETT
PACKARD 
OSC. 
MODEL 1308 
OR EQUIV. 

9255-3715111 

Fig. 12 - Circuit used to measure sustaining voltages, V CEo( SUS) 

and V CE,.{SUS). 

PULSE OURATION-30,..., 
REPETITION RATE~ roo Hz 
COLLECTOR SUPPLY VOLTAGE IVcC1=-IOOI( 
CASE TEMPERATURE ITC1~25·C 
Ie/IB"IO 

20 40 60 80 100 110 
COL.LECTOR CURRENT Ilcl-mA 

Fig. 9 - Typical storage-time characteristic. 

20 40 00 80 100 110 
COLLECTOR CURRENT (leI-rnA 

Fig. 11 - Typical fall-time characteristic. 

~ 
E 

~ 
~ -10 

a 

! 
8 

COLLECTOR-lO-EMITTER VOLTAGE l"cEl-V 

92C5-22:1"':I 

The sustaining voltage V CEO(sus) is acceptable when the trace falls 
to the right and aboVe point "A" for type BFT19. The trace must fall 
to the right and above point "B" for type BFT19A. and point "C" 
for BFT19B. 

Fig. 13 - Oscilloscope display for measurement 
of sustaining voltages. 
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File Number 815 BFT28, BFT28A, BFT28B, BFT28C 

Silicon P-N-P 
High-Voltage Transistors 
For High-Speed Switching and Linear-Amplifier 
Applications in Military, Industrial and Commercial Equipment 
Features_-
• Maximum safe-area-of-operation curves 
• High voltage ratings: 

VCBO = -150 V max_ (BFT 281; -200 V max_ (BFT28AI; 
-250 V max_ (BFT 28 BI; -300 V max_ (BFT28CI 

VCEO(susl = -100 V max. (BFT 281; -150 V max. (BFT28AI; 
-200 V max. (BFT28BI; -250 V max. (BFT28CI 

The RCA-BFT28, BFT28A, BFT28B and BFT28C are silicon 
p-n-p transistors with high breakdown voltages, high fre
quency response, and fast switching speeds. 

These transistors differ primarily in their voltage ratings. 
Typical applications include high-voltage differential and 
operational amplifiers; high-voltage inverters; and high
voltage, low-current switching and series regulators. 

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

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE ....................... VCBO 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

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

With base open ................................•... VCEO(sus) 
EMITTER-TO-BASE VOLTAGE .......................•. V EBO 
COLLECTOR CURRENT ...•........•...•...•.....•.•. IC 
BASE CURRENT. . . . . . • . . . .. . .• . . . • . • . • . . • . . . . . • . . . .. IB 
TRANSISTOR DISSIPATION: 

At case temperatures up to 25: C .........•........•... 
At case temperatures above 25 C ........•............. 
At ambient temperatures up to 500 C .................. . 
At ambient temperatures above 50°C •.... Derate linearly at 

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

LEAD TEMPERATURE (During soldering): 
At distance> 1/32 in. (0.8 mm) from seating plane for lOs max. 

a 

TERMINAL DESIGNATIONS 

,r§,,~., 
92CS-27S12 

JEDEC TO-205AD 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE (T cl- ·C 

92LS-1469AI 

Fig. 1 - Dissipation derating curve. 

BFT28 BFT28A BFT28B BFT2BC 

-150 -200 -250 -300 V 

-150 -200 -250 -300 V 

-100 -150 -200 -250 V 

-4 -4 -4 -4 V 

-1 -1 -1 -1 A 

-0.5 -0.5 -0.5 -0.5 A 

5 I 5 5 5 W 

--'- See Figs. 1 and 2 
1 1 1 W 

5.7 5.7 5.7 5.7 mW'oC 

-65 to +200 °c 

255 °c 
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BfT21l, BFT28A, BFT28B, BFT28C 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25"C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

BFT28 BFT28A UNITS 
Vde mAde 

VCB VCE VEB It IB Min. Max. Min. Max. 

Collector·Cutoff Current: 
ICBO 

-50 - -1 - -
With emitter open -75 - - - -1 

Emitter·Cutoff Current lEBO -4 0 - -100 - -100 

DC Forward·Current Transfer Ratio hFE -10 -lac 20 - 20 -

Collector·to· Emitter Sustaining 
Voltage: 

With base open VCEO(sus) -10 0 -10Q8 - -15Q8 -
(See Figs. 12 and 13) 

With external base-to·emitter 
VCER(sus) -10 -15Q8 -20Q8 

resistance (RBE) = lOOn 
- -

Base·to·Emitter Saturation Voltage VBE(sat) -30e -3 - -1.5 - -1.5 

Collector·to·Emitter 
VCE(sat) -lac -1 -0.6 -0.6 

Saturation Voltage 
- -

Common-Emitter, Small-Signal, 
Short·Circuit, Forward-Current 

Transfer Ratio: 
f = 1 kHz hfe -10 -5 25 - 25 -

Magnitude of Common-Emitter, 
Small·Signal, Short-Circuit 

Forward-Current Transfer Ratio: 
f = 5 MHz Ihfel -10 -30 5 - 5 -

Common-Base, Short-Circuit, 
Input Capacitance: 

f= 1 MHz Cib -5 0 - 75 - 75 

Output Capacitance: 
f= 1 MHz Cob -10 - 15 - 15 

Forward-Bias, Second-Breakdown 
Collector Current: 

l-s non-repetitive pulse IS/bb -80 -62.5 - -62.5 -
Thermal Resistance: 

Junction-to-Case R/lJC - 35 - 35 

aCAUTION: The sustaining voltages VCEO(sus) and VCER(sus) MUST NOT be measured on a curve tracer. The sustaining 
voltage should be measured by means of the test circuit shown in Fig. 12. 

blS/b is defined as the current at which second breakdown occurs at a specified collector voltage. 

cPulsed, pulse duration = 300 /IS; duty factor';; 2%. 

IlA 

IlA 

V 

V 

V 

V 

pF 

pF 

mA 

CIW 
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BFT28, BFT28A, BFT28B, BFT28C 
ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 2!J C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

BFT28B BFT28C UNITS 
Vde mAde 

VCB VCE VEB IC IB Min. Max. Min. Max. 

Coliector·Cutoff Current: 
With emitter open ICBO -150 - -5 - -5 IJ.A 

Emitter·Cutoff Current lEBO -4 0 - -100 - -100 IJ.A 

DC Forward-Current 
Transfer Ratio hFE -10 -10e 20 - 20 -

Collector-to-Emitter Sustaining 
Voltage: 

With base open (See 
VCEO(sus) -10 0 -200a - -250a - V 

Figs. 12 and 13) 

With external base-to-emitter 
VCER(sus) -10 -250a -3008 V 

resistance (RBE) = lOOn - -

Base-to-Emitter Saturation Voltage VBE(sat) -30e -3 - -1.5 - -1.5 V 

Collector-to- Emitter Saturation 
VCE(sat) -10e -1 -5 -5 V 

Voltage 
- -

Common-Emitter, Small-Signal, 
Short-Circuit, Forward-Current 

Transfer Ratio: 
f = 1 kHz hfe -10 -5 25 - 25 -

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

Forward-Current Tfansfer Ratio: 
f= 5 MHz Ihfel -10 -30 5 - 5 -

Common-Base, Short-Circuit, 
Input Capacitance: 

f = 1 MHz Cib -5 0 - 75 - 75 pF 

Output Capacitance: 
f = 1 MHz Cob -10 - 15 - 15 pF 

Forward-Bias, Second-Breakdown 
Collector Current: 

l-s non-repetitive pulse IS/bb -80 -62.5 - -62.5 - mA 

Thermal Resistance: 
Junction-to-Case ROJC - 35 - 35 °CIW 

aCAUTION: The sustaining voltages VCEO(sus) and VCER(sus) MUS, NOT be measured on a curve tracer. The sustaining 
voltage should be measured by means of the test circuit shown in Fig. 12. 

blS/b is defined as the current at which second breakdown occurs at a specified collector voltage. 

epulsed, pulse duration = 300 /J.S; duty factor" 2%. 
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BFT28, BFT28A, BFT28B,BFT28C 

CASE TEMPERATURE (T ) = 25°C 
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Fig. 2 - Maximum safe operating areas. 
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'" ....... Pi i'-e: 140 

I t-

is I ,/ iUI'E-0: 
0: 100 -r-'E-~~~ \ ::>- i'-
~~8C ci'<&~'C\ 
0:_ ........ I~J-~2 i\ f~ V II I ~ 
g 20 

II 
4 -()'I 2: 4 6!., 2 4 6 !!:,o 2 4 6 .!IOO 2: 6 !,ooo 

COLLECTOR CURRENT (:te)-rnA 

Fig. 3 - Typical gain-bandwidth product for all types. Fig. 4 - Typical de beta characteristics for all types. 
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I VOLTAGE (V,.)--IO 

I:! 

ii;~i11j iii Illiiliiil 
-( -0.4 

BASE-lO-EMITTER VOLTAGE (VBE)-V 

Fig. 5 - Typical input characteristics for aI/ types. 

! CASETEMPERAllJRElTcl~. 2":C . 

. 
j -80 

:;;. 

I" 
BASE 'CURR'NT (I.) "_ 0.2 m A 

_20 _~ _~ _10 _100 -120 _1 

COLLECTOR.l().EMITTfR VOlTAGE (VeE) - y 

Fig. 7 - Typical output characteristics for aI/ types . 

·::i .. 
:::'::' 

1 'ii ,',:,:: :i:'.! 
~ -10:'::i':: .. ,0: 

.: .: ::: 
-6D': ':: ::: 

il'I' 
l'! _<II Y·,:"I,'" 
~ L.r L~ 

ri'.':::::' 
11"+1::: 

i a 

'c' 

• _lOY 

I .. ,' .. 

II ' 

0.2 ·0.4 -0.6 -0.8 _1.0 

BASE-TO-EMITTER ¥OL TAGE (VaE) _ v 

Fig. 9 - Ty,ncal transfer characteristics for all types. 

BFT28, BFT28A, BFT28B, BFT28C 

REPETITION RATE = I 
COLLECTOR SUPPLY 
CASE TEMPERATURE 
Ie/18-tO IBlzIaz 

20 40 60 80 100 
COLLECTOR CURRENT (lei-rnA 

110 

Fig. 6 - Typical turn-on time characteristic for all types. 

0.5 :::: :::: :::: :::: :::: :::: : 

___ .... ~~~~ :.::: :::~ i~~~ _"_ :::; :::; i:;; :;:: .... 
20 40 60 80 100 110 

COLLECTOR CURRENT IIe)-mA 

Fig. 8 - Ty,ncal storage-time characteristic for aI/ types. 

COLLECTOR CURRENT Itel-mA 
92CS-24627 

Fig. 10 - Typical fal/·time characteristic for aI/ types. 
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BFT28, BFT28A, BFT28B"BFT28C 
25mH 

_-"'''''''-<"1 -VCC (0 TO 50V, 
IOOmA) 

-20 -4 ·81 _A -100 -I 

COLLECTOR CURRENT IIc}-mA 

92CS-24630 

MERCURY RELAY 
CLARE HGP-1004 
OR EQUIVALENT 

+ Vee 

TO 
HEWLETT
PACKARD 
OSC. 
MOOELI30B 
OR EQUIV. 

92S6 - 3715AI 

Fig. 71 - Tvpical collector-to~mitter saturation voltage 

for all types. 

Fig. 12 - Circuit used to measure sustaining voltages, 

V CEoisus) and V CER(sus). 

~ 
I 

U 
!;j 
I- -50 
z 
it! a 
~ 
u 
~ 
5 
u 

o 

I I I 

--- -7fa-Tcto-
I I I I 
I I I I 
I I I 
I I I 
I I I 
I 

92CS-24600 

The sustaining voltage V CEO(sus) is acceptable when the trace 
falls to the right and above point "A" for type BFT28. The 
trace must fall to the right and above point "B" for BFT28A; 
point "C" for BFT28B; and point "0" for BFT28C. 

Fig. 13 - Oscilloscope display for measurement of sustaining 

voltages (test circuit shown in Fig. 12J. 

2-436 ______________ ----------------------------------__ --------------



____________________________________ Power Transistors 

File Number 1308 BUW40, BUW40A, BUW40B 

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: 

VCEX = 350 V to 450 V 
• Low VCE(sat) at IC = 1 A 

Applications: 
• Off-Une Power Supplies 
• High-Voltage Inverters 
• Switching Regulators 

TERMINAL DESIGNATIONS 

... :-io II ]3 t:: \ 
TOP VIEW , .. " 

92CS-39969 ~ 
JEDEC TO-220AB 

The RCA-BUW40, BUW40A, and BUW40B Switch Max ser
ies of silicon n-p-n power transistors feature high-voltage 
capability, fast switching speeds, and low saturation vol
tages, together with high safe-operating-area (SOA) rat
ings. They are specially designed 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 regula
tors. These high-voltage, high-speed transistors are 100-
percent 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 1250 C to provide information necessary 
for worst-case design. 

The RCA-BUW40, BUW40A, and BUW40B series transis
tors are supplied in the JEDEC TO-220AB VERSAWATT 
plastic packages. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

VCER, RBE = 100 n 
VCEV 

VBE = -1.5 V ................................................... . 
VCEX(Clamped) 

VBE=-1.5V ................................................... . 
VCEO ........................................................... . 
VEBO ........................................................... . 
lC(sat) ...•........•..............................•..............• 

IC···················································· ........... . 
ICM··················································· .......... . 
lB···················································· ........... . 
PT 

Tc up to 25°C ................................................. . 
TC above 25° C, derate linearly .................................. . 

Tstg, TJ ........................................................ .. 
TL 

At distance;:; 1/8" in. (3.17 mm) from 
seating plane for 10 s max ...................................... .. 

BUW40 BUW40A 

350 400 

450 550 

350 400 
300 350 

8 

2 
0.6 

40 
0.32 

______ -65 to 150 

235 

BUW40B 

450 

650 

450 
400 

v 

v 

v 
v 
V 
A 
A 
A 
A 

w 
W;oC 
°c 

°C 
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BUW40, BUW40A;BUW40B 
ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 
CHARAC- VOLTAGE CURRENT 
TERISTIC Vdc Adc 

vCElvBE IC liB 
Tc=25°C 

450 1.5 

ICEV 550 -1.5 
650 -1.5 

lEBO -6 0 
VCEO(sus)D 0.2- 0 
VCE(sat) 1- 0.2 
VBE(sat) 1- 0.2 

hFE 
3 0.3-
3 1-

VCEXb 
(Clamped Es/b) -5 1 0.1-
L=450pH. 
RBB=50n 

ISIb HIO 0.4 
Ihf_1 f-1 MHz 10 0.2 

fT 10 0.2 
Cobo f=O.1 MHz 1(JC 

ldd 1 0.2 
t,.a 1 0.2 
tsd 1 0.28 
ttd 1 0.28 

tc 
VCC=2ooV. 
L=450pH. 

1 0.2-
RC=2oon 
Collector clamped 
toVCEX 

Tc=125°C 
450 -1.5 

ICEV 550 -1.5 
650 -1.5 

VCE(sat) 1- 0.2 
t,.a 1 0.2 

tsd 1 0.28 

ttd 1 0.28 

tc 
VCC=200V. 
L=450pH. 
RC=200n 

1 0.28 

Collector clamped 

toVCEX 

• Pulsed: pulse duration = 300 ps. duty factor S 2'Ib. 
bCAUTION: The sustaining voltage VCEO(SUS) 

LIMITS 

BUW40 BUW~A BUW40B 

Mln.IMu. Min. 1M_x. Mln.IM_x. 

- 0.1 - - - -
- - - 0.1 - -
- - - - - 0.1 
- 2 - 2 - 2 

300 - 350 - 400 -
- 1.0 - 1.0 - 1.0 
- 1.2 - 1.2 - 1.2 
20 100 20 100 20 100 
10 50 10 50 10 50 

350 - 400 - 450 -

0.5 - 0.5 - 0.5 -
10 50 10. 50 10 50 
10 50 10 50 10 50 
20 60 20 60 20 60 

- 0.05 - 0.05 - 0.05 

- 0.4 - 0.4 - 0.4 

- 2.5 - 2.5 - 2.5 
- 0.6 - 0.6 - 0.6 

- 0.6 - 0.6 - 0.6 

- 1 - - - -
- - - 1 - -
- - - - - 1 
- 2 - 2 - 2 

- 0.8 - 0.8 - 0.8 

- 4.5 - 4.5 - 4.5 

- 1.5 - 1.5 - 1.5 

- 1.5 - 1.5 - 1.5 

evC8 value • 
dvCC = 200 V. tp = 20 ps. 

and VCEX MUST NOT be measured on a curve tracer. 8181 =-182' 

UNITS 

mA 

v 

V 

s 

MHz 
pF 

ps 

mA 

V 

ps 
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BUW40, BUW40A, BUW40B 

2 2 

COLLECTOR-TO":EMITTER VOLTAGE (VCEI-V 
92CM-33865 

Fig. 1 - Maximum operating areas for all types. 

NOTE: CURRENT OERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES 00 
NOT DERATE THE SPECIFIEO VALUE FOR Ie MAX, 

25 50 75 100 125 150 17S 200 
CASE TEMPERATURE (TCI-"<: 

Fig. 2 - Derating curve for all types. 

o IO~ COLLECTOR -TO-EMITTER VOLTAGE I VeE)· 3 v 

I I I ~ 
g 
~ 100 CASE TEMPERATURE ITe )-125-C 

I!: : 
ffi-w 4bd-_+-+-"2l!:'·:liC--l",",,,-i'~++-+--.j--+--H 

~'~i§I!"·Bml 010 -4O·C ~ 
~ . 
~ 

0.01 .. 8 Bo.1 2 ... 8 I 2 ... "0 
COLLECTOR CURRENT IXel-A 

tacS-UI •• 

Fig. 4 - Typical dc beta characteristics for all 
types. 

WiDe, 

Ii 
~ 
~ 

i IO

:_._ 
~ 6 

~ 

i 
~I:M_. ~ 4 

~ 2 

Z 0.1 

0.01 4 6 80 .1 4 6 8 I 

PULSE WIDTH Ctpl-S 

Fig. 3 - Typical thermal-response 
characteristics for all types. 

0.1 I 
COL.LECTOR CURRENT 1Xcl-A 

4 6 8'0 

10 

Fig. 5 - Typical collector-to-emitter saturation 
voltage as a function of collector 
current for all types. 
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BUW40, BUW40A, BUW40B 

I 
COLLECTOR CURRENT l!c)-A 

92CS-3368!5 

Fig. 6 - Typical base-to-emitter saturation 
voltage as a function of collector 
current for all types. 

92C$-33687 

Fig. 8 - Typical output characteristics for all 
types. 

I 

COLLECTOR CURRENT (Xc I-A 
92CS-;:s,&89 

Fig. 10 - Typical saturated-switching-time 
characteristics as a function of collector 
current for all types. 

I 
COLLECTOR CURRENT (lC1-A 

92CS-33686 

Fig. 7 - Typical base-to-emitter voltage as a 
function of collector current for all types. 

Fig. 9 - Typical saturated-switching-time 
characteristics for all types. 

CASE TEMPERATURE ITe )_ec 92CS-33690 

Fig. 11 - Typical saturated-switching-time 
characteristics as a function of case 
temperature for all types. 

2-440 ______________________________________________________________ ___ 



__________________________________ Power Transistors 

COLLECTOR-TO-BASE VOLTAGE (VCB)-V OR 
EMITTER-lO-BASE VOLTAGE (VEBI-V 

9ZCS-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. 

V E VCEX 
RATING 

.10% Ie (PEAK) 

92CS-30389RI 

Fig. 14 - Oscilloscope display for measurement of 
clamped induction switching time (t,). 

24n 

i 50 l'F 

2g~~ 
LL20~5 50n = 

MIN 

FREQ= 500 Hz 

BUW40, BUW40A, BUW40B 

CLAMPED 

VeEX RATING-

COLLECTOR-lO-EMITTER VOLTAGE 

9ZCS-33692 

Fig. 13 - Maximum operating conditions for 
switching between saturation and cutoff. 

IBI-·.------::X"-90 % 

A 10% 

92C5-30458 

'0::1= A-8 
tr=B-C 
t.=X-Y 
tf=V-Z 
'TRANSITION" X-W 
NOTE: TRANSITION TIME 
FROM 90% ISl T090%IB2 

MUST BE LESS THAN 0.3I1s. 

Fig. 15 - Phase relationship between input and 
output currents showing reference 
pOints for specification of switching 

QI,02 '" 2N6354 
Q3 " 2N3762 

Q4,05, 
06,07 = CA37Z5 QUAD 

TRANSISTOR 
ARRAY 

* THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

** KELVIN (SENSINGI 
CONNECT IONS 

NOTE: BATTERY SYMBOLS Vee. VBI' Ve2' 
VB(CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST tr AND!f TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

NOTE: SWI' CLOSED FOR Ir, Is, ff. SWI OPEN FOR f e . 

92CM-33693 

Fig. 16 - Circuit for measuring switching times. 
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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 

'R'~"1° II ] .{: 
TOP VIEW B 

• High voltage ratings: Applications: 92CS-39969 

Vcex = 350 V to 450 V • Off-line power supplies 
• Low VCE (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 125°C to provide 
information necessary for worst-case design. 

The BUW41 , BUW41A and BUW41B series transistors are 
supplied in JEDEC TO-220AB (VERSAWATT) plastiC 
packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
BUW41 

VCER, RBE = lOon................................... 350 
VCEV 

VBE = -1.5 V ...................................... 450 
VCEX (clamped) 

VBE = -1.5 V ..................................... 350 
VCEO ................................................ 300 
VEBO .............................................. .. 
IC(sat) ............................. , ............... .. 
IC ........ ·· ............ ·· .............. ·· .......... .. 
ICM· .... ···· .... ········ ...... ···· .... ·· .... ·· ...... • 
lB···················································· 
PT 
Tc upto25·C ..................................... .. 
T C above 25· C, derate linearly ..................... .. 

Tstg ' TJ ............... ; ............................. . 
Tl 
At distance", 1/8 in. (3.17 mm) from 

seating plane for 10 s max ......................... .. 

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 W/·C 

-65 to 150 ·C 

235 ·C 
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ELECTRICAL CHARACTERISTICS 
Test Conditions 

Characteristic Voltage 
V dc 

VCEIVBE 
TC = 25°C 

450 -1.5 

ICEV 550 -1.5 
650 -.5 

IIESO -8 

VCEo(suslb 

hFE 3 

VSE(sall 

VCE(sall 

VCEXb 
(Clamped ES/bl -5 
L = 170 pH 

RSS = 5 Q -5 

ISlb 25 

I hI..! f-5 MHz 10 

fT 10 

Cobo f=0.1 MHz 10c 

Idd 

I,d 

Isd 

Ifd 

Ie 

VCC=125 V, 
L=170 pH, 
RC = 25 Q 

Collector clamped 

to VCEX 

25 

25 I 
CASE TEMPERATURE (TC1-OC 92CI-32218 

Fig. 1 - Dissipation and ISib derating curves 
for all types. 

Current 
A dc 

IC liB 

0 

0.2a 0 

5a 

5- 1 

5a 1 
8a 4 

5 1e 

8 3e 

4 

0.2 

0.2 

5 1 

5 1 

5 1e 

5 1e 

5 ,e 

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 
-
-
2 

-
40 

1.6 

1 
2 

-

-
-
12 

60 

300 

0.1 

0.5 

2.5 

0.4 

0.4 

2 

;i 
I " .. 

!I! . ... 
~~ . 
~~ 
~~ .. 
"iI! 
~ 

I , 
V 

0.1 

0.001 

- - - -
- 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 -
0.5 0.5 s 

3 12 3 12 

t5 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 

..... f-" 
/' 

/ 

/ 

, ... , ... , ... , 
0.01 0.1 

PULSE WIDTH (tp)-s 

. .. 
10 

9;1:CS-299$1 

Fig. 2 - Typical thermal-response character
istics for a/l types. 
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BUW41, BUW41A, BUW41B 
ELECTRICAL CHARACTERISTICS Continued 

Test Conditions Limits 
Characteristic Voltage . Current BUW41 BUW41A BUW41B 

V dc Adc 

VCEI VBE IC liB Min. I Max. Min. I Max. Min., Max. 

-TC - 125°C 

450 -1.5 

ICEV 550 . -1.5 

650 -1.5 

VCE(sat) 5a 1 

trd 5 1 

tsd 5 l e 

ttd 5 l e 

tc 

VCC=125 V, 
L=170 pH, 
RC = 25 n 

5 l e 

Collector clamped 

to VCEX 

I ROJC 

apulsed: pulse duration = 300 /1S, duty factor :52%. 

bCAUTION: The sustaining voltage Y CEO(sus) and 
YCEX 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 -

eYCBvalue. 

dYCC=125 Y, tp=20 /1s. 

e1B1= - IB2' 

COLLECTOR- TO- EMITTER VOLTAGE (VCE I-V ,2CM-32219 

Fig. 3 - Maximum operating areas for all types [T c = 25°C]. 

-
-
1 

2 

0.8 

4 

0.8 

0.8 

Units 

mA 

V 

ps 
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200 COLLECTOR - TO - EMITTER 1 
I 

Q VOLTAGE {VeE)·;' v 

~ r I--~-

· ~c 

p' V --

1 ~ ~ '! , 
~ 

CASE TEMPERATURE (Tcl" ~ 
~ 1\ ~ 

~ 10 
1 1 1 -I I 

g · "-
· 0.1 10 

COLLECTOR CURRENT (IC)-A 

Fig. 4 - Typical dc beta characteristics for all 
types. 

7 ,~------~---------+-----+---+--~ 
... 
II _40°C --

gs 25~~ 
-l -----=-~PERATURE tTel r------
~ s~ c"SETE ... 

\------t--------- -----1---. --

COLLECTOR CURRENT (Ie)-A 

Fig. 6 - Typical base-fa-emitter saturation 
voltage as a function of collector 
current for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig. 8 - Typical output characteristics for all 
types. 

10 

BUW41, BUW41A, BUW41B 

w 
~ 

COLLECTOR CURRENT (Ie)-A 

Fig. 5 - Typical collector-to-emitter saturation 
voltage as a function of collector 
current for all types. 

4 COLLECTOR -TO-EMITTER i i VOLTAGE (VCE)=3V 

10 

~ , --- ---
~ 
"> 

, . _40°C ,> f--0-
~ . - ~ I-
w 
~ 6~ RA1URErrc)'"'--=-1--. 
~ 
m C,r.,sE -rE.MPE I 

\-- i 
.-----~----- T . . . , 

COLLECTOR CURRENT (Ie) ~ A 92C5-29985 10 

Fig. 7 - Typical base-fo-emitter voltage as a 
function of collector current for all 
types. 

, 
COLLECTOR CURRENT (Iel-A 

Fig. 9 - Typical saturated-switching-time 
characteristics for all types. 
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BUW41,BUW41A, BUW41B 

COLL.ECTOR CURRENT (IC)-A 

Fig. 10 - Typical saturated-switching-time 
characteristics as a function of collector 
current for all types. 

COLLECTOR CUR'RENT (IC)-A 9ZCS-Z9990R,1 

Fig. 12 - Typical saturated-switching-time 
characteristics for all types. 

D::u. 104 
o A , 

'rl 4 

... ! 
:2B 2-

;~I03 
~!:: 8 
'"~ , 
~~ 4 

~~ 2 

5102 

~. : 
I I 4 

;§ 2 

n 10 

CASE TEMPERATURE ('T'Cl-25-C 
FREOUENCY It) -, MHz 

~~;~ 

.......... 
r--

Cob, -I 
I 

2 4 .6 8 2 4 , . 
10 '. 102 2 

COLLECTOR-TO-BASE VOLTAGE 'Vca)-V OR 
EMITTER:-TO-BASE VOLTAGE (VEB)-V 

4 6 • 
10' 

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. 

COLLECTOR CURRENT (I.C)-A 

Fig. 11 - Typical saturated-switching-time 
characteristics for all types. 

CASE TEMPERATURE· ITe )--C 

Fig. 13 - Typical saturated-switching-time 
characteristics as a function of case 
temperature for all types. 

81-----, 

jT 
-;6 
!:! 
li:5:-----
'" ili4 

~ 3 
~ TC$1256 C 

~ 2 
-' 01 

" 

VCEORATING 

7 100V 

I 
I 
I CLAMPED .A 
I.YCEX RATING ..... · 

I 
I 
I 

OL------~--------~-
COLLECTOR-TQ-EMITTER VOLTAGE 

92CS-3045!S 

Fig. 15 - Maximum operating conditions for 
switching between saturation and 
cutoff. 
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1.4 

VeE 

10% VCEX ~------t,------~ 

veE)( 
RATING 

10% Ie (PEAK) 

92CS-30389RI 

Fig. 16 - Oscilloscope display for measurement 
of clamped induction switching 
timelleJ· 

O.OOII'-F 

VB2 
ADJ. FOR 182 

BUW41, BUW41A, BUW41B 

IBI-r------::X'l.90 % 

A 10% 
'0= A-B 
I, '" s-c 

92CS-30458 

Is=)(-Y 
tl=Y-Z 
ITRANSITION ,. x-w 
NOTE: TRANSITION TIME 
FROM 90% 181 TO 90% 182 

MUST BE LESS THAN 0.311&. 

Fig. 17 - Phase relationship between input and 
output currents showing reference 
pOints for specification of switching 
times. 

** 
NOTE, 

Ie R1 R2 V CLAMP 
6 A 15 n 15 n CLAMPED v RATING 
BA 5.0 s.o VCEO-100V 

QI, Q2 • 2N63~4 
Q3 • 2N3762 

Q4,Q~, 
Q6, Q7 • CA372~ 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 I, ANO If TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

NOTE: SWI CLOSED FOR tr I t. Iff. SWI OPEN FOR te. 

92CM-3045B 

Fig. 18 - Circuit for measuring switching times. 

__________________________________________________ ~ _______________ 2-447 



· Power Transistors 

BUW64A, BUW64B, BUW64C 

High-Current, Silicon N-P-N 
VERSAWATT Transistors 
Switching Applications 
Futures: 
• Fast switching speed at temperatures up to 125° C 
• Low VcE/sat) 
• VERSAWA TT plastic package 

RCA-BUW64A, BUW64B, and BUW64C are epitaxial-base 
silicon n-p-n power transistors which featurefastswitchlng 
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: 

Ve .. 
V •• =-1.5V ....••.•.............••..••....••......••••..•.••.•. 

VCEO ••••••••••••••••••••••••.••••••••••••••••••••••••••••••••••••• 

VEOO •••••••••••••••••••••••••••••••••••••••••••••••••••••••• , •••• 

Ic(sat) ......................................................... .. 
Ie .............................................................. . 
Ie ............................................................... . 
I .............................................................. .. 
Pr 

Te upto 25°C ................................................ .. 
Te above 25°C .................................. Derate Linearly 

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

At distance ~ 118 in. (3.16 mm) from seating plane for 10 s max .... 

File Number 1199 

TERMINAL DESIGNATIONS 

'''~''1011 J~' 
TOP VIEW B 

BUW84A 

140 
90 

5 

92CS-39969 

JEDEC TO-220AB 

8UW848 8UW84C 

160 180 
110 130 

7 
5 4 
7 
10 
5 

50 
0.4 

-65 to 150 

235 

v 
v 
V 
A 
A 
A 
A 

w 
W/·C 

·C 

·C 
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___________________________________ Power Transistors 

BUW64A, BUW64B, BUW64C 

ELECTRICAL CHARACTERISTICS, at Case Temperature T C = 25°C Unless Otherwise 
Specified 

TEST CONDITIONS 

CHARAC· VOLTAGE CURRENT 
TERISTIC Vdc Adc BUW64A 

VCE VSE IC IB Min. 

140 -1.5 -
ICEV 160 -1.5 -

lS0 -1.5 -
140 -1.5 -

TC= 125°C 160 -1.5 -
lS0 -1.5 -

IESO -7 0 -

VCEO(sus)b O.01a 0 90 

2 0.2a 30 

hFE 2 4a -
2 sa 20 

VSE(sat) 
4a 0.4 -
sa 0.5 -
4a 0.4 -

VCE(sat) 58 0.5 -
7a 0.7 -

ISlb 20 2.5 1 

Ihfe l 10 0.5 10 
f= 5 MHz 

fT 10 0.5 50 

Cobo 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 0.4e -
5 0.5e -

tfd -4 
4 0.4e -
5 0.5e -

ROJC 4 5 -

a Pulsed: pulse duration = 300 /lS, duty factor ';;;2%. 

b CAUTION: The sustaining voltage VCEO(sus) MUST NOT 
be measured on a curve tracer. 

Max. 

100 
-
-

1 
-
-
100 

-

-
-
-
-
1.5 

-
O.S 
1.5 

-
40 

200 

150 

-
0.1 

-
0.25 

-
1 

-
0.5 

2.5 

LIMITS 

BUW64B BUW64C UNITS 

Min. Max. Min. Max. 

- - - -
- 100 - - IlA 
- - - 100 

- - - -
- 1 - -
- - - 1 rnA 

- 100 - 100 IlA 

110 - 130 - V 

30 - 30 -
- - 20 -
20 - - -
- - - 1.4 
- 1.5 -' -
- - - 0.7 V 

- O.S - -
- 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 - - Ils 
- - - 1 
- 1 - -
- - - 0.5 
- 0.5 - -
- 2.5 - 2.5 °CIW 

C V CB value. 
d Vce = 70 V, tp = 20 /lS 

8 1B1 = -IB2· 
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Power Transistors ______ ....., ____________________________ _ 

BUW64A, BUW64B, BUW64C 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI- V 
92CS-31945 

Fig. 1 - Maximum operating areas for all types 
(Te =25°e). 

S 8 10 4 6 100 2 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-31946 

Fig. 2 - Maximum operating areas for all types 
(Te= 100oe). 

2-450 __________________________________________________ ~------------~-



_____________________________________________________________________ PowerT~nsi~oB 

.,.. 
~ 
0 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE 1TC)-OC 92CS.31837 

Fig. 3 - Dissipation and I Sib derating curves for 
all types. 

4 COLLECTOR-TO-EMITTER VOLTAGE (VeE) = 2V 

~T 
'b 

2 CASE TEMPERATURE ~ 
(iCl.250C <'", 

~IOO 
-40·C .......... 0: • 0: ... 6 .. .. 

Z .. • 0: 
0-
e 
0: :; • 
0: 
0 .. 
0 10 
e • 

6 

0.1 

10 . .. 6 
1 
u 4 

H ->-z 2 '" 
~ I 

g 8 

~ 
6 

4 

8 
2 

0.1 

~ 
~ 

• • 6 • • • 6 • 10 

COLLECTOR CURRENT (Xci-A. 
Fig. 5 - Typical de beta characteristics for all 

types. 

I.e s IellO 

~~ 
..;;;p-

~/# ~ 

/(11 
,,; 
h'J 

~Wf E:;' 0 '" . 
r----~ ~ ... , 

J 
o 0.4 0.8 1.2 1.6 2 2.4 
BASE-TO-EMITT£R SATURATION VOLTAGE ["8EhClt~-V 

t2CS-SIB"1 

Fig. 7 - Typical base-to-emitter saturation 
voltage characteristic for al/ types. 

BUW64A, BUW64B, BUW64C 

0.001 2 " 60 .01 2 "680 . 1 2 "6 I " 68'0 

1 12 

o 
... 10 
>-
~ 
0: • 

3 
0: 6 
o 
t; 
~ 4 

8 

PULSE WIDTIi (tp)-. 12CS-Slue 

Fig. 4 - Typical thermal-response characteristic 
for all types. 

I.s-.I.eIlO 

o 0.2 0.4 0.6 0.8 I 1.2 1.4 1.6 

--' 

COLLECTOR-TO-EMITTER SATURATION VOLTAGE [VCE(sat~-v 
92C5-31840 

Fig. 6 - Typical collectar-to~emitter saturation 
voltage characteristics for all types. 

CASE TEMPERATURE (TC) -25-C 
COLLECTOR-TO-EMITTER VOLTAGE (VCE);IOV 

35 FREQUENCY (f)-5MHz 

~ a 
0.' 0.4 0.6 0.8 I 

COLLECTOR CURRENT (IC)-A 
1.2 

92CS-31842 

Fig. 8 - Typical small-signal farward-current transfer ratio 
characteristic for all types If = 5 MHz). 
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BUW64A, BUW64B, BUW64C 

1 

Ir 
I~ 
~ 
~ 4 

2 

CASE "A'U"<(1 )'25.C;&I 

III ml 

1m 

f BASE CURRENT )m 

6 8 12 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-31843 

Fig. 9 - Typical output characteristics for all types. 

1 

" z .. 
,.; 
~ 

0.8 

~ 0.2 

:i 

CASE TEMPERATURE CTC )= 125°C 
Ie ~ :Ie /IO , I.el" IS2 
Vee" 70V, tp = 20p s 

I, 

2 '3 4 5 6 7 
COLLECTOR CURRENT (Ie)- A 92CS- 3184~ 

Fig. 11 - Typical saturated-switching-time charac
teristics as a function of collector current 
for all types IT C = 1250 C). 

0.001 JLF 

2.2 K 
1----"./111..-+---<~~ 

0.005 JLF 

24 n 

150 JLF 

2~~~ 
I I .50 n = 
i.-I-- 20 I'S 

MIN 

FREOo 500 Hz 

VB2 
ADJ. FOR 1B2 

.. 
1. 

0.8 

10.6 
'" '" " 
-' 
~O.4 

" z .. 
:i 
li 0.2 

~ 
'" '" '" 

t, 

CASE TEMPERATURE (TC'''25·C 

Ie "IC/JO,ISI"IS2 
VCC=70V. tp" 20,...s 

I, 

" 

'3 4 5 6 7 92Ci-31844 
COLLECTOR CURRENT CIC)-A 

Fig. 10 - Typical saturated-Iwitching-timecharac
teristies as a function of collector current 
for all types IT C = 250 C). 

4 6 8 10 4 6 8 102 4 6 8 103 
COLLECTOR-TO-BASE VOLTAGE (VCB)-V OR 
EMITTER-TO-8ASE VOLTAGE (VEsl- V 92CS- 31846 

Fig. 12 - Typical common-base input ICibo) or 
output (Cabo) capacitance characteristic 
for all types. 

Re' 15- 20n ,lOW 
NON IND 

01,02 0 2N6354 
03 0 2N3762 

04,05, 

DEVICE 
UNDER 
TEST 

06,07 0 CA3725 QUAD 
TRANSISTOR 
ARRAY 

*THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF . 
TRANSISTOR UNDER TEST 

** * * KELVIN SENSING 
CONNECTION 

NOTL BATTERY SYMBOLS VCC ,VBI ,VB2' 
VB(CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST', AND 'f TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

92CM- 31847 

Fig. 13 - Circuit for measuing switching times. 
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IBI-.-----...,X":"l90 % 

.A 10% 
o , , 

, W 90% 

IB2--I----------, 

IC--' - ' i C 90% I 
1 
I 

"'A-B 
tr • 8-C 

.,.x-y 
't- y-Z 

ttransition • X-W 
NOTE: TRANSITION TIME 
FROM go% 'B, TO go% I~ MUST 

BE LESS THAN 0.5 pI. 

BUW64A, BUW64B, BUW64C 

92CS- 303BIRI 

Fig. 14 - Phase relationship between input and 
output currents showing reference 

points for specification of switching 
times. 
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BUX10A File Number 1216 

High-Current, High-Power 
High-Speed Silicon N-P-N 
Planar Transistor 
F •• turea: 
• VeEo -125 V 
• Ie -25A 
• I'T -150 W 

The RCA-BUX10A is an epitaxial silicon n-p-n planar 
transistor having high-voltage and high-current capabilities 
and featuring 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-BUX10A is supplied in a steel JEDEC TO-204AA 
hermetic package. 

e 
~ 
1; 

~ 
~ 
~ 
:r; 

~ 
~ 
~ 

100 

7. 

50 

25 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

NOTE· CURRENT 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 VALUE 
FOR Ie MAX. 

25 50 75 100 125 150 175 200 
CASE TEMPERATUR~ (Tc}--C 

Fig. 1-Derating eurves for ISlb and 
dissipation. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

VCIO ••••••••••••••••••••.•••••.••••••••••••••.•.•••••••••••. , ••••••••••••••..••• 
VeER 

R.E=1OOCl ..•..•.••••....••..•••.•.•...••..•••..•..•.•....•••.•..•••..•••.. 
VCEO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••..••••• 
VCEX 

V •• =-1.5V .••..•.••••••..•••.••••..••...•.•.•.••••..••..••••••••..••.•.•••• 
VEao •••••• , , •••••••••••••••••••••••••••••••••••• 0 •••• , •••••••••••••••••••••••••• 

Ic •••••••..•.. ·.·· •• · ••••••..••••.••••.•...•.•••• ··•····••·•••••·•·•···•••···•·· . 
ICM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

I •............................................................................... 
PT 

TcS25·C ...••••.••••..••••..••..••..••••••••....•••••••..•••..•••••.•••... 
T c> 25·C .•.•..•.•••••.•.•...••.••••.•.••.•••••....•••••••••. Derate linearly 

• T .... TJ ......................................................................... . 

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

BUX10A 
170 

160 
125 

170 
7 
25 
30 
5 

150 
0.86 

-65 to +200 

235 

V 

V 
V 

V 
V 
A 
A 
A 

W 
W,·C 

·C 

·C 
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---------------_________________ Power Transistors 

ELECTRICAL CHARACTERISTICS, Case Temperature (TC) = 25°C 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
CHARACTERISTIC VOLTAGE CURRENT BUX10A 

Vdc Adc 

VCE VBE IC IB Min. Typ. Max. 

ICEO 125 0 - - 5 

V(BR)EBO 0 7 - -
IE = 50 rnA 

lEBO -5 0 - - 1 

VCEO(sus)b 0.211 0 125 - -
VCER(sus)b 

0.2- 160 - -RBE = 1002 

hFE 
2 10 20 - 70 
4 20 10 - -

VBE(sal) 20a 2 - 1.5 2 

VCE(sat) loa 1 - 0.3 0.6 
20a 2 - 0.7 1.5 

IT 10 2 50 - -f = 10 MHz 

ISlb 25 6 - -t = 1s, nonrepetitive 

tON 20 2 - 1 1.5 

ts IBl = IB2 VCE = 20 2 - 0.6 1.2 

If IB1 = IB2 30V 
20 2 - 0.15 0.2 

R9JC - - 1.17 

_ Pulsed; pulse duration = 300 "S, duty factor < 2% •. 

UNITS 

rnA 

V 

rnA 

V 

V 

MHz 

A 

,..s 

°C/W 

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

COLLECTOR-TO- EMITTER VOLTAGE {VCEI""4V 

240 

~200 
~"'60 
~ 

~ \?.~oc. ='00 
~ r-r- 1IfIf'~~j)."t\'\f1: 
ri1 Be 

~ ,~ 

i 
~ .,"C 

40 .--r ....... _.~"d 
"'\ 

g 
0 -I--t"" --2 , 68 2 , 68 2 , 6. 
0.01 0·' I 10 

2 , 
COLLECTOR CURRENT (Ic1-A 

Fig. 2-Typica/ dc beta characteristics. 

BUX10A 
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BUX10A 

COLLECTOR-TO-EMITTER VOLTAGE (VCE1-V 

92CM-32232 

Fig. 3-Maximum safe-operating areas ITC = 2S"C). 

COLLECTOR-TO-EMITTER VOLTAGE {VcE}-V 

.9'l:CS-I!!i652RI 

Fig. 4-Typical input characteristics. Fig. S-Typical output characteristics. 

9tCS-IU4'l:AI 

Fig. 6-Typical transfer characteristics. 

COLLECTOR CURRE.NT (IC)-A 

Fig. 7-Typlcal bass-to·emitter saturation 
voltage characteristics. 
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I 

COLLECTOR CURRENT (Ic)-A 
92CS-32234 

Fig. 8-Typical co/Jector-to-emitter saturation 
voltage characteristics. 

i 
~ 3 
z 
o 

~ 2.5 

" ~ 2 

g 
~ 1.5 

..; 
: I 

~ 
(1).0.5 

il 

CASE TEMPERATURE tTc ): 25°C 
COLLECTOR SUPPLY VOLTAGE (VCC'''30V 
IB"IC/IO 

t, 

''''' 
5 10 15 

COLLECTOR CURRENT (I.CI .. A 

BUX10A 

't 

20 

92CS-32235 

Fig. 9-Typical switching time 
characteristics. 
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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-BUX11A 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 

'0 
92CS-27516 

JEDEC TO-204AA 

BUX11A 

VCBO •..•.•••..••...••...•..........••..••.....•..•..••...••..••....•••..••..••..••.....•••.•.•......•...•.......... 250 V 
VeER 

R.E=100Q .•.••...••..•••.......•.....•••••..•..•.•••...•...••.•..•....•..•.•..•••..•......••••.....•....•....•• 240 V 
VCEO ..•••.••.••........•..••..••••....•.•..•..•...•....••..••.............••.........•••......•••.•.••••..•.•....•• 190 V 
VCE)( 

V.E=-1.5V .....••......•....••......•••......•••.••..••...••...••...•••.•••.•••.........•.•....••...•....••.•.•• 250 V 
VEBO ........•...••...•...••.........••...•••.•.....•.•....••.•.••...••........••..••••....•.•••••..•••..••••...••...• 7 V 
Ic •••••••.....••..•....•...•••...•..........••••.•.....•••..•.....•••.•.•..............••......•.•••...•..••••.••••.. 20 A 
ICM •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 25 A 
I •.....••.••••.••..••...••...•..••..•..••••...•..••••....••...•....••...•••••.•.•••.........•.•....••...•....••...•••• 4 A 
PT 

Tc:5 25°C •.•.••..••..••...••...•••••••••.•......••••..••..••••..•••.•••..••..••••......•••••••..•.•..........•. 200 W 
Tc > 25°C derate linearly .•.......•.......•••....•...•.•.•••..•.••..•••....••.•...•.•••.•....•.••..••••.••••. 1.14 WI"C 

T .... TJ •.•...•...••...•..••.•........••..•.••..•.•.•...•••..•...••...•••.•••.•..•.•..••.••••••.•••••••...•• -65t0+200 °C 
TL 

At distances e; 1/32 in. (0.8 mm) from seating plane 
lor 10 s max ................••.•.•..••........•.•.•...........•...•.....•..•••••••.•..•...•.••.••.•.•••.••.•.•••• 235 °C 
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____________________________________ Power Transistors 

ELECTRICAL CHARACTERISTICS, at Case Temperature (T c) = 25° C unless otherwise specified 

TEST CONDITIONS 
VOLTAGE CURRENT 

CHARACTERISTIC V de Ade 

VCE VBE Ic IB Min. 

I CEO 160 0 -
ICEX 250 1.5 

ICEX 
250 -1.5 -

Tc = 125°C 
lEBO 5 
VCEo(SUS)" 0.2" 190 

V'BRIEBO 

IE = 50 rnA 
0 7 

2 8" 20 
hFE 

4 15b 10 
VBE(sat) 15b 1.88 -

8b 0.8 -
VCE(sat) 

15b 1.88 -
IS/ b 140 0.15 

t. = 1s nonrep. 18 11.1 

fr 15 1 - 8 
150 

toN 
15 1.88 -

t. 150c 

IB1 = IBo 15 1.88 -
t, 150c 

IB1 = IBO 15 1.88 -
R8JC -

·CAUTION: The sustaining voltage VCEo{sus) MUST NOT be measured on a curve tracer. 
·Pulsed; pulse duration = 300/ls, duty factor';; 2%. 
cVcc. 

92CM-3480! 

Fig. 1 - Maximum safe-operating areas for BUXllA (T, = 25°C). 

LIMITS 

BUXllA 
Max. 

1.5 
1.0 

6 

1 

-

60 
-
1.8 
0.6 
1.5 
-
-
-
1 

1.5 
0.4 

0.875 

BUX11A 

UNITS 

rnA 

V 

V 

A 

MHz 

/1S 

°C/W 
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BUX11A 

2-460 

0 
z~ 

~:~ 
~:Si 
~~~ 
i~~ 

i~~ 100 

t5~ti 75 

~~~ 
ZN<r 50 ~. <r 
u u" :51- U 

~!ii 25 

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

25 50 75 100 125 150 175 200 
CASE TEMPERATURE (Tcl-OC 

Fig. 2 - Derating curves for I Sib and dissipation. 

400 
COLLECTOR-TO - EMITTER VOLTAGE 
(VCE'-4V 

Q 

~ 2 

'" lJE TEMPEtTURE Jc,zlZl5 ec 
~ 

i:; 
100 : · "'\. ... · E~ 25' 

'" ~~ 
4 

-1.0 ~ I 
2 

I" ---10 
g • • 

6 . 2 4 • • 2 
0.5 10 

COLLECTOR CURRENT (Ie' - A 
40 

92CS-52273 

Fig. 4 - Typical dc beta characteristics. 

~ IB"ICIIO 

~ 2.4 

1 g 
z I 0 

CASE TEMPERATURE (TCI--40°Cl. ~ 
~I I." 

I 

~~ J 
... ~ 

1.2 II 
t:~ 
:Ii U 

~z... I 7 0.8 
I/"""C <r 

g / / 

~ 0.4 
~ i-" 125"C 

8 
• 8 . 8 

10 100 
COLLECTOR CURRENT(ICI-A 

9ZCS-31453 

Fig. 6 - Typical collector-to-emitter saturation 
voltage characteristics. 
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Fig. 8 - Typical saturated·switching times as a 
function of collector current. 

BUX11A 

4 6 8 10 4 6 8'00 400 

COLLECTOR -TO-BASE VOLTAGE (Vcal-V OR 
EMITTER-TO-BASE VOLTAGE (VEBI-V 

9ZCS-314!59 

Fig. 9 - Typical common·base input (CitxJ or output 
(Cobol capacitance characteristic. 
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BUX14 

Silicon N-P-N 
Switching Transistor 
For High-Voltage Switching and 
Amplifier Applications in Industrial 
and Commercial Equipment 

Features: 

• VCEO -400V 
.Ic -10A 
• PT -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 

92CS-27516 

JEDEC TO-204AA 

BUX14 
VCBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 450 V 
VCEO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 400 V 
VCEX 

VBE = -1.5V ............................................................................................... 450 V 
VCER 

RBE = 100n .........•..................................................................................... 440V 
V.BO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 7V 
Ic .......................................................................................................... 10A 
ICM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 15A 
IB ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.••••••••.•••••••••••••••••••••••••••••••••••••.• 2A 
PT 

AtTc upt025°C ........................................................................................ 150W 
T .. T" •........................•......................................•............................ -65to+200°C 
TL 

At distances ~ 1/16 in. (1.58 mm) from case for 10 s max ..................................•.......•......... 235°C 
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100 

50 

25 

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 
ICEX 450 -1.5 - - - - 1.5 

TC-125°C 450 -1.5 - - - - 6 
lEBO - -5 0 1 
VCEO(SUS)D - - 0.28 0 4008 - -
V(BRIEBO IE - 0.05 A - - 0 - 7 - -
VBE(sat) - - 68 1.2 - 1 1.5 

VCE(sat) - - 38 0.6 - 0.2 0.6 
- - 68 1.2 - 0.5 1.5 

hFE 4 - 38 - 15 - 60 
4 - 68 - 8 - -

ISlb 140 - - - 0.15 - -
t = 1 s 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 

8Pulsed, pulse duration = 300 "s, duty factor :s 2%. 

bCAUTION: Sustaining Voltage VCEO(sus) MUST NOT be measured on a curve tracer. 

CIB1 =IB2· 

200 COLL.ECTOR-TO EMITTER 
0 VOLTAGE (VCEI"4V 

~ 
~IOO 
~ . 

t-" ~ · 

UNITS 

rnA 

V 

V 

A 

MHz 

P.s 

°C/W 

: ~c >-
~~4 

~ 50 • ~ ~ ~ ~ ~ = _ 
CASE TEMPERATURE (Tel-aC 

~~ 
'I 
Ii! 
;; 
~ 10 
g 

~ 
~ 

'I"""" ~ 
CASE TEMPERATURE IT C I ... - 40·C 

~ I J III 
· J. 

· I I , . . . , 
0.1 I 

COLLECTOR CURRENT {ICl-A 

]\ 
" . 

Fig. 1 - Dissipation and IS/b derating curves. Fig. 2 - Typical dc beta characteristics. 
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BUX14 

Fig. 3 - Maximum safe-operating areas (T c = 25° C). 
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I 25°C r-
,r- ~ 

~ I--c;.sE1E,.PE··r" 
• I 

, . . . 
COLLECTOR CURRENT (I~-A 

Fig. 4 - Typical base-to-emitter voltage as a 
function of collector current. 

10 
COLLECTOR-TO-EMITTER VOLTAGE (VCE}-V 

Fig. 5 - Typical output characteristics. 
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current. 
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Fig. 8 - Maximum operating conditions for 
switching between saturation and 
cutoff. 

Power Transistors 

BUX14 

COLLECTOR CURRENT (ICI-A 

Fig. 7 - Typical collector-to-emitter saturation 
voltage as a function of collector 
current. 

a::: 1.L.104 CASE TEMPERATURE ITcl=25°C 

10 

10 4 6 8 102 4 6 8103 

COLLECTOR-TO-BASE VOLTAGE IYcBI-V OR 

EMITTER-TO-BASE VOLTAGE (VEB)-V 

Fig. 9 - Typical common-base input or output 
capacitance characteristics as a func
tion of cOllector-to-base voltage or 
emitter-to-base voltage. 
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BUX16, BUX16A, BUX16B, BUX16C 

High-Voltage, High-Power 
Silicon N-P-N Power Transistor 
For Switching and Linear Applications in 
Industrial, and Commercial Equipment 

Features: 
• High voltage ratings: VCER(sus) up to 400 V, RBE ~ 50 n 

V CEO(sus) up to 350 V 

• High power dissipation rating: PT = 100 Wat VCE = 135 V,'TC = 25D C 

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

The RCA-BUX16-series devices are multiple epitaxial silicon 
n-p-n power transistors employing a new overlay construc
tion with several emitter sites. All devices employ the 
popular JEDEC TO-204AA package; they differ in breakdown
voltage, leakage-current, and current-gain values. 

The high breakdown-voltage ratings and exceptional second
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. 

MAXIMUM RATlNGS,Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE ........................ 
COLLECTOR-TO-EMITTER VOLTAGE: 

With base reverse-biased tv BE) = -1.5 V •.•......•.•.•.... 
With external base-to-emitter resistance (RBE) ~50 n ....... 
With base open •.....•.••.•..•.••.•......•.•.•........ 

EMITTER-TO-BASE VOLTAGE ........................... 
CONTINUOUS COLLECTOR CURRENT ••.•....•..•.••.•... 
CONTINUOUS BASE CURRENT .......................... 
TRANSISTOR DISSIPATION: 

At case temperatures up to 25: C and V CE up to 135 V 
At case temperatures up to 25 DC and VCE above 135 V 
At case temperatures above 25 C and V CE above 135 V 

TEMPERATURE RANGE: 
Storage and operating (Junction) ••..•.••.....•.•.•.•..•.• 

PIN TEMPERATURE (During soldering): 
At distance ~ 1132 in. (0.8 mm) from seating plane for lOs max. 

VCBO 

VCEV(sus) 
VCER(sus) 
VCEO(sus) 
V EBO 
IC 
IB 

Tp 

File Number 800 

TERMINAL DESIGNATIONS 

c 

'([) 
92CS-27516 

JEDEC TO-204AA 

BUX16 BUX16A BUX16B BUX16C 

250 325 375 425 V 

250 325 375 425 V 
225 300 350 400 V 
200 250 300 350 V 

6 6 6 6 V 
5 5 5 5 A 
2 2 2 2 A 

100 100 100 100 W 
See Fig. 1 & 2 
See Fig. 1 & 2 

-65 to 200 DC 

230 DC 
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BUX16, BUX16A, BUX16B, BUX16C 
ELECTRICAL CHARACTERISTIC8.At 0... T""",.,.ture (Tel - 2ft'c un_ otlMrwl_-,fI«I 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

BUX1. BUX18A BUX168 aUX16C 
Vdc Ad. UNITS 

VCE VaE IC la Min. -. Mn. -. Min. -. Min. Mox. 

250 -1.5 - - - 5 - - - - - -
. Collector Cutoff Current: 325 -1.5 - - - - - 5 - - - -

With_ ....... .IJi.sed rCEV 375 -1.5 - - - - - - - 2 - -
425 -1.5 - - - - - - - - - 2 

With bMe reverse-biased 

TC = 150·C ICEV 250 -1.5 - - - 8 - 8 - 3 - 3 mA 
With base open ICEO 175 - - 0 - 5 - 2 - - - -

250 - - 0 - - - - _. 5 - 2 

Eminer Cutoff Current: 

VEa' 5 V IEaO - - 0 - - 5 - 5 - 2 - 2 mA 

Collector-ta-Emitter 

Sustaining Voltagei' 
With base open VCEOlsu,) - - 0.2 0 200 - 250 - 300 - 350 - V 

With external base-to-

emitter resistance 

IRaE)C;50n VCER"u,) - - 0.2 - 225 - 300 - 350 - 400 -

Emitter-ta-Base Voltage VEao - - 0 0.02 6 - 6 - 6 - 6 - V 

10 - 0.4b - 15 130 15 130 15 130 15 130 
DC Forward-Current Transfer 

hFE 10 - ~ 15 15 12 12 
Batio - - - - -

10 - 4.5b - 5 5 5 - 5 

Base-ta-Emitter Voltage VaE 10 - ~ - - 3 - 3 - 3 - 3 V 

Collector-ta-Emitter - - ~ 0.25 - 2.5 - 2.5 - 2.5 - 2.5 
Slturation Voltage VeElsa.) - - 4.sb 1.125 - 5 - 5 - 5 5 

V -

Cilin-Bandwidth Product IT 10 - 0.2 - 5 - 5 - 5 - 5 - MHz 

Magnitude of Common-
Emitter, Small-Signal, 

Shon·Circuit. Forward- I hIe I 10 - ~.2 - 5 - 5 - 5 - 5 -
Current Transfer RatioC 

10' I MHz) 

Common-Emitter. Sma .. -

Sipl, Short-Circuit, 
Fonwrd-Current Transfe, 
Rotio lot I kHz) hie 10 - 4 - 20 - 20 - 20 - 20 -

Output C.PKitlnc:e 
lotI MHz): 

Vca - 10 V. Ie - 0 Cnbc - - - - - 150 - 150 - 150 - 150 pF 

_ .... kdown CcI.octo, 

eurr.ntd: 
lWith _ fo'Wllrd·biosed) 

PuI. durotion 
(nonropotltlvol - I • 'SIb 13& - - - 0.76 - 0.76 - 0.75 - 0.75 - A 

n.om., RNlltlra: 
Junction._ RsJC - - - - - 1.75 - 1.75 - 1.75 - 1.75 ·CIW 

• CAunON: Iu ... iniftll VOl .... vCEO'lut) .nd VCEACNS) MUST NOT t. rn.lUred on , curve I, .... 
~ _. pu" "'rot ... C; 310 ........ ,...., - 211. 
• ....".. et. frequll'M:y .... IhttI .. dIcnIIi"'.t IPIWQxi",...ly 8 dB PI' 0CIIVt. 

II llib ill dlfined. t .. current at wh'dl tlCDnd brelkcIown occun.t. tplCifild collector vol .... wilh th. emit ....... 
Junction ton.rd billed for tnnIIItor opem..,n In the KIM .... on. 
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BUX16, BUX16A, BUX16B, BUX16C 
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COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CS-24283 

Fig. 1 - Ma)(imum operating areas for al/ types. 

NOTE:CURRENT DERATING AT CONSTANT VOLTAGE APPLIES 
ONLY TO THE DISSIPATION-LIMITED PORTION AND IS/b 
LIMITED PORTION OF MAXIMUM-OPERATING"'AREA CURVES. 
DO NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 
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Fig. 2 - Dissipation and Is b derating curves for aI/ types. Fig. 3 - Typical DC beta vs. col/ector for current for al/ types. 
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Fig. 4 - Typical output characteristics for aI/types. 
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Fig. 6 - Saturated switching time (storage) vs. col/ector 
current for aI/types. 
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Fig. B - Circuit used to measure switching limes for aI/types. 
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Fig. 5 - Typical transfer characteristics for aI/types. 
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col/ector current for aI/types. 

92C5-12874 

TIME 
1"'---

OUTPUT WAVE FORM 

Fig. 9 - Oscilloscope display of switching limes (test circuit 
shown in Fig. B). 
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BUX21~ File Number 1172 

Silicon N-P-N 
Switching Transistor 

TERMINAL DESIGNATIONS 

For Switching Applications in 
Industrial and Commercial Equipment 

Features: 

• VcEO -200V 

·'c -40A 
92CS·27516 

• P T -250 W 
JEDEC TO-204AA 

The RCA-BUX21 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 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: 

VCBO ................................•........•........•............................. 
VCEO(sus) ............................................................................ . 
VCEX(sus) 

VBE =-1.5V ........................................................................ . 
VCER(SUS) 

RBE =100n ....................................................................... . 
VEBO ..........................•...................................................... 
Ic ................................................................................... . 
ICM •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.••••••••••••• 

IB ........................................•............•.................•........... 
Pr 

AtTeup to 25°C and VeE Up to 20V ................................................. . 
TJ, Ts1g ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distances 2:: 1/16 in. (1.58 mm) from case for 10 s max. .. ........................... . 

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 
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BUX21 

ELECTRICAL CHA RACTERISTICS, at Case Temperature (T cJ = 25"C unless otherwise specified 

roo 

.s 

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 
rnA 

TC=125°C 250 -1.5 - - - - 12 

lEBO - -5 0 - - - 1 

VCEO(sus)b - - 0.2a - 200a - - V 

V(BR)EBO IE = 0.05 A - - 0 - 7 - -

VBE(sat) - - 25a 3 - 1.2 1.5 V 

VCE(sat) 
- - 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 - -
A 

t = 1 S, non repetitive 20 - - - 12.5 - -

fT 
f=10MHz 15 - 2 - 8 - - MHz 

ton 
VCC= - 25 3 - 0.3 1.2 
100 V 

ts VCC= 25 3 1.0 1.8 
(lSl = 1B2) 

- -
100 V 

IlS 
tf VCC= 

(lSl = 1B2) 100 V 
- 25 3 - 0.2 0.4 

R8JC - - - - - - 0.7 °CIW 

a Pulsed, pulse duration = 300 /.IS, duty factor"';;; 2%. 
b CAUTION: Sustaining Voltages VCEO(sus) MUST NOT be measured on a curver tracer. 

10. 

~ • 
I! • 
m 2 

I I • • 
15 · ....... V 
~ 

2 

~ 0.1 
V 

! • • • 
I 2 

0.01 
4 • 2 468 2 468 

0.001 001 0.1 • I ~ ~ ~ roo ~ ~ m ~ ~ ~ 
CASE TEMPERATURE CTCI--C 

PULSE WIDTH I tpJ - s 

2 ••• 10 

92CS-30381 

Fig. 1 - Dissipation and ISib derating curve. Fig. 2 - Typical thermal· response characteristic. 
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BUX21 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI- v 

Fig. 3 - Maximum operating areas (T c = 25'C). .2eM -31448 
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Fig. 4 - Typical dc beta characteristics. 
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Fig. 6 - Typical base-to-emitter saturation voltage 
characteristics. 
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Fig. 5 - Typical collector-to-emitter saturation 
voltage characteristics. 
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Fig. 7 - Typical output characteristics. 
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COLLECTOR CURRENT (Ie) - A 92CS-31455 

Fig. B - Typical small-signal forward-current trans
fer ratio characteristics. 

---
2'- I, --- If -
o 10 20 25 30 

COLLECTOR CURRENT (Ie)- A 92CS-31458 

Fig. 10 - Typical saturated-switching-time 
characteristics as a function of 
collector current. 
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COLLECTOR -TO-BASE VOLTAGE (Vcal-V OR 
EMITTER-TO-BASE VOLTAGE (VEBI-V 

400 

92CS-31459 

Fig. 12 - Typical common-base input (C;boJ or 
output (COboJ capacitance characteristics. 

'[ IDs 

I " -
~ • 
~ 

::J 2 

'" ;: 
-' I -' 
::! • 
" • z .. 
oJ · ~ 

BUX21 

COLLECTOR CURRENT (Ie) - A 92CS-31457 

Fig. 9 - Typical clamped turn-off time 
characteristics. 

CASE TEMPERATURE (TCI" 125°C 
Ia"Ic IlO 
18," 182 Vee· BOV 

-

'-.... 
....... r-- ___ , 

---..... I, 

/' If 

0 
2 \ ./' In 

V '-oJ -.. 
'" OJ 

10 15 20 25 30 35 
COLLECTOR CURRENT (leI - A 92CS-31460 

Fig. 11 - Typical-switching-time characteristics at 
T c = 1250 C as a function of collector 
current. 

1.4 

CE 

10% VCEX ~------ ',------~ 

VCEX 
RATING 

--, 10% Ie (PEAK) 

92CS-30389RI 

Fig. 13 - Oscilloscope display for normalized 
measurement of clamped inductive 
switching time (t cJ. 
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BUX21 

O.OOlI'F 

24n 

IBI->,....-----:X.,., 90 % 

A 10% 
o I 

I 
I W 90% 

Ie2-+---------1 
IC--I- I 

: C 90% I 
1 
I 

... - A-B 's - x-v 92C$-3038IRI 

.,- B-C .,-v-z 
ltranlition - x-w 
NOTE: TRANSITION TIME 
FROM 90% IB, TO 90% Is, MUST 

BE LESS THAN 0.5".. 

Fig. 14 - Phase relationship between input and 
output currents showing reference 
pOints for specification of switching 
times. 

•• 

D2540M 

Vee AS_+ 
SPECIFIEO--

QI, 02 .. 2N6354 
03 " 2N3762 

04.05, 
06,07 = 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 Vee. VBI • Va2' 

~50fLF 

2~:::.rL~ 
LL20,. son = 

MIN 

. VS(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. 

FREQ= 500Hz 

V.2 
ADJ. FOR 182 

NOTE: SWI CLOSED FOR t,. Is. If. SWI OPEN FOR Ie_ 

92CM-31462 

Fig. 15 - Circuit for measuring switching times. 
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File Number 1285 

6-A Swilt:IIMiIf 
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 = 450 V - 550 V • Off-line power supplies 
• Low VCE (sat) at Ic = 6 A • High-voltage inverters 
• Steel hermetic TO-204AA package • Switching regulators 

BUX32, BUX32A, BUX32B 

TERMINAL DESIGNATIONS 

JEDEC TO-204AA 
(200 mil diameter pin ;solollon) 

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 higlj-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 

VCEV 
VBE=-1.5 V ........................... .............. 800 

VeER RBE:S 10 0................................... 800 
VCEX (Clamped) 

VBE=-1.5 V ................................. ........ 450 
VCEO ................................................ 400 
VEBO ................................................ . 
Ic(sat) .............................................. . 

IC···················································· 
ICM ................................................. . 

lB···················································· 
PT 

TC up to 25·C ..................................... . 
TC above 25·C. derate linearly ..................... . 

TJ .................................................. . 
Tstg·· ............................................... . 
TL 

At distance;;:; 1/16 in. (1.58 mm) from 
seating plane for 10 s max. . ...................... . 

BUX32A BUX32B 

900 1000 V 
900 1000 V 

500 550 V 
450 500 V 

8 V 
6 A 
8 A 
10 A 
4 A 

150 W 

1.0 w/·e 
-65 to 175 ·e 
-65 to 200 ·e 

235 ·e 
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BUX32, BUX32A, BUX32B 
ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 
CHARAC- VOLTAGE CURRENT 
TERISTIC V de Ade 

VCE IVBE IC I IB 
TC-25°C 

800 -1.5 

ICEV 900 -1.5 

1000 -1.5 

ICER 
800 

RBE:510n 
900 

1000 

lEBO -8 0 

VCEO(sus)b 0.2a 0 

hFE 3 6 

VBE(sat) 6 1.2 

VCE(sat) 
6 1.2 

8 2 

VCEXb 

(Clamped ES/b) -5 6 1.2e 

L=170 I'H 

ISlb 30 5 

Ihfe I f-5 MHz 10 0.2 

fT 10 0.2 

Cobo f=0.1 MHz 10e 

tda 6 1.2 

t rd 6 1.2 

tsd 6 1.2e 

ttd 6 1.2e 

tc 
VCC=250 V. 
L=170 I'H. 

6 1.2e 
RC=50 n 

Collector clamped 

to VCEX 

° TC-100 C 
800 -1.5 

ICEV 900 -1.5 

1000 -1.5 

ICER 
800 

RBE:5 10 n 
900 

1000 

VCE(sat) 6 1.2 

tjd 6 1.2 

tsd 6 1.2e 

ttd 6 1.2e 

tc 
VCC=250 V. 
L=170 I'H. 

6 1.2e 
RC=50 n 

Collector clamped 

to VCEX 

LIMITS 

BUX32 BUX32A BUX32B UNITS 

Min. I Max. Mln.1 Max. Min. I Max. 

- 0.1 - - - -
- - - 0.1 - -
- - - - - 0.1 

mA 
- 0.2 - - - -
- - - 0.2 - -
- - - - - 0.2 

- 2 - 2 - 2 

400 - 450 - 500 - V 

8 40 8 40 8 40 
.- 1.3 - 1.3 - 1.3 

- 1 - 1 - 1 

- 2 - 2 - 2 
V 

450 - 500 - 550 -

1 - 1 - 1 - s 

3 12 3 12 3 12 

15 60 15 60 15 60 MHz 

50 250 50 250 50 250 pF 

- 0.1 - 0.1 - 0.1 

- 0.45 - 0.45 - 0.45 

- 3.0 - 3.0 - 3.0 

- 0.4 - 0.4 - 0.4 

I'S 

- 0.4 - 0.4 - 0.4 

- 1 - - - -
- - - 1 .- -
- - - - - 1 

mA 
- 3 - - - -
- - - 3 - -
- - - - - 3 

- 1.5 - 1.5 - 1.5 V 

- 0.6 - 0.6 - 0.6 

- 4 - 4 - 4 

- 0.7 - 0.7 - 0.7 

I'S 

- 0.8 - 0.8 - 0.8 
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ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 

CHARAC- VOLTAGE CURRENT 

TERISTIC V de A de 

VCE IVBE IC I IB 

I ROJC 10 5 

apulsed; pulse duration=300 /'s, duty factor oS 2%. 
bCAUTION: The sustaining voltage VCEO(sus) 

BUX32, BUX32A, BUX32B 

LIMITS 

BUX32 BUX32A BUX32B UNITS 

Min. I Max. Min.1 Max. Mln.!Max. 

1.0 I - I 1.0 I - I 1.0 I 0 C/W I 

and VCEX MUST NOT be measured on a curve tracer. 

eVCB value. 
dVCC=2S0 V, tp=20 /'S. 

eIB,=- IB2' 

92CM-33404 

Fig. 1 - Maximum operating areas for all types (T cJ. 

'" 
100 

50 

2' 
o 
o ~ 50 ~ ~ ~ ~ m ~ 

CASE TEMPERATURE ITc}--C 

Fig. 2 - Dissipation derating curve for all types. 

10, 
~ 
u -i- -
z 
l' 
~ 

~ 
, -

~ I 4 ,-
! 6 -. 

--~ =-- ._-
~ 

V V 
~ z 

'f--~ 

~ 

~O.l e--~ , 

~ 
6 

4 

I 'I-. 

0.0012 4680 .0J 2 46'0.1 2 4 68 1 2 4 S8 10 
PULSE WIDTH (Tp )-S 

92CS-32043 

Fig. 3 - Typical thermal-response characteristic 
for all types. 
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BUX32, BUX32A,BUX32B 

0.1 
4 6 8 I 

COLLECTOR 

2' 468 
10 100 

CURRE~T. (I.e I-A '2CS-32044 

Fig. 4 - Typical de beta characteristics for all 
types. 

QI 

2' 4' 8 10 
COLLECTOR CURRENT II Cl - A .2CS-'52048 

Fig. 6 - Typical base-to-emitter saturation 
voltage as a function of collector current 
for all types. 

COLlECTOR-TO-EMITTER VOLTAG[(YCEI-Y 

92C8-32048"1 

Fig. 8 - Typical output characteristics for all 
types. 

0.1 
, 4 10 

COLLECTOR CURRENTIIC)-A 92CS-32048 

Fig. 5 - Typical collector-to-emitter saturation 
voltage as a function of collector current 
for all types. 

~ 

"' !: 
~ 
g 
~ 

~ 
~ 
~ 
! 

COLLECTOR- TO-EMITTER 
VOLTAGE IYCEI-;SV 

I I 

-I 
_40· C 

8t--- ~ls\'2.~·t 
'~sE ,.tlAPERA'TU 

4 

2 

QI , 4 

COL. LECTOR CURRENT (Ie I-A • • 10 
92CS-32047 

Fig. 7 - Typical base-to-emitter voltage as a 
function of collector current for all types. 

'. 
2 3 4 '5 

COLLECTOR CURRENT (Ie)-A· 
92C5--33405 

Fig. 9 - Typical saturated switching time 
characteristics for all types. 
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~200 
~ 
d 0 

o 

CASE TEMPERATURE (Tcl~ 100°C 
~BI~IB2·1.2A 

Vee' 250 V 
I ,. 20 ... ~ 

" 

" 
'f 

" 

COLLECTOR CURRENT (kC I-A 

Fig. 10 - Typical saturated switching time 
characteristics for all types. 

CASE TEMPERATURE (Tel:IOO~C 
ISr:l- 2A,ISl :2.4A 
VCC~250V 
I ~ 201'1 . 

f, 

" 
COLLECTOR CU~ENT (:rel-A 

Fig. 12 - Typical saturated switching time 
characteristics for all types. 

8t---------, 

, 
I 
I 

VCEORATING 
MINUS 100V 

/ 

I CLAMPED A 

I VCEX RATING? 

I 
I 
1 OL-_______ ~ ________ ~_ 

COLLECTOR-TO-EMITTER VOLTAGE 

92C5-33409 

Fig. 14 - Maximum operating conditions for 
switching between saturation and cutoff. 

BUX32, BUX32A, BUX32B 

CASE TEMPERATURE ITe I-ZS"C 
IS,"1.2A,IS2 "2,4A 

VCC"250V 
Ip -20,.s 

" 

" " 
2 3 4 5 6 

" ff 

COLLECTOR CURRENT (Ie )-A 

Fig. 11 - Typical saturated switching time 
characteristics for all types. 

lOa CASE TEMPERATURE (TC):25° 

w 
~ 

10 .. 6810 2 .. 68 ,0 2 Z 468 r03 

COLLECTOR-lO-BASE VOLTAGE (Vcal-V 
OR EMITTER-TO-BASE WlTAGE(VES)-V 

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. 

181 -r----------;;"X 90 % 

A 10% 
o 

NOTE: TRANSITION TIME 
FROM 90% 181 TO 90% 182 

MUST SE lESS THAN 0.3 ",$. 

92C5-30458 

Fig. 15 - Phase relationship between input and 
output current showing reference points for 
specification of switching times. 

______________________________________________________________ 2-479 



Power Transistors __ ,...... _________________________________ _ 

BUX32, BUX32A, BUX32B 

10% Ie (PEAK) 

92CS-30389RI 

Fig. 16 - Oscilloscope display for measurement 
of clamped induction switching time (t.,). 

O.OOIp.F 

24 n 

i 50 l'F 

2g.TL~ 
LL- 20 l's 50 n = 

MIN 
FREQ= 500Hz 

VB2 
ADJ. FOR IB2 

Ie R1 R2 VCEX CLAMP 
15 A 115 n 115 n ICLAMPEB VCEX RATING I 

"L' son 
NON INO 

QI, Q2 ·2N635. 
03 = 2N376~ 

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 

NOTE: BATTERY SYMBOLS Vee. Vel' VB2' 
VB(CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST t, AND tf TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

NOTE: SWI CLOSED FOR t r • f,. tf. SWI OPEN FOR tc-

92CM-32103 

Fig. 17 - Circuit for measuring switching times. 
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____________________________________ Power Transistors 

File Number 1354 

8-A BwitehMid 
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' 
92CSw 21518 

VeEx = 450 V - 550 V • Off-line power {lupplies JEDEC TO-204AA 
• Low VeE (sat) at Ie = 8 A • High-voltage inverters 
• Steel hermetic TO-204AA package • Switching regulators 

The BUX33 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 side range of inverter or converter 
circuits and pulse-width-modulated regulators. These 
high-voltage, high-speed transistors are 10o-per-cent 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VeEV 

(200 mil diameter pin Isolation) 

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 

VeER ReE :5 10 n......................................... 800 900 

VeEx (Clamped) 
VeE = -1.5 V .•.•..........•.........•••.....•......... 450 500 

VeEO.................................................... 400 450 

VEeO •••......•.••...............•.••.• ··· ..••. ·········· ------- 8 

le(sat) •.•.....•...................•.•.•.•...••.......... 
Ie .••.......•........••••••..•••••.......•••.....••.•••• 
leM ••.•••••••••.••••••••••.••••••.•..•.••••••.••••••.•.• 
Ie ...•••••.•.•••..•••......••.......••.......•.•........ 

PT 
Te up to 25°C ....•..•.•....•.••........•......••..... 
Te above 25°C, derate linearly ........................ . 

TJ •••••••••••••••••••••••••••••••••••••••••••••••••••••• 

T ....................................................... . 
TL 

At distance;;o; 1/16 in. (1.58 mm) from 
seating plane for 10 s max ............................ . 

8 
12 
15 
4 

150 
1.0 

-65 to 175 
-65 to 200 

235 

1000 V 

550 V 

500 V 
V 
A 
A 
A 
A 

W 
W/oC 

°c 
°c 

°c 
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BUX33, BUX33A, BUX33B 
ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 
CHARAC- VOLTAGE CURRENT 
TERISTIC V dc A dc 

VCE I VBE Ic I 

800 -1.5 
ICEV 900 -1.5 

1000 -1.5 
800 

ICER 
900 

RBE:::; 10 Cl 
1000 

lEBO -8 0 
VCEO(SUS)b 0.2" 

hFE 3 8 
VBdsat) 8 

Vedsat) 
8 
12 

VeE. b 

(Clamped Es/b) -5 8 
L = 170 pH 

IS/b 30 5 
Ihfal 1-5 MHz 10 0.2 
IT 10 0.2 
Cabo I ='0.1 MHz 10e 

teo" 8 
t,d 8 
t.d 8 
t,d 8 
te 

Vee: = 240 V, 
L = 170 pH, 8 
Rc=30Cl 

Collector clamped 
to Veex 

Te - 100·C 
800 -1.5 

ICEV 900 -1.5 
1000 -1.5 

leER 
800 

RBE:::; 10 Cl 
900 
1000 

Vce(sat) 8 
tda 8 
taO 8 
t,· 8 
te 

Vee = 240 V. 
L = 170 pH, 
Rc=30Cl 8 

Collector clamped 
to VCEX 

I Rt/Je I 10 I 5 
'Pulsed; pulse duration = 300 ps, duty factor :5 2%. 
·CAUTION; The sustaining voltage VCEO(sus) and VeE. 
MUST NOT be measured on a curve tracer. 

i 

IB 

0 

2 
2 
3 

2 

2 
2 
2" 
2· 

2· 

2 
2 
2" 
2" 

2" 

LIMITS 

BUX33 I BUX33A I BUX33B 
Min. I Max. I Min. I Max. I 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 

·Ve. value. 
·Vee = 240 V, t. = 20 ps. 
"I .. =-1 ... 

- -
- -
- 0.1 

- -
- -
- 0.2 

- 2 
500 -

6 40 

- 1.3 

- 1 

- 4 

550 -

1 
3 12 
15 60 
50 250 

- 0.1 

- 0.45 
- 3.0 

- 0.4 

- 0.4 

- -
- -
- 1 

-
- -
- 3 

- 1.5 

- 0.6 

- 4 

- 0.7 

- 0.8 

UNITS 

mA 

V 

V 

s 

MHz 
pF 

ps 

mA 

V 

ps 
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BUX33, BUX33A, BUX33B 

Fig. 1 - Maximum operating areas for all types (T c). 

125 

100 

15 

50 

25 

o 
o ~ ~ ~ ~ ~ ~ ~ = 

CASE TEMPERATURE ITcl_ec S'lCS-U042 

Fig. 2 - Dissipation derating curve for all types. 

j • COLLECTOR-TO- EMITTER • VOLTAGE IVCE1·SV 

Ii • 
i • .. ~ ~IO 

I : u·c 

i · ~ 
~"EMtt":J~R ~ i! 10 -== ITc .-, . 

!il • 
! . 
Ii? • 
II 

0.1 • . . . • . , . 1 10 
. . 

COLLECTOR CURRENT. (I C )-A 
1101-14110 

Fig. 4 - Typical dc beta characteristics for all types. 

10, 
~ , .. 
t! • 
" i! • 
..I I 

I , 
• 

~ • 
~ I /' 
iii 
lIQI 
~ . 
~ : 
I • 

0.001 • .. • • • '0.01 ~.I 
, • II • • II 10 

PUL-I! WIDTH ITpl-S 
Itc.~n041 

Fig. 3 - Typical thermal-response characteristic for all types. 

... 10 '" . l:8=IC /4 

~ & 
g · ii 

~ • 
~=r ,~ 
~t8 

' ,;~ .~ 
{'i , .. .e? 

V /'.,'\v 
i ~. 'A .. " ':'~ ~ .. 
~ · ,.~ 

~ '~ ¢'''+'~I 
~ o.l~ 

~ .. 
2 4 6 8 2 .. 6 8 

COLLECTOR CURRENT lI.c)-A 
92CS-5480? 

Fig. 5 - Typical collector-to-emitter saturation voltage for 
all types. 
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BUX33, BUX33A, BUX33B 

X.-le /4 

~ I r---------:40-C 

~ 8 25"'C ~t:':"·\s''l.,!.C 

~~. ~"A1URE \1C 
~SEtE 

11:": 
~~ .. 
!.f 
g 

~ • 

QI 

• . • • 10 
COLLECTOR CURRENT (I C)-A 

t2CS~34'12 

Fig. 6 - Typical base-to-emitter saturation voltage as a function of 
collector current for all types. 

0 
w 
~ 
2 

d 

CASE TEMPERATURE(TC I- 25· 

~ 
~ 10 \5oQ 

~ 
~ 8 Ie e,OOOln llo 

'00 

ColLECTOR- ~-EMITTER6YOlTAGE IV~E)-Y 
92CS-348O' 

10 

Fig. 8 - Typical output characteristics for all types. 

400 

toO 
I, 

CASE TEMPERATURE (Te)-,oo·e 
ZS," :IS2 s 2A 
Vee" 240 V 
Ip= 20,... 

m 
" 
If 

I, 

:5 4 5 6 7 
COLLECTOR CURRENTllc)-A 

. 
• .!. 

• w 
2 ... 

3 ~ 
: 

2 ~ 

tlcs-auo, 

Fig. 10 - Typical saturated switching time characterics for 
all types. 
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COLLECTOR- TO-EMITTER 
VOLTAGE (VCE)o3V 

I \1 I 
_40·C 

~. 

• ~'.'25"C w 

~ 'p:-=-CAsE T~'E~" 
~ 

~ . 
~ 
~ . 
~ 

OJ 

• . 
COLLECTOR CURRENT (I.e I-A • • 10 

92C$-34814 

Fig. 7 - Typical base-to-emitter voltage as a function of collector 
current for all types. 

~ 1200 
o 
~ 

CASE TEMPERATURE (Te'. 25°C 
:IBI·I.e2·~A 
Vcc· Z40V 
'polO,.., 

't 

234567 

4 W 
2 
;: 

COLLECTOR CURRENT lIe I-A 
92CS-3.808 

Fig. 9 - Typical saturated switching time characteristics for 
all types. 

''!i1''': CASE TEMPERATURE ITel"'25° 
FREQUENCY (f)·IMHz 

11:: 4 ~t; C,., 
~2 
~filo' 
~~ 8 

§~ : f-- t--
~8 
11 ... 
ii 2 

!BlO' 
Wa!. 8 -. 
~1i • 
" 4 

~~ 
112 ' 
(..18-.10. 

10 

r--. r-. c ... 

1--r--

• • • • • • • 10 102 • 
COLLECTOR-TQ-BASE VOI.TAGE IVcal-V 
OR EMITTER"TQ-BASE IJOI.TAG!(VEBI-V 

• •• 10' 

92eS-SlOS4 

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 

... 
I - 121-------, 
<.> .... 

-10 
>-z 
~ 8 

'" 136 
'" g 4 

lil 
~ 2 

- - - - -'~I ---, 

I 
I 
I CLAMPED 

TC.IOO·C I YCE. RATING 

I 

<.> 0 '-;:;CO"'L7L.EC;::T;;0;;;R;:-;;TO;;:-:'iE;;:MWITMTi'EE:;;R'Y;;;D;-:LT;:;A;;;G~E-
92CS"'!481! 10% VCEX 

VCEX 
RATING 

10% Ie (PEAK) 

92CS-30389R( 

Fig. 12 - Maximum operating conditions for switching 
between saturation and cutoff. 

Fig. 13 - Oscilloscope display for measurement of clamped 
induction switching time (to). 

IBI-r-----,.;,. 90% 

A 10 % 

92CS-304!:1e 

'0= A-a 
t,=B-C 
t5=X-Y 
I,=Y-Z 
tTRANSITION - x-w 
NOTE: TRANSITION TIME 
FROM 9o" IS, TO 90% IS2 

MUST BE LESS THAN 0.3 ,,5. 

Fig. 14 - Phase relationship between input and output 
current showing reference pOints for specification 
of switching times. 

YB2 
ADJ FOR 1B2 

Ie R1 R2 VCEX CLAMP 
I SA 15 ~! 15 11 ICLAMPED VCEX RATING I 

RL" 30 n 
NON INO 

ar, Q2 '" 2N6354 
Q3 = 2N3762 

Q4,Q5, 
06,Q7 " CA3725 QUAD 

TRANSISTOR 
ARRAY 

* nus CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

** KELVIN (SENSING-I 
CONNECTIONS 

BATTERY SYMBOLS Vee. Ve I I Ve2' 
YB(CLAMPI INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST tr AND t, TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

NOTE: SWI CLOSED FOR tr, t •• t,. SWIQPEN FOR te· 

92CM-3481 I 

Fig. 15 - Circuit for measuring switching times. 
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BUX37 

15-Arnpere N·P·N Monolithic 
Dartington Power Transistor 

400 V ,35W 
Gain of 20 at 15A 

Features: 
_ Hiflh voltage breakdown 

Applications: 
_ Power switching _ Automotive Ignition 
- Solenoid drivers _ Series and shunt regulators 

The BUX37 is a monolithic n-p-n silicon Darlington 
transistor designed for automotive electronic pbwer appli
cations. The construction of this device provides good for
ward and reverse second-breakdown capability. 

File Number 1243 

TERMINAL DESIGNAnONS 

c 

'0' 
92CS~ 27511 

JEDEC TO-204AA 

r----------. 
I I 

• I I 

I 
I 
I 
I 

I 
I 
I 
I 

L _________ --l 

The BUX37 is supplied in the JEDEC TO-204AA steel 
hermetic package. FIg. 1-Schematlc diagram for al/ types. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
VCEO(sus) .............................................. . 
VESO·················································· .. 
IC···················································· .. 
IS ......... ; ........................................... . 

Pr 
TC" 100"C ........................................... . 
TC> 100'C ............................................ . 

Tstg• TJ ................................................• 
TL 

At distances .. 1/8 in. (3.17 mm) from case 
for10smax .......................................... . 

400 
7 

15 
4 

35 
Derate Linearly 0.7 

-65 to 150 

235 

v 
V 
A 
A 

W 
W/'C 

·C 

2-486 ______________________________________________________________ __ 



____________________________________ Power Transistors 

100 

25 

ELECTRICAL CHARACTERISTICS, at Case Temperature (T C) 
Unless Otherwise Specified 

25°C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT BUX37 

Vdc Adc 

VCE VBE IC IB Min. Max. 

ICEO 400 0 - 0.25 

VCEO(SUS)D L - 1.5rnH 5a 0 400 -
V(BR)EBO 

0 7 -
IE = 50 rnA 

hFE 5 15a 20 -
VBE(sat) 1()8 0.15 - 2.7 

TC = -40·C 1()8 0.15 - 3.5 

VCE(sat) 7a 0.07 - 1.5 
10a 0.15 - 2 

TC = -40·C 1()8 0.15 - 2.9 

R8JC - 1.5 

a Pulsed; pulse duration = 300 1'5, duty factor .. 2%. 

b CAUTION: The sustaining voltage VCEO(sus) MUST NOT be measured on a curve tracer. 

Q2 COLLECTOR CURRENT IIC)-SO Ia 

0.1 

i 
; 
~ 

25 50 75 100 125 150 175 200 0.5 I 1.5 

UNITS 

rnA 

V 

V 

"C/W 

CASE TEMPERATURE (TC)--C 92CS-32T98 BASE-TO-EMITTER VOLTAGE lVSE)-1I 

Fig. 2 - Derating curve. . Fig. 3 - Typical input characteristics. 

I 
COLLECTOR-lO-EMITTER VOLTAGE (VCE)-Y 

92CS-28li45 

Fig. 4 - Typical output characteristics. Fig. 5 - Typical output characteristics. 

BUX37 

25 

------------_____________________________________________________ 2-487 



PowerTransistors _____________________________ ..,.... _____ _ 

BUX37 

10 
COLLECTOR- TO- EMITTER 

92CM"32799 

Fig. 6 - Maximum operating areas (Tc = 100°C). 

BASE-lO-EMITTER VOlTAGE (VBEl-V 

Fig. 7 - Typical transfer characteristics. 
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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-ot-operation curves tor dc and pulse operation - lSI. limit 

begins at 25 V 
• Fast turn-on time - 1 JiS at Ie = 15 A 
• High-current capability -

hFE, VeE(sat), VBE(sat) measured at Ie = 10 A 

The RCA BUX39 isan epitaxial silicon n-p-n planar transistor 
that has high current and high power handling C\lpability 
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. Aobsolute-Maximum Values: 

BUX39 

TERMINAL DESIGNATIONS 

JEDEC TO-204AA 

VCBO ...................••.....•.....•..••...•••.•............•.•......•...•............•........•••.........•............ 120 V 

Vcer. 
VBE=-1.5V .........••...•..•..•....•..........•••..••...•...•..•........•..••..........•.••......••••••....••.......••. 120V 

VeER 
RBE= 1000 ••..•.•.......•...........•..••....•...•.....•..............••••...•...••...•....•...........•.....•••..•..•• 110V 

VCEO(SUS) .....•••....•.•.•.•...•.....•......••.•.•............••....•.......••........••..••..•...•........••..•..••..•.... 90 V 
VEBO •...••............••..•.....•.•...•.•........••....••••......•....•..•...•.•...•...•...••......•••.•..•................. 7 V 
Ic ....•.••••••....•.....•......•.....•...••..•.•....•....••....•................................•.•...•....•••.•....••..... 30A 
ICM •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 40 A 
lB •.••...••..•.....•......•••••..••••.•••........•..........•.............•.•..................•..........•..•.....•........ 6A 

PT 
Tc:525.C ...••••...••••......••.............•.•.•..•....•....•.............•••.•....•...•.....••.•.•....•.... ~ ......•.. 120W 
To 2: 25· C, derate linearly .•••.....•..•••...•........••.....•........•...••...••..••..........•........•••........... 0.68 WI· C 

T ... , TJ .•.••.•...•••...•••••....••........••..••..••............................•..•••...•...••...........•.....•••. -65 to l00·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 Ie Is Min. Typ. Max. 

ICEO 70 - - 1 

ICEX 120 -1.5 - - 1 
Tc - 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 

hFE 
4 12b 15 - 45 
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 

IS/b t = 1 s 45 1 - -
30 4 - -

fT 15 1 8 - -
tON td + tr VCC= 20 2.5 - 0.8 1.5 

ts 30 V 20 2.5c - 0.55 1 

tf 20 2.5c 0.15 0.3 

R8JC - - 1.46 

A CAUTION: The sustaining voltage VCEO(SUS) MUST NOT be measured on a curve tracer. 

b Pulsed; pulse duration ~ 300 pS. duty factor ~ 2%. 

c ISl = -182, 

,-, ~ ONLY TO THE DISSIPATION-LIMITED PORTION AND IS/b nl NOTE:CURRENT DERATING AT CONSTANT VOLTAGE APPLIES 

I; ~ LIMITED POR'ttON OF MAXI ...... -OPERATING-AREA CURVES. 
tlilj DO NOT DERATE THE SPECIFIED VALUE fOR Ie MAX. 

i! 
It· 
iF 

COLLECTOR-TO-EMITTER VOLTAGE'VcE} .. 4Y 

240 I 
200 '1 I 

I 
IE .. 

~<l~C """"' ~!160 
§!2 
u!< (\ 

i: 120 ~~'t" 
iI'" -~~ ~~ 80 
gi!' cb- ........ 

40""'-

V -
-I--

UNITS 

rnA 

V 

V 

A 

MHz 

,...S 

°C/W 

"" \ 
\ .. \ 

o 25 50 75 100 125 150 

CASE TEMPERATURE (T c) - ·c 
175 200 0.01 2 4 6 80.1 2 4 6 8 I 2. 4 6 810 2 

',LI-leMR2 

Fig. 1 - Derating curves. 

COLLECTOR CURRENT (IC)-A 

92C5-32213 

Fig. 2 - Typical DC beta characteristics. 
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BUX39 

Fig. 3 - Maximum operating areas. 

BASE-TO-EMITTER VOLTAGE IVaEI-V 
92C5-:H:214 

Fig. 4 - Typical input characteristics. 

COLLECTOR-lO-EMITTER VOLTAGE IVCEI-V 

92CS-I'652RI 

Fig. 6 - Typical output characteristics. 

92CS-UIIS 

Fig. 5 - Typical transfer characteristics. 
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BUX45 File Number 1231 

High-Voltage, High-Power 
Silicon N-P-N 
Power-Switching Transistors 

TERMINAL DESIGNATIONS 

Features: 
• VeEo -500V 
.le -5A 

92CS-27516 

• Pr - 120W 

The RCA-BUX45 is an epitaxial-base silicon n-p-n transistor 
having high-voltage capability, fast switching speeds, and 
low saturation voltages, together with high safe-operating
area (SOA) ratings. It is specially 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-BUX45 is supplied in a steel JEDEC TO-204AA 
hermetic package. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

JEDEC TO-204AA 

VeBo •••.••••.••••••••••••••••..••••.••.•.•.•.••.•••••.•.•.•••.•••••••.•.•••••.•••.•• 
VeER 

RBE = loon ........................................................................ . 
VeEO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
VeEX 

VBE = -1.5V ......•..•......••••.....•••..••..••.......•.•...•.......•..•..•.•.•.•... 
VEBO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ie .................................................................................. . 
leM ................................................................................ . 
IB •.•••....•.•.•••.•...•.••••.••••.•..••••......•.•••.•.•...••...•.••.•..•..•.••.•••. 
PT 

Ie::::: 25°C ......................................................................... . 
T c > 25° C derate linearly .......................................................... . 

T"" TJ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distances 2:: 1/32 in. (0.8 mm) from seating plane for 10 s max. . ..................... . 

BUX45 
500 

500 
500 

500 
7 
5 
7 
1 

120 
0.69 

-65 to +200 

235 

V 

V 
V 

V 
V 
A 
A 
A 

W 
W/oC 

°C 

°C 
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ELECTRICAL CHARACTERISTICS, Case Temperature (TC) = 25°C 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
CHARACTERISTIC VOLTAGE CURRENT 

BUX45 
Vdc Adc 

VCE VBE IC IB Min. Typ. 

ICEO 400 0 - -
ICEX 500 -1.5 - -

TC - 125·C 500 -1.5 

lEBO -5 0 - -
VCEO(sUS)D 0.28 0 500 -
V(BR)EBO IE - 50 mA 0 7 -
hFE 

4 1a 15 

4 28 8 -
VBE(sat) 2a 0.4 - 0.8 

VCE(sat) 
18 0.125 - 0.15 

2a 0.4 - 0.15 

fT 15 1 8 -
ISlb 135 0.15 

t = 1s, nonrepetitive 30 4 -
tON VCC 2 0.4 - 0.4 

ts IB1 = IB2 = 2 0.4 - 3.5 

tf IB1 = IB2 100 V 2 0.4 0.6 

R6JC 

a Pulsed; pulse duration = 300 ,.,S, duty factor .. 2%. 

Max. 

1 

1 

5 
1 

-
-
45 

-
2 
1 

2 

-

-
1 

5 

1.2 

1.46 

b CAUTION: The sustaining voltage VCEO(SUS) MUST NOT be measured on a curve tracer. 

92CM-32535 

Fig. 1 - Maximum safe·operating areas (T c 025° C). 

BUX45 

UNITS 

mA 

V 

V 

MHz 

A 

,.,8 

·C/W 
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BUX45 

2-494 

o m M ~ ~ ~ ~ ~ ~ 

CASE TEMPERATlRE CTC._ec 

Fig. 2 - Derating curves for I Sib and dissipation. 

c 
! • 
u 

H 

~ 

• 

ASE TEMPERATURE eTc I- n·e 

1.e·\CP>~ 

\OQ 

. ~ 

COLLECTOR-TO-EMITTER VOLTAGECYCE1-V UCS-32048RI 

Fig. 4 - Typical output characteristics. 

W ... ·XC,· l .~ :: 
!:; 
0 
> 
z I ~ ~--
0 ' '1 
~ • 1//1/. .. .;" -'" 
i=:- • ~~~. 11:= 
~.! .. 

~~~~ ~ tl 
"'> ww 

~ 

.,::;~ 
e V" ,,~ 

g I 
0.1 

, • • • 
COLLECTOR CURRENTCICI-A I2CS-J2045 

Fig. 6 - Typical collector-to-emitter saturation 
voltage as a function of collector 
current. 

10 

=t 

~ 
W 

~ 
~ 
'" ~ 
! 

* III .. .. 

0,1 468, 468 10 468'00 

COLLECTOR CURRENT (I.e )-A 92CS-32494 

Fig. 3 - Typical dc beta characteristics. 

COLLECTOR- TO-EMITTER 
VOLTAGE (VeE)- 4 v 

I I 

-[ 
-40·C 

8_ ~l.\t~.C 
8;;;;:;::;:;=- C~SE ttMPE.RA'TURE C 

• 

2 

OJ 
2 •• 

COLLECTOR CURRENT CI.e I-A 
I. 

9feS-324.' 

Fig. 5 - Typical base-to-emitter voltage as a 
function of collector current. 

QI 
if .. 8 10 

COLLECTOR CURRENT (1 C)-A tlCS-S2041 

Fig. 7 - Typical base-to-emitter saturation volt
age as a function of collector current. 
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Fig. B - Typical saturated-switching times as 
a function of col/ector current. 

BUX45 

108 

QI::~+=+n~r+~*~~$I=f~===1=t~ 
4r --
,-

0.00[2 "680 .01 2 4 6'b.1 2 " 68, 2 468,0 
PULSE WIDTH (Tp)-S 92CS-U041 

Fig. 9 - Typical thermal-response 
characteristic. 
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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 acldc commercial equipment. 

Typical 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 ....................................... . 
VcEoIsus) ............................•............... 
VEBO .........••.....••.............................. 
Ic ................................................... . 
ICM •••••••••••••••••••••••••••••••••••••••••••••••••• 

Is .................................................. . 
PT 

Up to 25D C ....................................... . 
Above 25DC, Derate linearly ........................ . 

TJ, Ts .............................................. .. 
TLAt 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 

File Number 870 

TERMINAL DESIGNATIONS. 

C 

E0" . (FLAN~EI 
o O. 

B 
92CS·21516 

JEDEC TO-213AA 

BUX66A BUX66B BUX66C 
-300 -350 -400 V 

-300 -350 -400 V 

-275 -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/DC 

-65 to 200 DC 

235 235 235 DC 
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BUX66, BUX66A, BUX66B, BUX66C 

ELECTRICAL CHARACTERISTICS. At Case Temperature (T cJ = 25°C 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 
BUX66 BUX66A CHARACTERISTIC 

Vdc Adc 
SYMBOL VCE VBE IC 18 Min. 'Max. Min. Max. 

ICEO -150 a - -10 - -10 

ICEX -200 1.5 - -8 - -
-300 1.5 - - - -8 

TC = 1000 C -200 1.5 - -10 - -

-300 1.5 - - - -10 

lEBO 6 a - -1 - -1 

hFE -5 -la 10 150 10 150 

VCEO(sus) -0,2a' a -150C - -250c -

VCER(sus) 

RBE = 50n -0.2 -175C - -275C -

VBE(sat) -la -0,15 - -1.5 - -1.5 

VCE(sat) I -l a -0,15 - -2.5 - -2,5 
.- . 

Cobo 
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 

VCC=-200V -1 -0.10b - 0.6 - 0.6 

ROJC - 5 - 5 

a Pulsed: ~ulse duration = 300 J1S; duty factor';; 2%. b IB1 = IB2 

UNITS 

mA 

mA 

V 

V 

V 

pF 

mA 

J1S 

oCIW 

C Sustaining voltages, VCEO(sus) and VCER(sus) MUST NOT be measured on a curve tracer. 

COLLECTOR-TO-EMITTER VOLTAGE" '--5' 
COLLECTOR-TO-EMITTER VOLTAGE (VCE):-IOV 
CASE TEMPERATURE (TC)"25°C 

I--
./ '{ 

\ 
/ \ 

I -I 

8 
\ -0,5 

, . , . , . , . , 4 , . 
-0.01 -10 

-0': I 1.15 -2.5-3 
BASE-TO-EMrrTER VOLTAGE IYBEI-V 

-0.1 -I 
COLLECTOR CURRENT (Xc )- A 

Fig. 1 - Typical gain-bandwidth product 
for all types. 

Fig.2 - Typical transfer characteristics 
for all types. 
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BUX66, BUX66A; .BUX66B, BUX66C 

ELECTRICAL CHARACTERISTICS, At Case Temperature iT cl = 2SOC 
.' Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT 

Vdc Adc BUX66B BUX66C UNITS 
SYMBOL VCE VBE IC IB Min. Max. Min. Max. 

ICEO -150 0 - -5 - -5 

ICEX -350 1.5 - -8 - -
-400 1.5 - - - -8 mA 

TC = 1000 C -350 1.5 - -10 - -
-400 1.5 - - - -10 

lEBO 6 0 - -1 - -1 mA 

hFE -5 -la 10 150 10 150 

VCEO(sus) -0.2a 0 -30OC - -350c -
VCER(sUS) V 

RBE = 50 n -0.2 -325c - -375c -

VBE(sat) -la -0.15 - -1.5 - -1.5 V 

VCE(sat) -l a -0.15 - -2.5 - -2.5 V 

Cobo 
VCB = 10 V 
f = 1 MHz - 220 - 220 pF 

ISlb 
t = 1 s, nonrep. -40 -875 - -875 - mA 

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 Jls 

tf 
VCC= -200 V -1 -0.10b - 0.6 - 0.6 

ROJC - 5 - 5 OC!W 

a Pulsed: Pulse duration = 300 JlS; duty factor":;; 2%. b IBl = IB2 
c Sustaining voltages, VCEO(sus) and VCER(SUS) MUST NOT be measured on a curve tracer. 

COLLECTOR CURRENT {Icl-A 

92CS-26008 

Fig.3 - Typical saturation·voltage characteristic 
for all types. 

25 50 715 100 125 ISO I7S 200 

CASE TEMPERATURE (TCI-'= 

Fig. 4 - Derating curve for a/l types. 
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BUX66, BUX66A, BUX66B, BUX66C 

COllECTOR-TO-EMITTER VOLTAGE (VCE) -- V 

Fig.5 - Maximum operating areas for all types. 

-300 
92CS-260Q6 

: COLrCTORI-TrnTTERIVOLTAi"VCE"-OV 

CASE TEMPERATURE (Te): 150°C 

100 
II J'. 

, Tc· 25°C 

, . 
, 1\\ 

10 --'1 , 
, 

-om 
, . " , . , , , . , , -0.1 -I -10 

COLLECTOR CURRENT (IC)-A 

Fig. 6 - Typical dc beta characteristics 
for al/ types. 

. 
q; Ie (MAX.) CONTINUOUS I 

~,:~~~~ttijcs:~O§O~c-o~~-"~,->i~-i~+-~+-~-~-~-tf~-~-i~-~-iff~ § :~ 10-1l.s-

o r--+--+--rt+---t--~~~",~--+---+-rti 
~ -01,8 <~>-

'" ~ 4f--t-VCEO (MAX.}'C-150 v (eUXS~) 
o Zt---f---.VCEO (MAX.)--250 v (BUX66Alt-HlTh""--t---t-t-c 

-O.O'ef==BVCEO (MAX.l.-300 V (BUX66B) 

:t--hVCEO IMAX.J--350 v (BUX66C) 

468 2 "68 
-10 -100 . " -1000 

COLLECTOR-lO-EMITTER VOLTAGE (VCE)- V 
92CS-26001 

Fig. 7 - Maximum operating areas for al/ types 
at Tc 0 100°C. 
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BUX66, BUX66A, BUX66B, BUX66C 

I 

COLLECTOR CURRENT (lcl-A 

Fig. 8 - Typical turn-on time and fal/-time 
characteristics for al/ types. 

INPUT: 
HEWLETT-PACKARD 
MODEL ND.214A,OR 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

(PUL.SE DURATION~ 
20~s. REP. RATE: 

200Hz) 

OUTPUT TO 
OSCILLOSCOPE 

(TEKTRONIX MODEL 
No.S43A,OA 
EQUIVALENT) 

DEVICE 
UNDER 
TEST 

* ADJUST RS FOR 182 AND RC FOR Ie 
.. lSI AND I82 MEASURED WITH TEKTRONIX CURRENT PROBE 

P6OI9 AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

92CS-15977R3 

Fig. 10 - Circuit used to measure saturated 
switching times for al/ types. 

CLARE 
MERCURY RELAY 

MODEL No. HGP-I004, 
OR EQUIVALENT 

C .. n 
O.5w 

60 
H, 

YCEO(sus) 

T 
39n 6V ,w '" O.5W 

CHANNEL A 

TO 
HEWLETT-PACKARD 

OSCILLOSCOPE 
MODEL No503 

OR EQUIVALENT 

CHANNEL B 

COMMON 

Fig. 12 - Circuit used to measure sustaining 
voltages VCEQ(sus). VCER(SUS). 
and VCEV(sus) for all types. 

I 

COLLECTOR CURRENT 11cl-A 

Fig. 9 - Typical storage-time characteristic 
for al/ types. 

~~.L ~~ --.l.. Ie2 _ TIME 

~~ let INPUT 
U PULSE 

~ -, I 
~ I ~ ON CONDITION ---l 
~w VCE(SI;lI)I ___ ~ __ I 90% 

~~, , 
.- -] - 10% TIME 

~w I -t' I..": OUTPUT 

~~ ~ MN-l- PULSE 

g TIME 

Fig. 11 - Phase relationship between input current 
and output voltage showing reference 
points for specification of switching times. 

-400 .. 
! 
~-200 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

NOTE: Sustaining voltages are acceptable when 
traces fall to the right and above points" A" for 
BUX66. points "B" for BUX66A. points "C" for 
BUX66B. and points "0" for BUX66C. 

Fig. 13·- Oscilloscope display for measurement 
of sustaining voltages. 
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____________________________________ Power Transistors 

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-operating-area (SOA) ratings. 

They are intended for horizontal-deflection circuit applica
tion in black and white television, CRT's, off-line power 
supplies ana 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: 

VCBO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCEO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCEX 

VBE = -2 V ........................................... . 
VEBO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic .................................................... . 
IcM(tp = 500 tIS) •.••.....•......••....•.........••.•..•.. 
IB •.••.••••.•.••••.•.•......•.•.•.•..••..•.•..••....••. 
PT 

T C = 25°C ........................................... . 
T J ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Tstg •••••••••••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distance ~ 1/16 in. (1.58 mm) from 

seating plane for 10 s max. . ........................ . 

BUY69A 
1000 
400 

1000 

BUY69A, BUY69B, BUY69C 

TERMINAL DESIGNATIONS 

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 
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BUY69A, BUY69B, BUY69C 
ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25"C 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
CHARAC- VOLTAGE CURRENT 
TERISTIC Vdc Adc BUY68A BUY68B BUY89C UNITS 

VCE VBE IC IB Min. Max. Min. Max. Min. Max. 

1000 -2 - 0.1 - - - -
ICEX 800 -2 - - - 0.1 - - rnA 

500 -2 - - - - - 0.1 

lEBO 5 0 - 1 - 1 - 1 

VCEo(susjIJ 0.28 0 400 - 325 - 200 - V 

hFE 10 2.511 15 - 15 - 15 -
VBE(sal) sa 2.5 - 2.2 - 2.2 - 2.2 
VCE(sal) sa 2.5 - 3.3 - 3.3 - 3.3 

V 
V(BR)CBO 0.1 1000 - 800 - 500 -

IV(BR)EBO 
IE=10rnA 

8 - 8 - 8 -
ISIb 

25 4 - 4 - 4 - A 
I = 1s 

tr 10 0.5 6 (typ.) 6 (Iyp.) 6 (typ.) MHz 
f=10 MHz 

If VCC= 
8 2.5C - 1 - 1 - 1 ,.,s 

40 

FleJc - 1.75 - 1.75 - 1.75 OCIW 

• Pulsed: pulse duration = 300 "s, duty factor ~ 2%. c 181 = -182 

b CAUTION: The sustaining voltage VCEO(SUS) and VCEX MUST NOT be measured on a curve tracer. 

25 50 ~ 100 125 150 175 200 
CASE TEMPERATURE IT(I--C 

Fig. 1 - Dissipation derating curve for all 
types. 

0.1 
4 6 8, 2 4 6 '10 2 4 88100 

COLLECTOR CURRENT tIc )-A .2cs-n044 

Fig. 2 - Typical dc beta characteristics for all 
types. 
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____________________________________ Power Transistors 

BUY69A, BUY69B,BUY69C 

COLLECTOR-TO-EMITTER VOLTAGE(VCE)-V 

Fig. 3 - Maximum operating areas for all types (Tc =25° C). 

~ 2 I.S -Xc/5 t .~ ~ 

" g 
z I ~ ,f-0 

~ • I/~~~ ~~ 8 

It: = /'~"~ 
~! 4 

~w.~~ ~~ 

* · -'" L.r.f;-
~ 
~ ~ "I ~ 

~ :l ......::; 0 
u 0.1 

0.1 2 . . . 
COLt.ECTOR CURRENT C Ie) -A 9ZCS- :!lOU 

10 

Fig. 5 - Typical base-to-emitter saturation volt
age as a function of collector current 
for all types. 

COLLECTOR- TO-EMITTER 
VOLTAGE (YCE)-av 

I ~ ", I , _40·C 

.~ ~\.\2~'"C i g 
~ 
~ :: 
~ 
~ 
III 
~ 

.~ TEW,P£,.RA'TU 

· 
• 

QI . . . . 
COLLECTOR CURRENT (I.C)-A 

Fig. 6 - Typical base-to-emitter voltage as a 
function of collector current for all 
types. 

QI 
2 4.' 10 

COLLECTOR CURRENT (I: c l - A 9rCS-lIlO'" 

Fig. 4 - Typical collector-to-emitter saturation 
voltage as a function of collector cur
rent for all types. 

( ... 10 CASE TEMPERATURE (TC)-25· 

10 4 6 BIO 2 4' 8102 2 4 6 8 10, 
COu..ECTQR-TO-BASE VOLTAGE (Vcal-V 
OR EMITTER-lO-BASE IJOLTAGEIVEa)-V 

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. 

_________________________________________________________________ 2-503 



Power Transistors . ___ -..,. _____ ...,...,.,...,.,.....,....._,.,........,...._,.,.-,.,....,.,....-..,._,.,.-____ ,.,......,.-____ _ 

BUY69A, BUY69B, BUY69C 

COLLECTOR CURRENT lXC)-A 
12cs-nS87 

Fig. 8 - Typical switching-time 
characteristics as a function 
of col/ector current. 
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__________________________________ Power Transistors 

File Number 15.1 

O.S-Ampere N-P-N Darlington 
Power Transistors 
hFE Min. - 10,000 
1.33 Watt power dissipation at T A = 25° 

Features: 

• Operates from Ie without predriver 

Application: 
• Solenoid Driver 
• Lamp Driver 
• Relay Substitute 
• Switching Regulator 

The D40C-seriessilicon n-p-n Darlington power transistors 
are designed for use in general-purpose amplifier and 
medium-speed switching circuits. The high gain of these 
devies makes it possible for them to be driven directly from 
integrated 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 VESO 
Collector Current - Continuous IC 

Peak l1 ) ICM 
Base Current - Continuous IS 
Total Power Dissipation'@ TA = 25°C 

;@Tc=25°C 
PD 

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 h 

(1) Pulse Test: Pulse Width = 3OOms. Duly Cycle:::; 2%. 

C 

(TAB) 

D40C1 
30 
30 
13 
0.5 
1.0 
0.1 
1.33 
6.25 

-55 to +150 

75 
20 

260 

D40C Series 

TERMINAL DESIGNATIONS 

I 

I 
I 
I 

JEDEC TO-202AB 

L _______ _ 

92CS-43222 

92C5-43150 

Schematic diagram for all type •. 

D40C4 D40C7 UNITS 
40 50 Volts 
40 50 Volts 
13 13 Volts 
0.5 0.5 A 
1.0 1.0 
0.1 0.1 A 
1.33 1.33 Watts 
6.25 6.25 

-55 to +150 -55 to +150 °C 

75 75 °C/W 
20 20 °C/W 

260 260 °C 
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D40C Series 
ELECTRICAL CHARACTERlSTICS (TC = 25·C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

OFF CHARACTERISTICS(1) 

Collector-Emitter Voltage D40Cl 
(IC = 10mA) D40C4 

D40C7 

Collector Cut-off Current (Tc = 25·C) 
(VCE = Rated VCES) (Tc = 150·C) 

Emitter Cutoff Current 
(VES= 13V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased 

ON CHARACTERISTICS(1) 

DC Current Gain 
(Ic = 200mA, VCE = 5V) 

Collector-Emitter Saturation Voltage 
(Ic = 500mA, Is = 0.5mA) 

Base-Emitter Saturation Voltage 
(Ic = 500mA, Is = 0.5mA) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VCB,= 10V, f = lMHz) 

Current Gain - Bandwidth Product 
(IC = 20mA, VCE = 5V) 

SWITCHING CHARACTERISTICS 

Resistive Load I 
Delay Time + Rise Time Ic = lA, IS1 = IS2 = 1mA t 
Storage Time VCC = 30V, tp = 25 p.sec l 
Fall Time l 

(1) Pulse Test: PW :s; 3DOms Duty Cycle :s; 2%. 

lOOK 
80K 
60K 

.oK 

20K 

- TJ"150"C " ,.... .-h " -TJ - 25-C 

10K - I I 
BK 
6. ..-
4K ...i-+ 

~ 
.c 2K 

,.... TJ • -55-C 

,/ PULSED MEASUREMENT I 

PULSE WIDTH. 2 MILLISEC 
IK 

eoo 
DUTY CYCLE :S 2 '% 
VCE -5 VOLTS 

600 D40CI,4, AND 7 

400 

200 I II 
I II 

4 6 B 10 20 40 6°edoo 200 4~OOO 
XC-COLLECTOR CURRENT -MILLIAMPERES 

FIG 1. TYPICAL hFE vs. Ie 

VCEO 

ICES 
Icso 

IESO 

FBSOA 

hFE 

VCE(sat) 

VSE(sat) 

CCSO 

for 

I 
let + tr i 

ts I 
tf I 

30 - - Volts 
40 - -
50 - -
- - 0.5 p.A 
- - 20 

- - 0.1 /lA 

SEE FIGURE 2 

10K - 60K 

- - 1.5 V 

- - 2.0 Volts 

- - 220 pF 

- 75 - MHz 

- 100 - ns 

- 350 -
- 800 -

VCE -COLLECTOR-TO-EMITTER VOLTAGE -VOLTS 

FIG. 2 SAFE REGION OF OPERATIO.N 
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I 

1000 
800 
800 
400 

0 

0 
8 • 
4 

2 

0 
8 • 
4 

2 

1 
o. 

I I I JJ11 I III VCE- 20V 
Ic -200mA ~~~Il'r1fi~M~IE1~ 

III '\. 

JUNCTION-ro-fIENT 

wl~IiB 
JUNCTION-TO-TAB 

10 
TIME -SECONDS 

• 
2r--

.. 
!:i 
~ 
W· 

, 
8 

~.& 
z 
2.4 

I 
2 

0. , 

t----

1J--L.c .;~ -~-~"":'c 
~.I50:: 

T--55-<: 

TJ -25·C 

TJ -150-C 

D40C Series 

-~.1 --- ~ ~ ----- -100' ~ --- -;:::.::;? /' 

I---

-" 
VeE (SAT) 

r 
Xc lIS -1000 

10 20 40 60 eo 100 200 400 100 800 1000 

FIG_ 3 MAXIMUM TRANSIENT THERMAL IMPEDANCE .Ie-COLLECTOR CURRENT-MILLIAMPERES 

FIG. 4 TYPICAL SATURATION VOLTAGES 

0 8 TJ -Z5·C-
6 

'\: X 1, A~PEIRJ • 
~ 

2 

" t--XCO .• ~"PERE 
81'-- - I.c·a.2S AMPERE 

6 Xc -0.1 AMPERE 

.. 

. 2 

o .I 
'0 20 40 60 80100 200 400 6008001000 2000 40006000~,ooo 

Xa-BASE CURRENT -MICROAMPERES 

FIG. 5 TYPICAL SATURATION VOLTAGES 

......... 
./ / 

./ ,/ ./ - -
-TJ"15O"C 

/ TJ = 25°C/ / 
/ V I TJ=-55°C -- -t-. 

I 
I I 

I , 
1 1. 18 2.0 

I 2 34 S618910 20 30 40 30 10 90 
60 SO 100 

VCB -COLLECTOR-TO- BASE VOLTAGE - VOLTS 
VeE - BASE-TO-EMITTER VOLTAGE - VOLTS 

FIG.6 TYPICAL INPUT CHARACTERISTICS FIG. 7 TYPICAL CCBO ¥s. VOLTAGE 
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0400 Series 

1-AmpereSilicon 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 ,C) 

• Excellent linearity 
• Fast switching 

'The D40D-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 VEBO 
Collector Current - Continuous Ic 

Peak(1) ICM 
Base Current - Continuous IB 
Total Power Dissipation @TA=25°C PD 

@TC=25C 
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 

h Purposes: 'Ia" from Case for 5 Seconds 
(1) Pulse Test Pulse Width = 300ms Duty Cycle"; 2%. 

File Number 15.2 

TERMINAL DESIGNATIONS 

c 

[0 0 
\ 

:/B 
c 

(TAB) 

\ 
TOP VIEW 

E 

92CS-43222 

JEDEC TO-202AB 

04001,2 04004,5 04007,8 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 
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__________________________________ Power Transistors 

ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL 

OFF CHARACTERISTICS(!) 

Collector-Emitter Sustaining Voltage 
04001,2 

(Ic = 10mA) 04004,5 
04007,8 

Collector Cutoff Current 
(VCE = Rated VCEQ) Tc =25°C 
(VCE = Rated VCES) Tc = 150°C 

Emitter Cutoff Current 
(VES = 5V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased 

ON CHARACTERISTICS(!) 

OC Current Gain 04001,4,7 
(IC = 100mA, VCE = 2V) 04002,5,8 

04001,4,7 
(Ic = 1A, VCE = 2V) 04002 

04005,8 

Collector-Emitter Saturation Voltage 
(Ic = 500mA, 18 = SOmA) 04001, 2, 4, 5 

04007,8 

Base-Emitter Saturation Voltage 
(IC = 500mA, Is = SOmA) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VC8 = 10V, f = 1MHz) 

Current-Gain - Bandwidth Product 
(IC = 20mA, VCE = 10V) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + IC = 1A, lSI = IS2 = 0.1A 
Rise Time 

Storage Time 
VCC = 30V, tp = 25 ILsec 

Fall Time 
(!) Pulse Test PW = 300ms Duty Cycle:S 2%. 

TJOll.c 
'lc:E°l!V 
040DI,4,7 r--

TJ.15t ---.. 
i'-., . 

1" TJ •• J,.c 
c- ......... 

........ ~ 
~ , .. . 

I C 'COI..I..ECTORCUIlIlEIIIT'",,,, 

FIG. 1 

VCEO(sus) 

.. , 

ICES 

IESO 

FBSOA 

hFE 

hFE 

VCE(sat) 

V8E(sat) 

CCSO 

IT 

let + tr 

ts 

tf 

_I-

TYPICAL HFE VS IC 

0400 Series 

MIN TYP MAX UNIT 

30 - - Volts 
45 - -
60 - -

- - 0.1 
- 1.0 - /lA 

- - 0.1 /lA 

SEE FIGURE4 

50 - 150 -
120 - 360 

10 - - -
20 - -
10 - -

- - 0.5 Volts 
- - 1.0 

- - 1.5 Volts 

- 8 - pF 

- 200 - MHz 

- 25 - nS 

- 200 -
- 50 -

:rJ.I!IQ"C VCE'2V 

~J'25"C r-. 04002." 

I""'--... 

~J'-"'C --i" ~ 

" 
~ 

, . . 
FIG. 2 
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0400 Series 

" 

'" 

.. 

.. 

., 

. 

~ 
XC/I.-IO W 

v~'SAA T".25"C [.....- ~ 
Do--V L - r- .:::". V T" "ISOOC I 

I::::: 
.- II - / 

IL 
VCEISATI T .. "ISO"C 

~ 
T" "iO"1 r----

" .' :Ie-COLLECTOR CURRENT - ..... 

FIG.3 TYPICAL SATURATION 
VOLTAGE CHARACTERISTICS 

100 

".,. I"'"" 

/ 
V 

1 / 
I 

1 
1 .. 1<>' 10< 10< 

u 

o ~ : 
100 

• 0 

0 

0 

0 

10 

VCES MAX; D4ODI,2 --h 
VCES MAX' O4OD4.5_1:::::: 

t--t--j-VCES "AX' 04007,8 --.::~ 

~ I I I I , 46 BIO 20 406080 

MAXIMUM COLLECTOR TO EMITTER VOLTAGE - VOLTS 

FIG.4 SAFE REGION OF OPERATION 

JUNCTION TO AMBIENT 
WITHOUT TAB 

~UNCTIONJ~ 
~AMBIENT j'THTAB 

JUNCTION TO TAB 

YCE=2fJV 
Ic=200mA -

1 
10-' 10 100 

TIME IN SECONDS 

FIG.5 MAXIMUM TRANSIENT THERMAL IMPEDANCE 
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____________________________________ Power Transistors 

File Number 15.4 

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 Ie) 

• 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 (TA = 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 RUJA 
Thermal Resistance, Junction to Case RUJC 
Maximum Lead Temperature for Soldering 
Purposes: W' from Case for 5 Seconds TL 

(1) Pulse Test Pulse Width = 300ms Duty Cycle:;; 2%. 

C 

(TAB) 

D40E Series 

TERMINAL DESIGNATIONS 

\ 
[0 Drg~, :" 

TOP VIEW 
E 

92CS-43222 

JEOEC TO-202AB 

040E1 040E5 D40E7 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 
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D40E Series 
ELECTRICAL CHARACTERISTICS (Tc = 25°C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL MIN TYP MAX UNIT, I 
OFF CHARACTERISTICS(I) 

Collector-Emitter Sustaining Voltage 
D40E1 VCEO(sus) 30 - - Volts 

(IC = 10mA) D40E5 60 - -. D40E7 80 - -
Collector Cutoff Current 

ICES - - 0.1 pA 
(VCE = Rated VCES) 

Emitter Cutoff Current 
lEBO - - O~ 1 pA (VEB =5V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEE FIGURE 1 

ON CHARACTERISTICS(I) 

DC Current Gain 
(Ic = 100mA. VCE = 2V) hFE 50 - - -
(Ic = 1A. VCE = 2V) hFE 10 - - -

Collector-Emitter Saturation Voltage 
VCE(sat) - - 1.0 Volts (Ic = 1.0A. IB = 0.1A) 

Base-Emitter Saturation Voltage 
VBE(sat) - - 1.3 Volts (Ic = 1.0mA. IB:= 0.1A) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
CCBO - 9 - pF (VCB = 10V. f = 1 MHz) 

Current-Gain - Bandwidth Product t,. - 230 - MHz (Ic = 100mA. VCE = 10V) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + IC = 1A. IB1 = IB2 = 0.1A Id + tr - 130 - nS 
Rise Time 

Storage Time VCC = 30V. tp = 25 I'sec ts - 400 -
Fall Time tf - 170 -
(1) Pulse Test PW = 300ms Duty Cycle:5 2%. 

1-_ PE~K MAlt POWER DISSIPATION 

CURRENT 
TCASE :s 70'C -:--

IA 

'MAXO~ PULSED OPERATION 

CURREr" ~ 
DUTY CYCLE :s 150% r--

~~ I I I ..... O.lm. PULSE 

N< 1.0m. PULSE r--
10ml PULSE ~ 

D.C. ~ ~~ 
,~ 

~ \ 

" I ,~,\I 
MAX. VeEO D40EI 

\ ~ I In I I 
I I I I I 

~ MAX. VCEO D4OE5-r -
MAX. VeE! D4OE7 

I 
I 

I "j I 

500 

30 

T,,-150·C -- -~-'-r r-- .... r,,- 25·C 
.... -, 

T~.-JC ~~ ~. --~--1- ....... -..... .'-. 
VCE-2V " ~ 

-\ .. ' 
\~ 

~ \. 

~~ 

100 

O.IA 

IV lOY 

YCE 

IOOY 0.10 1.0 
IC-AMPERES 

FIG. 1 SAFE REGION OF OPERATION FIG.2 TYPICAL HFE VS IC 
2·512 __________ ~ ________ ~~ __________________ ~ ____________________ _ 



______________________________________ Power Transistors 

8 

~ 6 

~ .... 
Q. 4 

TC 1 250C ) 
, Tc1500C\ 

0 
<r 
c 
0 1 

'" "'I 
$'1 '" 0 

" "I 

<r ... TC TO°C c 
'" "I 0 ' 0 

I "'-L ",I <r 
01 c 
>~ f.lt--TC IOO·C I ............. "I 
~I $', 

-Tcl,250C 

I --- I "I 

i'---I '" I :lE, 
I 

I 
I I I 
I I I 
I I I 

10 20 30 40 so 60 10 80 

VCE-VOLTS 

FIG. 3 MAXIMUM PERMISSIBLE DC POWER DISSIPATION 

ie/le,I,O 

( I 
..., 

1.0 
TJ""Z5°C -- -'/ =-VeE(SATl 

W 

o. I 

--::::: 
I 0.0 0.01 

100 

10 

1 

/ 

/ 
/ 

10 

~ 

TJ .150°C 

// 
./ 

,,,,0-;'/ 

~ ",or:-

~*'!' '\~ I 
VCEISATI 

0.1 

IC-AMPERES 

~~ 
? 

1.0 

FIG. 4 TYPICAL SATURATION 
VOLTAGE CHARACTERISTICS 

JUNCTION TO AMBIENT~ 
WITHOUT TAB V 

JUNC.TION TOJj s-A-f 
AMBIENT WITH TAB 

""""""'-JUNCTION TO CASE (T AS) 

-/ I 
VCE"20V 

/ Ie "267mA 

10 10 10 10 10' 

TIME IN SECONDS 

FIG. 5 MAXIMUM TRANSIENT THERMAL IMPEDANCE 

D40E Series 

________________________________________________________________ 2-513 



Power Transistors ____ ---------__ ---------...... --...... ------

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
em itter resistors have been d.eleted from the structu re 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 (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 
Po 

Operating and Storage 
Junction Temperature Range TJ. TSTG 

THERMAL CHARACTERISTICS 

Thermal ReSistance. Junction to Ambient R8JA 
Thermal ReSistance. Junction to Case ROJC 
Maximum Lead Temperature for Soldering 
Purposes: 'AI" from Case for 5 Seconds TL 

(1) Pulse Test: Pulse Width = 3OOms. Duty Cycle::; 2%. 

File Number 15.6 

C 

(TAB) 

TERMINAL DESIGNATIONS 

JEDEC TO-202AB 

,---------
I 

I 

I 
I 
I L _______ _ 

92CS-43150 

Schomatic diagram for all typo •. 

D40K13 D40K2,4 
30 50 

30 50 

13 13 

2 2 
3 3 

0.2 0.2 

1.67 1.67 
10 10 

-55 to +150 -55 to +150 

75 75 

12.5 12.5 

260 260 

92CS-43222 

UNITS 
Volts 

Volts 

Volts 

A 
A 

A 

Watts 

°C 

°C/W 

°C/W 

°C 
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D40K 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 
(Ie= 10mA) 

Collector Cut-off Current 
(VCE = Rated VCES) 

Emitter Cutoff Current 
(VEB = 13V) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(Ie = 200mA, VCE = 5V) 

(Ic - 1.5A, VCE = 5V) 
(Ie = lA, VCE = 5V) 

Collector-Emitter Saturation Voltage 
(Ic = 1.5A, IB = 3mA) 
(Ie = lA. lB = 2mA) 

Base-Emitter Saturation Voltage 
(Ic = 1.5A. IB = 3mA) 
(Ic = lA. Ie = 2mA) 

-- _. 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
({VeB:= 10V, f= lMHz) 

Current-Gain - Bandwidth Product 
(Ic = 20mA. VCE = 5V) 

(1) Pulse Test: PW :5 300ms Duty Cycle :5 2%. 

• • 
100 

80 

10K 

400 

20K 

~ 10K 
~ 8 • 

• 
.4 • 

• 

V 
..,... 

f- 040K 1\ 

PULSE WIDTH. 2 MILLISEC. 
DUTY CYCLE 2 .. J 
VCE-I5V 

TJ .25jC 

D40Kl,3 
D40K2,4 

D40Kl,2 
D40K3,4 

D40Kl.2 
D40K3,4 

D40Kl,2 
D40K3,4 

1\ 
\ 
\ 

1 
\ 

• I .01 .02 .04.D6 .oa J .2 .4 .6.8 I 

Ie COLLECTOR CURRENT (AMPERES) 

FIG. 1 TYPICAL hFE ¥S. IC 

FIG. 3 
TYPICAL 

SATURATION 
VOLTAGE 

VCEO 30 - - Volts 
50 - -

ICES - - .5 pA 

lEBO - - .1 pA 

hFE 10K - - -

hFE lK - - -
lK - - -

VCE(sat) - - 1.5 V 
- - 1.5 V 

VBE(sat) - - 2.5 
- - 2.5 V 

CeBO - 5 10 pF 

IT - 75 - MHz 

0 

0 ...... ....... • ....... 
• --....... ~ -
2 

I 
6 8 10 20 40 10 80 100 

Vea COLLECTOR-TO-BASE VOLTAGE-VOLTS 

FIG. 2 TYPICAL CCBO va. VOLTAGE 
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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 D40V-series of silicon n-p-n power transistors are 
designed for general-purpose high-voltage usage. Applica
tions include: TV horizontal driver and output stage; audio 
output stage of portable TV sets; high-voltage regulators; 
and video display drivers. 

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 VEBO 
Collector Current - Continuous IC 
Base Current - Continuous IB 
Total Power Dissipation @ TA - 25·C 

@TC=25·C 
PD 

Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient RruA 

Thermal Resistance, Junction to Case Rruc 

Maximum Lead Temperature for Soldering 
Purpose: W' from Case for 5 Seconds h 

C 

(TAB) 

D40V1,2 
250 
300 

5 

0.1 

0.1 
1.7 
9 

-55 to +150 

73.5 

13.9 

260 

File Number 15.8 

TERMINAL DESIGNATIONS 

92CS-43222 

JEDEC TO-202AB 

D40V3,4 D40V5,6 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 

-55 to +150 -55 to +150 ·C 

73.5 73.5 ·C/w 

13.9 13.9 ·C/w 

260 260 ·C 

2-516 ____________________________________________________________ __ 



__________________________________ Power Transistors 

ELECTRICAL CHARACTERISTICS (Tc = 25°C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN 

OFF CHARACTERISTICS(l) 

Collector-Emitter Voltage 
(IC= SmA) 

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(l) 

DC Current Gain 
(IC = SmA, VCE = 10V) 
(IC = 20mA, VCE = 10V) 
(Ic = 40mA, VCE = 10V) 
(Ic = SmA, VCE = 10V) 
(IC = 20mA. VCE = 10V) 
(Ic = 40mA, VCE = 10V) 

Collector-Emitter Saturation Voltage 
(Ic = 20mA, IB = 2mA) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VCB = 10V. f = 1 MHz) 

Current Gain Bandwidth Product 
(IC = 100mA, VCE = 10V, ftest = 1.0 MHz) 

(1) Pulse Test: Pulse Width - 300l's Duty Cycle ~ 2%. 
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I • 
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-
-
-

-

20 
30 
20 
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60 
30 

-

-

50 

i>'" 

10 -. 10 -. 

D40V Series 

TYP MAX UNIT 

- - Volts 
- -
- -

- 10 /LA 
- 10 /LA 
- 10 /LA 

- 10 /LA 

SEE FIGURE 6 

- - -
- 90 
- -
- -- 180 
- -

- 1.0 V 

2 3 pF 

- - MHz 

JUNCTION TO AMBIEN~ 

V 

JUNCTION 
TO TAB 

- -, -10 3 '0 10 I 10 100 
TIME - SECONDS 

FIG. 1 JUNCTION CAPACITANCE VS. REVERSE 
BIAS VOLTAGE 

FIG.2 MAXIMUM TRANSIENT THERMAL IMPEDANCE 
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D40V Series 
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File Number 15.3 

1-Ampere Silicon P-N-P 
Power Transistors 
Complementary to the 0400 Series 

Features: 

• High free-air power dissipation 
• Low collector saturation voltage 1-0.5V typo @-1A IC) 

• Excellent linearity 
• Fast switching 

The D41D-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 (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 

Peak(1) ICM 
Base Current - Continuous 18 
Total Power Dissipation @ T A = 25· C PD 

@Tc=25C 
Operating and Storage Junction 

TJ.Tstg Temperature Range 

THERMAL CHARACTERIS"tICS 

Thermal Resistance, Junction to Ambient R9JA 
Thermal Resistance, Junction to Case R9JC 
Maximum Lead Temperature for Soldering 
Purposes: 'AI" from Case for 5 Seconds TL 

(1) Pulse Test Pulse Width = 300ms Duty Cycle:5 2%. 

Power Transistor. 

0410 Series 

TERMINAL OESIGNATIONS 

.:IIi 
~,:, 

c 

[0 0 
\ 

:/B 
c 

(TAB) , 
TOP VIEW 

E 

92C$-43222 

JEOEC TO-202AB 

04101,2 04104,5 04107,8 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 ·CIW 

+260 +260 +260 ·C 
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0410 Series 
ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

1 CHARACTERISTIC I SYMBOL 

OFF CHARACTERISTICS(1) 

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 

1 Second Breakdown with Base Forward Biased 

ON CHARACTERISTICS(I) 

OC Current Gain 04101.4.7 
(IC = -l00mA. VCE =- 2V) 04102.5.8 

04101.4.7 
(IC = -lA. VCE =-2V) 04102 

04105.8 

Collector-Emitter Saturation Voltage 
(IC = -500mA. IB = -50mA) 04101.2.4.5 

04107.8 
Base-Emitter Saturation Voltage 

(Ic = -500mA. IB = -50mA) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VCB = -10V. 1'= lMHz) 

Current-Gain - Bandwidth Product 
(IC = -20mA. VCE = -10V) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + IC = -lA. IBl = IB2 = -Q.1A 
Rise Time 

Storage Time 
VCC = -30V. tp = 25 "sec 

Fall Time 
-(1) Pulse Test PW - 300ms Duty Cycle:S 2%. 
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MIN TYP MAX UNIT ·1 

-30 - - Volts 
-45 - -
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- - -0.1 pA 

SEEFIGURE7 

50 - 150 -
120 - 360 
10 - - -
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0410 Series 
· 
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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 IC) 
• Excellent linearity 

• Fast switching 

The D41 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 = 2So 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 Ambient R8JA 
Thermal Resistance, Junction to Case R8JC 
Maximum Lead Temperature for Soldering 

TL Purposes: Va" from Case for 5 Seconds 
(1) Pulse Test Pulse Width = 300ms Duty Cycle:S 2%. 

File Number 15.5 

TERMINAL DESIGNATIONS 

c 

[0 D 
\ 

:/B 
c 

(TAB) , 
TOPYIEW 

E 

92Cg..43222 

JEDEC TO·202AB 

D41E1 D41ES 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 ·C/W 

15.6 15.6 15.6 ·C/W 

+260 +260 +260 °C 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL 

OFF CHARACTERISTICS(1) 

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(1) 

DC Current Gain 
(Ic = -100mA, VCE = -2V) 
(Ic = -1A, VCE = -2V) 

Collector-Emitter Saturation Voltage 
(IC=-1.0A,IB=-0.1A) 

Base-Emitter Saturation Voltage 
(IC = '-1.0mA, IB = O.1A) 

DYNAMIC CHARACTERISTICS 

Collector C.apacitance 
(VCB =10V, f = 1MHz) 

Current-Gain Bandwidth Product 
(IC = -100mA, VCE = -10V) 

SWITCHING CHARACTERISTICS 

u .. 

Resistive Load 

Delay Time + IC = -1A, IB1 = IB2 = -D.1A 
Rise Time 

Storage Time 
V CC = -30V, tp = 25 jtS8C 

Fall Time 
(1) Pulse Test PW - 300m. Duty Cycle:5 2%. 

PE~K MAX. POWER DISSIPATION 

r-CURRENT TCASE :s 10'C ~ 

MAXDC~ PULSED OPERATION 
DUTY CYCLE :s 50'110 -

IA 

CURREr' ~ ~~ 
I I 

I .... O.lm. PULSE 

~1.0m'PULSE -, 
10mi PULSE ~ 

D.C. ~ ~~ 
,~ ~ ~ ," O.IA 

I .\,,\1 
MAX. "cEO 741EI 

\ ~ I I I'f I I 

I I I 

~ MAX. VCEO 041E5-. r-

MAX, lIcE! 041E7 
I I 

I I jj I 

IV 10V 100V 

D41E1 VCEO(sus) 
D41E5 
D41E7 

ICES 

lEBO 

FBSOA 

hFE 
hFE 

VCE(sat) 

VBE(sat) 

CCBO 

fT 

Id + tr 

ts 

tf 

500 
T ... =r.150·C ----' ....,-r 

100 I--

30 

10 
0.01 

TJ- 25-C 

T~--5~'C 1-----_ 
VCEt:t2V 

D41E Series 

MIN TYP MAX UNIT 

-30 - - Volts 
-60 - -
-80 - -

- - -0.1 /lA 

- - -0.1 /lA 

SEE FIGURE 1 

50 - - -
10 - - -

- - -1.0 Volts 

- - -1.3 Volts 

- 13 - pF 

- 175 - MHz 

- 180 - nS 

- 250 -
- 110 -

-- ..... .... -, 
-~ 

, 
..... " ...... , 

,~\ 

\~ 
~ I' 
~~ 

0.10 1.0 
IC-AMPERES 

VCE FIG. 2 TYPICAL HFE VS IC 

FIG.1 SAFE REGION OF OPERATION 
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D41E Series 
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_____________________________________ PowerTranslstors 

File Number 15.7 

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 041 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-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 eTA = 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 Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient RruA 
Thermal Resistance, Junction to Case Rruc 
Maximum Lead Temperature for Soldering 
Purposes: W' from Case for 5 Seconds TL 

(1) Pulse Test: Pulse Width = 300ms. Duty Cycle ~ 2%. 

c 
(TAB) 

D41K Series 

TERMINAL DESIGNATIONS 

c 

[0 0 
\ 

:/B 

D41K13 
-30 
-30 
-13 
-2 
-3 

-0.2 

1.67 
10 

I 

I 
I 
I 

TOP VIEW 

JEDEC TO-202AB 

L _______ _ 

, 
E 

Schematic diagram for aI/ types. 

D41K2,4 
-50 
-50 

-13 
-2 
-3 

-0.2 

1.67 
10 

92CS-43222 

92CS-43261 

UNITS 
Volts 
Volts 
Volts 

A 
A 
A 

Watts 

-55 to +150 -55 to +150 °C 

75 75 °C/W 
12.5 12.5 °C/W 

260 260 °C 
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D41K Series 
ELECTRICAL CHARACTERISTICS (T C = 250 C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

OFF CHARACTERISTICS(1) 

Collector-Emitter Voltage D41K1,3 VCEO -30 - - Volts 
Ic = -10ma) D41K2,4 -50 - -

Collector Cut-off Current 
(VCE = Rated VCES) ICES - - -0.5 IlA 

Emitter Cutoff Current 
IEeO - - -0.1 IlA (VEe = -13V) 

ON CHARACTERISTICS(1) 

DC Current Gain 
hFE 10K - -(IC = -200mA, VCE = -5V) -

(Ic = -1.5A, VCE = -5V) D41K1,2 hFE 1K - - -
(lc = -1A, VCE = -5V) D41K3,4 1K - - -

Collector-Emitter Saturation Voltage 
-1.5 (lc = -1.5A, Ie = -3mA) D41K1,2 VCE(Sat) - - Volts 

(Ic = -1.0A, 1e = -2mA) D41K3,4 - - -1.5 

Base-Emitter Saturation Voltage 
-2.5 (Ic = ;.1.5A, Ie = -3mA) D41K1,2 VeE(sat) - - Volts 

(Ic = -1A, Ie = -2mA) D41K3,4 - - -2.5 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VCB = -10V, f = 1MHz) Cceo - 9 15 pF 

Current-Gain - Bandwidth Product 
for - 100 - MHz (lc = -20mA, VCE = -5V) 

(1) Pulse Test: PW:5 300ms Duty Cycle:5 2%. 

OK ; 

OK -
ID41K • IIII / t7 

'" 
10K 1\ 

VAl_I V , D41K 

. -
OK 

1M Vu-IIV 
lc'''-5OO 
-r,-e-c .. T,-ZS-<: 

z .. \ ,II \ 

1111 \ tK 

, -. ... ·.01 ~.02 -.Q4 -J -.2 -.4 
Ie -cot.l.!CTOIt CUftRINTI"'MPS) 

-.01 -,01 -.I -.2 -A -2 -4 
Ie COLL.lCTOIt OJ_NT I"''''''. 

FIG. 1 TYPICAL hFE va. IC 
FIG. 2 TYPICAL CcBO VI. VOLTAGE 

.. -....-
D41K 

':'~mJmm CeM • 
t~, 

-~ -10 
V. COI..LECTOiII-I",[ 'tOLTAIE-VOLTS 

FIG. 3 TYPICAL SATURATION VOLTAGE 
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____________________________________ Power Transistors 

File Number 15.9 

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 @3AIC) 

• 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 theJEDEC TO-202AB plastic 
package. 

MAXIMUM RATINGS (T A = 25· C) (unless otherwise specified) 

c 
(TAB) 

RATING SYMBOL D42C1, 2, 3 
Collector-Emitter Voltage VeEO 30 
Collector-Emitter Voltage VeES 40 
Emitter Base Voltage VE80 5 
Collector Current - Continuous Ie 3 

Peak(1) leM 5 
Base Current - Continuous 18 2 
Total Power Dissipation @ TA = 25·C PD 2.1 

@Te=25·C 12.5 
Operating and Storage Junction 

TJ,Tstg -55 to +150 Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient RruA 60 
Thermal Resistance, Junction to Case RruC 10 
Maximum Lead Temperature for Soldering 

TL +260 Purposes: 'AI" from Case for 5 Seconds 
(1) Pulse Test Pulse Width = 300ms Duty Cycle", 2%. 

D42C Series 

TERMINAL DESIGNATIONS 

E 

[0 0 
\ :/c , 

TOPYIEW 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 ·CIW 
10 10 10 ·C/W 

+260 +260 +260 ·C 
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D42C Series 

ELECTRICAL CHARACTERISTICS eTc = 25°C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL MIN TYP MAX UNIT 

OFF CHARACTERISTICs(l) 

Collector-Emitter Sustaining Voltage 
D42C1, 2, 3 VCEO(sus) 30 - - Volts 

(IC = 100mA) D42C4, 5, 6 45 - -
D42C7, 8, 9 60 - -
D42C10, 11, 12 80 - -

Collector Cutoff Current 
(VCE = Rated VCES) ICES - - 10 pA 

Emitter Cutoff Current 
IESO - - 100 pA (VES =5V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEE FIGURES 3 & 4 

ON CHARACTERISTICS(I) 

DC Current Gain D42C1, 4, 7, 10 hFE 25 - - -
(IC = 200mA, VeE = 1V) D42C2, 5, 8, 11 100 - 220 

D42C3, 6, 9,12 40 - 120 
(Ic -1A, VCE - 1V) D42C1, 4, 7,10 hFE 10 - - -
(Ie = 2A, VCE = 1V) D42C2, 5, 8, 11 20 - -

D42C3, 6, 9, 12 20 - -
Coliector~Emitter Saturation Voltage 

0.5 Volts (Ie = 1A, Is = 50mA) D42C2, 5, 8, 11 VCE(sat) - -
D42C3, 6, 9, 12 - - 0.5 

(IC = 1A, Is = 100mA) D42C1, 4, 7, 10 VCl;isan - - 0.5 Volts 

Base-Emitter Saturation Voltage 
(IC = 1A, IS = 100mA) VSE(sat) - - 1.3 Volts 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
CCSO - - 100 pF (VCS = 10V, f = 1MHz) 

Current-Gain - Bandwidth Product 
fT - 50 - MHz (IC = 20mA, VCE = 4V) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + Ie = 1A,IS1 = IS2 = 0.1A, Ie! + Ir - 100 - nS 
Rise Time 

Storage Time 
VCC = 30V, tp = 25 jLsec Is - 500 -

Fall Time tf - 75 -
(1) Pulse Test PW = 300ms Duty Cycle:$ 2%. 
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____________________________________ Power Transistors 

Ie-COLLECTOR CURRENT- AMPERF.S 

FIG. 1 TYPICAL hFE VS. Ie 
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Power Transistors 

D42C Series 
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__________________________________ PowerTranslstors 

File Number 15.10 

3-Ampere Silicon P-N-P 
Power Transistors 
Complementary to the D42C Series 

Features: 
• High free-air power dissipation 
• Low collector saturation voltage (-0.5V typo @ -3A IC) 

• Excellent linearity 

• Fast switching c 
(TAB) 

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 (T A = 25° C) (unless otherwise specified) 

RATING SYMBOL D43C1, 2, 3 
Collector-Emitter Voltage VCEO -30 
Collector-Emitter Voltage VCES -40 
Emitter Base Voltage VEeo -5 

Collector Current - Continuous Ic -3 
Peake!) ICM -5 

Base Current - Continuous Ie -2 
Total Power Dissipation @ TA - 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 to Ambient RI/JA 60 
Thermal Resistance, Junction to Case RI/JC 10 
Maximum Lead Temperature for Soldering 

Purposes: W' from Case for 5 Seconds TL +260 

(1) Pulse Test Pulse Width = 300ms Duty Cycle';; 2%. 

D43C Series 

TERMINAL DESIGNATIONS 

E 

[0 0 
\ :/c , 

TOP VIEW 
B 

92CS-43473 

JEDEC TO-202AB 

D43C4, 5, 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 °CIW 

10 10 10 °C/W 

+260 +260 +260 °C 
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D43C Series 
ELECTRICAL CHARACTERISTICS (Tc = 2S"C) (unless otherwise specified) 

I CFtARACTERISTIC I SYMBOL MIN TYP MAX UNIT 

OFF CHARACTERISTICS(1) 

COllector-Emitter Sustaining Voltage 
043C1, 2, 3 VCEO(sus) -30 - - Volts 

(IC = -100ma) 043C4, 5, 6 -45 - -
043C7, 8, 9 -60 - -
043C10, 11, 12 -80 - -

Collector Cutoff Current 
(VCE = Rated VCES) ICES - - -10 JlA 

Emitter Cutoff Current 
lEBO - - -100 JlA (VEB = -5V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEE FIGURE 3 

ON CHARACTERISTICS(1) 

OC Current Gain 043C1, 4, 7, 10 hFE 25 - - -
(IC = -200mA, VCE = -W) 043C2, 5, 8, 11 40 - 120 

043C3, 6, 9, 12 40 - 120 

(Ic = -1A, VCE = -1V) 043C1, 4, 7, 10 hFE 10 - - -
043C2, 5, 8, 11 20 - -

(Ic = -2A, VCE = -1V) 043C3, 6, 9, 12 20 - -
Collector-Emitter Saturation Voltage 

(Ic = -1A, IB = -50mA) 043C2, 5, 8, 11 VCE(sat) - - -D.5 Volts 
043C3, 6, 9, 12 - - -0.5 

(Ic = -1A, IB = -100mA) 043C1, 4, 7,10 VCE(sat) - - -0.5 Volts 

Base-Emitter Saturation Voltage 
(Ic = -1A, IB = -100mA) VBE(sat) - - -1.3 Volts 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VCB = -10V, f = 1 MHz) CCBO - - 125 pF 

Current-Gain - Bandwidth Product fT - 40 - MHz (Ic = -20mA, VCE = -4V) 

SWITCHING CHARACTERISTICS 

Resistive Load 

OelayTime+ IC = -1A, IB1 = IB2 = -D.1A td + t, 
Rise Time 

- 50 - nS 

Storage Time 
Vec = 30V, tp = 25 I'sec 

ts - 500 -
Fall Time tf - 50 -
(1) Pulse Test PW = 300ms Duty Cycle S; 2%. 
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D43C Series 

· _ vCE " I VOlT 

0 
J-- + TJ • l!So·e 

I-- _1_ TJ • Z!)"C 

TJ "150'C --~CE'25VOLTS 

· f..-- ....... I<.. 
2'----c-- .. _- - .. _-- -- ~, 

~ ~ 
0 

· 
· 

'4 

12 

o 

--
--

----
FIG. 1 

~ ._-

~ TJ "2S"C 

"I--

~ 
"BE(SATl1 Ie 118"0 

- .- 1-- I..- // 
I-- -- f'--. ,\ 

~" '\ -- '-
I\(~ ~, 

f-- -"-'- \, 
~,~ 

./. V.' 

1/ ~~,.. ~ ,.. 
VCE{SATJ= :Ie/Yao> ~ / 1--1-" , 

- -

f--I- TJ"-SS"C .~~ 
I' 

=:..:::..:::.:: r-::.:::, 

-- I-""' I......c:::...YCE(SATI: Ic /Ia"1O -
r--

.0 , 
.Ie - COLLECTOR CURRENT - AMPERES 

.01 .02 .04 .08 DlO.! 1.0 

TYPICAL NORMALIZED hFE VS. Ie :Ic- COLLECTOR CURRENT- AMP£RES 

I 

0 
a 

FIG. 2 TYPICAL SATURATION VOLTAGE 
CHARACTERISTICS 

6 PEAK COLLECTOR CURRENT ~~~~~~g~~~~ OPERtlot : 
4 

MAX DC 

~ ~ 
TC:::: 7O·C 

CURRENT LIMIT !;o:.. lOp SEC PULSES 

2 ~ ,000SECPULSES ......... :-.;;: 1 MSEC PULSES , ~ ~ 50 MSEC PULSES 

a 
a 

"">-. ~ I 

MAX DC CURRI!NT LlMI~ /' ~~ I I I 

~\I I I 
1 I I 

I 
VCES MAX 043C1, 2,3 ~\ I 
VCES MAX O43C4, 5, 6 

, I 
2 

VCES MAX D43C7, 8, 9 

1 
VCES MAX D43C10, 11, 12 

\\: 

.0 

.0 

• a 0 1 20 40 60 80 100 

VCE - COLLECTOR TO EMITTER VOLTAGE - VOL T5 

FIG. 3 SAFE REGION OF OPERATION 

i i , 
100 

TC = 250C FORWARD BIASED OPERATION WITHOUT TAB 

.A-

'0 

WITH TAB -+ Tc = 40°C 

~cTrbN TO AM~IENT 
I- TC: 55aC V 

TC :.70 a C ~ l oJ JUNCTION TO CASE _ 

o 

\' ~ I ~-f--~ >----
TC=8S a C tf .; 

I ~-
iii 

- Tc=IOOaC t-; >----

~~ I x x 

I J ~I 
~ ~ 
~ ~ 

+-~AX. DC CURRENT 

~ ~ 
~ - t--::: >----

L'I"'T I I ~ >u 

VCES MAX: D43CI,2,5 ___ 
~ ~ ~ I:::,.. VCES MAX 'D43C4,',' 

'0 20 30 40 .0 60 70 80 9D 100 

VCE-COLLECTOR TO EMITTER VOLTAGE-VOLTS 

FIG. 4 MAXIMUM PERMISSIBLE DC 
POWER DISSIPATION 

./ 

V 
1 / 

/ VCE=10V -

/ IC = 200mA 

.1 
10 1 . 10 10 10·' 1 10 10' , .. 

TIME - SECONDS 

FIG. 5 MAXIMUM TRANSIENT THERMAL IMPEDANCE 

_________________________________________________________________ 2-533 



Power Transistors _________________________________ _ 

D44C Series File Number 15.11 

Silicon N-P-N Transistors 
Complementary to the D45C Series 

General-Purpose Types for Medium-Power Switching and 
Amplifier Applications 

Featuras: 
• Very low collector saturation voltage [O.5V typo @ 3.0A leI 

• 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 amplifiers operating at frequen
cies 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(l) ICM S 
Base Current - Continuous IB 2 
Total Power Dissipation @TA = 25·C Po 1.S7 

@TC=25·C 30 
Operating and Storage Junction 

TJ,Tstg -55 to +150 Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient RBJA 75 
Thermal Resistance, Junction to Case RBJC 4.2 
Maximum Lead Temperature for Soldering 

Purposes: '18" from Case for 5 Seconds TL +2S0 

(1) Pulse Test Pulse Width = 300m. Duty Cycle::; 2%. 

TERMINAL DESIGNATIONS 

"':'"lOII J~' t 
"TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

D44C4, 5, 6 D44C7, 8, 9 D44C10, 11, 12 UNITS 
45 SO 80 Volts 

55 70 90 Volts 
5 5 5 Volts 
4 4 4 A 
S S S 

2 2 2 A 
1.S7 1.S7 1.S7 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 
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__________________________________ Power Transistors 

D44C Series 

ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL MIN TYP MAX UNIT 

OFF CHARACTERISTICS(l) 

Collector-Emitter Sustaining Voltage 
D44C1, 2, 3 VCEO(sus) 30 - - Volts 

(IC = 100mA) D44C4, 5, 6 45 - -
D44C7, 8, 9 60 - -
D44C10, 11, 12 80 - -

Collector Cutoff Current 
(VCE = Rated VCES) ICES - - 10 /lA 

Emitter Cutoff Current 
lEaD - - 100 /lA (VEa = 5V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEE FIGURE 3 

ON CHARACTERISTICS(l) 

DC Current Gain D44C1, 4, 7,10 hFE 25 - - -
(IC = 0.2A, VCE = 1V) D44C2, 5, 8, 11 100 - 220 

D44C3, 6, 9,12 40 - 120 
(Ic - 1A, VCE - 1V) D44C1, 4, 7,10 hFE 10 - - -
(Ie = 2A, VCE = 1V) D44C2, 5, 8, 11 20 - -

D44C3, 6, 9,12 20 - -

Collector-Emitter Saturation Voltage 
(IC = 1A, la = 50mA) D44C2, 5, 8, 11 VCE(sat) - - 0.5 Volts 

D44C3, 6, 9, 12 - - 0.5 
(IC = 1A, la = 100mA) D44C1, 4, 7,10 - - 0.5 

Base-Emitter Saturation Voltage 
(Ie = 1A, la = 100mA) VaE(sat) - - 1.3 Volts 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
Ccao - - 100 pF (Vca = 10V, f = 1MHz) 

Current-Gain - Bandwidth Product f,- - 50 - MHz (IC = 20mA, VCE = 4V) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + Ie = 1A, la1 = IB2 = 0.1A, Id + tr - 100 - nS 
Rise Time 

Storage Time 
VCC = 30A, tp = 25 jLsec ts - 500 -

Fall Time tf - 75 -
(1) Pulse Test PW - 300ms Duty Cycle :5 2%. 
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D44C Series 
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____________________________________ Power Transistors 

File Number 15.13 

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 VESO 
Collector Current - Continuous IC 
Base Current - Continuous Is 
Total Power Dissipation @TA = 25°C 

@TC = 25°C 
PD 

Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient ROJA 
Thermal Resistance, Junction to Case ROJC 
Maximum Lead Temperature for Soldering 
Purposes: Va" from Case for 5 Seconds TL 

D44D Series 

TERMINAL DESIGNATIONS 

'~'~"'lolll T~' 
TOP VIEW B 

04401,2 
40 

50 

5 

6 
0.5 

2.1 
30 

-55 to +150 

60 

4.2 

260 

I 

I 
I 
I 

JEOEC TO-220AB 

92CS-39969 

L _______ _ 

Schematic diagram for all types. 

04403,4 04405,6 
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 
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0440 Series 
ELECTRICAL CHARACTERISTICS (Tc = 25°C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

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. VeE = 0.4V) Tc = 125°C 

Emitter Cutoff Current 
(VEe = 5V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased 

ON CHARACTERISTICS'( 1) 

OC Current Gain 
(IC = 1A. VCE = 2V) 

Collector-Emitter Saturation Voltage 
(Ic = 3A. Ie = 3mA) 
(Ic = 5A. 1e = 5mA) 

Base-Emitter Saturation Voltage 
(Ic = 5A.le = 5mA) 

DYNAMIC CHARACTERISTICS 

Collector ·Capacitance 
(VCB = 10V. f = 1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Oelay Time + Rise Time 

Storage Time 

Fall Time 

04402,4.6 only 

Ic = 3A. le1 = le2 = 3mA 

VCC = 40V. tp = 25 p'sec 

(1) Pulse Test: PW :5 300ms Duty Cycle :5 2%. 
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___________________________________ Power Transistors 
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D44E Series 

10-Ampere N-P-N Darlington 
Power Transistors 
Complementary to the D45E Serle. 

40, 60, and 80 Volts, 50 Watts 
Gain of 2000 at 5 A 

Features: 
• Operetes 'rom IC without predriver 

Applications: 

• Solenoid Driver 
• Lamp Driver 
• Relay Substitute 
• Switching Regulator 
• Inverter/Converter 

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 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!') ICM 
Base Current - Continuous IS 
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 R8JA 
Thermal Resistance, Junction to Case R8JC 
Maximum Lead Temperature for Soldering 
Purposes: 'AI" from Case for 5 Seconds TL 

(1) Pulse Test: Pulse Width = 3OOms. Duty Cycle S 2%. 

File Number 15.15 

TERMINAL DESIGNATIONS 

'''~''1011 J~' : 
TOP VIEW B 

D44E1 
40 

40 

7 

10 
20 

1 

1.67 
50 

-55 to +150 

75 

2.5 

260 

I 

I 
I 
I 

JEDEC TO-220AB 

92CS-39969 

L _______ _ 

92CS-43150 

Schemetlc diagram lor al/ type •. 

D44E2 D44E3 
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 
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__________________________________ Power Transistors 

ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN 

OFF CHARACTERISTICS(1) 

Collector-Emitter Voltage 
(IC = 100mA) 

Collector Cut-off Current 
(VCE = Rated VCES) 

Emitter Cutoff Current 
(VES = 7V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased 

ON CHARACTERISTICS(1) 

DC Current Gain 
(IC = SA, VCE = SV) 

Collector-Emitter Saturation Voltage 
(Ic = S.OA, Is = 10mA) 
(Ic = 10.0A, 1s = 20mA) 

Base-Emitter Saturation Voltage 
(IC = S.OA, Is = 10mA) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VCB = -10V, f = 1MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

D44E1 
D44E2 
D44E3 

Delay Time + Rise Time IC = 10A, 181 = IB2 = 20mA 
J 

Storage Time VCC = 40V, tp = 25 j.<sec I 

Fall Time 
! 

(1) Pulse Test: PW $ 300ms Duty Cycle $ 2%. 

4.0 

vSEISATI TJ'-40"C 
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ts -
tf -

VCEISATI 

- - ----- V - ~I--~ -~ 

0.5 
0.5 S 

IC-COLLECTOR CURRENT-AMPERES 
10 

D44E Series 

TYP MAX UNIT 

- - Volts 
- -
- -

- 10 p,A 

- 1.0 /iA 

SEE FIGURE6 

- - -

- 1.5 V 
- 2.0 V 

- 2.5 Volts 

0.6 - p,S 

2.0 -

0.5 -

Ic/IS" SOO 

20 

FIG. 1 TYPICAL SATURATION VOLTAGE CHARACTERISTICS 
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D44E Series. 
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____________________________________ Power Transistors 
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Power Transistors _________________________________ ___ 

D44H Series 

Silicon N-P-N Transistors 
Complementary to the D45H Series 

For Switching and Linear Applications 

Features: 
• Very low collector saturation voltage 
• Excellent 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 at frequen
cies fron DC to greater than 1.0 MHz. series. shunt and 
switching regulators. and low and high frequency inverters/ 
converters. 

MAXIMUM RATINGS (TA = 2S· C) (Linless 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(1) leM 20 
Base Current - Continuous Is 5 
Total Power Dissipation @ T A = 25° C PD 1.67 

@Tc=25·C 50 
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 R8JC 2.5 
Maximum Lead Temperature for Soldering 

TL +260 Purposes: W' from Case for 5 Seconds 
(1) Pulse Test Pulse WIdth = 300m. Duty Cycle::; 2%, 

File Number 15.17 

TERMINAL DESIGNATIONS 

'R'~'''loll J±~' 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

D44H4,S D44H7,8 D44H10,11 UNITS 
45 60 60 Volts 

45 60 SO. 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 ·CIW 

2.5 2.5 2.5 ·CIW 

+260 +260 +260 ·C 
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__________________________________ Power Transistors 

D44H Series 

ELECTRICAL CHARACTERISTICS (TC = 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 - -
D44H7,8 60 - -
D44H10, 11 80 - -

Collector Cutoff Current 
(Vcs = Rated VCSO) 'cso - - 10 p.A 

Emitter Cutoff Current 
IESO 100 p.A (VES = 5V) - -

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEE FIGURE4 

ON CHARACTERISTICS(1) 

DC Current Gain D44H1, 4, 7,10 hFE 35 - - -
(Ic = 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 = SA, Is = O.4A) VCE(sat) Volts 

D44H2, 5, 8, 11 - - 1.0 
(IC = 8A, Is = 0.8A) D44H1, 4, 7, 10 - - 1.0 

Base-Emitter Saturation Voltage 
(IC = SA, Is = O.SA) VSE(sat) - - 1.5 Volts 

DYNAMIC CHARACTERISTICS 
.. .: . . _._- - ._._--- . 

Collector Capacitance 
CCSO - - 130 pF (VCS = 10V, f = 1MHz) 

Current-Gain - Bandwidth Product 
fT - 50 - MHz (lc = 500mA, VCE = 10V) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + Ic = SA, IS1 = IS2 = O.SA td + Ir - 300 - nS 
Rise Time 

Siorage Time Is - 500 -
Fall Time 

Vec = 30V, Ip = 2S Ilsec 
If - 140 -

(1) Pulse Test PW = 300ms Duty Cycle s; 2%. 
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D44H Series 
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__________________________________ Power Transislors 

File Number 15.19 

Silicon N-P-N Transistors 
For Switching and Linear Applications 

F •• lures: 
• Very low co//ector saturation voltage 

• Exce//ent linearity 

• Fast switching 

The D44Q-series n-p-n power transistors feature low collec
tor saturation voltage, excellent linearity, 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 

@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 
Purpose: 'AI" from Case for 5 Seconds h 

044Q Series 

TERMINAL DESIGNATIONS 

'M~'·lO II J~' : 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

D44Q1 D44Q3 D44Q5 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 
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044Q Series 

ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specilied) 

I . CHARACTERISTIC I SYMBOL I MIN 

OFF CHARACTERISTICS(l) 

Collector-Emitter Sustaining Voltage 04401 VCEO(sus) 125 
(IC = 10mA) 04403 175 

04405 225 

Collector Cutoff Current 
(VCE = Rated VCEO) Iceo -

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA 

ON CHARACTERISTICS(l) 

DC Current Gain 
(lc = 2A. Vr:;..E = 10V) hFE 20 
(Ic = 200m • VCE = 10V) 30 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 2A. Ie = 200mA) -

Base-Emitter Saturation Voltage VeE(Sat) 
(IC = 2A. Ie = 200mA) -

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
Cceo -(VCB = 10V. 1=1 MHz) 

Current Gain - Bandwidth Product 
IT -

(Ic = 100mA. VCE = 10V) 

SWITCHING CHARACTERISTICS 

Resistive Load 
Delay Time + Rise Time Ic = 1.0A. IB1 = le2 = 100mA td + tr -
Storage Time VCC = 50V. tp = 25 ,.sec 

Fall Time 

(1) Pulse Test: Pulse Width - 300"s Duty Cycle OS; 2%. 
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D44Q Series 
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D44T Series 

Silicon N-P-N Transistors 
For Switching and Linear Applications 

Features: 
• Very low collector 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 VEeo 
Collector Current - Continuous IC 
Base Current - Continuous Ie 
Total Power Dissipation @TA = 25·C Po 

@TC=25C 
Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient RruA 

Thermal Resistance, Junction to Case Rruc 

Maximum Lead Temperature for Soldering 
Purpose: 1,1," from Case for 5 Seconds TL 

File Number 15.20 

TERMINAL DESIGNATIONS 

'R';'"lOII ]A .. E= 
TOP VIEW B 

92C$-!9969 

JEDEC TO-220AB 

D44Th2 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 
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__________________________________ Power Transistors 

D44T Series 
ELECTRICAL CHARACTERISTICS (Tc = 25°C) (unless otherwise specilied) 

CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

OFF CHARACTERISTICS(1) 

Collector-Emitter Breakdown Voltage D44T1,2 BVCES 300 - - Volts 
(Ic = 10 IJ.A) D44T3,4 400 - -

Collector Cutoff Current 
(VCE = Rated VCES) ICES - - 10 /LA 

Emitter Cutoff Current 
(VEB = SV) lEBO - - .10 /LA 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEE FIGURE S 

ON CHARACTERISTICS(1) 

DC Current Gain 
(IC = SOOmA, VCE = 10V) D44T1,3 hFE 30 - -
(Ic = SOmA, VCE = 10V) 40 - - -
(Ic = SOOmA, VCE = 10V) D44T2,4 7S - 17S 
(Ic = SOmA, VCE = 10V) 

Collector-Emitter Saturation Voltage 
(Ie = SOOmA, IB = SOmA) 

Base Emitter Saturation Voltage 
(Ie = SOOmA, IB = SOmA) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VeB = 10V, I = 1 MHz) 

Current Gain - Bandwidth Product 
(IC = 100mA, VCE = 10V, Itest = 1.0 MHz» 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + Rise Time Ic = SOOmA, IB1 = IB2 = SOmA 

Storage Time Vce = SOY, tp = 2S/Lsec 

Fall Time 

(1) Pulse Test: Pulse Width - 300"s Duty Cycle:5 2%. 
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D44T Series 
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____________________________________ PowerTransistors 

File Number 15.21 D44TD Series 

2-A Power-Switching Transistors 
High-Voltage N-P-N Types for Off-Line Power 
Supplies and Other Switching Applications 

Features: 
• Performance information tailored for switching 

applications 

• 100·C maximum limits specified for: 
• Switching times 
• Saturation voltages 
• Leakage currents 

• 300 to 400V V CEO (sus) 
• Very fast turn-off tf< 180 nsec (typ.)@1.5A 

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 particulary suited for off-line switching 
power supplies, solid state lighting ballast, inverters, 
solenoid/relay drivers, and deflection circuits. 

MAXIMUM RATINGS (TA = 25· 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 PD 

Derate above 25·C 
@Tc= 100·C 

Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal ReSistance, Junction to Case R8JC 

Thermal Resistance, Junction to Ambient R8JA 

Maximum Lead Temperature for Soldering 
Purpose: W' from Case for 5 Seconds TL 

(1) Pulse condition, tp ,:; 5msec. 

TERMINAL DESIGNATIONS 

,~,~'" lo ll ]=e r ~' 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

D44TD3 D44TD4 D44TD5 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 WI"C 

-55 to +150 -55 to +150 -55 to +150 ·C 

2.5 2.5 2.5 ·C/w 

75 75 75 ·C/w 

260 260 260 ·C 
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D44TD Series 
ELECTRICAL CHARACTERISTICS (Tc = 25° C) (unless otherwise specified) 

CHARACTERISTIC SYMBOL MIN MAX UNIT 

OFF CHARACTERISTICS(1) 

Collector-Emitter Sustaining Voltage D44TD3 VCEO(sus) 300 - Volts 
(IC = 25mA, IB = 0) D44TD4 350 -

D44TD5 400 -
Collector-Emitter Voltage D44TD3 VCEX 300 - Volts 

(IC = 2.0mA, IB1 = IB2 = .4A) D44TD4 350 -
(VBE = -5V, L = 200 I'h) D44TD5 400 -

Collector Cutoff Current ICEV mA 
(VCEV = Rated Value, VBE(OFF) = -1.5V) - 0.1 
(VCEV = Rated Value, VBE(OFF) = -1.5V, Tc = 100°C) - 1.0 

Emitter Cutoff Current 
lEBO - 1.0 mA 

(VEB = 7V, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased SEE FIGURE 13 

Clamped Inductive SOA with Base Reversed Bias SEE FIGURE 14 

ON CHARACTERISTICS(1) 

DC Current Gain hFE -
(Ic = 1A, VCE = 2V) 8 -
(Ic = 2A, VCE = 3V) 5 -

Collector-Emitter Saturation Voltage VCE(SAT) Volts 
(IC = 1A, IB = .2A) - 0.6 
(IC = 2A, IB = .4A) - 1.0 
(lc = 1A, IB = .2A, Tc = 100°C) - 1.0 

Base-Emitter Saturation Voltage VBE(SAT) Volts 
(Ic = 2A, IB = .4A) - 1.2 
(Ic = 2A, IB = .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 
COB 10 25 pF (VCB = 10V, IE = 0, f = 0.1 MHz) 

SWITCHING CHARACTERISTICS MAXIMUM 

Resistive Load (See Figure 17 for Test Circuit) Tc 25°C 100°C 
Delay Time VCC = 250V, Ic - 1.5A td .06 .08 I'S 

Rise Time IB1 = IB2 = 0.3A, tp = 25 I'sec tr 0.6 0.8 I'sec 
Storage Time ts 2.5 3.0 I'sec 

Fall Time tf 0.5 0.8 I'sec 

Inductive Load, Clamped (See Figure 17 for Test Circuit) 

Storage Time VCLAMP = 250V, Ic = 1.5A, tsv 3.0 3.5 I's 
Fall Time IB1 = IB2 = 0.3A, tp = 251'sec tf 0.3 0.6 I'sec 

VBE(OFF) = -5V TYPICAL 

Storage Time L = 200 I'h ts 2.1 2.6 I'sec 
Fall Time tf 0.18 0.23 I'sec 

(1) Pulse Duration = 300I'S, Duty Factor 5 2%. Do not measure on a curve tracer. 

2-554 ________________________________________________________________ __ 



z 
;;; 
'" I-
Z 

'" 0: 
0: 
::> .... 
.... 
Q 

if 
:J: 

~ 
0 
'l' 
'" '" j!! 
g 
0: 

I!! 
l-
:;; 
'\' 
0: 
0 

~ 
'-! 
w 

oJ' 

'" !:i 
g 

"' '" ~ 
0 
> 
0: 

'" .... .... 
i 
'" 
"' '" .. 
OJ 

>i 

__________________________________ Power Transistors 

D44TD Series 

TYPICAL DC CHARACTERISTICS 
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D44TD Series 

TYPICAL SWITCHING CHARACTERISTICS 
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Power Transistors _________________________________ _ 

D44VH Series 

Silicon N-P-N Transistors 
Complementary to the D45VH SerIes 

Features: 
• Fast Switching ts S 700 ns resistive 

tfS 200 ns 

• Low VCE(S8t) S OAV @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-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 VEBO 
Collector Current - Continuous IC 

- Peak (1) ICM 
Base Current - Continuous IB 

- Peak (1) IBM 
Total Power Dissipation @TC = 25°C PD 

@Tc=100'C 
Derate above 25° C 

Operating and Storage Junction 
TJ, TSTG Temperature Range 

THERMAL CHARACTERISTIC,S 

CHARACTERISTICS 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Maximum Lead Temperature for Soldering 
Purposes: 118" from Case for 5 Seconds 

,. 
(1) Pulse measurement condition PW ~ 6.0 ms, See Figure 14. 

File Number 15.23 

TERMINAL DESIGNATIONS 

'~'~"1° II J~' :: 
TOP VIEW B 

92CS-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/oC 

-55 to +150 °C 

SYMBOL MAX UNIT 

R8JC 1.5 °C/W 

R8JA 74 °C/W 

TL 235 °C 
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____________________________________ Power Transistors 

ELECTRICAL CHARACTERISTICS (TC = 25·C) (unless otherwise specified) 

I CHARACTERISTICS I SYMBOL 

OFF CHARACTERISTICS(I) 

Collector-Emitter Sustaining Voltage(1) (IC = 100mA, Ie = 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, VeE(off) = -4.0V) 
(VCEV = Rated Value, VeE(offi =-4.0V, TC = 100·C) 

Collector Cutoff Current 
(VCE = Rated VCEV, ReE = 50 fl, Tc = 100·C) 

Emitter Cutoff Current (VEe = 7V, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased 

Second Breakdown with Base Reverse Biased 

ON CHARACTERISTICS(I) 

DC Current Gain 
(Ic = 2 A, VCE = 1V) 
(lc=4A,VCE=1V) 

Collector-Emitter Saturation Voltage 
(IC = SA, Ie = 0.4A) 
(IC = SA, Ie = O.4A, TC = 100·C) 
(IC = 15A, Ie = 3.0A, Tc = 100·C) 

Base-Emitter Saturation Voltage 
(IC = SA, Ie = O.4A) 
(IC = SA, Ie = O.4A, TC = 100·C) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 0.1A, VCE = 10V, ftest = 1 MHz) 

Output Capacitance 
(Vce = 10V, IE = 0, ftest = 1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (See Figure 16 for Test Circuit) 

Delay Time 
VCC = 20V, IC = SA 

Rise Time 
leI = le2 = O.SA 

Storage Time 
tp = 25 Jlsec 

Fall Time 

Inductive Load, Clamped (See Figure 15 for Test Circuit) 

Storage Time VCC = 20V, Ic = SA 

Fall Time VCLAMP = Rated VCEX 

leI = o.SA, VeE(off) = -5V 
Storage Time 

L = 200/lh 
Fall Time 

(1) Pulse Duration = 300 J1Sec, Duty Factor .. 2%. 
(2) See Figure 15 for Test Circuit. 

VCEO(sus) 

VCEX 

ICEV 

ICER 

IEeo 

FeSOA 

RBSOA 

hFE 

VCE(sat) 

VeE(sat) 

fT 

COB 

TC 

td 

tr 

ts 

tf 

ts 

tf 

ts 

tf 

D44VH Series 

MIN MAX UNIT 

V 
30 -
45 -
60 -
SO -

V 

40 -
55 -
65 -
90 -

/lA 
- 10 
- 100 

- 100 /lA 

- 10 /lA 

SEE FIGURE 7 

SEE FIGURE S 

-
35 -
20 -

V 
- 0.4 
- 0.5 
- O.S 

V 
- 1.2 
- 1.1 

Typical 

50 MHz 

120 PF 

Maximum 

25·C 100·C 

50 - nsec 

250 - nsec 

700 - nsec 

200 - nsec 

. SOO - nsec 

1S0 400 nsec 

Typical 

2S0 370 nsec 

130 150 nsec 

_________________________________________________________________ 2-559 



Power Transistors ___________________________________ _ 

D44VH Series 

SAFE OPERATING AREA 

200 

100 
80 
60 
50 
40 
30 

20 ... ' ... 
J: 

10 
8 

5 
4 
3 

J"50" 

T '25"C 

T '-55" 

VCE=tV 

,1----rVc'OIOIV 

---.... 
~ ~ ... ---

-;;::.. 
......... 

0,2 0,4 0.6 Oil I. 2. 4. 6. 8.10. 15. 

10 • 

• 
U> ... 
0: 
~ 10 ,. 
~ 
0: i 10 
, 
I
Z 
... 10 
0: 

a 

3 

2 

~ 10 
1 

"' ..J 

VeE = 30V 

;" 

/' 

Ie. COLLECTOR CURRENT-AMPERES 

1. DC CURRENT GAIN 

/ 
./ 

/ V 
./ 

TJo150) V /V 

/ TJolOOOY 

./ 

./ 

/ 

L 
/ 

8 10 0- / r 25}( 
./ 

V 
',/ ~ 1 

o J 2 ~ A .5 
VBE• BASE-EMITTER VOLTAGE - VOLTS 

3. COLLECTOR CUTOFF REGION 

800 - Tc • 25·C 

600 r----... ..... ~ Cno 

400 

200 ~ r---.. r- r-. 
100 

~ 
80 

60 

.2 .4.6.81 2 4 6 8 10 
REVERSE BIAS VOLTAGE - VOLTS 

5. CAPACITANCE 

2.0 .. 
!:i 1.8 
g 
I 1.6 

~ 1.4 

~ 
0: .. 2 

... 1.0 
i 

8 

6 

.. 
~ O. 

~ O. 
..J 

6 o. 4 
o 

~ o. 
> 

2 

0 

1.2 

~ .. 
~ g 
::i 
..J 

~ , 

O • 2 

o 
0.1 

1.0 

.5 

f!? 0 
z .. 
!:i 
IL -.5 ... 
:!j 
u 
~ -1.0 

" ~ 

TC'25<C 

Ic· O•OIA Ie- I•OA Ie. !5A Ie. toA Ic· I!5A 

\ '---
\ 

r---
5 10-3 5 10-2 5 10-1 5 100 

lB. 8ASE CURRENT - AMPERES 

2. COLLECTOR SATURATION REGION 

TC" 2~OC III # 
VBEtSAT)@ leIla" 10 ): 

~ 

-::;:!' --=p- :-VBEIONICD VCE' IV 

j 
VCEISAT)@ lelIa" 10 , 

VeE (SAT) f-----~f"'" 
IlrCIIBr --0.2 OA 0.60.81 2 4 6810 20 

Ic. COLLECTOR CURRENT - AMPERES 

4. SATURATION VOLTAGE 

J / 
<A0e .L. 

0vc FOR VCEISATI ~ -_5SoC TO +'2.5°C 

O(.~ 
V 
f-

'l.fl:lC 

~ -1.5 
~ f--- 0va FOR VeE 

~~or ,. 
I!' 
,j -2.0 

-::: IB i Ic / 5 ~ f-

I 
.04 .06.0B J .2 .4.6 .8 I 2 4 6 8 10 

Ic. COLLECTOR CURRENT - AMPERES 

6. SATURATION VOLTAGE 
TEMPERATURE COEFFICIENTS 

2-560 ______________________________ _ 



___________________________________ Power Transistors 

4 0 , , 
I , '. ~, 'I , 

' .. "'. ~ ~I .. .... ~$ 0 

20 

~I 
. ~ 

6 = BONDING WIRE LIMIT 0 ~ ':;$ 'b i 
-----·OISSIPATION LIMIT '''or 

4 - - - _ SECOND BRfAl(DOWN LIMIT ~~-p~~., 
~ Te' 25"C "'., 

" ~ 
is 
0: 
0: 
:J 
U 

D: 

~. 
U 
'j' 
~. 
u 
.:; 
H. 

~. 21- DUTY CYCLE ~ 10% I I I I '''e-
III '" ' I • 

6 

4 

2 

I 

I 
I 

VeE. (MAX) 
D44VHI 
D44VH4 
D44VH7 
D44VHI0 

III I 
I 

4 6 • 10 20 40 
veE. COLLECTOR-EMITTER VOLTAGE - VOLTS 

7. FORWARD BIAS SOA 

. 

60 80100 

50 
40 

(I) 30 ... 
0: 
~ 20 
:E 

" 
~ 10 

:I! e 
0: 

13 6 

~ : 
.... 
8 

I 

D44VH Series 

VBEIOFFI" -5\1 
Tc~ )CODC 

L' 2OOl'h 

'\ 

" 1,\ 
VCEX(MAX) 

D44VHI 
D44VH4 
044VH7 
D44VHIO 

4 5 678910 20 30 405060 80 100 
VCE. COLLECTOR-EMITTER VOLTAGE - VOLTS 

8. REVERSE BIAS SOA 

TYPICAL SWITCHING CHARACTERISTICS 

800 

E 600 

~ 400 ... 
:E 
;: 
co 200 
z 
;: 
~ 
~ 10 0 

I- 0 

6 0 is 
D: a 4 0 

~ 
0 1;l 

~ 
00 2 

-

4 

1000 

" ... 
~ 
... 
'" ;: 
co z 
;: 
~ 
i 
(I) 

I-z ... 
D: 
0: 
::> 
u 
D: 

~ 
U 

'" .... .... 
0 
u 

---

800 

600 

400 r-- TC=25°C 
1,_ 

I-- Vcc"20V,VBE(OFF)=-5V 

200 

100 
80 

r---- IBI=lB2=Ic /IO 1,_ 
SEE FIGURE 16 FOR ~ TEST CIRCUIT -- ,,= 

60 

40 

'd -

20 

4 6 8 10 15 

t.!._ 

I. 

If ---

Ie.COLLECTOR CURRENT (AMPERES) 

9. RESISTIVE SWITCHING TIME 

- -
--- -

1.6,.--,.--,.--,.--,.--,--,--,--,--,---, 

1.4 
RESISTIVE =LOA=D+_-+ __ f-_+-_-+_--::l~ 
II, • Ie/to 
Yee - lOY 

Y.IOF'I·r-..:5..:V-+ __ +-_+_--:/;~~IS-+::::iOil 
Tc· 2eee 

~ 
-- Te-IOO"'e 

Tc·2SoC 

CLAMPED INDUCTIVE LOAD r---
IB-·c /IO,VIE(OFF)--5V _ r---
Vee· 2OV, VCE (CLAMP)DPJlJI/ 
L-200l'h -r---
SEE FIGURE 15 FOR 
TEST CIRCUIT 

0 .• 

.. ,IA~W~+--+--+--+--+--+---I 

"!,~ 
.. ,IIOA¥-+--+--+--+--+--+--+---I 
",lOA 

6 8 10 I 
Ie. COLLECTOR CURRENT (AMPERES) 

0.40~---::O"'.2:----:0.f.4=--0;}.-=6-."O":; •• ,..---:,:';.O:--~1.2;;-----;7----;-';---;-';;---;!2.0 
RATIO. I., II •• 

10. CLAMPED INDUCTIVE SWITCHING TIME 
11. SWITCHING TIME VARIATION WITH 182 

___________________________________________________________________ 2-561 



Power Transistors _____ ..;... ____________________________ _ 

D44VH Series 
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__________________________________ Power Transistors 

File Number 15.25 

Silicon N-P-N Transistors 
Complementary to the D45VM Series 

Fe.tures: 
• Fast Switching ts :5 500 ns resistive 

tf:5 75 ns 

• Very Low VeE(Sat):5 0.4 V @Ie = 4A 

• High Gain HFE?! 40@le=4A 

The D44VM-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-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 VEB 
Collector Current - Continuous Ic 

- Peak (1) ICM 
Base Current - Continuous IB 

- Peak (1) IBM 
Total Power Dissipation @Tc - 25°C PD 

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. 

D44VM Series 

TERMINAL DESIGNATIONS 

''';'"-lO II }s f ~' 
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 WloC 

-55 to +150 °C 

SYMBOL MAX UNIT 

R8JC 2.5 °CIW 

R8JA 74 °C/W 

TL 235 °C 
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D44VM Series 

ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

CHARACTERISTICS SYMBOL 

OFF CHARACTERISTICS(1) 

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, VBEioff) = -4.0V Tc = 100°C) 

Collector Cutoff Current 
(VCE = Rated VCEV, RBE = 50 [1, 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, IB = 0.2A) 
(Ic = 6A, IB = 0.3A) 
(IC = SA, IB = O.SA, TC = 100°C) 

Base-Emitter Saturation Voltage 
(Ic = 4A, IB = 0.2A) 
(Ic = 4A, IB = 0.2A, Tc = 100°C) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = 0.1A, VCE = 10V, fleS! = 1 MHz) 

Output Capacitance 
(VCB = 10V, IE = 0, flesl = 1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (See Figure 16 for Test Circuit) 

Delay Time 
VCC = 30V, IC = 6A 

Rise Time 
IB1 = IB2 = 0.6A 

Storage Time 
tp = 25 /lsec 

Fall Time 

Inductive Load, Clamped (See Figure 15 for Test Circuit) 

Storage Time VCE(CLAMP) = 30V, Ic = 6A 
Fall Time IB1 = IB2 = 0.6A, VBE(OFF) = -5V 

Storage Time 
L = 200/lh 

Fall Time 

(1) Pulse Duration = 300llsec, Duty Factor ~ 2%. 
(2) See Figure 15 for Test Circuit. 

VCEO(sus) 

VCEX 

ICEV 

ICER 

lEBO 

FBSOA 

RBSOA 

hFE 

VCE(sal) 

VBE(sal) 

fT 

COB 

TC 

td 
t, 

ts 

tf 

ts 

tf 

ts 

tf 

MIN MAX UNIT 

V 
30 -
45 -
60 -
80 -

V 

30 -
45 -
60 -
80 -

/lA 
- 10 
- 100 

- 100 /lA 

- 10 /lA 

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 
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D44VM Series 
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____________________________________ Power Transistors 
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D45C Series File Number 15.12 

Silicon P-N-P Transistors 
Complementary to the D44C Series 

General-PurposeTypes for Medium-Power Switching and 
Amplifier Applications 

Features: 
• Very low cOl/ector saturation voltage [-O.5V typo @ -S.OA leI 

• Excel/ent linearity 
• Past 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 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 D45C1, 2, 3 
Collector-Emitter Voltage VCEO -30 
Collector-Emitter Voltage VCES -40 
Emitter Base Voltage VEeo -5 
Collector Current - Continuous Ie -4 

Peak(l) ICM -S 
Base Current - Continuous Ie -2 
Total Power Dissipatiqn @TA - 25·C Po 1.67 

@Te=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 R8JC 4.2 
Maximum Lead Temperature for Soldering 

TL +2S0 Purposes: W' from Case for 5 Seconds 

(1) Pulse Test Pulse Width = 300m. Duty Cycle"; 2%. 

TERMINAL DESIGNATIONS 

'M;'"lO II ] .. ~: 
TOP VIEW B 

92C$-39969 

JEDEC TO-220AB 

D45C4, 5, 6 D45C7, 8, 9 D45C10, 11, 12 UNITS 
-45 -SO -80 Volts 
-55 -70 -90 Volts 
-5 -5 -5 Volts 
-4 -4 -4 A 
-S -S -6 
-2 -2 -2 A 

1.S7' 1.S7 1.S7 Watts 
30 30 30 

-55 to +150 -55 to +150 -55 to +150 ·C 

75 75 75 ·CIW 
4.2 4.2 4.2 ·CIW 

+2S0 +2S0 +260 ·C 
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__________________________________ PowerTransistors 

D45C Series 

ELECTRICAL CHARACTERISTICS (TC = 25'C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL MIN TYP .MAX UNIT 

OFF CHARACTERISTICSll) 

Collector-Emitter Sustaining Voltage 
D45C1, 2, 3 VCEO(sus) -30 - - Volts 

(Ic = -100mA) D45C4, 5, 6 -45 - -
D45C7, 8, 9 -60 - -
D45C10, 11, 12 -80 - -

Collector Cutoff Current 
(VCE = Rated VCES) ICES - - -10 /lA 

Emitter Cutoff Current 
lEBO - - -100 /lA (VEB =-5V)! 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEE FIGURE3 

ON CHARACTERISTICSll) 

DC Current Gain D45C1, 4, 7,10 hFE 25 - - -
(IC = -0.2A, VCE = -1V) D45C2, 5, 8, 11 40 - 120 

D45C3, 6, 9,12 40 - 120 

(Ic = -1A, VCE = -1V) D45C1, 4, 7, 10 hFE 10 - - -
D45C2, 5, 8, 11 20 - -

(Ic = -2A, VCE = -1V) D45C3. 6. 9,12 hFE 20 - -
Collector-Emitter Saturation Voltage 

(IC = -1A, IB = -50mA) D45C2, 5, 8, 11 VCE(sat) - - -0.5 Volts 
D45C3, 6, 9, 12 - - -0.5 

(Ic = -1A, IB = -100mA) D43C1, 4, 7,10 - - -0.5 

Base-Emitter Saturation Voltage 
VBE(sat) - - -1.3 Volts (IC = -1A, IB = -100mA) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
CCBO - - 125 pF (VCB = -10V, f = 1 MHz) 

Current-Gain - Bandwidth Product 
fT - 40 - MHz (IC = -20mA, VCE = -4V) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + IC = -1A, IB1 = IB2 = -0.1A, Ic:t + tr - 50 - nS 
Rise Time 

Storage Time . ts - 500 -
Fall Time 

Vce = -1A, tp = 25 /lsec 
If - 50 -

(1) Pulse Test PW - 300ms Duty Cycle:5 2%. 
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D45C Series 
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File Number 15.14 

6-Ampere P-N-P Darlington 
Power Transistors 
Complementary to the 0440 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 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 
Col/ector-Emitter Voltage VCEO 
Col/ector-Emitter Voltage VCES 
Emitter Base Voltage VEBO 
Col/ector Current - Continuous IC 
Base Current - Continuous IB 
Total Power Dissipation @ TA = 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 ROJC 
Maximum Lead Temperature for Soldering 
Purposes: %" from Case for 5 Seconds TL 

0450 Series 

TERMINAL DESIGNATIONS 

'~'~"1° II J#:' 
TOP VIEW • 

045012 
-40 
-50 
-5 
-6 

-0.5 

2.1 
30 

-55 to +150 

60 
4.2 

260 

92CS-39969 

JEDEC TO-220AB 

-I 
I 
I 

I I 
I I 

I I 
I I 
L _________ 1 

92CS-43154 

Schematic diagram for all types. 

04503,4 045056 
-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 

°CIW 
°CIW 

°C 
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0450 Series 
ELECTRICAL CHARACTERISTICS eTC = 25°C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

OFF CHARACTERISTICS(1) 

Coliector~Emitter Breakdown Voltage 04S01,2 
Ic=-SOmA) 04503,4 

0450S,6 

Collector Cut-off Current 
(VCE = Rated VCES) Tc = 2SoC 
(VCE = Rated VCES, VBE = O.4V) Tc = 12SoC 

Emitter Cutoff Current 
(VEB = -SV) 

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 = -SA, 1B = -SmA) 

Base-Emitter Saturation Voltage 
(Ic = -SA, IB = -SmA) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VCB = -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 = 2S p,sec 

(1) Pulse Test: PW ,,; 300ms Duty Cycle"; 2%. 
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0450 Series 
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D45E Series 

1 D-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 predrlver 

Appllcallons: 

• Driver 
• Regulator 
• Capacitor Multiplier 
• Solenoid Driver 
• Inverter Power Supply 

• Switch 
• Audio Output 
• Relay Substitute 

• Oscillator 
• Servo-Amplifier 

The D4SE-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 1000. 

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 

@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: %" from Case for 5 Seconds TL 

(1) Pulse Test: Pulse Width = 3OOms. Duty Cycle :5 2%. 

File Number 15.16 

TERMINAL DESIGNATIONS 

"';"10 II ] {' ~' 
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 

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 
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__________________________________ Power Transistors 

ELECTRICAL CHARACTERISTICS (Tc = 25°C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN 

OFF CHARACTERISTICS (1) 

Collector-Emitter Voltage 
(Ie = -100mA) 

Collector Cut-off Current 
(VCE = Rated VCES) 

Emitter Cutoff Current 
(VEB = -7V) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased 

ON CHARACTERISTICS(l) 

DC Current Gain 
(Ic = -SA, VCE = -SV) 

Collector-Emitter Saturation Voltage 
(Ic = -S.OA, IB = -10mA) 
(Ie = -10.0A, 1B = -20m A) 

Base-Emitter Saturation Voltage 
(Ie = -S.OA, IB = -10mA) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VCB = -10V, f = 1MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

D4SE1 
D4SE2 
D4SE3 

Delay Time + Rise Time Ie = -10A, IB1 = 182 = -20mA 

Storage Time Vec = -40V, tp = 2S/lsec 

Fall Time 

(1) Pulse Test: PW"; 300ms Duty Cycle"; 2%. 

4.0 
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Jif
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", 
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T 0-40'<: 

r-f"""2S"C lo-
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hFE 

VCE(sat) 

VBE(sat) 

Ict + tr 

ts 

tf 

.-: -
-

-11;r-::--:::---
N- ..... 
r-" CEISAT) 

I I I 
I 

2 5 
IC-COLLECTOR CURRENT-AMPERES 

-40 
-60 
-80 

-
-

1,000 

-
-
-

-

-
-

10 

D45E Series 

TYP MAX UNIT 

- - Volts 
- -
- -

- -10 /lA 

- -1.0 fJA 

SEEFIGURE6 

- - -

- -1.S V 
- -2.0 V 

- -2.S Volts 

0.6 - /lS 

2.0 -
O.S -

20 

FIG.1 TYPICAL SATURATION VOLTAGE CHARACTERISTICS 
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D45E Series 
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____________________________________ Power Transistors 

D45E Series 
20 
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D45H Series 

Silicon P-N-P Transistors 
Complementary to the D44H Series 

For Switching and Linear Applications 

Features: 
• Very low col/ector saturation voltage 

• Excel/ent linearity 
• Fast switching 

D45H-series p-n-p power transisitors are desig ned for 
various specific and general purpose 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 invertersl 
converters. .. 

MAXIMUM RATINGS (TA = 25' C) (unless otherwise specified) 

RATING SYMBOL D45H1,2 
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 @ TA = 25'C PD 1.67 

@TC=25'C 50 

File Number 15.18 

TERMINAi.. DESIGNATIONS 

'R':'"lO II J#' 
TOP VIEW B 

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 

Operating and Storage Junction 
TJ,Tstg -55 to +150 -55 to +150 -55 to +150 -55 to +150 'c Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Ambient R8JA 75 75 75 75 'C/W 

Thermal Resistance, Junction to Case R8JC 2.5 2.5 2.5 2.5 'c/w 
Maximum Lead Temperature for Soldering 

Purposes: 'Is" from Case for 5 Seconds TL +260 +260 +260 +260 'c 
(I) Pulse Test Pulse Width = 300ms Duly Cycle';; 2%. 
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D45H Series 

ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL MIN TYP MAX UNIT 

OFF CHARACTERISTICS(l) 

Collector-Emitter Sustaining Voltage 
D4SH1,2 VCEO(sus) -30 - - Volts 

(Ic = . 100mA) D4SH4, S -4S - -
D4SH7,8 -60 - -
D4SH10, 11 -80 - -

Collector Cutoff Current 
(Vce = Rated Vceo) Iceo - - -10 /lA 

Emitter Cutoff Current 
IEeo - - -100 /lA (VEe =-SV) 

SECOND BREAKDOWN --I Second Breakdown with Base Forward Biased FBSOA SEEFIGURE4 

ON CHARACTERISTICS(1 ) 

DC Current Gain D4SH1, 4, 7,10 hFE 3S - - -
(IC = -2A, VCE = -W) D4SH2, S, 8, 11 60 - -
(Ic = -4A, VCE = -W) D4SH1, 4,7,10 20 - -

D4SH2, S, 8, 11 40 - -
Collector-Emitter Saturation Voltage 

(Ic = -8A, Is = -O.4A) D4SH1, 4, 7,10 VCE(sat) - - -1.0 Volts 
(Ic = -8A, Ie = -0.8A) D45H2, 5, 8, 11 - - -1.0 

Base-Emitter Saturation Voltage 
(Ic = -8A, Is = -0.8A) VeE(sat) - - -1.S Volts 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
Ccso -(Vcs = -10V, f = 1MHz) 230 - pF 

Current-Gain - Bandwidth Product 
fT - 40 - MHz (Ic = -SOOmA, VCE = -10V) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time + Ic = -SA, IS1 = -O.SA td + tr - 13S - nS 
Rise Time 

Storage Time 
Ic = -SA, lSI = le2 = -O.SA ts - SOO -

Fall Time tf - 100 -
(1) Pulse Test PW = 300ms Duty Cycle';; 2%. 
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D45H Series 
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____________________________________ Power Transistors 

File Number 15.24 

Silicon P-N-P Transistors 
Complementary to the D44VH Series 

Features: 
• Fast Switching ts:::; 500 ns resistive 

tf:::; 100 ns 

• Low VCE(sat):::; 1.0V@IC= BA 

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. 

"':"'loll J#' 
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 VEBO -7 -7 -7 -7 Volts 

Collector Current - Continuous Ic -15 -15 -15 -15 A 
Peak(1) ICM -20 -20 -20 -20 

Base Current - Continuous IB -5 -5 -5 -5 A 
Peak(1) IBM -10 -10 -10 -10 

Total Power Dissipation @ Tc = 25°C PD 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 R8JC 1.5 1.5 1.5 1.5 °elW 
Thermal Resistance, Junction to Ambient R8JA 75 75 75 75 °elW 
Maximum Lead Temperature for Soldering 
Purpose: W' from ease for 5 Seconds TL 235 235 235 235 °C 

(1) Pulse measurement condition PW S 6.0 ms, see Figure 14. 
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D45VH Series 

ELECTRICAL CHARACTERISTICS (TC = 25·C) (unless otherwise specified) 

CHARACTERISTICS SYMBOL 

OFF CHARACTERISTICS(1) 

Collector-Emitter Sustaining Voltage(1) (Ic =-100mA, Is = 0) 
D45VHl 
D45VH4 
D45VH7 
D45VH10 

Collector-Emitter Voltage(2) 
(Ic = -lOA, VCLAMFi' = Rated VCEX, Tc = 100· C) 

D45VHl 
D45VH4 
D45VH7 
D45VH10 

Collector Cutoff Current 
(VCEV = Rated Value, VSE(oll) = 4.0V) 
(VCEV = Rated Value, VSE(oll) = 4.0V, Tc = 100·C) 

Collector Cutoff Current 
(VCE = Rated VCEV, RSE = 50 fL 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 = -W) 
(Ic = -4 A, VCE = -W) 

Collector-Emitter Saturation Voltage 
(Ic = -8A, Is = -0.8A) 
(Ic = -8A, Is = -0.8A, Tc = 100·C) 
(Ic = -15A, Is = -3.0A, Tc = 100·C) 

Base-Emitter Saturation Voltage 
(Ic = -8A, Is = -0.8A) 
(Ic = -8A, Is = -0.8A, Tc = 100·C) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(IC = -O.lA, VCE = -10V, flesl = 1 MHz) 

Output Capacitance 
(VCS = -10V, IE = 0, flesl = 1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (See Figure 16 for Test Circuit) 

Delay Time 
VCC = -20V, IC = -8A 

Rise Time 
ISl = IS2 = :0.8A 

Storage Time 
tp = 25 p.sec 

Fall Time 

Inductive Load, Clamped (See Figure 15 for Test Circuit) 

Storage Time VCC = -20V, IC = -8A 
Fall Time VCLAMP = Rated VCEX 

ISl = - 0.8A, VSE(off) = 5V 
Storage Time 

L = 200 ph 
Fall Time 

(1) Pulse Duration = 300 J.1Sec, Duty Factor ~ 2%. 
(2) See Figure 15 for Test Circuit. 

VCEO(sus) 

VCEX 

ICEV 

ICER 

IESO 

hFE 

VCE(sal) 

VSE(sal} 

fT 

Cos 

Tc 

td 

tr 

ts 

tl 

ts 

tl 

ts 

tl 

MIN MAX UNIT 

V 
-30 -
-45 -
-60 -
-80 -

V 

-40 -
-55 -
-70 -
-90 -

pA 
- -10 
- -100 

- -100 pA 

- -10 pA 

SEE FIGURE 7 

SEE FIGURE 8 

-
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 

160 180 nsec 
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D45VH Series, 

SAFE OPERATING AREA 
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D45VM Series 

Silicon P-N-P Transistors 
Complementary to the D44VM Series 

Features: 
• Very Fast Switching ts S 500 ns resistive 

tfS 75 ns 

• Very low VeE (sat)S0.4V@le=4A 

• High gain HFE 2: 40@le= 4A 

The D45VM-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 .. 

MAXIMUM RATINGS (TA = 25' C) (unless otherwise specified) 

RATING SYMBOL 

Collector-Emitter Voltage VCEO(susj 
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 PD 

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 foc 5 Seconds 

(1) Pulse measurement condition PW ~ 6.0 m~. 

File Number 15.26 

TERMINAL DESIGNATIONS 

'~'~"lOII J±~': 
TOP VIEW B 

92CS-39969 

JEDEC TO-22DAB 

D45VM1 D45VM4 D45VM7 D45VM10 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 

h 235 'c 
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ELECTRICAL CHARACTERISTICS (T C = 25· C) (unless otherwise specified) 

I CHARACTERISTICS I SYMBOL 

OFF CHARACTERISTICS(1) 
---

Collector-Emitter Sustaining Voltage(1) 
D45VM1 

(Ic = -100mA, Is - 0) 

D45VM4 
D45VM7 
D45VM10 

Collector-Emitter Voltage(2) 
(Ie =~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 =14.0V, Tc = 1 00· C) 

Collector Cutoff Current 
(VCE = Rated VCEV, RSE = 50.n, Tc = 100·C) 

Emitter Cutoff Current (VES =1-7V, -Ic = 0)' 

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased 

Second Breakdown with Base Reverse Biased 

ON CHARACTERIS'I"ICS(1) 

DC Current Gain 
(IC = -4A, VCE = -W) 
(Ic = -6A, VCE = -1V) 

Collector-Emitter Saturation Voltage 
(Ic = -4A, Is = -0.2A) 
(Ic = -6A, Is = -0.3A) 
(Ic = -SA, IB = -O.SA, Tc = 1 00· C) 

Base-Emitter Saturation Voltage 
(IC = -4A, Is = -o.2A) 
(IC = -4A, Is = -O.2A, TC = 100·C) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = -o.1A, VCE = -10V, flest = 1 MHz) 

Output Capacitance 
(VCS = -10V, IE = 0, ftesl = 1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (See Figure 16 for Test Circuit) 

Delay Time 
VCC = 30V, Ic = -6A 

Rise Time 
lSI = IS2 = 0.6A 

Storage Time 
tp = 25 /lsec 

Fall Time 

Inductive Load, Clamped (See Figure 15 for Test Circuit) 

Storage Time VCE(CLAMP) = 30V, IC = -6A 
Fall Time lSI = IS2 = 0.6A, VSE(OFF) = 5V 

Storage Time 
L = 200/lh 

Fall Time 

(1) Pulse Duration = 300 J1Sec, Duty Factor ~ 2%. 
(2) See Figure 15 for Test Circuit. 

VCEO(sus) 

VCEX 

ICEV 

ICER 

IESO 

hFE 

VCE(Sal) 

VSE(sal) 

fT 

Cos 

Tc 

td 

tr 

ts 

tf 

ts 

tf 

ts 

tf 

D45VM Series 

MIN MAX UNIT 

V 
-30 -
-45 -
-60 -
-so -

V 

-30 -
-45 -
-60 -
-SO -

/lA 
- -10 
- -100 

- -100 /lA 

- -10 /lA 

SEE FIGURE7 

SEE FIGURE S 

-
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 
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D45VM Series 
TYPICAL DC CHARACTERISTICS 
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D45VM Series 
SAFE OPERATING AREA 
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D45VM Series 
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File Number 15.27 

High-Speed Silicon N-P-N 
Power Transistors 
Devices for Switching Applications 

Features: 

• VCEO(susI400 V and 450 V 
• 700 V blocking capability 

• SOA and switching information 

The D46TQ1 and D46TQ2 are silicon n-p-n power transis
tors designed for high-voltage, high-speed power switch
ing of inductive circuits where fall time is critical. They are 
particularly suited for off-line switch-mode applications 
such as switching regulators, inverters, motor controls, 
solenoid/relay drivers, and deflection circuits. 

MAXIMUM RATINGS (TA = 25° C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCEV 
Emitter Base Voltage VEBO 
Collector Current - Continuous IC 

Peak (Repetitive)11) ICM 
Base Current - Continuous IB 

Peak (Non-Repetitive)11) IBM 
Total Power Dissipation @Tc - 25°C 
Derate above 25° C 

PD 

Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTics _. 

Thermal Resistance, Junction to Case ROJC 

Maximum Lead Temperature for Soldering 
Purpose: 'Ie" from Case for 5 Seconds TL 

(1) Pulse Test: Pulse Width = 5ms. Duty Cycle ~ 10%. 

D46TQ1, D46TQ2 

TERMINAL DESIGNATIONS 

COLLECTOR 
FLANGE 

JEDEC TO-218AC 

92CS-40257 

D46TQ1 D46TQ2 
400 450 
650 750 
6 6 
12 12 
24 24 
6 6 
12 12 
110 110 
0.88 0.88 

-65 to +150 -65 to +150 

1.1 1.1 

275 275 

UNITS 
Volts 
Volts 
Volts 

A 

A 

Watts 
W/oC 

°C 

°CIW 

°C 
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D46TQ1~ D46TQ2 

ELECTRICAL CHARACTERISTICS (T C = 250 C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

OFF CHARACTERISTICS(1) 

Collector-Emitter Sustaining Voltage D4STQl VCEO(sus) 400 - - Volts 
(Ic = 10mA, Is = 0) D4STQ2 450 - -

Collector Cutoff Current 
ICEV - - 1 mA 

(VCE = Rated Value, VSE(OFF) =- 1.SV) 

Emitter Cutoff Current 
IESO - - 1 mA (VES = SV, Ic = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(IC = SA, VCE = SV) hFE 8 - 40 -
(Ic = SA, VCE = SV) 6 - 30 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = SA, Is = lA) - - 1 V 
(Ic = SA, Is = 1.SA) - - 1.S 
(Ie = 12A, IB = 3A) - - 3 

Base-Emitter Saturation Voltage VSE(sat) 
(Ic = SA, Is = lA) - - 1.2 V 
(Ic = 8A, Is = 1.SA) - - 1.S 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time VCC = 12SV, Ic = 8A td - O.OS 0.1 p's 

Rise Time ISl = IS2 = 1.SA, tp = 2S P.S tr - 0.4S 1 

Storage Time Duty Cycle < 1% ts - 1.3 3 

Fall Time tf - 0.2 0.7 

Inductive Load, Clamped 

Storage Time (IC = SA, VCLAMP = 300V) Isv - 0.92 2.3 P.S 

Crossover Time (ISl = 1.SA, VSE(OFF) = -SV tc - 0.12 0.7 
TC = 100°C) 

(1) Pulse Test: Pulse Width - 3001'5 Duty Cycle :5 2%. 
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File Number 15.34 

20-Ampere N-P-N Darlington 
Power Transistors 

Fealures: 
• High speed ts < 3.0 psec., tr < 1.0 psec. 
• High voltage: 400-500 V CEO(SUS) 
• High gain: hFE 40 minimum @IC = 20A 
• High current: 30 amperes, IC (Peak) 

The D64DS and D64ES 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 dc motor controls, 
UPS systems, ultrasonic equipment, and other high-fre
quency power conversion equipment. 

MAXIMUM RATINGS (T A = 25° C) (unless otherwise specified) 

RATING SYMBOL D64DSS/ES5 
Collector-Emitter Voltage VCEV 500 
Collector-Emitter Voltage VCEO 400 
Emitter Base Voltage D64DS VEBO 8 

D64ES 5 
Collector Current - Continuous IC 20 

Peak (Repetitive) ICM 30 
Peak (Non-Repetitive) ICSM 50 

Base Current - Continuous IB 5 
Peak (Non-Repetitive) IBM 10 

Total Power Dissipation @TC = 25°C Po 125 
Operating and Storage 
Junction Temperature Range TJ, TSTG -65 to +150 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case Rruc 1 

Maximum Lead Temperature for Soldering 
Purposes: W' from Case for 5 Seconds TL 300 

0640S5,6,7 
064ES5,6,7 

TERMINAL DESIGNATIONS 

c 
(FLANGE) 

JEDEC TO-204AA 

D64DS D64ES 

DEVICE CIRCUIT 

D64DS6/ES6 D64DS7/ES7 
600 700 

450 500 
8 8 
5 5 
20 20 
30 30 
50 50 
5 5 
10 10 

125 125 

-65 to +150 -65 to +150 

1 1 

300 300 

UNITS 
Volts 
Volts 
Volts 

A 

A 

Watts 

°C 

°CIW 

°C 
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064085,6,7 
064E85,6,7 

ELECTRICAL CHARACTERISTICS (T C = 25°C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN 

OFF CHARACTERIST~CS 

Collector-Emitter Sustaining Voltage DS4DS5/ES5 VCEO(sus) 400 
(Ic = 0.5A)i D64DSS/ESS 450 
(Vclamp = VCEO Rated) DS4DS7/ES7 500 

Collector Cutoff Current TJ = 25°C ICEV -
(VCE = Rated Value, VBE = -1.5V) TJ = 150°C -

Emitter Cutoff Current lEBO 
(VEB = 4.5V, Ic = 0) DS4DS -
(VEB = 1.5V, Ic = 0) DS4ES -

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 3OA, VCE = 5V) 20 
(Ic = 20A, VCE = 5V) 40 
(lc = lOA, VCE = 5V) 100 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 30A, IB = 3A) -
(IC = 20A, IB = 2A) -
(IC = lOA, IB = lA) -

Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 3OA, IB = 3A) -
(Ic = 20A, IB = 2A) -
(Ic = lOA, IB = lA) -

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time VCC = 250V let -

Rise Time IC = 20A t, -

Storage Time IB1 = lA, IB2 = -2A ts -

Fall Time tp = 50 I-Isec tf -

EMITTER-COLLECTOR DIODE CHARACTERISTICS 

Power Dissipation PD -
Forward Voltage (IF -lOA) VF -

(Ip= 25A) VF -
(IF = 25A, T J = 150°C) VF -

Reverse Recovery Time 
Trr -(IF = 25A, di/dt = 15A1l-1sec, RB1E = .250) 

Forward Turn-On Time 
TON -(IF = 25A, di/dt = 50All-lsec) 

Single Cycle Surge Current (SOHz) IFSM -
Thermal Resistance ROJC -

TYP MAX UNIT 

- - Volts 
- -
- -
- 1.0 mA 
- 2.5 

- 200 mA 
- 200 

SEE FIGURE 2S 

35 - -
85 -
lS0 -
2.1 3.5 V 
1.S 2.5 
1.2 1.5 

2.S5 4 V 
2.3 3 
1.8 2.5 

TYP. MAX. 

OS ES OS ES 

0.05 0.05 0.5 0.5 psec 

0.4 0.4 1 1 

2.2 1.8 5 3 

1.S .45 3 1 

- 125 Watts 
1.95 3.20 Volts 
2.80 4.00 Volts 
2.75 4.00 Volts 

3.85 10 I-Isec 

0.42 1.0 I-Isec 

- 50 Amps 

- 1.0 °ClWatt 



--_________________________________ Power Transistors 

064085,6,7 
064E85,6,7 

TYPICAL CHARACTERISTICS 
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Power Transistors _________________ ~ _________________ _ 

0640S5,6,7 
064ES5,6;7 

TYPICAL CHARACTERISTICS 
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_____________________________________ Power Transistors 

TYPICAL CHARACTERISTICS 

0640S5,6,7 
064ES5,6,7 

~ 
'" ~ 
I 

~ 
~ 

1.0 
VCC=250V 

T,,I':25°C lal" le/2O 
T.,I=IOOoC-- / tr I .. -Ie/IO 
TJ-150"C-- ./' VBE=-5V , tp"~O~SEC , / 

\-' V 
~ -' V "I-"I-' ... 

......... _- -~ 
o .1 -- -.... - td 

I .0 
I 10 20 

Ie. COLLECTOR CURRENT (AMPERES) 

FIGURE 13. TURN-ON TIME (RESISTIVE) 
(064ES ONLY) 

10. 0 
TJ =25°C 
TJ=IOO°C-
TJ ::150"C 

-..... Js I-.... --
-..... 

-

~ 1.0 }, ~ 
~ 

" u 
~ 

i? 

~ 
8 

O. 

--

I 

- /'" Vee =250V 
lSI" Ic/2O 
1.2" le/IO 
VBE"-5V 
t p "' 5O l£SEC 

10 20 

Ie, COLLECTOR CURRENT (AMPERES) 

FIGURE 15. TURN-OFF TIME (RESISTIVE) 
(064ES ONLY) 

1.1 "le/20 
lal'lc/90 ----

~ 4 

~ 

TJ:25·C 
Vcc=250V 
tp"50 ... SEC 
VSE=OV 

...-
N 
~ 

~ 

~ 2 ~ 
o z ~~/ 
'~ 

o 
I 

~ V 
...... -:. --....... 

r:: I-~ 

NOTE, NORMALIZED TO 
t. @ 25·C FROM 
FIGURE 15 

I 
-I-

RSE=loOon 

i.-- RaC IOOn 

V r __ , 
I-- 1-_-- RBE=loOon 

R8Ea lOOn 
ROE=lon 

V ~I- --- RBE"lon 
. ~ 

I- - ReCltl 
RBE"IQ. 

10 20 

Ie. COLLECTOR CURRENT (AMPERES) 

'" z 

~ 
~ 

10.0 

-
-
~ 

TJ=25°C 
TJ-IOO"C---
TJ =150o C -

':/.:-
l~ .-
.-'-

i;' / 
t, 

~ 1.0 

~ 

" u 
~ 

~ 
o 
u 

.... -- V 
Vcc=250V - lal" le/2O 
1.2"le/10 
VBE"'-5V 

O. I 
tp"50~SEC 

10 20 

te. COLLECTOR CURRENT (AMPERES) 

FIGURE 14. TURN-OFF TIME (RESISTIVE) 
(0640S ONLY) 

[., " 1c/20 
lal'[e/40 -- --
TJ=25°C 
Vee =250V 
tp=50~SEC 

VeE- OV 

.........-3:::......--: _ .... 
;-- .' 
;~ 

I 

~ ---o 
I 

~ 
f..---' --I------

~ 
f..--

--
---

NOTE' NORMALIZED TO 
ts@ 25°C FROM 
FIGURE 14 

I 
RSE=IKn 

~ I- RBE"IOon 

1-1-. 1-- I -1--1-' -=::: RBE=IKn 
RBE"loon 

1-1- RBE = Ion 

.- -- RBE=lon 
RaC ln 
Rae Inl 

10 20 

IC. COLLECTOR CURRENT (AMPERES) 

FIGURE 16. NORMALIZED RESISTIVE 
SWITCHING STORAGE TIME (RaE VARIATIONS) 

VS. COLLECTOR CURRENT 
(0640S ONLY) 

10 0 

ts TJ=25°C 

ts - TJ=IOO·C------ TJ=150·C---

t~ ...... / 
VCE(CLAMP)=250V -- L-I00lol-h 

L-L.;v ~/ 
[al"Ic/20 
la2'le/l0 
VBE:=~5V 

0 
te te 

tf tf 
1-- / 
1"-_ 1-;;:: L-t;' -

o .1 
10 20 

Ie, COLLECTOR CURRENT (AMPERES) 

FIGURE 17. NORMALIZED RESISTIVE FIGURE 18. CLAMPED INDUCTIVE 
SWITCHING STORAGE TIME (RaE VARIATIONS) TURN-OFF TIME 

VS. COLLECTOR CURRENT (0640S ONLY) 
______ .:.:(O:...:64:...:.::.ES~O..:.:N:.::L~Y.:....) ____________________ 2-597 

Hi< 



P01NerTranslstors ___________________________________ _ 

0640S5,6,7 
064ES5,6,7 TYPICAL CHARACTERISTICS 
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______________________________________ Power Transistors 

TYPICAL CHARACTERISTICS 

064085,6,7 
064E85,6,7 

1.6 
T.J=25°C 

1.4 

1.2 

le/I.,'20 
le·20A _ VBE=-5V .....-

CLAMPED INDUCTIVE 
V LOAD, L;IOOj.4h ~ Ic=IOA 

VCE(CLAMP1" 250 V 
~ t::: -..- Ie'5A -

l,..--: 

~ F" 
1.0 

[...,II ~ 

~ 
0.8 

0.6 

le'~A lh 
IC"OA V 

I C'20A 

/.~ 
~ 1.01§~1\S!!. Ie OR Ie .. LIMIT --

THERMAL LIMIT -- - PART 5 
SECOND BREAKDOWN 

'T~!~~':-C ----- I--t-t-t+tftl-I '\~-t--i-tNPART 6 

DUTY CYCLE ",,% ~ \ 1?ART7 0.4 
1.5 2.0 0.5 1.0 IhI.O,------"IO,-~-~-LLU~IO~O~~~-UL-~,ooo 

RATIO, 161/182 VeE. COLLECTOR EMITTER VOL TAGE (VOL TSI 

FIGURE 25. CROSS-OVER TIME VARIATION 
WITH 182 

FIGURE 26. FORWARD BIAS SAFE 
OPERATING AREA 

30 

~ 

0 

~ 

0 

f--

~f--

0 o 

(D64ES ONLY) 

T,,=25-C 
L'IOO~h 
V"'-5VO.511 1\ 
r.,·le/IO "- ~e 

~--;; 
100 200 300 400 500 

VeE, COLLECTOR EMITTER VOLTAGE (VOLTS) 

FIGURE 27. REVERSE BIAS SAFE 
OPERATING AREA 

10 0 

iR" 

w 
U 
Z 

" ~ 
~ 

" 

0 

I 

.1 

~ .0 I 

iO 
>-
~ 

I 

I 
DUTY CYCLE =.5 

~ ~ 
DUTY CYCLE=.2 

DUTY CYCLE =.1 

DUTY CYCLE ".O!5 .......... 

DUTY CYCLE"'.OI It:: 
/ in ,00 

z g 
.000 

I /jGLE PULS, 

.000001 .00001 .0001 .001 .01 

PULSE WIDTH, TIME IN SECONDS 

FIGURE 28. TRANSIENT THERMAL RESPONSE 

9 0 l'\:: r---

" I' ~C9>vo~ J 0 

1"'- ~Ir~ 
0 

'" ~ re.E"~"cI 
0 ~~~ I"'-
0 °e 
0 ~ ... 

'" 0 

" 

8 

7 

4 

0 

0 ~ 

0 ~ 
o 20 40 60 80 100 120 140 160 

Te. CASE TEMPERATURE eel 

FIGURE 29. POWER DERATING 

I o 

____________________________________________________________________ 2-599 



Power Transistors __________________________________ _ 

06,,085,6,7 
064E85,6,7 

TYPICAL CHARACTERISTICS 
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__________________________________ Power Transistors 

File Number 15.35 

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 dc 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 = 2So C) (unless otherwise specified) 

RATING SYMBOL D64DVS/EVS 
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) ICSM 125 

Base Current - Continuous IB 10 
Peak (Non-Repetitive) IBM 20 

Total Power Dissipation @TC = 25°C PD 180 
Operating and Storage 
Junction Temperature Range TJ, TSTG -65 to +150 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case R9JC 0.7 

Maximum Lead Temperature for Soldering 
Purposes: 'h" from Case for 5 Seconds h 300 

D64DV5,6,7 
D64EV5,6,7 

TERMINAL DESIGNATIONS 

C 
(FLANGE) 

JEDEC TO-204AE 

D84DV D64EV 

DEVICE CIRCUIT 

D64DV6/EV6 D64DV7/EV7 
450 500 
600 700 
8 8 
5 5 

50 50 
75 75 
125 125 
10 10 
20 20 
180 180 

-65 to +150 -65 to +150 

0.7 0.7 

300 300 

UNITS 
Volts 
Volts 
Volts 

A 

A 

Watts 

°C 

°CIW 

°C 
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Power Transistors _________________________________ _ 

D64DV5,6,7 
D64EV5,6,7 

ELECTRICAL CHARACTERISTICS IT C = 25· C) (unless otherwise specllied) 

I CHARACTERISTIC I SYMBOL I MIN 

OFF CHARACTERISTICS, 

Collector-Emitter Sustaining Voltage D64DV5/EV5 VCEO(sus) 400 
(IC =0.5A)i D64DV6/EV6 450 
(Vclamp = VCEO Rated) D64DV6/EV7 500 

Collector Cutoff Current TJ = 25·C ICEV -
(VCE = Rated Value, VeE = -1.5V) TJ = 150·C -

Emitter Cutoff Current IEeo 
(VEe = 4.5V, Ic = 0) D64DV -
(VEe = 1.5V, Ic = 0) D64EV -

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lc = 75A, VCE = 5V) 25 
(Ie = 50A, VeE = 5V) 50 
(Ic = 20A, VCE = 5V) 100 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ie = 75A, Ie = 5A) -
(Ic = 50A, Ie = 4A) -
(Ic = 20A, Ie = 2A) -

Base-Emitter Saturation Voltage VeE(sa!) 
(Ie = 75A, Ie = 5A) -
(Ic = 50A, Ie = 4A) -
(Ie = 20A, Ie = 2A) -

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time VCC = 250V !(! -
Rise Time IC = 50A tr -
Storage Time lel = 2.5A, le2 = -5A ts -
Fall Time tp = 50 Ilsec tf -

EMITTER-COLLECTOR DIODE CHARACTERISTICS 
". 

Power Dissipation PD -
Forward Voltage (IF = 25A) VF -

(Ip= 50A) VF -
(IF = 50A, TJ = 150·C) VF -

Reverse Recovery Time 
(IF = 50A, di/d! = 25A1llsec, RelE =0.250) Trr -

Forward Turn-On Time 
TON -(IF = 100A, di/d! = 100Alllsec) 

Single Cycle Surge Current (60Hz) IFSM -
Thermal Resistance R6JC -

TYP MAX UNIT 

- - Volts 
- -
- -
- 1.0 mA 
- 2.5 

- 350 mA 
- 350 

SEE FIGURE 23 

60 - -
135 -
250 -
2.2 3.0 V 
1.7 2.0 

1.15 1.5 

2.8 3,5 V 
2.45 3.0 
1.95 2.5 

TYP. MAX. 

DV EV DV EV 

0.09 0.09 0.5 0 . .5 IlS 

0.5 0.5 1 1 

2.55 2 5 3 

1.4 0.64 3 1 

- 125 Watts 

1.95 3.20 Volts 
2.60 3.80 Volts 
2.30 3.50 Volts 

3.85 10.0 Ilsec 

0.75 1.5 Ilsec 

- 150 Amps 

- 1.0 ·C/Watt 
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_____________________________________ PowerTransistors 

D64DV5,6,7 
D64EV5,6,7 

TYPICAL CHARACTERISTICS 
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D64DV5,6,7 
D64EV5,6,7 

TYPICAL CHARACTERISTICS 

~IO.O 

~ TJ=150·C 
("1,,/1., .. 

'" ~ 
o 
> 5.0 
z 
2 
~ 
II: 

" ~ 
'" II: .. 
~ 
'" .. 
~ 
5 

........-:: ~ 

V,8,'O 

~ ~ 
1--,8'25 
1--/l'50 

t:::::;; t:::::: r-- P " OO 

0 
}" I. 10 50 75 

1.0 
-;; 
: 
: .. 
::II 
;:: 

'" z 
% 

" l-

i 
'" I-
Z .. 
II: 
II: 

" " II: 
0 
I-

" .. 
-' 
-' 
0 

" 

"' " ;:: 

'" z 

" " 

o. 

0.0 

10.0 

t- 1.0 

~ 
I
Z 

"' 
~ 
~ 
~ 
" o. , 

I 

I 

I 

Ie. COLLECTOR CURRENT (AMPERES) 

FIGURE 7. Vae (SATI VS Ie, TJ = 150°C 

TJ=25D C -- - TJ=IOO·C 
.- TJ""50·C 

/ Vo< "250V 
1. .. = I.e/tO L 
XIZ· I.ell 0 L L VIE --5V 
tpDSO,..sec 

~ ~ 

- --

5 10 

I, 

50 

:Ie. COLLECTOR CURRENT (AMPERES) 

FIGURE 9. TURN-ON TIME (RESISTIVE LOAD) 
(D64DV ON LV) 

TJ=25°C -- TJ= Icooe 

. .- TJ • 150'C { .-
i~lc:= i:~~o-r ts 

, 

1.2' Ie/IO-t-

L -~ VaE" -5V 
tp=50~Sec 

/" )/' , 
/ ~ 

/ 

If /' 

-I 
10 50 

Ie. COLLECTOR CURRENT (AMPERES) 

Id 

FIGURE 11. TURN-OFF TIME (RESISTIVE LOAD) 
(D64DV ONL V) 

.. 
" z 

10000 

"._2SD C 

I--~ 1000 

~ 
" 

100 
I 

1.0 

I 

0.0 I 

~IO.O 

: 
.:!-.. 
'" ;:: 

'" z 
X 
~ 
i 
'" 0 
I-
Z .. 
II: 
II: 

" " 0: 
0 
I-

" .. 
-' 
-' 
0 

" 0 .1 

I 

r-

10 

Ve •• COLLECTOR-BASE VOLTAGE (VOLTS) 

FIGURE 8. CAPACITANCE (Ccao) 

T;r=2S0C - ---TJ"OOOC - TJ'I50"C 

Vcc=250V L 
r","Ic/20 

, L 
Iez'le/60 ,/ 
VBE'*-SV 

:/ ',-50,.. sec I 
.:: ....,..v-

- -

10 

.Ie, COLLECTOR OJRRENT (AMPERES) 

1,,= 
L 

Id 

50 

FIGURE 10. TURN-ON TIME (RESISTIVE LOAD) 
(D64EVONLV) 

TJ '25"C -- - TJ"OOOC 
- TJ"500C 

Vee = 250V -.let = I.e /20 ----- --I"-
Ial"' Ie llO 
veE ·-5V t:::: r..; Jls 
'p" 5OJ£sec 

LI-' I 
If 

--
~ 

r--' 

10 50 

Ie. COLLECTOR CURRENT (AMPERES) 

FIGURE 12. TURN-OFF TIME (RESISTIVE LOAD) 
(D64EV ONL V) 

100 

2-604 ______________________________________________________________ __ 



_____________________________________ Power Transistors 

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 
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D64VS3,4,5 

1S-Ampere N-P-N 
Power Transistors 
High-Voltage N-P-N Types for Off-Line Power Supplies 
and Other High-Voltage Switching Applications 

Features: 
• 100· C maximum limits specified for: 

• Switching times 
• Saturation voltages 
• Leakage currents 

• Very fast turn-off, tf< 100 nsec (typ.) 
@ 15A - Inductive load 

The D64VS series of silicon n-p-n power transistors are 
designed for use in power switching applications requiring 
high-voltage capability, fast switching speeds, and low
saturation voltages. These devices are optimized to provide 
a unique combination of ultra-low switching losses and 
high safe-operating-area (SOA). They are ideally suited for 
off-line switching power supplies, inverter/converter cir
cuits, and pulse width modulated regulators. 

MAXIMUM RATINGS (T A = 25· 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 

Peake') ICM 
Base Current - Continuous IB 

Peak(~) IBM 
Emitter Current - Continuous IE 

Peake') IEM 
Total Power DiSSipation @Tc= 25°C 

Derate above 25·C 
@Tc=100·C 

Po 

Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case R8JC 

Maximum Lead Temperature for Soldering 
Purpose: W' from Case for 5 Seconds TL 

(1) Pulse condition, tp S 5msec. 

D64VS3 
300 
300 

450 

7 
15 
30 

5 
10 

20 
35 

195 
111 
1.11 

-65 to +200 

0.9 

235 

File Number 15.36 

TERMINAL DESIGNATIONS 

JEDEC TO -204M 

D64VS4 
350 

350 
500 

7 
15 
30 

5 
10 

20 
35 
195 
111 
1.11 

-65 to +200 

0.9 

235 

c 
(FLANGE) 

D64VS5 
400 
400 
550 

7 
15 
30 

5 
10 

20 
35 
195 
111 
1.11 

-65 to +200 

0.9 

235 

UNITS 
Volts 

Volts 

Volts 

Volts 

A 

A 

A 

Watts 

W/·C 

·C 

·C/w 

·C 
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ELECTRICAL CHARACTERISTICS (TC = 25·C) (unless otherwise specified) 
D64VS3,4,5 

CHARACTERISTIC I SYMBOL MIN MAX UNIT 

OFF CHARACTERISTICS(1) 

Collector-Emitter Sustaining Voltage!') D64VS3 VeEO(sus) 300 - Volts 
(Ie= 100mA) D64VS4 350 -

D64VS5 400 -
Collector-Emitter Voltage D64VS3 VeEX 300 - Volts 

(Ie = 15A, IS1 = 2.5A, IS2 = -3.0A) D64VS4 350 -
(VSE(OFFl = -aV, L = 200 !-,h) D64VS5 400 -

Collector Cutoff Current leEV mA 
(VeEV = Rated Value, VSE(OFF) = -1.5V) - 0.1 
(VeEV = Rated Value, VSE(OFF) = -1.5V, Te = 100·C) - 1.0 

Emitter Cutoff Current 
IESO - 1.0 mA 

(VES = 7V) 

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased SEE FIGURE 13 

Clamped Inductive SOA with Base Reversed Bias SEE FIGURE 14 

ON CHARACTERISTICS(1) 

DC Current Gain hFE -
(Ie = 10A, VeE = 2V) 10 -
(Ie = 15A, VeE = 2V) 8 -

Collector-Emitter Saturation Voltage VeE(SAT) Volts 
(lc = 10A, IB = 1.67A) - 0.7 
(Ie = 15A, Is = 2.5A) - 1.0 
(Ie = 15A, Is = 2.5A, Te = 100·C) - 1.5 

Base-Emitter Saturation Voltage VSE(SAn Volts 
(Ie = 15A, Is = 2.5A) - 1.5 
(Ie = 15A, Is = 2.5A, Te = 100·C) - 1.5 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
fT 15 50 MHz 

(Ie = 1.0A, VeE = 10V, ftest = 1.0 MHz) 

Output Capacitance 
Cos 150 360 pF 

(VeB = 10V, IE = 0, f = 0.1 MHz) 

SWITCHING CHARACTERISTICS MAXIMUM 

Resistive Load (See Figure 17 for Test Circuit) Te 25·C 100·C 

Delay Time Vee = 250V, Ie = 15A td 0.1 0.2 !-,s 

Rise Time IS1'= 2.5, IB2 = -3.0A, tp = 50 !-,sec tr 0.5 0.7 !-,sec 

Storage Time ts 2.5 3.0 !-,sec 

Fall Time tf 0.4 0.7 !-,sec 

Inductive Load, Clamped (See Figure 17 for Test Circuit) 

Storage Time Ie = 15A, VeLAMP = 250V ts 3.0 3.5 !-'s 
Fall Time IS1 = 2.5A, IB2 = -3.0A. VSE(OFF) = -6V tf 0.3 0.6 !-,sec 

L = 200 !-,h. tp = i!5~sec TYPICAL 

Storage Time ts 1.8 2.5 !-,sec 

Fall Time tf 0.085 0.13 !-,sec 

(1) Pulse Duration = 3001'5. Duty Factor:5 2%. Do not measure on a curve tracer. 
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D64VS3,4,S 

TYPICAL DC CHARACTERISTICS 
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D64YS3,4,S 

100 

-- -- -'" -- 1\+ 
r-- """ -'\ 

''" 
, 'l\ 

;: - BONDING WIRE 
LIMIT 

~:=\\ --- THERMAL LIMIT 

-\0 SECOND BREAKDOWN ~-" LIMIT '1' 
Tc"25"C II 1\ 

CURVES APPLY 

" ""-UP TO RATED 
VCEO(SUS) 

11111 ~ .I 
1.0 10 100 200300400 1000 

VCE.COLLECTOR-EMITTER VOLTAGE (VOLTS) 

FIGURE 13. FORWARD BIAS 
SAFE OPERATING AREA 

1.0 

0.7 

~ 0.5 

~ 
~ 0.3 

j! 0.2 .. 
in 
~ 0.1 
oJ .. 
lo.Q7 ... 
~ 0,05 .. 
~O.03 
in 
~O.02 
0: .. 

0.01 

Do O.5 

0.2 

I I 
O.i 

0.05 

o;!.2 

j..j--tiE SINGLE 
PULSE 

Il11ill 

~ SLJL 
~ I, I~ ~ 

DUTY CYCLE Do- tl/t2 
OUTY CYCLE CURVES APPLY FOR 
POWER PULSE TRAINS. 
TIME I. REPRESENTS PULSE 
WITlitl' 

I 111111111 I I 11111111 II I 
0.01 0.02 0.050.1 0.2 0.5 1.0 2.0 5.0 10 20 50 '00 200 SOO 1.0' 

I.TIME(mS) 

FIGURE 15. TRANSIENT THERMAL RESPONSE 

NOTE: 

+IOV 
--J201....-0::J;5 c... 

MIN 

12) VALUE Of' L (INDUCTOR) IS 
SPECIFIED ON RATING CURVES. 

(3) SELECT Rc (RESISTIVE SWITCHING) 

FOR DESIRED Ic· 

(4) ADJUST Val' Ya! AND Ra2 FOR 
TIME DESIRED Ial AND la2 VALUES. 

(5) CIRCUIT LAYOUT AND COMPONENT 
SELECTION IS CRITICAL DUE TO 
FAST SWITCHING TIMES TO BE 
MEASURED. 

56.0 

16 

~ 
15 
14 

~ :. 12 
~ .. 
z 10 ... 
0: 
0: a 8 

'" 0 .. 6 u 
~ 
..J 
0 4 <> 
j 

2 

100 

90 

t 80 

0: 70 0 .. 
<> .. 60 .. 
'" z 50 ;: .. 
0: 40 ... 
Q 

0: 30 .. 
;0 
0 

20 .. 
10 

o 

I, I 

f-- r- Te~loo"c 

lu-Ie/S 

r--r- V"(OFF)~-6.0V 

L0200l'h 
VCEXCMAX) 

D64VS3 

D64VS4 

D64VS5 

50 100 150 200 2SO 300 350 400 450 

VeE ICLA"PI' COLLECTOR - EMITTER CLAMP VOLTAGE (YOLTS) 

FIGURE 14. CLAMPED REVERSE BIAS 
SAFE OPERATING AREA 

~ :--
"- ...... ~CO~oJ 

." ~Do 
"'~~ N'-s.~~ ~~/~Q 

~o~J " 
~~~ .. 

I" 

" " 

r--. 

" 20 ~ 60 60 ~ ~ ~ ~ ~ ~ 
Te - CASE TEMPERATURE I"C) 

FIGURE 16. POWER DERATING 

+ 
Vee (AS SPECIFIED) 

NOTE: 
TRANSITION TIME FROM 90'" lal TO go,.. 
lao (X-W) MUST BE LESS THAN 100 .SEC. 

FIGURE 17. TEST CIRCUIT FOR SWITCHING TIMES AND RBSOA 

2-612 __________________________________________ _ 



__________________________________ Power Transistors 

File Number 15.51 

5-Ampere Silicon N-P-N 
Power Transistors 

Features: 
• Low VeE (sat) 
• Fast switching speed 
• Complementary to D73F5T1,2 

The D72F5Tl 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 D72F5Tl 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°(:) (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 (1) 

Maximum Lead Temperature for Soldering 
Purposes: %" from Case for 5 Seconds 

(1) See page 7-16 for thermal considerations. 

SYMBOL 

VeEO 
Veeo 
Veeo 

Ie 

Ie 
Po 

TJ, TSTG 

D72F5T1,D72F5T2 

TERMINAL DESIGNATION 

TO-2S1AA 

TOP VIEW 

TO-2S2AA 
92CS-43476 

D72F5T1,2 UNITS 
50 Volts 
60 Volts 
5 Volts 

5 A 

1 A 
1.0 Watts 
20 

-55 to +150 °C 

260 °C 
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D72F5T1, D72F5T2 

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 

(Ic = 10mA, IB = 0) 

Collector Cut-off Current 
ICBO (VCB = SOV, IE = 0) 

Emitter Cutoff Current 
lEBO (VEB = SV, IC = 0) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 1A, VCE = 1V) 
(Ic = 3A, VCE = 1V) hFE 

Collector-Emitter Saturation Voltage 
(IC = 3A, IB = 0.1SA) VCE(sat) 

Base-Emitter Saturation Voltage 
VBE(sal) (IC = 3A, IB = 0.1SA) 

SWITCHING CHARACTERISTICS 

Turn-on Time VCC = 30V ton 

Storage Time IB1 = -IB2 = 0.1SA tslg 

Fall Time Duty Cycle ~ 1 % tf 

~20~S INP~U~. OUTPUT 

IB1 

- 10n 
IB2 'B2 

FIG. 1 SWITCHING TIME TEST CIRCUIT 
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D72F5T1, D72F5T2 
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File Number 15.52 

4-Ampere N-P-N Power 
Darlington Transistors 

Features: 
• Operates from IC without predriver 
• hFE Min. = 2000 
• Complementary to D73FY4D1,2 

The D72FY4D1 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 D72FY4D1 is supplied in the JEDEC TO-251 package 
and the D72FY4D2 is supplied in the JEDEC TO-252 
surface-mount package. 

D72FY4D1,D72FY4D2 

TERMINAL DESIGNATION 

~.~ e~, 
L. 

TOPYIEW 

TO-2S1AA 

TOP VIEW 

TO-2S2AA 
92:CS-43418 

BASE O---'--...----{ 

MAXIMUM RATINGS (TA = 25°C) (unless otherwise specified) 

FiATING 
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 (" 

Maximum Lead Temperature for Soldering 
Purposes: 'h" from Case for 5 Seconds 

(1) See page 7-16 for thermal considerations. 

SYMBOL 

VCEO 

VC60 

VE60 

IC 

16 

PD 

TJ, TSTG 

Schematic diagram tor al/ types. 

D72FY4D1,2 UNITS 
80 Volts 

100 Volts 

5 Volts 

4 A 

-1 A 
1.0 Watts 
15 

-55 to +150 °C 

235 °C 
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D72FY4D1,D72FY4D2 

ELECTRICAL CHARACTERISTICS (TA = 25°C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
V(SR)CEO 80 - - Volts 

(Ic = 10mA, Is = 0) 

Collector Cutoff Current 
ICSO - -20 ,.,A (VCS = 100V, IE = 0) -

Emitter Cutoff Current 
IESO - - -2.S mA (VES = SV, IC = 0) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEE FIGURE 10 

ON CHARACTERISTICS 

DC Current Gain hFE 2900 - - -
(Ic = lA, VCE = 2V) 
(Ic = 3A, VCE = 2V) hFE 1000 - -

Collector-Emitter Saturation Voltage 
VCE(sat) - - 1.S V 

(Ic = 3A, Is = 6mA) 
Base-Emitter Saturation Voltage 

(Ic = 3A, Is = 6mA) VSE(sat) - - 2.0 Volts 

SWITCHING CHARACTERISTICS 

Turn-on Time Vcc = 30V ton - 0.2 - ,.,s 

Storage Time lSI = -IS2 = 6mA tslg - 1.S -
Fall Time Duty Cycle ~ 1 % tf - 0.6 -

4 
I 

COMMON EMITTER 
Te" 25°C 500 

V :::::: -::$== 
400_ 

k;::: ~ r-- 350 --2 

~ ~ -- 300 

~ 
..-

250 
1 m r 

18'" 2OOp.A 

./ 0 
0 FIG. 1 SWITCHING TIME TEST CIRCUIT 

COLLECTOR-EMITTER VOLTAGE VeE (V) 

FIG. 2 IC - VCE 
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D72FY4D1,D72FY4D2 
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File Number 15.53 

3-Ampere N-P-N Power 
Darlington Transistors 

Features: 
• Operates from IC without predriver 
• hFE Min. = 2000 
• Complementary to D73K3D1,2 

The D72K3D1 and D72K3D2 silicon n-p-n 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 D72K3D1 is supplied in the JEDEC TO-251 package 
and the D72K3D2 is supplied in the JEDEC TO-252 surface
mount package. 

D72K3D1, D72K3D2 

TERMINAL DESIGNATION 

,:.~ [:J~, 
La 

TOP VIEW 

TO-2S1AA 

TOPYIEW 

TO-2S2AA 
92CS-43478 

,-
BASE o---"7""""_---f 

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 111 

Maximum Lead Temperature for Soldering 
Purposes: W' from Case for 5 Seconds 

(1) See page 7-16 for thermal considerations. 

SYMBOL 

VCEO 

VC80 

VE80 

IC 

18 

PD 

TJ, TSTG 

L 

Schematic diagram for all types. 

D72K3D UNITS 
40 Volts 

60 Volts 

5 Volts 

3 A 

0.3 A 
1.0 Watts 
15 

-55 to +150 °C 

235 
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D72K3D1,D72K3D2 

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 40 - - Volts 

(Ic = 25mA, IB = 0) 

Collector Cutoff Current 
ICBO - - 20 ,.A '(VCB = 60V, IE = 0) 

Emitter Cutoff Current 
lEBO - - 2.5 mA (VEB = 5V, IC = 0) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEE FIGURE 10 

ON CHARACTERISTICS 

DC Current Gain hFE 2000 - - -
(IC = 1A, VCE = 2V) 
(Ic = 3A, VCE = 2V) hFE 1000 - -

Collector-Emitter Saturation Voltage 
(Ic = 2A, IB = 4mA) VCE(sat) -' - 1.5 V 

Base-Emitter Saturation Voltage 
VBE(sat) - - 2.0 Volts (Ic = 2A, IB = 4mA) 

SWITCHING CHARACTERISTICS 

Turn-on Time VCC = 30V Ion - 0.1 - ,.s 

Storage Time IB1 = -IB2 = 6mA tstg - 1.0 -
Fall Time Duty Cycle;;;;; 1 % tf - 0.2 -

COMMON EMITTER I 
Tc"'25°C 

3 300 

~ r--he 
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250_ 
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~ ~ 
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'- 200 
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D72K3D1,D72K3D2 
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File Number 15.55 

1.5-Ampere N-P-N Darlington 
Power Transistors 

Features: 
• Operates from Ie without predriver 
• hFE Min. = 4000 

The D72Y1.5D1 and D72Y1.5D2 silicon n-p-n 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 monolithic 
base-to-emitter resistors have been deleted from the struc
ture to enhance gain characteristics. 

The D72Y.15D1 is supplied in the JEDEC TO-251 package 
and the D72Y1.5D2 is supplied in the JEDEC TO-252 surface
mount package. 

MAXIMUM RATINGS (TA = 25°C) (unless otherwise specified) 

R~TING 

Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter Base Voltage 

Collector Current - Continuous 

Base Current - Continuous 
Total Power DisSipation @ T A = 25° C 

@TC=25°C 
Operating and Storage 
Junction Temperature Range 

THERMAL CHARACTERISTICS 111 

Maximum Lead Temperature for Soldering 
Purposes: W' from Case for 5 Seconds 

(1) See page 7-16 for thermal considerations. 

SYMBOL 

VCEO 
VC80 

VE80 

IC 

18 
PD 

TJ. TSTG 

D72Y1.5D1, D72Y1.5D2 

TERMINAL DESIGNATION 

TOPYIEW 

TO-251AA 

~-~' 
TAB 2LJ) 

La 
TOP VIEW 

TO-252AA 
92CS-4347B 

r _ _ _ _ _ _~_ _C~LLECTOR 

BASE o---:;;.-;t: .: 
1 I '- _______ J 

EMITTER 

Schematic diagram for all types. 

D72Y1.5D1,2 UNITS 
30 Volts 
30 Volts 
10 Volts 

1.5 A 

0.15 A 
1.0 Watts 
10 

-55 to +150 °C 

235 
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D72Y1.5D1, D72Y1.5D2 

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 30 - - Volts 

(Ic = 10mA, IB = 0) 

Collector Cutoff Current 
ICBO - - 10 IJA (VCB = 30V, IE = 0) 

Emitter Cutoff Current 
lEBO - - -10 IJA (VEB = 10V, Ic = 0) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEE FIGURE 10 

ON CHARACTERISTICS 

DC Current Gain hFE 4000 - - -
(Ic = 150mA, VCE = 2V) 

Collector-Emitter Saturation Voltage 
(Ic = lA, IB = lmA) VCE(sat) - - 1.5 V 

Base-Emitter Saturation Voltage 
(Ic = lA, IB = lmA) VBE(sat) - - 2.2 Volts 

SWITCHING CHARACTERISTICS 

Turn-on Time VCC= 15V ton - 0.18 - IJs 

Storage Time IB1 = -IB2 = lmA tstg - 0.6 -
Fall Time Duty Cycle ~ 1 % tf - 0.3 -

600 

OUTPUT 
COMMON EMITIER J 
TC"'25°C I 

20,u5 

1++1 
500 60 - -

., 
50 

S 400 
1511 .9 

~ 
a: 

I 
I---r-oo 

a: 
=> 300 0 I 
a: 
~ 
l;l '" - -

~ 200 

20 FIG. 1 SWITCHING TIME TEST CIRCUIT 
I 

100 IS= 10 lolA I---c--

J 0 
o o 2 3 

CQLLECTOR-EMITIER VOLTAGE VeE IV) 

FIG. 2 IC - VCE 
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File Number 15.56 

5-Ampere Silicon P-N-P 
Power Transistors 

Features: 
• Low VeE (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 111 

Maximum Lead Temperature for Soldering 
Purposes: Va" from Case for 5 Seconds 

(1) See page 7-16 for thermal considerations. 

SYMBOL 

VCEO 

VCBO 

VEBO 

Ie 

IB 

PD 

TJ, TSTG 

D73F5T1, D73F5T2 

TERMINAL DESIGNATION 

TO-251AA 

TOP VIEW 

TO-252AA 
92C$-43478 

D73F5Tl,2 UNITS 
-50 Volts 

-60 Volts 

-5 Volts 

-5 A 

-1 A 
1.0 Watts 
20 

-55 to +150 °C 

235 
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. 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. 18 = 0) 

Qollector Cutoff Current 
(VC8 = SOV. IE = 0) IC80 - - -1 p.A 

Emitter Cutoff Current 
lEBO - - -1 p.A (VEB = SV. Ic = 0) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEE FIGURE 11 

ON CHARACTERISTICS 

DC Current Gain' hFE 70 - 240 -
(Ic = -lA. VCE = -W) 
(Ic = -3A. VCE = -W) hFE 30 - -

Collector-Emitter Saturation Voltage 
(Ic = -3A. 18 = -O.lSA) VCEIsatl - -0.2 -0.4 V 

Base-Emitter Saturation Voltage 
(Ic = -3A. 18 = -O.lSA) V8E(sat) - -0.9 -1.2 Volts 

SWITCHING CHARACTERISTICS 

Turn-on Time Vcc = -30V Ion - 0.1 - p's 

Storage Time -181 = 182 = O.lSA istg - 1.0 -
Fall Time Duty Cycle;;;; 1% If - 0.1 -

1 I I I I 

"llJl'~ 
ISl OUTPUT 

INPUT -- lOU 
IS2 

1-1 
OOpS 

1 I 1 I -B 1 I 
V-

I a: 

~<"'v g!z -~ -BO 
hlw -6 -70 

I""- d§~ /. -BO 

~o.Y ~ 
-50 

-, -40 
~ I- -30 
\. V -20 

1\ IR =-10mA 

0 

-150 -100 -50 0 -2 -, .a -B 

BASE ClJRRENT COLLECTOR EMITIEA 

FIG. 1 SWITCHING TIME TEST CIRCUIT la(mA) VOLTAGE VeE (V) 

-0.6 

- VeE =-W -~ -1.0 COMMON 
ffi~-- EMITIER 

w~j!~ Te = 25°C 
-1.4 i~~~ 

FIG.2 STATIC CHARACTERISTICS 
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D73F5T1,D73F5T2 
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File Number 15.57 

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 

TO-251AA 

TOP VIEW 

TO-252AA 
92CS-43478 

BASE O---,r-'t----\ 

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: 'Is" from Case for 5 Seconds 

(1) See page 7-16 for thermal considerations. 

SYMBOL 

VCEO 

VCBO 

VEBO 

Ie 

IB 

Po 

TJ, TSTG 

I 
I 
I 
L 

Schematic diagram for a/l types. 

D73FY4D1,2 UNITS 
-80 Volts 
-100 Volts 

-5 Volts 

-4 A 

-0.4 A 
1.0 Watts 
15 

-55 to +150 °C 

235 °C 
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D73FY4D1,D73FY4D2 

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 -80 - - Volts (IC = -10mA, IB = 0) 

Collector Cutoff Current 
ICBO - - -20 p.A (VCB = -100V, IE = 0) 

Emitter Cutoff Current 
lEBO - - -2.5 mA (VEB = -5V, IC = 0) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEEFIGURE9 

ON CHARACTERISTICS 

DC Current Gain hFE 2000 - - -
(IC = -1A, VCE = -2V) 
(Ic = -3A, VCE = -2V) hFE 1000 - -

Collector-Emitter Saturation Voltage 
VCE(sat) - - -1.5 V (IC = -3A, IB = -6mA) 

Base-Emitter Saturation Voltage 
(Ic = -3A, IB = -6mA) VBE(sat) - - -2.0 Volts 

SWITCHING CHARACTERISTICS 

Turn-on Time VCC = -30V Ion - 0.15 - p's 

Storage Time -IB1 = IB2 = 6mA istg - 0.80 -
Fall Time Duty Cycle ~ 1% tf - 0.40 -

.. 
COMMON EMITTER 
Tc = 25°C 

OUTPUT .. 
~ nfI'ru },> 

I ... z -3 I w 
a: 

IB1 I a: 
::> 

I 1011 0 
a: 
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·2 
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f"" 
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FIG. 1 SWITCHING TIME TEST CIRCUIT 
" " 
" ·1 ·2 ·3 ·5 
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FIG. 2 IC - VCE 
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File Number 15.58 

3-Ampere P-N-P Power 
Darlington Transistors 

Features: 
• Operates from IC without predriver 
• hFE Min. = 2000 
• Complementary to D72K3D1,2 

The D73K3D1 and D73K3D2 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 D73K3D1 is supplied in the JEDEC TO-251 package and 
the D73K3D2 us supplied in the JEDEC TO-252 surface
mount package. 

D73K3D1,D73K3D2 

TERMINAL DESIGNATION 

TO-251AA 

TOP VIEW 

TO·252AA 
92C$-43478 

BASE <r--...,.......------{ 

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(1) 

Maximum Lead Temperature for Soldering 
Purposes: Va" from Case for 5 Seconds 

(1) See page 7-16 ·for thermal considerations. 

SYMBOL 
VCEO 
VeBO 
VEBO 

Ie 

18 
PD 

TJ, TSTG 

L 

Schematic diagram for all types. 

D73K3D12 UNITS 
-40 Volts 
-60 Volts 
-5 Volts 

-3 A 

-0.3 A 
1.0 Watts 
15 

-55 to +150 °C 

235 
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D73K3D1,D731<3[)2 

ELECTRICAL CHARACTERISTICS (TA = 25°C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown. Voltage .";.i 

(Ie = -25mA, IB = 0) V(BR)CEO -40 - - ,. - Volts. 

Collector Cutoff Current 
leBO - - -20 p.A (VeB = -60V, IE = 0) 

Emitter Cutoff Current 
lEBO - - -2.5, " mA (VEB = -5V, Ie = 0) 

SECOND BREAKDOWN 

I Second Breakdown with Base Forward Biased FBSOA SEE FIGURE 10 

ON CHARACTERISTICS 

DC Current Gain hFE 2000 - - -
(Ie = -lA, VeE = -2V) 
(Ie = -3A, VeE = -2V) hFE 1000 - .. 

Collector-Emitter Saturation Voltage 
-1.5 V' (Ie = -2A, IB = -4mA) VeE(sal) - -

Base-Emitter Saturation Voltage 
(Ie = -2A, Ie = -4mA) VBE(sal) - - -2.0 Volts 

SWITCHING CHARACTERISTICS 

Turn-on Time Vee = -30V ton - 0.30 - p's 

Storage Time -IBl = IB2 = 6mA tslg - 0.60 -
Fall Time Duty Cycle;;;; 1% If - 0.25 -

-s 
COMMON EMITTER 
Tc '" 25°C OUTPUT 

-4 

I 
-300 . -f- ,..--- -275 

-::; ~ - - -250 

2 /. -~ - -225 

r. -200 
m 

1 

J FIG. 1 SWITCHING TIME TEST CIRCUIT 
o 

o -1 

IB=-175~ 

.-2 '. -4 

COLLECTaR-'EMln~R VOLTAGE VeE (V) 

FIG.2· IC -VCE 

-s 

r 
0 

-6 
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File Number 15.84 

20-Ampere N-P-N Darlington 
Power Transistors 

Features: 

• High-voltage operation: 350, 400, 450 volts 
• Gain of 100 at 10A 

Applications: 

• Series/shunt regulators 
• Automotive ignition 
• Power switching 
• Solenoid driver 

The GE5060, GE5061, and GE5062 silicon n-p-n Darlington 
power transistors are designed for use in high-speed 
switching applications, such as: off-line power supplies, AC 
and DC motor control, UPS systems, ultrasonic equipment. 
and other high-frequency power conversion equipment. 

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

MAXIMUM RATINGS (TA = 25·C) (unless otherwise specified) 

RATltiG SYMBOL 
Collector-Base Voltage VCBO 
Collector-Emitter Voltage VCEO 
Emitter Base Voltage VEBO 
Collector Current - Continuous IC 

Peak (Repetitive) ICM 
Peak (Non-Repetitive) ICSM 

Base Current - Continuous IB 
Peak (Non-Repetitive) IBM 

Total Power Dissipation @TC=25·C Po 
Operating and Storage 
Junction Temperature Range TJ. TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case ReJC 
Maximum Lead Temperature for Soldering 
Purposes: W' from Case for 5 Seconds TL 

Power Transistors 

GE5060, GE5061, GE5062 

TERMINAL DESIGNATION 

(FLA~GE) 

JEDEC TO-2D4AA 

DEVICE CIRCUIT 

GE5060 GES061 GES062 UNITS, 
400 450 500 Volts 
350 400 450 Volts 

8 8 8 Volts 
20 20 20 A 
25 25 25 

42.5 42.5 42.5 
4 4 4 A 
6 6 6 

125 125 125 Watts 

-6510+150 -65 to +150 -65 to +150 ·C 

1 1 1 ·CIW 

300 300 300 ·C 
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GE5060, GE5061, GE5062 

ELECTRICAL CHARACTERISTICS eTc = 25°C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN 

OFF CHARACTERISTICS(1) 

Collector-Emitter Sustaining Voltage GE5060 
«(?r = 0.5mA) GE5061 
( clamp = VCEO Rated) GE5062 

Collector-Base Voltage GE5060 
(lc= 0.25mA) GE5061 

GE5062 

Collector Cutoff Current 
(Vce = Vceo Rated) 

Emitter Cutoff Current 
(VEe = 4.5V, Ic = 0) 

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased 

Clamped Inductive SOA with Base Reversed Biased 

ON CHARACTERISTICS(1) 

DC Current Gain 
(Ic = 10A, VCE = 5V) 
(Ic = 15A, VCE = 5V) 
(Ic = 20A, VCE = 5V) 

Collector-Emitter Saturation Voltage 
(Ic = 10A, Ie = 1A) 
(Ic = 10A, Ie = 2A) 
(Ic = 20A, Ie = 2A) 

Base-Emitter Voltage 
(Ic = 10A, Ie = 1A) 
(Ic = 20A, Ie = 2A) 

SWITCHING CHARACTERISTICS 

Resistive Load 
Rise Time Ic - 15A, lel -0.75A,le2 - -1.5A 
Storage Time VCC = 300V, tp = 50 ",sec 

Fall Time 

Inductive Load, Clamped 

Storage Time VCC = 300V, L = 100 ",H 

Crossover Time Ic = 15A, lel =0.75A~e2 = -1.5A 

Fall Time 

EMITTER-COLLECTOR DIODE CHARACTERISTICS 

Forward Voltage 
IF= 10A 
IF= oZ5A 

VCEO(sus) 350 
400 
450 

Vceo 400 
450 
500 

Iceo -
IEeO -

hFE 
100 
40 
15 

VCE(sat) -
-
-

VeE(sat) --

tr -
ts -
tf -

Is -
te -
tf -

TYP MAX UNIT 

- - Volts 
- -
- -
- - Volts - -- -

- 0.25 mA 

- 200 mA 

seE FIGURE 16 

SEE FIGURE 17 

160 -
115 - -
65 -
1.2 1.5 
1.15 1.4 
1.6 2 V 

1.95 2.5 V 
2.3 3.5 

0.3 - ",s 

2.7 -
1.15 -

3.3 - ",s 

1.7 -
0.4 -

2-642 _______________________________________________________________ ___ 



---------------------------------- Power Transistors 

GE5060, GE5061, GE5062 

TYPICAL CHARACTERISTICS 

z 
~ 
!Z 

1000 
V«'5V 

T.,150's,.. I-"'"L r-
T.'IOO"C 

~ 100 ~ LV ~,'O"c ~ 
:J 
U 

g 

10 
I 

" 
LL L 
L 
/' 
.'-40~C 

\l'I 

\' ~'. 
\~ ~\ 

5 10 30 
Ie, COLLECTOR CURRENT fp,MPERES) 

FIGURE 1. DC CURRENT GAIN (VCE = 2V) 

4 

~J lill ~~ 
2 

Ic=5A Ic-IOA Ic· 2OA T.I=25°C 

0 

8 

6 ~ , 
4 

~ 
2 i\ ~ 

........ 

0 
.01 0.1 1.0 

IS. BASE CURRENT (AMPERES) 

FIGURE 3. COLLECTOR SATURATION REGION 

10.0 
tif;'50 

TJ"'IOO·C 
P=IOO 

/l-Ie/I., 1. 1. 
1 P=25 

L II I 
1 L 

I I 1/ 
/l-IO 

I-' ~ ....-:i-'""I:;; 
0 

I:::;;i iii" 

,...--

4 O. I 10 30 
Ie, COllECTOR CURRENT (AMPERES) 

FIGURE 5. VCE(SAT)VS, Ic. TJ = 100°C 

10 

z 
;;: 
'" I-

15 
a: 
a: 
:J 
u 
g 
w' 
:t 

~ 
o 
2! 
a: 
w 
l
I-

~ 
o 

~ 

100 

VCE-IOV 

r-
T,'15~ ....... V ~ 

~ 
'T.'IOO·C r-- T.' o'eN LV rr 

o TJ 0 25 

L ~, 

T",.·40·C ',\ 
0 ~\ 

5 10 30 

VeE (SAT!. COLLECTOR·EMITTER (VOLTS) 

FIGURE 2, DC CURRENT GAIN (VCE = 10V) 

100 
/1=100 

TJ =25°C /I-50 
/l- Ie/Ia, 

I 

/ / I 
/ / ,,-25 

V J 'J I 
/1-10 

r- ~ V 
8 I 0 
w 
;t 

.4 o I 10 30 
Ie. COLLECTOR CURRENT (AMPERES) 

FIGURE 4. VCE(SAT) VS. Ic. TJ = 25°C 

10.0 

TJ"'25°C 
/I=le/l., 

~ ~ 
/1'10 
/1=25 
/l'50 
/1'100 

t-: ~ 
r-

.0 I I 10 30 

Ie. COLLECTOR CURRENT (AMPERES) 

FIGURE 6. VSE(SAT) VS. Ic. TJ = 25°C 

--------_________________________________________________________ 2-643 



Power. Transistors -----------------------------------

GE5060,GE5061, GE5062 
TYPICAL·CHARACTERISTICS 
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Power Transistors 

GES060, GES061, GES062 
TYPICAL CHARACTERISTICS 
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Power Transistors 

GE5060, ,GE5061" GE5062 
TYPICAL CHARACTERISTICS 

100 

90 

~ 
80 

~ r---.. 

'" I'-- ~c~ol I 

" a: 70 0 
I-
U 

~ 

~ ~ 
"- )',1 ~E"~, 

7~ 

I 

" z 

" ~ 
0 
a: 
~ 
1<' 

60 

eo 

40 

30 

20 

10 

o 
o 20 40 

~( 
~ 
~~ 
~ 

"-

60 80 100 120 

Te, CASE TEMPERATURE (oCI 

FIGURE 19. POWER DERATING 

DIODE CHARACTERISTICS 

TJ=25°C 
~50"" 

TJ=IOO·C-----
TJ",150·C -

V 

~ ~ 

H 
'1/ 

.11 / 

III 
1,0 

VTM. INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 

........ 

I'\.. 

'" 140 160 

" 
(NDNINOUCTIVE) 

NOTE JUMPER 
I TO llFl[SISYPJ[j 
~ TO l (INOUCT\vE~~2 

r------ I-- -, 
I I 

GE I I 
AII5F 9 I I 

r.--4----=~~: DEV ICE UN DE A TEST I 
-la, I I 

I I 
I I 
I ' 

L------~r--j 

R L : 30A FCR GE6251, 2, ;, 

RL = 2on. FOR GESOIO. I, 2 • G£601O. I, 2 

* = SILICT 
RII'O" +la'·t,u IWITeK!". 
Rl FOR -llt'r TEIT CONDITIO". 

, 
CLAMP 

FIGURE 20. FORWARD CHARACTERISTICS FIGURE 21. SWITCHING TIME TEST CIRCUIT 

2-646 ___________________ ---,-______ '""""'" ___ ---,-_ 



File Number 15.85 

20-Ampere N-P-N Darlington 
Power Transistors 

Features: 

• High-voltage operation: 350, 400, 450 volts 
• Gain of 40 at lOA 

Applications: 

• Series/shunt regulators 
• Automotive ignition 
• Power switching 
., Solenoid driver 

The GE6060, GE6061, and GE6062 silicon n-p-n Darlington 
power transistors are designed for use in high-speed 
switching applications, such as: off-line power supplies, AC 
and DC motor control, UPS systems, ultrasonic equipment, 
and other high-frequency power conversion equipment. 

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

MAXIMUM RATINGS (TA = 2S0C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Base Voltage VCBO 
Collector-Emitter Voltage VCEO 
Emitter Base Voltage VEBO 
Collector Current - Continuous IC 

Peak (Repetitive) ICM 
Peak (Non-Repetitive) ICSM 

Base Current - Continuous IB 
Peak (Non-Repetitive) IBM 

Total Power Dissipation @TC - 25°C PD 
Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case Rruc 
Maximum Lead Temperature for Soldering 
Purposes: W' from Case for 5 Seconds TL 

Power Transistors 

GE6060, GE6061, GE6062 

TERMINAL DESIGNATION 

JEDEC TO-204AA 

DEVICE CIRCUIT 

GE6060 GE6061 GE6062 UNITS 
400 450 500 Volts 

350 400 450 Volts 

5 5 5 Volts 

20 20 20 A 
25 25 25 

42.5 42.5 42.5 

4 4 4 A 
6 6 6 

125 125 125 Watts 

-65 to +150 -65 to +150 -65 to +150 °C 

1 1 1 °CIW 

300 300 300 °C 
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GE60~O, GE6061, GE6062 
ELECTRICAL CHAHACTERISTICS' (TC = 25°C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN 

OFF CHARACTERISTICS(1) 

COllector-Emitter Sustaining Voltage GE6060 
(~=O.5mA) GE6061 
( clamp = VCEO Rated) GE6062 

Collector-Base Voltage GE6060 
(IC = 0.25mA) GE6061 

GE6062 

Collector Cutoff Current 
(Vce = Vceo Rated) 

Emitter Cutoff Current 
(VEe = 1.5V, Ic = 0) 

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased 

Clamped Inductive SOA with Base Reversed Biased 

ON CHARACTERISTICS(1) 

DC Current Gain 
(Ic = 10A, VCE = 5V) 
(Ic = 15A, VCE = 5~l 
(Ic = 20A, VCE = 5V 

Collector-Emitter Saturation Voltage 
(Ic = 10A, Ie = 1A) 
(lc = 10A, Ie = 2A) 
(Ic = 20A, Ie = 2A) 

Base-Emitter Voltage 
, (Ic = 5A, Ie = 0.5A) 

(Ic = 20A, Ie = 2A) -
SWITCHING CHARACTERISTICS 

Resistive Load 
Rise Time Vcc = 300V, tp = 50/Ls 

Storage Time Ie = 15A, le1 = 1.5A, le2 = -2.25A 

Fall Time 

Inductive Load, Clamped 

Storage Time Vce = 300V, L = 100 /LH 

Crossover Time Ie = 15A, le1 = 1.5A, le2 = -2.25A 

Fall Time 

EMITTER-COLLECTOR DIODE CHARACTERISTICS 

Forward Voltage 
IF = 10A 
IF =25A 

VCEO(sus) 350 
400 
450 

'Vceo 400 
450 
500 

Iceo -
IEeO -

hFE 
40 
30 
10 

VCE(sat) 
-
-
-

VeE(sat) -
-

tr -

ts -

tf -

ts -

tc -
tf -

TYP MAX UNIT 

- - Volts 
- -
- -
- - Volts 
- -
- -

- 0.25 mA 

- 200 mA 

SEE FIGURE 14 

SEE FIGURE 17 

160 -
115 - -
65 -

1.2 1.5 
1.15 1.4 
1.6 2 V 

1.95 2.5 V 
2.3 3.5 

0.3 0.4 /LS 

2.3 2.5 

0.5 1 

2.6 - /LS 

0.5 -. 
0.12 -
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GE6060, GE6061, GE6062 
TYPICAL CHARACTERISTICS 
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GE6060, GE6061, GE6062 
TYPICAL CHARACTERISTICS 
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GE6060,GE6061, GE6062 
TYPICAL CHARACTERISTICS 
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GE6060~ SE606l, GE6062 
TYPICAL CHARACTERISTICS 
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____________________________________ Power Transistors 

File Number 15.86 

10-Ampere N-P-N Darlington 
Power Transistors 

Features: 

• High-voltage operation: 400, 450, 500 volts 
• Gain of 60 at 3A 

Applications: 

• Series/shunt regulators 
• Automotive ignition 
• Power switching 
• Solenoid driver 

The GE6251, GE6252, and GE6253 silicon n-p-n Darlington 
power transistors are designed for use in high-speed 
switching applications, such as: off-line power supplies, AC 
and DC motor control, UPS systems, ultrasonic equipment, 
and other high-frequency power conversion equipment. 

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

MAXIMUM RATINGS (TA = 25°C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Base Voltage VCBO 
Collector-Emitter Voltage VCEO 
Emitter Base Voltage VEBO 
Collector Current - Continuous IC 

Peak (Repetitive) ICM 
Peak (Non-Repetitive) ICSM 

Base Current - Continuous IB 
Peak (Non-Repetitive) IBM 

Total Power Dissipation @ Tc = 25°C PD 
Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case R8JC 
Maximum Lead Temperature for Soldering 
Purposes: W' from Case for 5 Seconds TL 

GE6251 
450 

400 
5 
10 
15 
25 
3 
5 

125 

-65 to +150 

1 

300 

GE6251, GE6252, GE6253 

TERMINAL DESIGNATION 

c 
(FLANGE) 

JEDEC TO-204AA 

DEVICE CIRCUIT 

GE6252 GE6253 
500 550 
450 500 
5 5 
10 10 
15 15 
25 25 
3 3 
5 5 

125 125 

-65 to +150 -65 to +150 

1 

300 300 

UNITS 
Volts 
Volts 
Volts 

A 

A 

Watts 

°C 

°CIW 

°C 
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GE6251, GE6252, GE6253 

ELECTRICAL CHARACTERiSTICS (TC = 25°C) (unless otherwise specified) 

I CHARACTERISTIC' I SYMBOL I MIN 

OFF CHARACTERISTICS(1) 

Collector-Emitter Sustaining Voltage 
(~=0.5A) 
( clarnD = VCEO Rated) 

Collector-Base Voltage 
(Ie = 1mA) 

Collector Cutoff Current 
(Vce = Vceo Rated) 

Emitter Cutoff Current 
(VEe = 1.5V, Ic = 0) 

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased 

Clamped Inductive SOA with Base Reversed Biased 

ON CHARACTERISTICS(1) 

DC Current Gain 
(IC = 3A, VCE = 5V) 
(Ic = 5A, V&,E = 5V) 
(Ic = 10A, fCE = 5V) 

Collector-Emitter Saturation Voltage 
(Ic = 5A, Ie = 0.5A) 
(Ie = 10A, Ie = 2A) 

Base-Emitter Voltage 
(Ic = 5A, Ie = 0.5A) 

SWITCHING CHARACTERISTICS 

Resistive Load 
Rise Time Vcc = 300V, tp = 50/Lsec 

Storage Time IC = 10A, lel = 1A, le2 = -2A 

Fall Time 

Inductive Load, Clamped 

Storage Time Vcc = 300V, L = 100 /LH 

Crossover Time Ic = 10A, lel = 1A, le2 = -2A 

Fall Time 

EMITTER-COLLECTOR DIODE CHARACTERISTICS 

Forward Voltage 
IF = 10A 

GE6251 VCEO(sus) 400 
GE6252 450 
GE6253 500 

GE6251 Vceo 450 
GE6252. 500 
GE6253 550 

Iceo -
IEeo -

hFE 
60 
50 
30 

VCE(Sat) -
-

VeE(Sat) 
-

tr -
Is -
tf -

ts -
tc -

tf -

TYP MAX UNIT 

- - Volts 
- -- -
- - Volts 
- -- -

- 1 mA 

- 200 mA 

SEE FIGURE 16 

SEE FIGURE 19 

125 - -
170 -
160 -

1 1.5 V 
1.15 2.0 

1.75 2.5 V 

0.2 0.25 /LS 
2.1 2.5 

0.2 1.0 

2.35 - /LS 

0.28 -
0.09 -

1.9 Volts 
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GE6251, GE6252, GE6253 
TYPICAL CHARACTERISTICS 
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GE6251. GE6252. GE6253 
TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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__________________________________ Power Transistors 

File Number 15.77 

Silicon N-P-N Darlington 
Power Transistors 

The GE10000 thru GE10009 series of silicon n-p-n power 
Darlington transistors are designed for power switching 
applications requiring high-voltage capability and fast switch
ing speeds. They are ideally 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-204AA her
metic steel package. 

GE10000-GE10009 

TERMINAL DESIGNATIONS 

(FLA'iIGE) 

JEDEC TO -204AA 

C;;E10000 THRU GE10003 GE10004 THRU GE10009 

DEVICE CIRCUIT 

MAXIMUM RATINGS (25° C) (unless otherwise specified) 

GE GE GE GE GE GE GE GE GE GE 
Voltages 10000 10001 10002 10003 10004 10005 10006 10007 10008 10009 Units 

VCEOISUS) 350 400 350 400 350 400 350 400 450 500 Volts 

VCEX, (TC = 100°C) 400 450 400 450 400 450 400 450 450 500 

VCEV 450 500 450 500 450 500 450 500 650 700 Volts 

VEBO 8 8 8 8 8 8 8 8 8 8 Volts 
Currents 

Ie 20 20 10 10 20 20 10 10 20 20 Amps 

ICM 30 30 20 20 30 30 20 20 30 30 Amps 

IB 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 Amps 

IBM 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 Amps 
Power Dissipation 

PD(Te - 25°C) 175 175 150 150 175 175 150 150 175 175 Watts 
PD(Te = 100°C) 100 100 85 85 100 100 85 85 100 100 Watts 
Derate above 25°C 1.0 1.0 .86 .86 1.0 1.0 .86 .86 1.0 1.0 W/oC 

Temperatures 

Tstg and TJ -65 to -65 to -65 to -65 to -65 to -65 to -65 to -65 to -65 to -65 to 
°C +200 +200 +200 +200 +200 +200 +200 +200 +200 +200 

TL' +275 +275 +275 +275 +275 +275 +275 +275 +275 +275 °C 
Thermal Resistance 1.0 1.0 1.17 1.17 1.0 1.0 1.17 1.17 1.0 1.0 °ClWat! 

1) Max. Lead Temperature for soldering purposes 1/8" from case for 5 seconds. 
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Pow.rTr.n ... for.----------------------...... -----_--__ 
GE10000-GE100Q9 

-

DEVICE ELECTRICAL CHARACTERISTICS 
(Test conditions on next page ,TC = 25·C except as noted) 

STATIC 

(1) VCEOlSUSl Min. 

(2) VCEX(SUS). 
(TC = 1OO'C) Min. 

(3) VCEX(SUS). Min. 
(TC = 100·C) 

(4) ICEV Max. 

ICEV. (Tc = 150·C) Max. 

(5) ICER. (Tc - 100· C) Max. 

(6) lEBO Max. 

(7) Islb See Figure 

(8) hFE Min. 
Max. 

(9) hFE Min. 
Max. 

(10) VCE(SAT) Max. 

(11) VCE(SAT) Max; 

(12) VCE(SAT). 
Max. (T r. = 1OO·C) 

(13) VBE(SAT) Max. 

VBE(SAT). 
(Tc = 100·C) Max. 

(14) DIODE VF Typ; 
Max. 

DYNAMIC 
OulPUI Capacilance Typ. 
(VCB = 10V. IE = O. 
trEST = 1 MHz) Max. 

SWITCHING 
(1) Resislive I(j Typ. 

Max. 

I, Typ. 
Max. 

Is Typ. 
Max. 

If Typ. 
Max. 

(2) Induclive 
(TC = 100·C) 

Is Typ. 
Max. 

If Typ. 
Max. 

Ie Typ. 
Max. 

(3) Induclive Is Typ. 

If Typ. 

Ie Typ. 

GE 
10000 

350 

400 

295 

2.5 

5.0 

5.0 

200 

15 

50 
600 

40 
400 

1.9 
, 3.0 

2.0 

2.5 

2.5 

1.95 
5.0 

.045 

.200 

.23 

.GO 
1.7 
3.5 

.85 
2.4 

4.4 
6.5 

.54 
1,5 

1.7 
3.0 

2.2 

.30 

1.0 

GE GE GE 
10001 10002 10003 

400 350 400 

450 400 450 

345 315 365 
2.5 2.5 2.5 

5.0 5.0 5.0 

5.0 5.0 5.0 

200 200 200 

15 16 16 

50 40 40 
GOO 500 500 

40 30 30 
400 300 300 

1.9 1.9 1.9 

3.0 2.9 2.9 

2.0 2.0 2.0 

2.5 2.5 2.5 

2.5 2.5 2.5 

1.95 1.5 1.5 
5.0 5.0 5.0 

.045 .045 .045 

.200 .200 .200 

.23 .14 .14 

.GO .40 .40 

1.7 1.5 1.5 
3.5 3.0 3.0 

.85 .40 .40 
2.4 1.5 1.5 

4.4 4.2 4.2 
6.5 6.0 6,0 

.54 .39 ,39 
1.5 1;5 1.5 

1.7 1.0 1.0 
3.0 2:5 2.5 

2.2 2.0 2;0 

.30 .20 .20 

1.0 .50 ,50 

GE GE GE GE GE GE 
10004 10005 10006 10007 10008 10009 Units 
350 400 350 400 450 500 Volls 

400 450 400 450 450 500 Volts 

295 . 345 315 365 295 345 Volts 

2.5 2.5 2.5 .~ '2:5 ·2;5 2.5 rnA,' 

5.0 5.0 5.0 5.0 5.0 5.0 rnA 
5.0 5.0 5.0 5.0 5.0 5.0 rnA 
200 200 200 200 200 200 rnA 
15 15 16 16 17 17 
50, 50 40 40 40 40 
600, 600 500 500 . 400 400 

40 40 30 30 30 30 
400 400 300 300 300 300 

1.9 1.9 1.9 1.9 2.0 2.0 Volts 

3.0 3.0 2.9 2.9 3.5 3.5 Volts 

2.0 2.0 2.0 2.0 2.5 2.5 Volts 

2.5 2.5 2.5 2.5 2.5 2.5 Volts 

2.5 2.5 2.5 2.5 2.5 2.5 Valls 

1.95 1.95 1.5 1.5 1,95 1.95 Volts 
5.0 5.0 5.0 5.0 5.0 5.0 Volls 

.045 .045 .045 .045 .04 .04 /LS 

.200 .200 .200 .200 .25 .25 IJ.S 
.22 .22 .11 .11 .18 .18 /LS 
.GO .60 .40 .40 1.0 1.0 /LS 

1,2 1.2 1.3 1.3 1.2 1.2 IJ.S 
1.5 1.5 1.5 1.5 2.0 2.0 /LS 

.25 .25 .15 ;15 .20 .20 /LS 

.50 .50 .50 .50 .60 .60 /LS 

,.' 2.9 
~:~ 3.2 3.2 3.0 3.0 /LS 

4.0 4. 4.0 4.0 4.0 4.0 /LS 

.19 .19\ .18 .18 .20 .20 /LS 
1.0 1.0 1.0 1.0 1.0 1.0 /LS 

.62 .62 .46 .46 .60 .60 IJ.S 
1.5 1.5 1.5 1.5 1.5 1.5 /LS 

1.5 1.5 1.5 1.5 1.5 1.5 /LS 

.10 .10 .10 .10 .10 .10 /LS 

.30 .30 .22 .22 .30 .30 /LS 
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STATIC TEST CONDITIONS 

(1) VCEX(SUS) 
a) Ic ; 250mA, IB ; 0, 

VCLAMP ; VCEO Rated 
b) IC ; lOOmA, IB ; 0, 

VCLAMP ; VCEO Rated 

(2) VCEX(SUS) 
a) Ic; 2A, 

VCLAMP; VCEX Rated 
b) Ic; 1A, 

VCLAMP ; VCEX Rated 

(3) VCEX(SUS) 
a) IC; 10A, 

VCLAMP; VCEX Rated 
b) Ic; SA, 

VCLAMP ; V~EX Rated 

(4) ICEV 
"CEV ; Rated Valve, 
VBE; 1.5V 

(5) ICER 
VCE; Rated Valve, RBE ; SOO 

(6) lEBO 
VEB; 8V, Ic; 0 
VE8; 2V, Ic; 0 

APPLIES TO 
GE1ooo0 Thru 

GE1ooo7 
GE10008,9 

APPLIES TO 
GE10ooo, 1,4,5,8,9 

GE1ooo2, 3, 6, 7 

APPLIES TO 
GE10ooo, 1,4,5,8,9 

GE 1 0002, 3, 6, 7 

APPLIES TO 
All 

APPLIES TO 
All 

APPLIES TO 
GE10000, 1, 2, 3 

GE10004, 5, 6, 7, 8, 9 

(7) Isib SEE APPROPRIATE FORWARD BIAS 
SECOND BREAKDOWN FIGURE 

(8) hFE 
(a) Ic ; SA, VCE ; 5V 
(b) Ic ; 2.5A, VCE ; 5V 

(9) hFE 
IC; 10A, VCE; 5V 
Ic ; SA, VCE ; 5V 

(10) VCE(SAT) 
a) Ic; 10A, IB ; .4A 
b) Ic; SA, 18; .25A 
c) Ic; SA, IB ; .SA 

(11) VCE(SAT) 
a) Ic; 20A, 18; fA 
b) IC; 10A, IB; 1A 
c) Ic; 20A, iB; 2A 

(12) VCE(SAT) 
SAME AS (10) BUT Tc; 100'C 

(13) VBE(SAT) 
a) Ic ; 10A, IB ; .4A 
b) Ic; 5A, IB ; .25A 
c) IC; 10A, IB ; .5A 

(14) DIODE VF 
a) IF; 10A 
b) IF; 5A 

APPLIES TO 
GE10000, 1,4,5,8,9 

GE1OOO2, 3, 6, 7 

APPLIES TO 
GE10000, 4, 5, 8, 9 
GE10002, 3, 6, 7 

APPLIES TO 
GE1ooo0, 1,4,5 
GE1OOO2, 3, 6, 7 

GE10008,9 

APPLIES TO 
GE10000, 1,4,5 
GE10002, 3, 6, 7 

GE10008,9 

APPLIES TO 
GE10000, 1,4,5 
GE1OOO2, 3, 6, 7 

GE10008,9 

APPLIES TO 
GE10000, 4, 5, 8, 9 
GE10002, 3, 6, 7 

Power Transistors 

GE 1 0000-GE1 0009 

SWITCHING TEST CONDITIONS 

(1) RESISTIVE APPLIES TO 
Vcc;250V, tp;50"s, Duty,,;; 2% GE10000, 1,4,5 
a) Ic; 10A, IB1 ; .4A, 

IB2; 1.6A 
b) Ic; SA, IB1 ; .25A, GE10002, 3, 6, 7 

IB2; 1A 
c) Ic ; 10A, IB1 ; .5A, GE1ooo8,9 

IB2; 2A 

(2) INDUCTIVE APPLIES TO 
VCLAMP; 2SOV, L; 100"h, Tc; 100'C 
a) IC; 10A, IB1 ; .4A, GE10000, 1,4,5 

IB2; 1.6A 
b) Ic; SA, IB ; .25A, GE10002, 3, 6, 7 

IB2; 1A 
c) Ic ; 10A, IB ; .5A, GE1ooo8,9 

IB2; 2A 

(3) INDUCTIVE 
Same as (2), but T C ; 25'C 

Note: See FIGURE 24 for Switching Time 
Test Circuit. 
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GE10000-GE10009 

TYPICAL CHARACTERISTICS 
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__________________________________ Power Transistors 

GE10000-GE10009 

TYPICAL CHARACTERISTICS 
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Power Transistors 

GE10000-GE10009 

TYPICAL CHARACTERISTICS 
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__________________________________ Power Transistors 

GE1 0000-GE1 0009 

TYPICAL CHARACTERISTICS 
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Power Transistors 

G E1 0015, 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 
ideally 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 Symbol 10015 
Collector Emitter VCEO(SUS) 400 
Collector Emitter VCEV 600 
Emitter Base VEBO 8.0 
Currents 
Collector Current (continuous) IC 50 
Collector Current (peak) ICM 75 
Base Current (continuous) IB 10 
Base Current (peak) IBM 15 
Power DIssipation 
Power Dissipation PD(TC = 25°C) 250 
Power Dissipation PD(TC = 100°C) 143 

Derate above 25° C 1.43 
Temperatures 
Storage and Junction Tstg and TJ -65 to 

+200 
Soldering' TL' +275 
Thennal Resistance ROJC 0.7 

GE 
10016 

500 
700 
8.0 

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. 

File Number 15.78 

TERMINAL DESIGNATIONS 

GE 
10020 

200 
300 
8.0 

60 
100 
20 
30 

250 
143 
1.43 

-65 to 
+200 
+275 

0.7 

c 
(FLANGE) 

JEDEC TO-204AE 

DEVICE CIRCUIT 

GE GE GE 
10021 10022 10023 

250 350 400 
350 450 600 
8.0 8.0 8.0 

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 

Amps 
Amps 
Amps 
Amps 

Watts 
Watts 
W/oC 

°C 

°C 
°ClWatt 
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________________________________ Power Transistors 

GE1 0015,16,20,21,22,23 

DEVICE ELECTRICAL CHARACTERISTICS 
(Test conditions on next page ,TC = 25°C except as noted) 

GE GE GE GE GE GE 
STATIC 10015 10016 10020 10021 10022 10023 Units 

(1) VCEO(SUS) Min. 400 500 200 250 350 400 Volts 

(2) ICEV Max. .25 .25 .25 .25 .25 .25 mA 
ICEV (TC = 150°C) Max. 5.00 5.00 5.00 5.00 5.00 5.00 mA 

(3) lEBO Max. 350 350 175 175 175 175 mA 

(4)ls/b 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) VCE(SAT) Max. 2.2 2.2 2.2 2.2 2.2 2.2 Volts 

(8) VCE/SAT) Max. 5 5 4 4 5 5 Volts 

(9) VCE(SAT Max. 2.5 2.5 2.4 2.4 2.5 2.5 Volts 

(10) VBE{SAT Max. 2.75 2.75 3.00 3.00 2.5 2.5 Volts 

(11) VBE(SAT), (Tc = 100°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 
(VCB = 10V, IE = 0, fTEST = 1MHz) 

SWITCHING 
(1) Resistive Id Typ. .09 .09 .095 .095 .09 .09 J-tS 

Max. .30 .30 .20 .20 .25 .25 J-ts 

I, Typ. .20 .20 .32 .32 .20 .20 J-tS 
Max. 1.00 1.00 1.00 1.00 1.00 1.00 P.s 

Is Typ. 1.45 1.45 1.50 1.50 1.45 1.45 J-ts 
Max. 2.5 2.5 3.5 3.5 2.5 2.5 J-ts 

If Typ. .25 .25 .30 .30 .25 .25 J-tS 
Max. 1.0 1.0 .50 .50 .90 .90 J-ts 

(2) Induclive Is Typ. 2.8 2.8 2.7 2.7 2.8 2.8 P.s 
(Tc = 100°C) Max. - - 4.5 4.5 5.0 5.0 J-ts 

If Typ. .21 .21 .30 .30 .21 .21 J-tS 
Max. - - 1.0 1.0 1.0 1.0 J-ts 

Ie Typ. .68 .68 .85 .85 .68 .68 J-tS 
Max. - - 2.0 2.0 2.0 2.0 J-ts 

(3) Inductive Is Typ. 1.6 1.6 1.8 1.8 1.6 1.6 J-ts 
(Tc = 25°C) Max. 3.0 3.0 - - - - J-ts 

tf Typ. .10 .10 .12 .12 .10 .10 J-tS 
Max. .50 .50 - - - - p.S 

Ie Typ. .30 .30 .40 .40 .30 .30 J-tS 
Max. 1.0 1.0 - - - - J-ts 
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Power Transistors ------------------------------

GE 10015,16,20,21,22,23 

TEST CONDITIONS 

STATIC 

(1) VeEO(SUS) 
le= 100mA, 

VeLAMP = VeEO Rated 

(2) leEV 
VeEV = Rated Valve, 
VeE = -1.5V 

(3) IEeo 
lEe = 2.0 Volts 

(4) Is/b 

APPLIES TO 
All 

APPLIES TO 
All 

APPLIES TO 
All 

SEt: APPROPRIATE FORWARD BIAS SECOND 
BREAKDOWN FIGURE 

(5) hFE 
(a) Ie = 10A, VeE = 5V 
(b) Ie = 15A, VeE = 5V 
(c) Ie = 20A, VeE = 5V 

(6) hFE 
Ie = 40A, VeE = 5V 

(7) VeE(SAT) 
a) Ie = 20A, Ie = 1A 
b) Ie = 30A, Ie = 1.2A 

(8) VeE(SAT) 
(a) Ie = 40A, VeE = 5V 
(b) Ie = 5OA, VeE = 10V 
(c) Ie = 60A, VeE = 5V 

(9) VeE(SAT) 
(a) Ie = 20A, Ie = 1A 
(b) Ie = 30A, Ie = 1.2A 

(10) VeE(SAT) 
(a) Ie = 20A, Ie = 1A 
(b) Ie = 3OA, Ie = 1.2A 

(11) VeE(SAT) 
SAME AS (10) BUT Te = 100·C 

(12) DIODE VF 
a) IF = 20A 
b) IF = 30A 

APPLIES TO 
GE10022,23 
GE10020,21 
GE10015,16 

APPLIES TO 
GE10015,16 

APPLIES TO 
GE10015, 16,22,23 

GE10020,21 

APPLIES TO 
GE10022,23 
GE10015,16 
GE10020,21 

APPLIES TO 
GE10015, 16,22,23 

GE10020,21 

APPLIES TO 
GE10015, 16, 22, 23 

GE10020,21 

APPLIES TO 
GE10015, 16,22,23 

GE10020,21 

SWITCHING 

(1) RESISTIVE 
tp = 50IlS, Duty Cycle::; 2% 
a) Vee = 250V, Ie = 2OA, 

le1 = 1A, le2 = 4A 
b) Vee = 175V, Ie = 30A, 

le1 = 1A, le2 = 4A 

APPLIES TO 

GE10015, 16, 22, 23 

GE10020,21 

(2) INDUCTIVE APPLIES TO 
L = 100llh, le1 = 1A, le2 = 4A, Te = 100·C 
a) Ie = 20A, VeLAMP = 250V GE10015, 16,22,23 
b) Ie = 3OA, VeLAMP = 175V GE10020, 21 

(3) INDUCTIVE 
SAME AS (2), BUT Te = 25·C 

NOTE: See FIGURE 22 for Switching Time 
Test Circuit. 
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__________________________________ Power Transistors 

TJ=150"C 

"'" "' TJ"IOO°C -
---- "" TJ =25°C 

G E 10015,16,20,21,22,23 

TYPICAL CHARACTERtSTICS 
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Power Tranalatora----------------------------------

G E 10015,16,20,21,22,23 

TYPICAL CHARACTERISTICS 
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-----------------------_____________ Power Transistors 

TYPICAL CHARACTERISTICS 
GE1 0015,16,20,21,22,23 
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Power Transistors _________________________________ _ 

GE1 0015,16,20,21,22,23 
TYPICAL CHARACTERISTICS 
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___________________________________ Power Transistors 

File Number 15.79 

High-Speed Silicon N-P-N 
Power Transistors 
Devices for Switching Applications 

Features: 

• Fast Turn-Off Times: 
100 ns inductive fall time @ 25° C (Typ) 
150 ns inductive crossover time @25°C (Typ) 
400 ns inductive storage time @ 25° C (Typ) 

• Operating temperature range -65 to +150°C 

The GE13070P and GE13071 P silicon n-p-n transistors are 
designed for high-voltage, high-speed switching appli
cations in inductive circuits where fall time is critical. They 
are particularly suited for off-line power supplies, converter 
circuits, and pulse-width-modulated regulators. These 
transistors are tested for parameters that are essential to the 
design of high-power switching circuits. Resistive and 
inductive switching times, leakage currents, and saturation 
voltages are specified at 25· C and 100· C to provide 
information necessary for worst-case design. 

These devices are supplied in the JEDEC TO-218AC plastic 
package. 

MAXIMUM RATINGS (TA = 25· C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Emitter Voltage, VCEO 
Collector-Emitter Voltage VCEV 
Emitter Base Voltage VEBO 
Collector Current - Continuous IC 

Peak (Repetitive)(') ICM 
Base Current - Continuous IB 

Peak (Non-Repetitive)(') IBM 
Total Power Dissipation @Tc = 25·C 

Derate above 25· C 
@Tc= 1OO·C 

PD 

Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case R8JC 

Maximum Lead Temperature for Soldering 
Purpose: 'Ai' from Case for 5 Seconds TL 

(1) Pulse Test: Pulse Width = 5ms. Duty Cycle ~ 10%. 

GE13070P, GE13071P 

TERMINAL DESIGNATION 

E 

~::~I ~ 
TOPVIEW 8 

JEDEC TO-218AC 

GE13070P GE13071P UNITS 
400 450 Volts 
650 750 Volts 
6 6 Volts 
5 5 A 
8 8 
2 2 A 
4 4 

100 100 Watts 
40 40 
0.8 0.8 W/·C 

-65 to +150 -65 to +150 ·C 

1.25 1.25 ·C/w 

275 275 ·C 
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Power Tranillstors--______________________ ----------

GE13070P, GE13071P 
ELECTRICAL CHARACTERISTICS (TC = 25·C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

OFF CHARACTERISTICS(l) 

Collector-Emitter Sustaining Voltage GE13070P VCEO(sus) 400 - - Volts 
(Ic = 100mA. IB = 0) GEl3071P 450 - -

Collector Cutoff Current ICEV 
(VCEV = Rated Value. VBE(off) =-1.5V) - - 0.5 mA 
(VCEV = Rated Value. VBE(Off) =-1.5V. Tc = l00·C) - - 2.5 

Collector Cutoff Current 
ICER - - 3 mA (VCE = Rated VCEV. RBE = 500. Tc = 100·C) 

Emitter Cutoff Current 
lEBO - - 1 mA (VEB = 6V. IC = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(Ic = 3A. VCE = 5V) hFE 8 - - -

Collector-Emitter Saturation Voltage VCE(Sat) 
(Ic = 3A. IB = 0.6A) - - 1 V 
(Ic = 5A. IB = lA) - - 3 
(Ic = 3A. IB =0.6A.TC = 1 00· C) - - 2 

Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 3A. IB =0.6A) - - 1.5 V 
(Ic = 3A. IB =0:6A.Tc = 100·C) - - 1.5 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time (VCC - 250V. Ic = 3A td ~ 0.03 0.05 /LS 

Rise Time IB1 =O.4A.tp = 30/Ls tr - 0.1 0.4 
Storage Time Duty Cycle < 2%. VBE(OFF) = -5V) ts - 0.4 1.5 

Fall Time tf - 0.175 0.5 

Inductive Load. Clamped 

Storage Time IC(pk) = 3A tsv - 0.7 2 /LS 

Crossover Time IB1 =0.4A (TJ = 100·C) tc - 0.28 0.5 
Fall Time VBE(off) = -5V tfi - 0.15 0.3 

Storage Time VCE(PK) = 250V tsv - 0.4 -
Crossover Time (TJ = 25· C) tc - 0.15 -

Fall Time tli - 0.1 -

(1) Pulse Test: Pulse Width - 3OO"s Duty Cycle::; 2%. 
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____________________________________ Power Transistors 

File Number 1870 

1S-A Switch Max 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 = 650 V to 750 V • Switching regulators 
• Low Vce(sat) at Ic = 15 A 

MJ13090, MJ13091 

TERMINAL DESIGNATIONS 

,ru5..E, 

o • 
JEDEC TO-2D4AA 

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 (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 para-

meters that are essential to the design of high-power 
switching circuits. Switching times. including inductive 
turn-off time. 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: 

VCEV 

VB. = -1.5 V ............................................................. . 
VCEO •••••••••••••••••••••••••••••••• , •••••••••••••••••••••••••••••••••••••• 

V.eo ••......••••......•.••..................•........•••....••.•......••..• 
Ie ...................•........•............•...••....••••.••...........•..• 
leM ••••...•••........•••.•...•.. , .••........••...............•.••......•... 
I •......................................................................... 
IBM ....................................................................... . 

PT 

@ Te = 25°C ............................................................ . 
@Te= 100°C ........................................................... . 
Tc above 25°C. derate linearly ........................................... . 

MJ13090 

650 
400 

6 
----15 
----20 

5 
----10 

MJ13091 

750 
450 

----175 --------
----100 -------

1 

V 
V 
V 
A 
A 
A 
A 

W 
W 

W/OC 

T .... TJ..................................................................... --- -65 to +200 -------
Tl 

At distance;::: ,... in. (3.17 mm) from seating plane for 10 s max. . .. . . .•. . . . . 275 -------- °C 
________ °C/W 

RflJe ••.•••••.•.••.•...••••..••..••••..••••••••..••••..•.•....•••••....•.... 
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MJ13090, ·MJ13091 

ELECTRICAL CHARACTERISTICS at Tc = 25·C unlel. otherwise noted 

CHARACTERISTIC 
LIMITS 

: UNITS 1 Min. I Typ. I Max. 
OFF CHARACTERISTICS' 
COllector-Emitter Sustaining Voltage MJ13090 Vceo(SUS) 400 - -

Vdc 
Ic = 100 mA, Is = 0 MJ13091 450 - -

Collector Cutoff Current IcEY 
Vcev = Rated Value, Vae(off) = 1.5 V de - - 0.5 

mAde 
VCEY = Rated Value, Vae(off) = 1.5 V dc, Tc = 100·C - - 2.5 

Collector Cutoff Current ICER 
3 mAde 

Vce = Rated VCEY, Rae = 50 n, Tc = 100·C 
- -

Emitter Cutoff Current leao 
1 mAde 

Ves = 6 V dc, Ic = 0 
- -

SECOND BREAKDOWN 
Second Breakdown Collector Current with Base Forward Biased 1St. I See Fig. 1 
Clamped Inductive SOA with Base Reverse Biased RBSOA I See Fig. 2 
ON CHARACTERISTICS 
Collector-Emitter Saturation Voltage Vce(sat) 
Ic = 10 A dc, Is = 2 A de - - 1 
Ic = 15 A dc, Is = 3 A de - - 3 Vdc 
Ic = 10 A dc, Is = 2 A dc, Tc = 100·C - - 2 

Base-Emitter Saturation Voltage Vse(sat) 
Ic = 10 A dc, Is = 2 A de - - 1.5 

Vdc 
Ic = 10 A dc, Is = 2 A dc, Tc = 100· C - - 1.5 

DC Current Gain hFe 
8 

Ic = 10A dc, Vce = 3 V de 
- -

DYNAMIC CHARACTERISTICS 
Output Capacitance C •• - - 350 pF 
Vce = 10 V dc, Ie = 0, f_ = 1 kHz 

SWITCHING CHARACTERISTICS 
Reslillve Load 
Delay Time Vee - 250 V dc, Ic - 10 A dc, t. - 0.03 0.05 
Rise Time la, = 1.25 A dc, tp = 30 pS, t, - 0.13 0.5 pS 

Storage Time Duty Cycle$2%, Vse(off) = 5 V de tB - 0.55 2.5 
Fall Time tf - 0.1 0.5 
Inducllve Load, Clamped 
Storage Time tB• - 0.8 3 
Fall Time ICIPk. = 10 A, TJ = 100·C til - 0.15 0.3 
Crossover Time I., = 1.25 A dc, te - 0.175 0.4 
Storage Time VBe(off)= 5 V dc, t .. - 0.5 - pS 

Fall Time VcelPk. = 250 V TJ = 25·C til - 0.1 -
Crossover Time Ie - 0.15 -

'Pulse Test: Pulse Width = 300 /IS, Duty Cycle:;; 2%. 
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Fig. 1 - Maximum forward-bias safe-operating-areas 
for both types. 
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Fig. 3 - Dissipation and ISlb derating curves for both types. 
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Fig. 2 - Maximum reverse-bias safe-operating-areas 
for both types. 

IC!:--
~E(Pk)_ -

.....-V I ,'\ 
./ 90% VCE(pk) 1 1\ 90% IC(pk) 

,C ......... f- f--tsv 'rvtl~·,,- '-'11_ 

H '-'c~ -
V "-

VCE 10% VCE(pk) 10% ....... ..... -
'a-t- 90%181 

Ie pk 2% Ie 

- --\- -- - - -- -----~ "-" 
TIME 

92CS-40686 

Fig. 4 - Inductive switching measurements display. 
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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 
Feature.: 
• High-dissipation capability 
• Low saturation voltages 
• Maximum safe-area-of-operation curves 
• fT = 2 MHz 
• High gain at high current 

Application.: 
• 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 

92CS-27516 

JEDEC TO-204AA 

MJ15001 MJ15002 

Vc"" ................................................................................ V 140 -140 
vcoo................................................................................ V 140 -140 
VEBO ••••••.•••....••.•••.••••..••.••••...••••••.•••••••••••••••••••••.•....•...••••. V 5 -5 
Ic................................................................................... A 15 -15 
I.................................................................................... A 5 -5 
10 ................................................................................... A 20 -20 
PT 

AtTc 0525·e...................................................................... 200 200 W 
AtTc >25·e ..................................................................... 1.14 w/·e 

T.to.TJ •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ___ --65to+2oo___ ·e 
TL 

At distance 05 1/32 in. (0.8 mm) from seating plane for 10 s max....................... 230 ·e 
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ELECTRICAL CHARACTERISTICS. at Case Temperature 
IT ci = 25° C Unless Otherwise Specified 

TEST CONDITIONS 

VOLTAGE 

MJ15001, MJ15002 

LIMITS 

CHARACTERISTICS !CURRENT 
MJ15001 UNITS Vdc A de MJ15002 

VCE VBE IC IB Min. Max. Min. Max. 

ICEX 140 1.5 - 1 - -1 

TC = 150°C 140 1.5 -
mA 

2 - -2 

ICEO 140 0 - 2.5 - -2.5 mA 

IESO 5 0 - 1 - -1 mA 

VCEO(susla 2 0 140 - -140 - V 

hFEa 2 4 25 150 25 150 

VSE 2 4 - 2 - ..,2 V 

VCE(sat) 4 0.4 - 1 - -1 V 

fT f = 0.5 MHz 10 0.5 2 - 2 - MHz 

ISlb tp· ls 40 5 - -5 -
100 0.5 -0.5 

A - -
Cob 

VCS= 10V - 1000 - 1000 pF 
f = 1 MHz 

ROJC - 0.875 - 0.875 °C/W 

a CAUTION: Sustaining voltage, V CEO (sus) • MUST NOT be measured on a curve tracer. See Figs. 11 & 12. 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI- V 92C"-30485 

Fig. 1 - Maximum operating area for both types. 
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MJ15001, MJ15002 

25 !SO 75 100 125 150 17'5 200 
CASE TEMPERATURE ITCI-·C 

Fig. 2 - Current derating curve for both types. 

'000, COLlECTOR-TO-EMITTER VOLTAGE (YCEI--2 v r-.. . 
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Ii • 
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E'OOe .. • ~ASE TEMPERATURE 
z CTc·- za-e ..:-iI! • l- i" l- • z 
II! 
'" .0 a , 
" • 
'" • ; 
~ • g 

• 
-0.0' 2 4 • 2 4 •• 2 4 •• 2 • •• -~.. -. -'0 -'00 

COLLECTOR CURRENT CI.C)-A 92CS-3OC)77· 

Fig. 4 - Typical dc beta characteristics as a function of collector 
current for MJI5002. 

Fig. 6 - Typical Input characteristics for MJI5002. 

.-, COLLECTOR- TO-EMITTER VOLTAGE"eVeE)-2 v 

---It • ~ . 
~~ " i 2 :-
::::.±:j ........ 

'"100 
It • .. 8 p.,1URt. z .. ._~"':;'c '" l- e ~"{cl· 
l- • Z .. 
0: 

.0 0: 

" • ... , 
" 
!Ii • 
~ 2 
g. 

2 4 •• 2 ••• 2 4 •• 2 4 to- 8 
0.01 0.1 I 10 100 

COLLECTOR CURRENT tIc I-A taCS-501.1 

Fig. 3 - Typical dc beta characteristics as a function of collector 
current for MJI5001. 

BASE-To-EMITTER VOLTAGE (VaE)-VI 92CS-30148 

Fig. 5 - Typical input characteristics for MJI5001. 

BASE-TO-EMITTER VOLTAGE (V8E1-V 92CS-30149 

Fig. 7 - Typical transfer characteristics for MJI5001. 
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MJ15001, MJ15002 

BASE-TO-EMITTER VOLTAGE (VBEI-V 92CS-30079 

Fig. 8 - Typical transfer characteristics for MJ15002. Fig. 9 - Typical saturation voltage characteristics for MJ15001. 

2711.2W 

CLARE MERCURY 
RELAY MODEL No. 
HGP-104, 
OR EQUIVALENT 

21mH 
OSCILLOSCOPE INPUT 
HEWLETT - PACKARD 
NODEl No· 1308 
OR EQUIVALENT 

t----QHORIZ 
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.. 
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60Hz 
t--.... -QGND. 

DEVICE 
UNDER 
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t----QVERT 

PNP SHOWN_REVERSE POLAR lTV 
FOR NPN. 

('OOmA) 
+ 

92CS-30484 

Fig. 10 - Typical saturation voltage characteristics for MJ15002. Fig. 11 - Circuit used to measure sustaining voltages VCEO(SUS). 
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Fig. 12 - Oscilloscope display for measurement of sustaining 
voltages. (Test circuit shown in Fig. 11). 

----------------________________________________________________ 2-681 



Power Transistors ___________________________________ _ 

MJ16010, MJ16012, MJH16010, MJH16012 File Number 1839 

5-A Jilwlb:hM. II Power Transistors 
High-Voltage N-P-N Types for Off-Line Power Supplies 
and Other High-Voltage Switching Applications 

TERMINAL DESIGNATIONS 

Features: Applications: 

• Fast switching speed • Off-line power supplies 
• High-voltage ratings: • High-voltage inverters MJI6010 

MJI6012 VCEV = 850 V • Switching regulators 
• Low VCE(sat) at I, = IDA 

The MJ16010, MJ16012, MJH16010, and MJH16012 
Switch Max II series of silicon n-p-n power transistors fea
ture 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-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 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCEV 

COLLECTOR 

FLANGF.. 

92tS- 27511 

JEDEC TO-204AA 
(200 mil diameter pin isolation) 

TOP VIEW 

JEDEC TO-218AC 
8 

92C5-40257 

c 
MJH16010 
MJH16012 

inductive turn-off time, and saturation voltages are specified 
at 100°C to provide information necessary for worst-case 
design. 

The MJ16010 and MJ16012 transistors are supplied in steel 
JEDEC TO-204AA hermetic packages. The MJH16010 and 
MJH16012 transistors are supplied in JEDEC TO-218AC 
plastic packages. 

MJ16010 
MJ16012 

MJH16010 
MJH16012 

VBE=-1.5V .................................... . 
__________________ 850 ________________ __ v 

V 
V 
A 
A 
A 
A 
A 

VCEO ............................................ .. 

VEBO •••••••••••••••••.•••••••••••••.•••••••.•••••• 

Ic<sat) ........................................... . 
Ic ............................................... . 
ICM ••••••••.•••••.•••••••••••••••••••••••••••••••• 

'B ............................................... . 
,BM·············································· . 
PT 

@~=~C ................................... . 
@Tc=100°C .................................. . 
T c above 25° C, derate linearly ................... . 

Tstg. TJ ••••••.•••••.•• ,., ••.• - .••.•••••• - •.•.••.••• 

TL 
At distance 2: 1/8" in. (3.17 mm) from 
seating plane for 10 s max ....................... . 

TL 
At distance 2: 1/16" in. (1.58 mm) from 
seating plane for 10 s max ....................... . 

R.JC ••..••••.••.••..••••••••.•••.••.••••.....••••• 

__________________ 450 ________________ __ 
6 ________________ __ 

10 
15 ________________ __ 

20 __________ __ 
10 ________________ __ 
15 ________________ _ 

_______ 175 ____ _ _____ 135 _____ _ 
_______ 100 ______ _ ______ 53.8 ___ __ 

1 ______ _ ____ 1.08 ___ __ 
__ -65 to 200 __ _____ -65 to 150 ____ _ 

______ 235 ____ _ 

_______ 235 ______ _ 
1 ______ _ _______ 0.93 ___ _ 

W 
W 

wrc 
°c 

°C 

°c 
°C/W 
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MJ16010, MJ16012, MJH16010, MJH16012 

MJ16010, MJH16010 
ELECTRICAL CHARACTERISTICS (TC'= 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage VCEO(sus) 450 - - Vdc 
(lC= 100mA,la=0) 

Collector Cutoff Current ICEV mAde 

(VCEV = 850 Vde, VBE(off) = 1.5 Vde) - - 0.25 

(VCEV = 850 Vde, VBE(off) = 1.5 Vdc, TC = lOOOC) - - 1.5 

Collector Cutoff Current ICER - - 2.5 mAde 
(VCE = 850 \(dc, RBE = 50 n, TC = lOOOC) 

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 
(IC = 5.0 Adc, IB = 0.7 Ade) - O.S 2.5 
(IC = 10 Ade, IB = 1.3 Adc) - 1.0 3.0 
(lc = 10 Ade, la = 1.3 Ade, TC = lOOOC) - - 3.0 

Base-Emitter Saturation Voltage VaE(sat) Vde 
(IC = 10 Adc,IB = 1.3 Ade) - 1.0 1.5 
(IC = 10 Adc, la = 1.3 Adc, TC = 100°C) - - 1.5 

DC Current Gain hFE 5.0 - - -
(IC = 15 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f test = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time 
(lc = 10 Adc, td - 40 - ns 

Rise Time (IB2 = 2.6 Adc, tr 100 
Storage Time 

VCC = 250 Vdc, 
R8 = 1.6 !l) ts - 1400 -

Fall Time 
lal = 1.3 Adc, 

tf - 140 -
Storage Time 

PW = 30 P.s, 
ts - 600 -

Fall Time 
Duty Cycle ';;2.0%) (VaE(oll) = 5.0 Vdc) 

tl - 100 -

Inductive Load 

Storage Time tsv - 800 1800 ns 
Fall Time (lC = 10 Adc, (TC = 100°C) tli SO 200 
Crossover Time lal = 1.3 Adc,. tc 100 250 
Storage Time Va£(off) = 5.0 Vdc, tsv - 860 -
Fall Time VCE(pk) = 400 Vdc) (TC = 150°C) tli - 40 -
Crossover Time tc - 80 -
(1) Pulse Test: Pulse Width = 300 Jls, Duty Cycle ~ 2.0% 
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MJ16010, MJ16012, MJH16010, MJH16012 

MJ16012, MJH16012 
ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage VCEO(Sus) 450 - - Vdc 
(lC= 100 rnA, IB = 0) 

Collector Cutoff Current ICEV mAdc 
(VCEV = B50 Vdc, VBE(off) = 1 .5 Vdc) - - 0.25 
(VCEV = 850 Vdc, VBE(oif) = 1.5 Vdc, T C = 100°C) - - 1.5 

Collector Cutoff Current ICER - - 2.5 mAdc 
(VCE = 850 Vdc, RBE = 50 n, T C = 100°C) 

Emitter Cutoff Current lEBO - - 1.0 mAdc 
(VEB = 6.0 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with 8ase Forward Biased See Figure 1 

Clamped Inductive SOA with Base Reverse Biased See Figure 2 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage VCElsat) Vdc 
(lC = 5.0 Adc, IB = 0.5 Adc) - - 2.5 
(lc = 10 Adc, IB = 1.0 Adc) - - 3.0 
(IC = 10 Adc,IB = 1.0 Adc, TC = 100°C) - - 3.0 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(lc = 10 Adc, IB = 1.0 Adc) - - 1.5 
(IC = 10 Adc, IB = 1.0 Adc, TC = 100°C) - - 1.5 

DC Current Gain hFE 7.0 - - -
(lC = 15 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time 
(IC = 10 Adc, 

td - 40 - ns 
Rise Time (lB2 = 2.0 Adc, tr - 100 -
Storage Time 

VCC = 250 Vdc, 
RB = 1.6!l) ts 1400 

Fall Time 
IBI = 1.0 Adc, 

tf 140 
Storage Time 

PW= 30#,s, 
ts 600 

Fall Time 
Duty Cycle <;;;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 IBI = 1.0 Adc, tc - 100 200 

Storage Time VBE(off) = 5.0 Vdc, tsv 860 
Fall Time VCE(pk) = 400 Vdc) (TC= 150°C) tfi 40 
Crossover Time Ic 80 

(1) Pulse Test: Pulse Width = 300 JJs, Duty Cycle ~ 2.0%. 
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MJ16010, MJ16012, MJH16010, MJH16012 
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MJ16014, MJ16016 

20-A Switch Max 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 Ic = 10 A 

File Number 1871 

TERMINAL DESIGNATIONS 

(FLA~GE) 

JEDEC TO-204AE 

The RCA MJ16014 and MJ16016 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 (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 para-

meters that are essential to the design of high-power 
switching circuits. Switching times, including inductive 
turn-off time, and saturation voltages are specified at 100° C 
to provide information necessary for worst-case design. 

The MJ16014 and MJ16016 transistors are supplied in steel 
modified JEDEC TO-204AE hermetic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCEV 

v •• = -1.5 V ............................................................. . 
VCEO ..•.................. ·· .••• ·· •• ·····• •• ········ •.•• ·•··· •• ···••···•··· . 

VEBO.··.· .. ·· ..... · ...... ·····················.·.························· . 
Ie .•..........................................•..•.......................•. 
leM ..... , ................................................................. . 

I •......................................................................... 

IBM •••••..•••••••••••••.• •••· ••• •··••••·•··•••••••••••·•••••••·••••·•••••• • 

PT 

@Te=25°C ............................................................ . 
@Te=100°C ........................................................... . 
T C above 25° C, derate linearly ........................................... . 

T.tg , TJ .................................................................... . 
TL 

At distance 2: Va in. (3.17 mm) from seating plane for 10 s max. . .......... . 
R~e ...................................................................... . 

MJ16014 
MJ16016 

850 
450 

6 
20 
30 
10 
20 

250 
143 
1.43 

-65 to +200 

275 
0.7 

v 
v 
V 
A 
A 
A 
A 

W 
W 

WfOC 

°C 
°C/W 
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MJ16014, MJ16016 

MJ16014 
ELECTRICAL CHARACTERISTICS at Tc ; 25· C unless otherwise noted 

CHARACTERISTIC I LIMITS 
UNITS 

I Min. Typ. Max. 
OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage VCEO(SUS) 

450 - - Vdc Ic ; 100 mA, I. ; 0 
Collector Cutoff Current ICEV 

VCEV = 850 V dc, V.E(off) ; 1.5 V de - - 0.25 
VCFN; 850 V dc, V.E(off) ; 1.5 V dc, Tc; 100·C 1.5 

mAde - -
Collector Cutoff Current ICER 

2.5 mAde 
VCE = 850 V dc, R.E = 50 0, Tc = 100·C 

- -
Emitter Cutoff Current IE.o 

1 mAde 
VE. = 6 V dc, Ic = 0 - -

SECOND BREAKDOWN 
Second Breakdown Collector Current with Base Forward Biased ISlb I See Fig. 1 
Clamped Inductive SOA with Base Reverse Biased RBSOA I See Fig. 2 
ON CHARACTERISTICS 
Collector-Emitter Saturation Voltage VCE(sat) 
Ic ; 10 A dc, I. = 1.3 A de - - 2.5 
Ic = 15 A dc, I. = 2 A de - - 3 Vdc 
Ic; 15A dC,I. = 2Adc, Tc; 100·C - - 3 

Base-Emitter Saturation Voltage V.E(sat) 
Ic ; 15 A dc, I. = 2 A de - - 1.5 

Vdc 
Ic = 15 A dc, I. ; 2 A dc, T c = 100· C - - 1.5 

DC Current Gain hFE 
5 

Ic = 20 A dc, VeE = 5 V de 
- -

DYNAMIC CHARACTERISTICS 
Output Capacitance Cob - 500 pF 
Vc. = 10 V dc, IE ; 0, f •••• = 1 kHz 

-
SWITCHING CHARACTERISTICS 
Resistive Load 
Delay Time Ic; 15 A dc, t. - 20 50 
Rise Time Vcc = 250 V dc, 1.2 = 4 A dc, t, - 200 500 
Storage Time 1., = 2 A dc, R. = 1.60 t. - 1200 2700 
Fall Time 200 350 

ns 
PW = 30ps, tt -

Storage Time Duty Cycle::52% t. - 650 -
Fall Time 

V.E(off);5 V de 
tt - 80 -

Inductive Load 
Storage Time t •• - 800 2700 
Fall Time Ic;15Adc, Tc; 100·C tfl - 50 200 
Crossover Time 1., ; 2 A dc, te - 90 250 

1050 
ns 

Storage Time V.E(off); 5 V dc, t •• - -
Fall Time VCElpkl=400 V de Tc = 150·C tfl - 70 -
Crossover Time te - 120 -

'Pulse Test: Pulse Width; 300 JIS, Duty Cycle:S 2%. 
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MJt6014~ 1\113'16016 

MJ18018 
ELECTRICAL CHARACTERISTICS at Tc = 2S·C·unl .... oth • ..wI .. not.d 

CHARACTERISTIC I LIMITS I UNITS 
-- , I Min. I Typ. I MD. 

OFF CHARACTERISTICS 
Collector-~mitter Sustaining Voltage . VCEo(sus) 

450 Vdc Ic = 100 mA, la = 0 - -
Collector Cutoff Current IcEY 

VCE. = 850 V dc, VaE(off) = 1.5 V dc - - . 0.25 
mAdc VCE. = 850 Y dc, VaE!off) = 1.5 V dc, Tc = 100·C - - .1.5 

Collector Cutoff Current ICER 
2.5, mAdc 

VCE = 850 V dc, RaE = 50 n, Tc = l00·C - -'". 

Emitter Cutoff Current IEao 
1 mAde: VEa = 6 V dc, Ic = 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 CHARACTERISTJCS 
Collector-Emitter Saturation Voltage VCE(sat) 
Ic = 10 A dc, la = 1 A dc - - '. 2.5 
Ic = 15 A dc, la = 1.5 A dc - - 3 Vdc 
Ic = .15A dc, la = 1.5 Adc, Tc = l00·C - - 3 

Bas&-Emitter Saturation Voltage VaE(sat) 
Ic = 15 A dc, la = 1.5 A dc - - 1.5 

, Vdc 
Ic= 15 A dc, la = 1.5 A dc, Tc = l00·C - - 1.5 

DC Current Gain hFE 
7 

Ic = 20 A dc, VCE = 5 V dc 
- -

DYNAMIC CHARACTERISTICS 
Output Capacitance C •• 

500 pF 
Vca = 10 V dc, IE = 0, f_ = 1 kHz 

- -
SWITCHING CHARACTERISTICS 
Ra.l.tlve Load 
Delay Time Ic = 15A dc, t. - 20 50 
Rise Time Vee = 250 V dc, la. = 3 A dc, t, - 200 500 
Storage Time lal = 1.5 A dc, Ra=1.6n to - 900 2200 
Fall Time PW= 30J.lS, tt 100 250 

ns -
Storage Time Duty CycleS20/0 t. - 500 -
Fall Time 

VaE(off)=5 V dc 
tt - 40 -

Inductlv. Load 
Storage Time toy - 750 2500 
Fall Time Ic=15Adc, Tc = 100·C ttl - 30 150 
Crossover Time lal = 1.5 A dc, t. - 50 200 
Storage Time VaE(off)= 5 V dc, 900 

ns 
t." - -

Fall Time VCEcp •• =400 V dc Tc = 150·C ttl - 30 -
Crossover Time to - 70 -

'Pulse Test: Pulse Width = 300 ps, Duly Cycle S 2%. 
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Fig. 1 - Maximum forward-bias safe-operating-areas for both types. 
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Fig. 2 - Maximum reverse-bias safe-operating-areas for both types. 
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Fig. 4 - Inductive switching measurements display. 
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MJE13004, MJE13005 

4-A Eiwilt: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 = 600 V to 700 V • Switching regulators 
• Low VCE(sat) at Ie = 4A 

File Number 1840 

TERMINAL DESIGNATIONS 

''';'''loll :PEt' 
TOP VIEW B 

92CS-39~69 

JEDEC TO-220A8 

The MJE13004 and MJE13005 Switch Max 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-VI(idth-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 

VBE = -1.5 V .................................................... . 
VCEO •••.••••••••••••.••••••••••.••••••••.••••••••••••••••••••••••• 

VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic(sat) ........................................................... . 
Ic ............................................................... . 
ICM ••••••••••••••••••••••••••••••.•••••••••••••.•••••••••••••••••• 

IB •••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

IBM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PT 

@Tc=25°C ................................................... . 
@Tc=100°C .................................................. . 
T c above 25° C, derate linearly ................................... . 

T",.TJ ••••••••.••••••••••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distance 2: 1/8" in. (3.17 mm) from 
seating plane for 10 s max ....................................... . 

R.JC ••••••••.••••••••••••••••••••••••••••••••••••••••••••.•••.•••• 

MJE13004 MJE13005 

600 700 
300 400 

9 _____ _ 
4 _____ _ 
4 _____ _ 
8 _____ _ 
2 _____ _ 

4 

______ 75 _____ _ 
______ 45 _____ _ 
______ 0.6 ____ _ 
_____ -65 to +150 ____ _ 

______ 235 _____ _ 
______ 1.67 _____ _ 

V 
V 
V 
A 
A 
A 
A 
A 

W 
W 

wrc 
°c 
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____________________________________ Power Transistors 

MJE13004, MJE13005 

ELECTRICAL CHARACTERISTICS (TC =250 C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

·OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) Vdc 
(lc=10mA,la=0) MJE13004 300 - -

MJE13005 400 - -
Collector Cutoff Current ICEV mAde 

(VCEV = Rated Value, VaE(off) = 1.5 Vdcl - - 1 
(VCEV = Rated Value, VaE(off) = 1.5 Vdc, TC = 100oC) - - 5 

Emitter Cutoff Current IEaO - - 1 mAdc 
(VEa = 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 Cu Trent Gain hFE -
(lC = 1 Adc, VCE = 5 Vdc) 10 - 60 
(lc = 2 Adc, VCE = 5 Vdc) 8 - 40 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = 1 Adc, IB = 0.2 Adc) - 0.2 0.5 
(lC = 2 Adc, la = 0.5 Adc) - 0.3 0.6 
(lC = 4 Adc, IB = 1 Adc) - 0.7 1 
(lC = 2 Adc, la = 0.5 Adc, TC = 100°C) - - 1 

Base-Emitter Saturation Voltage VaE(sat) Vdc 

(lC = 1 Adc, la = 0.2 Adc) - 0.90 1.2 

(lc = 2 Adc, la = 0.5 Adcl - 0.95 1.6 

(lC = 2 Adc, 18 = 0.5 Adc, TC = 100°C) - - 1.5 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 4 - - MHz 

(lc = 500 mAdc, VCE = 10 Vdc, I = 1 MHz) 

Output Capacitance Cob - 200 - pF 
(Vca ·10 Vdc, IE = 0, I = 0.1 MHzl 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time (VCC = 125 Vdc,IC = 2 A, td - 0.02 0.1 ,"' 

Aise Time lal = 182 = 0.4 A, tp = 25 ,"S, tr - 0.08 0.7 ,"S 

Storage Time Duty Cycle'; 1 %1 t, - 1.90 4 '", 
Fall Time tl - 0.16 0.9 ,"' 

Inductive load, Clamped 

Voltage Storage Time (lC = 2 A, V clamp = 300 Vdc, tsv - 1.60 4 ,"S 

Crossover Time lal = 0.4 A, VaE(off) = 5 Vdc, TC = 100°C) tc - 0.15 0.9 ,"S 

Fall Time tfi - 0.05 - ,"S 

'Pulse Te't: Pulse Width = 300 ,"S, Duty Cycle = 2%. 
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MJE13004, MJE1300S 

10 

0: 

" 5 ... 
~ 

500., r-r-
de .'- '10. 

a: 
:::> 

O. '" 5 lm'~ t-r-
a: 
0 

~ o. 

8 o. 
2 

~5m' Cl. 

1 ~ 

.9 0.0 5 

0.02 

0.0 1 
5 10 

MJE1300 '= -'" 
MJEI30~ 

20 30 50 10 100 200 300400500 

VCE. COLLECTOR·EMITTER VOL TAGE (VOLTS) 

Fig. 1 - Maximum forward-bias safe-operating-areas for 
both types. 

a: 
o 
G 

0.8 

~ 0.6 
'" z 
;::: 
:i 
~ 0.4 

~ 

~ 0.2 

f'::"" b 
~ 

40 

-- t:::::: ." 
" 

" THERMAL 
OERATING 

60 80 

0: .. 
5 ... 
z 
w 
a: 
a: 
:::> 

'" a: 
o 
t; 
w 
~ 
~ 

o 

'" 

\. TC" I~OOC_ 
ll\ IBI ·2.0 A 

3 

\\r-. 
2 \\ 1\.", 

\' '-" ~~E(Otf)·9V \ '" f'.. 1 
"- " ~ MJEI3004 ...... ~ 5V 

MJE13005 ~ :----", 3V 

0 -~ 1.5 V 

100 200 300 400 500 600 100 800 

VCEV. COLLECTOR·EMITTER CLAMP VOLTAGE (VOLTS) 

Fig. 2 - Maximum reverse-bias safe-operating-areas for 
both types. 

SECONO BREAKDOWN 
DERATING --r--
-... r---.. :---" 

"'-
" "-

r--. 
~ 

100 120 140 160 

TC. CASE TEMPERATURE (DC) 

Fig. 3 - Dissipation and I, b derating curves for both types. 
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File Number 15.89 

High-Speed Silicon N-P-N 
Power Transistors 

Feature.: 

• VCEO[susl = 300V (Min.) 
• VCEV = 600 V blocking capability 
• Excel/ent switching time: t, = 1.5 ps (Max.), 

tf = 0.7 p.s (Max.) 

The MJE13OO6 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. Resistive and inductive switching times, leakage 
current, and saturation voltages are specified at 25° C and 
100° C to provide information necessary for worst-case 
design. 

These devices are supplied in the JEDEC TO-220AB 
plastic package. 

MAXIMUM RATINGS (TA = 25°C) (unless otherwise specified) 

RATING 
COllector-Emitter Voltage 
COllector-Emitter Voltage 

Emitter Base Voltage 
ColleCtor Current - Continuous 

Pulse 

Base Current - Continuous 
Pulse· 

Emitter Current - Continuous 
Pulse 

Collector Power DiSSipation 
Derate above 25° C 

TA = 25°C 

Collector Power Dissipation Tc - 25°C 
Derate above 25° C 

Operating and Storage 
Junction Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Maximum Lead Temperature for Soldering 
Purpose: Va" from Case for 5 Seconds 

MJE13006 

TERMINAL DESIGNATION 

'R'~"l° II :Bi#' 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

SYMBOL MJE13006 UNITS 
VCEO 300 Volts 

VCEV 600 Volts 

VESO 9 Volts 

IC 8 A 
ICp 16 

IS 4 A 
Isp 8 

IE 12 A 
IEP 24 

Pc 2 Watts 
16 mW/oC 

Pc 80 Watts 
640 mW/oC 

TJ, TSTG -es to +150 °C 

RBJC 1.56 °CIW 

RBJA 62.5 °CIW 

TL 275 °C 
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Power Transistors 

MJE13006 

ELECTRICAL CHARACTERISTICS (TC = 25·C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

OFF CHARACTERISTICS(1) 

Collector-Emitter Voltage VeEO(SUS) 300 - - Volts 
(Ie = 10mA, IB = 0) 

Collector Cutoff Current 
(VeE = 600V, VBE = -1.SV) leEV - - 1 -rnA 
(VeE = 600V, VBE = -1.SV, Te = 100·C) - - S 

Emitter Cutoff Current 
lEBO - - 1 mA 

(VEB = 9V, Ie = 0) 

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased SEE FIGURE 1 

Clamped Inductive SOA with Base Reversed Bias SEE FIGURE2 

ON CHARACTERISTICS(1) 

DC Current Gain 
hFE (Ie = 2A, VeE = SV) S - 60 -

(Ie = SA, VeE = SV) S - 30 

Collector-Emitter Saturation Voltage VeE (sat) 
(Ie = 2A, IB = 0.4A) - - 1 V 
(Ie = SA, IB = 1A) - - 2 
(Ie = SA, IB = 2A) - - 3 
(Ie = SA, Ie = 1A, Te = 100·C) - - 3 

Base-Emitter Saturation Voltage VBE(sat) 
(Ie = 2A, IB = O.4A) - - 1.2 V 
(Ie = SA, IB = 1A) - - 1.6 
(Ie = SA, IB = 1A, Te = 100·C) - - 1.S 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
Cob -(VeB = 10V, IE = 0, f = 0.1 MHz) 

90 - pF 

Current Gain - Bandwidth Product 
fT 4 - - MHz 

(Ie = SOOmA, VeE = 10V, ftest = 1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time (Vee = 12SV, Ie - SA Id - - 0.1 p,s 

Rise Time IB1 = -IB2 = 1A, tp = 2Sp,s tr - - 1.S 

Storage Time Duty Cycle < 1%) ts - - 3 

Fall Time tf - - 0.7 

Inductive Load, Clamped 

Storage Time Inductive Load (Ie = SA, 
Vclamp = 3OOV, IB1 = 1A, tsv - - 2.3 p,s 

Crossover Time VBE(off) = -5V, Te = 100·C) Ie - - 0.7 

(1) Pulse Test: Pulse Width - 3ool's Duty eycle ,:; 2%. 
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MJE13001 

H igh-S.,._:SiliconN-P-N 
Powe.rTr,a'nsistors '" 

; ".,~': " . 

FeatureS: '" . 

: ~g~el,B~~'~ b~:lci~~~pabi/ity 
• Excellent swltchingtirrie: t, = t5jJs (Max.), 

. .' .. tf =p.7.fJS (~ax.),' 

The MJE13007 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. Resistive and inductive switching times, leakage 
current, and saturation voltages are-specified at 25°C and 
100° C to provide information necessary for worst-case 
design. 

These devices are supplied in the JEDEC TO-220AB 
plastic package. 

MAXIMUM RATINGS eTA = 25°C) (unless otherwise specified) 

RATING 
Collector-Emitter Voltage 
Collector-Emitter Voltage 

Emitter Base Voltage 
Collector Current - Continuous 

Pulse 

Base Current - Continuous 
Pulse 

Emitter Current - Continuous 
Pulse 

Collector Power Dissipation 
Derate above 25°C 

TA = 25°C 

Collector Power Dissipation 
Derate above 25° C 

'TC - 25°C 

Operatin~and Storage 
Junction emperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Maximum Lead Temperature for Soldering 
Purpose: 14" from Case for 5 Seconds 

File Number 15.90 

TERMINAL DESIGNATION 

'~'~"'loll )S~' ~' 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

SYMBOL MJE13007 UNITS 
VCEO 400 Volts 

VCEV 700 Volts 

VESO 9 Volts 

IC 8 A 
ICp 16 

IS 4 A 
Isp 8 

IE 12 A 
IEP 24 

Pc 2 Watts 
16 mW/oC 

Pc 80 Watts 
640 mW/oC 

TJ,TSTG -65 to +150 °C 

R8JC 1.56 °C/W 

ReJA 62.5 °C/W 

TL 275 °C 
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_____________________ ....... ____________ Power Transistors 

MJE13007 
ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

OFF CHARACTERISTICS(1) 

Collector-Emitter Voltage 
(Ic = 10mA, Is = 0) 

VCEO(sus) 400 - - Volts 

Collector Cutoff Current 
(VCE = 700V, VSE = -1.SV) ICEV - - 1 mA 
(VCE = 700V, VSE = -1.SV, Tc = 10ci°C) - - S 

EmitterCutoft Current 
IESO - 1 mA (VES = 9V, Ic = 0) -

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased SEE FIGURE 1 

Clamped Inductive SOA with Base Reversed Bias SEE FIGURE 2 

ON CHARACTERISTICS(1) 

DC Current Gain 
(Ic = 2A, VCE = SV) hFE 8 - 60 -
(Ic = SA, VCE = SV) S - 30 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 2A, Is = O.4A) - - 1 V 
(Ic = SA, Is = 1A) - - 2 ilg = 8A, Is = 2A) - - 3 
c= SA, Is = 1A,Tc = 100°C) - - 3 

Base-Emitter Saturation Voltage VSE(sat) 
(IC = 2A, Is = 0.4A) - - 1.2 V 
(IC = SA, Is = 1A) - - 1.6 
(IC = SA, Is = 1A, TC = 100°C) - - 1.S 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
Cob -(VCS = 10V, IE = 0, f = 0.1 MHz) 90 - pF 

Current Gain - Bandwidth Product 
fT 4 - - MHz (IC = SOOmA, VCE = 10V, ftest = 1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time (VCC = 12SV, IC = 2A td - - 0.1 f.LS 

Rise Time IS1 = -IS2 = O.4A, tp = 2S f.LS tr - - 1.5 

Storage Time Duty Cycle < 1%) ts - - 3 

Fall Time tf - - 0.7 

Inductive Load, Clamped 

Storage Time Inductive Load (IC = SA, 
Vclamp = 300V, IS1 = 1A, tsv - - 2.3 f.Ls 

Crossover Time VSE(off) = -SV, Tc = 100°C) Ie - - 0.7 

(1) Pulse Test: Pulse Width - 3001'5 Duty Cycle oS 2%. 
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_____________________________________ Power Transistors 

File Number 15.91 

High-Speed Silicon N-P-N 
Power Transistors 

Features: 

• VCEO[susl = 300V (Min.) 
• V CEV = 60!JV blocking capability 
• Excellent switching time: tf = 1 p.s (Max.), 

tf = 0.7 p.s (Max.) 

The MJ E13008 si I icon n-p-n power transistor featu res h igh
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. Resistive and inductive switching times, leakage 
current, and saturation voltages are specified at 25°C and 
100° C to provide information necessary for worst-case 
design. 

These devices are supplied in the JEDEC TO-220AB 
plastic package. 

MAXIMUM RATINGS (TA = 25°C) (unless otherwise specified) 

RATING 
Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter Base Voltage 
Collector Current - Continuous 

Pulse 
Base Current - Continuous 

Pulse 
Emitter Current - Continuous 

Pulse 
Collector Power Dissipation TA = 25°C 
Derate above 25°C 

Collector Power Dissipation 
Derate above 25° C 

ITc = 25°C' 

Operating and Storage 
Junction Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Maximum Lead Temperature for Soldering 
Purpose: W' from Case for 5 Seconds 

MJE13008 

TERMINAL DESIGNATION 

'R'~"l° II :e~' ~' 
TOP VIEW 8 

92CS-39969 

JEDEC TO-220AB 

SYMBOL MJE13008 UNITS 

VCEO 300 Volts 

VCEV 600 Volts 

VEBO 9 Volts 

IC 12 A 
Icp 24 

IB 6 A 
IBP 12 

IE 18 A 
IEP 36 

Pc 2 Watts 
16 mW/oC 

Pc 100 Watts 
800 mW/oC 

TJ, TSTG -65 to +150 °C 

R8JC 1.25 °CIW 

R8JA 62.5 °CIW 

TL 275 °C 
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MJE13008 

ELECTRICAL CHARACTERISTICS (TC = 25· C) (unless otherwise specified) 

CHARACTERISTIC I SYMBOL I MIN TYP MAX UNIT 

OFF CHARACTERISTICS(1) 

COllector-Emitter Voltage 
(Ic = 10mA, Ie = 0) 

VCEO(sus) 300 - - Volts 

Collector Cutoff Current 
(VCE = 600V, VeE = -1.5V) ICEV - - 1 mA 
(VCE = SOOV, VeE = -1.5V, Tc = 1oo·C) - - 5 

Em itter Cutoff Cu rrent 
IEeO - - 1 mA 

(VEe = 9V, Ic = 0) 

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased SEE FIGURE 1 

Clamped Inductive SOA with Base Reversed Bias SEE FIGURE2 

ON CHARACTERISTICS(1) 

DC Current Gain 
(IC = 5A, VCE = 5V) hFE S - 40 -
(Ic = SA, VCE = 5V) S - 30 -

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 5A, Ie = 1A) - - 1 V 
(Ic = SA; Ie = 1.SA) - - 1.5 
(Ic = 12A, Ie = 3A) - - 3 
(Ic = SA, Ie = 1.SA, Tc = 1oo·C) - - 2 

Base-Emitter Saturation Voltage VeE (sat) 
(Ic = 5A, Ie = 1A) - - 1.2 V 
llc = SA, Ie = 1.SA) - - 1.S 
Ic = SA, Ie = 1.SA, Tc = 100·C) - - 1.5 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
Cob -(Vce = 10V, IE = 0, f = 0.1 MHz) 

130 - pF 

Current Gain - Bandwidth Product 1,- 4 - - MHz 
(IC = 500mA, VCE = 10V, ftest = 1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 
Delay Time (VCC = 125V, Ic = SA tel - - 0.1 ,.s 

Rise Time le1 = -le2 = 1.SA, tp = 25 j.IS tr - - 1 

Storage Time Duty Cycle < 1%) ts - - 3 

Fall Time tf - - 0.7 

Inductive Load, Clamped 

Storage Time (Ic = SA, Vclamp = 300V tsv. - - 2.3 ,.s 

Crossover Time le1 = 1.SA, VeE(off) = -5V, Tc = 1oo·C) tc - - 0.7 

(1) Pulse Test: Pulse Width - 300"s Duty Cycle:5 2%. 
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Power.Tran.I.lors·.--------------~-------------------

MJE13009 

High-Speed Silicon N-P-N 
Power Transistors 

Features: 

• VCEO[susl =400V (Min.) 
• VCEV = 70l)V blocking capability 
• Excel/ent switching time: t, = 1 fJS (Max.), . 

tf = 0.7 fJ8 (Max.) 

The MJE13OO9 silicon n-p-n power transistor features high
voltage capability, fast switching speeds, and lowsatu
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. Resistive and inductive switching times, leakage 
cu rrent, and satu ration voltages are specified at 25° C and 
100° C to provide information necessary for worst-case 
design. 

These devices are supplied in the JEDEC TO-220AB 
plastic package. 

MAXIMUM RATINGS (TA = 25°C) (unless otherwise specified) 

RATING 
Collector-Emitter Voltage 
Collector-Emitter Voltage 

Emitter Base Voltage 
Collector Current - Continuous 

Pulse 
Base Current - Continuous 

Pulse 
Emitter Current - Continuous 

Pulse 
Collector Power Dissipation 
Derate above 25° C 

TA = 25°C 

Collector Power Dissipation 
Derate above 25· C 

TC - 25°C 

Operating and Storage 
Junction Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Maximum Lead Temperature for Soldering 
Purpose: Yo" from Case for 5 Seconds 

File Number 15.92 

TERMINAL DESIGNATION 

'~':"~oll )sr' : 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

SYMBOL MJE13009 UNITS 

VCEOIsusl 400 Volts 

VCEV 700 Volts 

VEeo 9 Volts 

IC 12 A 
ICp 24 

Ie 6 A 
lep 12 

IE 18 A 
IEP 36 

Pc 2 Watts 
16 mW/oC 

Pc 100 Watts 
800 mW/·C 

TJ, TSTG -65 to +150 ·C 

RBJC 1.25 ·CIW 

RBJA 62.5 ·CIW 

TL 275 ·C 
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MJE1300·9 

ELECTRICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specilied) 

CHARACTERISTIC 1 SYMBOL 1 MIN ·1. TYP MAX UNIT 

OFF CHARACTERISTICS(1) 

Collector-Emitter Voltage VeEO(sus) 400 - - Volts 
(Ie = 10mA, Is = 0) 

Collector Cutoff Current 
(VCE = 700V. VSE = -1.5V) 'CEV - - ·1 mA 
(VCE = 700V, VSE = -1.5V, TC = 100°C) - - 5 

Emitter Cutoff Current 
IESO - - 1 mA (VES = 9V, Ie = 0) 

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased SEE FIGURE 1 

Clamped Inductive soa with Base Reversed Bias SEE FIGURE 2 

ON CHARACTERISTICS(1) 

DC Current Gain 
(IC = SA, VeE = 5V) hFE 8 - 40 -
(Ie = 8A, VCE = 5V) 6 - 30 

COllector-Emitter Saturation Voltage VCE(sat) 
(Ie = SA, Is = 1A) - - 1 V 
(Ic = 8A, '~ = 1.6A) - - 1.5 
(Ie = 12A, S = 3A) - - 3 
(Ie = 8A, Is = 1.6A, Te = 100°C) - - 2 

Base-Emitter Saturation Voltage VSE(sat) 
(Ie = SA, Is = 1A) - - 1.2 V 
(Ic = 8A, Is = 1.6A) - - 1.6 
(Ie = 8A, Is = 1.6A, Te = 100°C)· - - 1.5 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
Cob - 130 - pF 

(Ves = 10V, IE = 0, 1= 0.1 MHz 

Current Gain - Bandwidth Product 
IT 4 - - MHz 

(Ie = 500mA, VeE = 10V, Itest = 1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time (Vce = 125V, Ie = 8A Id - - 0.1 p's 

Rise Time lSI = -IS2 = 1.6A, tp = 25 p's tr - - 1 p's 

Storage Time Duty Cycle < 1%) ts - - 3 

Fall Time tf - - 0.7 

Inductive Load, Clamped 

Storage Time (Ie = 8A, Vclamp = 300V tsv - .- 2.3 p's 

Crossover Time lSI = 1.6A, VSE(off) = 5V, Te = 100°C) tc - - 0.7 

(1) Pulse Test: Pulse Width - 300 tJs Duty Cycle S 2%. 
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MJE13009 
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____________________________________ Power Transistors 

File Number 1841 

5-A 1iiwih: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 

VeEv = 650 V to 750 V • Switching regulators 
• Low VCE(sat) at I, = 5A 

MJE13070, MJE13071 

TERMINAL DESIGNATIONS 

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 JEDEC TO-220AB 
(VERSAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VeEV 

VBE=-1.5V .................................................... . 
VCEO ••••••••.••••••••••••••••••••••••••••••••••••.•••••••••••.•••• 

VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic(sat) ........................................................... . 
Ic ............................................................... . 
ICM .............................................................. . 
IB ............................................................... . 
IBM····························.································· . 
PT 

@Tc=25°C ................................................... . 
@Tc=100°C .................................................. . 
T c above 25° C, derate linearly ................................... . 

Tstg, TJ ••••••••••••••••••••••••.••••••••••••••••••••••••••••••••••• 

TL 
At distance 2 1/8" in. (3.17 mm) from 
seating plane for 10 s max ....................................... . 

Rwc ............................................................. . 

MJE13070 MJE13071 

650 750 
400 450 

6 _____ _ 
5 _____ .,-
5 _____ _ 
8 _____ _ 
2 _____ _ 
4 _____ _ 

______ 80 _________ _ 
__________ 32 __________ _ 
___________ 0.64 __________ _ 
_________ -65 to +150 ________ _ 

___________ 235 __________ _ 
___________ 1.56 ______ _ 

v 
V 
V 
A 
A 
A 
A 
A 

W 
W 

WfOC 
°C 

°C 
°C/W 
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MJE13070, MJEf3071 

ELECTRICAL CHARACTERISTICS (T C = 25°C 'unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS (1) 

Collector· Emitter Sustaining Voltage VCEO(sus) Vdc 
(IC = 100 mA, 'B = 0) MJE13070 400 - -

MJE13071 450 - -
Collector Cutoff Current 'CEV mAdc 

(VCEV = Rated Value, VBE(off) = 1.5 Vdc) - - 0.5 
(VCEV = Rated Value, VBE(off) = 1.5 Vdc, TC = 100°C) - - 2.5 

Collector Cutoff CurreRt ICER - - 3.0 mAdc 
(VCE = Rated VCEV, 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 InductiveSOA with Base Reverse Biased See Figure 2 

ON CHARACTERISTICS (1) 

DC Current Gain hFE 8.0 - - -
(lC = 3.0 Adc, VCE = 5.0 Vdc 

Collector· Emitter Saturation Voltage VCE(sat) Vdc 
(IC = 3.0 Adc, 'B = 0.6 Adc) - 0.6 1.0 
(IC = 5.0 Adc, 'B = 1.0 Adc) - 2.0 3.0 
(IC = 3.0 Adc, 'B = 0.6 Adc, TC = 100°C) - - 2.0 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(lC = 3.0 Adc, 'B = 0.6 Adc) - 1.0 1.5 
(lC = 3.0 Adc, 'B = 0.6 Adc, T C = 100°C) - - 1.5 

DYNAMIC CHARACTERISTICS 

Output Capacitance 

(VCB = 10 Vdc, 'E = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time 
(VCC = 250 Vdc, IC = 3.0 Adc, 

td - 0.03 0.05 ~s 

Rise Time tr 0.08 0.40 
Storage Ti me 

'Bl = 0.4 Adc, tp = 30 ~s, 
ts 0.33 1.50 

Fall Time 
Duty Cycle ';;2%, VBE(offl = 5.0 Vdc) 

tf 0.10 0.50 

Inductive Load. Clamped • 

Storage Time tsv - 0.70 2.0 ~s 

Crossover Time (lC(pk) = 3.0 A, {TJ = 100°CI tc - 0.08 0.50 
Fall Time 'Bl = 0.4 Adc. tfi - 0.05 0.30 
Storage Time VBE(offl = 5.0 Vdc. tsv - 0.40 -
Crossover Time VCE(pkl = 250 V) {TJ = 25°CI tc - 0.05 -
Fall Time tfi - 0.03 -

(1) Pulse Test PW - 300 ~s, Duty Cycle ~2%. 
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MJE16002, MJE16004 

5-A JiiwitchMiIf 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 

VeEv = 850 V • Switching regulators 
• Low VCE(sat) at I, = 3A 

File Number 1842 

TERMINAL DESIGNATIONS 

'~':'''l 0 II J± ~' ~ 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

The MJE16002 and MJE16004 Switch Max 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 JEDEC TO-220AB 
(VERSAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCEV 

VBE=-1.5V .................................................... . 
VCEO ••••.•••••••.•••••••••.•.•••••••••••••.••••.•••••••••••.•••••• 

VEBO ..•.••.•.••...•..•..••.•.•••............•••.•.•.••.•..•••.••.. 

Idsat) ........................................................... . 
Ie ............................................................... . 
leM .............................................................. . 
IB ....•...•.•..•..••••..•.•..•...•.•.•..•..•••••.•.•.•••..•.••..•. 
IBM •..•..•..........•..•...........•..•...........•..••••.•....... 
PT 

@~=~C ................................................... . 
@Te = 100°C .................................................. . 
T e above 25° C, derate linearly ................................... . 
~~ ........................................................... . 
TL 

At distance 2: 1/8" in. (3.17 mm) from 
seating plane for 10 s max ....................................... . 

R~ ............................................................. . 

MJE16002 
MJE16004 

850 V 
450 V 

6 V 
3 A 
5 A 

10 A 
4 A 
8 A 

80 w 
32 W 

0.64 W;oC 
-65 to +150 °C 

235 °C 
1.56 °C/W 
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MJE16002, MJE16004 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless olherwise noled) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS (1) 

ColieClor-Emiller Suslaining Vollage VCEO(sus) 450 - - Vdc 
(IC = 100 mA, IB = 0) 

Colleclor Culoff Currenl ICEV mAdc 
(VCEV = 850 Vdc, VBE(off) = 1.5 Vdc) - - 0.25 
(VCEV = 850 Vde, VBE(off) = 1.5 Vde, T C = 100°C) - - 1.5 

Colleclor Culoff Currenl ICER - - 2.5 mAdc 
(VCE = 850 Vdc, RBE = 50 n, TC = 100°C) 

Emiller Culoff Currenl lEBO - - 1.0 mAdc 
(VEB = 6.0 Vdc: IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Colleclor Currenl wilh Base Forward Biased See Figure 1 

Clamped Induclive SOA wilh Base Reverse Biased See Figure 2 

ON CHARACTERISTICS (1) 

Colleclor-Emiller Sal ural ion Voltage VCE(sal) Vdc 
(lC = 1.5 Adc, IB = 0.2 Ade) MJE16002 - 0.5 1.0 
(IC = 1.5 Ade, IB = 0.15 Ade) MJE16004 - 0.5 1.0 
(IC = 3.0 Adc, IB = 0.4 Adc) MJE16002 - 1.2 2.5 
(IC = 3.0 Adc, IB = 0.3 Adc) MJE16004 - 1.2 2.5 
(IC = 3.0 Adc, IB = 0.4 Ade, 

TC = 100°C) MJE16002 - - 2.5 
(IC = 3.0 Adc, IB = 0.3 Adc, 

TC = 100°C) MJE16004 - - 2.5 

Base-Emitter Saturation Voltage VBE(sal) Vdc 
(IC = 3.0 Adc, IB = 0.4 Adc) MJE16oo2 - 1.0 1.5 
(IC = 3.0 Adc, IB = 0.3 Adc) MJE16004 - 1.0 1.5 
(IC = 3.0 Adc, IB = 0.4 Adc, 

TC= 100°C) MJE16002 - - 1.5 
(lc = 3.0 Ade, IB = 0.3 Adc, 

TC= 100°C) MJE16004 .- - 1.5 

DC Current Gain hFE -
(IC = 5.0 Adc, VCE = 5.0 Vdc) MJE16oo2 5.0 - -

MJEI6004 7.0 - -

DYNAMIC CHARACTERISTICS 

OUIPUI Capacilance 
(VCB = 10 Vdc, IE = 0, f,es, = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load MJE16002 

Delay Time Id - 40 100 ns 
Rise Time 

(IC = 3.0 Ade, 
(IB2 = 0.8 Adc, Ir - 80 300 

Slorage Time 
VCC = 250 Vdc, 

RB2 = 8.0 III Is - 900 3000 
Fall Time 

IBI = 0.4 Adc, 
If - 20 300 

Slorage Time 
pw= 30 ,..s. 

Is - 330 -

Fall Time 
DUly Cycle ';;2.0%) (VBE(off) = 5.0 Vdc) 

If - 100 -
Resistive Load MJE16004 

Delay Time Id -' 40 100 ns 
Rise Time 

(IC = 3.0 Ade, 
(IB2 = 0.6 Adc, Ir - 110 300 

Slorage Time 
VCC = 250 Vdc, 

RB2 = 8.0 III Is - 750 2700 
Fall Time 

IBI = 0.3 Ade, 
If 150 350 

Slorage Time 
PW= 30,..s, 

Is 270 
Fall Time 

DUly Cycle ';;2.0%) (VBE(off) = 5.0 Vdc) 
If 90 

(1) Pulse Test: PW - 300 IlS, Duty Cycle-S;;;2%. 
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MJE16002, MJE16004 

SWITCHING CHARACTERISTICS (conlinuedl 

Characteristics 

Inductive Load MJE16002 

Slorage Time 
Fall Time (IC = 3.0 AIle. (TJ= 100°C) 
Crossover Time IBI = 0.4 Ade. 
Slorage Time VBE(offl = 5.0 Vde. 
Fall Time VCE(pk) = 400 Vdel (TJ = 150°C) 
Crossover Time 

Inductive Load MJE16004 

Slorage Time 
Fall Time (lC= 3.0 Ade. (TJ = loooCI 
Crossover Time IBI = 0.3 Ade. 
Slorage Time VBE(olll = 5.0 Vde. 
Fall Time VCE(pk) = 400 Vdcl (TJ = 150a C) 
Crossover Time 

(II Pulse Test: PIN - 300 pS. Duty Cycle ';2%. 

10 

5.0 
10,,~ 

f" :::E 2.0 
~ 
.... 1.0 

i 0.5 
13 
~ 0.2 

g 0.1 

u 0.05 
~ 

0.02 

0.01 

E TC= 25°C 

de 

- Bonding Wire Umil 
- - - - Thermal Umit 

Second Breakdown Urnil 

,,1.0 m. 

"' 
" 

5.0 7.0 10 20 30 50 70 100 200 300 450 

VCE. COLlECTOR-EMmER VOLTAGE (VOLTSI 

Fig. 1 - Maximum forward-bias safe-operating-areas for 
both types. 

0: 
o 
G 

1.0 

0.8 

~ 0.6 

~ -"'- r.-
'1""'-

" 
t-

to 
z 
;:: .. 
~ 0.4 

Thennal 
Deraling 

0: 

~ 
f 0.2 

........ 

40 60 80 

Symbol 

ISV 
IIi 
Ie 

ISV 
IIi 
Ie 

ISV 
IIi 

tc 
ISV 
Iii 
Ie 

10 

19.0 
8.0 

i 1.0 
~ a 6.0 

~ 5.0 

g 4.0 
u ! 3.0 

":.. 2.0 

J 1.0 

o 

-

Min 

-

-
-
-
-

-
-
-

-

\ 
\ 
\ 
\ 

'- VBE(oIIl" 0 V.! 

" , 
o 100 200 

Typ Max Unit 

660 1600 ns 
50 200 
80 250 

690 -
50 -
90 -

530 1300 ns 
40 150 
80 200 

600 -
40 
80 -

1I1~4 I _ r---
TJ~ 1000C_ r-

.\ VBE(o"l = 1 ,0 TO 5.0 V r-
\ A I I 

\ '<. 
\ 

500 700 850 1000 

VCE(pkl' PEAK COllECTOR-EMmER VOLTAGE (VOLTS) 

-
~ 

Fig. 2 - Maximum reverse-bias safe-operating-areas for 
both types . .. 

Second Breakdown 
Derating -- -r- ...... 

""'-
" 

r--.... 

'" 100 120 140 160 
TC. CASE TEMPERATURE (DC) 

Fig. 3 - Dissipation and 1'10 derating curves for both types. 
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File Number 15.94 

High-Speed Silicon N-P-N 
Power Transistors 

Features: 

100° C Performance Specified for: 
• Reverse-Biased SOA with inductive loads 
• Switching times with inductive loads 
• Saturation voltages 
• Leakage currents 

The MJH13090 and MJH13091 silicon n-p-n power transis
tors are designed for high-voltage, high-speed switching 
applications in inductive circuits where fali time is critical. 
They are particularly suited for off-line power supplies, 
converter circuits, and pulse-width-modulated regulators. 
These transistors are tested for parameters that are essential 
to the design of high-power switching circuits. Resistive 
and inductive switching times, leakage current, and satu
ration voltages are specified at 25°C and 100°C to provide 
information necessary for worst-case design. 

These devices are supplied in the JEDEC TO-21BAC 
plastic package. 

MAXIMUM RATINGS (TA = 25°C) (unless otherwise specified) 

RATING SYMBOL 
Collector-Emitter Voltage VCEO 
Collector-Emitter VOltage VCEV 
Emitter Base Voltage VEBO 
Collector Current - Continuous IC 

Peak (Repetitive)11) ICM 
Base Current - Continuous IS 

Peak (Non-Repetitive)11) IBM 
Total Power Dissipation @Tc = 25°C Po 

@Tc=100°C 
Derate above 25°C 

Operating and Storage 
Junction Temperature Range TJ, TSTG 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case R8JC 

Maximum Lead Temperature for Soldering 
Purpose: %" from Case for 5 Seconds Tt 

(1) Pulse Test: Pulse Width = 5ms. Duty Cycle"'; 10%. 

MJH13090, MJH13091 

TERMINAL DESIGNATION 

COLLECTOR 
FLANGE 

92CS-40257 

E 

JEDEC TO-218AC 

MJH13090 MJH13091 
400 450 

650 750 

6 6 
15 15 
20 20 

5 5 
10 10 

125 125 
50 50 
1 1 

-55 to +150 -55 to +150 

1.0 1.0 

275 275 

UNITS 
Volts 
Volts 

Volts 

A 

A 

Watts 

W/oC 

°C 

°CIW 

°C 
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MJH13090, MJH13091 
ELECT!,ICAL CHARACTERISTICS (TC = 25°C) (unless otherwise specified) 

I CHARACTERISTIC I SYMBOL I MIN TVP MAX UNIT 

OFF CHARACTERISTICS(1) 

Collector-Emitter Sustaining Voltage MJH13090 VCEO(sus) 400 - - Volts 
(Ic = 100mA, Ie = 0) MJH13091 450 - -

Collector Cutoff Current ICEV 
(VCEV = Rated Value, VeE(OFF) = -1.5V) - - 0.5 mA 
(VCEV = Rated Value, VeE (OFF)) =-1.5V,Tc = 100°C) - - .2.5 

Collector Cutoff Current 
ICER - .- 3 :inA (VCE = Rated VCEV, ReE = 500, TC = 100°C) 

Emitter Cutoff Current 
IEeO - - 1 mA (VEe = 6V, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown with Base Forward Biased SEE FIGURE 12 

Clamped Inductive SOA with Base Reversed Bias SEE FIGURE 13 

ON CHARACTERISTICS(1) 

DC Current Gain 
(IC = 10A, VCE = 3V) hFE 8 - - -

Collector-Emitter Saturation Voltage VCE(Sat) 
(IC = 10A, Ie = 2A) - - 1 V 
(Ic = 15A, Ie = 3A) - - 3 
(Ic = 10A, Ie = 2A, Tc = 100°C) - - 2 

Base-Emitter Saturation Voltage VeE(Sat) 
(IC = 10A, Ie = 2A) - - 1.5 V 
(Ic = 10A, Ie = 2A, Tc = 100°C) - - 1.5 

SWITCHING CHARACTERISTICS 

Resistive Load 
Delay Time VCC - 250V, IC - 10A td - 0.03 0.05 ps 

Rise Time lel = -I B2 = 1.25A, tr - 0.13 0.5 

Storage Time tp = 30 psec Is - 0.55 2.5 

Fall Time tl - 0.1 0.5 

Inductive Load, Clamped 

Storage Time ICC(PK)= 10A Isv - 0.8 3 ps 

Crossover Time le1 = 1.25A (TJ = 100°C) tc - 0.175 0.4 
Fall Time VeE(OFF) = -5V til - 0.15 0.3 

Storage Time VCE(PK) = 250V tsv - 0.5 -
Crossover Time (TJ = 25°C) Ie - 0.15 -
Fall Time tli - 0.1 -

(1) Pulse Test: Pulse Width - 300,,8 Duty Cycle:::; 2.% 
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MJH13090, MJH13091 

TYPICAL ELECTRICAL CHARACTERISTICS 
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MJH13090, MJH13091 
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RcA'1000, ROA100t! File Number 594 

a-Ampere Silicon N-P-N 
Darlington Power Transistors 

! , 

For Use as Output Devices in General-Purpose 
Switching and Amplifier Applications . 

Features: 
• High dc current gain: 

hFE;" 1000 min. at Ie = 3 A 

• Monolithic construction 

RCA1000 and 1001 are monolithic silicon n-p-n Darlington 
transistors intended for medium-power applications as 
output devices. The construction of these units 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 her
metic steel package. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

TERMtNAL DEStGNATIONS 

JEDEC TO·204M 

,------------, 
I I 
I I 
I I 
: I 
I I 
1 _3k,Q Al300.n 1 
L _______ __ .-l 

92C$-19945Rt 

Fig. 1 - Schematic diagram for all types. 

RCA·1000 RCA,1001 

COLLECTOR-TO-BASE VOLTAGE: 
With emitter open ........................................................... . VCBO 60 80 

COLLECTOR-TO-EMITTER VOLTAGE: 
With base open ........................................... , ................. . VCEO 60 80 

EMITTER·TO-BASE VOLTAGE: 
With collector open ............................•......•....................... VEBO 5 5 

COLLECTOR CURRENT: IC 
Continuous .................••..........•..•..•............................. 8 8 
Pulsed •............. , ................ , .................................... . 15 15 

BASE CURRENT (Continuousl IB 0.1 0.1 

TRANSISTOR DISSIPATION: PT 
At case temperatures up to 2SoC ............................................... . 
At case temperatures above 25°C, derate linearly at ................................. . 

90 90 
0.515 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ................................................ . -55 to +200 

LEAD TEMPE RATURE (During Soldering): 
At distance > 1/8 in. (3.17 mm) from case to 10 s max .............................. . 235 

V 

V 

V 

A 
A 

A 

W 
wtc 

°c 

°c 
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RCA1000, RCA1001 

ELECTRICAL CHARACTERISTICS, At Cas. T.mperRture ITCI ~ 25°C unless otherwise specified 

CHARACTERISTIC SYMBOL 

VCB 

Collector Cutoff Current: 
ICEO With base open 

With external base~to-emjtter 60 
resistance (RBE) = 1 kll 

ICER 
BO 

At TC = 150°C 60 
BO 

Emitter Cutoff Current lEBO 

Collector-ta-Emitter 
V(BR)CEO 

Breakdown Voltage 

DC Forward Current 
hFE Transfer Ratio 

Base-ta-Emitter Voltage VBE 

Collector-ta-Emitter 
VCE(sat) Saturation Voltage 

Thermal Resistance 
R8JC (Junction·to·Casel 

a Pulsed: Pulse duration ~ 300 jJS, duty betor .$ 2%. 

0.' 468, 4 6 8 I 2 4 6 810 

COLLECTOR CURRENT (IC1-A 
92C5- 19919'" 

Fig. 2 - Typical dc beta characteristics for 
both types. 

TEST CONDITIONS 

DC DC LIMITS 
VOLTAGE CURRENT 

(VI 

VCE VBE IC 

30 
40 

5 0 

0.1' 

O.la 

3 3 
3 4 

3 3" 

3" 
Sa 

(AI 

IB 

a 
a 

a 
a 

0.012 
0.04 

.. 4_ 

" 

~ ,-+
~ '~r-_-

RCA 1000 RCA 1001 

MIN. MAX. MIN. MAX. 

- 500 - -

- - - 500 

- 1 - -
- - - 1 

- 5 - -
- - - 5 

- 2 - 2 

60 - - -
- - 80 -

1000 - 1000 -
750 - 750 -
- 2.5 - 2.5 

- 2 - 2 
- 4 - 4 

- 1.94 - 1.94 

COLLECTOR CURRENT lIe" I A 
...jCOLLECTOR-TO-EM,TTER VOLTAGE (VCE"5 

CASE TEMPERATURE (TC"Z5°C 

iT 

. - -",1-
----'IS 

-'l\i--j--t--+-I-ti 

--

a ,:~~~=~:~~--~~_--~-++~\~~-+~ 
68 0 .1 468, 468 10 

FREOUENCY 1f)-MHz 

Fig. 3 - Typical small-signal gain for both 
types. 

UNITS 

JJ.A 

mA 

mA 

V 

V 

V 

°C/W 
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RCA1000, RCA1001 

COLJ.£CTOft CURRENT !lel-A 

Fig. 4 - Typical saturation characteristics for 
both types. 

10 100 
COLLECTOR-lO-EMITTER VOLTAGE (VCE)-V 

Fig. 5 _. DC safe-area-of-operation for both types. 

2-726. ______ _.,..-------------------------



____________________________________ Power Transistors 

File Number 908 

Silicon Transistors for 
Audio-Amplifier Applications 

The RCA 1604 and RCA 1605 are silicon n-p-n transistors in 
a JEDEC TO-204AA package. They are especially suitable 
for applications in audio-amplifier circuits, in which they may 
be used as either driver or output unit. 

These devices, together with a variety of other transistors 
that serve as input devices, V BE amplifiers for biasing, current 
sources, load-line limiters (for overload protection), and 
predrivers, may be used to develop several hundred watts of 
audio output power in quasi-complementary-symmetry 
audio-amplifier configurations that employ parallel output 
transistors. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCOO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCEO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCER RBE = 100 n ............................................... . 
VEBO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic ........................................................... .. 
IB ............................................................ .. 
PT 

AtTc:S25°C ............................................... .. 
AtTc>25°C ................................................ . 

Tstg , TJ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

T 
LAt distance 2: 1/32 in. (0.8 mm) from 

seating plane for 10 s max ................................... . 

RCA 1 B04, RCA 1 B05 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

RCA1B04 
225 
200 
225 

RCA1BOS 
275 
250 
275 

______ 5 _____ _ 
______ 7 _____ _ 
______ 2 _____ _ 

______ 150 _____ _ 

See Fig. 1 
_____ -65 to 150 ____ _ 

___________ 230 ________ __ 

V 
V 
V 
V 
V 
A 

w 
°C 
°C 

°C 
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RCA 1B04,RCA 1805 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2!PC 

CHARAC- LIMITS 

TERISTIC TEST CONDITIONS RCA1B04A RCA1B05* RCA1B09** UNITS 
Min. Max. Min. Max. Min. Max. 

VCE = 120 V, RBE = 100 n - 1 - - - -
ICER rnA 

VCE = 200 V, RBE = 100 n - - - 1 - 1 

lEBO VEB = 5 V, IC = 0 - 1 - 1 - 1 rnA 

VCEO IC = 0.2 A,IB = 0 200 - 250 - 250 - V 

VCER IC = 0.2 A, RBE = 100 n 225 - 275 - 275 - V 

fT 
IC = 0.2 A, VCE = 10 V 5 - 5 - - -

MHz 
IC = 1 A, VCE = 15 V - - - - 5 -

hFE IC = 2 A, VCE = 5 V 15 75 15 75 40 -

VCE(sat) 
IC = 2 A,IB = 0.255 A - 2 - 2 - -

V 
IC=2A,IB=0.2A - - - - - 1 

VBE IC = 2 A, VCE = 5 V 0.75 1.75 0.75 1.75 - 1 V 

VCE=120V,t=ls 1.25 - - - - -

ISlb VCE = 140 V, t = 1 s - - 1.07 - - - A 

VCE = 80 V, t = 1 s - - - - 1.875 -

* 
For characteristics curves and test conditions, refer to published data for prototype 2N5239 (File 321). 
For characteristics curves and test conditons, refer to published data for prototype 2N5240 (File 321). 

** For characteristics curves and test conditions. refer to published data for prototype 2N6510 (File 848), 

CAIE TEMPERATUIIE (T c) • 25· C · · CAS~ TEMrERtTlu~E ITF }·25·C 

.... -vc~s,L.1 II 
I I I !i .... '~"''' !; 320 '1'." 
-I v, E (lUI) 

15: !GO 
~ .. i ":280 

e.:' 280 
....,.~J ~~240 

~~ 220 
~ 

II 200 

II 180 . . . . . . . . 

· I I i , 
ICIUAX' lcottloUSJ1. ~IO · · 0 0 z · I , ---~ 

« 
o~ 

~ I · · 1 SIb-LIMITED 

8 · 
VCEr .Ax~,o~v:t 'I--~-

0.1 , . . . , . . . , . 
10 100 

10 100 ItC 10K 
EXTERNAL BASE-TO-EMlTTfR RESISTANCE (RBEI-A 

COLLECTOR -TO-EMI HER VOLTAGE' 'ICE I-v 

'2LS-I9 .... 

.. ' 
Fig. 1 - Derating curves lor all types. Fig. 2 - Maximum operating areas lor RCAtB04. 

· CAiE TE~PEiAlutE 'jC I· .. ·C · · II 
i 

, 
ICIMAX' JCOlTI1Ntousl - 10 

~ 7 8 · ~ z · o~ 

q.~. I , 
ele 

(.to"", 

~ 6 
ISla-LIMITED 

8 · 1 I 1·1 rx , 
VCEOCMAX.'.Z50V-H 

0.1 , . . . , . . . , . . . 
10 100 

COLLECTOR-TO-[MITTER VOLTAGE IVCEI-V 
'2CS-22040RI 

Fig. 3 - Maximum operating areas lor RCA 1 B05. 

2-728 ______________ --__ --------------------------------------------------



_______ . ____ • ___________ --' ______ ....:.. ______ Power Transistors 

File Number 618 

Silicon N-P-N 
VERSAWATT Transistors 
Designed for Medium·Power Linear and Switching Service 
in Consumer, Automotive, and Industrial Applications 

Features: 
• Maximum safe-area-of-operation curves 

• Low saturation voltages 

RCA3054, RCA3055 

TERMINAL DESIGNATIONS 

• High dissipation ratings 

Applications: 
• Series and shunt regulators 

• High-fidelity amplifiers 
'~'~"lOllli + ~' 

TOP VIEW B 

• Power-switching circuits 

RCA3054 and RCA3055 are silicon n-p-n transistors intended 
for a wide variety of high-current applications. The construc
tion of these devices renders them highly resistant to second 
breakdown over a wide range of operating conditions. 

The VERSAWATT case has a proven thermal-cycle capability. 
This capability is assured by real-time quality controls in our 
manufacturing locations. The RCA3054 and RCA3055 are 
supplied in the JEDEC TO-220AB straight-lead version of the 
package. They are also available on special order in a variety 
of lead-form configurations. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE. . . . . . _ 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With external base-to-emitter resistance (RBe) = 100 n . 
With base open . . . . . . . 
With base reverse-biased V BE = -1.5 V 

EMITTER-TO-BASE VOLTAGE. . . 

CONTINUOUS COLLECTOR CURRENT 

CONTINUOUS BASE CURRENT_ 

TRANSISTOR DISSIPATION: 

At case temperatures up to 2SoC 
At case temperatures above 25°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

PIN TEMPERATURE lOuring Solderingl: 

At distances? 1/32 in. (O.B mm) from seating plane for 10 s max_ 

VCBO 

VCERlsusl 
VCEO(susl 
VCEV(sUS) 

VEBO 

IC 

18 

PT 

92CS-39969 

JEDEC TO-220AB 

RCA3054 RCA3055 

90 100 V 

60 70 V 
55 60 V 
90 90 V 

7 7 V 

4 15 A 

2 4 A 

36 75 W 
See Fig.3 

-65 to +150 °c 

235 °c 
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RCA3054, RCA30~5 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2!PC unless otherwise specified 

CHARACTERISTIC SYMBOL 

Coliector~Cutoff Current: 
ICEO With base open 

With base-emitter 
ICEX junction reverse~biased 

At TC = 150°C ICE X 

Emitter~Cutoff Current lEBO 

Collector-ta-Emitter 
Sustaining Voltage: VCEO('u,) 

With base open 

With external base-to-
emitter resistance VCER('u,) 
(RBE) = 100!1 

With base-emitter junction 
VCEV('U') reverse-biased 

DC Forward-Current 
hFE Transfer Ratio 

Collector-ta-Emitter 
VCE(sat) 

Saturation Voltage 

Base-ta-Emitter Voltage VBE 

Common-Emitter, Small-Signal, 
Short-Circuit, Forward 

fhfe Current Transfer Ratio 
Cutoff Frequency 

Magnitude of Common-
Emitter, Small-Signal 
Short-Circuit Forward Ihfel 
Current Transfer Ratio 
(f =0.4 MHz) 

COmmon-Emitter. 
Small·Signal, Short· 
Circuit Forward hIe 
Current Transfer Ratio 
(I = 1 kHz) 

Forward-Bias Second 
Breakdown Collector ISlb 
Currentb (t > 1 5) 

Thermal Resistance: 

Junction-ta-Case ROJC 
Junction-to-Ambient ROJA 

a Pulsed: Pulse duration"" 300 },lS, duty factor = 1.8%. 
b Pulsed: 1-second non-repetitive pulse. 

TEST CONDITIONS 

VOLTAGE CURRENT 
V de A de 

VCE VEB VBE IC IB 

30 0 

90 -1.5 
100 -1.5 

90 -1,5 
100 -1.5 

7 0 

0.1" 0 
0.2" 0 

0,1" 
0.2" 

-1.5 0.1" 

4 3" 
4 10" 
4 0,5" 
4 4a 

0.5a 0.05" 
4a O.4a 

4 0.5" 
4 4" 

4 0,1 
4 1 

4 0.1 
4 1 

4 0.1 
4 1 

55 
60 

LIMITS 

RCA3054 RCA3055 

MIN. MAX., MIN. MAX., 

- 0,5 - 0.7 

- 1 - -
- - - 5 

- 6 - -
- - - 30 

- 1,0 - 5 

55 - - -
- - 60 -

60 - - -
- - 70 -

90 - 90 -

5 .- - -
- - 5 -
25 100 - -
- - 20 70 

- 1,0 - -
- - - 1,1 

- 1,7 - -
- - - 1,8 

30 - - -
- - 10 -

2 - - -
- - 8 -

25 - - -
- - 15 120 

0.65 - - -
- - 1.2 -

- 3.5 - 1.67 

- 70 - 70 

UNITS 

mA 

mA 

V 

V 

V 

kHz 

A 

°C/W 
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0: 

~ I 
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0: 

0.1 

RCA3054, RCA3055 

*FOR SINGLE 
NONREPETITIVE 
PULSE 

• I 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

92CS-21465 

Fig. 1 - Maximum operating areas for RCA3054. 

I 
100 

B'O~====~~==S:f2~:$i!f:~~~~~~~ 
0: 

e 
u 
w ... ... 
o 
u 

I 
10 

COLLECTOR -TO-EMITTER VOLTAGE (VCEI-V 

Fig. 2 - Maximum operating areas for RCA3055. 

9ZCS-Z1466 
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RCA3054, RCA3055 
rno , VOLTAGE (VCE" 4V 

25 50 75 100 125 150 115 lOCI 
O.S 10 

EFFECTIVE CASE TEMP. OR C~E TEMP. (TEFf OR Ter-0C 
BASE· TO·EMITTER VOL lAGE (VBE) - v 

Fig. 3 - Derating curve for both types. Fig. 4 - Typical input characteristics for RCA3054. 

CASE TEMPERATURE (T. , • '" C 

10 " 30 " so 60 

COLLECTOR·TO·EMITTER VOLTAGE (VeE) _ v BASE·TD·EMITTER VOL lAGE (Vee) - v 

Fig. 5 - Typical output characteristics for RCA3054. Fig. 6 - Typical transfer characteristics for RCA3054. 

COLLECTOR·TO·EMITTER VOLTAGE (Vee) = 4 V VOLTAGE :> •• 

100 

W 
l 
0 

80 -
S 

tP 
./ 

~ r-... 
2 60 ~ 

'11,v'o/ '" ffi / ,.",,;/ ~ 
~ "I--l-L-.", ... "" 
~ 
0 ~ '\~~ 
~ ~.y ~~ ~ 
g "v I'\. 

0 

0.0011 4.8 0.01 1 46 BO.l 4681.02 46810 

j i 
~ oe 
~ 
z 
~ 

B 0.6 

"' ~ ~~ ~ 
m D.' .. :': 

o. 

F""f,cc!::: :::: r~ii VI 
Cif~!~;; 

.. It'= 
~~ : ~:" 

15 

COLLECTOR CURREtH (Ie) _ A BASE-TO-EMITTER VOLTAGE (VBE1-V 

Fig. 7 - Typical dc beta characteristics for RCA3054. Fig. 8 - Typical input characteristics for RCA3055. 
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RCA3054, RCA3055 

BASE-TO-[MITTER VOLTAGE (VBE)-V 
92CS-15992 92C$-15'387 

Fig. 9 - Typical output characteristics for RCA3055. Fig. 10 - Typical transfer characteristics for RCA3055. 

COlLECTOR-TO-EMiTTER VOLTAGE {VeE' •• V 

~ 
a 

i 100 

~ 80 
1'2,'!I-C 

~ .... 1- '11 .... 
1.!fC 

~ 
60 l ~"<l' rf:>o 
r-- ,,~,.#'.' 
.o~ ~ 

&1 '3 
~ 
~ 20 

g 
2 . . . 2 . . . 2 4 .. 

0.01 0.1 I 10 
COLLECTOR CURRENT (Ic)-A 

Fig. 11 - Typical dc beta characteristics for RCA3055. 

________________________________________________________________ 2-733 



Power Transistors __________________________________ _ 

.RCA~7~~, MJt~003, 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 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 RCA3773, MJ15003. RCA8638G, 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, MJ150Q4, 
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 

VeBO .....•.•••.........•••.•.••••.••••• 160 140 
VeEX(SUS) 

VBE = -1.5 v; RBE = 100 n ..•..•••.•..•. 160 
VeE"(SUS) 

RBE=I00n ....••••••..........••.... 150 150 
VCEO(SUS) •••....•....••.......••..•..•. 140 140 
VEBO ...••••..•.••.....•..• , .....••••••• 7 
Ie •......•.•••......•..•.•..•......•... 
IB .••..•.•.•.•....••.•....•........••.. 
PT 

AI Te:5 25·C ........................ 150 250 
At Te > 25·C Derate Linearly •••...••. 0.857 1.43 

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

AI distance ~ 1/32 in. (0.8 mm) from 
sealing plane for lOs max. ........... 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

RCA8838C RCA8838D RCA8838E 

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 W/·C 

-65 to +200 ·C 

230 ·C 
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RCA3773, MJ15003, RCA8638C, RCA8638D, RCA8638E 

ELECTRICAL CHARACTERISTICS. at Case Temperature (TC) = 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 160a - 4 - -
140a - 2 - 1 

'CEX 140 -1.5 - 1 - 0.1 

'CEX 140 -1.5 - 5 - 2 
TC = 150°C 

rnA 

'CEO 140 - - - 0.25 

'B= 0 
120 - 1 - -

'EBO 
- 7 - 1 - -

- 5 - - - 0.1 

hFE 4 BC 15 60 - -

4 16c 5 - - -

2 5c - - 25 150 
2 loe - - 10 -

VCEX(sus)b -1.5 0.2 160 - - -

RBE = 100Q 

VCER(sus)b 
0.2 150 - 150 -

RBE';;; 100Q 

VCEO(sus)b 0.2 140 - 140 -

VEBO 
'E= 1 rnA 

0 7 - 5d -

4 BC - 2.2 - - V 
VBE 

2 5C - - - 2 

VCE(sat) 

'B = 3.2A 16c - 4 - -

= O.BA BC - 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 
f = 1 kHz 

40 - - -

Cob loa -
f=O.1 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 

2-736 

ELECTRICAL CHARACTERISTICS, at Case Temperature (T C) = i5"c 
Unless Otherwise Specified (Cont'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 - -
la =0 60 - - - 1 

lEaD - 5 - 1 - 1 

hFE 2 5c 25 150 25 150 
2 7.5c - - - -
2 10c 10 - 10 -

VCER(sus)b 
0.2 150 - 130 -

RaE';;; lOon 
VCEO(sus)b 0.2 140 - 120 -

VEao 0 5 - 5 -
IE = 1 mA 

VaE 2 7.5c - - - -
2 5C - 2 - 2 

VCE(sat) 
la = 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 UNITS 

Min. Max. 

- -
- -
- 1 

- -
- -
- -
- - rnA 

- -
- -
- 1 

- -
10 100 

- -

110 -

100 -

5 - V 

- 3 
- -

- 1.5 
- -

- -
A 

8 -

4 -

2 - MHz 

- 500 pF 

- 0.875 °C/W 

a VCB b CAUTION: Sustaining voltages VCExlsusl. VCER(sus), and 
V CEO (sus) MUST NOT be measured on a curve tracer. See 
Figs. Band 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-lO-EMITTER VOLTAGE(VCE)- v 
92C"4-30145 

Fig. 1 - Maximum operating areas for all types. 

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

Fig. 2 - Current derating curve for all types. 

Fig. 4 - Typical saturation voltage characteristics for all types. 

~IVW: COLLECTOR- TO-EMITTER VOL.TAGE (VCE)-2 v r-
= 4 
0 1-l-l .. UJ ~ 2 

...£rrL ..... 
~ 100 
~ . 
~ .: ~Pl.fI,jI.,!\)fI,t 

~ Cp.9E ~t.~ ~~.~ 
\ C 

i 
2 

10 
a . 
! 
. 
4 

If 2 

g I , 4 •• , 4 e. , 4 ee , 4 •• 
0.01 0.1 I 10 100 

COLLECTOR CURR£NT(.IC}-A 92C5-30146 

Fig. 3 - Typ/cal dc beta characteristics as a function of collector 
current for all types. 

BASE-TO-EMITTER VOL.TAGE (VBE)-V 
92CS-30148 

Fig. 5 - Typical input character/sties for all types. 
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RCA3773j MJ15003, RCA8638C, RCA8638D, RCA8638E 

leol COLLECTOR SUPPLY VOLTAGE f Veel= 30 V 
181=-~B2"1I10 Ie 

11. I 

t~ 

Ii 

CASE TEMPERATURE t T C)1I 25"C 

0.' 

BASE-TO- EMITTER vOLTAGE ("SEI-V 92.CS-30!49 

Fig. 8 - Typical transfer characteristics for all types. Fig. 7 - Typical saturated-switchirig times for all types. 

27Q,2W 

6 SERIES-CONNECTED 
J. w. MILLER NO: 2881, 
OR EQUIVALENT 

OSCILLOSCOPE INPUT 
HEWLETT-PACKARD 
MODEL NO. 130B. 

CLARE MERCURY RELAY 
MODEL NO. HGP-IQ45 
OR EQUIVALENT 

---1J! 
120 V 
6OH, 

1.5 

VCER(SUS) 

VCEO(SUS) 0 

OR EQUIVALENT 

+----0 HORIZ. 
III 
NON. IND. 

+---.--OGNo 

loon +-----0 VERT. 

VCEX(SUS) 

L = 21 mH FOR VCEO(SYS) 
AND VeER (sus) 

L" 7mH FORVCEX(SUS) 
R"IOOn 

92CS-30150 

o TO SOV 
(500 mAl 

Fig. 8 - Circuit used to measure sustaining voltages VCEO(SUS). 

I- IC IC 

~ VCEO (sus) 

~4 I / 
~ I ----;, 
go I" 
"H I 
"'- 1 ::l 1 

VCER(SUS). and Veex(SuS) for all types. 

I 

VeER (sus) 

DR 
VCEX (sus) 

80 VCE O VeE 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

NOTE: Th. IlIltDin;ng Vallogel VeEoh.,s), VCER(sus) or, VCEX(sus) ore 
Kcephlble when Ih.'racelallsta the righlClnd abowepaint "A,". (Farwaluu 
01 current and wah., see Electrical Characteristics. 

92CS~15224RI 

92CS-24797RI 

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 1205 

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 Vce(sat) 
• Steel hermetic TO-204AA package 

RCA6340, RCA6341 

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 

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 types are similar to the 2N6340 and 2N6341 except 
for the CObo, hFe measured at Ie of O.SA, and 1." I •• 
conditions for switching times. 

MAXIMUM RATINGS, Absolute Maximum Values: 

VCBO ...•.........•...•.......•..•.....••..••....••••..........•.••.•....••..•.•• 

VCEO ..••..•.•..•...•.•••.••••••..•..•••.•........•••••••..•••.•..••••.•••.•..•.• 

VEBO ••...•..••....•.•...•.•.......••.....•....••..••••••.....••..••.••.•..••.•.• 

Ic ....................•........................•.••..............••....•......•.. 
ICM •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

IB .•..••..•...•••....•......•••••...•••••.••.••........•..••..•.•..•......•.••.•. 
PT 

Tc up to 25·C •...•...•...••••...••..•..•.........•...•.....•................... 
Tc above 25· C, derate linearly ........•..••........•..........•.....•.•......... 

T.,g, TJ ......................................................................... . 
TL 

At distance 2: 1/16 in. (1.58 mm) from 
seating plane for lOs max ....•....•.•....•..•..•....••..•.•....•...............• 

92CS-27516 

JEDEC TO-204AA 

RCA6340 RCA6341 

160 180 V 

140 150 V 

3 V 

25 A 
50 A 
10 A 

200 W 
1.143 W/·C 

-65 to 200 ·C 

235 ·C 
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RCA6340, RCA6341 
ELECTRICAL CHARACTERISTICS, at Case Temperature Tc = 25·C Unle .. Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT 
RCA6340 RCA6341 

Vdc Adc 

VCE VaE Ic la Min. Max. 

150 -1.5 - - - 10 
ICEv 

150 -1.5 - - - -
140 -1.5 - - - 1 

Tc = 150·C 
150 -1.5 - - - -
160c - - - - 10 

leBO 
180C - - - - -

lEBO - -6 0 - - 100 

VCEo(sus)b - - 0.05a 0 140 -
2 - 0.5a - 30 -

hFE 2 - 10a - 30 120 

2 - 25a - 12 -
VBE 2 - 10a - - 1.8 

- - 10a 1 - 1.8 
VBE(sat) 

25a 2.5 2.~ - - -
- - 10a 1 - 1 

VCE(sat) 
25a 2.5 1.8 - - -

Isib 18 - 11.1 - 1 -
h,. f = 5 MHz 10 - 1 - 8 -

IT 10 - 1 - 40 -
CObo f = 0.1 MHz 10C - - - - 600 

t,d - -6 10 0.5 - 0.3 

tsd - -6 10 0.5e - 2.0 

t,d - -6 10 0.5e - 0.25 

RBJC 10 - 5 - - 0.875 

a Pulsed; pulse duration = 300/ls, duty factory:S; 2%. 

b CAUTION: The sustaining voltage VCEO(SUS) MUST NOT be measured on a curve tracer. 

c VCB value. 

d VCC = 80 V, tp = 10/ls. 

e IB1 = -IB2. 

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 

/lA 

mA 

/lA 

V 

V 

s 

MHz 

pF 

/l5 

·C/W 
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RCA6340, RCA6341 

10 6 8'00 

COLLECTOR-TO- EMITTER VOLTAGE (VCE )-V 
92CM- 32150 

Fig. 1 - Maximum operating areas for both types. 

100 

75 

50 

25 

~ ~ ~ ~ ~ ~ ~ ~ = ~ 
CASE TEMPERATURE (Tcl_oC 

Fig. 2 - Dissipation and Is,o derating curves for both types. 

400 
COLLECTOR - TO -EMITTER VOLTAGE 
(VCE}=2V 

0 

~ 2 
~ 

tiE TEMPELTURE Jc1c,JSO( w 
i:; 

100 

~ · E~ 
6 

25°C 1""'-,= 4 

1 ~ 
I 

2 

f r--.. I' 10 g · · 6 • 2 4 6 . 2 
0.5 10 40 

COLLECTOR CURRENT (lei - A 9~CS-31452 

Fig. 4 - Typical dc beta characteristics for both types. 

(101 
2 4 6 e 2 4 68 2 4 6 B 2 4 68 

O.rol 0.01 0.1 I 10 

PULSE WIDTH (tpl - 5 

Fig. 3 - Typical thermal-response characteristic for both types. 

~ Is=Ie /iO I I 
~ 2.4 

L -.l I I ~ 
z I .-l I 
0 

~ CASE TEMPERATURE (Te'· 40·C 

~I 
~o::::' 
~~ 

1.2 !::w 
~ 0 

~~ j 
~ 0.' ,j,.·c e j 

" ~ 
0.4 

~~ 125°C 

8 
• . 10 100 

COLLECTOR CURRENTlIcl-A 92CS-31453 

Fig. 5 - Typical collector-to-emitter saturation voltage 
characteristics for both types. 
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RCA6340,RCA634~ 

' .. ~~ 
! > 

, 
z 
Q> 

~J. 08 h 
~~ 
15 ~ 
~~O6 f--
;;; 
':' 
0 
~ l-

I 0.' 

~ 
0.' 

o 

f 
~/ 

""~ PERJr,'TURE.~"C~ .",9 j 
SE ~ 

V V Jt - - /' 
V~ 

V ..... 1---
4 6 8 I 4 6 B 10 

COLLECTOR CURRENT (Icl-A 
4 60 

92CS-31454 

Fig. 6 - Typical base-to-emitter saturation voltage characteristic 
for both types. 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI- V 92CS-3t456 

Fig. 8 - Typical output characteristics for both types. 

;,10. CASE TEMPERATURE (Tel = 125-C 

I 6" Ie=IcIlO 
181=182 Vee- SOV 

{ • 
'" ""-i3 • ....... .. r--.. ;: __ It, 
-' , 
-' 
~ • 
co • z --.. ......... t, oJ 4 
~ V tt .. 

./ co 
l- • .. 

"- ---Ii -a: OJ 
o 5 10 15 20 25 30 35 

COLLECTOR CURRENT (Ie) - A 92CS-5I480 

Fig. 10 - Typical saturated-swltching-time characteristics at Tc = 
1250 C a8 a function of col/ector current for both types. 

I
ii CASE r.o:.":':.".C':' ~" .. (.:r.c) • 25"C I ;o~~~C1U:':r .• ,u~<M'TTER VOLTAGE (VCE) ·,OV 

, 

Ii 
[l 

0.4 0.8 1.2 1.6 
COLLECTOR CURRENT (leI - A 

2.4 2. 
92CS-31455 

Fig. 7 - Typical smal/-signal forward-current transfer ratio 
characteristic for both types (f = 5 MHz). 

10 8 CASE TEMPERATURE (Te )-2S-C 
:IS-leI 10 

6 LB,. 's. Vcc-BOV --f---t---t-----\ 

o 5 10 15 20 
COLLECTOR CURRENT! Icl- A 

25 30 
92CS- 32145 

Fig. 9 - Typical saturated-switching-tlme characteristics as a 
function of col/ector current for both types. 

--.!I·bO 

CASE TEMPERATURE (Tel II 25-C 
FREQUENCY (f) "0.1 MHz 

4. 6 8 10 8100 400 

COLLECTOR-TO-BASE VOLTAGE (VCB)-V OR 
EMITTER-TO-BASE VOLTAGE (VEB}-V 92CS·31459 

Fig. 11 - Typical common-base input (C'bO) or output (CObo) 
capacitance characteristic for both types. 
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R. 
,on 

IN4933 
OR 
EQUIV. 

-VeB 
-5V 

OUTPUT TO 
OSCILLOSCOPE 

Fig. 12 - Switching-time test circuit. 

RCA6340, RCA6341 

I-

~;r_----~--r_--------~-_,--~ ma 
TIME 

g~ 
frl~ 

~ a '-------+-1 

INPUT WAVE FORM 

Ti 

J"-=_,--'O_% ___ TIME 

1-_--+--'TUR.ftM~FF 

OUTPUT WAVE FORM 

Fig. 13 - Phase relationship between input current and output 
current showing reference points for specification of 
switching times. 
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RCA8766 Series 

10-Ampere N .. P-N Monolithic 
Darlington Power Transistors 
350, 400, 450 Volts, 150 Watts 
Gain of 100 at 4, 6A 

Features: 
• Operates from I C without predriver 

• Low leakage at high temperature 

Applications: 
• Power switching • Automotive Ignition 

• Solenoid drivers • Series and shunt regulators 

The 8766 Series· are monolithic n-p-n silicon Dar
lington transistors designed for automotive electronic 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. 

The devices in the series differ primarily in voltage ratings 
and in the current at which the dc gain is specified. 

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

-Formerly RCA Dev. Nos. TA8766 Series. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO · 
VCER(sus) 

RBE = 50 II . 

VCEO(sus) 

VEBO · 

IC· 

'CM 

'B· 
PT 

TC<25°C 

TC>25°C 

Tslg' TJ 

TL 
At distances ;;;'1/8 in. (3.17 mm) from cas. 

for 10. ma •. 

File Number 973 

TERMINAL DESIGNATIONS 

JEDEC TO-204AA 

r----------, 
I I 

• I I 
I I 
i I 
I I 
I I L _________ ...J 

Fig. 1 - Schematic diagram for all types. 

RCA8766 RCA87688 RCA8766D 
RCA8766A RCA8788C RCA6786E 

350 400 450 V 

350 400 450 V 

350 400 450 V 

5 5 5 V 

10 10 10 A 

15 15 15 A 

A 

150 150 150 W 

S •• Fig. 2 

-6510+175 °c 

235 °c 
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____________________________________ Power Transistors 

RCA8766 Series 

ELECTRICAL CHARACTERISTICS, at Case Temperature (TC) 25"C unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT RCA8766 RCA8766S RCA87660 

UNITS 
Vdc Adc RCA8766A RCA8766C RCA8766E 

VCE IC IS Min. Max. Min. Max. Min. Max. 

ICER 350 - 1 - - - -
RBE=50n 400 - - - 1 - -

450 - - - - .- 1 mA 

TC = 150°C 350 - 10 - - - -
400 - - - 10 - -
450 - - - - - 10 

lEBO 
VBE = -5V 0 .,.. 60 - 60 - 60 mA 

VCEO(sus) 0.2a 0 350 - 400 - 450 - V 

hFE 
RCA8766 3 6a 100 - - - - -
RCA8766A 3 4a 100 - - - - -

RCA8766B 3 sa - - 100 - - -
RCA8766C 3 4a - - 100 - - -

RCA8766D 3 sa - - - - 100 -
RCA8766E 3 4a - - - - 100 -

VBE 
RCA8766 3 6a - 2.5 - - - -

RCA8766A 3 4a - 2.5 - - - -

RCA8766B 3 6a - - - 2.5 - - V 
RCA8766C 3 4a - - -- 2.5 - -
RCA8766D 3 6a - - - - - 2.5 
RCA8766E 3 4a - - - - - 2.5 

VCE(sat) 
RCA8766 sa 0.2a - 1.5 - - -
RCA8766A 4a 0.133a - 1.5 - - -

RCA8766B 6a 0.2a - - . - 1.5 -
RCA8766C 4a 0.133a - - - 1.5 - - V 
RCA8766D sa 0.2a - - - - - 1.5 
RCA8766E 4a 0.1338 - - - - - 1.5 

All Types sa O.sa - 2.5 - 2.5 - 2.5 

VF 7a - 2 - 2 - 2 V 

Ihfel 
f = 1 MHz 5 1 10 - 10 - 10 -. 

ISlb 
t = 1 s, nonrep. 30 5 - 5 - 5 - A 

ROJC - 1 - 1 - 1 °C/W 

a Pulsed: Pulse duration = 300 IJ.S, duty factor = 1.8%. 
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RCA8766 Series 

!<c 
~§~ 
il:i~ 
!~~ 
!~~ 
~~~ 
~~~ 
~~~ 
eta 
~ ... 

100 

75 

50 

25 

NOTE: CURRENT DERATING AT CONSTANT 
VOLTAGE APPLIES ONLY TO THE DlSSIPATION
LIMITED PORTION AND THE IS/b-LlMITEO 
PORTION OF MAXIMUM OPERATING AREA 
CURVES (FIG. 4). DO NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX. 

25 eo 75 100 125 150 175 200 
CASE TEMPERATURE (Tcl-OC 

~ 
0 

i 

~ 
!< 

! 
~ 

I 
g 

104 COLLECTOR-TO-EMITTER VOLTAGE {VCE)~3V I--f-· · , -1O! "" 
.,/ '" :~\'l-~O;:"" 

;:;- f.-- ...... 
2 9:: 

102 ..,; o·t. 
:r--~-. 

· ./ , ,/ 
10 

0.1 

./ 

. 2 8 I 

COLLECTOR CURRENT (Icl-'A 

~\ 

. . 8 10 

Fig. 2 - Derating curves for all types. Fig. 3 - Typical DC beta characteristics for all types. 

6 8 
10 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CS-28542 

Fig. 4 - Maximum operating areas for all types. 
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Q2 COLLECTOR CURRENT (leI-50 Is 

01' 

~ 
.~ ~ 

Z 01 

0.5 I 1.5 2.' 
BASE-TO-EMITTER VOLTAGE (YaEl-V 

Fig. 5 - Typical input characteristics for all types. 

COLLECTOR-lQ-EMITTER VOL.TAGE (VeEI-V 

Fig. 7 - Typical output characteristics for all types. 

Power Transistors 

RCA8766 Series 

I 
COLLECTOR-lO-EMITTER VOLTAGE (VcE}-V 

!t2CS-28545 

Fig. 6 - Typical output characteristics for all types. 

BASE-lO-EMITTER VOLTAGE ("BEl-V 

Fig. 8 - Typical transfer characteristics 
all types. 
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'RCA9166A; RCA9166B; MJ15022, MJ15024 File Number 1293 

Silicon N-P-N Epitaxial-Base 
High-Power Transistors 
Rugged Devices, Broadly Applicable 
For Industrial and Commercial Use 
Features: 
• High dissipation capability 
• Maximum safe-area-of-operation ·curves 
• High voltage . 
• High gain at high current 

Applications: 
• High-fidelity amplifiers 
• Series and shunt regulators 
• Linear/power amplifiers 

The RCA9166A', RCA9166B', MJ15022, and MJ15024 are 
ballasted multiple-epitaxial silicon n-p-n transistors lea
turing high gain at high current and high voltage. They 
differ Irom each other in voltage ratings, sale-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. 

'Formerly RCA Dev. Type Nos. 
TA9166A and TA9166B. respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Ve80 ••..•..........•.....•..•.......•.........•.•.•...•.•........ 
VeE.(SuS) R.E = 100 n ............................................ . 
VeEo(SUS) ....•..............•.••...•...•....•.•....•••....•.•.•.. 
V.so ............................................................ . 
Ie •...•..••.•••...•.............................................. 
leM .....•.. , ..•....•.•.....•.•..•.. , .. , ......•.....•.......••.... 
I •............................................................... 

At Te:5 25°C ....••••...•....•...........•.......•......••.•.. 
At Te> 25° C ..................•..•....••.....•. Derate linearly 

T .... TJ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distance;;:: 1/32 in. (0.8 mm) from 
seating plane for lOs max. . ....••...•......•......•.......•• 

2-748 
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JEDEC TO-204AA 

RCA9186A RCA9188B 

275 225 
250 200 

5 
16 
30 
5 

MJI5024 
400 
275 
250 

250 
1.43 

-65 to 200 

230 

MJI5022 
350 
225 
200 

v 
v 
v 
V 
A 
A 
A 

w 
wrc 
°c 

·C 



_________________________________ Power Transistors 

RCA9166A, RCA9166B, MJ15022, MJ15024 
ELECTRICAL CHARACTERISTICS. at Case Temperature (TC)=25°C 

Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CUR-

CHARAC- VOLTAGE RENT RC~9166A RCA9166B MJ15024 

TERISTIC Vdc Adc 

VCE VBE IC Min. Max. Min. Max. Min. Max. 

400a - - - - - 1 
ICSO 

350a - - - - - -
200 - 1 - - - 0.5 

ICEO 
150 - - - 1 - -
400 -1.5 - - - - - 0.5 

ICEX 250 -1.5 - - - - - 0.25 

200 -1.5 - - - - - -
ICER RSE=100 n, 200 - 4 - - - 4 

TC=150°C 150 - - - 4 - -
4 3c 30 - 30 - - -
4 5c 20 - 20 - - -

hFE 
4 8c - - - - 15 60 

4 16c 3.2 - 3.2 - 5 -
VCEO(sus)b 0.1 250 - 200 - 250 -
VCER(Sus)b 

0.1 275 - 225 - 275 -
RSE=100 n 
VESO IE-l rnA 5 - 5 - - -

IE=0.5rnA - - - - 5 -
4 3c - 2 - 2 - -

VSE 
4 8c - - - - - 2.2 

VCE(sat) IS=0.3 A 3c - 1.0 - 1.0 - -
IS=0.8A 8c - - - - - 1.4 

IS=3.2 A 16c - - - - - 4 

IS/b tp=0.5 s 80 3 - 3 - 2 -
nonrep. 50 - - - - 5 -

I hlel 1=1 MHz 10 1 4 20 4 20 4 20 

IT 10 1 4 20 4 20 4 20 

Cob lOa - 500 - 500 - 500 

RUJC 10 10 - 0.7 - 0.7 - 0.7 

aVCB' 

MJ15022 
UNITS 

Min. Max. 

- -
- 1 

- -
- 0.5 

- 0.5 mA 

- -
- 0.25 

- -
- 4 

- -

- -
15 60 

5 -
200 -
225 -
- -
5 -
- -

V - 2.2 

- -
- 1.4 

- 4 

2 -
A 

5 -
4 20 

4 20 MHz 

- 500 pF 

- 0.7 °CIW 

beAUT/ON: Sustaining voltages VCER(SUS) and VCEO(SUS) MUST NOTbe measured on a curve tracer. 

CPulsed; pulse duration=300 /ls, duty factor=1.8%. 
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RCA9166A, RCA9166B,MJ15022, MJ15024 

92CM-33704 

Fig. 1 - Maximum operating areas for all types. 

50 75 100 125 150 
CASE TEMPERATURE ITcl-·C 

175 200 
92LS-I469RI 

Fig. 2 - Current derating curve· for all types. 

Fig. 4 - Typical gain-bandwidth product for a/l 
types. 

0.01 2: 4 6 80.1 2 4 68, 2 4 6810 
COLLECTOR CURRENT l.Icl-A 

2 4 68 
100 

92CS-33705 

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

6810114161 
COLLECTOR· CURRENT Ucl-A 92CS-33709 

Fig. 5 - Typical saturation voltage character
istics for a/l types. 
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1.4 
BASE-TO-EMITTER VOLTAGE (VeE J- v 

Fig. 6 - Typical input characteristics for all 
types. 

BASE-TO-COLLECTOR VOLTAGE (Vacl-V OR 

BASE-TO-EMITTER VOLTAGE IVBEI-V 92CS-3370B 

Fig. 8 - Typical common-base input or output 
capacitance characteristics as a 
function of reverse voltages for all 
types. 

27ll.2W 

RCA9166A, RCA9166B, MJ15022, MJ15024 

14 

COLLECTOR-lO-EMITTER VOLTAGE 

(VCE);4V 

~ 
, 12 

~ 
~IO 
a 8 

o 
o 3 4 

BASE-TO-EMITTER VOLTAGE (VeE'-V 
92cs-:n710 

Fig. 7 - Typical transfer characteristics. 

'" IC 
~ 
'" '" =>« 
~I 
o~ 

'" " "H "'-' 
..J 

VCEO (sus) 

---,--'I ---i-
, 
I 
I 

veER (sus) 
OR 

VCEX (sus) 

, / 

80 veE 0 VeE 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

NOTE: The suslaining Voltages VCEO(SUS), VCER(sus) or, VCEX(sUs.) atl 
aceeplahl,wllen the I.oc:, 'olls 10 the ,ighl and abo"e po,nl "A", {Fo. values 
olcu,.""tlJ,,,lvoitoge, see Elecl';CIII Cha'IIeI"is!ics. 

92CS-1522"'RI 

Fig .. 9 - Oscilloscope display for measurement 
of sustaining voltages. (Test circuit 
shown in Fig. 10). 

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 

~ 
120 V 
60Hz 

R 

1.5 

VCEO(SUS) 0 

OR EQUIVALENT 

loon 

+-----QHORIZ. 
III 
NON. IND. 

+--..... --QGND 

+-----QVERT. 
(INVERT) 

L'"2ImH FOR VCEO(susl 
AND VeER (sus) 

L'" 7mH FOR VCEX Caus) 
Ro,OOn 

92CS- 33103 

Fig. 10 - Circuit used to measure sustaining 
voltages VCEO(SUS). VCER(SUS). and 
VCEX(sus) for all types. 

o TO 50V 
(500 mAl 
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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 tlie JEDEC TO-220AB (VER
SAWATT) plastic package. 

·Formerly RCA Dev. No. TA9202A. TA9202B and TA9202C, 
respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Vcso ............................................................... . 
Vceo(sus) .......................................................... . 
Veso ............................................................... . 
Ie ................................................................. .. 
leM .......................................................•...•. , ... . 
Is ... , ............. , ........... , ..................... , .............. . 
PT: ................................................................ .. 

Te up to 25°C ................ , .................................... . 
Te above 25° C .................................... Derate linearly at 

Tstg, TJ ............................. , ............................... . 
TL 
At distance ~ 1/8 in. (3.17 mm) from case for 10 s max .•..•..........•.• 

File Number 1414 

TERMINAL DESIGNATIONS 

'~.:mloll ] {:: 
TOP VIEW S 

9ZCS-39969 

JEDEC TO-22OAB 

.-------------, 
I I 
I I 
I I 
I I 
I I 
I I L _________ -.J 

UCS-28St? 

Fig. 1 - Schematic diagram for aU types. 

RCA9202A 

300 
300 
• 5 

4 
8 

0.25 

65 

RCA9202B 

350 
350 

5 
4 
8 

0.25 

65 
0.52 

-65 to 150 

235 

RCA9202C 

400 
400 

5 
4 
8 

0.25 

65 

UNITS 

v 
V 
V 
A 
A 
A 

W 
W/OC 

°C 
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RCA9202A, RCA9202B, RCA9202C 

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

TEST CONDITIONS LIMITS 

CHARACTERISTIC Voltage Current 
RCA9202A RCA9202B 

Vdc Adc 

VCE VaE Ic la Min. Max. Min. Max. 

300a - - -
leeo 

- 0.2 - -
350a - - - - - - 0.2 

IE = 0 
400a - - - - - - -
250 - - 0 - 0.5 - -

leEo 300 - - 0 - - - 0.5 

350 - - 0 - - - -
IEeo - -5 0 - - 10 - 10 

VCEO(SUS}C - - .03b 0 300 - 350 -
3.0 - 2b - 750 - 750 -

hFE 3.0 - 3b - - - - -
3.0 - 4b - 500 - 500 -

VeE 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 

Cabo 

Vce= 10V - - - - 100 Typ. 100 Typ. 

f= 1 MHz 

Islb 

t = 0.5 s non- 50 - - - 1.3 - 1.3 -
rep. pulse 

R.JC - - - - - 1.92 - 1.92 

aVCe value. 

bPulsed, pulse duration = 300 /IS, duty factor:5 2%. 

cCaution: Sustaining voltage, VCEO(SUS), must not be measured on a curve tracer. 

NOTE, CURRENT DERATING AT CONSTANT 
VOLTAGE APPUES ONLY 10 THE DISSIPATION~ 
LIMITED PORTION ANO THE IS/b-L.IMITED 
PORTION OF MAXIMUM OPERATING AREA ' 
CURVE. DO NOT DERATE THE 
$fife/FlED VALUE FOR Ie MAX 

~ 50 75 100 125 150 IJ!I 200 

CASE TEMP£RATURE ITCI_ec 

Fig. 2 - Derating curve for all types. 

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 
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RCA9202A, RCA9202B, RCA9202C 

92CM-!15299 

Fig. 3 - Maximum operating areas for all types. 

10 COLLECTOR-TO~EMITTE V1L~AGE (V~"3V -.. 
l 6 
0 4 

i l)_ 
'" ...... 
~ 2 "",\1,: 

-\ ~ ,t11v 
1-10' r--- ~~t-
~ 8 ~~~::,.,. 
::! • rc? ,~~ .I!~v V " \\ il 4 
0 vVtf( ~ '" ~ ~ 

/ .... ~c. 

oj Vl/l ci 102 

0.' • B , 

COLLECTOR CURRENT lI.c)-A 

6 .10 

92eS-3~316 

Fig. 4 - Typical dc beta characteristics for all 
types. 

Fig. 5 - Typical saturation characteristics for all 
types. 
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uel-Iu.1 

Fig. 6 - Typical saturation characteristics for a/l 
types. 

COLLECTOR CURRENT (Ic )-A 92C$-153Z0 

Fig. 8 - Typical saturated switching character
istics for a/l types. 

Power Transistors 

RCA9202A, RCA9202B, RCA9202C 

COLLECTOR~TO-EMITTER VOLTAGE IVeE)-! v 

c 
~ . ... 

iii • t; 
~ 2 
5 
u 

o 
o 0.5 I 1.5 2 2. e 

BASE -TO-EMITTER VOLTAGE (YaE'-V 
'leS-IISIIT 

Fig. 7 - Typical transfer characteristics for a/l 
types. 

",COLLECTOR SUPPLY VOLTAGE (Vee). 250V 
I J:B,·ZB2-rc/250 

, 
w 
2 

12 

10 

~ 6 

I. 
toO 

2 3 4 !5 6 
COLLECTOR CURRENT (I.el-A 

92CS-35321 

Fig. 9 - Typical saturated switching character
istics for all types. 

I "10 8'100 
COLLECTOR-TO-BASE VOLTAGE (Veal-V OR 
EMITTER-TO- BASE VOLTAGE IVES)-V 

92CS-35:522 

Fig. 10 - Typical common-base input (Cibo) or 
output (Cobo) capacitance character
istics (a/l types). 
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RCA920~A, RCA9203B .-ile Number 1413 

.TERMINAL DESIGNATIONS 4-Ampere N-P-N. Darlington 
Power Transistors 
250 and 300 Volts, 50 Watts 
Gain of 500 at 2 A <~~'"lOII ] {~ 

TOP VIEW' B Feature. Application. 
• Direct Ie Input·wlth.out predrlver 
• No R2, no anti-parallel diode 

• General purpose 
• Small engine ignition 

• Hard glass passivation • Voltage regulator 
• Wire bonded construction 

The RCA9203A, and RCA9203B- 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. 

I 

I 
I 
I 

JEDEC TO-22OAB 

92CS-39969 

These chlvicesare supplied in the JEDEC TO-220AB 
(VERSAWATT) plastiC package. L _______ _ 

-Formerly RCA Dev. No. TA9203A, and TA9203B. 92CS-35324 

Fig. 1 - Schematic diagram for all types. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

VeBO ••••••••••••••.••••••••••••.••••.•••••.•••••••••••••••••••.•••••••••••••••••...• 
VeEo(SuS) •••.••••••••••••••••••••••••••••••..•••••••••.••••••••..••••••••.•••.•••. '.' 
VEBO ••••••..••.••••••••••••••••.••••••..••.••••••••••••••••••••..•••••••••••..•••••• 
Ie .••••••......•....•••..•.....•.••.•••..••••......•.•.••.....•...••.. · •••.. · •....••. 
leM ................................................................................ . 
I •................................................................................... 
PT: ................................................................................ . 

RCA9203A 

250 
250 
9 
4 
6 

0.25 

RCA9203B 

300 
300 
9 
4 
6 

0.25 

UNITS 

v 
V 
V 
A 
A 
A 

Teupt025°C ..................................................................... 50 50 W 
T e above 25° C ................................................... Derate linearly at 0.4 Wlo C 

TstQ.TJ .............................................................................. ___ -65to150___ ·C 
TL 
At distance 2: 1/8 In. (3.17 mm) from case for 10 s max. ................................ 235 ·C 
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RCA9203A, RCA9203B 

ELECTRICAL CHARACTERISTICS. At Case Temperature (Tc) = 25°C 

TEST CONDITIONS LIMITS 

VOLTAGE- CURRENT 
CHARACTERISTIC Vdc Adc 

Vc. V •• Ic I. 

ICBO 250a - - -
IE = 0 300a - - -

200 0 - -
ICEO 250 - - 0 

lEBO - -9 0 -

VCEO(sus)C - - .03b 0 

3.0 - 2b -
hFE 3.0 - 4b -

VBE 3.0 - 4b -

VCE(sat) 
- - 2b .1 

- - 4b .2 

CObo 

VcB =10V - - - -
f = 1 MHz 

'SIb 

t = 0.5 s noil- 40 - - -

rep. pulse 

ROJC - - - -

aVCB value. 
bPulsed, pulse duration = 300/15, duty factor"; 2%. 
cCaution: Sustaining voltage, V CEOCSUS), must not be measured on a curve tracer. 

NOTE· CURRENT DERATING AT CONSTANT 
VOlTAGE APPLIES ONLY '10 THf DtSSIPATION
LIMITED PORTION ANO THE IS/b -LIMITED 
PORTION OF MAXIMUM OPfRATING AREA 
CURVE. 00 NOT DERATE THE 
SPECIFIED VALUE FOR I.e MAX 

RCA9203A 

Min. Max. 

- 0.2 

- -

- 0.5 

- -

- 1 

250 -

500 -
100 -

- 2.5 

- 1.5 

- 2.0 

100 Typ. 

1.25 -

- 2.5 

~ so 15 100 12!! ISO 115 200 

CASE TEMPERATURE (TCI--C 
92tS-2069611U 

Fig. 2 - Derating curve for all types. 

RCA9203B 

Min. Max. 

- -

- 0.2 

- -
- 0.5 

- 1 

300 -

500 -
100 -

- 2.5 

- 1.5 

- 2.0 

100 Typ. 

1.25 -

- 2.5 

UNITS 

rnA 

rnA 

V 

V 

V 

pF 

A 

°C/W 
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RCA9203A, RCA92038 . 

" I 
U 
t! 

i 
'5 
u 

~ 
::l 
8 

6 810 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 
92CS-40244 

Fig. 3 - Maximum operating .areas for all types. 

,!IO a COLLECTOR-TO-EMITTER VOLTAGE eYeE)-' Y 

0 

~ 4 l.I •. ~ 15 ., .. 
~ 2 ~c\ 

: ~I-" ~ 103 f----: .~ .. , 

E • r-:. <~~ ~ 
~ 6 ~r---; .... '" 1--,\\ u 4 ~~ li1 « , 
; ./ ,<~ 
~ 2 

v/ ~ 102 
0.1 2 4 . • I 2 . • 

COLLECTOR CURRENT (I.c1-A 
92cs-nus 

. 10 

Fig. 4 - Typical dc beta characteristics for all 
types. 

I 2 3 
COLLECTOR CURRENT (I.e )-A 

92CS-3532!5 

Fig. 5 - Typical saturation characteristics for all 
types. 
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1 2 3 
COL. LECTOR CURRENT (I.c I-A 

Fig. 6 - Typical saturation characteristics for all 
types. 

COLLECTOR SUPPLY VOLTAGE (Vcc1=12V 

I.e, = :IB2~ LtiCi-'!'10ttiffiffittitHtHTt!#lffi:J:!:j:ijj:!l 

illl 
10 

o 
0.5 

If 

f. 

Ittl 
• • • COLLECTOR CURRENT (Ie I-A 

92CS-3!5!28 

Fig. B - Typical saturated switching character
istics for al/ types. 

I • • 10 

RCA9203A, RCA92038 

. , 
u 
~ 

~ z 
w 
Ii a 4 

~ 
0 
~ 3 

~ 
8 2 

1 

° 

ICOLLECTOR~TO-EMITTER VOLTAGE '\'C~i\·tV 

lHUn 
Il~~;! ." 

I"~!' ~ ..... r&CJ ,tl-0 

. A.,.::J..::. ~ 

t;'- A..(J .:-c.. 
~ '-

~.,.! 

~" 
~ .. 

I-rJIW) 
05 I , 5 2 
BASE- TO-EMITTER VOLTAGE (VeE)-Y 

25 

Fig. 7 - Typical transfer characteristics for all 
types. 

o 
o 

COLLECTOR SUPPLY VOLTAGE (VecJ=200 v t 

Ie,= IB2= I.C/ 250 i 

" 

III 
1 2 • 

Ii' 

COLLECTER CURRENT CIc I-A 
92C5-3"2!t 

Fig. 9 - Typical saturated switching character
istics for all types. 

.._

-
1---

• 1 100 
COLLECTOR-Ta-BASE VOL.TAGE (Veal-V OR 
EM1TTE:fiI-TO-BASE VOLTAGE IVral-V 

lIes-nno 

Fig. 10- Typical common-base input (elbo) or 
output (CObO) capacitance character
istics (all 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. RCA9228S. RCA9228C. RCA92280 and 
the RCA9229A*. RCA9229S*. 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 for them to be driven directly from 
integrated circuits. 

These devices are supplied in the JEOEC TO-204AE 
hermetic steel package. 

"The RCA9228A. RCA922BB. RCA9228C. RCA9228D and 
RCA9229A. RCA9229B. RCA9229C. RCA9229D were formerly 
RCA developmental nos. TA9228 and TA9229. respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCSO ............................................. . 

VeEo(SUS) •••••••.•.•••••••••••••••••.•.•••••••..••• 

VEso ............................................. . 

Ie .............................................. .. 
I ................................................ . 
p., 

Te525°C .................................. .. 
Te > 25°C •.•••.••••..•.••.••... Derate linearly 

T .... TJ ........................................... . 
TL 

At distances> 1/8 in. (3.17 mm) from case 
forl0s max. .. ............................. .. 

RCA9228A 
RCA9229Ao 

60 
60 

TERMtNAL OESIGNATIONS 

c 

'0' 
92CS- 27516 

JEOEC TO-204AE 
(141 mil diameler pin loolallon) 

RCA9228B 
RCA9229B' 

RCA9228C 
RCA9229C' 

RCA92280 
RCA92290' 

80 
80 

5 
50 

100 
100 

120 V 
120 V 

V 
A 
A 

__________ 300 W 
________ 2.4 W/·C 
________ -65 to +150 ·0 

_________ 235 ·0 

° For p-n-p davices. voltage and current values are negative. 
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RCA9228A, RCA9228B, RCA9228C, RCA9228D 
RCA9229A, RCA9229B, RCA9229C, RCA9229D 

ELECTRICAL CHARACTERISTICS, Case Temperature (Tc) = 25°C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT RCA9228A RCA9228B RCA9228C 

Vdc Adc RCA9229A. RCA9229B· RCA9229C· 

VCE VBE Ic IB MIN. MAX. MIN. MAX. MIN. MAX. 

50 - 0.5 - - - -

ICEO 
70 - - - 0.5 - -
90 - - - - - 0.5 
110 - - - - - -

lEBO -5 - 5 - 5 - 5 
VCEO(SUS) a 0.1D 60 - 80 - 100 -
hFE 

3 25 2000 - 2000 - 2000 -
5 50 400 - 400 - 400 -

VBE(sat) 
25 0.2 - 3 - 3 - 3 
50 0.3 - 4.5 - 4.5 - 4.5 

VCE(sat) 
25 0.25 - 2.5 - 2.5 - 2.5 
50 0.5 - 3.5 - 3.5 - 3.5 

ISib 
30 10 - 10 - 10 -

t = 0.5 sec. 

Cabo 

VCB = 10 V 
RCA9228A,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 
R(lJC - 10.416 - 0.416 - 0.416 

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

a CAUTION: Sustaining voltage VCEO(SUS) MUST NOT be measured on a curve tracer. 

b Pulsed: Pulse duration = 300 ps, duty factor < 2%. 

12L~ t:: 
RI R2 

92CS -36 203 

Fig. 1 - Schematic diagram for RCA922BA, RCA922BB, 
RCA922BC, RCA922BD. 

'1£~ f :: 
RI R2 

92C<;-3fi204 

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 

- 10.416 °C/W 

COLLECTOR-TO- EMITTER VOLTAGE (VCE)-V 92CM-36205 

Fig. 2 - Schematic diagram for RCA9229A, RCA9229B, 
RCA9229C, RCA9229D. *FOR- p-n-p DEVICES, VOLTAGE AND CURRENT VALUES ARE NEGATIVE 

Fig. 3 - Maximum operating areas for all types. 
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RCA9228A, RCA9228B, RCA9228C, RCA9228D 
RCA9229A, RCA9229B, RCA9229C, RCA9229D 

50 100 150 200 
CASE TEMPERATURE Ire 1- °C 

50 100 100 200 
CASE TEMPERATURE (T c)- 0 C 

92C5-36207 

Fig. 4 - Current derating curve for a/l types. Fig. 5 - Power derating curve for a/l types. 

6 8 10 6 8 100 

COLLECTOR CURRENT (IC)-A 
UCS-42257 

Fig. 6 - Typical de beta characteristics for a/l types. 

tiFf· tOO 

:tl 

l ~ . 1i~ if! : .". . 
j +t ", •• : o·c. =50 ! ((, ~<. • ,.\*). ... 

z l' "v<f ,""Co 

140 
~ .. I·' .,." . 

",.+ ., 
",>D. 

~,. .. 
t ~~ 
~ 20 

I;l' oj rt 0 
o 10 

Ii II 
1 2 3 • 

r:'lLLECTOR-TO-EMITTER SATURATION VOLTAGE (VCE '-01)- V 

Fig. 7 - Typical collector-to-emitter saturation voltage 
characteristics for RCA9228A. RCA922BB,RCA9228C 
and RCA9228D. 

'" ~ 30 

:120 
8 

10 

tlFE = 100 

BASf-TD-EMITTER SATURATION VOLTAGE (VSE 501)-'1 

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 

" , 

10 

CCLLECTOR-TQ-EMITTER SATURATION VOLTAGE (lICE !Ioot)-V 

Fig. 9 - Typical collector-to-emitter saturation voltage 
characteristics for .'WA9229A, RCA9229B, RCA9229C 
and RCA9229D. 

" -'-U 
H 

~ 50 

~ 40 

~ 

~ 30 

tl 
j 20 
8 

10 

BASE-TO-EMITTER SATURATION VOLTAGE (VSE MJI)-V 

Fig. 10 - Typical base-to-emitter saturation voltage characteristics 
for RCA9229A, RCA9229B, RCA9229C and RCA9229D. 
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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 collector current 
• Min. fT of 3 MHz at 10 V, 200 mA 
• Designed for complementary use with T1P30-series p-n-p types' 

TERMINAL DESIGNATIONS The RCA-TI P29, TI P29A, TI P29B, and TlP29C 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 TlP30 series. They 
differ from each other in voltage ratings. 

They are supplied in the JEDEC TO-220AB (VERSAWATT) 
plastic package. 

'··~·"lOII ] .. f! 
TOP VIEW B 

• Technical data for the TlP30-series devices are given in 
RCA data bulletin File No. 988 JEDEC TO-220AB 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TIP29 TIP29A TIP298 
VeBo ............................................. 40 60 80 
VeEo ............................................. 40 60 80 
VEBO .............•...........•......•••.•.......• 5 5 5 
Ie.. .......................... ... .... ............. 3 3 3 
lB ............................................... . 
PT: 

At T e:": 25°C. .. . . . . .. . . . . ... .. . . . .. ... . . . . . . . 30 30 30 
At T.:": 25°C ................................. 2 2 2 
AtTe>25°c .................. Derate linearly __________ _ 0.24 

T .... TJ •••••••••••••••••••••••••••••••••••••••••••• ----------- -65 to 150 
TL (During soldering): 

At distance 118 in. (3.17 mm) 
from case for 10 s max ........................ ___________ _ 235 

92CS-39969 • 

TIP29C 
100 
100 
5 
3 

30 
2 

V 
V 
V 
A 
A 

W 
W 

W/oC 

°c 

°c 
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__________________________________ Power Transistors 

TIP29, TIP29A, TIP29B, TIP29C 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25°C unless otherwise specified 

TESTCOND. LIMITS 
VOLT· CUR. 

Units CHARAC- AGE RENT TIP29 TIP29A TIP29B TlP29C 
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 mA 

VBP-5V 

VCEO(SUS) 
40b 60b 80b 100b V 

IB=o 
0.03a - - - -

4 0.2a 40 - 40 - 40 - 40 -
hFE 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= l a - 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 =3on 

IB1=IB2 
=O.IA 

/-Is 
tOFF 

(ts+tf) 
VCC= 

30V. 1 1.2 (typ.) 1.2 (typ.) 1.2 (typ.) 1.2 (typ.) 

RL=3on 
IB1=-IB2 

=O.IA 

ROJC - 4.17 - 4.17 - 4.17 - 4.17 
°C/W 

ROJA - 62.5 - 62.5 - 62.5 - 62.5 

a Pulsed, pulse duralion = 300 /-IS, duty faelor ,.;;; 2%. 
b CAUTION: Suslaining voltage, VCEO(SUS}, MUST NOT be measured on a curve Iraeer. 

___________________________________________________________________ 2-765 



Power Transistors ___________________________________ _ 

TIP29, TIP29A, TIP29B, TIP29C 

Fig. 1 - Maximum operating areas for all types. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE OISSIPATIQN--UMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES DO 
NOT CERATE THE SPECIFIED VAWE FOR Ie MAX. 

25 so 75 100 125 I~ 175 200 
CASE TEMPERATURE ITCI-"C 

Fig.2 - Derating curve fOf 

all types. 

~ 
0 

~ 
« 

i 
~ 

I 
i 
g 

2 4 a' 
0.01 0.1 I 

COLLECTOR CURR£NT (Ie l-A 

Fig. 3 - Typical dc beta characteristics 
far TlP29, TlP29A, and TlP29B. 

10 

: COl,CTOR-ro- EMITTER VOLTAGE I VCEI=4 V 

: -d-TE.JER1T~~E (TeL 125.1 
C"5£....-- 25.C "'-

· · -40·c '- ~ , 
~ · · · , 

, . . . , . .. , . 
0.01 0.1 1 

COLLECTOR CURRENT IIC)-A 

Fig. 4 - Typical dc beta characteristics 
far Time. 

. . 
10 
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INPUT: 
HEWLETT-PACKARD 
MODEL No. 214A OR 

EOUIVALENT 

INPUT FROM 
PU LSE GENERATOR 

t PULSE OURATION = 
20l'-s;REP. RATE: 

IkHzl 

VBB,+45V Vec=-30V 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL 
No.543A OR 

fie'" EOUIVALENT 

DEVICE 
UNDER 
TEST 

*AOJUST RB FOR 182 AND Re FOR Ie 
·'B, AND 182 MEASURED WITH TEKTRONIX CURRENT PROBE 

P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

Fig. 5 - Circuit used to measure saturated 
switching times lor all types. 

TIP29, TIP29A, TIP29B, TIP29C 

Fig. 6 - Oscilloscope display lor measurement 
01 switching times. 
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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. IT of 3 MHz at -10 V, -200 mA 
• Designed for complementary use with TIP29-series n-p-n types' 

TERMINAL DESIGNATIONS The RCA-TI P30, TI P30A, TIP30B, and TI P30C are epitaxial
base, silicon 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 TIP29 series. They 
differ from each other in voltage ratings. 

They are supplied in the JEDEC TO-220AB (VERSAWATT) 
plastic package. 

'"'~"1011 ]± .. #.! 
TOP VIEW B 

• Technical data for the TlP29-series devices are given in 
RCA data bulletin File No. 990 JEDEC TO-220AB 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TIP30 TIP30A TIP30B 

Veoo •.••••..••..•.••••••....•••..••....•..•.....• -40 -60 -80 
VeEo •••••••••••..••••..•.••••.•••.••....•.••••.•• -40 -60 -80 
V.oo ............................................. -5 -5 -5 
Ie....... ..... ... ....... ....... .......... ......... -3 -3 -3 
10 •••••••••••••••••••••••••••••••••••••••••••••••• -1 -1 -1 
Pr: 

At Te:S 25°C................................. 30 30 30 
At T. :S 25°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2 2 
At Te > 25°C .................. Derate linearly __________ _ 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 

92CS-39969 

TIP30C 
-100 
-100 

-5 
-3 
-1 

30 
2 

V 
V 
V 
A 
A 

W 
W 

w/oe 
°e 

°e 
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-----------------------___________ Power Transistors 

TIP30, TIP30A, TIP30B, TIP30C 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) =2fiOC unless otherwise specified 

TESTCOND. LIMITS 
VOLT· CUR. 

Units CHARAC· AGE RENT TlP30 TIP30A TIP30B TIP30C 
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 -SO -0.2 rnA - - - - - - -
-100 - - - - - - - -0.2 

lEBO 
0 - -1 - -1 - -1 - -1 rnA 

VBE=5V 

VCEO(SUS) 
-40b -60b -SOb -100b 

IB:O 
-0.03a - - - - V 

--4 -0.2a 40 - 40 - 40 - 40 -
hFE -4 -la 15 150 15 150 15 150 15 150 

VBE -4 -la - -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: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 
IB1:-IB2 
:-O.lA 

J.l.S 
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 J.l.S, duty factor';;; 2%. 
b CAUTION: Sustaining voltage, VCEO(SUS), MUST NOT be measured on a curve tracer. 
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TIP30, TIP30A, TIP30B, TIP30C 

-, 

'0 

, 
-10 -100 

COLLECTOR-TO- EMITTER VOLTAGE IVCE)- V 

Fig. 1 - Maximum operating areas for all types. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
OF MAXIMUM-OPERATiNG-AREA CURVES DO 
NOT DERATE THE SPECIFIED VALUE fOR Ie MAX. 

ZS 50 75 100 125 ISO 175 200 
CASE TEMPERATURE nc)-~c 

Fig.2 - Derating curve for 
all types. 

" " 
'r-

6 , 
-1000 

u 10 :-1--1--+---+-1-H-+----+----l1-+t- - ~[--+-~ 

; ,-
g 

, , z "68 
. l ,I l 

I I , I 

-0.01 -0.1 -, -'0 -001 -0·1 -, 
COLLECTOR CURRENT IIC)-A 

COLLECTOR CURRENT (Icl-A 

Fig. 3 - Typical de beta characteristics 
lor TlP30, TlP30A, and TlP30B. 

Fig. 4 - Typical de beta characteristics 
lor TlP30C. 
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INPUT: 
HEWLETT· PACKARD 
MODEL No.214A OR 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

(PULSE DURATION-
20,..; REP. RATE' 

J kHzl 

V88=+4.SV VcC~-30V 

OUTPUT TO 
OSOlLOSCOPE 

TEKTRONIX MODEL 
No.543A OR 
EQUIVALENT 

DEVICE 
UNDER 
TEST 

Fig. 5 - Circuit used to measure saturated 
switching times for all types. 

Power Transistors 

TIP30, TIP30A, TIP30B, TIP30C 

I-~.L ~ ~ ----1. 182 TIME 

~ ~O 181 -- INPUT 
U I WAVE FORM '" -, I 

~ O· I ON CONClllON I TIME 

~ __ VcE(S~ 

0," I 
t;~ -30V ; 

~~ J -.,!-~~ Id~ • 

::lg - lURN-ONI-
S TIME 

92CS-15619RI 

Fig. 6 - Oscilloscope display for measurement 
of switching times. 

_________________________________ 2-771 



PowerT~nsifioB ~ ________ ~ __ ~ __________ ~ ____________ ~ ________ ~ ______________ __ 

TIP31 , 'T1P31A, TIP31B, TlP3tC 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' 

TERMINAL DESIGNATIONS 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 TlP32 series. They 
differ from each other in voltage ratings. 

They are supplied in the JEDEC TO-220AB (VERSAWATT) 
plastic package. 

"';"10 II }sf ~' 
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 
veeo ............................................. 40 60 80 
Ve.o ............................................. 40 60 80 
V.eo ............................................. 5 5 5 
Ie................. ....... ..... ......... .......... 5 5 5 
Ie ............................................... . 
PT: 

At Te:S 25°C................................. 40 40 40 
At TA :s 25°C.... .. . . .... . . ... . . ... . ....... . . . 2 2 2 
AtTe>25°e .................. 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 

92CS-39969 

TIP31C 
100 V 
100 V 
5 V 
5 A 

A 

40 W 

2 W 
w/oe 

°e 

°e 
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__________________________________ Power Transistors 

TIP31 , TIP31A, TIP31B, TIP31C 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25°C unless otherwise specified 

TESTCOND. LIMITS 
VOLT· CUR. 

Units CHARAC· AGE RENT TIP31 TIP31A TlP31B TIP31C 
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 mA 

40 - 0.2 - - - - - -
ICES 60 - - - 0.2 - - - -

VEB=O 80 0.2 - - mA - - - - -
100 - - - - - - - 0.2 

lEBO 
0 - 1 - 1 - 1 - 1 mA 

VBE=-5V 

VCEO(sus) 
40b 60b SOb 100b 

IB=O 
0.03a - - - - V 

4 l a 25 - 25 - 25 - 25 -
hFE 4 3a 10 50 10 50 10 50 10 50 

VBE 4 3a - 1.S - 1.8 - 1.S - I.S 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=1 kHz 

Ihfel 
f=1 MHz 10 0.5 3 - 3 - 3 - 3 -

tON 
(td+tr) 
VCC= 

30V 1 0.4 (typ.) O.4ltyp.) 0.4 (typ.) 0.4 (typ.) 
RL=30n 

IB1=IB2 
=0.1A 

/lS 
tOFF 

(ts+tf) 
VCC= 

30V 1 1.2 (typ.) 1.2 (typ.) 1.2 (typ.) 1.2 (typ.) 
RL=30n 

IB1=~IB2 
=0.1A 

RBJC - 3.125 - 3.125 - 3.125 - 3.125 
°CIW 

RBJA - 62.5 - 62.5 - 62.5 - 62.5 

a Pulsed, pulse duration = 300 J1S, duty factor"'; 2%. 
b CAUTION: Sustaining voltage, VCEO(SUS), MUST NOT be measured on a curve tracer. 
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TIP31, TIP31A, TIP31B, TIP31C 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)- V 

92CS~2882t 

Fig. 1 - Maximum operating areas for all types. 

!- COLL.ECTOR-lO-EMITTER VOLTAGE {VCE}; .. 
~ 200 

CAS~ TEiR~TU 1TC'!1250C 

~ T;:c 
~.'IOO ...- -~ 80 -40-<: 

i 
6O~ 
40 

" I 20 

10 g • . 
2 . • 0 2 4 .0 

0.01 0.1 

COLLECTOR CURRENT IlC1-A 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DlSSIPATION-UMITED PORTION 
OF MAXIMUM-Of'ERATING-AREA CURVES DO 
NOT CERATE THE SPECIFIED VALUE FOR Ie MAX. 

25 50 15 100 125 I!IO 115 200 

~ 

0~ , 
2 4 

CASE TEMPERATlR ITc1--c 

Fig.2 - Derating curve for 
all types. 

.0 
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~ 
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~ 
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~ 
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: COLLjCTOR-TO- EMITTER VOLTAGE (VCE}-4 V 

: -J-TEJEJTUE fTeL " •• l 
CA ;...;..- 25.C r..... 

0 · -40"C 

4 ...- ~ , 
0 · · , 

, 4 o 0 . .0 
0.01 0.1 I 

COLLECTOR CURRENT (Icl-A 

~ 

, 4 

Fig. 3 - Typical dc beta characteristics 
for TlPS1, TlP31A, and TlP31B. 

Fig. 4 ~ Typical dc beta characteristics 
for TlP31C. 
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INPUT: 
HEWLETT~PACKARD 

MODEL NO. 214A OR 
EOUIVALENT 

INPUT FROM 
PULSE GENERATOR 

IPULSE DURA.TION' 
2°1'10, REP. RATE-

1kHz) 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL 
No. 543A OR 
EaUIVALENT 

DEVICE 
UNDER 
TEST 

*ADJUST He FOR 182 AND Re FOR Ie 
·'Bl AND 182 MEASURED WITH TEKTRONIX CURRENT PROBE 

P6019 AND TYPE 134 AMPLIFIER, OR eQUIVALENT 

Fig. 5 - Circuit used to measure saturated 
switching times for all types. 

Power Transistors 

TIP31, TIP31A, TIP31B, TIP31C 

" 
~ O'f'+--l-" ! nov 

: p ~~±!=!=t====:::I=~I='~:..".. 
g~ TIME 

~~ gg 

Fig. 6 - Oscilloscope display for measurement 
of switching times. 
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TIP32, TIP32A,TIP32B, TIP32C 

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. "of 3 MHz at -10 V, -500 mA 
• Designed for complementary use with TlP31-series n-p-n types' 

File Number 987 

The RCA-TlP32, TlP32A, TIP32B, and TlP32C are epitaxial
base, silicon 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 TlP31 series. They 
differ from each other in voltage ratings. 

TERMINAL DESIGNATIONS 

They are supplied in the JEDEC TO-220AB (VERSAWATT) 
plastic package. 

• Technical data for the TlP31-series devices are given in 
RCA data bulletin File No. 991 JEDEC TO-220AB 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TIP32 TIP32A TIP32B 
VeBo ............................................. -40 -60 -80 
VeEo ............................................. -40 -60 -80 
V.BO •.•••..••• .".................................. -5 -5 -5 
Ie................................................ -5 -5 -5 
lB............ ..................................... -1 -1 -1 

At Te5 25°C................................. 40 40 40 
AtT.525°C................................. 2 2 2 
At Te > 25°C .................. Derate linearly _________ _ 0.32 

T .... TJ .••.....•....•.............................. _________ _ -65 to 150 
TL (During soldering): 

At distance 1/8 in. (3.17 mm) 
from case for 10 s max ........................ __________ _ 235 

92CS-39969 

TIP32C 
-100 V 
-100 V 
-5 V 
-5 A 
-1 A 

40 W 
2 W 

W/oC 

°C 

°C 
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Power Transistors 

TIP32, TIP32A, TIP32B, TIP32C 
ELECTRICAL CHARACTERISTICS, At Case Temperarure (TC) = 25'JC 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. Max. Min. Max. 

ICEO -30 - -0.3 - -0.3 - - - -
IB=O -60 - - - - - -0.3 - -0.3 mA 

-40 - -0.2 - - - - - -
ICES -60 - - - -0.2 - - - -

VEB=O -80 - -0.2 - mA - - - - -

-100 - - - - - - - -0.2 

lEBO 
0 - -1 - -1 - -1 - -1 mA 

VBE=5V 

VCEO(sus) 
-0.03a -4ob -60b -80b -100b 

IB=O 
- - - - V 

hFE 
--4 -l a 25 - 25 - 25 - 25 -

-4 -3a 10 50 10 50 10 50 10 50 

VBE -4 -3a - -1.8 - -1.8 - -1.8 - -1.8 V 

VCE(sat) 
IB= -3a - -1.2 - -1.2 - -1.2 - -1.2 V 

-0.375A 

hIe 
-10 -0.5 20 20 20 20 

1=1 kHz 
- - - --

Ihlel 
1=1 MHz -10 -0.5 3 - 3 - 3 - 3 -

tON 
(td+trl 
VCC= 
-30V -1 0.2 (typ.) 0.2 (typ.) 0.2 (typ.) 0.2 (typ.l 

RL =30n 

IB1=IB2 
=-0.1A 

/1S 
tOFF 

(ts+tf) 
VCC= 
-30V -1 1 (typ.) 1 (typ.) 1 (typ.) 1 (typ.) 

RL =30n 

IB1=-IB2 
=-0.1A 

ROJC - 3.125 - 3.125 - 3.125 - 3.125 
°CIW 

ROJA - 62.5 - 62.5 - 62.5 - 62.5 

a Pulsed, pulse duration = 300 1lS, duty factor';;; 2%. 
b CAUTION: Sustaining voltage, VCEO(sus), MUST NOTbe measured on a curve tracer. 
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TIP32, TIP32A, TIP32B, TIP32C 

f COLLECTOR-TO-EMITTER 
VOLTAGE (VCEI =-411 

Q 

CASJ TEMJER1TJRl (T. : 400 

ffi ~ ~ 200 

~ ~r--
~ 100 
i5 80 

~ 60 
-40·C 

~ 40 "'-
; 
~ 20 

g 
10 . . .. . . eo 
-0.01 -0.1 -I 

COLLECTOR CURRENT (IC)-A 

Fig. 1 - Maximum operating areas for all types. 

NOTE~ CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-UMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

215 ~ 15 100 125 I~ l'ni 200 
CASE TEMPERATURE: (Tcl--c 

Fig.2 - Derating curve for 
all types. 

'\.\. 

~~ 
1\ 

, . eo 
-10 

u 
a I 

-0.01 
. .. 

-0·1 -I 
COLLECTOR CURRENT (Ic1-A 

Fig. 3 - Typical de beta characteristics 
for TlP32, TIP32A, and TlP32B. 

Fig. 4 - Typical de beta characteristics 
for TlP32C. 

-10 
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____________________________________ Power Transistors 

INPUT: 
HEWLETT-PACKARD 
MODEL NO.214A OR 

EQUIVALENT 

INPUT FAOM 
PULSE GENERATOR 

IPULSE DURATION-
20,.1; REP. RATE-

IIIHrI 

Vcc·-30V 

OUTPUT TO 
OSCILLOSCOPE 

TEICTRONIX MODEL 
No.54!A OR 
[QUIVALENT 

DEVICE 
UNDER 
TEST 

Fig. 5 - Circuit used to measure saturated 
switching times for all types. 

TIP32, TIP32A, TIP32B, TIP32C 

Fig. 6 - Oscilloscope display for measurement 
of switching times. 
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TIP41,TIP41A, TIP,41B, 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 collector current 
• Min. fr of 3 MHz at 10V, 500 mA 
• Designed for complementary use with TIP42-series p-n-p types' 

The RCA-TIP41, TIP41A, TIP41B, and TIP41C 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-220AB (VERSAWATT) plastic package. 

TERMINAL DESIGNATIONS 

• 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 
veoo ....•.....•.•.....•.•...........••........•.. 40 60 80 
VeEo ......•...............................•...... 40 60 80 
VEOO ............................................. 5 5 5 
Ie................................................ 7 7 7 
leM •.• ,........ .•.••••••••...• .•... ••••... .•••••.. 10 10 10 
10 •..•...•.....••.•••.•••....•••••...•.... ,....... 3 3 3 
PT: 

AtT c:S25°C .•...........................•.... 65 65 65 
AtT.::;25°C .........................•.•...... 2 2 2 
At Te>25°C ................. 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 

92CS-39969 

TIP41C 
100 V 
100 V 
5 V 
7 A 
10 A 
3 A 

65 W 
2 W 

W/oC 

W 

°C 
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________________________________ Power Transistors 

TIP41, TIP41A, TIP41B, TIP41C 
ELECTRICAL CHARACTERISTICS A Ca Ti 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 - - - -
rnA 

IB=O 60 - - - - - 0.7 - 0.7 

ICES 40 - 0.4 - - - - - -
VBE=O 60 - - - 0.4 - - - -

rnA 
80 - - - - - 0.4 - -
100 - - - - - - - 0.4 

lEBO 0 - 1 - 1 - 1 - 1 rnA 
VBE=-5 V 

VCEO(sus) 
0.03a 40b - 60b - 80b - 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) 
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 +tr) 
Vce=30V, 

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 
!-Is 

tOFF (ts +tt) I I I I 
VCC=30 V, 
RL=5 n, 6 1.4 (typ.) 1.4 (typ.) 1.4 (typ.) 1.4 (typ.) 

IB1=IB2=0.6 A 

R9JC - 1.92 - 1.92 - 1.92 - 1.92 
°e/W 

R9JA - 62.5 - 62.5 - 62.5 - 62.5 

a Pulsed, pulse duration = 300 ,",S, duty factor .;;; 2%. 

b CAUTION: Sustaining voltage, V CED'sus), MUST NOT be measured on a curve tracer. 
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TIP41 I TlP41 A, TIP41 B, TIP41 C 

COLLECTOR-lO-EMITTER VOLTAGE IVCEI-V 

i2(:9-2I975 

Fig. 1 - Maximum operating areas for aI/ types. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-UMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

25 !SO 75 100 125 150 ITS 200 
CASE TEMPERATURE ITC1-"C 

92CS-19663 

w1000S COLL.ECTOR-TO-EMITTER VOLTAGE (VCE) = 4 V 

t · Q ...... W-lCASE TEMPERATl,.IRE (TC}-125 D C 

~ ~ ~ 

"' 2 
~ 

-~.J ~ ~ 100 

~ · "\. · a · "" I\. 
0 "-i'.1'~ ~ 

~ 
~ 2 

~ g 
10 

2 . , . 2 . , . 
0.1 I 10 

COLLECTOR CURRENT {IC)-A 
92CS-2;2392 

Fig. 2 - Derating curves for aI/ types. Fig. 3 - Typical dc beta characteristics 

PULSE GENERATOR 
HEWLETT-PACKARD 
NO. 214A. 
OR EQUIVALENT 

n 
PUt.SE OURA- @-~(-:-ri--{ 

TION2:20,.. 

REP. RATE:s 
IkHI 

-4 TO 
-6V 

lreS-25557 

Fig. 4 - Circuit used to measure saturated 
switching times for al/ types. 

II: 

~I-
uz 

"'''' ..III: 
..III: 
o=> Uu 

for al/ types. 

92C5-22378 

Fig. 5 - Oscilloscope display for measure
ment of switching times. 
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____________________________________ Power Transistors 

File Number 996 TIP42, TIP42A, TIP42B, TIP42C 

Epitaxial-Base, Silicon P-N-P 
VERSAWATT Transistors 
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 T1P41-series n-p-n types' 

TERMINAL DESIGNATIONS 
The RCA-TI P42, TI P42A, TI P42B, and TI P42C are epitaxial
base, silicon 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 TIP41 series. They 
differ from each other in voltage ratings. ''':·''loll J= .. #.E 

TOP VIEW B 
They are supplied in the JEDEC TO-220AB (VERSAWATT) 
plastic package. 

• Technical data for the TIP41-series devices are given in 
RCA data bulletin File No. 992 

JEDEC TO-220AB 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TIP42 TIP42A TIP42B 
Vceo ............................................. -40 -60 -80 
VCEo ...••.........•••..••.•.••....•.•••..•....... -40 -60 -80 
VEeo ............................................. -5 -5 -5 
Ic................................................ -7 -7 -7 
IcM •........•....•... '" .•... .•......• .••.•.••. .•• -10 -10 -10 
10................................................ -3 -3 -3 
PT: 

AtTc:O;25°e................................. 65 65 65 
At TA:O; 25D e ..... " ................. ,. . . . .... 2 2 2 
At Te > 25D e ................ Derate linearly at _________ _ 0.52 

T .... TJ ............................................ _________ _ -65 to 150 
TL (During soldering): 

At distance 1/8 in. (3.17 mm) 
from case for 10 s max ........................ __________ _ 235 

92CS-39969 

TIP42C 
-100 
-100 

-5 
-7 
-10 
-3 

65 
2 

V 
V 
V 
A 

A 

A 

W 

W 
WIDe 

DC 

DC 
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TIP42, TIP42A, TIP42B, TIP42C 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25°C 

TESTCOND. LIMITS 

VOLT· CUR· 
CHARACTER· AGE RENT 

ISTICS V de A de TIP42 TtP42A TIP42B TlP42C UNITS 

VCE IC Min. Max. Min. Max. Min. Max. Min. Max. 

ICEO - 30 - -0.7 - -0.7 - - - -

IB=O - 60 - - - - - -0.7 - -0.7 rnA 

ICES -40 - -0.4 - - - - - -

VEB=O -60 - - - -0.4 - - - -
- 80 - - - - - -0.4 - - rnA 

-100 - - - - - - - -0.4 

lEBO 0 - -1 - -1 - -1 - -1 rnA 
VBE = -5 V 

VCEO(sus) 
-0.03'1 -40b -60b _BOb ·loot 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) 
_6a -2 -2 -2 -2 V IB = -0.6 A - - - -

hfe , 
f = 1 kHz -10 -0.5 20 - 20 - 20 - 20 -

l"te l 
f = 1 MHz -10 -0.5 3 - 3 - 3 - 3 -

tON ltd + t r) 
VCC=-3OV 

-6 0.3 (typ.) 0.3 (typ.) 0.3 (typ.) 0.3 (tyP.) 
RL =5n 

IBl = IB2 = -0.6 A 

tOFF (ts +tf) 
j.IS 

VCC=-3OV 
-6 0.7 (typ.) 0.7 (typ.) 0.7 (typ.) 0.7 (typ.) 

RL =5n 

IBl = IB2=-0.6A 

R8JC - 1.92 - 1.92 - 1.92 - 1.92 
°elW 

R8JA - 62.5 - 62.5 - 62.5 - 62.5 
a Pulsed, pulse duratIon = 300 Io'S, duty factor .e;; 2%. 
b CAUTION: Sust8ining wltage, VCEO(sus). MUST NOT be measured on a curve tracer. 

I ". CASE TEMPERATl.RE (TCI--t 92CS-19661 

Fig. 1 - Derating cu,ve fo, all typas. 
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__________________________________ Power Transistors 

-0.01 
4 ,. 4 •• 

-0.1 -. -10 
COLLECTOR CURRENT (Xc I-A 

4 •• 
-100 

Fig. 3 - Typical de beta characteristics 92CS-19516RI 

for TlP42. TlP42A. and TlP42B. 
INPUT: 
PUlSE GENERATOR 
TEKTRONIX TYPE 114. 
OR EQUIVALENT 
PULSE DURATION 

&20,,_ 
REPETITION 

RATE" 1kHz 

"VEE 
-5. TO -20V 

.. Vss'"" 2 TO 10 

* RC ts QtOSEN FOR .xc 
• VEE ,., vas ARE IiEASUREO FOR :ta, AND :1:82 

:t81 ,.,:tez ARE MEASURED WITH TEKTRONIX 
CURRENT PROBE ~19 

OUTPUT TO 
OSCILLOSCOPE 
TEKTRONIX 
MODEL 
No.543A OR 
EQUIVALENT 

AND TYPE 134 AIllPUFI£R,OR EQUIVALENT SlcS- zn,,,,. 
Fig. 5 - Circuit used to measure saturated 

switching times for al/ types. 

TIP42, TIP42A, TIP42B, TIP42C 

W'O'8 COl.LECTOR~TO-EMITTER VOLTAGE (VCE) --4 II f--
Jt ' 
I 

~ 
'" W 

!l! 
~ 

; 
I 
U .. 

4 

-' , 
""';48£ 

IO~ / >~ 
+A~ , ~"."'1l ~. ~ 4 

i.--" 
C' ~r~ 

~ W· Ii , ~·c ~ ~".. 
i 

10 
I' C' . , 

4 

, 
I , . " , . , . , . " , . .. 
~~ 4. ~ -~ 

COLLECTOR CURRENT Uc1-A 

Fig. 4 - Typical dc beta characteristics 
for TlP42C. 

Fig. 6 - Oscilloscope display for measurement 
of switching times. 
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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-220AB 
(VERSAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TIP47 
VeBO.. .............. ..................... 350 

VeEo(SUS) ..... .. ... .... .. . . . . .... ... . . . . . 250 

VEBO ..................................... 5 

Ie ....................................... 1 
leM ...................................... 2 
I. ....................................... 0.6 
PT : 

Te up to 25°C ....................... . 40 

Te above 25°C ......... Derate linearly 
TA up to 25°C ....................... . 

T .... TJ ................................. .. 

At distance 2: 1/8 in. (3.17 mm) 
from seating plane for 10 S max ...... . 

TERMINAL DESIGNATIONS 

''';'"lO 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 

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 
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TIP47, TIP48, TIP49, TIP50 

ELECTRICAL CHARACTER ISTICS, At Case Temperature fTC) = 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. 

'CEO 150 - 1 - - - - - -

IB = 0 200 - - - 1 - - - -
250 - - - - - 1 - -

300 - - - - - - - 1 

350 - 1 - - - - - -

ICES 400 - - - 1 - - - -

VEB = 0 450 - - - - - 1 - -

500 - - - - - - - 1 

lEBO 0 - 1 - 1 - 1 - 1 
VBE = -5 V 

hFE 
10 13 10 - 10 - 10 - 10 -

10 0.3- 30 150 30 150 30 150 30 150 

VCEO(sus) 
0.033 250b - 300b - 350b - 400b -

IB = 0 

VBE 10 13 - 1.5 - 1.5 - 1.5 - 1.5 

VCE(sat) 
1a - 1 - 1 - 1 - 1 

IB=0.2A 

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 + t,)c,d 
0.2 \tyP.) 1 0.2 (:YP.) 0.2 (typ.) 0.2 (typ.) 

VCC = 200 V I 

tsc•d 
1 2 (typ.) 2 (\YP.) 2 (typ.) 2 (typ.) VCC = 200 V ...L 

tfc.d I I I I 
VCC = 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 

3 Pulsed. pulse duration = 300/ls, duty factor';; 2% .. 

b CA UTlON: Sustaining voltage, VCEO(SUS), MUST NOT be measured on a curve tracer. 

C See Fig. 8. 
d IB1 =IB2=0.1 A. 

UNITS 

rnA 

rnA 

rnA 

V 

V 

V 

MHz 

A 

/ls 

oCIW 
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TIP47, TIP48, TIP49, TIP50 

COLLECTOR-TO-EM,TTER .YOLTAGE(YCE)- Y 

92CS-286S6RI 

Fig. 1 - Maximum operating areas for all types. 

~45 
II 

~ .. 
~ 35 
!II 
~ 
Ii •• 
iI! 
\!l 
:.: ,. 
i 10 

~ 
II 

0 

, 
CASE TEMPERATURE tTcl--C 

Fig.2 - Derating curve for all types. 

~~iECJ2~~;.t~'rr~:)'!':sT.AcGE IVCE)-IOY 

10-

" '\ 
1\ 

\ 

• • • • .. " .. • • • • Q~ ~, , ~ 
COLLECTOR CURRENT l%c1-A 

'lel-lIlIl 

Fig.4 - Typical dc beta characteristics -
for all types. 

,0 6 6 100 

COLLECTOR CURRENT lIe )-mA 

Fig. 3 - Typical saturation-voltage characteristics 
for all types. 
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, 

• . • • • . • • 0.01 0.1 
COLLECTOR CURRENT (XCI-A 

IZCS-34015 
Fig.5 - Typical gain-bandwidth characteristics 

for all types. 
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TIP47, TIP48, TIP49, TIP50 

COLLECTOR-lO-EMITTER VOLTAGE (VeEl-IOV 
CASE TEMPERATURE (T C)"25°C 

> 
10.8-· 

~ 
'" ~ 06 

~ 

'" ~ 0.4 

~ 

Ii ': 
"- -t--r-

6 8 J a 1000 
COLLECTOR CURRENT (I.e) - mA 

92CS-26658 

Fig.6 - Typical base-to-emitter voltage vs. 
collector current. 

INPUT FROM 
HP-214A 
PULSE 

GENERATOR 
(ZG • 50 OHMS) 

la, • la2 -Vaa 
INPUT PULSE DURATION' 20 ,.. 
REP. RATE' 1000 Hl 

Vee 

92(5-2a"0 

Fig. 7 - Circuit used to measure saturated switching times. 

+ 

... 
:~I_---~_-.-----....t...+---;,rl_-~TlME 
.. !§ 

U 

e~ 
Ubi 
biD: 

~ B ... ---t-"'l 

I 
I INPUT WAVE FORM 

I 
I 
I 
I 
I 
I 

:-90% 
I 
I 
I 

JO% TIME 

TURN-OFF 
10---1-- TIME 

OUTPUT .... VE FORM 

92C5-12874 

Fig. 8 - Phase relationship between input and output currents, showing 
reference points for specification of switching times. 
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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 Ie without predriver 
• Low leakage at high temperatu re 

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: 

V CBO ' . 
VCEo(susl 
VEBO ' 

IC' 
ICM . 
IB 
PT: 

TC up to 2SoC 
T C above 2SoC . Derete linearly at 

Tstg• TJ . . . . . . . . . 
TL 

At distance;;;' I 18 In. (3. 17 mm) from case for las max. 

File Number 1153 

TERMINAL DESIGNATIONS 

'R';"lolllt~' t 
TOP VIEW B 

TIP100 

60 
60 

92C5-39969 

JEDEC TO-22DAB 

----------r 
I 
I 
I 
I 
I 
I 

Fig. 1 - Schematic diagram for all types. 

TIP101 TIP102 

80 lOa v 
80 lOa v 

5 V 
8 A 

15 A 
1 A 

80 W 
0.64 W/oc 

___ -65 to ISO ___ °c 

235 °c 

2-790 ________________________________________________________ ---------



____________________________________ Power Transistors 

TIP100, TIP101, TIP102 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC' = 2fiOC 

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 - - - -

IE =0 ao - - - 50 - -
100 - - - - - 50 

p.A 
30 0 - 50 - - - -

ICEO 40 0 - - - 50 - -
50 0 - - - - - 50 

lEBO -5 0 - a - a - a mA 

VCEO(sus) 0.03b 0 60 - ao - 100 - V 

hFE 
4 3b 1000 20,000 1000 20,000 1000 20,000 
4 ab 200 - 200 - 200 -

VBE 4 Bb - 2.B - 2.a - 2.B 

VCE(sat) 
3b 0.006 - 2 - 2 - 2 V 
Bb O.OB - 2.5 - 2.5 - 2.5 

VF -10 - 2.B - 2.B - 2.B 

tdC B O.OB 0.035 typo 0.035typ. 0.035 typo 
trC B O.OB 0.35 typo 0.35 typo 0.35 typo 
tsC B O.OBd 1.B typo 1.B typo 1.B typo 

J,lS 

tfC B O.OBd 2.45typ. 2.45 typo 2.45 typo 

ISlb 
t=0.15 s non· 40 2 - 2 - 2 - A 
rep. pulse 

ROJC - 1.56 - 1.56 - 1.56 °C/W 

• vee value. b Pulsed: Puis. duration = 300 "S, duty factor ':;;2%. 

. ·0 
~~w 
fia:~ 
Q; .... !:l 
moo 
1:s~ ~ 
~~~ 

i~~ 
~" 

~.' o· 
~~i 
z~, 

~~u 

~~ 

100 

" 
.0 

2S 

NOTE: CURRENT DERATING AT CONSTANT 
VOLTAGE APfIUES ONLY 10 THE DISSIPIlrION
LIMITED ~TlON AND THE IS/b -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVE. 00 NOT DERATE THE 
SPECIFIED VALUE FOR Xc MAX 

.. so 100 125 150 11S 200 

CASE TEMPERATURE tTC1--C 

Fig. 2 - Derating curve for a/l types. 

~ 4 COLLECTOR-TO-EM'TTER VOLTAGE (VcEl-4 V 

;; , 
~ 104 -~ : -T-
--~~ ~ 4 

/' ~~ 1= . z , 
(> ~ 

~ 103 
,.........-1'-- -.I CJ·~c 

b 8 ~"c_ -r-----" 

I 
6 -..... 
4 

U , 
0 

2 4 6 8 10 12 
COLLECTOR CURRENT IICI-A 92CS-:31127 

Fig. 3 - Typical dc·beta characteristics for a/l types. 
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TIP100,TIP101, TIP102 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)- v 
92CM-31125RI 

Fig. 4 - Maximum operating areas for all types (T c= 2!f1C). 

PULSE OURATION 
2.0,., POSITIVE VOLTAGE 
20,.5 NEGATIVE VOLTAGE 

REP. RATE' 200 HI 

RS-ZOO RC 

11" 1:81 AND tBl ARE MEASURED WITH TEKTRONIX CURRENT 

PROBE P6019 AND TYPE 1304 AMPLIFIER,OR EQUIVALENT 

Fig. 5 - Circuit used to measure saturated switching 
times. 

~~ 
:ill!' 

Ti 

TIME 

INPUT WAVE FORM 

~ a '-__ --1---" .JO% TIME 

-l td '"" 

·'1-TURN-ON. r 
TIME ~ t-

~.tsjlfr-
~ ~ TURT~M~FF 

OUTPUT WAVE FORM 

Fig. 6 - Phase relationship between input current 
and output current showing reference 
points for specification of switching 
times. 
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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 TIP-115, 116. and 117 
• Hard glass passivation 
• Wire-bonded construction 

The TIP110, TIP111 and TIP112 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 ................................................. . 
T C above 25° C ................................ Derate linearly at 

Tstg. TJ ......................................................... . 
TL 

At distance 1/8 in. (3.17 mm) from case for 10 S max .............. . 

TIP110, TIP111, TIP112 

TERMINAL DESIGNATIONS 

'~':'"lOII ] t ~ 
TOP VIEW B 

92CS-39969 

JEDEC TO-22OAB 

,....-----------, 
I I 

• I I 
I I 
: I 
I I 
I I L _________ ....J 

Fig. 1 - Schematic diagram for al/ types. 

TIP110 

60 
60 

TIP111 

80 
80 
5 
2 
4 

TIP112 

100 
100 

0.05 ____ _ 

_____ 50 
0.4=-____ _ 

-65 to 150 ___ _ 

260 

UNITS 

v 
v 
V 
A 
A 
A 

w 
wrc 

°C 

°C 
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TIP110, TIP111, TIP112 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T C) =250 C 

TEST CONDITIONS 

CHARACTERISTIC Voltlge Current 
Vdc Adc TIP110 

VCE V8E IC 18 MIN. MAX. 

ICBO 601 - - - - 1 

IE= 0 soa - - - - -
1001 - - - - -

30 - - 0 - 2 
ICEO 40 - - 0 - -

50 - - 0 - -

lEBO - -5 0 - - 2 

VCEO(SUS) - - 0.03b 0 60 -

hFE 4 - 1b - 1000 -
4 - 2b - 500 -

VBE 4 - 2b - - 2.S 

VCE(sat) - - 2b O.OOS - 2.5 

Cobo 101 - - - - 100 

Ihfel 10 
f = 1.0 mHz 

- 0.75 - 25 TYP. 

ISlb 
t = O. 5 S non- 40 - - - 1.25 -
rep. pulse 

ROJC - - - - - 2.5 

ROJA - - - - - 62.5 

a VCB value. b Pulsed: Pulsed duration = 300I1S, duty factor ~2%. 

'0 
~~ 
~~ 
~o 
o~ 
>~ '00 ", 'w 
~~ 75 

~t5 
~u 50 

~~ 
~.Y 25 

NOTE· CURR£NT DERATING AT CONSTANT 
VOLTAGE APPLIES ONLY TO THE DISSIPATION
LIMITED PORTION AND THE IS/b -LIMITED 
PORTION Of MAXIMUM OPERATING AREA 
CURVE., 00 NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX 

25 75 100 12~ 150 11'!:I 200 

~ IcY: 
2 4 

l; 
~ , 
~ to" 
~ . 
~ . 
~ 4 

~ 
~ 2 

a 10' 

! • · ~ · 
g 2 

10' 

LIMITS 

TIP111 TIP112 

MIN. MAX. MIN. MAX. 

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

- - - -
- 2 - -
- - - 2 

- 2 - 2 

SO - 100 -

1000 - 1000 -
500 - 500 -

- 2.S - 2.S 

- 2.5 - 2.5 

- 100 - 100 

25 TYP. 25 TYP. 

1.25 - 1.25 -

- 2.5 - 2.5 

- 62.5 - 62.5 

COLL ECTOR -TO- EMITTER VOLTAGE (VCE)-3 v r-

~----t.c r-
k~~~ ~"'~~~~ ~ 

c>.\~c'« ""lye- r-...... ~ 7/ .\\ 

" ~ 
. . 2 . , CASE TEMPERATURE {lc}_OC 

0.1 
, 4 

I 
COLLECTOR CURRENT (Ie )-A 

92C5-34524 

UNITS 

mA 

mA 

V 

-

V 

pf 

-

A 

°C/W 

. 
10 

Fig. 2 - Derating curve for all types. Fig. 3 - Typical dc-beta characteristics for all types. 
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TIP110, TIP111, TIP112 

10 100 
COLLECTOR- TO-EMITTER VOLTAGECVCE)-V 

IfeM-M52t 

Fig. 4 - Maximum operating areas for al/ types (T C = 250 C). 

, 2 • 
COLLECTOR CURRENT II.CI-A 

92CS~54!52!5 

Fig. 5 - Typical saturation characteristics for al/ types. 
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:/:/ .>0' 
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• • • • • • ,. 

COLLECTOR- TO-BASE VOLTAGE (Vcal-V OR 
EMITTER-TO-8ASE VOLTAGE (YEa)-Y 

• • '00 

92CS-S452.T 

Fig. 7 - Typical common-base input (Cibo) or 
output (Cobo) capaciatance 
characteristic (al/ types). 

92CS-34526 

Fig. 6 - Typical transfer characteristics for al/ types. 

4 COLLECTOR SUPPLY VOLTAGE 1VCCI=30 V 
:I81·IB2":ICIZ~O 

o 
a • 

If 

'. 
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2 • • 

COLLECTOR CURRENTCIC I-A: 9tCS-S45t1 

Fig. 8 - Typical sa tura ted s wi tc hing 
characteristics (al/ types). 
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TIP110, TIP111, TIP112 

2-796 

VCC 
RC' "lC 

NON IND 

DEVICE 
UNDER 
TEST 

** 

VCC 

QI, 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 SENSING 
CONNECTION 

NOTL BATTERY SYMBOLS VCC' VBI' VB2' 
. VB(CLAMP) INDICATE RIGOROUSLY FILTERED 

VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST I, AND If TIMES 
ANO HIGH CURRENTS PRESENT IN THE CIRCUIT. 

92CM-34848 

Fig. 9 - Circuit for measuring switching times. 

A 10% 
o 

o 

"'A-B .,.x-v 
... B-C ... v-z 
!tr .. sition- X- W 
NOTE: TRANSITION TIME 
FROM 90S la, TO 10% I~ MUST 

BE LESS THAN O.5IJI. 

92CS- 3038IR2 

Fig. 10- Phase relationship between input and 
output currents showing reference pOints 
for specification of switching times. 



_____________________________________ Power Transistors 

File Number 1387 

2-Ampere P-N-P 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 

TIP115, TIP116, TIP117 

TERMINAL DESIGNATIONS 

"';"10
11 J#!' 

TOP VIEW B 

92CS-39969 

• Designed for comp/etementary use with T/P110, TlP111 and TlP112 JEDEC TO-22OAB 
• Hard glass passivation 
• Wire-bonded construction 

The TIP115, TIP116, and TIP117 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: 

Vceo ............................................................ . 
VCEO(SUS) ...................................................... .. 
VEeo ............................................................ . 
Ic ............................................................... . 
ICM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ie ............................................................... . 
PT: 

Tc up to 25·C .................................................. . 
Tc above 25· C ................................. Derate linearly at 

Til;, TJ .......................................................... . 
TL 

At distance 1/8 In. (3.17 mm) from case for 10 S max .............. . 

Fig. 1 - Schematic diagram for a/l types. 

TIP115 

60 
60 

TIP118 

80 
80 

TIP117 

100 
100 5 _____ _ 

2 4 _____ _ 
_____ 0.05 _____ _ 

50 ______ 0.4 ______ _ 

_____ -65 to 150 _____ _ 

260 _____ _ 

UNITS 

v 
V 
V 
A 
A 
A 

W 
W/·C 

·C 

·C 

________________________________ 2-797 



Power Transistors ____________________ --------------__ _ 

TIP115, TIP116, TIP117 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Te) = 2S·C 

TEST CONDITIONS 

CHARACTERISTIC 
Voltage Current 

Vdc Adc 

VeE VBE Ie 

-60a - -
leBo -SOa - -

IE = 0 
-100a - -

-30 - -
ICEO -40 - -

-50 - -
lEBO - 5 0 

VCEO(SUS) - - -0.03b 

-4 - -lb 
. hFE 

-4 - -2b 

VBE -4 - -2b 

VCE(sal) - - -2b 

Cobo -lOa - -
h,. -10 - -0.75 

f = 1.0 mHz 

ISlb 

I = 0, 5 S non-rep. pulse 
-40 - -

RBJC - - -
RBJA - - -

a VCB value. 

b Pulsed: Pulsed duration = 300 ps, duly faclor:5 2%. 

NOTE" C!.ARENT O£RATING AT CONSTANT 
VOLTAGE APPlIES ONLY TO THE DISSIPATION
LIMITED PORTION AND THE IS/b -liMITEO 
PORTIOM OF MAlCIMUM OPERATING AREA 
CURVE. 00 NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAl( 

100 12~ I!SO I~ 200 

CASE TEMPERATURE (Tcl-OC 

Fig. 2 - Derating curve for al/ types. 

IB 

-
-

-
0 

0 

0 

-

0 

-

-
-

-O.OOS 

-

-

-
-

-

LIMITS 

TIP11S TIP116 TIP117 

MIN. MAX. MIN. MAX. MIN. MAX. 

- -1 - - - -

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

- -2 - - - -
~ - - -2 - -
- - - - - -2 

- -2 - -2 - -2 

-60 - -SO - -100 -

1000 - 1000 - 1000 -
500 - 500 - 500 -
- -2.S - -2.S - -2.S 

- -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 -

COLLEC OR-lO-EMITTER VOLTAGEIVCEI-3 V 

~ 'H-y 
....... -..... 

;; 

~ ,/ 
--.... 
~ .;0 

ffi 

4k:j 
, .~ 

~ 
<0 

1-- ...... r-....'\ 
~IOOO 

./ ~ 
§ . . ~ a <" 
c .. t};"r:,t. 
~ 

~ 
~ , 
u 

o 100 

QI 

~~t:;~r 
~ .,Dr: 

• • • , 
I 

COLLECTOR CURRENT CIc I-A 
• 

-
2.5 

62.5 

• 
92CS-3!U80 

UNITS 

mA 

mA 

V 

-

V 

pF 

-

A 

·C/W 

• 10 

Fig. 3 - Typical dc-beta characteristics for al/ types. 
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!< 
"' II: 
II: 
::> 
o 

TIP115, TIP116, TIP117 

8 10 4 6 8 100 
COLLECTOR - TO-EMITTER VOLTAGE I VCE I-V 

92CM-3~181 

Fig. 4 - Maximum operating areas for all types (Tc = 25° C). 

) 2 , 
COLLECTOR CURRENT (I.CI-A 92CS-34525 

Fig. 5 - Typical saturation characteristics for all types. 

• 8 
)0 

EMITTER-lO-BASE VOLTAGE (VEB I-V 
COLLECTOR-lO-BASE VOLTAGE (Vcel-V 

9ZCS-3!U83 

Fig. 7 - Typical common-base input (Cibo) or 
output (CObO) capaciatance characteristic 
(all types). 

)00 

11 
I~ 

Ii 

COLLECTOR - TO-EMITTER VOLTAGE( V, )-'V 

BASE-TQ- EMlfER VOLTAGE ,iiBEI-V 92CS-3$182 

Fig. 6 - Typical transfer characteristics for all types . 

.. COL.L.ECTOR SUPPLY VOLTAGE (VCCI--3011 

Ie, -..I.e z "I:C/250. TC=25·C 

" ,. 2 

0.5 

" 

), 

" 
COLLECTOR CURRENT ( Ie J -AMPS 

92CS-3!!0184 

Fig. 8- Typical saturated switching 
characteristics (all types). 
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TIP115, TIP116, TIP117 

2gVLr~~ 
1...I- 20 l'S 50Jl = 

MIN 

FREO' 500Hz 

VCC 
RC"~ 

NON INO 

DEVICE 
UNDER 
TEST 

** 

01, 02 • 2N6354 

03 " 2N3162 
04,05, 
06,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, Vel' VB2' 
. Ve(CLAMPI INDICATE RIGOROUSLY FILTERED 

VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST I, AND If TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

Fig. 9 - Circuit for measuring switching times. 

o 

90'110 
J:B(,-rl -----; 

o I ~ ______ '- ___ _ 

B 10'110 I Z 10'110 
I 
I 

.. -A-B ,,-X-V 

.. -11-0 ~- v-z 

... .,lition- X- W· 
NOTE: TRANSITION TIME 
FROM 90" IS1 TO ""' liz MUST 

BE LESS THAN 0.6 JIS. 

,2CS-34'.8 

Fig. 10- Phase relationship between input and 
output currents showing reference points 
for specification of switching times. 

92CM- 34841 
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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 TIP120, 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 JEDEe TO-220AB (VER
SAWATT) plastic package. 

The TIP120, TIP121 and TIP122 are n-p-n complements of 
the TJP125, TIP126 and TIP127 described in data bulletin 
File 997. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCER(SUS) 
RRE= 1000 ......................................... . 

VCEo(sus) ............................................. . 
VCEV(sus) 

VBE =-1.5V ......................................... . 
VEBO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic .................................................... . 
ICM ................................................... . 
IB .................................................... . 
PT 

Tc upt025°e ....................................... . 
Tc above25°e ...................................... . 

T .... T J ••••••••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distances 2:: 1/8 in. (3.17 mm) from 

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

TIP120, TIP121, TIP122 

TERMINAL DESIGNATIONS 

'~';'"lO II ] t': 
TOP VIEW B 

TIP120 
60 

60 
60 

60 
5 
'8 

10 
0.25 

65 

92CS-39969 

JEDEC TO-220AB 

~-----------, 

I I 
I I 

I 
I 
I 

I I L _________ -.J 

9ZCS·Z0691R2 

Fig. , - Schematic diagf'IJm for all types. 

TIP121 TIP122 
80 100 

80 100 
80 100 

80 100 
5 5 
8 8 

10 10 
0.25 0.25 

65 65 
Derate linearly at 0.52 

-65 to 150 

235 

V 

V 
V 

V 
V 
A 
A 
A 

W 
w/oe 

°e 

°e 
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TIP120, TIP121, TIP122 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2SOC 

2-802 

TEST CONDITIONS 

CHARAC· Voltage Current 
TIP120 

TERISTIC Vdc Adc 

VCE VSE IC IS Min. Max. 

ICBO 
60 - 0.2 
80 - -

IE=O 100 - -
30 0 - 0.5 

ICEO 40 0 - -
50 0 - -

lEBO -5 0 - 2 

VCEO(SUS) 0.23 0 60 -

hFE 
3 33 1000 -
3 0.53 1000 -

VBE 3 33 - 2.5 

VCE(S3t) 
33 0.Ol2 - 2 
53 0.02 - 3 

hfe 
5 1 1000 -

f=l kHz 

I hfel 
5 1 20 -

f=1 MHz 

Cobo 

VCB=10 V - 200 
f=1 MHz 

ISlb 
t=0.5 S non· 25 2.6 -
rep. pulse 

R8JC - 1.92 

3 Pulsed, pulse duration = 300 /'S. duty factor ..:; 2%. 

MOTE CIlmENT DERATING AT CONSTANT t1' 
VOlTAGE: APPI.J[$ C!Nl.Y '10 THE OI$StPAT'ON-' ~ 1 ' 
~:,~~ :':.'c::: ;;~A~~~ ~~':T£O f1+j • 
CURVE. DO NOT DERATE THE 
SP£CIFI[O VALUE' FOR :Ie MAX 

,t It 

25 ~ 75 100 IZ!) I~ 175 200 

CASE TEMPERATURE: (Tcl--C 

Fig. 2 - Derating curve for al/ types. 

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 oCIW 

_,05: 

t 4 

COLL.ECTOR-lO-EMITTER VOlTAGE !VCEI' 3\1 

Q 

i 2 

12: 10· 
~ . 
~ . -

~';.; ! 4 -
,/ 

i ' / 'Ii" it 10'S, " 
~~.<~ " ~ . 

~ . 
~ ,""''1 I g • cP' I ,r! 

0.' 
. . . . . . . . 

I '0 
. . . . 

'00 
COLLECTOR CllAAENT tlel-A 

92CS-24S02RI 

Fig. 3 - Typical dc beta characteristics 
for al/ types. 



_____________________________________ Power Transistors 

TIP12~ TIP121, TIP122 

COLLECTOR-lO-EMITTER VOLTAGE (YCE)-V 

Fig. 4 - Maximum operating areas for TlP120 and TlP121. 

COLLECTOR-lO-EMITTER VOLTAGE (VCEI-V 

Fig. 5 - Maximum operating areas for TlP122. 
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TIP120, TIP121, TIP122 

I 

10 

COLLECTOR CURRENT lIe) -, A 
COLLECTOR·TQ·EMITTER VOLTAGE (VeE'-5V 
CASE TEMPERATURE ITc'-25·C 

... 
01 

FREQUENCY (f) - MHZ 

\. . .. 
Fig, 6 - Typical small-signal current gain 

for a/l types. 

17.5 COLLECTOA-TO-E:MITTER VOlTAGE (VCE' " :5 V 

10 

2. 

BASE-lO-EMITTER VOLTAGE (VaEI-V 

Fig. 8 - Typical input characteristics 
for all types. 

17. COLLEC~OR-TO-EMITTER VOLTAGE tVeE) •• '.V 

I. 

1.' 

2.' 

10 

BASE-lO-EMITTER VOLTAGE IVSEI-V 
'2(:S-241101IU 

Fig. 10 - Typical transfer characteristics 
for all types. 

II liil 11; 

Ill! II ~ I! ~ 

!i • I I' i:! lij 
I 

0= , 
~! 4 
• w 

!~ ~lliji '1 
ow :5 
~~ liFE • 1000, TC .100 C. "11 ~ , I TIT I ' TIll 1 1 • ~ "FE "1000, TC~25"C ~ 

~ ~ 2 : 
-H-I _. + FE· 100, TC = loo·e • 
:U L II J r III ~ I: 11 r Ij , 

nl 11 tIT l'i~'I;~ i ~~'lc'I'l : ; i ~ I 

! f:Ul 10011111111111 i I.!i! 
0 2 4 6 8 10 12 

COLLECTOR CU~ENT (ICI-A 

Fig, 7 - Typical saturation characteristics 
for a/l types, 

22 CASE TEMPERATURE (Tel = 25·C .. H1Hl ,i. tIl ill ::!l 
20:' .••••• ii'i ii'i 'iii 'iii :iiilflililil Hi 'Ii 1',1 :iii 

.. . :: ::!; :::: ........ 111; P!J ,:11 lin Wi jiii in: 
i Ie:,: <: ....... :"'i .i'!J!!I.Iif, ,iii j .. , .. 
3' 16' :::: :~!~ :::: iiii I: .... nil :::: j:'j I:ji ji!i :::: , .. 
;:: 14··- ............... , " .......... ,. I til!: ... 

i 12 ..... ....: ·::JH~~ I~;~: .... 

I
, "f.: :'. • .•. ~ ... .... ... :: : .. i~r8~t-1 _ .... , :~""'E' 

. .... ......... :~:~P;PIT 
11 .:;' 1:8ASECURRENT t~Bl"O.5mA ~j ;;:: 'j;: H~~ 

24681012 

'l. 
I 

COLLECTOR-TO-EMtTTER VOlTAGE IYCE) -~CS-249M 

Fig. 9 -=-- Typical output characteristics 
for all types. 

COLLECTOR SlfIPLY VOLTAGE !Yeel ~ 20 V 
IBI~-liI2·Ic/500 

• 
• !-- -f..... 

.:;.;:: ./"" 
./ 

~ , 
~ ;: 

2 /' 
........ 

k" 
I --- L-- 1'-.." 

.. ~ . , . , . 1 .. 
COl.l.ECTM ClRRENT tIel - A 

10 

Fig. 11 - Typical saturated switching characteristics 
for all types. 
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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 I C without predriver 
• Low leakage at high temperature 

Applications: 
• Power switching • Audio amplifiers 

• Hammer drivers 
• Series and shunt regulators 

The TIP125. TIP126 and TIP127 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. 

These devices are supplied in the JEDEC TO-220AB (VER
SAWATT) package. 

The TIP125. TIP126 and TIP127.are p-n-p complements of 
the TIP120. TlP121 and TIP122 described in data bulletin 
File 998. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

VCBO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCEo!sus) ............................................ .. 
VEBO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic .....•..•......•.................•.•........•........ 
ICM ................................................... . 
IB ••••••••••••••••••••••••.•.••••••.••••••••.••••...••• 
PT 

Tc::S;25°C .......................................... . 
Tc>25°C .......................................... . 

T" .. TJ ••••••••••••••••••••••••••••••••••••••••••••.•••• 

TL 
At distances 2: 118 in. (3.17 mm) from 

case for 10 S max ...................................• 

Power Transistors 

TIP125, TIP126, TIP127 

TERMINAL DESIGNATIONS 

'~';'"lO II ] .• f# 
TOP VIEW B 

92CS-39969 

JEDEC TO-220A8 

r---------l 
I I 
I I 
I I 
I I 
I I 
L _________ -.J 

E 
92CS-2086lRI 

Fig. 1 - Schematic diagram for all types. 

TIP125 
-60 
-60 
-5 
-8 

-15 
-0.25 

65 

TIP126 
-80 
-80 
-5 
-8 

-15 
-0.25 

65 
0.52 

-65 to 150 

235 

TIP127 
-100 
-100 

-5 
-8 

-15 
-0.25 

65 

V 
V 
V 
A 
A 
A 

W 
W/oC 

°C 

°C 
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TIP125, TIP126, TIP127 

ELECTRICAL CHARACTERISTICS. At Case Temperature fTC) = 2fiOC 

TEST CONDITIONS LIMITS 

CHARAC· Voltage Current 
TERISTIC Vdc Adc 

TIP125 TIP126 

VCE Ic IS Min. Max. Min. Max. 

-30 0 - -0.5 - -

IC!:O -40 0 - - - -0.5 
-50 ·0 - - - -

lEBO. 0 - -10 - -10 
VB!:=!; V 

VC!:O(sus) -0.03a 0 -60 - -80 -
-3 -0.75a 500 - 500 -

hF!: -3' -3a 1000 - 1000 -

VB!: -3 _3a - -2.5 - -2.5 

VC!:(sat) 
-3a -0.012 - -2 - -2 
-Sa -0.02 - -4 - -4 

hfe -5 -1 
1=1 kHz 

lQOO - 1000 -

Ihfel -5 -1 20 - 20 -
f=l MHz 

I SIb 
t= 1-5 nonrep. -20 -3.2 - -3.2 -

pulse 

ROJG - 1.92 - 1.92 

a Pulsed: Pulse duration" 300 "s. duty factor"" 2% . 

• 1 CASE TEMPERATURE (TC). 25-C : 
~I (CURVES MUST BE OERATED LINEARLY 

_I 2 4 6 8_ 10 2 4 6 8-100 

COLLECTOR-TD~EMITTER VOLTAGE (YCE)-V 

.leS-Z8,7, 

Fig. 2 - Maximum operating area. for all types. 

""\.; 

TI»127 

Min. Max. 

- -
- -
- -0.5 

- -10 

-100 -
500 -
1000 -

- -2.5· 
- -2 
- -4 

1000 -

20 -

-3.2 -

- 1.92 

,,. I. 

UNITS 

mA 

rnA·: 

V 

V 

V 

A 

°C/W 
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,..... ___________________________________ Power Transistors 

NOTE· CURRENT DERATING AT CONSTANT 
VOLTAGE APPLIES ONLY TO THE DISSIPATION
LIMITED PORTION AND THE IS/b -LIMITED 
PORTION OFMAXlhlUM OPERATING AREA 
CURVE. DO NOT DERATE THE 
SPECIFIED \/ALU£ FOR Ie MAX 

50 100 125 

CASE TEMPERATURE (TC}-GC 

115 200 

TIP125, TIP126, TIP127 

4 6" II 
-I -to 

COLLECTOR CURRENT IICI-A 

, . 
-100 

Fig. 3 - Dissipation derating curve for all types. Fig. 4 - Typical dc beta characteristics for all types. 

COLLECTOR-rO-EMITTER VOLTAGE (VCEI~-3V 

1-12.5 

Ii a -10 

~ 
I"l -7.5 

~ 
~ -5 

-2.5 

-2 -3 
BASE-lO-EMITTER VOLTAGE IVSEI-V COLLECTOR-lO-EMITTER VOLTAGE (VCE'-V 

Fig. 5 - Typical transfer characteristics for all types. Fig. 6 - Typical output characteristics for all types. 

COLLECTOR CURRENT tIc J-A 

Fig. 7 - Typical saturated switching-time 
characteristics for all types. 
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TIP125, TIP126, TIP127 

9<'CS '9~HI 

Fig. 8 - Phase relationship between input current 
and output voltage showing reference 
points for specification of switching
times. 

INPUT 
CHRONETICS PULSE 
GENERATOR MODEL 
No. PG-3I, OR 
EQUIVALENT 

PUl.SE DURATION 
20 lIs POSITIVE VOLTAGE 
20 lIS NEGATiVE VOLTAGE 

REP. RATE =200 Hz 

* IS, AND IB2 ARE MEASURED WITH TEKTRONIX CURRENT 

PROlE P6019 AND TYPE 134 AMPLIFIER,OA EQUiVALENT 

~2CS- 20944RI 

Fig. 9 - Circuit used to measure saturated 
switching-times. 
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Power Transistors 

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 
• Ic - 10A 
• PT -·100 W 

The TlP562 and TlP563 silicon Il-P,:rl. power ltransis
tors feature fast switching speeds, 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. 

The'TIP562 and TIP563 transistors are supplied in steel 
JED'ECIO-2U4AA hermetiC pacKages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TERMINAL DESIGNATIONS 

c 

'0 
92CS-2751S 

JEDEC TO-204AA 

TIP562 TIP563 
VeRa •••••••••••••••••••••••••••••••••••••••• _._ •• 

VCEOISUSI •••••••••••••••••••••••••••••••••••••••••• 

300 
300 

V •• o ..........................................•.. -------------
Ie ...•.•...••.•.••.••••.•••.••...•..•••........•.. ____________ _ 

leM •••••••••••••••••••.•••••••••••••••. 

. 1 ••••••••••••••••••••••••••••••••••••••••••••••••• _---________ _ 
PTe 

At Te up to 100°C .............•.•........... ____________ _ 

400 
400 

8 
10 
15 
2 

100 
TJ,T ......... , '" .•.................. , ............. __________ _ -65 to +200 
TL: 

At distances ~ 1116.in. (1.58 mm) 
from case for 10 s max ........................ ____________ _ 200 

lu, 

~ 6 

e . 
~ 2 

i I , 
is , 
~ 

~ 
~ 

2 

~ 0.1 , 
iii 
~ 

, . 
I 

2 !i! 
2. 

0.01 
50 100 "0 200 250 2 ... 2 '68 2 '68 

CASE TEMPERATURE ITe)-·C 0.001 0.01 0.1 I 
92CS-32'l50 PULSE WIDTH Up) -. 

2 '68 

92CS-50387 

Fig. 1 - Dissipation derating curve. Fig. 2 - Typical therma/-responsa 
characteristic. 

V 
V 
V 
A 
A 
A 

W 

°C 

°C 

10 
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Power Transi'Stors ______ '--________ "--_________ "'-_________ --"" _____ ..... "--__ '-' 

TIP562, TIP563 

2-810 

ELECTRICAL CHARACTERISTICS. At Case Temperature (TC)=25°C 
unless otherwise specified 

TEST CONDITIONS LIMITS 
CHARAC· VOLTAGE CURRENT 

TIP562 TIP563 TERISTIC Vdc Adc 
VCE V8E IC 18 Min. Typ. Max. Min. -!nJ __ Max. 

ICEO 
270 - - 0 - - 1 - - -
360 0 1 - - - ,..... - - -

leBO. 300b - - - - - 100 - - -
IE=O 400b - - - - - - - - 100 

lEBO 8 0 - - - 5 - - 5 
VCEO(SUS)a - - 0.1 - 300 - - 400 - -
VBE(sat)a - - 10 1.66 - - 1.4 - - 1.4 

VCE(sat)2 
10 1.66 1.2 1.2 
15 5 - - 2.0 - - 2.0 

hFEa 4 - 1.0 - 20 - - 20 - -
4 - 10 - 8 - - 8 - -

ISlb, tp 
= 1 s, non· 40 - - - 2.5 - - 2.5 - -
repetitive 

td VCC= 
-5.2 10 2 180 V - .05 - - .05 -

tr Vec= -5.2 10 2 - 0.5 - - 0.5 -180 V 
ts vec= 

(lB1 = IB2) 180V 
-5.2 10 2 - 1.2 - - 1.2 -

tf rtec= -5.2 10 2 - 0.3 - - 0.3 -
(lB1 = IB2) 180V 

Ite 
VCC=135V - -6 10 2 - - 700 - - 700 L=50,..H 
Re=13.5Q 
R8JC - - 1.0 - - 1.0 

apulsed, pulse duration = 300 I'S, duty factor .. 2%. bves value. 

UNITS 

rnA 

,..A 

rnA 

V 

A 

,..s 

ns 

°c/w 

400 rv~~~;~~OR-TO EMITTER VOLTAGE H----jr---------t L2~~~ 

"' ... 
~ 

2 II J 

100 

• 
• 
• 
2 

10 

• 
• 

0.5 
. • • • • 10 

Ct;)LLECTOR CURRENT (leI - A 

92CS-31452 

Fig. 3· Typical dc: beta characteristics 
for both types. 

40 

ill 
~ I 0 

t:/ > 
ti . ,.-.o~ 
fit "IJ~E \1C;..-- >lii. L f--c. "I'E.tAPEF,Pi 1: 
~~ 0.8 SE V C 
;;!i~ t- V \~ 
'" "' +--:-+-. /V ~~O.6 I---c-

~ 
~ 

I---I-0 

0.4-t;" 

~ 
0.2 

o • • • 2 • •• 2 4 
I 10 60 

COLLECTOR CURRENT (Icl-A 

92C5-32252 

Fig. 4· Typical base'to-emltte; slituiailon 
voltage characteristics for 
both types. 



COLLECTOR-TO-EMITTER VOLTAGE (VCEI- v 

Fig. 5 - Maximum operating areas ITc= 100·C). 

1.6 

z 1.4 
o 

~ 1.2 

~> 
WI 

~!t 
i ~O.B 

Ie" Ie/6 

92CM-32261 

o 
5 8 10 II 12 13 14 15 

COLLECTOR CURRENT (Ie) - A 

92CS-32251 

Fig. 6· Typical cal/ectar-ta-emitter saturation 
voltage characteristics for 
both types. 

Power Transistors 

TIP562, TIP563 
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Power Hybrid Circuits _______________________________ _ 

HC2000H 

Multi-Purpose 7-Ampere 
Operational Amplifier 

Linear Amplifiers for Applications in Industrial 
and Commercial Equipment 

Features: 

• Bandwidth: 30 kHz at 60 W 
• High power output: up to 100 W(rms) 
• Built-in load-line-limiting' circuit 
• Reactive-load fault protection 
• Provision for feedback control 

The RCA-HC2000H is a complete solid-state hybrid opera
tional amplifier in a metal hermetic package. The HC2000H 
is intended for military and critical industrial applications 
and can be supplied in accordance with applicable portions 
of MIL-STD.883. 

The amplifier employs a quasi-complementary-symmetry 
class B output circuit with built-in load-fault protection. 

Type HC2000H is recommended for the following applica
tions: servo-amplifiers (ac, dc, PWM): deflection amplifiers; 
power operational amplifiers; audio amplifiers; voltage regu
lators; and driven inverters. 

Additional information on hybrid power amplifiers is con
tained in RCA Application Notes AN-4483 and AN-4782. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

V,; 

File Number 566 

TERMINAL DESIGNATIONS 

'\ 
JOl 
nell 

TOP 10 
VIEW 9 

8 
4 7 
5 6 

10 
92C5-40377 

Between leads 1 and 10 .................................................................................... 75 V 
10M ••••••••••••.••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 7 A 
PT: 

Per Output Device . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Fig. 4 & 5 

i:t9 .::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: =;;:~ :~~~:g 
T L (During Soldering): 

At distances 2: 1/8 in. (3.17 mm) from case for 10 s max ..................................................... 235°C 
¢L (Min): 

At distance 2: 0.075 (1.91 mm) from case ........................................................ 0.04 in. (1.02 mm) 

3-2 ___ ~--------------------------------------~-----------------



__________________________________ Power Hybrid Circuits 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25°C 

CHARACTERISTIC TEST CONDITIONS 

VS-V f -kHz PO-w RL -n 

VOUT 
---vjN ±37.5 4 

Open~Loop 

Closed· Loop 
±37.5 1 

(See Fig. 3) 

liN 
Measured between - -

leads 7 & 8 (See Fig. 3) 

10 ±37.5 -

vlO 
Measured between ±37.5 -

leads 4 & 5 (See Fig. 3) 

VOUT 

fH 

(See Figs. 3 & 8) 

THO 
(See Figs. 3 & 9) 

IS 
(See Fig. 11) 

SIN 
lG = 600 n 

SR 
(Unity gain, 

10M = 4A) 

ROJC 
Per Output Device 
(See Figs. 4 & 5) 

GND 

., 
10K 

·2 
10K 

C2 
005 

±37.5 

±37.5 

±37.5 

±37.5 

±37.5 

±37.5 

-

1 

-

1 

1 

-

1 

-

RESISTANCE VALUES IN OHMS 
CAPACITANCE VALUES IN MICROFARADS 

25 

1 

-

-

-

100 

1 

60 

-

-

100 

-

*BA~~L:~:T~j~~u~~~i~i~~I:~; SEE DIMENSIONAL OUTLINE 

4 

4 

-

-

4 

4 

4 

4 

0 

-

4 

-. 

MIN. 

-

26 

16 

15 

0 

28 

43 

-

±2 

-

5 

-

0. 

LIMITS 

TYP. 

2000 

30 

18 

-

±30 

32 

-

0.4 

-

78 

-

-

10 
,Vs 

4 PHASE 
COMP. 

VFa 

MAX. 

-

-

-

30 

±250 

-

-

0.5 

±3.85 

-

-

2 

92tS-27221 

Fig. 1 - Schematic diagram of type HC2000H power hybrid circuit operational amplifier. 

HC2000H 

UNITS 

kn 

rnA 

rnV 

V 

kHz 

% 

A 

dB 

V//ls 

°CIW 
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Power Hybrid Circuits _______ .,.-_______ -..,.. ___________ -..,.. ___ _ 

HC2000H 

S .. F 
12Y 

'NPUT lI
12Y 

5,." 

+ -
"I,--V",,"'1 

_ 100"" 

+J50V 
92CS-I9981 

Fig. 2 - Type HC2000H power hybrid circuit with external 
connections for operation with a single power supply. 

A'llbGE POIEIt DlSSlPj,11CIN If EACH 
OUTPUT TlANSlSTOI CAN. CALCUUTID 

I'IIOll "rCAY)· Po -'f: AND I!PPtClI!MCT 

no. ... ; ~. WIIEI! ro 15 THE OUTPUT 

::.r ":,.",,0:: 1'H1! PEAK VALUE Of ltd! 

JIOII!PI'ICIEMCY DERATING AT HIGH 
AlEQUEtfCE. SEE Ftc.ID. 

CASE TEllPERAn.ITC) _ ac 

Fig. 4 - Dissipation (average) derating curve for each 
output transistor (fo, symmetrical wave
forms with f > 40 Hz). 

MINIMUM LOAD RESISTANCE (RL 

Fig. 6 - Maximum alloweble .upply voltage VI. load 
resistance. 

INPUT 

·M.5220.orllqUi ...... 
92CS-I'982 

Fig. 3 - Type HC2000H power hybrid circuit with external 
connection. (and split power supply) for measuring 
relative response and di.tortion; see Figs. 8 & 9. 

Fig. 5 - DiSSipation (de) derating curve for each 
output transistor. 

Fig. 7 - C/Osed-Ioop voltage gain VI. external feed
back resi.tance. 
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_______________________________ Power Hybrid Circuits 

f 
:t 

I 
~ 
! 
i 

0.1 

0.' 

0.' 

0.' 

0.' 

NOTE: LOW·FREQUENCY RBfICIoISE OIP!NDEtfT 
UPON ItW\IT HETWORK; SEE FIG. Z. 

<on 

" 100 I" 
FREQUENCY If) - H_ 

.OK 

Fig. 8 - Output power vs. frequency. 

POWER SUPPLY, SPliT (Vs -, :tl7.S VI 
CASE TEMPERATURE ITel. l511( 

~ 

~ ~"""\ .., 
PEAK LOAD CURRENT lI~t. ~z~ 

0.1 FOR TEMPERATlJlf DERATING, THE 
AVERAGE POWER DISSIPATION 'N EACH 
OUTPUT TRAMSIS'nII CAM IE 'AL· 

0.2 CULAYEO IlIOIl Pre" ... ,· Po '-t! 
0.' I ~i· I 'j I 

" 6 • 10K 2 
FREQUENeYlI) _ H. 

.,,' 

~ 

\ 

1\ 

6 • lOOK 

Fig. 10 - Maximum efficiency .... frequency for 
several values of peak load current. 

LOAD PHASE ANGlE 1., _ DEGREES 

Fig. 12 - Minimum load impedance VS. load phase 
angle and safe area of operation. 

0.' 

POWER SUPPLY; SPLIT (Vs· U1.S VI 
PEAK OUTPUT VOLTAGE IVo.) • 21 V 

I 
0.2 OA 0.6 D.I 1 

0.' 
z • '810 

oot ..... t POWER IPgI _ w 

HC2000H 

4 68100 

Fig. 9 - Total harmonic distortion with split power 
supply. 

...... 
Fig. 71 - Characteristics·of built-in load-line

limiting circuit. 

OUTPUT VOLTAGE IVOI-V 

Fig. 13- Gain linearity characteristic. 
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HC2000H 

M 

POWER SUPPLY, SPliT IVs • .t31,5 VI 
LOAD RESISTAMCE:IRL) = Ul 
FEEDBACK' RESIST ANeE IRG) ~d70 n 
AMPLITUDE (ft. • 60 HE) • 
AMPLITUDE (Itt • 7kHI " 1 

~ 
!1.21--+-++-H--+-++H-+-+-+-H 
~ 
~ 1~~~~-H~4-~-+~--4--4-+~ 

~"f--+--++-++--+--+-++-+---+-+-IV'-+-l 
~"f--"'r-.....-t-t-++-h-+-+-+h-+----t1J'++-I 
a~r--rl--'~bt+--1--~+4+--r-~+H 
!i V 
U~-+-++~~~-4-4+~~~~-4-4~ 

0.1 O.l 0.. Q.6G.a 1 .4 6' 10 .4 6 "00 
OUTPUT POWER (POl _ W 

Fig. 74 - Intermodulation distortion with split 
supplV and 4-ohm load. 

0.040" R 
MIN. 

~\~ 
L::JIL~EAO SHOULO 

.. I BE UNOISTURBEO 
0.075"---1 OVER THIS 
MIN. LENGTH 

92C5-19983 

Fig. 75 - Recommended lead-bending 
specification. 

3-6 __________________________ ~------~--------~----~~~~-----------



-------------------_____________ Power Hybrid Circuits 

File Number 681 

Multi-Purpose, Low-Distortion 
7-Ampere Operational Amplifier 
Linear Amplifier for Applications in Industrial 
and Commercial Equipment 

Features: 

• Bandwidth: 30.kHz at 60 W 
• High power output: up to 100 W(rms) 
• Adjustable idling current 

RCA type HC2500. is a complete solid-state hybrid ampli
fier in a compact hermetic package. It employs a quasi
complementary-symmetry output circuit 

The HC2500 is a low-distortion, lOO-watt linear amplifier. 
The output section can be externally biased class AS for 
low inter-modulation and total harmonic distortion. Termi
nals are available for external frequency compensation, 
external short-circuit protection, and inverting and non
inverting inputs. 

The HC2500 is recommended for the following applications; 
servo amplifiers (ac, dc, PWM), deflection amplifiers, power 
operational amplifiers, voltage regulators, driven inverters, 
hi-Ii amplifiers, PA systems, and solenoid drivers. 

"Derived from RCA Dev. No. TA8651 A. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

SUPPLY VOLTAGE: 
Between leads 1 and 10 .................. 75 V 

OUTPUT CURRENT (Peak) ................ 7 A 
TOTAL DISSIPATION: 

Per output device .................... See Figs. 4 & 5 
TEMPERATURE RANGE: 

Storage. . . . . . . . . . . . . . . . . . . . . . . . . .. -55 to +125°C 
Output junction .................... -55 to +150°C 

LEAD TEMPERATURE (During Soldering): 
At distance;;' 1/8 in. (3.17 mm) from 
case for lOs max. ......................... 235° C 

® 
""BASE 
PLATE 

TERMINAL DESIGNAnONS 

''\ 
o 

nell 

RS 
.. n 

92C$-40377 

HC2500 

+Vs 

-ELECTRICAllY ISOLATED FROM INTERNAL CIRCUITRY. 

Fig. 1 - Schematic diagram of type HC2500 
operational amplifier. 

COMPARISON CHART 

IMDIST. 
OUTPUT 

OPERATING FREQUENCY COMMUTATING TYPE PROTECTION 
@50mW MODE COMPENSATION DIODES 

NETWORK 

HC2500 0.06% NO CLASSAB 
CAPACITOR ON NO 
SIGNAL TERMINALS 

HC2000H 5.8% YES CLASSB 
LC FILTER 

YES 
ON OUTPUT 

--________________________________________ 3-7 

D 



~~wer HybrldCi~ui~s ______________________________ _ 

HC2500 

ELECTRICAL CHARACTERISTICS, At Case Temperawre (TC' = 25"C and Supply Voltage (VS' = t37.5 V 

REFER- TEST CONDITIONS LIMITS 
ENCE OUTPUT LOAD 

CHARACTERISTIC SYMBOL FIG_ SPECIAL FRE,Q. ,POWER RESIST_ 
MIN_ TYP. MAX_ UNITS 

NO. NOTES (f)":'kHz (POI-'-W' (RLI-n 

Offset Voltage Voffset 3 
Measured 

4 ±250 mV 
Pin 3 to Gnd - - - -

Quiescent Current 10 3 
Idling Cur-

- - Open '- ±30 mA 
rent < 1 mA -

Output Voltage Swing VOUT Peak dc voltage 0 200 4 28 - - V 

Closed-Loop Bandwidth fH 3 - 1 4 43 - - ' kHz 

Total Harmonic 
THO 15 1 60 4 0.3 0.5 

Distortion 
- % 

Closed· loop Voltage 
ACl 3 1 1 4 31 32 -

Gain 

Thermal Resistance ROJC 5 - - - - - 2 °C/W 

ELECTRICAL CHARACTERISTICS 

Typical Values (for Design Guidancel, At Case Temperature (T cJ = 25"C and Supply Voltage (VS' = t37.5 

Open- loop Voltage 
AOl 8,19 

Idling cur-
l 25 4 70 dB Gain rent = 50 mA - -

Input Offset Voltage Via 20 - 0 Opel) - ±10 - mV 

Input Offset Current 110 20 - 0 Open - 7 - JJA 

Input 8ias Current liB 20 - 0 Open - 20 - JJA 

Common-Mode Input 
RCM 22 0.005 0 Qpen - 1 - Mn 

Impedance 

Common-Mode Input-
VICR 0.5 100 4 - 32 - V Voltage Range 

Common-Mode-
CMRR 0.005 0 Open 50 dB Rejection Ratio - -

Supply·Voltage Ripple-
VRR 0.06 0 4 - 30 - dB 

Rejection Ratio 

Intermodulation Idling cur-
Distortion IMD 14 rent = 50 mA - 0.05 4 - 0.06 - % 

ACl = 2 0.5 

Slew Rate SR 18 Cc = 100pF Square - 4 - 4.3 - V/JJs 
Wave 

Idling-Ct,Jrrent Drift ~Ii 17 25°C to 100°C - - 4 - 1 - mAtC 

~8 ________________________________________________________________ _ 



________________________________ Power Hybrid Circuits 

FREQUENCY 
COMPENSATION 

• 
BIAS ADJUST 

4 

BIAS ADJUST 

'Vs 

DRIVE 2 

Fig. 2 - Block diagram of HC2500 l(J(].wattclass AB amplifier. 

AVERAGE POWER DISSIPATION IN EACI1 
OUTPUT T/UHSJSTOR CAN Bf CALCULATED 

FROM PT(AY)" Po ~.'l'l AND EFFICIENCY 

FROM .. "; ~,WHERE Po IS THE OUTPUT 

POWER AHD YOM; IS THE PEAK VAl.UE OF THE 
OUTPUT VOLTAGE. 
fOR EFFICIENCY DERATING AT HIGH 
FREQUEMCI£S. SEe FIG. 10 

CASE TEMPERATURE /Tel _ DC 

Fig. 4 - Dissipation (average) derating curve for each output 
transistor (for symmetrical waveforms with f >40 Hz). 

10, 
7 

i 
, 
4 

2 

~ 

~ 
, , 
, 

~ 4 
0 

is .. 2 0 

0.1 

""- / .• ~ 
~~ O.4~ ~::'>,.~v. 

"'''''/,: f-- ~ 
'b+~ 

CASE TEMPERATURE ITc). 25·C 
(CURVES MUST BE DERATED LINEARLY 
WITH INCREASE IN TEMPERATURE) 

2 4 , , 2 4 , , 
I 10 70 100 

Q8 OR Q9 COLLECTOR-lO-EMITTER VOLTAGE-V 
92CS-22505 

Fig. 6 - Maximum operating area for HC2500. 

18Ul 

O.5J£F 
50 V 

HC2500 

Fig. 3 - Typical test circuit with split supply for measuring ACL, Ii, 
10' Voffset' f1#- THO, and IMD. 

SEE FIG. 4 FOR DeRATING FOR SYMMETRICAL 
WAVEFORMS WITH I >40 HK. 

25 so 75 100 125 150 
CASE TEMPERATURE /Tcl- DC 

Fig. 5 - Dissipation derating curve for each output transistor. 

'=1 kHz MAX. OUTPUT 
SPLIT POWER 

.L. 
POWER 

SUPPLY 
100 --1----- -- 1----- .,-

• VOLTA~7 N LIMIT 
I 

ff ? 80 

~ ~ 
~ 

~ 60 vy 
~ 40 / .. " l 
5 

/ 
/ V~ b:d 0 ./ "\..'Z.~~ ~ 20 

:..-:::: ...-::::: PI i =-
10 20 30 40 50 60 70 75 80 

TERMINAL DC SUPPLY VOLTAGE (VSI-V 

Fig. 7 - Output power as a function of supply voltage, with various 
valullS of load resistance~ for symmetrical Sinf1"WBVe operation. 
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Power Hybrid· Circuits 

HC2500 

100 LOAD RESISTANCE (Rl:.1 =4 ,n 

SUPPLY VOLTAGE (VS)=±37.5V 

m 
80 

MIQ-BAND OUTPUT !"OWER=Z5W 

T , I z 

l"k ~ 
60 '" w , 

C'('!. C' 

~ ,~OO .~ 
"'" " 40 

tJ~~ I O~·OO Ie;' 

20 
l'OO~$~ ~/~ 

I IIII l' 
0 II UUi 1 " 10' 104 lOS 

FREaUENCY {f I-Hz 

Fig. B - Typical open·loop voltage gain vs. frequency. 

POWER SUPPLY: SPLIT (Ysl~ :1:37.5 V • 
0.7 CASE TEMPERATURE {Tel = 2S DC 

~ 
:< 

!. 051---+--t-+++--+~ "\ "q~1' 
... PEAK LOAD CURRENT (I~{ ~ 1\ 
.:& 0.4 t---t----t--t--t--r-----j---r-"\t--'/c-J 

I 0.3 FOR TEMPERATURE DERATING, THE 
AVERAGE POWER DISSIPATION IN EACH 
OUTPUT TRANSISTOR CAN BE CAL· 

0.2 CULATEO FROM PTIAVl ~ Po ~ 

0.1 I I I·j I 
6 810K 

FREQUENCY Ii) _ Hz 

1\ 

6 8 lOOK 

Fig. 10 - Maximum efficiency vs. frequency for several vslues of 
peak load current. 

LOAD PHASE ANGLE f~) _ DEGREES 
92CS-22542 

Fig. 1 ~ - Minimum load impedance vs. load phase angle and safe 
area of operation. 

25 LOAD RESISTANCE (RL}=4 .n 
SUPPLY VOLTAGE {\I'S}· :t37.5 \I' 

t-t-tttkT-t-tH--tOUTPUT POWER (Pol. 25 W 

"~ 

-150 t-t-t-t-tt--r---t-ttr-t-1-ttt--t--t-ttt---t---t-ttl 
-175 

10' 10J 10" 101 10' 10' 
FREQUENCY {fl-Hz 

Fig. 9 - Typical o~n.loop phase shift vs. frequency. 

I} 

II 
OUTPUT IDLING CURRENT (Ii)-mA 

92CS-210B3Rl 

Fig. 11 - Bias resistor (RBin Fig. 3) value vs. output idling 
current "l 

100e 

NOTE: LOW-FREQUENCY RESPONSE 

~~~E:~E~~E~~~~~N6gJp~~~:ORK t-t-ttr--t---t-tii 
0.1 CAPACI'J:OR {CFI 

10 101 10J 10" 10' 10' 

FREQUENCY (f) - Hz 

Fig. 13 - Output power vs. frequflfIcy. 
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4 INPUT SIGNAL: AMPLITUDE IfL=60 Hz) 4 t-t-----t-t-H 
1_-,------,-,,-,--::A"'Mr-P=:.;LlTUDE (fH= 7 kHrJ = T 

0.01 2 0 I 4 6 8 I 4 6 8 10 2 4 6 8100 

RMS OUTPUT POWER tPol-W 

HC2500 

IDs SUPPLY VOLTAGE {VS)=+37.5 V 
;I!. 6 LOAD RESISTANCE (R L J =4.n 

I IDLING CURRENT SET AT 50 mA r--rrrr---r-r-tt1 
a AT Tc=Z5-C 

~ 

~I·tt~tt~tt~~~ ~ :~ 
" ~IOkHZ 
u r--r-t-rH--r--H-tt----t--H--tt---20 kH 

~ 

~ OI·~f~~!~~Si~~~~~~$! 
§ _____ ._.TJT 

o.Ot ~ 
4 68 4 6 e 2 4 68 

0.01 0.1 I 10 100 
RMS OUTPUT PQWER-W 

Fig. 14 - Tvpical intermodulation distortion VS. fms output power. Fig. 15 - Typical total harmonic distortion VS. fms output power. 

I 0.8 

~ 
~ 
~ 
z 
~ 

0.4 

~ 

o. 

4 
E 

I 

100 : 

80 

CASE TEMPERATURE (TC)-·C 

Fig. 17 - Typical idling<:urrent dirft. 

VS~:t31.5 V 

RL- 4.0 
Cc =500 pF 
CIRCUIT SHOWN IN FIG. 3 

; 

, i 

jj1 
10 15 20 25 

RMS OUTPUT VOLTAGE tVol-V 

Fig. 16 - Input sensitivity. 

t 
I 
~ 

: 
~ 

100 200 300 400 500 600 700 800 
COMPENSATION CAPACITANCE {Ccl- pF 

92CS-2250a 

Fig. 18 - Typical slew rate vs. value of compensation capacitor, 
Cc (test circuit shown in Fig. 21 J. 
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HC2500 

50,.F 12V 

Vo 

18kll 

92CS-22509 

Fig. 19 - Test circuit for open-/oop gain and phase response. 
92tS-22510 

Fig. 20 - Test circuit for input offset voltage and current test. 

'-500Hz 2kn 

ojifl-
Ikn 

INPUT 

ReM" 9 As with ... ies Ie$ill8llce IRsl i __ 
tram zero until OUtpUl wotbI' (VOl is reduced by 1 ..... 

92CS-22511 92CS-22512 

Fig. 21 - Circuit used to te.t slew rate. Fig. 22 - Test circuit for measuring common-mode input resistance. 

TYPICAL APPLICATION CIRCUITS 
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R; 

I'LI'I'IR~~S 
C, should be ell-.. to limit L(cIIL/dtl durint rapid wnski_ of 
... lnput...torm without IimitiRs requiNd output .... 01...-.. 
AS Ihould til diD ..... hith .. poni .... wilhoulilmiti .. ,...i,. 
outputpll"lor_. 

·S-O" ... Ir.tlnFiI.U1. 

Fig. 23 - Current-feedback motoM:ontrol circuit. 

~12 __________ ~ ____ ~ ______________________ ~~ __ ------~~--__ ---



_______________________________ Power Hybrid Circuits 
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12V t-
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Rj 
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VO .. !~.f 8j 

Total dc-load rasistanc:eshould be u high II poIsibie 
withDutlimitingrequiredoutputperklrmance. 

-SeeOlbBulletinFiIa531. 
92CM-22S14 

Fig. 24 - Voltage-feedback motor-control circuit. 
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92CS-22515 
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No·IOfIdaulputlreqU8llGy .. 8kHz 
IM.-ured ullint value. shOlm.1 
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HC2500 

92CS-22516 

Fig. 25 - AC motor control. 
Fig. 26 - High-power astable multivibrator. 
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~-
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Fig. 27 - Bridge circuit for 10Bds greater than 100 watts. 
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HC250Q 

IOOI'F + 
eo VJ: 

to KI1 

Vs 

Pout 

Idling Current 

(RB=16S!l 

THO 

IMO@50mW 

Pin 3 
Voffset To Gnd. 

Efficiency 

RL 

92CS-21087RI 

Fig. 28 - Typical circuit connections for operation of HC2500 with 
single-ended supplV. and performance data. . 
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Silicon Rectlflers_....., __ .....,_.....,.....,.....,.....,_...,........,....., __ ...,... ___ .....,.....,...,..._.....,.....,_.....,~_.....,_ 

1N4245, 1N4246, 1N4247 
1 N4248, 1 N4249 

File Number 2093 

1-A, Glass-Passivated Junction 
Silicon Rectifiers 
F •• turee: TERMINAL DESIGNATIONS 

a High-temperature metallurgically bonded. no compression 
contacts as found in diode-constructed rectifiers 

a Glass-passivated junction in DO-204AP package 
a 1A operation at Til = 55°0 with no thermal runaway 
a Typical reverse current less than 0.5pA 
a Exceeds environmental standard of MIL-STD-19500 
a Hermetically sealed package 
a High-temperature soldering guaranteed: 350· 0/10 s/0.375 in. (9.5 mm) lead length 

DO-2D4AP 

The GEiRCA 1 N4245. 1 N4246. 1 N4247. 1 N4248. andl N4249 
are glass-passivated "transient voltage protected". silicon 
rectifiers intended for general-purpose applications. 

direction without damage. Voltage transients generated by 
household or industrial power lines are dissipated. 

These rectifiers are supplied in aJEDEC DO-204AP package. 
These rectifiers will dissipate up to 1000 watts in reverse 

MAXIMUM RATINGS, Absolute-Maximum Values; Supply Frequency of 60Hz. reSistive or inductive loads: 

lN4245 lN4246 lN4247 lN4248 lN4248 
'MAXIMUM PEAK (REPETITIVE) REVERSE VOLTAGE, ............. V."" 200 400 600 800 1000 V 
'MAXIMUM RMS INPUT (SUPPLY) VOLTAGE: 

For resistive or Inductive loads, ................................. V.MS 140 260 420 560 700 V 
'MAXIMUM DC REVERSE (BLOCKING) VOLTAGE, ................ V.IDCI 200 400 600 800 1000 V 
'MAXIMUM AVERAGE FORWARD CURRENT: 

For resistive or inductive loads, To = 55° C ........................... 10 
'MAXIMUM PEAK SURGE (NON-REPETITIVE) FORWARD CURRENT: 

For 8.3ms half sine wave, superimposed on rated load,To = 55°C .. 1.8M 

'OPERATING TEMPERATURE RANGE •...•...••.•..••...•.••..•.•• To., 
'STORAGE TEMPERATURE RANGE "'"'''''''''''''''''''''''''' T ... 

, In accordance with JEDEC registration format. 

50 _____ _ 

_____ -85 to +160 ____ _ 
_____ -85 to +200 ____ _ 

A 

A 
·C 
·C 

4~2 ______________________________________________________________ __ 



____________________________________ Silicon Rectifiers 

1N4245,1N4246,1N4247 
1 N4248, 1 N4249 

ELECTRICAL CHARACTERISTICS. At Ambient Temperature (TA) = 25°C Unless Otherwise Specified 

LIMITS 
CHARACTERISTIC FOR ALL TYPES UNITS 

MIN. TYP. "'AX. 
Maximum Instantaneous Forward-Voltage Drop (at 1A) VF - - 1.2 V 
Maximum Reverse Current: IA 

At maximum dc reverse (blocking) voltage, TA = 25°C - - 1 
TA = 125°C - - 25 pA 

At average full-cycle, lead length = 0.375 in. (9.5 mm), TA = 55°C - - 50 
Junction Capacitance (at 1 MHz and applied reverse voltage - 4 V) CJ - 15 - pF 

In accordance with JEDEC registration format. 

1 \ 
" 1 \ SINGLE· PHASE, 

g 0.8 
HALF-WAVE, 60 Hz, 

l\ 
RESISTIVE OR 

... INDUCTIVE LOAD 
Z 0.375" 9.5 mm LEAD 
W \ LENGTHS II: 
II: 0.6 ::> 
0 I\, 
0 

\ II: 

" ;: 0.4 II: \. 0 .. 
W \ '" " 0.2 
II: \ W 
> 

" 1\ 
0 
25 50 75 100 125 150 175 200 

LEAD TEMPERATURE (TA) -'C 

Fig. 1 - Maximum average forward output current characteristic. 

~~~~EF~~:~;~~N.;.300"SI .,,/ fo"'"" 
10 • • /' 

Q 4 
0: 

" 2 ;0" 

/ 0:1 
~ii:. '. JUNCTION TEMPERATURE (TJ)o25 'C'= .,-
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,,0: I "'0: Z::> 2 "u I ... ., 

0.1 
~ • • I 4 

I 2 

0.01 I 
0.6 0.8 ' 1 1.2 1.4 1.6 1.8 

INSTANTANEOUS FORWARD VOLTAGE DROP (VF)-V 

92CS-425t2RI 

Fig. 3 -' Typical instantaneous forward current characteristic. 
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::>0: .,,, 
,,30 
,,0: 
",0 .... 10 

0 

~CTlON TEMPERATURE (TJ)' ,S'C 
8.3ms SINGLE HALF-WAVE 

JEDEC METHOD 

'" I ...... , I'-

........... 
:--.... ...... 

• • 10 • • 100 

NUMBER OF CYCLES AT 60 Hz SINE WAVE 
92CS-42513R2 

Fig. 2 - Maximum peak surge (non-repetitive) forward current 
characteristic. 
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~~ 8 
8 «::> 4 

~ ... 0 - 75'C 
OJ 2 
! 0.1s 

8 
4 
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Fig. 4 - Typical reverse leakage current characteristics. 
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Silicon Reclifleri ............ _______ ............ __ ....... __________________ _ 

"1 N42a5, 1 N4246, 1 N4247 
1 N4248, 1 N4249 
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" Z 
0 ;:: 
" Z 
:> .., 

30 
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FREQUENCY = 1 MHz 

............... ' 

• 8 
10 
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6 8 
100 

PEAK REPETITIVE REVERSE VOLTAGE (VRRM) - V 
92CS-42515 

Fig. 5 - Typical junction capacitanca character/$tic. 
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_____________ ------------------------Silicon Rectifiers 

File Number 2176 1 N5059, 1 N5060, 1 N5061, 1 N5062 

1-A, Glass-Passivated Junction 
Silicon Rectifiers 
Features: 
• High temperature metallurgically bonded, no compression contacts as found in 

diode-constructed rectifiers 
• Glass passivated junction TERMINAL DESIGNATIONS 
• 1A operation at TA = 100°C with no thermal runaway 
• Low reverse current 
• Exceeds environmental standard of MIL-STO-19500 
• Hermetically sealed package 
• High temperature soldering: 350°C/10 S/0.375 in. (9.5mm) lead length DO-204AP 

The GE/RCA 1N5059, 1N5060, 1N5061, and 1N5062 are 
·glass-passivated "transient voltage protected,"silicon rec
tifiers intended for general-purpose applications. 

direction without damage. Voltage transients generated by 
household or industrial power lines are dissipated. 
These rectifiers are supplied in a JEDEC DO-204AP package. 

These rectifiers will dissipate up to 800 watts in reverse 

MAXIMUM RATINGS, Absolute-Maximum Values; Supply Frequency of 60Hz, resistive or inductive loads: 

1N5059 1N5080 1N5081 1N5082 

·MAXIMUM PEAK (REPETITIVE) REVERSE VOLTAGE, ..•........ VAAM 200 400 600 800 V 
MAXIMUM RMS SUPPLY VOLTAGE: 

For resistive or inductive loads, .••.......•.•.....•.•........... VAMS 
·MAXIMUM DC REVERSE (BLOCKING) VOLTAGE, .•............. VA,eel 
·MAXIMUM AVERAGE FORWARD CURRENT: 

For resistive or inductive loads, T. = 75° C, •.....•................. 10 
·MAXIMUM PEAK SURGE FORWARD CURRENT: 

For B.3 ms half sine wave, superimposed on rated load, ......•... 1.8M 
OPERATING JUNCTION AND STORAGE 

TEMPERATURE RANGE, .••....••..........•••..••.......... T" T ... 

·In accordance with JEDEC registration format. 

140 
200 

2BO 
400 

420 
600 

560 
BOO 

______________ 50 ____________ __ 

___________ -65 to +175 ________ _ 

V 
V 

A 

A 

·C 

________________________________________________________________ ~5 

II 



SiUtonRectiflers _____________________ ...... ___ ....... ____ .......... 

1N5059, 1N5060, 1N5061, ~N5062 

ELECTRICAL CHARACTERISTICS, At Ambient Temperature (TA) = 25°C Unless Otherwise Specified 

CHARACTERISTICS 

Maximum Instantaneous Forward-Voltage Drop:" v. 

At1A, T~=75°C 

Maximum Full-Load Reverse Current: IR 

At average full~cycle, lead length = 0.375 in. (9.5mm) T A = 25°C 

TA = 175°C 

Maximum Reverse Current:" 

At maximum DC reverse (blocking) voltage, T A = 25°C 

TA = 175°C 

Maximum Reverse Recovery Time: 

At I. = O.~A, IR = 1A, I" = 0.25A 

Typical Junction Capacitance: 

At frequency = 1 MHz and applied reverse voltage = 4V 

"In accordance with JEDEC re!listration format. 
t100IlA for 1 N5061 and 1 N5062. 
:j:200pA for 1N5061 and 1N5062. 

~ 
:Ie 0.8 0, 
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IL~ 0.4 
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~~ 0.2 

~ o 
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I\, 
\. 

SINGLE PHASE '1\ 
HALF WAVE \ 60Hz 
RESISTIVE OR 
INDUCTIVE LOAD \ 
0.375" (9.5 mm) LEAD LENGTH 

25 50 75 100 125 150 175 

LEAD TEMPERATURE (TLl, ·c 

9208-43143 
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1 

TYP. MAX. 
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- 300:1: 
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(TJ) = 75'C 
8.3 ma SINGLE HALF 
SINE·WAVE JEDEC MET HOD 

!\ 

~ 
r-
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IJS 

pF 

NUMBER OF CYCLES AT 60 Hz SINE·WAVE 

9208-43144 

Fig. 1 - Maximum average forward output current characteristic. Fig. 2 - Maximum peak surge non-repetitive forward current 
characteristic. 
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___________________________________ Silicon Rectifiers 
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Fig. 3 - Typical instantaneous forward current characteristic. 
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Fig. 4 - Typical reverse leakage current characteristics. 
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Fig. 6 - Typical junction capacitance characteristic. 
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Silicon Rectifiers ________________________________ _ 

1N5624,1N5625,1N5626,1N5627 

3-A, Glass-Passivated Junction 
Silicon Rectifiers 
Features: 
• High temperature metallurgically bonded, no compression contacts as found in 

diode-constructed rectifiers 
• Glass passivated junction 
• 3A operation at TA = 70°C with no thermal runaway 
• Low reverse leakage current 
• Exceeds environmental standard of MIL-STD-19500 
• Hermetically sealed package 
• High temperature soldering: 350°C/10 8/0.375 in. (9.5mm) lead length 

File Number 2181 

TERMINAL DESIGNATIONS 

~~~O~DE======(])=====~= 
CATHODE 

GE-3 

The GE/RCA 1N5624,i 1N5625,1N5626, and 1N5627 are 
glass-passivated "transient voltage protected," silicon rec
tifiers intended for general-purpose applications. 

direction without damage. Voltage transients generated by 
househcld or industrial power lines are dissipated. 

These rectifiers are supplied in a GE-3 package. 
These rectifiers will dissipate up to 800 watts in reverse 

MAXIMUM RATINGS, Absolute-Maximum Values; for single-phase, 60Hz, half-wave resistive or inductive loadst: 

'MAXIMUM PEAK REPETITIVE REVERSE VOLTAGE, ••••••••••••. VAAM 
MAXIMUM RMS INPUT (SUPPLY! VOLTAGE, •...•••.•.•.••.•... VAMS 

'MAXIMUM DC REVERSE (BLOCKING) VOLTAGE, •..•••••..••••. VA'DCI 
'MAXIMUM AVERAGE FORWARD OUTPUT CURRENT: 

Lead Length = 0.375 in. (9.5 mm); T. = 70·C, ••••..••.•••..•...•... 10 
'MAXIMUM PEAK SURGE (NON-REPETITIVE) FORWARD CURRENT: 

For 8.3 ms half sine wave, superimposed on rated load, •••.••••.. 1.8M 
'OPERATING JUNCTION TEMPERATURE, ••••...•••.•..•.••••..••• TJ 
'STORAGE TEMPERATURE, •••.••••••..•.••..••..•••.•••..•..•.. T ... 

'In accordance with JEDEC registration format. 
tFor capacitive load derate current by 20%. 

1N5624 1N5625 1N5828 1N5827 

200 
140 
200 

400 600 
280 420 
400 600 

3 

125 
-65 to +175 
-65 to +200 

800 
560 
800 

V 
V 
V 

A 

A 
°C 
°C 
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___________________________________ SlIIcon Rectifiers 

1 N5624, 1 N5625, 1 N5626, 1 N5627 

ELECTRICAL CHARACTERISTICS, At Ambient Temperature (TA) = 25°C Unless Otherwise Specified 

CHARACTERISTICS 

Maximum Instantaneous Forward-Voltage Drop: 

At3A TA = 25°C 

TA = 70°C 

Maximum Full-Load Reverse Current: 

At average full-cycle, lead length = 0.375 in. (9.5mm), TA = 70°C 

Maximum Reverse Current: 

At maximum DC reverse (blocking) voltage, TA = 25°C 

TA = 175°C 

Typical Junction Capacitance: 

At frequency = 1 MHz and applied reverse voltage = 4V 

'In accordance with JEDEC registration format. 
t200pA for 1 N5624 and 1 N5625. 
~100pA for lN5626 and lN5627. 
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Fig. 1 - Maximum average forward output current characteristic. 
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Silicon Rectifiers ______________ ...... _____________________ _ 

1 N5624, 1 N5625, 1 N5626; 1 N5627 
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Fig. 4 - Typical reverse leakage current characteristics. 
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_____________________________________ Silicon Rectifiers 

File Number 2178 A14A,A14C,A14E, A14F, A14P 

1-A, Glass-Passivated Junction 
Silicon Rectifiers 
Features: 
• High temperature metallurgically bonded, no compression contacts as found in 

diode-constructed rectifiers 
• Glass passivated junction 
• 1A operation at TA = 100°C with no thermal runaway 
• Low reverse current 
• Exceeds environmental standard of MIL-STO-19500 
• Hermetically sealed package 
• High temperature soldering: 350°C/10 s/0.375 in. (9.5mm) lead length 

TERMINAL DESIGNATIONS 

DO-2D4AP 

The GE/RCAA14A, A 14C, A14E, A14F, and A14P are glass
passivated "transient voltage protected," silicon rectifiers 
intended for general-purpose applications. 

direction without damage. Voltage transients generated by 
household or industrial power lines are dissipated. 
These rectifiers are supplied in aJEDEC DO-204AP package. 

These rectifiers will dissipate up to 1000 watts in reverse 

MAXIMUM RATINGS, Absolute-Maximum Values; Supply Frequency of 60Hz, resistive or inductive loads: 

A14F A14A A14C A14E A14P 
MAXIMUM PEAK (REPETITIVE) REVERSE VOLTAGE, .....•... V •• M 50 100 300 500 1000 V 
MAXIMUM RMS (SUPPLY) VOLTAGE: 

For resistive or inductive loads, ............................. V.MS 35 70 210 350 700 V 
MAXIMUM DC REVERSE (BLOCKING) VOLTAGE, ..••..••..•. V.,oel 50 100 300 500 1000 V 
MAXIMUM AVERAGE FORWARD OUTPUT CURRENT: 

For resistive or inductive loads, TA = 100'C ..................... 10 A 
MAXIMUM PEAK SURGE (NON-REPETITIVE) FORWARD CURRENT: 

For 8.3 ms half sine wave, superimposed on rated load, •.•••..• I.SM 50 A 
OPERATING JUNCTION AND STORAGE TEMPERATURE, '" T1 ..... -65 to +175 °C 

__________________________________________________________________ 4-11 



.Silicon Rectifiers ____ -----_-------_------_.,-----__ ---

A14A, A14C, A14E, A14F,A14P 

ELECTRICAL CHARACTERISTICS, At Ambient Temperature (T A) = 25°C Unless Otherwise Specified 

LIMITS 

CHARACTERISTICS FOR ALL TYPES UNITS 

MIN. TYP. MAX. 

Maximum Instantaneous Forward-Voltage Drop: VF 

At 1A - - 1.2' V 

Maximum Full-Load Reverse Current: IR 

At average full-cycle, lead length = 0.375 in. (9.5mm) T A = 100°C - - 200 

Maximum Reverse Current: 

At maximum DC reverse (blocking) voltage 

Maximum Reverse Recovery Time: 

At IF = 0.5A, IR = 1A, I" = 0.25A 

Typical Junction Capacitance: 

At frequency = 1 MHz and applied reverse voltage = 4V 

'1.1 V for A14C, A14E, and A14P. 
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_____________________________________ Silicon Rectifiers 
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Silicon. Rectifiers _-,. ____________________________ -,. ___ _ 

A15A,A15F File Number 2175 

3-A, Glass-Passivated Junction 
Silicon Rectifiers 
Features: 
• High temperature metallurgically bonded, no compression contacts as found in 

diode-constructed rectifiers 
• Glass passivated junction TERMINAL DESIGNATIONS 
• 3A operation at TA = 70°C with no thermal runaway 
• Low reverse current 
• Exceeds environmental standard of MIL-STO-19500 ~AN~O~DE~ __ ~~~. ______ __ 

~ CATHODE 
• Hermetically sealed package 
• High temperature soldering; 350°C/10 sI0.375/n. (9.5mm) lead length 

GE-3 

The GE/RCA A15A and A15F are glass-passivated "tran
sient voltage protected," silicon rectifiers intended for 
general-purpose applications. 

direction without damage. Voltage transients generated by 
household or industrial power lines are dissipated. 
These rectifiers are supplied in a GE-3 package. 

These rectifiers will dissipate up to 100 watts in reverse 

MAXIMUM RATINGS, Absolute-Maximum Values; for single-phase, 60Hz, half-wave resistive or inductive loads·; 
A15F A15A 

MAXIMUM PEAK REPETITIVE REVERSE VOLTAGE •..••...••..•..••..•..•...•. V •• M 

MAXIMUM RMS INPUT (SUPPLy) VOLTAGE •...••..•..•.••.........•...•••.... V.M8 

MAXIMUM DC REVERSE (BLOCKING) VOLTAGE, .•...•.•..••..•..••....•...•• V.loe. 

50 
35 
50 

MAXIMUM AVERAGE FORWARD OUTPUT CURRENT: 
Lead Length = 0.375 in. (9.5 mm); T. = 70·C, .......................... · .. ·· .. ··· .10 -----------

MAXIMUM PEAK SURGE (NON-REPETITIVE) FORWARD CURRENT: 

3 

125 For 8.3 ms half sine wave, superimposed on rated load, ...••...•••...•....•••.•• 1'8M ----
OPERATING JUNCTION AND STORAGE TEMPERATURE, ...••.........••..•• T" T ... ----- -65 to +175 

'For capacitive load derate current by 20%. 

100 
70 
100 

V 
V 
V 

A 

A 
°C 
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____________________________________ Silicon Rectifiers 

A15A, A15F 

ELECTRICAL CHARACTERISTICS. At Ambient Temperature (T A) = 25°C U~less Otherwise Specified 

LIMITS 

CHARACTERISTICS FOR ALL TYPES UNITS 

MIN. TYP. MAX. 

Maximum Instantaneous Forward-Voltage Drop: VF 

At3A - - 1.2 V 

Maximum Full-Load Reverse Current: IR 

At average full-cycle, lead length = 0.375 in. (9.5mm), TA = 70°C - - 200 
IlA 

Maximum Reverse Current: 

At maximum DC reverse (blocking) voltage 

Maximum Reverse Recovery Time: 

At IF = 0.5A, IR = 1A, I" = 0.25A 

Typical Junction Capacitance: 

At frequency = 1 MHz and applied reverse voltage = 4V 

I
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Fig. 1 - Maximum average forward output current characteristic. 
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A15A,A15F 

100 
JUNCTION TEMPERATURE (T J) = 25°0 
~EQUENCY = , MHz 

-.... ... 
f""'-. ~ 

r"'i"o 

0 

10 100 

PEAK REPETITIVE REVERSE VOLTAGE (VRRM) - V 

Fig. 5 - Typical junction capacitance characteristic. 
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_________________________________ Silicon Rectifiers 

File Number 2179 A114 Series 

1-A, High-Speed, High-Efficiency Glass
Passivated Junction Silicon Rectifiers 
Features: 
• Glass passivated junction 
• Fast recovery times 
• Low forward voltage drop, high-current capability 
• Low reverse current leakage 
• High surge current capability 

TERMINAL DESIGNATIONS 

~.N=O=DE~----<J>----~~~T~HO~D=E 

DO-204AP 
92CS-43475 

TheGE/RCAA114A, A114B, A114C, A114D, A114E, A114F, 
and A114M are fast-recovery silicon rectifiers (tn = 200 ns 
max.) featuring low forward voltage drop, high-current cap
ability. They use glass passivated epitaxial construction. 

high-frequency power supplies, energy recovery, and out
put rectification. 

These types are supplied in unitized-glass hermetically
sealed JEDEC DO-204AP package. 

These rectifiers are intended for TV deflection, inverter, 

MAXIMUM RATINGS, Absolute-Maximum Values; for Single-phase, 60-Hz, half-wave resistive or inductive loads'; 

A114F A114A A114B A114C A114D A114E A114M 

MAXIMUM PEAK REPETITIVE REVERSE VOLTAGE, .••••......... V •• M 50 
MAXIMUM RMS INPUT (SUPPLY) VOLTAGE, ....•.••....•••..•.. V.MS 35 
MAXIMUM DC REVERSE (BLOCKING) VOLTAGE, •...••...•....• V.CDCI 50 
MAXIMUM AVERAGE FORWARD OUTPUT CURRENT: 

Lead Length = 0.375 in. (9.5 mm); T. = 55·C, ....................... 10 
MAXIMUM PEAK SURGE (NON-REPETITIVE) FORWARD CURRENT: 

For 8.3 ms half sine wave, superimposed on rated load, •........•• IF8M 

OPERATING JUNCTION AND STORAGE TEMPERATURE, ...... Tlo T ... 

'For capacitive load derate current by 20%. 

100 200 
70 140 

100 200 

300 400 500 600 
210 280 350 420 
300 400 500 600 

30 
-65 to +175 

V 
V 
V 

A 

A 
°C 
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Silicon.Reclifier:s ___ ...... .,...". ...... ..,....,.,..".........,.,............,-___ ----"-____ - _____ ----

A114$eries 

ELECTRICAL CHARACTERISTICS, At Ambient Temperature (T A) = 25°C Unless Otherwise Specified 

LIMITS 
'''. 

CHARACTERISTICS FOR ALL TYPES UNITS 

MIN. TYP. MAX. 

Maximum Instantaneous Forward-Voltage Drop: v. 
At lA - - 1.3 V 

Maximum Full-Load Reverse Current: IR 
At average full-cycle, lead length = 0.375 in. (9.5mm) T A = 25°C - - 1 

TA=150°C - - 100 pA 

Maximum DC Reverse Current at Maximum DC 
Reverse (Blocking) Voltage 

Maximum Reverse Recovery Time: 
At I. = 0.5A, IR = 1 A, I .. = 0.25A 

Typical Junction Capacitance: 
At frequency = 1 MHz and applied reverse voltage = 4V 

'200 ns for Al15M. 
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Fig. 1 - Maximum average forward output current characteristic. 
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___________________________________ Silicon Rectifiers 
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A115Series File Number 2180 

3-A, High-SPeed; High-Efficiency Glass
Passivated Junction Silicon Rectifiers 
Features: 
• Glass passivated junction 
• Fast recovery times 
• Low forward voltage drop, high-current capability 
• Low reverse current leakage 
• High surge current capability 

TERMINAL DESIGNATIONS 

GE-3 

The GEIRCA A115A, A115B, A115C, A115D, A115E, A115F, 
and A 115M are fast-recovery silicon rectifiers (t" = 250 ns 
max.) featuring low forward voltage drop, high-current cap
ability. They use glass paSSivated epitaxial construction. 

high-frequency power supplies, energy recovery, and out
put rectification. 
These types are supplied in unitized-glass hermetically
sealed GE-3 package. 

These rectifiers are intended for TV deflection, inverter, 

MAXIMUM RATINGS, Absolute-Maximum Values; for single-phase, 60-Hz, half-wave resistive or inductive loads": 

A115F A115A A115B A115C A115D A115E A115M 

MAXIMUM PEAK REPETITIVE REVERSE VOLTAGE, •..•..•.....•• V •• M 50 
MAXIMUM RMS INPUT (SUPPLY) VOLTAGE, .•.•••...•..•....... V.Ms 35 
MAXIMUM DC REVERSE (BLOCKING) VOLTAGE, •.•..••.••..... V.,oe. 50 
MAXIMUM AVERAGE FORWARD OUTPUT CURRENT: 

Lead Length = 0.375 in. (9.5 mm); T. = 55"C, .•.•.••...•••.••...••.. 10 
MAXIMUM PEAK SURGE (NON-REPETITIVE) FORWARD CURRENT: 

For 8.3 ms half sine wave, superimposed o'n rated load, ...•.•....• IF8M 
OPERATING JUNCTION AND STORAGE TEMPERATURE, •..... TJ, T ... 

"For capacitive load derate current by 20%. 
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____________________________________ Silicon Rectifiers 

A115 Series 

ELECTRICAL CHARACTERISTICS, At Ambient Temperature (T A) = 25°C Unless Otherwise Specified 

CHARACTERISTICS 

Maximum Instantaneous Forward-Voltage Drop: VF 
At3A 

Maximum Full-Load Reverse Current: IR 
At average full-cycle, lead length = 0.375 in. (9.5mm) T A = 25°C 

TA=150°C 

Maximum DC Reverse Current at Maximum DC Blocking Voltage IR 

Maximum Reverse Recovery Time: 
At IF = 0.5A, IR = 1 A, I" = 0.25A 

Typical Junction Capacitance: 
At frequency = 1 MHz and applied reverse voltage = 4V 

*250 ns for A1 15M. 

SINGLE PHASE 
1 HALF WAVE 

60 Hz RESISTIVE OR 
INDUCTIVE lOAD 

o 0.375" (9.5 mm) LEAD LENGTH 

o 25 ~ n 100 125 

LEAD TEMPERATURE (T L) - 0 C 
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Cl a 
§~ (/);;;: 
"'a:: <C a 10 
~IL 

LIMITS 

FOR ALL TYPES UNITS 

MIN. TYP. MAX. 

- - 1.3 V 

- - 2 

- - 100 iJA 

- - 5 

- - 150* ns 

- 40 - pF 

~~~~T~~~~~~EL~A~~:~~~~ = 25°C 
JEOEC METHOD 

""" 
~ 

r-- I'-

10 100 

NUMBER OF CYCLES AT 60 Hz SINE WAVE 

Fig. 1 - Maximum average forward output current characteristic. Fig. 2 - Maximum peak surge non-repetitive forward current 
characteristic. 
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A115 Series 
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_________________________________ Silicon Rectifiers 

File Number 2164 A214 Series 

2-A, High-Speed, High-Efficiency Glass
Passivated Junction Silicon Rectifiers 
Features: 
• Glass paSSivated junction 
• Ultra-fast recovery times 
• Low forward voltage drop, high-current capability 
• Low leakage current 
• High surge current capability 

TERMINAL DESIGNATIONS 

rAN=O=D·~--_~--~C~U~H~OD~. 

DO-204AP 

The GEiRCA A214A, A214B, A214F, and A214G are ultra
fast recovery silicon rectifiers (t" = 35 ns max.) featuring 
low forward voltage drop, high-current capability. They use 
glass paSSivated epitaxial construction. 

high-frequency power supplies, energy recovery, and out
put rectification. 
These types are supplied in unitized-glass hermetically
sealed JEDEC DO-204AP package. 

These rectifiers are intended for TV deflection, inverter, 

MAXIMUM RATINGS, Absolute-Maximum Values; for single-phase, 60Hz, half-wave resistive or inductive loads': 

A214F A214A A214G A214B 

MAXIMUM PEAK REPETITIVE REVERSE VOLTAGE, •.•...•...•... V •• M 50 
MAXIMUM RMS INPUT (SUPPLY) VOLTAGE, ...••...•........... V.M. 35 
MAXIMUM DC REVERSE (BLOCKING) VOLTAGE, .•.......•....• V.,OCI 50 
MAXIMUM AVERAGE FORWARD OUTPUT CURRENT: 

Lead Length = 0.375 in. (9.5 mm); T. = 55°C, •••....•.•....•.....••. 10 
MAXIMUM PEAK SURGE (NON-REPETITIVE) FORWARD CURRENT: 

For 8.3 ms half sine wave, superimposad on rated load, •....••..•• IF.M 
OPERATING JUNCTION AND STORAGE TEMPERATURE, ...... T,. T."; 

'For capacitive load derate current by 20%. 
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A214Series 

ELECTRICAL CHARACTERISTICS, At Ambient Temperature (T A) = 25°C Unless Otherwise Specified 

'\ ' 

CHARACTERISTICS 

Maximum Instantaneous Forward-Voltage Drop: 

At2A 

Maximum Reverse Current: 

At maximum DC reverse (blocking) voltage, T A = 25°C 

TA=150°C 

Maximum Reverse Recovery Time: 

At I. = 0.5A, IR = 1 A, I" = 0.25A 

Typical Junction Capacitance: 

At frequency = 1 MHz and applied reverse voltage = 4V 

Thermal Resistance: 
Junction-to-Ambient at 0.375 in. (9.5 mm) lead length. 

3 
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Fig. 1 - Maximum average forward output current characteristic. 
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LIMITS 

FOR ALL TYPES UNITS 

MIN. TYP. MAX. 
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............. JEDEC METHOD 
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10 100 
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Fig. 2 - Maximum peak surge non-repetitive forward current 
characteristic. 
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_________________________________ Slllcon Rectifiers 
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A315 Series 
File Number 2163 

3-A, High-Speed, High-Efficiency Glass
Passivated Junction Silicon Rectifiers 
Features: 
• Glass passivated junction 
• Ultra-fast recovery times 
• Low forward voltage drop, high-current capability 
• Low leakage current 
• High surge current capability 

The GE/RCA A315A, A315B, A315F, and A315G are ultra
fast recovery silicon rectifiers (t" = 35 ns max.) featuring 
low forward voltage drop, high-current capability. They use 
glass passivated epitaxial construction. 

These rectifiers are intended for TV deflection, inverter, 

TERMINAL DESIGNATIONS 

ANODE ~ 
~------~~~--~C~A=T~~D' 

GE-4 92CS-43471 

high-frequency power supplies, energy recovery, and out
put rectification. 
These types are supplied in. unitized-glass hermetically
sealed GE-4 package. 

MAXIMUM RATINGS, AbsOlute-Maximum Values; for Single-phase, 60Hz, half-wave resistive or inductive loads'; 

A315F A315A A315G A315B 
MAXIMUM PEAK REPETITIVE REVERSE VOLTAGE, .•••.•••..•..••.. V""M 50 100 150 200 V 
MAXIMUM RMS INPUT (SUPPLY) VOLTAGE, ••••...•••••...•••...•• V"MS 35 70 105 105 V 
MAXIMUM DC REVERSE (BLOCKING) VOLTAGE, •.•.••..••..•.•.•. V",oel 50 100 150 200 V 
MAXIMUM AVERAGE FORWARD OUTPUT CURRENT: 

Lead Length = 0.375 in. (9.5 mm);Tl = 55·C, .••••...•.......•..•...•..• 10 3 A 
MAXIMUM PEAK SURGE (NON-REPETITIVE) FORWARD CURRENT: 

For 8.3 ms half sine wave, superimposed on rated 10ad,Tl = 55·C, ••• 1.8M 135 A 
OPERATING JUNCTION AND STORAGE TEMPERATURE, •....•.•. T, T... -65 to +175 ·C 

'For capacitive load derate current by 20%. 
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______________________________________ Silicon Rectifiers 

A315 Series 

ELECTRICAL CHARACTERISTICS, At Ambient Temperature (T A) = 25°C Unless Otherwise Specified 

CHARACTERISTICS 

Maximum Instantaneous Forward-Voltage Drop: 

At3A 

Maximum Reverse Current: 

At maximum DC reverse (blocking) voltage, TA = 25°C 

TA=150°C 

Maximum Reverse Recovery Time: 

At IF = 0.5A, IR = 1A, I" = 0.25A 

Typical Junction Capacitance: 

At frequency = 1 MHz and applied reverse voltage = 4V 

0.79" II. 0.79" x 0.040"t, Cu 
(ZOmmx20mmll..1.0mmt) 

LEAD TEMPERTURE (TL)-OC 

92CS-43153 

Fig. 1 - Maximum average forward output current characteristic. 

LIMITS 

FOR ALL TYPES UNITS 

MIN. TYP. MAX. 

VF 

- - 0.95 V 

IR 

- - 3 
J.lA 

- - 50 

t" 
- - 35 ns 

CJ 

- 100 - pF 

150 
JUNCTION TEMPERATURE (TJ) - 25 'C 

I'--.. B.3 ms SINGLE HALF SINE-WAVE 

....... JEDEC METHOD 

r-.... r--.. 
1-0 

100 

125 

75 1--- .......... 
50 

25 

o 
1 

r-.... .... 

10 100 

NUMBER OF CYCLES AT 60Hz SINE WAVE 

Fig. 2 - Maximum peak surge non-repetitive forward current 
characteristic. 
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Silicon Rectifiers __________________________________ _ 

A315 Series 
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== ~ JUNCTION TEMPERATURE 

= ~(TJI=25'C 
R f--- PULSE DURATION = 300 lAs 

t-- DUTY FACTOR = 1 % 

I 
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 

INSTANTANEOUS FORWARD VOLTAGE, 
DROP(VFI- V 

Fig. 3 - Typical instantaneous forward current characteristic. 

SOO 
NONINQUCTIVE 

,., 
_ 25 Vdc 

- (approx.) 

1'1 

NOTES: 

100 
NQNINDUCTIVE 

O.u.T. 

OSCILLOSCOPE 
(NOTE 1) 

1. RISE TIME:: 7 ns MAX .• INPUT IMPEDANCE" 1 MEGOHM, 22 pF 
2. RISE TIME .. 10 ns MAX., SOURCE IMPEDANCE:::: 50 OHMS 

Fig. 5 - Reverse-recovery time test circuit. 

'Ii 

1000 

100 
TJ-175~C 

TJ-150~'C -- I I 

TJ lOO'C 

1-l- I 

JUNCTION TEMPERATUR'i/-,---
(TJI = 25'C 

O. 1 

0.0 1 
o 20 40 80 80 100 120 140 

PERCENT OF PEAK REPETITIVE REVERSE 
VOLTAGE -V 

Fig. 4 - Typical reverse leakage current characteristics. 

iii +0.5 
<II 
lie 
W 

4> 
I~ o 

I-Q iSz -0.25 
lie'" 
lie'" 
::l-_ 
OQ 

lie ; 
lie 
o 
!!o 

-1 

r--trr-

~ 
".. 

", 

\ V 
\ 
\J 

10 ns PER DIVISION 

Fig. 6 - Reverse-recovery time waveform. 
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0.1 

FREQUENCY = 1 MHz· 
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....... 
r-
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PEAK REPETITIVE REVERSE VOLTAGE (VRRM)-V 

Fig. 7 - Typical junction capacitance characteristic. 
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_____________________________________ Silicon Rectifiers 

File Number 1412 BYW51-100, BYW51-150, BYW51-200 

DualS-A, High-Speed, High Efficiency 
Epitaxial Silicon Rectifiers 

Features: 
• Ultra fast recovery time « 35 ns) 
• Low forward voltage 
• Low thermal resistance 

TERMINAL DESIGNATIONS 

• Planar design 
• Wire-bonded construction 

Applications: 
r-' _ ;: CATHODE 

ANODE2 

• General purpose 
• Power switching circuits to 100 kHz 
• Full-wave rectification JEDEC TO-220AB 

The BYW51 series devices are low forward voltage drop, 
ultra-fast-recovery rectifiers (trr< 35 ns). They use a planar 
ion-implanted epitaxial construction. 

These devices are intended for use as output rectifiers and 
fly-wheel diodes in a variety of high-frequency pulse-width
modulated and switching regulators. Their low stored 

charge and attendant fast reverse-recovery behavior 
minimize electrical noise generation and in many circuits 
markedly reduce the turn-on dissipation of the associated 
power switching transistors. 

All are supplied in TO-220AB plastic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values, per Junction: 

BYW 
51-100 

VAAM ................................................................ 100 
VASM ................................................................ 110 
IFAM.tp<10ps ....................................................... 100 
IF(RMS). total. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . .. 20 
IF(Average), total........................ ............ . .... . . .......... 20 

Tc = 125·C, 6 = 0.5 
IFsM(Surge).......................................................... 100 

tp = 10 ms. sinusoidal 
Po. Tc = 125·C....................................................... 20 
Ti ................................................................... -40+ 150 
TL (Lead temperature during soldering) 

At distance> 1/8 in. (3.17 mm) from case for 10 S max................ 260 

BYW 
51-150 

150 
165 
100 
20 
20 

100 

20 
-40 + 150 

260 

BYW 
51-200 

200 
220 
100 
20 
20 

100 

20 
-40 + 150 

260 

v 
V 
A 
A 
A 

A 

w 
·C 

·C 
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Silicon Rectifiers __________________________________ _ 

BYW51-100, BYW51-150, BYW51-200 
ELECTRICAL CHARACTERISTICS, per Junction 

TEST CONDITIONS 

CHARACTERISTICS Voltage 
TJ VR 
°C V 

100 

25 150 

iR 
200 

100 

100 150 

200 

VF 
25 

100 

trr 25 

R6Jc. per leg 

R6Jc. total 

R6JA 

CJ 25 10 

(a) diF/dt > 50AlIJS. IRM(rec) < 1A. IRR = 0.25A 

160 REAPPUED VR I PK) = VRM 

I 6 8 10 6 8'00 
NUMBER OF HALF-CYCLES IN SURGE DURATION AT 50 Hz: 

92C5-35269 

Fig. 1 - Peak surge forward current vs. su;ge 
duration. 

",,1UU1 
__ T.I.·55"'C 

~ 4 
I \ ~ 

~ --T"25'C 
~ '/ i5 10 

" === TJ-IOO·C 
~ . 
I., 

TJ.125·C \ in 1 
=-T,.,.O·C \ 

,,, 
fZ • 

~ 
. 

1//1 I • 10.,. 'I 

S : II. I I 
0.01 'II I I 

o ~ ~ M M I ~ ~ ~ 
.INSTANTANEOUS FORWARD VOLTIfIEDROP 'v,I-V 

'lCS-Mln 

Fig. 3 - Typical forward current VB. forward
voltage drop. 

Current 
if 
A 

8 

8 
1 (a) 

0 

LIMITS 

BYW51-100 BYW51-150 BYW51-200 UNITS 

Min. 

-

-
-
-
-
-
-
-
-
-
-
-

Max. Min. Max. Min. Max. 

5 - - - -
- - 5 - - pA 

- - - - 5 

1 - - - -
- - 1 - - rnA 

- - - - 1 

0.95 - 0.95 - 0.95 
V 

0.89 - 0.89 - 0.89 

35 - 35 - 35 ns 

2.5 2.5 - 2.5 

1.3 - 1.3 - 1.3 °C/W 

60 - 60 - 60 

All types (typ.) 40 pF 

• 
• 3.' 

~ > I 

~ 
~ ..• 
~ 
~ • Vf-'" 
2 

I.' .. ... 
c 

~ I V 
~ 0 .• / 

0 , . •• , . • • , . .. 
10 100 1000 

I .u,uuu 

1000 

1 
g:100 
Ii 

Ii 
Ii 10 

a 
iii I 
III 
i:; 
C O. I 

nol 

PULSE WIDTH ",I-Iftl 
.lel-Utt .. 

Fig. 2 - Thermal impedance vs. pulse width 
(per junction). 

,!., ... c ____ i 
~'I 

1 .,0000 ~ 
~J-

:I 
.'l'!l-

/'" ~ 

0.01 0.1 I 1100 
VOLTAGE IN". OF '1_-'1 

IRS-MI.I 

Fig. 4 - Typical reverse current vs. voltage. 
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__________________________________ Silicon Rectifiers 

File Number 2097 DB1 Series 

1-A, Single-Phase, 
Full~Waye Bridge Silicon Rectifiers 
Miniaturized Package 

Features: 
• Glass passivated construction 
• Surge ratings: 50 A 
• Designed for PC board mounting 
• UL recognized package material 
• Exceeds environmental standards of MIL-S-19500 

TERMINAL DESIGNATIONS 

DC OUTPUT 

ACINPUT 

BR-4 

The GE/RCA DBl Series are full-wave bridge silicon 
rectifiers intended for low-power rectification. 

These bridge rectifiers are supplied in BR-4 compact plastic 
package. 

MAXIMUM RATINGS, Absolute-Maximum values; for single-phase, 60Hz, half-wave resistive or inductive loads': 
DB1F DB1A DB1B DB1D DB1M DB1N 

MAXIMUM PEAK (REPETITIVE) REVERSE VOLTAGE .... VRRM 50 
MAXIMUM RMS BRIDGE INPUT (SUPPLY) VOLTAGE .... IVRMS 35 
MAXIMUM DC REVERSE (BLOCKING) VOLTAGE ...... ;VR(DC) 50 
MAXIMUM AVERAGE FORWARD CURRENT: 

For resisitive or inductive loads, T. = 40·C ............. 10 
MAXIMUM PEAK SURGE FORWARD CURRENT: 

100 
70 

100 

200 
140 
200 

400 
280 
400 

600 
420 
600 

800 
560 
800 

DB1P 

1000 
700 
1000 

For 8.3 ms half sine-wave, superimposed on rated load .... 1 FSM 
FUSING CURRENT (Fo! Bridge Rectifier Protection) 

__________________ 50 ________________ __ 

T J = -55·C, I = 1 to 8.35 ms ........................ 121 
________________ 10 ________________ _ 

OPERATING JUNCTION AND 
STORAGE TEMPERATURE RANGE ................... T J' T slg 

_______________ -5510+150 ______________ __ 

'For capacilive load derale current by 20% or use conduclion angle dala (derating curve) Fig. 5. 

V 
V 
V 

A 

A 

A2s 

·C 
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.3i1icon Rectifiers ___________________________________ _ 

DB1 Series 

ELECTRICAL CHARACTERISTICS, At Ambient Temperature (T) = 2SoC Unless Otherwise Specified 

LIMITS 
CHARACTERISTICS SYMBOL FOR ALL TYPES UNITS 

MIN. TYP. MAX 

Maximum Instantaneuous Forward Voltage Drop (per Bridge Element): 
At1A ..........•......•..•..........•............••........•....•....•.....•..... vF - - 1.1 V 

Maximum Reverse Current: 
At Maximum DC reverse (blocking) voltage. TJ = 2SoC 

TJ= 12SoC 

Typical Junction Capacitance (per Bridge Element): 
Measured at 2 MHz. applied reverse voltage = 4V 

Typical Thermal Resistance: 
Junction-to-Ambient. pc board mounted 

1.4 
SINGLE PHASE HALF·WAVE 60 Hz 
RESISTIVE AND INDUCTIVE LOAD 

I- 1.2 
::> .. 
I-

1.0 ::>0( 
......... 0 1 

~ ~o 0.8 ~=. 

"" ~~ 
ILII! 0.6 
WII: '"'-. eJ::> 
~O 

0.4 t'--... 
W "", > 0( 

0.2 

'-
0.0 b., 

20 40 60 aD 100 120 140 150 
AMBIENT TEMPERATURE (TA) _·C 

92CS·42517R1 

Fig. 1 - Maximum forward (output) current characteristic. 

4 

2r-~~~;:lg~Rl~~:~A;0~R:tO'~.;;.2:;gTOR = 2 % 

0 10. 
0: • ~ 4 

V 0:0( 
01 2 
IL_ /' ~~ 1 • 01- S wZ 
ZW 4 
0(11: 
1-0: 
Z::> 2 

L 0(0 ti 0.18 
! • J 4 

/ 2 

0.01 / 
0.4 0.8 0.8 1.0 1.2 1.4 

INSTANTANEOUS FORWARD VOLTAGE DROP (YF) - V 

112C$-42518R1 

Fig. 3 - Typical instantaneous forward current characteristIc. 

- - 10 pA 

IR - - O.S mA 

CJ - 2S - pF 

RBJA - 80 - ·C/W 

0 
JUNCTION TEMPERATURE (TJ) = 25·C 0: 801---0( 8.3 ms SINGLE HALF SINE·WAVE ;: JEDEC METHOD 0: 70 0 

IL wo( 
60 

~I 
1--
~ a3 50 
.. IL ~ w=. 
~!z 40 

~~ 30 
r--

_0: 
w::> 
eJO 
a: 20 
::> 

'" ,. 
10 0( 

W .. 0 

~ ~ 

S 8 
10 

• 8 
100 

NUMBER OF CYCLES AT 60 Hz SINE-WAVE 

92C5-42519R1 

Fig. 2 - Maximum peak (non-repetitive) surge forward current 
characteristic. (per bridge element) 

~ 
~ 
W 

'" 0: 

~ 
W 

4 r---~ 

2 ~----I---~'+---+--'I---.-j 

2~~-+~~+-~--j~~-r~--j~~4-~~ 

0: 21-~-+~-.+-~--j~~-r~--j~~-r~-1 
0.01 I I 

o 20 40 60 80 100 120 140 
PERCENT OF PEAK REPETITIVE REVERSE VOLTAGE - V 

92CS-42520R1 

Fig. 4 - Typical reverse leakage current characteristic. (per bridge 
element) 
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Silicon Rectlfiers ________________________________ _ 

GE1001, GE1002, GE1003, GE1004 File Number 2161 

1-A, High-Speed, High-Efficiency Glass
Passivated Junction Silicon Rectifiers 
Features: 
• Glass passivated junction 
• Ultra-fast recovery times 
• Low forward voltage drop, high-current capability 
• Low reverse current leakage 
• High surge current capability 

TERMINAL DESIGNATIONS 

~AN~O~DE~--~<J)-----e-u-H~OD~E 

DO-204AP 

The GE/RCA GE1001, GE1002, GE1003, and GE1004 are 
ultra-fast-recovery silicon rectifiers (t" = 35 ns max.) 
featuring low forward voltage drop, high-current capability. 
They use glass passivated epitaxial construction. 

high-frequency power supplies, energy recovery, and output 
rectification. 

These types are supplied in unitized-glass hermetically
sealed JEDEC DO-204AP package. 

These rectifiers are intended for TV deflection, inverter, 

MAXIMUM RATINGS, Absolute-Maximum Values; for single-phase, 6D-Hz, half-wave resistive or inductive loads': 

MAXIMUM PEAK REPETITIVE REVERSE VOLTAGE, .............. VRRM 
MAXIMUM RMS INPUT (SUPPLY) VOLTAGE, ..•.•............•.. VRM8 
MAXIMUM DC REVERSE (BLOCKING) VOLTAGE, ............... VRIDe. 
MAXIMUM AVERAGE FORWARD OUTPUT CURRENT: 

GE1001 

50 
35 
50 

GE1002 

100 
70 

100 

Lead Length = 0.375 in. (9.5 mm); T. = 55·C, ......•..............•. 10 -------~ 
MAXIMUM PEAK SURGE (NON-REPETITIVE) FORWARD CURRENT: 

GE1003 

150 
105 
150 

GE1004 

200 
140 
200 

For 8.3 ms half sine wave, superimposed on rated load, ...... , .... 1'8M _______ ~ 30 ------------
OPERATING JUNCTION AND STORAGE TEMPERATURE, .....• T;, Tot. -65 to +175 -------

• For capacitive load derate current by 20%. 

V 
V 
V 

A 

A 
·C 
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____________________________________ Silicon Rectifiers 

GE1001, GE1002, GE1003, GE1004 

ELECTRICAL CHARACTERISTICS, At AmbIent Temperature (TA) = 25°C Unless OtherwIse Specified 

CHARACTERISTIC 

Maximum Instantaneous Forward-Voltage Drop: 
At 1 A 

Maximum Reverse Current: 
At maximum dc reverse (blocking) voltage, TA = 25°C 

TA -150°C 
Maximum Reverse Recovery Time: 

At IF = 0.5 A, IR = 1 A, I" = 0.25 A 
Typical Junction Capacitance: 

At frequency = 1 MHz and applied reverse voltage = 4 V 
Thermal Resistance: 

Junction-to-Ambient (At lead lengths of 0.375 in. (9.5 mm) 

I-
~ 1.5 
I-

"'" 0 1 
r-

~o 
~~ 

1~ 

~~ 
LLa: 0.5 
wa: 

"" ",0 
a: 
w 

RESISTIVE OR 
r- t-INDUCTIVE LOAD 

0.375" (9.5mm) 

~ ~EADLENGTH 

'" 
'" f'... 

~ 25 75 125 175 

LEAD TEMPERATURE (TLl-"C 

92CS-43135 

Fig. 1 - Maximum average forward output current characteristic. 

50 

'" 1 

¥ 10 
I
Z 
W 
a: 
a: 
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o 
a: 

~ 
o 
LI. 

III 

" g O. 
Z 

~ 
Z 

~ 
! 0.0 

1 

1 

1 

LV 

/ 

I 
~ ~ JUNCTION TEMPERATURE 

(TJ) = 25"C == f-- PULSE DURATION = 300 ~s - DUTY FACTOR = 1 % 

0.4 0.6 0.8 1.2 1.4 1.6 1.8 

INSTANTANEOUS FORWARD VOLTAGE 
DROP(Vld - v 

92CS-43137 

Fig. 3 - Typical instantaneous forward current characteristic. 

LIMITS 
FOR ALL TYPES UNITS 

MIN. TYP. MAX. 
VF 

0.95 V - -

IR 
- - 2 

JiA - - 50 
tn 

35 - - ns 

CJ - 45 pF -

Ri9JA - - 65 °C/W 

105 
LI. 
a. 

JUNCTION TEMPERATURE (TJ) - 25"C 
FREQUENCY = 1 MHz 

90 

-:; 
~ 15 

['\ 
VSIG = 50 mVp_p 

w 
0 z 

60 
~ 
(; 

If 45 
l' 

'" 0 
z 30 
0 
;:: 
0 15 Z 

....... 1"-

" .., I"-
0.1 10 100 1000 

PEAK REPETITIVE REVERSE VOLTAGE (VRRM) - v 

Fig. 2 - Maximum peak surge non-repetitive forward current 
characteristic. 

1000 

TJ -175"C 

100 ~I""' t 1'50"C 

O. 

0.0 

J J 
TJ -100"C 

1 

,-JUNCTION TEMPERATUR:,z -
1 (TJ)=25"C 

1 
o 20 40 80 80 100 120 140 

PERCENT OF PEAK REPETITIVE REVERSE 
VOLTAGE - V 

92CS-43139 

Fig. 4 - Typical reverse leakage current characteristics. 
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GE1001, GE1002, GE1003, GE1004 

SOil 
NON INDUCTIVE 

10 Il 
NONINDUCTIVE Ji: .I--t,,~ 

,., O.U.T. 

_ 25 Vdc 
- (approx.) 1-__ -, ,., 

NOTES: 

OSCILLOSCOPE 
(NOTE I) 

1. RISE TIME" 7 n$ MAX" INPUT IMPEDANCE'" MEGOHM. 22 pF 
2. RISE TIME" 10 ns MAX" SOURCE IMPEDANCE = 50 OHMS 

w+O.5 
~ 

<w 
'G; 

1-0: 

ilio 
o:z 
0:< 
::J 1.&..-0.25 u-

ti 
0: 

~ 
0: 

g -1 

~ 
\ , ~I"""'" 

1/ 
1\ J , V 

10 ns PER DIVISION 

Fig. 5 - Reverse-recovery time test circuit. Fig. 6 - Reverse-recovery time waveform. 
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W- 20 
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OW 
zO: 15 _0: 
w:::t 
"U 10 0:0 

[".. JUNCTION TEMPERATURE (TJ).= 25'C 
8.3 ms SINGLE HALF SINE·WAVE 

..... JEDEC METHOD 

i' 

"" r--. 1" 
:::to: 
"e 
l:!~ 5 
wo .... 

10 100 

NUMBER OF CYCLES AT 60Hz SINE WAVE 

92C5-43136 

Fig. 7 - Typical junction capaCitance characteristic. 
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____________________________________ Silicon Rectifiers 

File Number 2165 GE1101, GE1102, GE1103, GE1104 

2.S-A, High-Speed, High-Efficiency Glass
Passivated Junction Silicon Rectifiers 
Features: 
• Glass passivated junction 
• Ultra-fast recovery times 
• Low forward voltage drop, high-current capability 
• Low reverse leakage current 
• High surge current capability 

TERMINAL DESIGNATIONS 

~AN~O=D·~----<J)r----C~AT=H~OD~. 

DO-204AP 

The GE/RCA GE1101, GE1102, GE1103, and GE1104 are 
ultra-fast recovery silicon rectifiers (t" = 35 ns max.) fea
turing low forward voltage drop, high-current capability. 
They use glass passivated epitaxial construction. 

high-frequency power supplies, energy recovery, and out
put rectification. 
These types are supplied in unitized-glass hermetically
sealed JEDEC DO-204AP package. 

These rectifiers are intended for TV deflection, inverter, 

MAXIMUM RATINGS, Absolute-Maximum Values; for single-phase, 60Hz, half-wave resistive or inductive loads": 

GEllDl GEllD2 GEllD3 GEll04 

MAXIMUM PEAK REPETITIVE REVERSE VOLTAGE ............... VRRM SO 100 ISO 200 V 
MAXIMUM RMS INPUT (SUPPLY) VOLTAGE, ...•..............•. VRMS 35 70 lOS 140 V 
MAXIMUM DC REVERSE (BLOCKING) VOLTAGE, ............... VRIDCI SO 100 ISO 200 V 
MAXIMUM AVERAGE FORWARD OUTPUT CURRENT: 

Lead Length; 0.375 in. (9.S mm); T.; SS·C •...............•....... 10 
MAXIMUM PEAK SURGE (NON-REPETITIVE) FORWARD CURRENT: 

FO'r 8.3 ms half sine wave. superimposed on rated load •........... 1.8M 
OPERATING JUNCTION AND STORAGE TEMPERATURE •...•.. TJ. T ... 

"For capacitive load derate current by 20%. 

____________ 2.5 ___________ _ 

_____________ 50 ___________ _ 
_______ -65 to +175 _________ _ 

A 

A 
DC 
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Silicon R~tifiers ______________ ---,_---, ________ ---, ________ _ 

GE1101, GE1102, GE1103, GE1104 

ELECTRICAL CHARACTERISTICS, At Ambient Temperature (T A) = 25°C Unless Otherwise Specified 

CHARACTERISTICS 

Maximum Instantaneous Forward-Voltage Drop: 

At2A 

Maximum Reverse Current: 

At maximum DC reverse (blocking) voltage, T A = 25°C 

TA=150°C 

Maximum Reverse Recovery Time: 

At IF = 0.5A, IR = 1A, I" = 0.25A 

Typical Junction Capacitance: 

At frequency = 1 MHz and applied reverse voltage = 4V 

Thermal Resistance: 
Junction-to-Ambient at 0.375 in. (9.5 mm) lead length. 

I
:::l 
<l. 
I-

6~ 2.5 

c
a:O «:::. 
~!z 1.5 
OW 
LLa: 
wa: 
~5 0.5 
a: 
w 

"' I, 
SINGLE PHASE I, 
HALF WAVE 60 Hz I~ 
RESISTIVE OF 

K INDUCTIVE LOAD 
0.375" (9.5 mm) LEAD LENGTH 

o 25 50 75 100 125 150 175 ~ 
LEAD TEMPERATURE (T L) -·C 

Fig. 1 - Maximum average forward output current characteristic. 

LIMITS 

FOR ALL TYPES UNITS 

MIN. TYP. MAX. 

VF 

- - 0.95 V 

IR 

- - 2 p.A 

- - 50 

t" 
- - 35 ns 

CJ 

- 45 - pF 

R8JA 
- 60 - ·C/W 

JUNCTION TEMPERATURE (TJ) = 25·C 
8.3 ms SINGLE HALF SINE·WAVE 

............ JEDEC METHOD 

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

10 100 

NUMBER OF CYCLES AT 60Hz SINE WAVE 

Fig. 2 - Maximum peak surge non-repetitive forward current 
characteristic. 
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GE1101, GE1102, GE1103, GE1104 
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Fig. 5 - Reverse-recovery time test circuit. 
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Silicon Rectifiers ___________________________________ _ 

GE1301, GE1302, GE1303, GE1304 File Number 2166 

6-A, High-Speed, High-Efficiency Glass
Passivated Junction Silicon Rectifiers 
Features: 
• Glass passivated junction 
• Ultra-fast recovery times 
• Low forward voltage drop, high-current capability 
• Low leakage current 
• High surge current capability 

TERMINAL DESIGNATIONS 

~AN~O=DE~~ __ ~~~~~~ 
~ CATHODE 

GE·4 

The GE/RCA GE1301, GE1302, GE1303, and GE1304 are 
ultra-fast recovery silicon rectifiers (t" = 35 ns max.) fea
turing low forward voltage drop, high-current capability. 
They use glass passivated epitaxial construction. 

high-frequency power supplies, energy recovery, and out
put rectification. 
These types are supplied in unitized-glass hermetically
sealed GE-4 package. 

These rectifiers are intended for TV deflection, inverter, 

MAXIMUM RATINGS, Absolute-Maximum Values; for single-phase, 60Hz, half-wave resistive or inductive loads'; 

GE1301 GE1302 GE1303 GE1304 

MAXIMUM PEAK REPETITIVE REVERSE VOLTAGE, ....... , ...... VRR... 50 100 150 200 V 
MAXIMUM RMS INPUT (SUPPLY) VOLTAGE, .................... VR.... 35 70 105 140 V 
MAXIMUM DC REVERSE (BLOCKING) VOLTAGE, ............... VR.DCI 50 100 150 200 V 
MAXIMUM AVERAGE FORWARD OUTPUT CURRENT: 

Lead Length = 0.375jn. (9.5 mm); T. = 55·C, ....................... 10 6 A 
MAXIMUM PEAK SURGE (NON-REPETITIVE) FORWARD CURRENT: 

For 8.3 ms half sine wave, superimposed on rated load, ......... , . IF .... 150 A 
OPERATING JUNCTION AND STORAGE TEMPERATURE, ...... T" T • ., -65 to +175 . ·C 

'For capacitive load derate current by 20%. 
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___________________________________ Silicon Rectifiers 

GE1301, GE1302, GE1303, GE1304 

ELECTRICAL CHARACTERISTICS, At Ambient Temperature (T A) = 25°C Unless Otherwise Specified 

CHARACTERISTICS 

Maximum Instantaneous Forward-Voltage Drop: 

At2A 

Maximum Reverse Current: 

At maximum DC reverse (blocking) voltage, T .. = 25°C 

T .. =150°C 

Maximum Reverse Recovery Time: 

At IF = O.SA, IR = 1A, I" = 0.25A 

Typical Junction Capacitance: 

At frequency = 1 MHz and applied reverse voltage = 4V 

Thermal Resistance: 

Junction- to-Lead at 0.375 in. (9.5 mm) 

'\.. 
~ 

SINGLE PHASE\. 
HALF WAVE 60 Hill 

~ RESISTIVE OR -
INDUCTIVE LOAD 
0.375" (9.5 mm) 

"-LEAD LENGTH 

25 75 125 175 

LEAD TEMPERATURE (TLl- ·C 

Fig. 1 - Maximum average forward output current characteristic. 

LIMITS 

FOR ALL TYPES UNITS 
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o 
1 
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- 0.975 V 

- 5 
pA 

- 50 
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100 - pF 
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...... " 
r....... 
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NUMBER OF CYCLES AT 60Hz SINE WAVE 

Fig. 2 - Maximum peak surge non-repetitive forward current 
characteristic. 
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GE1301, GE1302, GE1303, GE1304 
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_____________________________________ Silicon Rectifiers 

File Number 2177 

1-A, Glass-Passivated Junction 
Silicon Rectifiers 
Features: 
• High temperature metallurgically bonded, no compression contacts as found in 

diode-constructed rectifiers 
• Glass passivated junction 
• 1A operation at h = 100°C with no thermal runaway 
• Low reverse current 
• Exceeds environmental standard of MIL-STO-19500 
• Hermetically sealed package 
• High temperature soldering: 350°C/10 s10.375 in. (9.5mm) lead length 

GER4001-GER4007 

TERMINAL DESIGNATIONS 

~.N~O=DE~--~<J>r---~C.~T~HO~D~E 

DO-204AP 

The GE/RCA GER4001-GER4007 are glass-passivated 
"transient voltage protected," silicon rectifiers intended for 
general-purpose applications. 

direction without damage. Voltage transients generated by 
household or industrial power lines are dissipated. 
These rectifiers are supplied in a JEDEC DO-204AP package. 

These rectifiers will dissipate up to 1000 watts in reverse 

MAXIMUM RATINGS, Absolute-Maximum Values; Supply Frequency of 60Hz, resistive or inductive loads: 

GER4001 GER4002 GER4003 GER4004 GER4005 GER4006 GER4007 

MAXIMUM PEAK (REPETITIVE) REVERSE VOLTAGE, ......... VRRM 50 100 200 400 600 800 1000 
MAXIMUM RMS (SUPPLY) VOLTAGE: 

For resistive or inductive loads, .................•........... VRMS 35 70 140 280 420 560 700 
MAXIMUM DC REVERSE (BLOCKING) VOLTAGE, ............ VR1OCI 50 100 200 400 600 800 1000 
MAXIMUM AVERAGE FORWARD OUTPUT CURRENT: 

For resistive or inductive loads, T. = 100'C ..................... 10 
MAXIMUM PEAK SURGE (NON-REPETITIVE) FORWARD CURRENT: 

For 8.3 ms half sine wave, superimposed on rated load, ........ I.SM 50 
OPERATING JUNCTION AND STORAGE 

TEMPERATURE RANGE, .......•.....•.................... Ti. T,to ! -65 to +175 
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Silicon Rectifiers ________________________________ _ 

GER4001-GER4007 

ELECTRICAL CHARACTERISTICS, At Ambient Temperature (T A) = 25°C Unless Otherwise Specified 

LIMITS 

CHARACTERISTICS FOR ALL TYPES UNITS 

MIN. TYP. MAX. 

Maximum Instantaneous Forward-Voltage Drop: VF 

At lA - - 1.2* V 

Maximum Full-Load Reverse Current: IR 

At average full-cycle, lead length = 0.375 in. (9.5mml, TA = 100°C - - 200 
I IlA 

Maximum Reverse Current: 

At maximum DC reverse (blocking) voltage 

Maximum Reverse Recovery Time: 

At IF = 0.5A, IR = lA, I" = 0.25A 

Typical Junction Capacitance: 

At frequency = 1 MHz and applied reverse voltage = 4V 

*1.1 V for GER4003-GER4007. 
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MUR-810, MUR-815, MUR-820 
RUR-810, RUR-815, RUR-820 

File Number 1355 

a-A, High-Speed, High Efficiency 
Epitaxial Silicon Rectifiers 
Features: 

• Ultra fast recovery time «35 ns) 
• Low forward voltage 
• Low thermal resistance 
• Planar design 
• Wire-bonded construction 

Applications: 

• General Purpose 
• Power switching circuits to 100 kHz 
• Output rectification in switching power supplies 

TERMINAL DESIGNATIONS 

r ANODE 

'~~~loll ):~:-
TOP VIEW tCATHODE 

92CS-39566 

JEDEC TO-220AC 

The MUR-810. MUR-815. MUR-820. RUR-810. RUR-815. 
and RUR-820' are low forward voltage drop ultra-fast
recovery rectifiers (trr<50 ns). They use a glass-passivated 
ion-implanted epitaxial construction. 

These devices are intended for use as output rectifiers and 
flywheel diodes in a variety of high-frequency pulse-width 

modulated switching regulators. Their low stored charge 
and attendant fast reverse-recovery behavior minimize 
electrical noise generation and in many circuits markedly 
reduce the turn-on dissipation of the associated power 
switching transistors. 

All are supplied in TO-220AC plastic packages. 

'Formerly RCA Dev. Nos. TA9223B. TA9223B. and TA9223C. 
respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
MUR-810 
RUR-810 

VRM ................................................................ 100 

MUR-815 
RUR-815 

150 

MUR-820 
RUR-820 

200 
IF (Average) 

T A ~ 25° C (No Heat Sink) ......................................... . 
TA ~ 25° C (With Heat Sink)" ....................................... . 
Te = 150·C ....................................................... . 

IFSM (surge) 
8.3ms, 1/2 cycle. non-repetitive .................................... . 

Tstg, TJ ............................................................. .. 

TL (Lead tempe,ature during soldering) 
At distance> 1/8in. (3.17mi'n) from case for 10 S max. 

(a) Wakefield type 295 heat sink with convection cooling 

-----------3----------------------8----------------------8-----------
100-----

-------65 to 175 -----

-------260------

v 

A 
A 
A 

A 
·C 
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___________________________________ Silicon Rectifiers 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 
CHARAC- Voltage Current MUR-810 

RUR-810 
TERISTICS TJ VR iF 

DC V A Min. Max. 
1---. 

100 -
25 150 -

200 -
iR 

100 -

150 150 -

200 -

25 8 -
VF 150 8 -

t" 25 1 (a) -
ROJC -
ROJA -
CJ 25 10 0 

(a) diF/dt > 40A/Jis, IRM (rec) < 1A, IRR = O.2SA 

I 6 8 10 6 9 roo 
NUMBER OFHALF-CVCLES IN SURGE DURATION AT 60Hl 

Fig. 1 - Peak surge forward current vs. surge duration. 

'·S 
I NSTANTANEOUS FORWARD VOLTAGE DROP (VF't-V 

9ZC$w4Z'81 

Fig. 3 - Typical forward current vs. forward-voltage drop. 

5 
-
-

250 
-
-

0.975 
0.895 

35 

3 
60 

40 Typ. 

~ . 
.1. 
~ 

r 
z 
w 
~ 
~ 

" u 

MUR-810, MUR-815, MUR-820 
RUR-810, RUR-815, RUR-820 

LIMITS 
MUR-815 MUR-820 
RUR-815 RUR-820 UNITS 

Min. Max. Min. Max. 

- - - -
- 5 - -

- - - 5 
f.lA 

- - -
- 250 - -
- - - 250 

0.975 1 V 
- 0.895 - 0.895 
-- 35 - 35 ns 

3 2 °C/W 
- 60 - 60 

40 Typ. 40 Typ. pF 

4 6 B " 6 8 
10 100 • 6' 

'000 
PULSE WIDTH Ctpl-ms 

Fig. 2 - Thermal impedance vs. pulse width. 

10, 
6 

'e :r 

REVERSE VOLTAGE (VRM1-V 

Fig. 4 - Typical reverse current vs. voltage. 
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MUR-840, MUR-850, MUR-860 
RUR-840, RUR-850, RUR-860 

File Number 2091 

a-A, High-Speed, High-Voltage, High 
Efficiency Epitaxial Silicon Rectifiers 

Features: 
• Ultra fast recovery time « 50 ns) 
• Low forward voltage 
• Low thermal resistance 
• Hard glass passivation 
• Wire-bonded construction 

Applications: 
• General Purpose 
• Power switching circuits to 100 kHz 
• Output rectification in switching 

power supplies 

The MUR-840, MUR-850, MUR-860, RUR-840, RUR-850, 
and RUR-860" are low forward voltage drop ultra-fast
recovery rectifiers (trr<50 ns). They use a glass-passivated 
ion-implanted epitaxial construction. 

These devices are intended for use as output rectifiers and 
flywheel diodes in a variety of high-frequency pulse-width 
modulated switching regulators. Their low stored charge 
and "attendant fast reverse-recovery behavior minimize 
electrical noise generation and in many circuits markedly 
reduce the turn-on dissipation of the associated power 
switching transistors. 

All are supplied in TO-220AC plastic packages. 

"Formerly RCA Dev. No. TA9616. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Peak Repetitive Reverse Voltage, VRRM ..........•.....................• 
Working Peak Reverse Voltage, VRWM 
DC' Blocking Voltage, VR 

Average Rectified Forward Current, I"AYI •.•.••..•••....••••••..•..•.•.. 
Total Device, (Rated VR), Tc ; 150·C 

Peak Repetitive Forward Current, IFM ..•............................... 
(Rated VR, Square Wave, 20 kHz), Tc ; 150·C 

Non repetitive Peak Surge Current, IFsM .•.............................. 
(Surge applied at rated load conditions 
halfwave, single phase, 60 Hz) 

Operating Junction Temperature and 
Storage Temperature, TJ, T ......................................... . 

Lead Temperature During Soldering, TL 
At distance> 1/8 in. (3.17 mm) from case for 10 s max ..............•. 

TERMINAL DESIGNATIONS 

'~~:"~'lOII ):E; 
TOP VIEW CATHODE 

92CS-39566 

JEDEC TO-220AC 

60 

50 

20 

10 

TYPICAL REVERSE RECOVERY TIME 
di/dl >100A/~set 
Vr=30V TJ,,2SoC 

10 12 14 16 
~F (AMPS) 

Typical reverse recovery time - all types. 

MUR-840 MUR-850 MUR-860 
RUR-640 RUR-650 RUR-860 

400 500 600 

8 

_______ 16 

100 

-65 to + 175 

260 

UNIT 

V 

A 

A 

A 

·C 

·C 
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___________________________________ Silicon Rectifiers 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 

CHARACTERISTIC 
TJ VR 
°C V 

iR 400 

25 500 

600 

400 

150 500 

600 

VF 25 

150 

t" 25 

RIPe 

• dildt = 50 A/IlS 
•• iR = 1.0A, IREe = 0.25 A 

1008 TYPICAL FORWARD VOLTAGE 
6 

VFI VOLTS} 

Fig. 1 - Typical forward voltage - MUR-840, RUR-840. 
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Fig. 3 - Typical reverse leakage - MUR-840, RUR-840. 

IF 
A 

8 

8 

1 • 

0.5 •• 

MUR-840, MUR-850, MUR-860 
RUR-840, RUR-850, RUR-860 

LIMITS 

MUR-840 MUR-850 MUR-860 
UNITS RUR-840 RUR-850 RUR-860 

MIN. MAX. MIN. MAX. MIN. MAX. 

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

- 500 - - IlA 
- -

- - - 500 - -
- - - - - 500 

- 1.3 - 1.5 - 1.5 
V 

- 1.0 - 1.2 - 1.2 

- 60 - 60 - 60 
ns 

- 50 50 50 

- 2 - 2 - 2 °C/W 

t008 TYPICAL FORWARD VOLTAGE 
6 

'.:t -,--,'-II'---¥-
6 

0·, 

VF (VOLTS} 

Fig. 2 - Typical forward voltage - MUR-850, MUR-860, 
RUR-850, and RUR-860. 

IUU, TYPICAL REVERSE LEAKAGE 

2 .../, 
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0.001 -6 · 2 
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Fig. 4 - Typical reverse leakage - MUR-850, MUR-860, 
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MUR-1610CT,MUR-1615CT, MUR-1620CT 
RUR-1610CT, RUR-1615CT, RUR-1620CT 

DualS-A, High-Speed, High Efficienc::y 
Epitaxial Silicon Rectifiers 

Features: 
• Ultra-fast-recovery time « 35 ns) 
• Low forward voltage 
• Low thermal resistance 
• Hard glass paSSivation 
• Wire-bonded construction 

Applications: 
• General Purpose 
• Power switching circuits to 

100 kHz 
• Full-wave rectification 

The MUR-1610CT, MUR-1615CT, MUR-1620CT, RUR-
1610CT, RUR-1615CT, and RUR-1620Cr are low forward 
voltage drop ultra-fast-recovery rectifiers (trr<35 ns). They 
usea glass-passivated ion-implanted epitaxial construction. 

These devices are intended for use as output rectifiers and 
flywheel diodes in a variety of high-frequency pulse-width 
modulated switching regulators. Their low stored charge 
and attendant fast reverse-recovery behavior minimize 
electrical noise generation and in many circuits markedly 
reduce the turn-on dissipation of the associated power 
switching transistors. 

All are supplied in TO-220AB plastic packages. 

'Formerly RCA Dev. No. TA9224A. 

MAXIMUM RATINGS, AbSOlute-Maximum Values: 

Peak Repetitive Reverse Voltage, VAAM ........................... . 
Working Peak Reverse Voltage, VAWM 
DC elocking Voltage, VA 

Average Rectified Forward Current - per leg, IFIAV' ................ . 
Total Device, (Rated VA), T c = 150·C - total device .............. . 

Peak Repetitive Forward Current - per diode leg, IFM .............. . 
(Rated VA, Square Wave, 20 kHz), T c = 150· C 

Nonrepetitive Peak Surge Current, IFSM .......................... . 
(Surge applied at rated load conditions halfwave, Single phase, 60 Hz) 

Operating Junction Temperature and 

MUR-1610CT 
RUR-1610CT 

100 

File Number 1885 

TERMINAL DESIGNATIONS 

TOP VIEW 

92CS-40:Z08 

JEDEC TO-2D4AE 

MUR-1615CT MUR-1620CT 
RUR-1615CT RUR-1620CT Unit 

150 200 V 

8 A 
16 A 
16 A 

100 A 

Store.ge Temperature, TJ • T .................................... . ______ -65 to +175 ·C 
(Lead temperature during soldering) 

At distance> 1/B in. (3.17 mm) from case for 10 s max ........ , .. 260 ·C 
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_____________________________________ Silicon Rectifiers 

ELECTRICAL CHARACTERISTICS 

MUR-1610CT, MUR-1615CT, MUR-1620CT 
RUR-1610CT, RUR-1615CT, RUR-1620CT 

TEST CONOITIONS LIMITS 

Voltage Current 
MUR-1610CT MUR-1615CT MUR-1620CT UNITS CHARACTERISTIC RUR-1610CT RUR-1615CT RUR-1620CT 

TJ VR IF 

°C V A MIN. MAX. MIN. MAX. MIN. MAX. 

iR 25 100 - - 5 - - - -
25 150 - - - - 5 - -
25 200 - - - - - - 5 

/JA 
150 100 - - 250 - - - -

150 150 - - - - 250 - -

150 200 - - - - - - 250 

VF 25 - 8 - 0.975 - 0.975 - 1 
V 

150 - 8 - 0.895 - 0.895 - 0.895 

t" 25 - 1 • - 35 - 35 - 35 
ns 

25 - 0.5 •• - 25 - 25 - 25 

R8JC - - - - 3 - 3 - 3 °G/W 

• dildt = 50 A//Js. •• iR = 1.0 A, IREC = 0.25 A. 

MUR-1610CT, MUR-1615CT, RUR-1610CT, RUR-1615CT 
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Fig. 1 - Typical forward voltage, per leg. 
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'The curves shown are typical for the highest voltage 
device in the voltage grouping. Typical reverse current 
for lower voltage selections can be estimated from 
the"1. same curves if VR is sufficiently below rated VR· 
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Fig. 3 - Current derating case, per leg. 
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MUR-1610CT, MUR-1615CT, MUR-1620CT 
RUR-1610CT, RUR-1615CT, RUR-1620CT 
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Fig. 4 - Current derating, ambient, per leg. Fig. 5 - Power dissipation, per leg. 
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'The curves shown are typical for the highest voltage 
device in the voltage grouping. Typica! reverse current 
for lower voltage selections can be estimated from 
these curves if VR is sufficiently below rated VR. 
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RUR-D810, RUR-D815, RUR-D820 File Number 1356 

Dual a-A, High-Speed, High Efficiency 
Epitaxial Silicon Rectifiers 

Features: 

• Ultra fast recovery time [<35 ns] 
• Low forward voltage 
• Low thermal resistance 
• Planar design 
• Wire-bonded construction 

Applications: 

• General Purpose 
• Power switching circuits to 100 kHz 
• Full-wave rectification 

TERMINAL DESIGNATIONS 

f-' : : CATHODE 

ANODE2 

9,2CS-40208 

JEDEC TO-22DAB 

The RCA RUR-D810. RUR-D815. and RUR-D820* are low 
forward voltage drop ultra fast-recovery rectifiers (trr <35 
ns). They use a glass passivated ion-implanted epitaxial 
construction. 

charge and attendant fast reverse recovery behavior mini
mize electrical noise generation and in many circuits 
markedly reduce the turn-on dissipation of the associated 
power switching transistors. ' 

These devices are intended for use as output rectifiers and 
fly wheel diodes in a variety of high-frequency pulse-width 
modulated and switching regulators. Their low stored 

All are supplied in TO-220AB plastic packages. 
*Formerly RCA Dev. No. TA9224A. TA9224B. and 
TA9224C. respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values. per Junction: 

RUR-D810 
VRM ..... ............................... ............................ 100 

RUR-D815 
150 

RUR-D820 
200 

IF (Average) 
T. = 25°C (No Heat Sink) ......................................... . ------3 ------
T. = 25°C (With Heat Sink)" ....................................... . ------------8------------
Tc = 125°C ...................................................... .. -----------8--------

IFSM (surge) 
8.3ms. 1/2 cycle. non-repetitive ................................... .. --------'100--------

Tstg. TJ •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• --------- -55 to 150 ---------
TL (Lead temperature during soldering) 

At distance> 1/8in, (3.17mm) from case for 10 S max. -----------260----------

(a) Wakefield type 295 heat sink with convection cooling 

v 

A 
A 
A 

A 
°C 

°C 
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ELECTRICAL CHARACTERISTICS. per Junction 

TEST CONDITIONS 

CHARAC- Voltage Current 
TERISTICS TJ VR iF 

°C V A 

100 
25 150 

200 
iR 100 

100 150 
200 

25 8 
VF 100 8 

In 25 8(a) 

ROJC 
ROJA 
CJ 25 10 0 

(a) diF/dt > 40A//is. IRM (ree) < 1A, IRR = O.2SA 

160 

1401--+l--+-+-+-+--+--+-+-+-1 

! 1201--+l--t-+-+-I--+--t-.+-+-1 
~~ 
~~oo'I--=_:+_-Hr_--t....::.-r,-l.-")+-oc--+-H~+I-H 

~~801--+--t-+-f-=F~~~=+I-+-+~ 
~~ ---

~ 
~ . 

~~w'f---r-H-+l+I+_-_+-HI-+l_H 
~~ 

iU40 

,o'f---r---t-+l+lt--_+-H~+I_H 

RUR-D810 

Min. Max. 

- 5 
- -
- -

- 400 
- -
- -
- 0.95 
- 0.89 
- 35 
- 2.25 
- 60 

40 Typ. 

I 6 6 to 6 8 100 

NUMBER OF HALf-CYCLES IN SURGE DURATION AT 60 Hz 

92CS-3482!5 

RUR-D810, RUR-D815, RUR-D820 

LIMITS 
RUR-D815 RUR-D820 

UNITS 

Min. Max. Min. Max. 

- - - -
- 5 - -

- - - 5 
- - - -

- 400 - -

- - - 400 
- 0.95 - 1 
- 0.89 - 0.94 
- 35 - 35 

2.25 2.25 

- 60 - 60 
40 Typ. 40 Typ. 

.3.0f--t-+l+lrt--t--+-++t-+l-HI-+1 
~ 
'1 

~ 
~ 2,5 f--t-+l+lrt--t--+-++t-+lHHI-+1 
~ 
u 

~ 2 /~ 
~ 1. 5 f--t-+l+lf-b.-L:l--t-t+t-+lHH+I 
~ 
~ 

ffi I /' 

~ 05/ 

pA 

V 

ns 

°C/W 

pF 

468 
10 100 

• 68 
1000 

PULSE WIDTH [Ipl-ml 

Fig. 1 - PeaK surge toward current vs. surge duration. Fig. 2 - Thermal impedance vs. pulse width (per junction). 
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Fig. 3 - Typical forward current vs. forward-voltage drop. Fig. 4 - Typical reverse current vs. voltage. 
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RUR-D1610, RUR-D1615, RUR-D1620 File Number 1383 

Dual 16-A, High-Speed, High Efficiency 
Epitaxial Silicon Rectifiers 

Features: 
• Ultra fast recovery time « 35 ns) 
• Low forward voltage 
• Low thermal resistance 
• Planar design 
• Wire-bonded construction 

Applications: 
• General purpose 
• Power switching circuits to 100 kHz 
• Full-wave rectification 

The RCA RUR-D1610, RUR-D1615 and RUR-D1620- are 
low forward voltage drop, ultra fast-recovery rectifiers (trr< 
35 ns). They use an ion-implanted planar epitaxial 
construction. 

These devices are intended for use as output rectifiers and 
fly wheel diodes in a variety of high-frequency pulse-width 
modulated power supplies, amplifiers and switching 
regulators. Their low stored charge and attendant fast 

TERMINAL DESIGNATIONS 

CATHODE' "-'0'" 
A"ODE 2 g.2CS-37554 

JEDEC TO-204AA 

reverse recovery behavior minimize electrical noise 
generation and, in many circuits, markedly reduce the turn
on dissi pation of the associated power switch ing transistors. 

All are supplied in steel JEDEC TO-204AA hermetic 
packages. 

-Formerly RCA Developmental Nos. TA9226A, Band C 
respectively: 

MAXIMUM RATINGS, Absolute-Maximum Values, per Junction: 

RUR-D1610 RUR-D1615 RUR-D1620 
VAM ....................•.......•....•...............•.....••........ 100 150 200 V 
IF (Average) 

TA ~ 25°C (No Heat Sink) ......•...................•......•.......•. 6 A 
TA = 25°C (With Heat Sink). ........................................ 16 A 
Tc = 125°C........................................................ 16 A 

IFSM (surge) 
8.3 ms, 1/2 cycle, non-repetitive 

Thermal Resistance (J-C) ............................................ . 
Thermal Resistance (J-C) Total .....•....•............................ 
Thermal Resistance (J-A) ......•..................•................... 
TSlg. TJ •••••••.•••••..........••........•.......•.•••••••.••.•..••... 

TL (Lead temperature during soldering) 
At distance> 1/8 in. (3.17 mm) from case for 10 s max ............... . 

• Wakefield type 621 heat sink with convection cooling 

______ 275 _-'-___ _ 
______ 1.5 _____ _ 
______ 1.2 _____ _ 
______ 30 ________ _ 

-55 to 150 ____ _ 

260 _____ _ 

A 
°C/W 
°C/W 
°C/W 

°C 

°C 
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ELECTRICAL CHARACTERISTICS, per junction 

TEST CONDITIONS 

CHARACTERISTICS Voltage Current 
TJ VH 

°C V 

100 
25 150 

iR 
200 
100 

100 150 
200 

VF 
25 
125 

trr 25 
RlIJC 
RliJA 

CJ 25 10 

(a) diF/dt > 40A/ps, IRM(rec) < 1A, IRR = 0.25A 

400 

350 

3 

250 
r--.. 

~200 
............ 

b "i./Oco" 
5 ---:IE 
~15O ....... r-. ... 

E 
'" B 
o 

'" i 

100 
t---

50 

0 

• • • • • • • 10 100 
NUMBER OF CYCLES AT60HI SINE-WAVE 

UC .. ·.t47 

Fig. 1 - Peak surge forward current vs. surge 
duration. 

~ o"ei::--h'Hh 
6 

• 
2 

0.01 
o 1.2 1.4 1·6 

92CS-3SI'" 

Fig. 3 - Typical forward current vs. forward
voltage drop. 

II 
A 

16 
16 

4(a) 

0 

RUR-D1610, RUR-D1615, RUR-D1620 

LIMITS 

RUR-D1610 RUR-D1615 RUR-D1620 UNITS 

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

- 15 - - - -
- - - 15 - - pA 
- - - - - 15 
- 1.5 - - - -
- - - 1.5 - - mA 
- - - - - 1.5 

- 0.95 - 0.95 - 1 
V 

- 0.B3 - 0.B3 - O.BB 

- 35 - 35 - 35 ns 
- 1.5 - 1.5 - 1.5 °C/W - 30 - 30 - 30 

BO Typ. BOTyp. BOTyp. pF 

2 

,. 
il 
~ I.' 

ii ,.,..,-
'" i I 

,,-

" VI-'" 
H 

0.' ,...... 

/1-'" 

0 

• 2 • • • 2 • • • 8 10 100 1000 
PULSE WIDTH Ct,l-m sec. 

92C8-31U41 

Fig. 2 - Thermal impedance vs. pulse width 

2 
0.1 

(per junction). 

QI 248 46 10 2 468.oa2 4ti1l103 Ibl'041. 468,ae 

VOLTAGE IN PERCENT OF Vrm 
92CS-35150 

Fig. 4 - Typical reverse current vs. voltage. 
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Power Transistor Chips 

Chip VCEO{SUSI lceo Ices lEBO VCEISAT} hFE File 
"type No. (V) min. (jJA)max. (jJA)max. (mA) max. (V) max. min. No. 

PC44E 66 - 0.5 0.9t - 1200 1932 
PC44H 33 - 0.02 0.1 - 35 1933 
PC45E- -00 - -0.4 -0.9 - 1200 1934 
PC45H- -33 - -0.1 -0.1 - 40 1935 
PCl482 60 - - 0.D1 1.4 35 - 100 1792 

PC2102 60 5 - 0.005 1 40 1416 
PC3439 - 20 - 0.Q15 1 40 -150 1417 
PC3442 140 2000 - 5 1 20-70 1793 
PC3585 300 - 200 0.5 0.75 25 1794 
PC3879 75 50 - 10 1.2 20-60 1795 

PC4036- -60 -5 - -5t -1 40 1418 
PC5036 90 200 - 50 1 20 -100 1796 
PC5240 300 100 - lOOt 2 20 1797 
PC5303 80 100 - 50t 1 15 1395 
PC5320 60 10 - 5t 1 30 1419 

PC5322- -60 -10 - -5t -1 30 1420 
PC5415- - -25 - -15t -2 30 -150 1421 
PC5671 90 100 - 10 0.75 20 - 100 1798 
PC6079 350 - 0.50 1 3 12 1799 
PC6107- -60 -20", - -20t -2 50 1391 

PC6213- -225 - -0.50 -0.5 -1.6 10 1800 
PC6247- -80 -100", - -20t -3.5 20 -100 1801 
PC6284 80 100 - 2 2 750-20K 1392 
PC6287- -80 -100 - -2 -2 750 - 20K 1393 
PC6292 80 20", - 20t - 20 -150 1390 

PC6354 120 200 - 5 1 10-100 1802 
PC6385 80 100", - 2 2 2000 1803 
PC6388 80 206 - 2 4 - 1407 
PC6476 80 20", - lOOt 0.5 20 - 150 1804 

PC6478 140 20 - 2 1 25 -150 1805 
PC6488 80 20", - lOt 3.5 20 1806 
PC6491- 40 20", - 20t 1.2 20-110 1807 
PC6650- -80 -1006 - -2 -1.5 2K - 20K 1808 
PC6668- -70 -20 - -2 -1.5 - 1408 
PC6673 400 - 100 2 1 10 1409 

PC6678 400 - 100 1 1 8 1404 
PC6688 180 - 50 lOOt 1.5 25 1403 
PC6704 130 100 - lOOt 0.7 20 1809 
PC6754 400 - 100 2 1 8 1810 
PC6773 350 - 100 2 1 10 1410 

PC8638 125 100", - 50t 1 25 -125 1400 
PC8766 - 100 - 10 1.8 220 1402 
PC9116- -120 -100", - -50t -1 25 1401 
PC9166 250 10 - 1 1 30 1399 
PC9202 300 500 - 10 1.5 250 1396 

PC9203 250 500 - 1 2 100 1398 
PC13OO5 400 - 100 1 1 8 2149 
PC16010 400 - 100 1 1 8 2150 
PCTIPll0 80 20 - 2 2.5 500 1405 
PCTIPl15- -60 -20 - -2 -2.5 500 1406 

- p-n-p t J.lA OmA 
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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 specifications 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, notonly 
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 specifications and standards 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 manufactu red: 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 

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 fora 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. 

JAN, JANTX, and JANTXV 
Solid-State Power Devices 
The major military spE-cification used for the procurement 
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 forthe 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). 

1. Raw Malerial 

2. ~~~~~ising ~ 
3. Internal Visual 

(tor TXV only) 

Inspection Lots 
Formed at Final 

Assembly 
Operation 
(Sealing) 

Lots Proposed 
For JAN 
Types 

(Non-TX) 

Inspection'Tesls 10 

v;:::ru~~D ~ 
Group 82 
Group C3 

Reviewal 
Group A, B, 
and C Data 

For Accept or 
Reject 

Lot. Proposed 
forJANTX 
orJANTXV 

Types 

100 Percent Process 
Condltlonlng4 
1. High Temp Storage 
2. Thermal Shock 
3. Acceleration 
4. Hermetic Seal 

Tests 
5. Reverse Bias 

1. Group A Electrical Performance Test. Performed 
On a Lot Sample a •• ls. 

2. Group B Environmental, Mechanical and Life Tes.s 
(Storage and Operating) Performed on a Lot Sample Basis. 

3. Group C Environmental and Life Tests Perlormed on a 
Time Period Basis. 

4. Teits Shall be Performed in the Order as Shown. 

-
100 Percent Power 
Condilioning4 
1. Measurement 01 

Specified Parameters 
2. Burn-In 

3. ~:::Ifr:::';~:ac::.eters ~ 
to Determine Delta 
and Other Rejects 

4. Lot Rejection 
Criteria Based on 
Rejects from Burn-In 
Test 

Order of procedure diagram for JAN, JANTX, and JANTXV solid-state devices. 

Preparation 
lor Delivery 

JAN 

Inspection Tests 
to Verify L TPD 

GroupA1 
Group 82 
Group C3 

Review of Group A, 
8 and C Data 

lor Lot Accept 
or Reject 

1 
Preparation lor 
Delivery JANTX 

orJANTXV 

92CM-25057RI 
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Mll-S-19500 is the specification for the familiar "JAN" 
type discrete solid state devices. levels of reliability are 
defined by MIL-S-19500. JAN types receive Group A, 
Group S, and Group C lot sampling only, and are the least 
expensive. JANTX types receive 100 percent process 
conditioning, and power conditioning, and are subjected to 
lot rejection based on delta parameter criteria in addition to 
Group A, Group S, and Group C lot sampling. JANTXV 

QPL Approved Types 

JAN, JANTX, and JANTXV Devices 

types are subjected to 100 percent (JTXV) internal visual 
inspection in addition 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 representative. 

JAN and JANTX Bipolar Power Transistors 

MIL-S- PT Ie VCEO hFe " Types 
195001 

Package Polarity (w) (A) (V) Min. Ic(A) (MHz) 

2N3439, 2N3440 368 TO-205AO/TO-39 N-P-N 0.8 1 350 40 0.02 15 
2N3584, 2N3585 384 TO-213AAITO-66 N-P-N 35 2 300 25 1 15 
2N3879 526 TO-213AA/TO-66 N-P-N 35 7 75 20 4 40 
2N5038, 2N5039 439- TO-204AA/TO-3 N-P-N 140 20 90 20 12 60 
2N5302, 2N5303 456- TO-204AAITO-3 N-P-N 200 30 80 15 15 2 
2N5415S,2N5416S 485 TO-205AO/TO-39 P-N-P 0.75 -1 -300 30 -0.05 15 
2N5671, 2N5672 488- TO-204AAITO-3 N-P-N 140 30 120 20 20 50 
2N6032, 2N6033 528" TO-204AEITO-3 N-P-N 140 50 120 10 50 50 
2N6211-2N6213 461 TO-213AA/TO-66 P-N-P 35 -2 -350 30 -1 20 
2N6283. 2N6284 504- TO-204AA/TO-3 N-P-N 175 20 100 1250 10 8 
2N6286, 2N6287 505- TO-204AA/TO-3 P-N-P 175 -20 -100 1250 -10 8 
2N6306, 2N6308 498- TO-204AA/TO-3 N-P-N 125 8 350 15 3 5 
2N6383-2N6385 523- TO-204AA/TO-3 N-P-N 100 10 80 1000 5 20 
2N6546, 2N6547 525- TO-204AA/TO-3 N-P-N 175 15 300 12 5 60 
2N6648-2N6650 527" TO-204AA/TO-3 P-N-P 85 -10 -80 1000 -5 20 
2N6671, 2N6673 536- TO-204AA/TO-3 N-P-N 150 10 400 10 5 15 
2N6674,2N6675 537" TO-204AA/TO-3 N-P-N 175 20 400 8 10 15 
2N6676, 2N6678 538- TO-204AA/TO-3 N-P-N 175 20 400 8 10 15 

-Available in JANTXV form. 
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High-Reliability Power Devices _____________________________ _ 

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 capabilities and system requirements are generally 
limited to a custom specification basis. 

Harris Radiation-Hardened Bipolar Power Transistors 

Types Description 

2N3879 7SV 17 A, N-P-N Hi-Speed 
2NS038 90V/20A, N-P-N Hi-Speed 
2NS320 7Sv/2A, N-P-N Small-Sig. 
2N5322 7Sv/2A, P-N-P Small-Sig. 
2N5672 120V/30A, N-P-N Hi-Speed 
2N6248 1 OOV 11 OA, P-N-P EPI-Base 
2N6673 400v/8A, N-P-N Hi-Speed 
2N6688 200v/20A, N-P-N Hi-Speed 
2N7142' 60v/12A, N-P-N Hi-Speed 
2N7143' 80V/12A, N-P-N Hi-Speed 
2N7144' 60V/12A, N-P-N Hi-Speed 
2N7145' 80V/12A, N-P-N Hi-Speed 
2N7146' 60V/12A, N-P-N Hi-Speed 
2N7147' 80V/12A, N-P-N Hi-Speed 

'Formerly RCA Dey. type TA9107. 

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 

Gamma Intensity Neutron Fluence 
Package (RAD(Si)/s) (N/cm22) 

TO-213AA 1 x 10' S X 10" 
TO-204AA 1 x 10' 5 X 10'3 
TO-20SAD 1 x 10' S X 10'3 
TO-205AD 1 x 10' 5 X 10'3 
TO-204AA 1 x 10' S X 10'3 
TO-204AA 1 x 10' 5 X 10'3 
TO-204AA 1 x 10' 5 X 10'3 
TO-204AA 1 x 10' 5 X 10'3 
TO-204AA 1 x 10. 1 X 10'4 
TO-204AA 1 x 10. 1 X 10'4 
Radial 1 x 10. 1 X 10'4 
Radial 1 x 10. 1 X 10'4 
TO-257AA 1 x 10. 1 X 10'4 
TO-257AA 1 x.l0. 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 photocu rrent starts. 
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----------------------------- High-Reliability Power Devices 

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, because 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 sample 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 B 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. I nternal 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) requi red at 25° C. 

Test condition C, 

20 cycles, t 

(extremes) > 10 

min. 

4. Constant 2006 y 1 direction at 100% 100% 100% 

acceleration 11 20,000 G min 

except at 10,000 

G min for devices 

with power rating 

of> 10 watts at 

Tc = 25°C. The 1 

min hold time 

requi rement shall 

not apply. 
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High-Reliability Power Devices _________________________ , 

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 

5. Hermetic Seal 1071 Test condition G Optional if done 100% 41 100% 41 

Fine 11 or H, max leak in screen 14. 

rate = 5xl0-8 atm 

ccls except 

5xW-7 atm ccls 

for devices with 

internal cavity> 

0.3 cc. 

Gross Test condition A, Optional 100% 41 100% 41 

C, D, E, or F. 

6. Serialization See 3.7.9. 100% 

7. Interim Electrical As specified. 100% 

Parameters (Read and record) 

8. High Temp Reverse 48 hrs min at TA = 

Bias (HTRB) 1500 C (min) and 

minimum applied 

voltage as 

follows: 

Burn-in 1039 Transistors - 80% 100% 100% 100% 

(for transistors) (min) of rated 

VeB (bipolar), 

VGS!FET), or 

VOS1FET) as 

applicable. Test -
condition A. 

9. Interim electrical As specified but 100% (Measure 100% (Measure 100% (Measure 

and delta parameters including all delta all specified all specified all specified 

parameters as a parameters with in parameters within parameters within 

minimum. 16 hrs after 24 hrs after 24 hrs after 

Leakage current removal of removal of removal of 

shall be measured applied voltage applied voltage applied voltage 

on each device in HTRB. Record in HTRB. Record in HTRB. Record 

before any other those parameters those parameters those parameters 

test is made. which have a which have a which have a 

delta limit.) delta limit.) delta limit.) 

(See screen 11.) (See screen 11.) (See screen 11.) 
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____________________________ Hlgh-Rellabllity Power Devices 

Custom-Ordered Added Value Screening 

Added Value High-Reliability Screening for Harris Bipolar Power Transistors 

SCREEN 
MIL-STD-7S0 

CONDITION 
CLASSS 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. 100% 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 as a 

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 11 

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 Tc:2: 1000 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. 

------------------------_______________________________________ 6-7 



Package Designations 

00-204AP G E-3 GE-4 

BR-4 AXIAL LEAD TO-202AB TO-204AA 

@ if ¥ ~ 
(0.060 In.-Oia. Pins) 

TO-204AE TO-20SAD TO-20SAD TO-213AA 
w/Flange 

TO-218AC TO-220AA TO-220AB TO-220AC 

• 0··--·--.-
~' .~ 

- --~ .,.;. ~ , 

TO-2S1AA TO-2S2AA HYBRID CKT. PKG. RADIALPKG. 
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Package Information ________________________________ _ 

Dimensional Outlines 

BR-4 
POLARITY 

I : !fi_OL -----I-~;;;;;:::j 

T 

DO-204AP 

GE-3 

NOTE: 

[

POLARITY 
SYMBOL 

, b'" l, 
L,~,~,j 

COLOR BAND (POLARITY SYMBOL) INDICATES CATHODE 

CONNECTION. 

GE-4 

NOTE: 
COLOR BAND (POLARITY SYMBOL) INDICATES 
CATHODE CONNECTION. 

~YMBOL 
INCHES MILLIMETERS 

MIN. I MAX. MIN. I MAX. 

A1 0.060 TYP. 1.5 TYP. 

A2 0.125 0.135 3.2 3.4 

B 0.016 0.020 4.1 5.1 

D 0.355 0.365 9.0 9.3 

E 0.300 0,350 7.6 8.9 

E1 0.245 0.255 6.2 B.5 

81 0.195 0.205 5.0 5.2 

8B 0.290 0.310 7.4 7.9 

L 0.155 0.165 3.9 4.2 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

<1>b 0.028 0.034 0.71 0.86 

<1>D 0.100 0.150 2.5 3.8 

G - 0.240 - 8.1 

L 1.000 - 25.4 -
NOTE: 

COLOR BAND (POLARITY SYMBOL) INDICATES 

CATHODE CONNECTION. 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

<1>b 0.048 0.052 1.2 1.3 

<1>D 0.170 0.250 4.3 B.3 

G - 0.300 - 7.6 

L 1 - 25.4 -

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

<1>b 0.037 0.042 0.94 1.07 

<1>D 0.115 0.180 2.9 4.8 

G - 0.300 - 7.6 

L 1 - 25.4 -

NOTES 

UCS-425U 

NOTES 

12CS·42583A1 

NOTES 

92CS-42848 

NOTES 

12CS-42847 
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______________________________________________________________________ Packagelnformation 

TO-202AB 
VERSATAB 

Notes: 
1: Package contour optional within dimensions specified. 
2: Lead dimensions uncontrolled in this zone. 

3: Controlling dimensions: Inch. 

TO-204AA 

TO-204AA 
200-mll diameter pin Isolation 

Notes: 
1: rpb applies between L. and L. Diameter Is uncontrolled 

in L •. 

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 
rpp 0.123 0.127 3,124 3,225 
0 0,120 0,130 3,048 3,302 
O. 0,039 0,050 0,990 1,270 
u. - 50· - 50· 1 

92CS-24062R6 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 
NOTE 

A 0.250 0.450 6.4 11.4 

q,b 0.038 0.043 0.966 1.092 

q,D - 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 -
q,P 0.151 0.161 3.84 4.08 

q 

'::'''1':"", ~'T~' R 

R1 - 0.188 - 4.77 

s 0.655 0.675 16.64 17.14 

92CS-37249R1 

SYMBOL 
INCHES MILLIMETERS 

MIN. I MAX. MIN. I MAX. 
NOTES 

A 0,250 J 0.450 6.35 ,]11.35 
rpb 0,038 0.043 0.96 1.092 1 
rpb. 0.200 NOM. 5.08 NOM. 
rpD - 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 1 
rpp 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 
5 0,655 0.675 16.64 17.14 

92CS-321Q2 

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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Package Information ______________________________ _ 

Dimensional Outlines 

TO-204AE 
141-mll diameter pin isolation 

TO-205AD 

Notes: 

SEATING 
PLANE 

TEMPERATURE 
MEASURING POINT 

1. Dimension k measured from <l>D maximum. 
2. <l>D1 ahall not vary more than 0.010 In Zone P. This zone 

controlled for automatic handling. 
3. Details of outline In this zone optional. 
4. Lead. al gauge plane 0.054-0.055 below seating plane shall be 

within 0.007 radius of positional tolerance at MMC relative to 
tab at MMC. Device may be measured by direct methods or by 
gauge and gauging procedure described on JEDEC gauge 
drawing GS-1. 

5. tf>b2 applies between L1 and L2. <l>b applies between LZ and L 
minimum. Diameter II uncontrolled In L1 and beyond L 
minimum. 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. I MAX. 

A 0.250.1 0.450 6.4 ]11.4 
I/Jb 0.057 0.063 1.45 1.60 
I/Jb, 0.141 NOM. 3.58 NOM. 
I/JD - 0.875 - 22.22 

e 0.420 0.440 10.67 11.17 
e, 0.205 0.225 5.21 5.71 
F 0.060 0.135 1.53 3.42 
L 0.440 0.480 11.18 12.19 

I/JP 0.151 0.161 3.84 4.08 
q 1.187 sse 30.15 sse 
R 0.495 0.525 12.58 13.33 
R, 0.131 0.188 3.33 4.77 
5 0.655 0.675 16.64 17.14 

92CS-37523 

~YMSOL 
INCHES MILLIMETERS 

NOTES 
MIN. I MAX. MIN. I MAX. 

<l>a 0.200 SSC 5.08 SSC 4 

A 0.240 0.260 6.10 6.60 

<l>b 0.016 0.021 OA1 0.53 5 

<l>b2 0.016 0.019 OA1 0.48 5 

<l>D 0.335 0.370 8.51 9.39 

<l>D1 0.305 0.335 7.75 8.50 2 

h 0.009 0.041 0.23 1.04 

J 0.028 0.034 0.72 0.86 

k 0.029 0.045 0.74 1.14 1 

L 0.500 0.750 12.70 19.05 5 

L1 - 0.050 - 1.27 5 

L2 0.250 - 6.35 - 5 
P 0.100 - 2.54 - 2 
Q - 0.050 - 1.27 3 
a 45° NOMINAL 

f3 90° NOMINAL 

92CS-39772 
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_________________________________ Package Information 

TO-20SAD 
WITH FLANGE 

d 'h r"1 

4#-, Q ,iZ[ 
_F 3 LEADS ,,/Jl D D --~-r .. 

~---o----------..l 

II r-l-:I--~-~ ~, /'Ni~\1hR 
R '----1 ~I ' ! 

80TI1 ENOS \ I I I I ___+__ +t--._ ... _--. 
L\ . )_--,1, 'f", 

-_. I .. \ / ~ I 
'I / '2 J \ --

''''''''~'~ '-.. ~~ ':.) --1--1- '[ 
\ '):/ "-"~--:,-=-----+. _---'.. 
IV'"'" ~y NOTES: 
I K 1. True position. 
I G 2. Tab centerline. 

TO-213AA 

Notes: 
1. Refer to applicable symbollisl. 
2. Dimensioning and tolerancing per ANSI Y14.5 " 1973. 

Dimensional Outlines 

INCHES MILLIMETERS 
SYMBOL 

MIN. 
NOTES 

MAX. MIN. MAX. 

A - 0.328 - 8,33 

8 0.240 0.260 6,10 6,60 

81 0,009 0.125 0.229 3,18 

·b 0.016 0.019 0.406 0.483 

0 0,335 0,370 8.51 9.40 

0 1 0.305 0.335 7.75 8.51 

E 0,495 0,505 12.57 12.83 

• 0,2ooT.P. 5.08 T.P. 1 

·1 0.100 T,P, 2.54 T.P. 1 

F 0.062 0.068 1.57 1.74 

G 0,995 1.005 25.27 25.53 

i 0.028 0.034 0,711 0.864 
k 0.029 0,045 0,737 1.14 
L 0.430 - 10.92 -
a 0.685 0.691 17.40 17.55 

0 1 0,559 0,565 14.20 14.35 

O2 0,128 0,132 3.25 3,35 

R 0,156 T.P. 3.96 T.P. 1 

Rl 0.064 I 0.066 1.63 11.67 
a 45° T.P. 1,2 

92CS-22333 

INCHES MILLIMETERS 

SYMBOL MIN. MAX. MIN. MAX. NOTES 

A .250 .340 6.35 8.63 
8b .028 .034 .712 .863 
8D - .620 - 15.74 3 
8D, .470 .500 11.94 12.70 
e .190 .210 4.83 5.33 
e, .093 .107 2.37 2.71 
F .050 .075 1.27 1.90 4 
F, - .050 - 1.27 3 
L .360 - 9.15 -

8P .142 .162 3.61 4.08 
q .950 .970 24.13 24.63 
r, - .350 - 8.89 
r2 - .145 - ,368 
s .570 .590 14.48 14.98 

92CS-39032 

3. Package contour optional within dimensions specified. 
4. Dimension does not include sealing flanges. 
5. Controlling dimensions: inch. 
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Package Informatlon ______________________________ _ 

Dimensional Outlines 

TO-218AC 

f~ °2 I H 1!;=~~ffi"7'i.;rl=;dl 

L 

L 
TOP VIEW 

92CS-37698RI 

NOTES: 

1. Tab outline optional within boundaries 01 dimensions E and R. 

2. Lead dimensions uncontrolled In Ll. 

3. Maximum radius 01 0.050" on all body edges and corners. 

4. Position 01 lead to be measured 0.185-0.190" Irom bottom 01 
dimension O. 

5. Controlling dimension: Inch. 

TO-220AA 
VERSAWATT 

flb1 
~Jl:b 

SEATING PLANE 

t' 

--1 '2 l- 3.COC~ ~ 4>P TERMINAL 
TERMINAL No.4 

No.3 T 
T E 

TEf~ALl l ~ 
~ BOTTOM VIEW 

NOTES: 

1. Tab contour optional within H1 and E. 
2. Position of lead to be measured 0.050 - 0.055 in. 11.270 - 1.397 mm) 

below seating plane. 

~YMBOL 
INCHES 

MIN. MAX. 

A 0.165 0.200 

b 0.040 0.065 

c 0.053 0.065 

cl 0.015 0.030 
0 0.460 0.505 

01 0.395 0.415 

02 0.070 0.090 

03 - 0.600 

E 0.610 0.640 

E1 0.305 0.320 

E2 0.040 0.060 

e 0.205 0.225 

e1 0.420 0.440 

L 0.500 0.632 

L1 - 0.150 

</JP 0.157 0.167 
Q 0.093 0.126 

R 0.170 0.190 

Y 0.&00 0.650 

INCHES 
SYMBOL 

MIN. MAX. 

A 0.140 0.190 

b 0.020 0.045 

bl 0.045 0.070 

c 0.Q15 0.025 

D 0.560 0.625 

E 0.380 0.420 
82 0.190 0.210 

F 0.045 0.055 

Hl 0.230 0.270 

Jl 0.080 0.115 

L2 - 0.050 

L3 0.360 0.422 

¢P 0.139 0.147 

Q 0.100 0.120 

S 0.580 0.610 

MILLIMETERS 
NOTES 

MIN. MAX. 

4.191 5.080 

1.016 1.651 

1.346 1.651 

0.381 0.762 

11.68 12.827 

10.033 10.541 

1.778 2.286 

- 1.524 

15.494 16.256 1 

7.747 8.128 

1.016 1.524 

5.207 5.715 4 

10.688 11.176 4 

12.700 16.05 

- 3.81 2 

3.988 4.241 

2.36 3.200 

4.318 4.826 1 

15.24 16.51 

92CS-37698R2 

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 -

92C5-37-524A1 
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_____________________________________________________________________ Packaginglnformation 

TO-220AB 
VERSAWATT 

NOTES: 

A-+---f 

+--*1--., 

1. Poaltlon of I .. d to be mea.ured 0.250-0.255 In. 

(8.350-8.477 mm) from c •• e. 

TO-220AC 
VERSAWATT 

NOTES: 

1. Position 01 lead to be measured 0.250..().255 In. 

(6.350-6.477 mm) Irom case. 

F 

SYMBOL 

A 

A, 
b 

b1 
C 
c 

0 
0 1 
E 

e 

e1 
e2 
F 
H 

H1 
H2 
J, 
L 

L1 

L2 
~P 

Q 

SYMBOL 

A 

A, 
b 

b, 
C 
c 

0 
0 , 

E 

e, 

8 2 
F 

H 

H, 

H2 

H3 
J , 

L 

L, 

L2 
~P 

Q 

Dimensional Outlines 

INCHES MILLIMETERS 
MIN. MAX. MIN. MAX. 

0.140 0.190 3.56 4.82 
0.080 0.085 2.03 2.16 

0.020 0.045 0.51 1.14 

0.045 0.070 1.14 1.77 

- 0.125 - 3.18 
0.015 0.025 0.38 0.83 

0.580 0.825 14.23 15.87 

- 0.100 - 2.54 

0.380 0.420 9.86 10.&& 
0.090 0.110 2.29 2.79 

0.190 0.210 4.83 5.33 

- 0.030 - 0.76 

0.045 0.055 1.14 1.39 

0.230 0.270 5.85 6.85 

0.355 0.370 9.02 9.40 

- 0.160 - 4.06 

0.080 0.115 2.04 2.92 
0.500 0.5&2 12.70 14.27 

- 0.250 - 6.35 

0.400 0.410 10.16 10.41 
0.139 0.161 3.531 4.089 

0.100 0.120 ·2.54 3.04 

92CS~34697R1 

INCHES MILLIMETERS 
MIN. MAX. MIN. MAX. 

0.140 0.190 3.5& 4.82 
0.080 0.085 2.03 2.16 
0.020 0.045 0.51 1.14 
0.045 0.070 1.14 1.77 

- 0.125 - 3.18 
0.015 0.025 0.38 0.&3 
0.560 0.625 14.23 15.87 

- 0.100 - 2.54 
0.380 0.420 9.66 10.&6 
0.190 0.210 4.83 5.33 

- 0.Cl30 - 0.76 
0.045 0.055 1.14 1.39 
0.230 0.270 5.85 6.85 
0.355 0.370 9.02 9.40 

- 0.1&0 - 4.06 

- 0.&00 - 15.24 
0.080 0.115 2.04 2.92 
0.500 0.5&2 12.70 14.27 

- 0.250 - 6.35 

0.400 0.410 10.16 10.41 

0.139 0.161 3.531 4.089 

0.100 0.120 2.54 3.04 

92CS-34830A 1 
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Packaging ;Inforrriation ________ -'-____ --'-__ --'-...... __ -'---'-_.;;;... ____________ _ 

Dimensional Outlines 

TO-251AA 

3PL 

@J·.010@E@Y\ 

NOTES: 

1. W Is datum surface. (s .. lIng plane) 

2. GJ and rn are datums. 

3. Lead dimension uncontrolled In L3' 

92.CS- 42979 

4. Tab contour optional within dimensions b2 and L2. 
5. Controlling dimension:. Inch. 

TO-252AA 

NOTES: 

1. m Is datum surface. (seating plane) 

2. ~ and ru are datums. 

3. Lead dimension uncontrolled In L3. 
4. Tab contour~optlonal within dimensions b2 and L2. 
5. D1 and E1 'astabllshes a minimum mounting surface for 

Termlna.1 4. 
6. L Is tha terminal length for soldering. 
7. Controlling dimension: Inch. 

~YMBOL 

A 

A, 

b· 

b1 
b2 
c 

c1 
D 

E 

e 
L 

L, 

L2 
L3 

~YMBOL 

A 

A, 

b 

b1 

b2 
c 

c1 
D 

D, 
E 

. E, 

e 
e, 
H 

L 

L, 

L2 

L3 

INCHES MILLIMETERS 
NOTES 

MIN. MAX. MIN. MAX. 
0.086 0.094 2.19 2.38 
0.035 0.045 0.89 1.14 
0.025 0.035 0.64 0.89 2 
0.030 0.045 0.76 1.14 
0.205 0.215 5.21 5.46 4 
0.018 0.023 0.48 . 0.58 

0.018 0.023 0.46 0.58 
0.235 0.245 5.97 6.22 
0.250 0.265 6.35 6.73 2 

O.090BSC 2.28 BSC 
0.350 0.380 8.89 9.65 
0.075 0.090 1.91 2.28 
0.035 0.050 0.89 1.27 4 

0.045 0.060 1.15 1.52 3 
92CS-42882 

INCHES MILLIMETERS 
NOTES 

MIN. MAX. MIN. MAX. 

0.086 0.094 2.19 2.38 

0.035 0.045 0.89 1.14 
0.025 0.035 0.64 0.88 2 

0.030 0.045 0.76 1.14 

0.205 0.215 5.21 5.46 4 

0.018 0.023 0.46 0.58 
0.018 0.023 0.46 0.58 

0.235 0.245 5.97 6.22 

0.170 - 4.32 - 1,5 

0.250 0.265 6.35 6.73 2 

0.170 - 4.32 - 1,5 

0.090 BSC 2.28 BSC 
0.190 BSC 4.57 B.SC 

0.370 0.410 9.40 10.42 

0.020 - 0.51 - 6 
0.025 0.040 0.64 1.02 
0.035 0.050 0.88 1.27 4 
0.045 0.060 1.15 1.52 3. 

92CS~2863 
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__________________________________ Packaging Information 

HYBRID-CIRCUIT PACKAGE 

RADIAL PACKAGE 

~D 

oJ 

./' 
TERMINAL 2 

.IOMIN. 
(2.5) 
2 PLACES 

H 275 
(~::i 

92CS-37519 

aJ 

Dimensional Outlines 

DIMENSIONS IN INCHES AND 
MILLIMETERS (VALUES IN PARENTHESES) 
Typical lead length equals 0.75 (19.0). 

'For HC2000H, Terminal 11 is internally connected to 
Terminal 6 . 
For HC2500, Terminal 11 is electrically isolated from 
internal circuitry. 

~YMBOL 
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 
",0 - 0.710 - 18.03 

",01 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 

a, 90° ± 2° 90° ± 2° 

Note: 
92CS-20224R1 

1. Controlled area ot the diameter does not Include 
the brazed area around the ceramic lind terminal 2. 
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Package Information ___________________________ '"-__ _ 

Suggested Hardware and- Mounting Arrangements 
TO-202AB TO-204AA 

HEX NUT 
LOCK WASHER ~ ~ 

FLATWASHEFI~ ~~ 

DF3&6A - ~ ~ ~1~l"~rE~~mm) ~~\\?)l 
MICA INSULATOR ---. '~ 

FLAT WASHER DF137A 
. ~ ~ ~ . t INSULATING BUSHING 

SCREW, 4-40 ~ ~ 0.375 

~ ~ '~ 
~ L EDGE OF HEAT SINK 

(HEAT SINK THICKNESS " 
D.05Oin.(1.27mm) MIN.) 

NOTE: Mnlmum torqu .. pplled to 92CS~27777R1 
mounting ........ in.-III (0.09 kgf·ml 

TO-204AA 
200-mll diameler pin Isolallon 

i-- 2 SCREWS, 4-40 

fty. ,OF435A C.h ,MICA INSULATOR .. '" 

o 'HEAT SINK 

~
;(CHASSIS) 

o co ~~~~~N INSULATING 
e BUSHINGS :1'00.=00120 in. (3.05 mm) 

SHOULDER 0IA.=0.310 In. 
(7.87 mm) MAX., 

2 METAL WASHERS SHOULDER THICKNESS ® =0.064 in. (1.63 mm) MAX. 

2 lOCK WASHERS<3 

2HEX.NUTS@ 

2S0LDER LUGS~ 
2HEX.NUTS@ 

NOTE' MAXlMUM TORQUE APPLIED TO MOUNTING 
FLANGEISBm.·lbI (O.09kgfml. 

92CS-33203 

TO-204AE 

e i--, SCREWS. 6." 

DF23BA ~."'".'"' .. 
a~ ..... "EA1"" 

o 
I 6 0 DF378F V 2 NYLON INSULATING 

BUSHINGS 

>METAL WASHER' @) } 
, LO~' WASHERS @ 

2HEX NUTS @ 
1 SOLDER LUG ~ 

2HEX NUTS @ 

1.0. =0.156 C4.DO) 
SHOULDER OIA. = 0.250 
(6.40) MAX., 
SHOULDER THICKNESS 
=0.050 (1.27) MAX. 

92CS-22556R1 

i-2 SCREWS, 6·32 

C..-h. MICA INSULATOR (py-','1 Dm1. 

e '" 

o HEAT SINK 

DF37BF C>(CHASSIS) 

o 0 2 NYLON INSULATING 
e BUSHINGS 

~ I. D." 0.156 in. {4.00 mml 
SHOULDER DIA. '" 0.250 in. 
(6.40 mm) MAX., 

2 METAL WASHERS® ~~~~n~71~2~1~~~~!X. 
2 lOCK WASHERS8 

2HEKNUTS@ 

2SQLDER LUG~ 
2HEX,NUTS@ 

NOTe MAXIMUM TOROUE APPLIED TO MOUNTING 
FLANGE IS 12,n Ibs !014kgfm) 

92CS-22558R2 

TO-205AD 
WITH FLANGE 

~. ~'ScREWS"~' 
~ ~ 

DF063A 
Ciiiiij;) 0"'" MICA INSULA TOR 

G 0°0 Q ~
HE""N' 

<> Df378G '=====7 2 NY~ON INSUL,ATING BUSHINGS 
1.0 •. n.130 13._0) 
SHOULDER all. .• 0.218 15.5.) 
SHOULDE:R THICKNESS ~ 
0.050 (1.21} I.\AX. 

2 METAL WASHERS @) 
2 LOCK WASHERS @ 

2HEX.NUTS@ 

Note: Mallmum lorque applied 
lomounlingllangeis 
8 In.-lb. (0.09 kgfm). 

92CS-22567E 
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________________________________ Package Information 

Suggested Hardware and Mounting Arrangements 

TO-213AA 

t.~DFD31A 
~ _ .," '.""'0' 

~ve ~~~~~·~.'""".G.U'H'.G' ~,.D .• O.,56(".C1D) 
SHOULOER OIA. ~ 

0.250 (6 .• (1) MAX. 

2 METAL WASHERS @) ~~o~~~~~:) ~~I~KNESS-

lLOCKWASHERS@ 

2HEX,NUH@ 

I SOLDER LUG ~ 
2HE)I,.NUn~ 

Nate:Mllxlmumtorque.pplledtomounllngtlang.'. 
12 In,-Ib. (0.14 kgfm) 

92CS-22560R5 

TO-220AA 

i-- SCREW, 6·32 

~ NR231A 
~ RECTANGULAR METAL 

~-.~;;~~~~:""." t~ 13.68·3.58 mm} 

6> 

OF378F 
~

e HEAT51NK 
e ICHASSIS) 

_ INS~LATlN~ SHOULDER WASHER 

e--- ~·~OU~·~~~'~I~ .. ~Omml 
METAL WASHER ® 0.250 in. 6.35 (mm) MAX. 

LOCK WASHER @ 

HEXNUT @ 
SOLDER lUG 2. 

HEXNUT @ 

NOTE MAXIMUM TORQUE APPLIED TO MOUNTING 

FLANGE ISa," Ib.'O.09kgfml 

92CS-40181 

TO-218AC 

/ 
INTERlEAD SPACING 
= 165 MILS NOM 

.i....---- SCREW, 4-40 

DF546A 
INSULATING SHOULDER WASHER 

0---- ~~;U~·~~~ '~i1~~O mm) 
METAL WASHER ® 0150 IN. 3.8 (mm) MAX 

LOCK WASHER @ 
HEX NUT @> 

SQLDERLUG ~ 
HEX NUT @ 

92CS-39568 

TO-220AB 

i-- SCREW. 6-32 

~NR231A 
RECTANGULAR METAL 

~ 
WASHER 

~ L .', DF103B 
'~// MICA INSULATOR Q HOLE DIA. =0.145-0.141 in. a (3.68-3.58 mm) 

6> /-

~
e HEATSINK e (CHASSIS) 

DF378F 

_ INSULAT'N~ SHOULDER WASHER 

S--- ~'~6~~'~~~ '~·I~.-~D mm) 

METAL WASHER e 0.250 in. 6.35Imm) MAX. 

LOCK WASHER B 
HEX NUT @ 

SOLDER lUG 2. 
HEX NUT @ 

NOTE MAXIMUM TORQUE APPLIED TO MOUNTING 
flANGE IS8m lb. 10 09 kgf ml 

92CS-39586 
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Package Information ______________________________ _ 

Suggested Hardware and Mounting Arrangements 

TO-220AC 

i--SCREW, 6-32 

~ NR231A 
~ RECTANGULAR METAL 

~ ~;;;:SULATOR ~UHOLEDIA."'O.,45-0.,41in. e (3.68-3.58 mm) 

6> 

~
a HEATSINK e (CHASSISI 

Df378F 

.'_ INSULATIN~ SHOULDER WASHER 

e-- i~6~~·ci~~'~·[~ .. ~omm) 
METAL WASHER ® 0.250 in. 6.35 (mml MAX. 

LOCK WASHER @ 

HEXNUT @ 
SOLDER LUG ~ 

HEXNUT @ 

NOTE MAXIMUM TORQUE APPLIED TO MOUNTING 
FLANGE IS81n lb. (O.09kgfml 

92CS-39587 

POWER HYBRID CIRCUIT PACKAGE 

i- 2 Screws, 6-32 

~~ 
DF293A Socket 

~Heal.lnk 
®~----Melal washer 

I:!O~~-----loCk washer 

~'----- Hex. nul 

Note: Maximum torque applied to mounting flange is 
24 In-Ib (0.3 kgf-ml. 
OF293A is a socket to enable simple connection of 
this module. 

92CS-27782R1 

7-12 __________________________________________________________________ __ 



_________________________ Package Information 

TO-220 
VERSAWATT 

Lead Form 
No. 

6200 

6201 

6203 

6204 

6206 

Lead Forms for Plastic Power Packages 

TERM 
4 

r-06t~T'025 0.500 I MIN. 

92CS-37522 

Outline 
Lead Form 

No. 

c=CJ== ICDcl 
6226 

@[) 

f1 ff 6255 I.--0. 595 ---~ 92CS-375'20 

g A 
ru 6258 

M r0595~ 

k) 
92C5-37518 

I~II ~ 6261 

0·600 
- MAX. -

=:e:::::r-
9ZC$- 31521 

f f 
TERM 

2 

Outline 

P070MAXl1 
O.5~MAX1 ~ 

~ ~ 
1+---0.90 MINJ L O.200 

lOll ~ 
0·395- -- 0·640 - , 

~01f5 

92CS-37SIO 

lOll ~ 
. - - 0.112 
~ 0.'300-

r=CJ== 
92CS- 37509 

lOll r 
rO~O] 

~_l.~ o:r: --0.230 

o 240j- - f-[ 
92CS-37508 
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Package In'ormatlon ______________________________ _ 

Lead Forms for Plastic Power Packages 

TO-220 
VERSAWATT (Cont'd) 

Lead Form Outline 
No. 

1
0 1/ ~ 

6263 
~O+So ,-T 

0·337 :-
--

92C$-37505 

loll ~ 
6264 0.187 ~ -- 1-

~ 
0.125 
I 

0.337+ .-
92CS- 37~O7 

TO-202 !;o·oso 
VERSATAB 

Lead Form 
Outline 

No. 

lOll ~ 
6265 

I 
~~~40 
. 0.610 _ . 0.735 -

0240-, 
~ o. 560--:r- ~O.OtO 

TERM 4 ~ ;0125 OIA ~_ O~,~O 

92CS- 37506 

-, r ~. !fil .L 
--- ----. 

:to.OIO _--.t 0.200 ~ bd 0,315 

L / , OIOO~ 0 

.1.. f Ll~ 
PLASTIC .J TERM 1// 

Top View 

Lead Form Outline Lead Form Outline 
No. No. 

~ f Type 1 b 

?-Type 12 . 
0060 

0: 0.030 

b o 0.520 REF 

Type 3 ~ 

f Ib 

~ 0.0 

~ 
- c= 0.090 Type 32 . 

b= 0.340 REF 0060 
0300 o· 0.030 
O.tOO b: 0.520 REF 

Type 11 c c= 0080 

....L T 
T b 

...1. 
.--1 I.-
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TO-220 
VERSAWATT 

Outline 

92C5-43051 

f±0.015 

.~J~ 
(REF.) 92CS-43053 

Information Package 

t Lead Forms Surface-Moun 

Outline 

10 [[ ~ .,,,,,.00, 
o"l0±o,o'5~Io.t90 

~-0170 
- :C5-43052 

~ __ ±O.005 

0.070 J I+-
0.060 I 43054 

92CS-

rr==rf9-1. SEATING PLANE 

J Il0.Q15 I- 0.025 
0.060-0.070 92C5-43056 

7-15 



Package Informalion ____ .....,.. ____ -...,, _______________ --------

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 "O-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 220-240° C for 3-5 seconds. 

When using molten solder in the metal mask method, 

Preheating Soldering Gradual cOOling 

300 
(in the atmosphere) 

250 

p 200 

~ 150 

~ 100 '" '" E 
~ 50 

0 

2 min. or more 

20 sec. 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. 

Flux removal - After surface-mounted devices have been 
soldered to the circuit board/substrate, excess flux must 
be remov.ed 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 Oi-Freon Solvent S3-E. 

Gradual cooling 
300f--_p_re_h_e_3t_in_g_+-So_I_de_r1_·n_g+_<:::in,-t::ch:.ce..:cac:.tmc...:..os .... p'-h_e_re-'.)_--l 

20 sec. 
2 min. or more or less 

Fig. 2 - Reflow solder method. 
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______________________________________________________________________ Packagelnformation 

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. 

o 
o 

I piece per board 
T A = 25°C Mounted 
on ceramic substrate 

5 x OXO.8mmt 

30X30'x6.s 

r--. 
r"- ,... 

Single unit r-... i' 
r"-of transistor 

f0- r... 
"- t-... 

r-
r- c::... 

r-
20 (0 60 so 100 120. 140 

Ambient temperature 

Fig. 3 - PO'm~' vs. TA 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-
251 AA devices is shown in figure 4. 

§ 
&:: 

'" .S! 
-:0 

! .. 
II> 
~ 
0 

'" 
~ 
~ 

~ 

300 

100 

Singlt' unit 

! I or Single pu_ 
TA:l25-C 

.. ..1 . .;.. 
-"""T .• TTTTTTI 

30 

10 

..... , --t .. 

~ ~~ i-+-Htl I. 1.11 !III 
_ CeramIc substrate 

::.:::- ._. 50x50XO.8t -.. 

3 I-.t- ""'"':-
- t -n .... -- 1· ~ if'lingle unit+ 30X30 

,il I t I ii , ! I . of transistor, 
1 § Pdmax) is a value within an area with restricted 

thermal resistfnce 
IJI 

j 1· 
J I lilil 1111111; II :11111 IIIIIIII 

10m 100m 10 100 1000 

Pulse width (sec) 

Fig. 4 - Po vs. TA characteristics of D72F5T1 and D73F5T1 under transient 
conditions. 
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Application Notes __ -,-________________________________ _ 

Application Note Abstracts 

Power Transistors 

AN-4509 ............................ 8 pages 
Compact S-Yolt Power Supplies Using High
Yoltage Power Transistors 

The use of low"",st, industrial-type, high voltage 
power transistors and fast·recovery rectifiers to 
achieve size and weight reductions and efficiency 
imprQvements in 5·yolt de power supplies with 
output currents of 50 amperes or more are discussed. 
The supplies described, like those used in high
reliability aerospace applications, use switching 
rather than dissipating regulators to eliminate the 
need for a 6()..Hz power transformer and heat sinks 
for the transistors. A complete switching-regulator 
power supply is described in detail. 

AN-4573 ............................ 6 page: 
Testing for Forward-Bias Second Breakdown In 
P_ Transistors 

The design of a non-<lestructive forward-bias 
second-breakdown test facility that determines the 
forward-bias second-breakdown safe-operating locus 
for power transistors is described. Detailed schematic 
diagrams of test circuits that can be used to test 
devices with collector--current ratings up to 2.5 
amperes and sustaining collector-to-emitter voltage 
[V CEO(sus)] ratings up to 3OO,volts, or with ratings 
to 5 amperes and 100 volts, are given. 

AN-4612 ........................... .4 pages 
Thermal-Cycling Rating System for SIlicon 
Power Transistors 

The basic causes of thennal fatigue in silicon power 
transistors are analyzed, and a rating chart that 
make-s-ii" possible for a circuit designer to avoid such 
failures during the operating life of his equipment is 
described. Examples are provided on the use of this 
chart to detennine the transistor operating conditions 
required to assure a desired thermal-cycling cap
ability and to determine whether the thermal<yc1ing 
capability is adequate for the requirements of a given 
application. 

AN-6145 ............................ 8 pages 
A Test Set for Nondestructive Safe-Area 
Measurements Under Hlgh-Yoltage, High
Current Conditions 

The determination of the safe-operating area of 
power transistors at high voltl ampere products 
underpulsed and repetitive-pulsedconditions, nondestruc
tively, is made possible by the test set described in this 
Note. System philosophy, design, construction, and 
operation are detailed. 

,. 
AN-6163 ........................... 12 pages 
Quantltstlve Measurement of Thermal-Cycling 
CapabUity of Silicon Powar Transistors 

This Note discusses the methods used to test the 
thermal-<;ycling capability of power transistors. A 
brief description of thermal fatigue, application 
requirements, and rating charts is given. A detailed 
discussion of the practical design and construction of 
thermal-<;ycling racks is also inc1nded along with 
actual test conditions for various power transistor 
types. Acceleration factors, failure indicators, failure 
mechanisms, and real-time control of thermal
cycling capability of factory products are discussed. 
Some information is also given on hermetic versus 
plastic-package thermal-<;ycling reliability. 
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AN-6249 ............................ 6 pages 
Real-Time Controls of Silicon Power-Transistor 
ReliabUity 

This Note compares the traditional, classical 
approach to the reliability-assurance testing of power 
transistors with a newer classification of testing: Real
Time Control, RTC. The classical approach is com
monly referred to as Group B, and involves a series of 
mechanical, environmental, and life stress tests. RTC 
involves a continuous, systematic evaluation and 
control in "real time" of basic, potential failure 
mechanisms. It is an important supplement to a total 
program of reliability assurance. 

AN-6281 ............................ 6 pages 
Accurate Measurement of Sustaining Voltage of 
Power Transistors - A Pulsed-Breakdown Test 
Set 

Several techniques for the measurement of the" 
primary (sustaining) breakdown voltage of power 
transistors are in common use today. The charac
teristics and limitations of these test methods frequent
ly make rapid and accurate sustaining-voltage 
readings on power transistors difficult or impossible. 
The test set described in this Note fills the need for 
accurate, laboratory-type, sustaining-voltage measur
ing equipment, although circuitry used in the test set 
design may be adapted to high-speed testing equip
ment as well. A complete parts list and calibration 
sequence are given. 

AN-6320 ............................ 8 pages 
Radiation-Hardness Capability of RCA SIlicon 
Powar Transistors 

The types of radiation damage that might be 
experienced by a power device and the tests used to 
determine the design most effective in preventing 
these types of damage are described. 

AN-6330 ........................... 12 pages 
A Safe-Area Rating System for Power Inverters 
Handling Capacitive and Inductive Loads 

Although transistor power inverters have classic
ally been evaluated with resistive loads, the reliability 
of practical inverters often depends on inductive and 
capacitive loads and associated starting transient con
siderations. This Note describes a safe-area rating 
system for transistors and relates this system to self
excited single-transfonner. self-excited double traos
fonner, and driven inverters operating into resistive, 
capacitive. and inductive loads under both steady
state and starting conditions. 

AN-6423 ............................ 8 pages 
Thirty-Watt (RMS) True Complementary -
Symmetry Audio AmplHIer Using BDX33 and 
BDX34 Dartlngton Transistors 

Monolithic-silicon Darlington transistors de
signed for low-and mediwb-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 ~perating area' is one of the most 

important ratings of a power transistor, yet only a fe" 
methods exist to 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 to breakdown. Botn n-p-n and p-n-p 
transistors in hermetic or plastic paekages can be 
evaluated, and the complete safe-area curve can be 
automatically described in a shon time. 

AN-6605 •...••....•..••.••..•....•• 16 pag< 
Application of RCA Power Devices In Off-UIII 
High-Frequency Inverter/Converter Cln:ults 

The current trend in power inverter/ converk 
design is to use high-frequency switching technique 
and direct operation off the available utility lines (i.e 
110 or 220 volts). The use of higher operating f", 
quencies reduce the magnetic materials required am 
the size of the filter capacitors. This Note discusse 
the use of RCA power transistors and SCR's il 
selected high..frequency inverter/ converter applicatioru 

AN-6624 ........................... 16 pag< 
Yoltage Umltatlons of Power Tranalston 

This Note summarizes the primary factors tlui 
determine the voltage limitations of power transistoJ 
used in common-emitter circuits with typical base-te 
emitter circuit terminations. The material presente 
defines terms and the various operating regions of th 
transistor as shown in typical volt-ampere charac 
teristics, develops the analytic relations definin, 
operation in each of the regions, and relates each 0 

the operating regions to the physical actions takill; 
place within the transistor structure. 

AN-6679 ........................... 32 page 
Theoretical Relationships In Capacitive 
Discharge Ig""lon Systams 

There has been both confusion and exaggeratiOl 
concerning the electrical performance of capacitive 
discharge, or CD, ignition systems. The theoretica 
relationships developed in this Note allow the analy 
sis of the fundamentals of this type of ignition systen 
and an evaluation of the maximum perfonnano 
levels attainable. Three types of systems, the diode 
clamped system, the free-ringing system (no diod. 
clamp) and the free-ringing single.<:ycle system an 
analyzed and compared. 

AN-6688 ........................... 20 pagel 
A Practical Approach to an Audlo-AmplHlel 
Design 

This Note discusses general considerations, desigl 
requirements, and performance for a 2O-watt, hi-f 
amplifier. 

AN-6741 ............................ 8 page. 
RCA 1S-Ampere SWltchMax Powar Transiston 
In a 340-WaH 20kHz Flyback Converter 

This Note describes the use of the RCA 2N6676,' 
IS-ampere Switch Max power transistor~ as a driver 
pulse-width-mndulated fiy-back-<:onverter stage, tit< 
final power-output stage, in a 2O-kHZ off-line POwel 
converter that provides 340 watts of output power 
Adjunct circuitry, such as the driver stage, reve ..... 
bias amplifier, and overvoltage and overcurrenl 
protection circuits, are also discussed. 



)wer Transistors 

N~743 ..............••........... 16 pages 
IO-Walt, Off-the-Llne, Hail-Bridge Conv_ 
sing Only Two 15-Ampere 'Sw,tchMax' Hlgh
llltage Power Transistors 
To examine and demonstrate the capabilities of 
CA's new series of 'SwitchMax' power transistors 
a typical switching application, a 9OO-watt half

idge converter was constructed and studied. The 

rcuit switches at a 20-kilohertz rate and with 
linimal alterations can operate from either 120 or 
W volts. It was built using conventional circuitry but 
1a non-compact modular format so that it would be 
lsily accessible for instrumentation connections and 
)mponent or design alteration. The power switches 
sed are the RCA-2N6678 'SwitchMax' 15-ampere 
CE(sat)l450-volt (VCEX) high-speed transistors. 

.N~744 ............................ 6 pages 
ow-Cost High-Power Audio Amplifiers Using 
.e RCA 8638 and RCA 9116 Transistor Families . 
This Note discusses the basic considerations and 

:quirements for design of the output stage for class 
. B audio amplifiers using devices selected from the 
. CA 8638 and RCA9116 families, depending on the 
utput desired. Operation with load impedances 
ther than eight ohms is also discussed for the various 
ower categories. 

,N~760 ........................... 12 pages 
,230-WaH. 4l1-kHz. Off-LIne Forward Converter 
ISing One SwltchMax Transistor 

The increased availability of reliable high-current, 
igh-voltage, fast switches, such as RCA's Switch
!lax series devices, and the development offunction
I pulse-width-modulating integrated circuits have 
reatly reduced the cost of the off-line medium
ower, high-frequency forward converters used in the 
roduction of precisely conditioned low-voltage 
ower. This Note describes the possibilities of the 
Jrward-converter circuit and demonstrates the per
Jrmance of the RCA 2N6673 Switch Max transistor 
1 a 230-watt IS-volt IS-ampere off-line converter 
'perating at 40 kHz from a 1200volt 6O-<:ycle line. 

,N~800 ............................ 6 pages 
. Test Set lor Measuring h'e and ". as a 
unction 01 Collector Current 
This Application Note describes a technique and 

:5t circuit, the Swept-Ie Test Set, that measures the 
fe characteristic of a power transistor at ~ f~xed tes~ 
-equency while the collector current, Ie, IS swept, 
r varied, repetitively, at a linear rate, from zero to a 
redetermined maximum. 

,N~819 ..................•......... 8 pages 
'he SwllchMax Transistor 

The Switch Max transistor families, designed for 
~gh-frequency off-line switching power sup~lies, con
erters, switching regulators and pulse-wldthmod
Ilated amplifiers, are rated for 5, 10, 15, and 25-
mpere operating currents. They have high sa~e
'perating-area (SOA) ratings in both the forward-blas 
nd inductive turn-off(clamped ES; b) modes. These 
apabilities are combined with V CEO ratmgs of up to 
,()() volts, and V CEV ratings to 1000 volts. 

AN~20 ............................ 8 pages 
Typical Switching Speed Versus Temperature 
Data lor SwllchMax Transistors Under Non
JEDEC Condltiona 

Since the introduction of the Switch Max 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 Switch Max
device performance at other than JEOEC-registered 
switching-test conditions. 

AN~27 .................•......... .4 pages 
411-Walt AutomoUve Audio-Power Booster 

In recent years, there has been a growing dema.nd 
for higher power-output capability in auto.m~t.lve 
tape and audio systems. One of the facto~s hroltmg 
output capability is the 12-volt autom?t1v~-system 
voltage. This Note describes the combmatIon of a 
dc-to..<fc regulated up-converter and a simple and 
economical output amplifier that will deliver 40 watts 
into a 4-ohm load . 

AN~28 ............................ 4 pages 
In-Socket, High-Temperature, Dynamic Testing 
01 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 solutIOn to 
this problem, the approach described in this Note, 
involves the location of a source of heat at the socket 
of the device 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~57 ........................... .4 pages 
211-Ampere Monolithic-Darlington Power Tran
sistors In a Sine-Wave-inverier Output Stage 

This Note describes the use of the type 2N6284 
power transistor, a 20-ampere, n-p-n, monolithic 
darlington. and its complement, the type 2N6287 
(p-n-p). as low-<:ost high-output-power singie-ended 
power inverters. Either transistor can be used WIth 
equivalent performance results; the choice of type is 
dependent only upon the polarity of the de voltage 
supply available. 

An~66 ............................. 6 pages 
Pracllcal Aspects 01 Voltage-Breakdown Test
Ing 01 Power Transistors and Darllngtons 

In specifying voltage-breakdown requirements for 
power transistors and powerdarlingtons. 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~96 ............................ 8 pages 
Sale 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 use of these ratings through example, 
and the protection circuits required in a proper 
design . 

AN~904 ........................... 12 pages 
One-Hundred-Watt True-Complementary
Symmetry Audio Ampllller Using BD750 and 
BD751 SIlicon Transistors 

The 80750 and 80751 series of power transistors 
are complementary p-n-p and n~p~n series, respect
ively, selected from the ballasted epitaxial-base 
silicon transistor families, RCA8638 and RCA9116. 
They feature high~issipation capability, low satura
tion voltage, maximum safe-operating area, a gain
bandwidth product (fT) higher than 4 M Hz. and high 
gain at high current levels. The transistors are 
especially suitable for use in the output stage of true
complementary high power audio amplifiers. 

Power Hybrid Circuits 

AN 4483 ............................ 6 pages 
General Application Considerations lor the RCA
HC2000H Hybrid Linear Power Ampliller 

This Note briefly describes the RCA HC-2000H 
hybrid linear amplifier and discusses such operating 
considerations as dc and ac power dissipation, effi
ciency as a function of frequency, protection against 
excessive load variations and reactive loads, and 
heat-sink requirements. 

AN-4782 ............................ 6 pages 
General Application ConslderaUonslor the RCA
HC2000H Power Hybrid Operational Amplifier 

The RCA-HC2000H 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
mercially available O.IIO-inch quick~isconnect push-
on terminals. This Note brieflydescrihes the HC2000H •• 
and discusses some general application considera-
tions for this amplifier. 

----___________________________________________________________ 8-3 





m ~RIS .aI SEMICONDUCTOR 




